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FACE-UP SEMICONDULCTOR CHIP
ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is 2 continuation of U.S. patent application Ser. No.
08/861,280, Gled on May 21, 1997 whick is in tara a
continuation of U.S. patent application Ser. No. 08/319,966,
filed oo Oct. 7, 1994, now U.S. Pat. No. 5,685,885, U.S.
patent application Ser. No. (8/319,966 is a coptinuation of
U.S. patent application Ser. No. 08/030,194, filed Apr. 28,
1993 as the national phase of Intermational Application
PCT/USH1/06920 filed Sep. 24, 1991, Said Ser. No. 03/030,
194 applicating, now U.5. Pat. No, 5,679,577, wasin urn 2
contization of U.8. paten! application Ser. No. (7/765,528,
filed Sep. 24, 1991, now U1.S. Pat. No. 5,347,15%. Said U.S.
patent application Ser. No. 07/763,928 was a continualion in
part of 1.5, paient application Ser, No. 07/673,020, filed
Mar. 21, 1991, now U.S. Pat. No. 5,148,205 and said U.5.
patent application Ser No. 07/765,928 was a continuation in
part of U.S. patent applicatior Ser. No. 07/586,758, filed
Sep. 24, 1990, now US. Pat. No. 5,148,266. Said U S. patent
application Ser. No. 08/030,194 is also a continuation in part
of said U.5. palent applcation Ser. Nos. 07/586,758 and
{17/673 020,

BACKGROUND OF THE INVENTION

The present invention relates to the art of electronic
packaging, and more specifically to assemblies lncorporat-
ing semiconductor chips and o methods and componsuls
useful in making such assemblies.

TECHNICAL FELD

Modern elsctronic devices utilize semiconductor chips,
commogly referred to as “integrated circuits™ which incor-
porate aumercus elsctronic slements. These chips are
mounled on substrates which physically support the chips
and electrically intercounect sach chip with other elements
of the circuit. The substrate may be a part of a discrete chip
package used 1o hold a single chip and equipped with
terminals for intercomnection to externsl circnit elomonts.
Such substrates may be secured o an external circuil beard
or chassis. Alternatively, in a se-called “hybnd circuit” one
o more chips are mounted directly to & subsirate forming a
circuil papel arranged 1o interconzect the chips and the cther
cirenit clements mounted to {he subsirate. In either case, the
chip must be zecurely held on the substrate and moust be
provided with seliable electrical interconaection to the sub-
strate. The interconnection between the chip itself and its
supporting subsirale is commonty referred 1o as “first level”
assemnbly or chip interconnection, as distinguished from the
interconnestion between the substrate and the larger ele-
ments of the circuir, commonly refesred o as a “second
level” inlerconnection.

The structures utilized to provide the first kevel connection
between the chip and the substrate must accommodate all of
the required electrical interconnections to the chip. The
number of conpeclions o external cirgnit elements, com-
monly referred fo as “input-outpet” or “I/0” connections, is
determined by the structure and fenctien of the chip.
Advanced chips capable of performing numerous functions
may requite substantial numbers of 7O connections.

The size of the chip and subsirate assembly is a major
concern. The size of each such assembly inflnences the size
of the overall elecironic device. More compact assemblies,

35
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with smaller distanees between chips provide smaller signal
transmission delays and hence permit faster operation of the
devise.

Fizst level intercomection structures connecting a chip to
2 substrate crdinarily are subject to substantizl strain cansed
by thermal cycling as lemperatures withia the device change
during cperation. The electrical power dissipated within the
chip tends to heal the chip and subsirate, s¢ that the
wemperatures of tse chip and substrate vise each time the
device is turned on and Fall each time the device is turned
off. As the chip and the substrate ordinarily are formed from
different materials having different cocfficients of thermal
expansion, the chip and substrate ordinarily expand and
contract by different amoumts, This causes the slectrical
contacts on the chip 16 move relative lo the elecirical coniact
pads on the substrate as the temperaure of the chip and
subsirate chapges. This relstive movement deforms ihe
electrical interconnections between the chip and substrate
and places them under mechanical siress. These siresses are
applied repeatedly with repeated operation of the Cevice, and
can cause breakage of the electrical intercommections. Ther-
mal cycling stresses may occur even where the chip and
substrate are formed from like materiais baving similar
coefBcienls of thermal expansion, because the temperature
of the chip may increase more rapidly than the temperature
of the substrate when power is first appiied to the chip.

The cost of the chip aod substrate assembly is also a major
concern. Al these coneerns, taken together, present a for-
midable engineering chalkpgs. Various altempis have been
made heretofore to provide primary interconnection stnice
tures and methods to meet these concerns, but none of these
Is truly salisfactory in every respect. Al present, the fuost
widely utilized primary interconnection methods are wire
banding, tape automated bonding or “TAB” apd flip-chip
bonding.

In wire bonding, the substrate has a top surface with a
plurality of electricslly conductive comtact pads or lands
dispesed in a ring-like paitern, The chip is secured to the lop
surfage of the substrate at Lhe center of the ring-like pattern,
so that the chip is surrounded by the coptact pads on the
substrate, The chip is mounted iz a face-up disposition, with
the back surface of the chip confronting the top surface of
the substraiec and with the fronl surface of Lhe chip facing
upwardly, sway frore the subsirate, so that electrica! contacis
on the fromt surface are exposed. Fine wires are connected
between the contacts on the front face of the chip and the
contact pads on the top surface of the substrate. These wires
extend outwardly from the chip to the surrounding consact
pads on the substrate. la the wire bonded assemblies, the
area of 1he substrate occupied by the chip, the wirss and the
cantact pads of the substrate is substantially greater than the
surface area of the chip iiself.

fn tape auiomated bonding, a polymer tape is provided
with thin layers of metallic material forsming conductess on
a fist surface of the tape. These conduclors ase amanged
generally in 2 ring-like paitera and extend generally radially,
towards and away from the center of the ring-like pattern.
The chip is placed on the tape in a face down arrangemesnt,
wilh contacts on the front surface of the chip confronfing the
conductors or the first surface of the tape. The contacts on
the chip are borded 1o the conductors on the tape. Ordinarily,
numerous pafterns of conductors are arranged along the
length of the tape and one chip is bonded to each of these
individual patteros, so that the chips, once bonded o the
tape, can be advanced through successive work stations by
advancing the 1ape. After each chip is bonded te the metallic
conductors constituting one paliern, the chip and the tmime-
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diately adjacent portians of the paftsrn are encapsulated and
the outermost porlions of the metalle conductors are
secured 1o additional ieads and to the nltimate substraio,
Tape automated bondiog can provide the assembly with
good resistance 1o therma siresses, because the thin melallic
Ieads on the tape surface are quite flexible, and will bend
readily upon expansion of the chip without imposing sig-
pificant siresses at the juncture between the lead and the
contact on the chip, However, because the leads utilized in
tape automated booding extend cuwrwardly in a radial, “fan
out” pattern from the chip, the assembly is much farger than
the chip ftself.

In flip-chip bonding, contacts on the front surface of the
chip are provided with bumps of solder. The substrate has
eontact pads arranged in an array corresponding o the array
of caplacts on the chip. The chip, with the solder bumps, is
inverted so that its front surface faces toward the top surface
of the subsirate, with cach contact and solder bump oa the
chip being positioned on the appropriale contact pad of the
substrate. The assembly is thea heated so as to liquify the
solder and bond each contact on the chip to the confronting
contact pad of the substrate. Because the flip-chip arrange-
ment does not require leads arranged in 2 fag-out paitern, il
provides a compact assembly. The area of the substrate
accupicd by the contact pads is approximately the same size
as the chip itsclf. Morsover, the fiip-chip bending approach
is not Limited to contacts on the periphery of the chip. Rather,
the contacts on the chip raay be arranged in a so-called “area
array” covering substantially the entire front face of the chip.
Etip-chip bonding therefore is well suited 10 use with chips
having large numbers of YO contacts. However, assemblies
made by fip-chip headiag are quite susceptible to thermal
stresses. The soldet intercomnections are relatively
inflexible, and may be subjecied lo very high siress upon
differential expansion of the chip and substrate. These
diMicuities are particularly pronounced with relatively lazge
chips. Moreover, it s difficult to test and operats or “burm-
i’ chips having an arva array of contacts before atiaching
the chip lo the substrate, Additionally, Rip-chip bonding
ordinarily requires thal the contacts on the chip be arranged
in an area acray to provide adequate spacing for the solder
bumps. Flip-chip bonding normally canact be applied to
chips originally designed for wire bonding or tape auto-
mated bonding, and having rows of closely spaced contacts
on the periphery of the chip,

SUMMARY OF THE INVENTION

One aspect of the present fmvention provides a semicon-
ductor chip assermbly. An assembly according to this aspect
of the iavention typically includes a semiconductor chip
having a plurality of surfaces and having contacts on at least
one of said surfaces. The assembly further includes 2
shootliks, proferably flexible, element having terminals
therson, the terminals being elecirically connected to the
contacts on the chip. Assezoblies according to this aspect of
the invention are characterized in that the sheetlike element
and at least some of said terminals overly one surfece of said
chip, said terminals aTe movable with respect to said chip
and in that resiient means for permitting displacement of the
terminals foward {be chip, but resisting such displacement
are provided, Most preferably, a comphant layer is disposed
between said lerminals and said chip so that said compHant
layer will be compressed upon movement of said terminals
towacd said chip.

The complaint layer may be incorporated in the sheetlike
clement, or formed separately therefrom. The contacts typi-
caily are disposed on tae front or top surlace of the chip. The
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sheetlike clement and terminals may overlie said front
surface of the chip. Allematively, the sheetlike eleznent and
said wrminals may overlie the rear, or bottom surface of said
chip. The terminals on the sheetlike element can be con-
aected to contact pads on a substrats, as by solder bonding.
Because the termanals, 2nd heoce the contact pads on the
substrate overlie the chip front or back sucface, the assembly
is compact. The ability of the terminals to move with respect
to the chip in dirsctions parallel to the chip surfaces provides
compensation for differeatial thermal sxpansion of the chip
and substrate.

The shility to accumulate movement of the terminals
towards the face of the chip greatly facilitaies temaporary
engagement of the terminals by lesl equipment and hence
facilitates testing and “burn-in” of the assembly before the
sams is mounted o a substrate. According to a further aspect
of the present invention the compliant layer inchides masses
of compliant rmaterial interspersed with holes. Desirably,
each such mass is aligned with one of the terminals.

A further aspect of the invention provides methbod of
making a scmivonductor chip asserbly incluling the step of
assembling a flexibie, sheetlike clement having terminals
theseon to 2 seminconductor chip and connecting terminals
on said shectlike element to contacts on said chip. Methods
according to this aspecl of the lnvention desirebly are
characterized in that the assembiing step is conducted so that
said terminals on said sheetlike clement overlic a surface of
the chip and in that a complant layer is disposed between
said chip and said termivals. Most preferably, these mothods
are fusther characierized by the step of testing the chip by
esiablishing temposary electrical coatact betwesn a plurality
of test probes and said terminals and ulilizing s#id lempaorary
clectrical contact 1o actuate said chip. The complizat Jayer
permils displacement of at least some of said central termi-
nals toward said chip during the step of esiablishing tem-
porary electrical contact. The step of establishing temporary
electrical coatact preferably includes the step of simulta-
neously establishing temporary conlact hetween a plurality
of terminals and & plurality of 1est probes rigidly cormecied
to a test fixtuce.

Further aspects of lhe invention provide components for
assemnbly to a semiconductor chip including a fexibiz shee-
tlike element having terminals thereon, characierized by a
compliant layer underlying said terminals. The compliant
layer preferably includes masses of a low modulus material
and holes Inteespersed with said masses of low modulus
material, said masscs of szid low modulus material being
aligned with said terminals, said holes in said compliant
layer being out of alignment with said terminals.

A chip assembly according to a fusther aspect of the
invention includes a semiconducior cbip having a froat
surface with a plarality of contacts disposed in a paitem on
the front surface. The paitern of conlacts on the fromt surface
encompasses an area, referred o herein as the “contact
paitern area” on the Front surface. The chip assembly accord-
ing to this aspect of the invention also includes a sheetlike
dielectric ¢lement, referced to herein as “interposer”, over-
tying the Front surface of the chip. The interposer has a first
surface facing toward the chip and a sceond surface {acing
away from the chip. An area of the interposer overlies the
contact patiern area of the chip. The interposer has aperivres
extending through it, from the first surface to the second
surface. The interposer also has a plurality of electrically
conductive terminals disposed in a paltesn oo the second

5 surface of the inferposer. At least some of ihese lerminals,

and preferably most or ati of these terminals, are disposed
within the arca of the interpuser wverlying ihe contact
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pattern area on the ¢hip. Bach such terminal is associated
with ene contact on the chip.

The assembty also includes Bexible, electrically conduc-
tive leads. The leads preferably extend through the apertures
in the interposer. Each such lcad has a contact end connected
to the associated contact of the chip and a terminal end
connected 1o the associated torminal on the second surface
of the interposer. The leads and the interposer are com-
structed and arranged so that the contact ends of the isads are
moveable relative 1o the lerminals at least fo the extent
required to compensate for differential thermal expansion of
compoaents. The Jeads desirably are fexible to permit such
movement. Most preferably, the interposer itself is flexible
o as 1o facililate sach movement. The assembly according
to this aspecl of the invention optionally may inclde a
compliant layer as discussed above.

“Fhe assembly incorporating 1he chip, interposer, terminals
and leads may be incorporated in 2 lasger assembly includ-
ing a substrate having a top surface facing toward the second
surface of the interposer.

Preferred chip assemblies according to this aspect of the
preseni invemtion are compact ad may be utifized with
chips having large mumbers of input-output comnections. The
lerminals on the inlerposc, and the coresponding coniact
pads on the subsiraie, desirably are disposed ip areas sub-
stantially the seme sizc as the contact patiern area on the
chip niself.

The flexible leads may be formed integrally with the
terminals on the inferposer, or clse may be separately formed
fine wires. The leads desliably are curved to provide
increesed flexibility. The interposer desirably is @ thin,
fiexible sheer of a polymeric malesial such as polymide, a
fuoropolymer, a thesmoplastic polymer or an elasiomper. In
this arrangemsent, fexing of the interposer facililates move-
mesat of the contact ends of the leads relative 1o the lerminals
and thus contsibutes to the ability of the assembly to
withstand thermal cycling. The assembly may also include a
compliant dielectric encapsulant having a low elastic
moduius, such 25 an elastomeric encapsulant, covering the
flexible Jeads in whole or in part. The encapsulant may be
provided in the form of a layer, with holes in the encapsulant
layer aligned with the tormigals on the second surface of the
interposer. The bonds between the lerminals and the confact
pads of the substrate extend 1hrough these holes. The eacap-
sulant protects the telatively delicate leads during handling
and during service, but does not prevent flexing of the leads
or 1he absorptios by the leads of relative motion of the chip
and substrate during lkermal expaosion,

A chip assembly according to yet another aspect of the
present invention incogporates a chip having 2 front surface
including a ceniral region and a peripheral region sunound-
ing the central region, the chip having a plurality of periph-
aral contacts disposed in the peripheral region of the front
surface. The assembly preferably further includes a sheet-
like dielectric interposer overlying the central region of the
chip front surface. The interposer has a first surface facing
downwardly toward the chip and a second surface facing
upwardly, away from the chip. The interposer also bas edges
disposed inwardly of the peripheral contacts. For example,
the interposer may overly only the central portion of the chip
front surface. A plurality of ceniral terzninals are disposed on
the imcrposer and averly the central region of the chip from
surface. The assembiy preferably also includes a plurality of
peripheral gontact leads counecting at least some of the
peripheral contacts on the chip with at least some of the
ceniral terminals on the inlerposer. Each such periphsral
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contact lead thus has a central terminal end overlying the
interposer and cormectod 10 one of the central terminals and
a contact end projecting outwardly beyond one of the edges
of the inlerposer and connected to one of the peripheral
contacts. Hach perpheral contact lead exiends inwardly
from one of the peripherai contacts to one of the ceniral
termainals on {be Interposer. The peripberal contact leads and
preferably the interposer as well are at least partially fexible
so that the central terminals are movable with respect to
peripheral contacts lo accommodate movement caused by
differential thermal expansion. Here again, the assembly
may optiopally mclude a compliant layer as discussed
above. Desirably, the peripheral coatact leads include bent
portions.

The periphoeal contact leads and cenlral terminals provide
a “fan-in™ arrangement in which the terminals on the mier-
poser are disposed inside the region bounded by the peripb-
¢ral contacts on the chip. Typicaily, the peripheral contacts
on the chip are slispased in one or two rows along each edge
of the chip, in a geaerally reciangular paticrn, so that the
contacts on the chip are close to one suother. By contrast, the
ermiinals on the interposer may be substantially evenly
disposed over the sevond surface of the intesposer. The
central lermisals may be disposed in a so-called “arca

s array”. Accordingly, the distance between adjacent terminals

may be substantiaily greater than the distance between
adjacent contacts on the chip, The distances between adjz-
cent terminals on the nterposer may be large enough io
accommodate solder bonding and similar processes which
require substantial distances between adjzcent bonds.
Some or all of the peripheral contact leads may have
outward extensions projecting outwardly beyond the periph-
eral contacts of the chip. The assembly may include secure-
ment means for bolding these outward extensions. For
example, one or more securcment elements may be disposed
outwardly of the peripheral contacts, and each such secure~
ment element may be physically connected to a plurality af
she outward extensions an the peripheral contact leads. Hach
such securement element may be a generaily planar sirip of
dielectric material having an inboard edge extending gen-
erally parallel to one of the edges of the interposer so that
each pair of parallel edges define an elongated slot between
cach such securement sleraent and the interposer, and cach
peripheral coniact lead may extend across one of these slots.
In this arrangement, the petipheral contacts of the chip may
be disposed in alignment with the slots between ihe secuge-
ment elements and the interposer. The securcment slement
may be physically connected to the interposer, as by bridge
clements extending between the securement elements and
the interposer at spaced-apart localions arcand the periphery
of the chip front suface. The securement elements, bridge
elements and interposer may be formed integrally with one
another 2s a single, sheot-like unil, The securement slements
provide physical reenforcement to the peripheral comtact
teads during the manufacturiog operations and in service,
Additional terminals, seferred 1o herein as “oulside”
termiinals, may be disposed on the securement elements, and
may be connecred to some of the peripherat contacts on the
chip by outside teiminal leads extending across the slots, the
inboard ends of the outside terminat leads being secured to
the interposer so thal the slot and Wferposer conperatively
provide reinforcement to the oulside terminal leads as well.
These assemblies may be made by methods which include
the step of assemmbling a sheet-like diclectric interposer fo
the chip so that the interposer overlics the central region of
the chip front surace, the outboard edges of the interposer
being disposed imwardly of the peripheral contacts on the
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chip. When the diglzctric interposer is disposed on the chip,
a fizst surface of the interposer faces downwardly toward the
chip and a second surfacs of the interposer faces upwardly
away from the chip, and a plurality of central terminals on
the inlerposcr overly the central region of lhe chip front
surface. The method further includes the step of conaecting
a plurality of peripheral contact leads between at Jeast some
of the peripheral contacts of the chip and at Jeast some of the
central torminals on 1he inlerposer, so that cach sach periph-
erai contact lead extends inwardly from one of the peripheral
contzcts aa the chip {o one of the central terminals on the
interposer. The method may further nclude the step of
assembling a substrate having a plurality of contact pads to
be assembled interposer and chip and coapecting each of the
central terspinals on the infetposer to one of the contact pads
on the substrate.

The imerposer may have prefabricated leads mounted
thereon and conpected to the cealral termminals before the
interpossr is assembled to the chip. In this case, the prefab-
ricated contact leads are positioned on the chip when the
intcrposcr is assembled to the chip. Such prefabricated
contact leads may be elecircally connecied to the contacts
of the chip by thermocompression boading or similar pro-
cesses. Alternatively, the peripheral contact leads may be
formed after the interposer is applied to the chip, as in a
wire-bonding step in which  five wire is dispensed and
formed into a lead connecting the contact aod terminal.
Preferably, scourement elements are provided as discussed
above with reference to the chip assembly, and the secure-
ment clemenis are connected to the inkerposcr before the
interposer is placed on the chip. In this case, the securement
clemenls may support the prefabricated leads during the step
of placing the infcrposer on the chip.

A semicondactor chip assembly ia accordance with yet
another aspect of the iavention mcludes a semiconductor
chip having oppositely facing front and rear surfaces with
cdges oxtending between these surfaces, the chip baving
contacis on the front surface. The assembly further fncludes
a generally sheet-like clernent referred to herein as “backing
element” wnderlying the chip, the backing element having a
top surface facing toward the chip and a boitom surface
facing away [rom the chip. A central region of the backing
elerment is aligned with the chip. The backing element is
provided with termrinals, Af least some, and preferably all of
the terminals on the backing ¢lement are disposed in the
ceniral region, s that the terminals underlie the bottom
surface of the chip. The sssembly in accordance with this
aspect of the present invention further includes electrically
conductive feads interconnecting the contacts on the chip
front surface with the terminals on the backing clement,
these leads extending alongside the edges of the chip.
Preforably, the backing element and the leads are flexible so
that the lerminals on the backing element are moveable with
respect 1o the chip. Thus, the terminals desirably are move-
able with respect fo the contacls on the Font surface of the
chip in directions parallef to the plane of the chip top and
bottom surfaces. The backing element and leads provide for
connection 1o the chip at the back surface, so that the chip
can be mownted in facc-up disposition on a substrate.
However, because the terminals on the backing element are
disposed in the central region and aligned with the chip
itseif, the connections 10 the substrale can be made in the
area beneath the chip. Thersiore, the assembly need aot be
substantially larger than the chip itself. .

The ability 10 accommodate relative movement between
the chip and the termirals on the backing element allows the
assembly to sccommmodate differential thermal cxpassion
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betweer the chip and sabstrate. Desirably, the terminals on
the backing elements are also moveable relative to the chip
in directions towards the botiom surface of 1be chip as
discussed sbove, and the assembly may iciude resilicnt
means [or permiiling movement of the terminals towards the
bottom surface but resisting such movement. For example,
the assembly may Incorporate a layer of a compliani mate-
rial disposed between the chip rear suclace and the terminals.

Mos!t desirably, the assembly includes at least one gen-
erelly sheet-like flap coanecled o the backing element. Each
such flap extends upwardly, towards the front surface of the
chip and away from the backing element alongside one edge
of the chip. Each of the aforementioned leads desirably
includes & flap portion extending along one of these Haps.

5 The flaps may be formed integrally with the backing ele-

ment. Desirably, both of the flaps aud the backing element
include electrically coaductive layers and a dielectric layer
disposed belween the eleetricafly conductive layees and the
leads so as 1o provide a controlled fmpedance in the eads.
Asseablies of this type are especially well suited fo use with

_chips having contacis arranged in rows adjacent the periph-

ery of the chip front surface peripherate. Desirably, each flap
extends to ike viciaity of at least one row of contacts. The
flap portions of the leads on sach such flap are connected 1o
the adjacent row of contacts. Such connection may be made
for iostance by wire bonding or by direct commections
between the flap portions of the leads and the contacts on the
chip. Bven where wire bonding is employed, however, the
wires exlending between the chip contects and the fap
portions of the leads are short, Such shori wire bonds can be
readily applied and have relatively low inductance.

Most prefsrably, the chip assembly includes one or more
sapport elements disposed between the flaps and the wdges
of the chip. The support elements may cooperatively con-
stitute a ring or box surrounding the chip. The box may also
inccrporate a floor element disposed beneath the rear surface
of the chip, between the rear surface amd the backing
clement. Where the assembly inclades a floor element
undertying the chip rear surface, the comphiant layer may be
disposed between the floor slement and the lerminals, 2s, for
example, between the floor clement and the backing ele-
ment. These arrangements provide for mechanical suppost
of the flaps and protection of the interconnections. Purthes
protection may be afforded by encapsulating the assembly.

Further aspects of the invention provide componeats
incorporating subassemnblies of the backing element, feads
and support clement. Preferably, these components include
suppoti elemenis defining a box, and inciude taps integrai
with the backing element ¢xtending upwardly ajong the
sides of the box. The conductors extending aloug the flaps
are prepositioned adjacent the top edges of the box walls. In
manufacture of the assembly, the chip may be placed within
the box and the conductors may be joined o the chip
terminals.

Assemblies as discussed above may be incerporated in a
larger assembly with a substrate having eontact pads, the
coniact pads of the substrale being aligned with the termi-
nals on the backing clement and connected thereto. Such
connection may be made for example by masses of elecia-
cally conductive bonding materal disposed between the
terminals and the contact pads of the substrate.

AFurther aspect of the present invention provides a circuit
assembly including a plurality of chip assemblies, cach
including an interposer and a backing elsment as discussed
above, According to this aspect of the inveution, the chip
sssetnblies may be arranged do a stack, one on tep of the
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athes, such that cach chip assembly other than the bottom-
most chip assembly overlies another, immediately subjacent
<hip assembly. The bottom surface of the backing clement in
zach such overlying chip assembly faces the second surface
of the interposer of the immediate subjacent chip assembly.
Most preferably, at least some of the inside termiinals on the
backing ¢lement ot each such overlying chip assembly are
conmecied to the cenlzral terminals on ibe interposer of the
immediately subjacent chip assembty, so that the chips of the
varjous chip assemblies are electrically connected to ome
another.

Further aspects, features and advantages of the present
invention will be more readily apparest from the detailed
description of the preferred emboadiments set forth below,
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 i3 a diagrammatic perspective view of a chip
assembly in accordance with one embodiment of the inven-
tion.

FIG. 2 is a fragmenlary scotional view taken along line
I—2in FIG. L

FIG. 3 is a fragmentary view, on an enlarged scale, of the
area indicaied in FIG. 2.

FIG. 4 is a layout diagra depicting the spatial relation-
ship of certzin components in the assembly of FIG. 1.

FIGS. 5A and 53 are fragmentary diagrammatic perspec-
tive views depicting certain operations, i manufacture of 2
component utitized in the assembly of FIG. 1.

Each of FIGS. 6, 7 and 8 is a fragmentsry diagrammatic
perspective view depicling cerlain operalions in the process
of mapufacture of the assembly of FIG 1

FIG. 9 is a fragmentary disgrammatic perspective view
simitar to FIG. 7 but depicting components and process steps
in accordance with a further embodiment of the invention,

Hach of FIGS. 10A through 10E is a fragmentary dia-
grammatic perspective view depiciiog a stage in a further
component fabrication process according to the invention,

FIG. 11 is & diagremmatic plan view of a semiconducior
chip ineorporaled in one embodiment of the present inven-
tion.

FI3. 12 is a view similar to FIG. 11 but shoving the chip
in conjeaction with additional components.

FIG. 13 is a fragmentary, pattially sectional perspective
vicw on au enlerged scale depicting portions of the compo-
nents ifhustrated in BEG. 12.

FIG. 14 is 2 fragmentary, diagrammatic scctional view
depicting the components shown in FIG. 13 fogsther with
additional compenents and process equipment.

FIG. 15 is & fragmentary, diagrammatic sectional view
depicting an assembly operaion according o a farther
embodiment of the invention.

FIG. 16 is a fragmentary, partiafly sectional dagrammatic
perspective view depicting an assembly according 10 a
further embodiment of the invention,

FIG. 17 is a diagrammatic plane view depicting the
assembiy of FIG. 16,

FIG. 18 is a diagrarematic plan view depiciing an assem-
bly according [o yet another embodiment of the invention.

FIG. 19 is a fragmentary pizn view depicting certain
components used in the assembly according to FIGS. 16 and
17.

FIG. 20 is a fragmentary perspective view similar ta FIG.
16 but depicting poriicas of any assembly in accordance
with a further embodiment of the invention,
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FIG. 21 is a diagramatic plan view of a component.

FIG. 22 is a fragmenlary seciional view on ao cidarged
scale 1aken along lines 22-23 in FIG. 21,

FIG. 23 1s a diagrammatic perspective view of a further
component used with the compencuts of FIGS. 21-22.

FIG. 24 is 2 Fragmeniary sectional view taken zloag lines
24—24 in FHG. 23,

FIG. 25 is z diagrammalic perspective view showing the
components of FIGS, 21-24 at an intermediate stage of 2n
assemnbly process.

FIG. 16 is a fragmentary, partially sectional perspective
view depicting a final assembly incorporaling the compo-
nents of FIGS. 21-25.

FIG. 27 and 28 are fragmentary, partially sectional pet-
spective views depicting components i accordance with
additional embodiments of the invention.

F1GS. 29 and 30 are diagrammatic sectional views depict-
ing still further crabodiments.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Each chip assembly in accordance with cne embodiment
of the presest invention inclades a rigid substrate 20 having
4 top surface 22 and having contact pads 24 disposed on the
top surface. Substrate 20 is also provided with conductors 26
interconrecting cerlain cnes of the contact pads 24. The
contact pads 24 are arranged io 2 pattern on the top surface
of the substrale generally corresponding Lo the pattern of
conneetions to devices, such as sermivonductor chips 28 and
30 and discrele componenis 32 mounted on the substrate.
Substrate 20 also has external conncctions such as pins 34.
The conduciors 26 are arranged {0 interconnscl the various
contact pads 24 in the desired patterns so as 1o interconnect
chips 28 and 30 when the same are mounted to the subsirate
and also to connect these chips 1o the discrete components
32 and to the external connectors 34 in the appropriate
manger for functioning of the pariicular circull. Although
only a few contact pads 24, conductors 26 and extemal
connections 34 are illusiraied in FIG. 1, the substrate 20 may
have an unlimited number of contact pads 24, conductors 26
and external connections 34. Hundreds or thousands of these
elements typically are provided in cach substrale.

Chip 28 has a generally plagar rear face 36 and & generally
planar front face 3§ with clectrical contacts 40 (FIG. 2)
disposed therenn. The elecirical contacts 40 are slectrically
connected to the internal electronic components (not shown)
of chip 28. Chip 28 iz mounted on subsirate 20 in 2
front-face-down orientation, with the front face 38 of the
chip facing toward the top of face 22 of the substrate. A
flexible, sheetlike dielectric interposer 42 is disposed
between the chip and the substrate. Interposer 42 has a first
generally planar face 44 facing toward chip 28 and a second
generally planar face 46 facing in the opposite direction,
away from chip 28. Interposer 42 may incorporate one or
more layers. Preferably, the interposer includes a compliant,
compressible layer as further discussed below. {nterposer 42
Bas a plurality of terminals 48 on its second face 46. Each
such tepminal is associated with one of the contacts 40 on
chip 28 and connecled 1o such contact by a flexible lead 50.
Each terminal 48 is also associated with one contact pad 24
on substrate 20, and cach texminal is bonded to the associ-
ated contact pad by a mass 52 of electrically conductive
bonding materizl such as solder or a conductive polymer.
Thaus, the conlacts on chip 48 are interconnecied, via leads
50, tenminals 48 and masses 52 with the contact pads 24 on
the substrate.
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Tnterposer 42 has aperiures 54 extending through it, from
its first snrface 44 to iis second f3ce of 46. Bach aperivre is
aligned with one contact 40 on chip 28. Each terminal 48 is
disposed adjacent one of the apertures 54. The lead 50
associated with each lerminal Bas a contact end 36 disposed
within the associated aperture 34 and connected to the
associated contact 40 on the chip. Each lead S0 also has a
terminal sad 58 connected io the associated terminal 48. In
the structure of F1G. 2, the leads 50 are formed integrally
with the terminals 48 so thal the terminal end 58 of each lead
merges with the associated terminal 48, As best seen in FIG.
2, each lead 50 is curved between its contact end 56 and is
terminal ead 38. The curvature is in the direction perpen-
dicular to the faces 46 and 48 of the inerposer. An
clastomeric, dielectric encapsulant 60 is disposed in aper-
fures 54 so that the encapsuiant covers the contact ends 56
of leads 58 and hence covess the junctures of the leads with
the contacts 40,

The contact end 36 of cach Icad 30 is moveable relative
to the associated terminal 48. As best seen in FIG. 3, the
contact end 56a of lead 50a can be displaced from its
normal, undeformed position {shown in solid lines} in the
dircetions parallel to the faces 44 x0d 46 of interposer 42 and
parallel to the front face 38 of chip 28. For example, the
contact end 562 may be displaced to the position indicated
in broken lines at 564", This displacement is permiited by the
flexibility of the ead 50 and by buckling and wrinkling of
intesposer 42. Epcapsulant 68 is compliant, and does nat
substantially tesist flexing of leads 50 and buckling and
wrinkling of interposer 42. The displacemeni lustrated in
FIG. 3, from the normal undisplaced position 56a to the
displaced position S6a* places the lead 30 in compression.
That is, the terminal end 56a moves gencrally toward the
associated terminal 48 in moving from position 56a 1o
position 564’ Movement in this direction is partiontarly well
accommodated by buckling of the lead 50. The contact end
of each lead can also move in other directions, such as in the
apposite direciioa from position 58z away from the associ-
ated torminal 48, and in dircctions perpendicular to these
directions, into and oul of the planc of the drawing a5 seen
in FIG. 3. Prefabricated leads formed on the interposer may
curved in directions parallel to the face of the interposer and
paralle] to the plane of the front face of the chip. This
provides increased flexibility in the leads, Desirably, the
cirved portion of sach lead overlies an aperiwe i the
interposes. Thus, the curved portion of the lead is not bonded
to the interposer. This portion of the fead thercfore can flex
o accommedate relative movement of the contact and
terminal without deformation of the interposer.

As best seen in FIG. 4, the coutacts 48 oq chip 28 (sach
symbolized by a dot in FIG. 4) are disposed in & pattern on
the front surface of chip 28. Contacis 40 cooperatively
encompass 1 vonlact patiern area 62 oo the frond face of chip
28. The boundary of the contact pallern area is illusirated by
1 broken line B in FIG. 4. The boundary of the contact
patiern arez may be laken as the shortest corbination of
imaginary line segments along the fronl face of the chip
which cooperatively enclose all of the contacts 40. In the
particular example Hlustrated in FIG. 4, this boundary s
generally in the form of a wectangle. Contacts 40 are dis-
posed throughout contact patiern area 62, in locations deter-
miaed by the interior struciure of chip 28. Contact patters
area 62 fncludes a peripheral region, adjacent the boundary
B, and a central region, adjacent the geometric ceater 64 of
the contact pattern area. Contacts 40 are disposed both o the
peripheral region 2nd in the central regios. Typically,
although not necessarily, the contacts 40 are disposed al
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substantially equal spacings througheut Lhe entirety of con-
tact pattern area 62. The terminals 48, cach symbolized by
ap X in FIG. 4, are disposed in 2 similar paitern on the
second surface 46 of Interposer 42. At least some of termi-
nals 46 are disposed in the area of isterposer surface 46
oveslying contagl pattern area 62. Terminals 64 encompass
a terminmal patlern ares 66 on the sccond face 46 of the
inlerposer. The boundary of lerminal pattern arsa 66 is
illustrated in FIG. 4 by the broken line T. The boundary of
the termipal paitern area may be taken as the shoriest
combinalion of fmagingry Hne segmeants which would coop-
eratively enclose all of the termiaals on the second surface
of the interposce. The geometric center of terminal amray arca
56 desirably is coincident, or approximately coingideni, with
the geomeiric center 64 of the contacl array are, Desirably,
terminal patlern area 66 Is mot substamtially larger than
coptact pattern area 62. That is, the perimeser of the terminal
area preferably is less than zbout 1.2 times, and mosl
preferably about 1.0 times the pecimeter of contacl pattern
area 62. Stated another way, the ountermost terminels 48
desirably lie within or close io the boundary B of contact
amay area §2. The total arce encompassed within terminal
pattern area §6 desirably is less than sbout 1.4 times, and
most desirably about 1.0 times the total area cocompassed
within contacl paitern srea 62. Thus the leads 50 connecling
contacis 48 to terminals 40 do not “fan out”, away from the
geometric conter 64 the contacl patters area. Typically, the
mean distance of the terminels 48 from geomeiric center 64
of the contact patiern area, measured in the direclion parallel
1o the surfaces of the ¢hip and interposer, is less than about
1.1, and typically about 1.0, times the mean distance of the
chip contacts 40 from center 64,

The interposer and leads ufilized in the structure of FIGS.
1-4 may be fabricated by a process as schematically illus-
trated in FIGS. 5A-58. [n this proceduss, the terminals 48
and leads 50 may be deposited on the second surface 46 of
the sheetlike interposer by conventionzl printed cirenit
manufaciuring techniques before formation of apertures 54.
Thus, the Ieads and terminals may be formed either by an
additive process, wherein the metal is deposited in the
desired patiern by plating, or else in a subtractive process
which begins with a laminate including both the shestlike
interposer 42 and a full layer of metal and removes ihe metal
excepl in the areas where the terminals and leads are desired,
s0 as fo yicld a sheet having the lerminals and leads in
position (F1G. 5A). After formation of the terminals and
leads, aperlures 54 are formed in regisiration with the
contact ends 56 of the lsads S0 (FIG. 5B) by ctching through
the interposer from the first surface 44, or by applying
radiant energy such as laser beam focused ai the appropriate
spois an the first surface 44.

A further method of maldag a component incorporaling
the interposer, terminals and leads is shown in FIGS.
16A-10E. In this method, the aperturcs 54 are formed in
interposer 42, and the apertuse interposer is provided wiih a
tayer 302 of adhesive on the second surface 46 of the
inferposer. A conductive sheet, such as a sheel of copper 304
is applied on the first surface of the interposer, so thai sheet
304 overlics adhesive 302 and so that sheet 304 overlies the
apertures 84, A first surface 306 of sheet 304 faces towards
interposer 42 and confronts the sccond surface 46 of the
interposer, with the edbesive layer 302 disposed there
between. A second surface 308 of the conductive sheet faces
away From the interposer. A layer 318 of 2 photosensitive
resist composition is applied on the second surface 308 of
conductive Tayer 304. A second resist composition 312 is
placed within apertures 54 so that resist 312 covers the firsl

o



5,852,326

13

surface 306 of conductive layer 304 within apertures 54.
Plesirably, resist 312 is applied by applying 2 layer of the
second resist composition to the first surface 44 of interposer
42 as iliustrated in FIG. 10B. Both resist compositions 310
and 312 may be provided as so-called “dry resist” 1e., a5 2
film of resist composition which can be laminated to the
other structures. Resist commosition 312 is laminated to ke
first surface 44 of the interposer 42 under pressure so that the
rusist composition flows into apertures 54 and substantially
1ills these apertures,

In the nexi stage of ths process, depicted ia FIG, 10C, the
first resist fayer 310 is sclectively cured and uncured por-
tions are removed so as 10 leave the cured resist in a patiern
corzesponding te the desired pattern of conductive materials
in the finished product. Suck selective curing and removal of
a resist layer may be accomplished by known pholographic
techajgues. The Temaining resist pattern on the second
surface 308 of the coaductive layer 304 includes elongated
lead areas 314 and terminal aress 316 contiguous with the

lead arezs. Al least a part of each lead area 314 overlies one

of the aperlures 54 in the interposer, whercas the terminal
arcas 316 do not overly the apertures. The portion of each
lead area 314 overlying an aperiure is smaller than the
aperire, so that each lead arca overlics only a portion of the
associated aperture 54. Desirzbly, each lead area 54 pro-
trudes lengthwise across the aperture 34, as illustraled in
FIG. 10C. The second resist material 312 within apermres 54
desirably also is cured. As the second resist material may be
cured in its entirety, and need nol be cured selectively In a
predetermined patters, the second resist material may be of
a type which can be cured by exposure to heat or other
ponselective curng method. Alternatively, the second resist
mmalerial 312 may be pbotographically cired.

Ia the pext stage of the process, illnstrated in FIG. 10D,
the assembly is imeersed in an elchant capable of dissolving
the conductive material in layer 304 so that the eichami
contacts this layer, During the etching procedure, the first
resist in lead area 314 and terminal areas 316 protects the
second surface 308 of conductive layer 304. The interposer
42 proiects the first surface 306 of layer 304 in the terminal
areas 316 #nd in those portions of lead arcas 314 which do
not overdy aperiures 54, The second resist 312 profects the
first surface 306 in those portions of lead areas 314 which
overlie aperlures 54. The etchant therefore does pot attack
thoss poriions of cenductive layer 384 covered by lead
portions 334 and termiaal portions 316 of the frst resist
iayer 310, The fizst resist Jayer 310 and the sceond resist 312
ars then removed by conveational resist decorepositicn
processes such as exposure to solvents which attack the
resisl. This leaves the npaiiacked portioss of conduciive
layer 304 as leads 50 and terminals 48 on the second surface
44 of interposer 42, with a confact end 56 of each Jead 50
protruding over the associaled aperfure %4 and with 2
terminal end 58 of each lead connected to the associated
terminal 48.

This process can be modified, For example, lhe adbesive
fayer 302 may be omitted whors the conductive layer forms
2 satisfactory bend lo the material of the interposer. Also, the
paltern first resist 310 need not be provided by a subliaclive
process as discussed above but instead may be provided by
an additive process, wherein the resist is applied oaly in the
arcas o form the patiern, s by sifkscreening. Formation of
the leads 50 and terminal 48 by this type of stching process
is particularly useful in forming fine leads in good registra-
tion with aperturcs 54. Also, as the apertures 54 are pre-
formed, thers is no possibility of damaging the leads during
formation of the aperiures,
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The assembly of the interposer and terminals and contacls
is fabricated in a substantially continuous sheet or sizip. As
illustrated in FIG. 6, the interposers may be provided in the
form of & continuous tape 70, with phiral inierposers 42
spaced lengthwise along the fape, each such interposer
having terminals 48 and leads 58 thereon. Tape 70 may be
in the form of a single sheet of the material employed for the
interpossrs 42, or elsc may inchude separate pivces of such
malcral, cach constitutiog one or more inlerposers, secured
1o & backing or the like. Tape 70 may have sprocket holes
(oot shown) or other features such as those commonly
utilized on the tapes for tape sutomated bonding of semi-
conductor chips.

I an assembly metbod according to the favention, tape 70
is advanced in & downstream direction (lo the right as scen
in FIG. 6) and chips 28 are coonecled to the tape upon
assembly of cach chip with one interposer 42 and with the
associated terminals and leads, The clips are subsequently
carnied downstream with the taps, through fusther operations
35 discussed below.

As best seen ia FIG. 7, each interposer, with the terminals
48 and leads 50 thereon, is brought info juxtaposifion with
a chip 28, and the chip is aligned with the interposer so that
each aperture 54 is aligned with on¢ contact 46 of the chip.
The interposer 42 and chip 28 are brought together, 5o that
the first face 44 of the inlerposer bears on the front face 38
of the chip, and the contacts are received in the apertures 54
of the interposer, The contact end 36 of each tead 58 initially
lies substantially in the plane of the second surface 46 of the
interposer. A ool 74 is advanced inio engagement with the
contact end 56 of each lead so as to deform the contact end
56 downwagdly, into the underlying aperture 54 and lowards
the associated contact 49. Tool 74 may be a substantially
conventional thenmal bonding tool, thermosonic bonding
tool, ullrasoaic bonding tool, compression honding tool, or
the lke of the lypes commonly used io tape automated
boading or wire bonding. By advancing the ool T4 inlo each
aperiure 54, the contact ends of leads are manipulated within
the apertures and bouded 0 the contacts 40 on the chip.
Alihough ocly a single teol 74 is depicted i FIG. 7, the
bonding operation may be performed in a mulliple
operalion, with many or all of the leads 50 being bonded 1o
the associated coplacis al once.

Afier the contacts and leads have been bonded 19 cae
another, the intcrposer and the chip are advanced to a further
station, where ke encapsulact 6@ is applied within each
aperture 54. The encapsulant 60 may be applied dropwise,
by convestional drop appticvation equipment. As best seenin
FiG. 8, sach drop of encapsulant 60 covers the coatact end
56 of 1he associated lead, but leaves the associated conlact
48 uocovered. The encapsulant protects the relatively deli-
cate contact ends 36 of the leads and the relatively delicate
junetures with the lerminals 44, Once the encapsulant has
heen applied, the assembly of the interposer, lcads, terminals
and chips is advanced to 2 testing station. As #lustrated in
FIG. 8, the assembly, including the chip 28, may be tested.
The test may involve connection of the chip, threugh the
terminals 48, to ap external clectronic test device {not
shown). The test device may be arrauged to operale the chip
under powes for an appreciable period so as to “burn-in” the
chip and detect any latent defects. Typically, ouinerous
connections should be established to the chip simulia-
neousiy. As illustrated in FiG. 8, this may be accomplished
by applying probes 76 1o terminals 48. Probes 76 may be so

5 called "noncompliant” probes. That is, probes may be

arranged to wove in vnison, in the directions towsrds and
away [rom the chip 28 (upwardly and downwardly as seca
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in FIG. 8). The probes 76 are mounted 1o a commen fixture
(nct shown) so that the vertical position of the probes
relalive to one another are fixed. This type of “noacompli-
ani” probe array is particutarly convenieni where the
required spacings belween probes (the spacings of the
terminals 48) are relatively small. However, non-
uniformities in the dimensions of 1he probes 76 apd/or in the
dimensions of the terminals 48 or chip 28 may cause one or
more of the probes 76 to engage the associaied terminal 48
befors the other probes have engaged their termicals.
Desirably, interposer 42 is compliant, so that ezch ferminal
48 can be displaced slightly by the asscciated probe 76 in the
direction toward chip 28. The region of interposer 42
benreath each terminel 48 compresses slightly 1¢ accommo-
date such displacement. This allows afl of the probes 76 1o
engage their associated contacts 48 without imposing exces-
sive lvading oo agy ome probe. The terminals 48 may be
larger than the conlacts on the chip, so as to provide a
relalively large asea for engagement by each contact 76 and
{hus accommodate a reasonable amount of misafignment of
the comtacts in the directions parallel to the faces of the
interpeser, Because each chip can be tested ia this fashion,
prior to assembiy with the substrate, defects o the chips, in
the terminals and leads associated witk the interposer and i
the bonds between the leads and the chip contacts can be
detected before the chip is united with the substrate.

After the testing operation, the chip and interposer are
united with the substrate. The chip and interposer assembly
is oriented o that the second face of the inlerposer, and (be
serminals 48, face the fop surface of the substrate, ard each
terminal 48 confronts one coptact pad 24 on substrate
Masses of solder are applied between the confronting ter-
mipals 48 and contact pads 24 and melted in & “solder
reflow” operation so that the solder forms a solid joint
between the conlact pad and terminal, and so that the solder
masses sipport the chip znd inlerposer assembly above the
substrate 20, ie the orentation fllusirated in FIG. 2. The
solder application and reflow operation may be performed in
substantially the same way as the solder appiication and
reflow operation of conventional flip-chip bonding, Thus,
the masses of solder may initially be applied to the contact
pads 24 of the subsirale, before the chip and imterposer
sssembly i united with the substrats. Alternatively, the
solder may be applied fo the terminals 48 and bonded to the
contact pads 24 in the reflow operation. A flux typically is
employed in ibe solder reflow operation. Because the solder
masses support the chip and interposer surface assembly
above il substiate, there Is a gap 830 between the interposer
and the substrale. Flux residues may be rinsed out of the
essembly by passing a ciusing fluid through this gap.

In an assembly method according to a Aurther smbodiment
of the invention, the interposer 42 is not provided with leads
before the interposcr is wnited with the chip 28. Instead,
leadls 50 are applied by bonding separately formed pieces of
fine wire to the terminals 48 and to the contacts 40 after the
interposer is assembled with the chip. Loads 50 are flexible
and curved, and arranged to deform as discussed above so
that each comtact 40, and the associated contact end of the
lead 50 can move relative to the associated terminal 48 so
as to accommodate thermal expansion, Ig the embodiment
dlustrated in FIG. 8, a layer of an adhesive 81 is disposed
between the first surface of the interposer and the fromi
surface of the chip.

The subassembly fllustrated in FIG. 9 mray be funber
provided with an cacapsulant {aot shown} in the form of a
Iayer covering substzniially the entire second face 46 of
interposer 42 end hence filling the apertures 54 and covering
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the leads 5. The layer is provided with boles i alignment
with the terminals 48. These holes may be formed by ¢iching
the encapsulant layer by applying this layer in a selective
coating process such as silk screening oc the like or by
applymg the encapsulant layer in a selective cucing process.
Thus, the encapsulent which may be curable by uliraviolet
or other radiant energy. The encapsulant may be deposited
over the entire inlerposes, and over terminals 48. After
application of the encupsulani, radiznt energy may be
applied selectively, so that the areas of the layer overlying
terminals 48 remain uncered. These layers are then removed
by washing or by a relatively mild etching cperation, zaving
holes in alignment with terminals 48. Allernatively, the
encapsulanl layer may be cured pon-selectively and then
porticns may be removed by applying radiant enezgy such as
laser light in alignment with terminals 48. Masses of elec-
irically conductive bonding material are deposited within
these holes in the encapsulant layer. These masses are then
engaged with the contact pads (not shown) of the substrate
and healed so hat bonding muterial forms a bond beltween
each terminal 48 and the associated contact pad on the
substrate, in a rmanmer similer 1o the solder bonds of ithe
assembly depicted in FIG. 2.

A chip may have contacis disposed in a peripheral
arrangement, 1.¢., where all of the confacts are disposed
adjacent the periphery of the cbip and hence adjacent the
periphery of the contact pattern area. The central zone of the
contact pattern area, adjzcent the georneiric center of the
cantact arfay, may be devoid of contacts. Witk such 2 chip,
the terminals on the interposer may be arranged in a “fan in”
patiern, 1., where the mean distance from the geometric
center of the coniact array to the terminals on the interposer
is less than the mean distance from this geomelric ceater to
the contacts on the ¢hip. Some of the terminals are disposed
on the area of the interposer overlying the central, contact-
free zone of the contact patlern area. This arrangement can
provide a substantially usiform distribution of terminals
over an area equal to the comact patiern area. This provides
a spacing between adjzcent terminals larger than the spacing
between adjacent contacts. Such an arrangement allows
congection of chips wiith peripheral contact arrays to area
arrays of contact pads on the substrate. Thus chips originaly
intended for conventiona! bonding processes sich as tape
automated bonding can be adapted readily and economically
to substrates having compact contact pad arrays similar to
those used in Hlip-chip bonding,

Chips may be provided in the form of 1 wafer incorpo-
rating a plurality of chips, all of the same design or of
differing desigos. Individual, separate, interposers may be
positioned on the individual chips comsfituling wafer and
the-interposers may be assembled to the chips as discussed
above. In this operation, the contacts om each chip are
secured to the leads and terminals of each inlesposer. Afier
the interposers are secured to the chips, and desirably after
the junctures beiween the leads of each inlerposer and the
contacts of each chip are encapsulaled, the individual chips
are separated from the wafer and from one another, as by
cutting the wafer using conventional wafer severing or
“dicing” equipment commonly utilized fo sever individual
chips without inierposers. This procedure yiclds a pluratity
of chip and interposer subassemblics, each of which may be
secured 1o an individual substrate.

Alternatively, a wafer incorporating a plurality of chips
may be assembled to a sheet incorporating a phurality of
interposers. Again, the contacts on each chip are secured 10
the terminals and leads of one individual interposer overly-
ing the particular chip. The waler and the sheet are severed

1l
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after this operation, and desirably after encapsulating the
leads, so as to provide individual subassemblics each includ-
ing a chip and an inlerposes,

Interposers also may be provided in the form of a sheet
incorporating plural isterposers sich as inlerposer and at
predetermined relative positions corresponding o the posi-
tions of chips on 2 completed assembly including a sub-
strate. Chips may be sccured to the individual interposers
and the enlire assembly ol plural ¢hips and the sheet of
plural interposers may be secured 10 @ substrate. Each
interposer in such am assembly desirably incorporates 2
patlern of ferminals and lfcads as discussed above. This
varianl of the assembly procedures provides for consolida-
tion of plural chips into a larger subassembly before bonding
0 the substrate.

A semiconductor chip 820 used 1o 2 further embodiment
of the invention has a generally planar frout face 822 (the
face visible in F1G. 11} haviag a cearral region 8§24 adjacent
the geometric center af the face and a peripheral region 826
adjacent 1he edges 828 bounding face 822. The froat or
contact-bearing face 822 of the chip is regarded as defining
the top of the chip. Thus, in specifying directions, the
direction pointing oul of fron: face 822, and away from the
chip, ie., the direction pointing out of the plane of the
drawing towards the viewer in FIG. 11, is the upwardly
direction. The dowaward direction is the apposite direction.
As used o the present disclosure with respect 10 a semicon-
ductor chip assembly, such temas should be undersicod as
based on this convention, and should not be understood as
implying any pacticular directions with respect to the ordi-
nary gravitational frame of reference. The chip 820 also has
2 plurality of peripheral contacts 830 arraoged in rows 832,
there beiag one such row adjacent each edge 828 of the chip.
The rows $32 do not intersect one ancther but instead
terminale at appreciable distances from the comerss of the
chipsa that the corners 834 are devoid of peripheral contacts
830. The ceniral region 824 of the chip front suzface 822 is
als0 devoid of contacts. The contacts 830 in each row 832
are spaced at very close imtervals, typicaily about 160 to
shout 250 micrometers center to center. This center w center
spacing is adequate for wire bonding or tape awtomated
bonding. This chip configrration is typical of high I/0 count
chips originally intended for use with wire bonding or tape
automated bonding systems.

In an assembiy method according to one embodiment of
the invention, a sheet-like dielectric imterpuser 836 i
assemnbled to chip 820. Interposer 836 includes a fexible lop
Tayer 838 (F1G. 13) formed by a thin sheet of material having
a relatively high elastic modulus and a compliant botlom
laver 840 formed from a waterial having a relatively low
elastic modulus, The high-modules material of top layer 838
may be a pofymer such as a polyimide or other thermoset
polymer, a fluoropelymer or & thermoplastic polymer. The
compliant, low-modulus material of bottom layer 840 may
be an elastomer. Desirably, the low-modulus material has
elastic properties {including modulus of elasticity} compa-
rable to those of soft mbber, about 20 to 70 Shore A
duzometer hardness. Interposer 836 has a first or boliom
surface 842 defined by beitom layer 8§40 and a second of top
surface 844 defined by top layer 838. Bottom, compliant
layer 840 iacludes holes or voids 841 inlerspersed with
masses 843 of the ow-modulus material.

Interposer 834 has edges 846 bounding surfaces 842 and
8§44 and extending therebetween. The interposer also has 2
plurality of ceniral terminals 848 distributed over the sscond
or top surface 844. Terminals 848 are disposed at substan-
liafly even spaces on surface 844 so that terminals 8§48
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constitute a “area array”. The dimensions of interposer 836
in the plane of top surface §44 are smatler than the corre-
sponding dimensions of chip 820 in the plape of front
surface 822. The number of central ferminals 848 may be
approximately equal to the pumber of peripheral contacis
830 on the semiconductor chip Nonetheless, the center-to-
center Hnear distance between adjacent ones of coniral
terminals 848 is substantially greater than the center-to-
center distance between adjacont peripheral contacts 830 on
the chip, because the central contacts 848 are substaatially
evenly distributed rather than concenirated in only 2 few
rows, Each central terminal 848 is aligned with oae of the
masses 843 of low-modulus material in compliant layer 844,
whereas the hales 841 in the complaint layer are out of
aligement with the central termeinals 848. Ia 2 variation of
this embodimen?, the holes may be aligned with terminals
848. In a further variation, the holes may be contintious with
one another whereas the masses of low-modulus material
may be separate posts or pillars entirely surrounded by such
continuous holes.

As best seen i FIG. 13, each central terminal 848 is
connected with a partial lead 50 2nd a bonding terminai 852
which are formed integrally with the eeniral terminal. Cen-
tral terminals 848, partial leads 50 and bonding terminals
852 may be formed from substantially any electrically
gonductive material, but preferably are formed from metallic
material such as copper and copper alloys, noble metals and
noble metal zlloys. These components typically are fabri-
caled on the top or second surface 844 of interposer 836 by
conventional photolithographic end eiching or deposition
iechoiques. Bondiag terminals 852 are arranged in rows 54
adjacent the edges 846 of the interpeser. As best seen in FIG.
12, there are four such rows 54 of bendiag terminals, one
adjacent each edge of the interposer.

In the sssembly method according te this embodiment of
the invention, the interposer 836 with the preformed termi-
nals 848, partial leads 50 a0d beading terminals 852 thereon
is positioned on chip 820 so that the first surface 842 of the
interposer faces the frent surface 822 of the chip, and so that
the edges 846 of (he inlerposer ars disposed inwardly of the
tows 832 of peripheral contacis §30 on the chip. Bonding
terminals 852 are electrically connected to contacts 830 oa
the chip by & conveptions! wire bonding operation. The
arrangement of the bonding terminals 852 in rows parallel to
and adjacent to ihe rows of peripheral contacts 834 on the
chip substantially facilitates the wire bonding process. The
fine, Bexible bonding wires 856 applied in the wire bonding
operation merge with the bonding terminals 852 and partial
teads 30 on the interposct 10 form composii leads exiending
from the peripheral contacts of the chip 1o the cestral
terminals on the interposer. As best appreciated with refec-
ence 1o FIG. 13, each such comgposite lead extends inwardly
from one peripheral contact 830 to an associated centra
terminal 848 in the central way. Each such composite lead
extends across the edge 846 of the interposer.

In the next stage of the process, a low elastic modulus
dieleciric encapsulant or solder mesking material such as a
silicons rubber or olher casteble clastomer 858 (FIG. 14d) is
applied over the interposer and chip and over bonding wires
856. The encapsulant is applhed so as to leave holes B6d in
alignment with each of the ceptral lerminals 848 on lhe
interposer. This may be accornplished as discussed above
with reference lo the assembly of FIG. 9. At this stage, the
asserably is relatively rugged and can be handied readily.

s Thus, the wires 856 are fully protected by the encapsulant.

Either before or after the sncapsulant 858 is applied, the
chip and all of the copnections made within the assembly
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can be tesied by making temporary electrical connections to
the central terminals 848, Becanse the coatral termiinals 848
are al subsiantial center-to-center distances, they may be
readily contacted with probes sach as the plural probe st
862 schematically ilustrated in F1G. 14. Moreover, because
the botlom layer 840 of the mterposer is comgpliant, each
cenlral terminal 848 is displaceable fowards and away from
the front surface 822 of the chip 820. Thus, the bottom layer
can be compressed by the tips 864 of the probe set 862. This
greatly facilifales making good electrical contast between a
plurality of probes and a plaratity of ceatral terminals at
onwe, and hence greatly facilitates electrical testing of the
chip and the olker components of the assembly. The con-
figuration of compliant layer 840 contributes to this action.
Each mass 8§43 of low-modulus material provides backing
and support for the aligued terminal 848. As the tips 864 of
the test probe set 862 engage the terninals, each mass 843
is compressed iu the vertical direction and therefore tends to
bulge in herizontal directions, parallel (o the plane of the
chip. Holes 841 provide space for such bulging. Each
wrminal 848 can move downwardly toward the chip sub-
stantially independently of the other terminals. Compiiant
layer 848 need only provide for sufficient downward miove-
ment of terminals 848 to accommodate tolerances in the

components and st equipment by accomedating differ- o

ences in vertical position between adjavent terminals and/or
test probes. Typically, about 0.125 mm or less compliance is
sufficient. For exampls, complaint layer 84} may be about
0.2 mm thick.

Although test probe set 862 is schematically illustzzted as
including only a few tips 864, the test probe set in fact may
inciude a fuil complement of tips 864, egual in nuraber o the
purrber of lerminals 848, so that 2l of terminals 848 can be
engaged simulfancously. The tips of probe set 862 may be
rigidly mounted to a common support 865. Theretore, the
test probe set may be ragged, reliable and durable. The
particular shape of tips 884 is not critical. However, tips 864
may desirably be formed as small metadtic spheres solder-
bonded to support 865, Support 863 in turn may be a ceramic
body with appropriaie internal leads, similar to a conven-
tional serniconductor subsirate. Because the lest probe sef
may make simultaneous connections with all lerminals in
the subassembly, and because the test probe set may have
dimensions and configaration similar 1o a real subsizale, the
temporary electrical connection made using the test probe
can provide a realistic test of the chip and interposer
subassembly. In particular, the test probe set need not
involve long leads which may introduce unwanted induc-
tance and/jor capitance. Accordingly, the test probe setcan be
employed to test and operate the chip at full speed. Because
Ibe test probe set may be a simple, economical device, many
such probe sets can be provided in a manufacturing plant, so
that each chip can be tested for a prolonged period.

In the next stage of the assembly eperation after lesting,
lke chip and interposer subassembly is juxtaposed with a
substrate haviag electrieal contzct pads therecn. The assem-
bly is placed on the substraic so that the ceniral terminals
848 face toward the electrical contact pads on the substrate,
and so (hat each central terminal 848 is aligned with one
contact pad. Masses of an electricaily conductive bouding
material such as a solder or an electrically conducied adhe-
sive may be disposed between the central terminals and the
contact pads of the substrate. These masses may then be
caused to fliow and to bond with the central terminals 848
and the confact pads thereby forming mechanical and elec-
Irical copnections between the ceniral fermipals and the
contact pads. This stage vl the process may utilize essen-
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tially the same techniques as are cmployed in surface mount
technology for assembly of components on printed circuit
boards. Because the ceniral terminals 848 are disposed at
substaniiai center-to-center distances, ihe slandard surface
mount techmiques can be used without difficelty, For
example, a high I/O counl can be achieved with 10-25 mil
(250625 wmicromster) center-io-center distances. In an
alternate embodiment, each contact pad on the substrate may
be a microminiature separsble coancetor such as a sockel,
and a mating separable connector may be provided on each
tecmingl. For example, each terminal 848 may incorporale a
miniature pin adapted to engage such a socket. In this case,
the pins would serve as the means for connecting texminals
848 1o the contact pads of the substrate. The encapsulent or
solder mask layer can be provided with metal nags sur-
rounding each hole 860 and hence surrounding each termi-
nal §48. Each such ring defines » piesclected erea which can
be wetied by soider and thus confines the solder of each joint
to a preselected area. Also, small studs, balls, of pins may be
poesitioned I the holes of the solder mask layer in electrical
confact with the lerminals 848, and these studs mav be
soldered fc a substrate.

Inasmuch as each peripheral conlact 838 on the chip is
conngcted w one of the ceniral termimals 848 on the
interposer, and each such ceatral terminal is connected to
one of the contact pads on the substrate, cach peripheral
contact 830 is connccted to one of the contact pads of the
subsirate. The substrate contact pad of course may be
connected 1o other elemeats of an elecirical cizcuit through
conventional connections {not shown) incorporated in the
substrate. For example, subsirate may be a circuit board,
circuit panel or hybrid circuit substrale incorporating various
clectronic elements in addition o chip 826.

‘The interconnections between the chip and the subsirate
(between peripheral contacts 830 and contact pads) are
accommodated within the area of the chip itself, i.c., within
the arez on the subsirate occupied by chip 820, Thus, no
space on the surface of the substrate is wasted by a conven-
tional “fan-out” pattern of interconnections. Moreover, the
assembly is substantiaily resisiant to thermal cycling. Bach
of the composite leads conneciing one of the chip peripheral
contacts and one of the central terminals 848 on the inter-
poser is Jexible, Thus, the partial leads 58 (FIG. 13) on the
interposer surface itself preferably are flexible, and the fine
bonding wires 856 arc aisc flexible, The interposer itself,
and particularly the top layer 838 and bottom compliant
layer 840 may be flexible. Accordingly, there can be sub-
stantial movement of terminals 848 on the interposer relative
to contacts 8§38 on the chip in directions parallel to the chip
front serface. Such movement can be accommodated with-
otit applying substantial forces to the junctions between the
leads and the chip contacts. During use of the asscinbly,
diffarentiat thermal expansion of chip 820 and substrate may
cause appreciable displacement of the contact pads on the
subsirate relative 1o peripheral contacts 830 oo the chip.
Inasmuch as the centrai ferminals 848 of the interposer are
bonded to the contact pads of the substrate by relatively stiff
noncornphiant conductive masses, the cenizal lerminals will
tend to move with the contact pads. However, such move-
ment is readily accommodated and does not result in sub-
staniia] siresses ai the bonds betweea the central terminals
and conatact pads.

The assembly shown in FIG. 15 has an interposer 836'
similas to the interposer discussed above with refersnce to
FIGS. 11-14. However, the prefabricated lcads 854 associ-
aled with terminals 848" have outer or contact portions 834
projecting outwardly beyond the edge 846’ of the interposer.
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As prefabricated leads 850° are disposed on top laysr 838" of
the interposer, the prefabricated leads cross the edge 846 of
the inferposer at an appreciable height above the firsi or
bottom: surface 842’ of the interposer. The projecting outer
poriions 854' are curved downwardly, toward the fiest sur-
face 842' of the imferposer. This curvature desirably is
provided during fabrication of the igterposer and leads,
before the interposer is assembled lo the chip. In the
assembly operation, the interposer 83§, with the leads 350"
and terminals 848 alteady mounted thereen is placed ozle
chip 820 so that the outer portions 854 are in alignment wilh
contacts 830 of the chip. The curvature of the leads places
ihe ouier or contact portions §54' i close proximity to chip
contacts 830' A too} 855 is then applied to the outer portions
834 s0 as to force the outer postions thus forcing leads 854'
into engagement with the chip contacts 83€' so as to bond the
outer portions 834 of leads 830" directly ro the chip contacts.
Typically, pressure is applied through tocl 855 zlong with
heat and/or ultrasonic eacrgy. This stage of the process may
employ conventional thermolcompression or ultrasomic
bending teckniques commonly used to bond inaer leadsin a
tape automated bonding or “FAB operation. This bonding
establishes a connection between each chip contact 850 and
one of the terminals §48” on the interposer, without the need
for any intermediate wire bonding operation. Unce e
corttacts and terminals are connected in this manner, the
resuiting subassembly cani be encapsulated and bonded 10 a
substrate in substantially the same fashion as discusscd
above. As leads 850" are Hexible, terminals 848" are movable
with respect to contuscts 830 o compensare for thermal
eXpansion.

The terminals 848 and leads 850 used in this structure
can be [absicated by photolithigraphic techmiques. Fer
example, the interposer may initislly be fabricated with 2
solid sheet of copper or other metal covering the second
surface 844" and extending bevond edges 848 These por-
lions of the melal sheet extending beyond the edges of the
interposer way be embossed to impact 2 dowaward cusva-
tare. The surface of the metailic tayer facing upwardly away
from the interposer (facing toward the top of the drawing in
FIG. 15) may be covered with a conventional pholoresist
paitzere such that the pholozesist sovers the areas coespond-
ing to the terminals 848 and leads 850, The opposite surface
of the sheet may be covered with a fucther photo resist in the
argas exlending beyond the edges 848 of 1he interpeser. The
sheet may then be exposed lo an eiching solntion so as to
remove those zreas ool covered by the photo resist on the lop
surface, L.e., o remave all arens of the metal sheet other than
the terminals 848' and leads 850", The photo resist may be
removed, feaving nterposer with the termeinals acd leads
thercon. The curvaiure imparied o the metal sheel by
embossing provides the desired downward curvaiure in the
outer portions 854 of the leads. Allernatively, the leads may
be bent after etching, using a forming die. In yet another
lead-forming method, the dieleciric iaterposer, or one of the
generaily planar dielectric layess copstituting the interposer
may be provided with features projecting out of the plane of
the layers, such as bumps or elongated ridges. The leads may
be formed by depositing melal or other conductive material
so fhat it forms leads extendiag over the projecting featurss
and then removing thoss portions of the dielectric layer or
interposer constifuting the projeciing features, as by selec-
tively etching the diclectric layer, leaving behind leads
which are curved out of the plane. The step of depositing the
condnctive materizl o form the leads may be performed by
selectively depositing the conductive mateital using conven-
tional techniques, or by depositng conductive material and
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selectively etching or otherwise removing conductive mate-
rial before etching the diclectric layer.

An alternate, generally similar arcangement, includes an
interposer incorporates a flexible top layer similar to the top
Iayer 838 of the Interposer discussed above with reference 1o
FIGS. 11-14. Terminals and leads are positioned op the st
or bottom surface of this laver, so that the terminals face
towards the chip when the layer is in position on Lhe chip.
The interposer may also include a separate complizot under-
layer disposed between the lop layer and the chip front
surface, and also disposed heneath terminals i.e., betweea
the teaninals and ihe chip. The compliant layer may be
positioned oo the chip surface, before the top fayer, and
terminals are positioned on the compliant layer. In this case,
the compliant layer may Incorporate adhesives at its top and
botforn surfaces so as to bind the top layer to the chip.
Because the compliant Iayer is soft, the top layer will remain
flexible even when bound to the chip through the compliant
layer, and the terminals wili still be mmovable with respect to
the contacts in directional paralic] {o the face of 1he chip.
Allernatively, the compliant layer may be formed from a
partially cured elastomer such as a so-called “B-stage”
silicone elastomer, After assembly of the top layer, this
partially eured materiai may be more fully cured, as by
heating it, whicl causes (he ¢lastomer to bond with the top
fayer and with the chip surface. In this arrangement, the
termisals are disposed beneath the top Iayer. To provide
20¢ess to the terminals from the second or top surface of the
interposer, the inlerposer top layer is punciured as applying
radiant energy from a radianl energy source such as a laser
in registration with the terminals 1o thereby form holes in
alignment wiik the terminals. Once the holes bave been
formed, the resuliing subasserobly can be bonded to a
substrate in the same manver as discussed sbove. These
holes may be formed before the interposer is connected to
the chip, and Indeed may be {ormed before the terminals are
positioned on the interpeser. In a further alternalive
arrangement, the terminals and leads can be provided oa the
comptiant layer itsclf.

The assembly ilustrated in FI. 16 is similar to the
assembly of FIG. 15. However, the outboard portions 83584
of leads 8350 have outward sxisnsions projecting oundwardly
beyond chip peripheral comacts 8330, These ourward exien-
sions are secured to & seccurement element 8361. Although
only one sccurement ¢loment 8361 is visible in FIG. 16, it
should be clearly appreciated that a similar securement
clement 8361 is provided at each edgs of inferposer 8336 as
seen in FIG. 17, Each sconrement element serves 1o rein-
foree and suppost the cutboard portions of the leads, and o
prevent nndesired bending of the Ieads in directions parallel
to the surfaces of the inlerposer and chip during assembly.
The central terminals 8348 and peripheral coptact leads
8350 associated with interposer 8336 are disposed on the
first or chip-facing surface 8342 of the interposer top layer
§338. Asbest seen in FIG. 17, the securement elements 8361
are connected to interposer 8336 by bridge elements 8363,
FThe bridge cloments are disposed at spaced-apart locations
around the periphery of the interposer Preferably, the
inferposer, securcmenl elements and bridee elemeats are
formed as an infegral unit. Al of these components may be
portions of a unitary sheet of dielectric material, Thus, the
interposer 8336, bridge elements 8363 and securement cle-
ments 8361 may all be formed as part of an clongated tape
£381, (FIG. 17) which may include several interposers 8336,
eack with its associated securement clements and bridge
elements. The tape may also include waste or irim areas
§383. Puring the various assembly and handling operations,
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the interposers and chips may be advanced lhrough the
process by advancing the tape.

Bridge zlements 8363 are disposed at the corners of the
interposer. The chip 8320 nsed in this assembly includes
four rows 8332 of periphera contacts §338, the rows form-
ing a generally reclangular pattern. However, the rows of
peripheral contacts stop short of the corners of this rectan-
gular pattern, so that the corner regions of the patiern are
substantially devoid of contacts 8336, Bridge clements 8363
uverlie these corner regicns, and heace do aol cover any of
the contacts 8330

Each securement clement 8361 includes a top layer 8301
(FIG. 16). Each securement slement has an inboard edge
8365 extending generally paraflel to an edge 8346 of Inter-
poser so that these parallel edges define an elongated slot
8367 between the securement element and the interposer.
Slats 8367 ase atigned with the rows 8332 of chip peripheral
contacts 8330. The peripheral comtact lcads 8350 extend
across slois 8367, the ocutward extensions B354 of these

leads being attached to the securcment cloments 8361, so 2

that ¢ach peripherat contact lead 8350 is supporied both by
the interposer and by the securement clernenl.

Each securement clement 8361 has a single row of outside
terminzis 8372 extending generally paralicl to the adjacent
slot 8367, Outside terminais 8372 are disposed on the Grst
or chip-facing surface 8369 of the top fayer 8303 of vach
securement clement 8361, Outside terminal lesds 8374
(FIG. 16) extend ipwardly from oulside ferminals 8372
across slots 8367, Bach such outside terminal lead has an
inboard end 8376 secured to the iaterposer 8336. Thus, both
the outside terminal leads 8372 and peripheral contact leads
8350 extend across skot 8367. These leads are interspersed
with one asother along the length of each slot 8367.

Holes 8360 are provided in the interposer and in sach
securement element wop layer fn alignment with the central
terminals 8348 and ouiside ierminals 8372 so that the ventral
terminals and outside terminals are accessible fom the
second surfaces of the interposer and securement elemenis,
1., from the surface facing away from the chip.

Interposer $336 includes a compliant bottom layer 8340,
and each securement element 8361 may include a compliant
boltom layer 8303 (FIG. 16). All of these complian! layers
may be similar to the compliant layers discussed sbove, and
may inchude holes (ot shown) to increase their compliznce.
The complant layers of the interposer and securement
clements may be formed and assembled separately from
thesc compoRents, or may be incorporated in tape 8381

‘The icads and tzrminals may be formed in place on the
interposer and on the securement elements by an etching
srocess similar to those described above. A copper or other
metatlic sheet may be laminated to the dielectric shoot which
will uliimately form the interposer top layer 8338 and the
securement element lop layers 8301, and then covered with
a photoresist pattern and etched to form the various tenzi-
nals and leads. Holes 8360 and siots 8367 may be formed
after the terminals and teads, by selectively applying radiant
energy such as laser radiation to the sheet to selectively
remove portons of the sheet. Alternatively, the slots and
holes may be formed before the leads and terminals, as by
etching or mechanically punching the dielectdic sheet. The
leads and ierminals may then be formed by applying and
sclectively etching a metallic layer. In this case, the holes
end slots in the dielectric sheet should be temporarily filled
with a zesist to prevent unwanited etching of the leads and
termxinals by stchanl entering through the hofes and slots.
Peripheral contact leads 8350 and cuwiside terminal leads
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8374 are bent downwardly, toward the bottom of the
ipterposer, within slots 8367, The downward curvature of
these leads may be formed by embossing the sheet used w
fabricate these leads. Thus, although cach lcad 8350 and
8374 extends into a siot 8367 from above the boltem laysrs
83683 and 340 of the securement elements and interposer,
each such lead extends to the beliom of the interposer.
Before the interposer is assembled to the chip, a set of
support elements 8307 is juxteposed with chip 8326 so thal
one such support element lies alongside sach edge 8309 of
the chip. As best seen in FIG. 19, support etements $307 may
be provided as a unitary rectangular ring or box 8311 which
may closely surround the edges of the chip. Bach support
clemeat has a top surface 8313 (FIG. 16) arranged to lie
substantially coplanar with the front or top surface 8322 of
the chip. Thus, chip 8320 zad support elements 8367 may be
disposed on a planar carrier 8315, and the thickness of the
suppodl elements may be substantially equal to the thickness
of the chip.

In assembling the interposer to the chip, the Interposer
with the varicus terminals and leads thereon is positioned on
the chip so that the slots, and hence the leads, are aligned
with the peripheral contacts on the chip. Each securement
clement 8361 overlics one support element 8307, aad is af
lsast pastially supported by such element. A bonding fool is
then advanced into each slot 8367 and engaged with the
peripheral contact leads 8350 and with the owside terminal
ieads 8372, so as to force each such lead into engagement
with one of the peripheral contacis 8336 on fhe chip. Heal,
pressure and nlirasonic energy may be zpplied through the
ool 0 promote bonding. The arangement of the leads
within the slots greaily facilitates the bonding operation,
Boading tool 8355 may be advanced inte one of the slots
8367 and moved along the length of the slot so as o band
all of the leads 1o all of the peripberal contacts 8330 aligned
with that slot. This process may be repeated for each slot
8367, The tocl may engage and bond mapy leads simulta-
peously.

After the leads have been bonded io the contacts, a low
modulus dielectric encapsulant (not shown) is applied. 1o an
alternative assembly process, the compiiant fayers 8340 and
8303 may be formed by the encapsulan:. Thus, the encap-
sulant may be applied so as to peneimle between ihe
interposer {not shown) and the chip to form compliant layer
8340 between the interposer and the chip. The encapsulant
may also penetrale besween securement slements 8361 and
suppoit elements 8307 to form compliant layers 8303 aad
peneteate into skots 8367 to cover leads 8374 and 8350, The
encapsulant may be introduced under pressure in a liqaid or
flowable stale and then cured. The interposer, chip and
associated ¢lements may be disposed in a mold during this
process, and the mold may clamp the waste areas 8383 of the
sheet or lape (FIG. 17) so as to limit the flow of the
encapsulant. The encapsulant may be injected under pres-
sure using stapdard injection mokling technique. After
encapsalation, the assembly illustrated in FIGS, 16 and 17
may be scparated from the tape and mounted to a substrate
in substantially the same way as the assemblies discussed
above, Thus, both the outside terminals 8372 and the central
terminals 8348 may be Donded to contact pads on the
substrate.

The assembly illustrated in FIGS. 16 and 17 provides
good seinforcement of the leads during manufacture. Alse,
the outside terminals provide fucreased connection capacity.
Although the securement elements and culside terminals
extend outwardly beyond the peripheral contacts cn ihe
chip, this owtward exiemsion or “fan-out” is minimal.

1l



5,852,326

25

Preferably, the assembly with sccursment elements and
sutside terminals occupies an area in the plane parallet to the
chip surface no more than about 1.5 times, and desirably no
more then about 1.2 limes, the area occupied by the chip
itself.

As shown in FIG. 18, o interposer $436 acconding 1o a
further embodiment of the invention is provided with
securement elemenits 8461, slots $467 and outside termicals
8472 similar o the corresponding componenis discussed
above with reference to FIGS. 16 and 17. Outside terminals
8472 are disposed on the second surface of each securement
element, i.c., on the sarface directed away from the semi-
conductor chip 8420, Interposer 8436 alse has central ter
minals 8448 on the second surface of the interposer. Each
central terminal 8448 is connected 10 a partial lead 8450 and
bonding terminal 8452, Likewise, cach ontside terminal
8472 is conneclesd 10 a similar partizl fead 8475 and bonding
terminal 8477. There are rows of bonding terminals §452
and 8477 on both sides of cach slot 8467, The bonding
terminals are connected 10 the peripheral contacts 8436 on
chip 8420 by a wire-bonding operation similar to that
discussed above with reference to FIG. 13. Here again,
disposilicn of the bonding terminals in rows facilitaies the
wire-bonding operation.

Chip 8420 also has centra! contacts 8431 dJsposcd in the 4

central region of the chip front surface. Interposer 8436 hes
a hole 8480 cncompassing these central contacts, Some of
the bonding terminals 8452 associated with certain central
terminals 5448 are disposed adjacent the edges of hole 8486.
These bonding lerminals are connected by wire boads to the
ceniral contacts 8431 of the chip, so that the central contacts
as well as the peripheral contacls 8430 will be connected Lo
the substrate through the ceniral terminals 8448 of the
interposer.

Assemblies according to the invention may inclade addi-
tional elements for mechanizal and clectrical protection.
Thus, 2 thin electrically conductive grounding layer such as
a metallic layer may be incorporated in the interposer o
efectrically isolate the terminsls from the chip, and 0
provide better conirol of impedances in leads extonding
along the interpuser. Such a coaductive layer must be
separated from the terminals by a dielectric layer. The
interposer itself may include multiple layers of terminals and
leads separated from one anolher by intermediate dielectric
layers. Such an arrangement allows the leads on the inter-
goser to cross over one another without contacting one
anulber, and allows for mose leads and/or wider leads in a

given area. The topmost layers of such 2 multilayer inter-
poser may bave holes aligned with the terminals of ibe lower
layers, 1o provide access to these lower-layer terminals and
permit cognection o a substrate.

The components Liustrated ia FIG. 20 are similar to those

depicted in FEGS. 16 and 17, Thus, the structure ineludes sn

interposer 8736 and securement ¢lements 8761 dofining
slots 8767 therebelween, only one such securenient element
and slot being visible in FIG. 26. The outside terminal teads
apd peripheral Jeads include portions 8754 extending across

¢ slots. Each such lead portion extends ioto the slot from
abovt the compliant fayer §763 of the associated scourement

element and above the compliant layer 8740 of the imter- &

poser. Ia the condition ilustrated in FIG. 16, before bonding
of lead portions 8754 to terminals 8730 of the chip, these
tead portions are substantially planar. That is, they cxlend
substantially in a plase parallel 10 the plane of interposer
8736 and hence parallel (o 1he plane of chip front sarface
8722 when the interposer overlies the chip. Each such lead
i curved in this horzontal plave, in the direction of elon-
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gation of the slot. ‘Thus, each such lead incindes end portions
BT80 and 8782 af the edges of the slot, adjaceat securement
element 8761 and interposer 8736 respsctively. Hach lead
portion §754 further includes a middle portion 8784 adjacent
the centsr of the slot and overlying one of the peripberal
contacts 8738 on chip 8720. Each such middle portion 8784
is offset from the imaginary axis connecting ends 8730 and
8782. As shown in FIG. 20, the offset is in the direction of
sloagation of slot 8767, During the assembly process, a tool
8786 is advanced into slot 8767 to bond lead portion 8754
to chip peripheral contact 873%. The ool engages the middle
portion 8784 of each lead portion, and forces the middie
portion downwardly into epgagement with chip contact
8730, Because the middle portion is offset from the axis
connecting ends 8780 and 8782, this downward motion of
the middle portion can be accommodated by a controlled
rwisting motion of the ends. The middke portion 8784 may
also bend downwardly to seme degree. This structure pro-
vides a controlled downward motion of middle portion
8784. As each lead portion 8754 is retained at ends 8780 and
8782 during Lhis operation, the portions will remain in the
desired positions and hence will be properly aligned with
chip contac: 8730. As all of the middle portions 8784 are
offset in the same direction, the offsets in the Jead portions
do net appreciably ncrease the required spacings between
tead portions §754 along the length of slet 8767, Moreover,
these offsets, lving in the plane of the interposer, can be
tormed without any separate embossing or bepding
operation, in the same eiching operation used to form the
leads. ‘The bonding tocl may engage and bond the middle
portions of several leads simultaneousiy.

As iliustrated in FIGS. 21 and 22, a connection compo-
nent Y30 for use in providing terminals on the rear or bottom
surface of a chip includes a generally cruciform, unitary
sheet comprising a generally rectangular backing element
932 and flaps 934 projecting from the edges of the backing
element. The sheel has a layered structure including a
conductive layer 936, au insulabing layer 838 and a further
insnlating layer 940 on the opposite side of conductive layer
9345 Layer Y38 defines 2 frst surface 942 of the connection
component, whereas laysr 946 defines 2 second surface 944
A set of terminals 946 are disposed on the first surface 942
of the compection component in a ceniral region of the
backing element 932. These lerminals may be disposed in 2
rectilingay, grid-like amray. Although caly a few terminals are
shown in FIG. 21 for clarity of Hlustration, several tmndred
terminals mey be provided on a typical component.

Tcads D48 are zlso formed on the first surface W42 of
connection componen! 930, sach such lead being formed
integraily with ose terminal 946 and electrically connected
therato. Leads 948 extend outwardly, away from backing
element 932 on flaps 934, and project to the extremities of
the flaps. Thus; ea irch fead 948 includes a Sap portion
exicndmg along the associated fiap, and a centeal portion
extending from the inner margin of the flap 10 the associated
tersrrinal 946, The thickness of the various layers constitut-
ing copneclion component Y30 is greatly exaggerated in
FIG. 22 for clarity of illustration. In practice, cach of these
layers has the rainimum thickness required to mecteleciries]
requirements. Desirably, insulating layers 938 and 940 have
the minimum ibickness required 1o provide freedom from
pinholes and breaks in the insulation, whereas conductive
layer 936 and leads 948 bave !he minimum thickness
required for electrical contimity and to provide a relatively
low resistanee current path. Prefersbly, each of the insulat-
ing layers is less than abouwt 0.5 mm thick, and more
preferably, less than about 0.25 mun thick, whereas conduoe-
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tive layer 936 proferably is less than about 6.1 mm thick and
gach of leads 948 preferably is less than about 0.1 mm thick.
Connection component 930 may be formed from substan-
tially the same materials, and in substantially the szme
manaer, as the tape vsed for tape antomated bonding pro-
cesses. Thus, iasulating Iryers 938 and 940 may incorporate
conventional polymerie dielectric materials such as
polyimide, whereas layer 936, conductors 948 and terminals
846 may be formed from coppar or other metals. The paliern
of terminals and condustors may be formed by pholechemi-
cal erching or deposition technigues similar to those wsed In
the manufacture of tape avtomated bonding tapes and flex-
ible printed circuits.

Compooent 930 may be used with a box-tke element 950
shown in FIGS. 23 and 24. Box element 950 includes four
support elements or walls 952 arranged to form @ generally
rectzogular ring and a floor clement 954 extending across
the interior of this ring so that walls 852 and flcor element
954 cooperatively define » rectilincar closed-botiom box
having an interior space $56 opon at the top (the side visible
in FIG. 23). The box has leagth 1and widik w slightly larger
thae the corresponding dimeasions of chip 920, whereas the
depth d of the box desirably is slightly greater than the
thickness of chip 920, L.e., slightly greater than the dislance
hetween surfaces 922 and 924 of the chip. Each support
member of wall 852 has a projection 258 exteading
downwardly, beneath floor ¢lement 954, so (hat projections
958 and floor clement 954 cooperatively define a further
open interior space 960 on the bottom side of floor element
954. The floor element bas several Holes of aperiures 962
extending through i, between spaces 956 and 960. Space
960 is shallower than space 956, Box element $30 may be
formed from subslantially tigid matedials such as theymo-
plastics or thermosetting polymers, glass, ceramics glass-
ceramic materials, polymer-matrix composites apd metal-
matrix composites, and meials, metals and polymers being
preferred.

Ia a fabrication process according fo cue aspect of the
invention, 4 resilienl, compiant layer 964 (FIG. 25} formed

from a relatively low elastic modulus malerial is provided in 4

the lower or downwardly fecing space 966 of box element
950. Preferably, this low-modulus material hes elastic prop-
erties (including modulus of elasticity} comparable to those
of soft rubber, about 20 to zbout 70 Shore A durometer.
Compliast Jayer $64 has holes 266 inlerspersed with masses
958 of the low modulus material. Layer 964 may be formed
from a sheet of solid elastomer by puaching or perforating
1o form holes 286, and then inserted into the lower space 960
of box ¢lement 958 and fastened in place by adhesive
material 976 extending through holes %62 in the foor
element 54 of box clement 950. A portion of this adhesive
material may partially or fully coat the top surface of Roor
clement 954 so as o provide some degree of surfsce
adesion or tack on the top surface of the floor slement.
Alternatively, compliant layer 964 may be formed by mold-
ing ir place within the lower space of Lhe box element. Thus,
{he slastomeric material may be introduced in a flnid con-
dition apd chemically or heat cured to a resilient state.
Where the compliant layor 964 is formed in this fashion,
some portion of the ¢lastomeric material may protrude
through holes 962 in much the same way as adhesive
material 970. This serves to fasien the compliant layer to the
undersurface of the floor element. The compliant layer may
also be applied by silk-screeniag. 1o yet another alternative
procedure, the compliant layer can simply be placed within
the lower space of the box elemeni without fastening it to the
box element.
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In the next stage of (he assembly process, conneclion
component 930 is juxtaposed with box element 950 so that
the second surface 44 of the connection component con-
fronts the exposed or boitom surface of compliant laysr 964,
and so that the backing element 932, is aligned with fioor
element 954 and compliant layer 964. At this stage of the
process, each flap 934 of comnection component 930
projects outwardly beyond walls 952 and exiends across the
lower extremity of one projection 958. Thus, the central
region of the backing element bearing terminals 946 is
aligned with compliant layer 964, the terminals facing
downwardly, away from the compliant layer and foor eles
ment 954. The arrangement of masses 958 in compliant
layer 964 is sclected to match the arrangement of terminals
946. As best illusizated in FIG. 26 {showing a later stage of
the process) each terminal 946 is aligned with » mass 968 of
the low moedulus matcerial whereas the holes 966 in layer 964
are aligned with spaces between terminals 946.

1n the next stage of the manufacturing process, flaps 934
arc bent upwardly slongside the walls or support efements
952 of box element 950, Thus, each fap 934 and the flap
portions 48 of the conduciors on such fap exiends upwardly
alongside the associaled walt 952. The extremity of sach fap
is bent inwardly over the uppermaost margin of the associated
wall 952, Thus, as seen in FIG. 25, the extremity of Hap 934a
is bent inwardly at the upper extremity of wall 952a.
Likewise, flap 9345 extends upwardly along side wall 952b
as Hiustrated in FIG. 26 and is bent inwardly over the upper
most cxtremity of wall 952h Thus, the extremities of
conduciors 948 adjacent the edges of the flaps are disposed
along the lp edges of walls 952, remote from foor element
954 around the top opening of space 956. Conductors 948
extend dowpwardly aloagside the walls of the box element
o terminals 946, which arc disposed bepeath the box
element. As connecting element 930 and hence flaps 934 are
flexible, the bending operation can be performed readily.
The extremilies of the faps overlying the top edges of walls
958 are bonded 1o the tops of the walls.

A layer of a preferably flexible dielectric material is
applied as a solder mask layer 972 covering the downwardly
facing first surface of backing element 932. Solder mask
layer 972 is provided with apertures 974 aligned with
terminals %48 of the backing elermeat. This solder mask layer
may be formed by molding or by selective curing of an
elastomeric material, For example, the material may be
applied in 2 flowable, eocured state and then cured by
radiant energy. The radiant energy may be applied selec-
tively so as to cure all portions of the layer excepl those
portions overlying the terminals 948, Subscquent to this
selective caring, the uncured porticns may be rcmoved.
Alternatjvely, the solder mask may be applied as a solid
layer and punctured to expose ferminals 946. As discussed
further hereiabelow, solder magk laver 972 and may be
omitted I certain cases.

The assembly af 1his stage constitules a receplacie adapted
to receive a semiconductor chip. These receptacles can be
prefabricated in mass production and distributed to semi-
conductor chip manufacturers and users., Allernatively, the
recepiacie can be fabricated immediately before it is voited
with the semiconductor chip,

The receptacle is noited with a semiconductor chip 920 by
first placing chip 926 (FIG. 26) info the Lop Or upper space
956 of box element 959, so that the front face 522 of the chip
faces upwardly, away from floor element %54 and backing
cloment 932. The chip 920 may be temporazily relained in
position within the receptacie by the adhesive 970 on the top
surfage of foor zlement 954. In this position, the edges 926
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of the chip confront the support elements or walls 952 of the
box ekment. Chip 328 is of substantially the same type as
illustrated in F15. . This, chip 920 has contacis 928
disposed on its fromt sorface 922, the conlacls being
arranged in rows adjacenl the cdges 926 of the chip. Flaps
934, zad hence lead portions 948 on the flaps, extend
upweardly alongside edges 926 of the chip, so that the jeads
on each such flap exicnd 10 the vicinity of one row of
contacts 928 on the chip. Bach row of contacts 928 is
positioned immediately adjacent to the extremities of leads
948 on one of faps 834, The fromt surface 922 of the chip,
ang heace contacis 928, are disposed al approximately the
same height above floor clement 954 as are the extremities
of leads 948, although the extremities of the leads may be
clevaled sliphtly above surface 922.

While lhe chip is in this position, the conlfacts 928 are
clecirieally connected to leads 948 by wire bonding the
contacts to the adjacent extremities of the leads. [n the wire
bonding operation, fine wires 974 are connected between
contects 928 and lead porlions 948, thereby electrically
connecting each leed portion 948 10 ope contact 928 in the
adjacent row of coatacts. In effect, wires 974 merge with
lead portions 948 to form a composite lead extending from
terminal 928, around one wall element 952 and downwardly
zlongside the edge 926 of the chip lo ons terminal 946 on the
backing clement $32. The process of wire bonding per se is
well koown in the electronies art and need not be described
in detail hetein. Brieily, this process utilizes a movable wire
dispensing and bonding head. Fhe head is browght isto
engagement with one of the elements 1o be connected and an
end of a fine wire is bonded 1o such elernent. The head is
then moved while paying out the wire anti it teaches the
other element o be connceted, whereupon the wire is
bonded 1o such cther element and cut, leaving the wire in
plece. Wire bording processes typically are controfled by
detecting the relative position and crentation of the com-
ponents 10 be connected and then controfiing the wiring
bonding kead accordingly so as to biing the wirss imio
contact with the desired elements. This allows the desired
intercoanectiong 1o be made even where the relative posi-
tions of the components to be comnecled differ from the
nominal positions. Typically, the relative positions and ori-
enlations of the conponenis are detected by robot wision
systems, such as lelevision-based pattern recognition sys-
tems. These techamiques desirably are uwsed in the wire
bonding step of the present methed. Where such lechnigues
are ernployed, it is not cssential o provide greai precision i
the positioaing of chip 920 or in the positioning of lead
portions 948. This minimizes the need for close control of
the bending operation discussed above.

After the bonding wires 974 have been attached, a pad
975 of a soft, thermally conductive material, such as silicone
with a thermally conductive fifler, is placed atop the fronl
surface 922 of the chip. The pad covers the central ponion
of the chip front sudface, remote from contacts 918 and wires
974. A layer of an encapsulant 976 is applied over the fromt
Face 922 of the chip. The encapsulant, which desirably is a
soft, dielectric material covers the boading wires 974, the
coniacts 928 and the extremitics of the lead portions 948
disposed atop the walls 952. The encapsulant desirably also
penclrates inio and at least partially fills spaces between the
zdges 926 of the chip and the confroating walls 952 of the
box element. A cover 978 is then placed over the top of the
assembly. Cover 978 may be a box-like metallic elemenl,
commonly referred to as a “chip can”, or else may be malded
iz 2 place on the assembly from a polymeric matesial such
as an epoxy. Cover 978 may be united with the periphery of

20

35

45

50

30

the soider mass layer 972 so as to seal the assembly against
subsequent comfamination. Epncapsulant 976 contacts the
front surface 922 of the chip and also contacts cover %78,
thus providing a path for heat transmission from the chip to
the cover. This facilitates heat transfer from the chip to the
surroundings, cutside Lhe assembly, during operation of the
chip. Cover %78 alsc contacts layer 875, further facilitating
heat transfer.

The assembly desirably is tested before being used as part
of a larger assembly. The assernbly desirably is tested in
substantially the same way as discussed above using an
elecirical testing fixture having numerous pins or probes
connected 1o an appropriate test circuit and rigidly mounted
w a common fixture or support, To provide s reliable test, the
numerous pins of probes on the test fixture must be held in
contact with the respeetive terminals 946 at the same time.
It this arrangement as well termigals 946 can be indepen-
dently displaced fowards chip 522. Such displaczment per-
mits contioued movement of the test fxture and assembly
towards one gnotber, uniif ail of the pins are engaged with
their respective terminals 944, Each terminal 946 will be
biased against the associaled pin of the test Axture by the
resilience of compliant layer. This assures reliable coniact
and a relisble test. As discussed above, the configuraticn of
compliant layer 964 contributes 10 this action. Fach mass
988 of low moduius maicrial provides backing and support
for the termina? 946 aligned therewith. As the pins of the test
fixture engage the termibals, each mass 968 is compressed
in the vertical direction and therefore tends o bulge in
horizontal directions, parallsl to the plane of the chip. Holes
966 provides space for such bulging. Compliant Javer 964
need oaly provide for sufficient movement of lerminals 946
10 aecommodate tolerances in the test equipment and in the
assenbly isself. Typically, about 0.0003 iach (0.125 mm) or
less compliance is suficient. For example, complisat layer
964 may be about 0.008 inch (0.2 mm) thick.

Afler testing, the assembly is mounied o a subsirale 988
{F1G. 26) having clectrical contact pads 991, using iech-
niques similar to those used for mounting the assemblies
discussed above. For example, the asserbly may be placed
on the substrate so (hat the apertures 974 in solder mass layer
972 and torminals 946 are aligned with the contact pads 890
of the substrate, Masses of an electrically conductive boad-
ing material 991 sech as a solder or an eleciricaily conduc-
tive adhesive may be disposed between the terminals 946
and the contact pads 980 of the substrate. These masses may
be caused to flow and io bond with the terminals and coniact
pads, in the same manner as discussed above.

Because terminals 948 are disposed at substantial center
to center distances, standard surface mount technigues can
be used without difficuiry. In this regard, it should be
appreciated that ferminals 946 are distributed over an area
approximately equal to the entire area of the chip botiom
surface 924. By contrast, contacts 928 of the chip itself are
cancentrated in rows around the periphery. Thus, the center
to cepter distances between the lerminals 946 may be
substantially greater than the cenier to cemter distances
between contacls 928. In typical applications, clectrical
connections For a chip haviag a subsiaatial sumber of input
and oulput terminals, commonly referred to as a “I/O count”
can be achieved with 1025 mil {(250-625 micrometer)
center lo cenfer distances.

The composile leads inclnding lead portions 948 and bond
wire 974 provide reliable interconnections between conlacts
928 and terminals 946. Because the clecirically conductive
layer 936 of connecting element 939 extends upwardly,
alongside the chip with lead portions 948, lvad portions 948
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have prediclable, controlted impedance. This reliable elec-
trical performance is also sechanced by the predictable
geomolric configuration of lead portions 548. Each lead
portion 948 has a predetermined width and is located in a
predetermined position relative to the adjacent lead portions.
These relative positions and widths are fixed when the
connecting stement 930 is made. Although the composite
icads do include bonding wires 974, these bonding wires are
so short that they do not infroduce appreciable cnpredictable
capacitance or inducence,

"The assembly thus provides a compact, rugged and eco-
nomical chip mouating. The entire assembly ocoupics little
more area (in the plane of the chip) than the chip itself. As
the kads and flaps extend alongside the chip, in close
proximity to the edges of the chip, they do not substantially
increase the arca occupied by the assembly. Also, becanse
the assembly can be pretesied befors mounting lo the
snbstrate, high quality can be assured. The methods and
structure discsssed above can be varied i minerous ways.
Also, solder mask layer 972 may be applied at any stage in
the process. If desired, this layer could be formed as parl of
coanection element 930 or spplied after ihe remaining
compaonents of the assembly, as by maolding in place so thel
solder mass layer 932 contacts cover 978.

‘The configuration of box clement 950 can be varied from
that illustrated. The floor element 934 can be omitied
entirely, or clsc the floor element may inchide only small
tabs projecting inwardly from the walls 952 so as to support
the chip only 1 its edges or corners. Jn either case complian:
jayer 864 will be in direct engagement with the bottom
surface of the chip and with the backing element.
Aljerniatively, the holes 962 in the floor element 954 may be
ommitied. The downward projeciions 58 of the walls 952
may be omitted, so that the walls terminate flush with the
floor element or flush with the bottom surface of the chip if
the floor element is omitted. The botlom edges of the walls
may be provided with charnfers or radil to prevent damage
to the connection componem 930 when the flaps are bent
upwardly. The box elemeat may be provided with supports,
such as leps at the corners of the box element, projectiog
downwardly for cagagement with the substrate. In this case,
the box element will serve to support the chip above the
substraie, hereby preventing crashing of the soider joints
during manufacturiag procedures or in use. This arrange-
ment is particelarly useful where 2 heat sink is forcibly held
in engagement with the front sueface of the chip. Also, the
box chement can be employed as part of a hermetic sealing
arrangement acound the chip.

The compliant layer 964 disposed adjacent the backing
element can extend outwardly to the outer surfaces of the
walls or support elements 952, so that a portion of the
compliant faver Is interposed between the lower edpe of
cach such wall or support element and the backing eloment.
This arrangement is particutarly useful when some of the
tecminals 949 are disposed on that portion of the backing
clement aligned with the bottom edges of the walls.

Where the coefficient of thermal ¢xpansion of the box
element differs substantially fom the coefficient of thermal
expansion of the chip, the bondiag wires 974 can Hex w0
compensate for relative movement of the chip and the lead
portions 2t the extremities of the fiaps, overlying the top
edaes of the walls. Tn those eases where the [fap pertions of
leads 948 are bonded directly to the contacts on the chip as
discussed below, those flap portions of the leads may be
Hexible 1o provide similar compensation. Where the coefi-
cient of thormal expansion of the box element differs sub-
staniially from thst of the subslrate, the backing element
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preferably is mot booded 30 the bottom of the box element
except throngh the compliant layer. This permits the faps to
flex and the backing slement o move relative to the box
element and absarb differsntial thermal expansion.

The configuration of the heat transfer elements ean be
varied considerably. Thus, the thermally conductive pad or
layer 973 may include a metatlic stab bonded o the front or
top surfuce of the chip. Such z meilallic heat sink may
include fins, plales or projections io further facilitate heat
transfer. A plurality of chips can be engaged with the same
beat sink. Esseniially any heat sink which can be used with
cenventional face-up chip assemblics can he employed.

‘Fhe backing element and flaps may include more than one
layer of leads, so as tc accomodate particularly complex
inlerconnection regquirements. Also, more than one Sap may
be provided at cach edge of the backing elemezt, and these
multiple flaps may extend in superposed relation along the
edge of the chip or alorg the wzll of the box element.

As illustrated in FIG. 27, the box clement may be omitled.
Thus, the fHeps 9134 of connecting element 2130 may be
folded upwardly, alongside the edges 9126 of chip 9128,
without intervening wall members. Also, compliant layer
9164 may be disposed direcily between backing element
9132 and the botiom or rear susface 9124 of the chip 9120,
withont any intervening floor clement. In the arrangement
shown in FIG. 27, cach flap 9134 not only extends upwardly
along the side the edge 9126 of the chip but also extends
inwardly, over a marginal portion of the chip front surface
9122 adjacent the edge 9126. Each flap has a slot 9137
overlying a row of conlacts $128 on the chip. The extremi-
ties 9149 of lead portions 9148 extend across this slol and
hence overlie the chip contacis 9128. In the assembly
process, extremitics 9149 can be bonded directly 1o termi-
nals 9128 by techniques similar to those discussed above
with reference o FIGS. 16 and 20. To facilitaie the bonding
operation, extremitics $14% may be curved in directions
parallel to the lengih of slot 9137 so as to permit them to
deflect dowawardly asd cogage coatacts 9128 more readily
urdler the infieence of bonding tool 9151. In the manufac-
wring process, the coanecting element #130 and compliant
layer 9164 are assembled to chip 9120, and the Haps 9134
of the connecting element are folded directly wpwardiy,
alongside the edges 8126 of the chip. The extremities of
flaps are then folded inwardly over the front surface of the
chip. The assembly illastrated in FIG. 27 may also be
provided with 2 solder mask layer, housing and encapsulant
as discussed above.

The arrangement of FIG. 28 is similar to thai discussed
above with reference to FIG. 27, in that the extremities of
flaps 9234 ars folded over the front surface 8222 of the chip,
thereby positioning the extromities 9249 of lead portions
9248 over contacts 228 on the chip. Here, however, the
connecting element includes vias 9251 extending through it
from beneath cach lead extremity 9249 to the second surface
9244 of the flap, ie., the surface opposite from the first or
iead-bearing surface 9242. Each such via is filled with an
electrically conductive bording material such as a thermo-
compression bondiag alley 9253, Boading material 9253 is
activaled by heat or pressure, using coaventional bonding
techniques, to bond ach lead exiremily 9249 to one contact
9228 on the chip. The electrically conductive layer 9236 of
the connecting element ferminates remote from vias 9251,
so that the clectrically conductive layer does nol make #n
electrical connection with the conductive matenal 9233, If
desired, the conductive Jayer 9236 may be extended to one
or a few of vias 9251 so as to provide a ground counection
to fayer 9236. That is, onc of leads 9248 may be connected
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to & ferminal {pot shown) whick in tum is coapecled lo a
ground oo the substrate, and layer 9236 may be grounded
through that lead.

As an alternalive o thermocompression or other conven-
tional bonding techniques, the leads can be connected to the
contacis on the chip by using 2 so-called “Z-conducting”
adhesive. Such materials ordinarily include electrizally con-
ductive particles selected so that when the material is
applied in a thin Iayer, it will have eppreciable slectrical
condugtivily in the direction through the layer but oanly
msignificant conductivity in directions paraliel 1o the layer
Z-conductiag adhesives may also be used to connect the
leads of the interposces discussed above o the confacts of
the chips.

As illustrated in FIG. 29, a sub-assembly in accordance
with the present invention may be mounted on another chip.
For example, 1s illustrated in FIG. 2% contacts 9328 on ihe
frond surface $322 of chip 9320 are comnected, through
terminals 9344, to contacts 8391 of & semiconductor chip
9393, Thus, chip 9393 isclf serves as the substraie for
mounting the assembly incorporating chip 9324. Chip 9393
in furn Is connected viz conventional wire bond leads 9395
to a further substrate and hence to other sjectronic elements.
Coaversely, a furfher chip 9377 1 mounied so us 1o overlie
the front surface of chip 9320, An interposer 9379 is
disposed on chip front surface 9322, This interposer has
ierminals 9381 connected to some of the contacts 9328 on
the chip front surface via fexible leads. The interposer itelf
is flexible and includes a compliant layer 9383 disposed
between terminals 9381. Those terminals io twn are con-
necied to terminals 3358 of a further sub-assembly, which in
ture aze coanected to contacts 9338 of chip 9377. Thus,
chips 9320 and %377 are interconnected in a stacked circuiy
zssembly which in turn {s mounted on chip 9383, Any
number of chips can be imlercomnected in such a slacked
assembly.

In an assembly according to a further embodiment of the
invention, illustraied in FIG. 30, the orientation of the

sheet-like conmection component is reversed. That is, the

lead-bearing or first surface 9442 faces toward chip 9420.
Terminals 9448 are exposcd through holes 9473 extending
through the insufating layers 9440 and 9438. The conduclive
Javer 9436 disposed between these fpsulating layess termi-
nates remole from holes 9473, so that the 1wo insulaling
layers merge with onc anofher ai the boundaries of the holes
and insulate the holes fromr layer 9434. Thus, bonding
material can be introduced in holes %437 so as to connect
termizals 9446 10 a substrate. Also in this arrangesaent, the
extremities 9435 of faps 9434 are bent owtwardly, away
from the chip, and the walls or support elements Y452 are
disposed outside of the flaps. That is, the flaps lie between
support clements 9452 and the chip, Compliant layer 9464
immediately nnderbes terminals 9446

In a further variant {pot shown) the support elements or
walls can be integral with the comnecting element, and
particularly can be integral with the Haps. Thus, the con-
necting element can have relatively siiff regions consiituting
the flaps and a tlexible region constituting the centrat or
backing element. The sUff regions constituting the flaps can
be ben! upwardly so as to form a self-supporting structure.
As in the arrangement discussed above, this provides a
generally box-Hke or cep-like structure having an open top
with lead portions disposed arcund the periphery of the
opening for receiving a chip and commecting thereto.

As witl be readily appreciated, pumerous further varia-
tions and combinations of the features discussed 2bove can
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be uiilized without departing from the present invention as
defined by the claims. In one such variant (pot shown) the
backing element is provided substantially as discussed
above, but the Haps and the lead portions on the flaps are
omitted. In this arrangement, the bonding wires coastitute
the principal portion of each lead. The bonding wires extead
downwardly, alongside the edges of the chip, 1o the backiag
element and join the backing element adfacent to Lhe rear or
hottom face of the chip. In this arrangement, the bording
wires constitute the leads extznding alongside the edges of
the chip. This arramgerneal 3 distinctly less preferred
because it does not offer the same degree of control over lead
impedance as the other arrangements discussed above. Thus,
the foregoing descriptions of {he prefemed embodiments
should be taker by way of iflustyation rather than by way of
limitaticn of the invention defined by the claims.

What is claimed is:

1. A semiconductor assembly comprising:

a semicenductor chip baving oppositely facing front and
rear surfaces and ¢dges extending between said front
and rear surfaces, said ¢hip further having contacts on
a peripheral region of said front sucface;

a backing element heving electrically conductive termi-
nals and lead portions thereon, wherein said lead por-
tions are connected 1o said termioals, said backing
element overlying said rear surface of said semicon-
ductor chip such that at least some of said terminals
overlie said rear surface of said chip;

bonding wires connected to said contacts on said front
surface of said@ chip, said bonding wires exteading
downwardly alongside said edges of said chip and
being connected 1o the lead portions on the backing
clement;

wherein said terminals are movable with rospect 1o said
chip.

2. The semiconductor assembly as claimed in claim 1,
wherein said backing slement includes 2 polymeric dielee-
tric material.

3. The semiconductor assembly as claimed in claim I,
wherein said backing clement is Sexible 1o facilitate the
movement of the terminals with respect io the chup.

4, The semiconductor assembly as claimed in claim 3,
wherein said lead portions arc fexible.

5. The semiconductor assembly as claimed in claim 2,
wherein said backing clement is a flexible sheet of a malerial
selecled from lhe group comprising polyimide,
fluoropolymer, thermoplastic polymer and elastomers.

6. The semiconductor assembly as cluimed in claim 1,
whesein sakd chip contacts define a first center-fo-center
distance between adjacent chip contacts and said terminals
define & second center to center distance between adjacent
termipais, said second center to center distance being larges
than said first cenier to center distance,

7. The semiconductor assembly as claimed in ciaim 1,
wherein the backing element is adapted to coniral the
impedance of said lead poriions thereon.

B. The semiconducior assembly as claimed ian claim 7,
wherein the backing elerneal includes an electrically con-
ductive layer adapted to aid the electrical isolation of the
terminals from the chip and to provide betler coatrof of
impedances in said lead portions.

9. The semicondictor assembly as chimed in claim 1,
wherein:

) said backing element has a top surface facing toward

the chip and a bottom surface facing away from the
chip; aod



5,852,326

35

b} said fead portions and terminals are located on said top
surface of said backing element.

18, The semiconductor assembly as claimed in claim 9,
the backing clement further jocluding heles therethrongh
from said fop surface 1o said boutom surface, wherein the
terminals are exposed through said holes.

11, The semiconductor assembly as claimed in claim 19,
further including bonding material attacied 1o said terminais
through said holes.

12, The semiconductor assembly as claimed in clatm 1,
wherein:

a) said backing clement has a top surface facing toward
the chip and a bottem surface fzcing away from the
chip; aad

b) said Jead portions and terminals are ocaied on said
bottom surface of said backing element.

13. The semiconductor assembly as claimed in claim 12,
further inclnding a flexible dielectric material connected to
and covering at least a portion of said bottom surface of said
backing ciement, wherein said flexible dielectric material
has apertures such that the termipals are exposed there-
through and whereby the Hexible dieleciric material acls as
a solder mask.

i4. The semiconductor assembly as clajmed in claim 1,
wherein the bonding wires ate connected on at least one ead
by a Z-couducting adbesive.

15. The semiconductor assembly as claimed in claim 14
wherein the bonding wires are contecied lo said contacts of
said chip by Z-corducting adhesive.

16. The semiconductor assembly as claimed in claim I,
wherein said bonding wires are connected on at least onc end
by ultrasenic or thermosonic energy.

17. The semiconductor assermbly as claimed in claim § of
claim 4, further comprising 2 compliant layer disposed
between said backing element and said rear surface of said
chip to facifitate the movement of said terminals,
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18. 1he semiconductor assembly as claimed in clim 17,
wherein said compliant layer is comprised of a low-modulus
material.

19. The semiconductor assembly as claimed in claim 17,
wherein sald compliant layer is disposed belween said
termyinals and said chip.

20. The semiconductor assembly as claimed in claim 17,
wherein said compliant layer permits independent move-
ment of said terminals.

21, The semicoaductor assembly as claimed in claim 17,
further cornprising a dielectric encapsulant covering at least
4 portien of said bonding wires and at least a pertion of said
edges and said front surface of said chip.

22. The senxiconductor assembly as claimed in claim 21,
further comprising a thermally conductive layer bonded 1o

5 said front surface of said chip.

23, The semiconductor assembly as clumed in 2L,
wherein the encapsulant is compliant.

24. The semiconducior assembly as clammed in claim 1,
wherein said terminals are mavable in a direction parallel to
said rear surface of said chip.

25. The semiconductor assembly as claimed in claim 1 or
claim 24, whereia the wrminals are movable fo a direction
perpendicnlar to said rear surface of said chip.

26. The semiconduclor assembly as claimed in claim 1,
further comprising a dielectric encapsulant covering at least
a portion of said bonding wires and at least a portion of said
edges and said front surface of said chip.

27. The serniconductor asserbly as claimed in claim 24,
further comprising a thermally conductive layer bonded 1o
said front surface of said chip.

28, The semiconductor assembly as claimed in 26,
wherein tbe encapsulant is compliant.

29. The semiconducior assembly as claimed in claim 1,
wherein said lead portions and said terminals are formed by
photochemical stcling or by clectro-deposition lechniques.

ERE T

1



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 5,852,326 Page I of 3

DATED : December 22,1998
INVENTOR(S) : Khandros et al.

It is cadifiod that error appears in the above-identifled patent and that said Letters Patent is hershy
corrected as shown befow:

Un the title page,
Tem [63] should read

--This application is a CONTINUATION of U.8. Appln. No. 08/861,280 Filed May 21,
1997, which is a CONTINUATION of U.S. Appin. No. 08/319,966 Filed October 7, 1994
{now U.S. Patent Ne. 5,685,885), which is a CONTINUATION of U.S. Appin. No.
08/030,194 Filed April 28, 1993 {now U.S, Patent No. 5,679,977), which is a 371 of
PCT/USS1/06920 Filed September 24, 1991, and is a CONTINUATION of U.S. Appln. No.
07/765,928 Filed September 24, 1991 (now U.S. Patent No. 5,347,159}, and 1s a
CONTINUATION-IN-PART of U.S. Appin. No. 07/673,020 Filed March 21, 1991 (now
U.S. Patent No. 5,148,263), and is a CONTINUATION-IN-PART of U.S. Appln. No.
07/586,758 Filed September 24, 1990 (now U.S, Patent No. 5,148,266)--.

Column 1, line 26, "BACKGROUND OF THE INVENTION" should read
-~-TECHNICAL FIELD--.

Column 1, line 35, "TECHNICAL FIELD " should read
- BACKGROUND OF THE INVENTION .

Column 2, ling 3, "devise” should read ~device--.
Column 4, line 17, "nvention” should read --invention,— .
Colums 4, line 20, after "provides” insert --a--,

Column 4, line 55, "area” should read --area,--.

i



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. @ 5,852,326 Page 2 of 5

DATED : December 22,1998
INVENTOR(S) : Khandros et al.

1t is coriified that error appears in the ahove-kianiffied patent and that said Letters Patent is hereby
comectod as shown balow:

Column 7, line 14, "be” should read ~the--.
Columnn 8, line 25, “made” should read --made,--.
Column R, line 60, after "made" insert a contma.

Colamn 8, line 60, "made for example by" should read -~made, for example, by--.
Column 10, line 15, "FIG.” should read --FIGS.--

Column 11, lne 42, "curved” should read —curve--.

Column 12, line 27, after "64" insert --of—.

Column 12, Line 57, "304" should read --304,--.

Cohunn 15, line 25, "chip* should read --chip,--.

Columm 13, line 31, after "on" insert --the--.

Column 16, iine 6, delete "which”.

Column 15, line 51, "the-interposers” should read --the inierposers--.
Column 17, line 5, after “interposer” insert --962 and 964--.

Column 18, line 1, "a" should read --an—,

el



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 35,852,376 Page 3 of 5

DATED ¢ December 22, 1998
INVENTOR(S) © Khandros ef al.

1t Is certifiad that error appears in the above-identified patent and that said Lettars Patent is hersby
corrected as shown bolow:

Column 30, line 39, "2" should read &g,

Colwrn 32, line 27, after "side" insert -~of--,

Column 32, line 52, "228" should read -9228--,

Column 34, line 52, "center to center” should read --center-to-center—.
Column 34, Hne 33, "center to center” should read --center-to-center--.

Column 34, line 54, "center to center” should read --center-te-center--.

-



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 5,852,326 Page 4 of 5
DATED . December 22,1998
INVENTOR(S) :  Khandros et al.

i & ppe (8 1 a3} | i p a that id LeHers Patan! is “Elaby
it is cortif] d that anor 2 13 nthe a ve-iden ?ied' atent nd that sal

Column 18, line 6, "chip Nonetheless,” should read --chip. Nonetheless,--.
Column 21, line 14, "830" A" should read "830. A--.

Colummn 722, line 4, "incorporates” should read —-incorporating--.

Column 22, line 20, *dircctional” should read --directions--.

Column 22, line 29, "ag” should read —-by--.

Column 23, line 14, after “of" insert --the-~.

Column 24, line 6, "B3083" should read ~-8303--.
Column 24, line 6, "340" should read --8340--.

Colamn 26, line 42, "are” should read --is--.

Column 28, line 22, "48" should read --G48--,

1l



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 3,832,326 Page 5 of 5

DATED ;. December 22, 1998
INVENTOR(S) : Khandros et al.

itis certified that error appears in the above-identified patent and that said Letfers Patent is hergby
corrgctad as shown below:

Column 28, line 53, delete "and".

Column 29, line 3, “rhis," should read ~-Thus~-.

Column 2%, line 58, "material covers” should read —material, covers--,

Colurnn 30, line 31, "provides" should read --provide--,

Signed and Sealed this

First Day of June, 1999

Q. TOLD DICKINSON

Attesting Oﬁicer Acting Commivsioner af Patents and Trademarks

1l



