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RESILIENE FREE STA 'NG CONTACT STRUCTURE FQR | NTERCONNECTI ON OF
ELECTRONI C COVPONENTS AND PACKAGE USI NG THE SAME AND METHOD Thi's invention
relates to a resilient, free standing contact structure for interconnection
of electronic conponents, a. package\psind t he sane and net hod for
fabricating the sane. Heretofore many:types of interconnections which have
been provided for use with the seni conducfor devices have suffered from one
or nore disadvantages linmting their broad application in the seni conductor
industry. There is therefore need for new and i nproved interconnection
contact structure which overcomes such disadvantages so that it will be
particularly useful in senic¢onductor assenblies and packages and whi ch can
be broadly used throughout the.sem conductor industry. In general, it is an
obj ect of the present invention to provide a contact structure, interposer,
a sem conductor assenbly and package using the same and a nethod for
fabricating the same which makes it possible to use contact structures and
particularly resilient contact structures attached directly to active

silicon devices. Th|s |s the re Iacenent sheet Date: 1 2 JUN 1999 -2-
Anot her obj ect of t GO éﬂﬁd?"& meﬁf’yﬁposer

assenbly and net hod of m mé si bl e to make
tenmporary contacts agai T

Anot her obj.ect of the invention |s to prOVI 2 §é | t

assenbly and nethod of the above character \#2“ n% s_? f r ¥ iai ﬁﬂau
utilize spacings or pitches at the originating points tor t contact

structures which are different, fromthe term nating points 10 for the
contact structure. RadBhe@Rijication ¢ his | ndenContinvatdop-dp-pars of

structure, | ntsﬁpmseatiaasgéatmlarnb rrewpﬂs p;h Filéazen Noveadierd xONt act

structures mkigg3p053|ﬁ1fs . rne\se-nt%.crken%le p_gutasn interconnection
contact structure, interposer, semiconductor assembly and

5 package using the same and method for fabricating the

same.

Heretofore many types of interconnections which have
been provided for use with the semiconductor devices have
suffered from one or more disadvantages limiting their

10 broad application in the semiconductor industry. There is
therefore need for new and improved interconnection
contact structure which overcomes such disadvantages so
that it will be particularly useful in semiconductor
assemb}ies and packages and which can be broadiy used

s throughout the semiconductor industry.

In general, it is an object of the present invention
to provide a contact structure, interposer, a
semiconductor assembly and package using the same and a
method for fabricating the same which makes it possible to

20 use contact structures and particularly resilient contact

- structures attached directly to active silicon devices.
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15 . Another ofQject of the invention is to provide a structure,

I nt erposer, assenbly and nethod of the above character which make it

possi ble for the contact structures to be attached to pads in area
arrays, peripheral, edge or center line pagiouts. 20 Anot her obj ect
of the invention is to provide a structure, interposer, assenbly and net hod
of the above char acAmethiiclohjedt on€ filkedinvgntpan dig stot prowidecta can
be shaped in e _ se d [ chi n

S M and. of her® Sadgeaes, c1AveepoRbts TakadiBly, ot HAL J6, Sher dipye”

provi de a strutharacter; opich, makesondty pessiblaoter nake afePPAREYact er
whi chI rr:[.akesf i tcﬁﬁ%\ﬁé?ﬁ%@ﬂ%ﬁ@ﬂ{’&a?@[‘f&@?&ﬁi:ﬁﬁ/i&?&%éé”t BB . rafeés@r or
singul ated. form An obj ec, e nveption is to provide a

structur e,cg i nt er pogg?',gﬁeﬁsfgﬂﬂc& afl rﬁ!’(%ognvﬁaﬂq\ﬂ?cﬁ%oﬁ?ac?r%wf‘g%hr%nt
can be acconpl stiedture) dnterpboserggassembly and metlidd ofpthecbuvesheet
Dat e: 11 JA - o, obie €4 ' ov.ide a
structure, in{%ﬁggécéfr:,eraggéﬁglé}gg%ﬁ %tﬁéﬁg%?ght%éggi?? nggsalhg.in tyrd
utilize under BhEGhespadtt othet poriginatingal peinkse. for the gentagt

obj ect of the stwestupésiwhich Rir@/aderarshtUEEohthe RletmIdiingipodtsyy and
nmet hod of &he $ov charagt e{ V\{t’ll ch can be utilized for providing nore than
one subst]fate€ c §o?°5 'bﬁ & Werard ready silicon on both sides
whi ch optiohal |y cahnéthent @bjewtecofd the hifiGentieni lissntocptavide a

T na oL EEkiogifal EUedlr| \ddM) it ol P VRl (PTG
t he acconpanyiff@ggered contact structures making possible three-
dimensional fanouts.

15 Another object of the invention is to provide a
structure, interposer, assembly and method of the above
character which make it possible for the contact
structures to be attached to pads in area arrays,
peripheral, edge or center line pad outs.

- 20 Another object of the invention is to provide a
structure, interposer, assembly and method of the above
character which with one sided edge pad outs, the contact
can be shaped in a way that enables closely spaced edge
mounting of chips on SIMM and other cards.

25 Another object of the invention is to provide a
structure, interposer, 'assembly and method of the above
character which makes it possible to mount contacts on
devices in either wafer or singulated form.

Another object of the invention is to provide a

30 structure, interposer, assembly and method in which
contact attachment can be accomplished with automatic
equipment.
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drawi ngs. 15 Fig. 1 is a partial isonetric view of a "skeleton and
muscl e"” contact structure incorporating the present invention which is
inthe formof a freestanding pin. Fig.=2"is a partial isonmetric view

simlar to Fig. 1_but. show.n resilient contact structure with a bend 20
therein. Fig. 3 |§"9§"B§rel%‘?£?‘?%n8|f vERSy dnventian, ifofhgProv gﬁFao?
struct ure w shrocturgl eihteﬂpoeeﬂ V\asheﬁbwlinolnetlwérwlshemmaﬁﬂ i is a

o 0o e BAgk KB AN S e S DR SRR 0148 gl

provi ded wit @spadesusi ons. F| g. 5is a side elevati onal view in sect I on

showi ng gnot her eﬂh@i‘.h&fntokﬁ] &bcg t agie Stj! Wﬁ%ﬂ Ng8r RY aprBYid@ athe

pr esent I nveni_ll on_ i n whi,ch port i.on e contact Structure is

shorted togeBRERCEYre, dnter y aggeukLY And pethodoRf ithe ¥R oneric
| ayer. This charhetér}'pbmﬁehemarﬁfwtumﬁzed 1fodAWrd¥dding wbrd-igha® is an

oresent | nveateoRuBBEFRS8 BradiEhrt ROPEIAChe WHtE e FERIPHEHES "
printed circantbpthreaides which épyionally acan shecintergonnected aeithn of

anot herlgnboglég!meﬂ{: tBRtagegact structure incorporating the present
I nvention utilize unction w t h_pl at ed- throggh hol eth a%’fn{l nt ed

circuit board in Mﬂéﬁian LspPPIectEs and features of, Ehesinyey bne
side of the appeapri ptos CthGUIfoDDéﬁﬂn@nddeﬂcimpﬁibﬁheiﬂt hetiich dethe

provided w tBréf&%P&SCtem% Li%te%:% taq:-aet snee'l':(,a dfggi:hb?.n et%el Iaecncompany:‘mg
drawings.

15 Fig. 1 is a partial isometric view of a “skeleton and
muscle" contact structure incorporating the present
invention which is in the form of a freestanding pin.

Fig. 2 is a partial isometric view similar to Fig. 1
but showing a resilient contact structure with a bend

20 therein.

Fig. 3 is side elevational view in section showing a
contact structure with multiple bends and with a multiple
layer shell.

Fig. 4 is a side elevational view in section of

25 another embodiment of a contact structure incorporating
the present invention in which the shell is provided with
protrusions.

Fig. 5 is a siade elevation,al view in section showing
another embodiment of a contact structure incorporating

30 the present invention in which the bend portion of the
contact structure is shorted together by an electrically
conducting filled compliant elastomeric layer.
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Fig. 8 is a side elevational viewin section of another contact structure

i ncorporating the present 15 invention and in which a plurality of stens
of the type described in Fig. 1 have beeA=bridged together by a sol der
|l ayer to forma solder colum structure. Fig. 9 is a side elevationa

i sonetric view i nFd@et i®nisf an daemetris rvkewr ini sestiopa0ihPRMHSHK esent
20 inventi gantacehi sbruveureduiieipsrstingnithed i-eaahtcorﬁwﬂéﬂtion

structures ar r,ovide ont act ter nal I evat i onal
oot vt mhalt e v hSonSR6RiER MR P 1%??% Lengaidh hEeF S 1o
present i nveprintedncilrioxlitt boasrdr.esilient contact 25  struct ures are

bridged goget her iy 83 P ﬂ?hghay*%’eor%# evg&&rmsgeeeiohow ’H]?cﬁtthe sol der

extremtres while Vi ng end portions free
so that a co#ﬁbpéqi@eﬂtl d@f cfé?%rrﬁOI'!'}aSFO\ﬁ%FtW@ ipgorpogatipg the

SPLTT e e Sie p Shp
truct s 8 PRt %o 1&Bntdct

'Sl'hir gci g r te hgxrepﬁademmboaltaet 8tracturélis @i‘d\aﬂﬂed on bneFsjde it I‘Q’!QCSI de

el evat i Qaal h One\%nsg#éﬁ&ofbo%w hgﬁdcg.g‘t lagﬁ con ur&ﬂ%ogggéatigg t he

present I nve OWs "usé of shie act 13 is
an i sonet ri cP¥o¥ided t withy an %@ét?%‘h Ftmctyngt Abat cBﬁFﬂctm’Et RRture
i ncor por ati ngeslilden¥y.€sent invention in which contact “structures can

ori g nat e on one Ste o 308! A5ia b aPeeBURERT anEIER BReBeBH IEL,
other side amatoltherng ddrtantherstonttante 10incotporatineg emmmdlpgeéem t he
sane Sigg.  jpvention and in which a plurality of stems of the type
described in Fig. 1 have been bridged together by a solder
layer to form a solder column structure.
Fig. 9 is a side elevational isometric view in
section of a contact structure incorporating the present
20 invention in which two redundant resilient compliant
contact structures are provided per contact terminal.
Fig. 10 is a side elevational isometric view in
section of another contact structure incorporating the
present invention in which three resilient contact
25 structures are bridged together by a solder layer at the
uppermost and lowermost extremities while 1leaving the
intermediate bend portions free of the solder so that a
compliant solder column is provided.
Fig. 11 is a side elevational view in section of
30 another embodiment of a contact structure incorporating
the present invention in which the contact structure
extends over an edge of the substrate to form a probe
contact.
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Fig. 14 is a conbination side elevational and isonetric view in section of
anot her enbodi ment of the contact structure incorporating the present
i nvention in which the probe is provided®® with a distal extremty which 15

has a topography g ian£¢ GOURM LFNALANR 08w 1 SsefreBaagaTEN!
wi th another contact termmnal.” Fi'g.” 15 17s a viewsimlar to Fig. 1 ut
showi ng use 8pokhexnt conkactd strugturer dncespprakingsoitber | Prasant

parti ?! ly i niiv‘a\g_éhﬂtaﬂoﬁhiett: s§oﬁfr~se§to§ts lEHiEff&éd‘%Bﬁl%H@&l iﬁ!ﬂoﬁég_ pr eisn_t
invention in ich.the_coptac ructuyes are for i nt,o |1 oops,. Fi i's
a view sinilar togF‘Pg. 156%11?“5’?1%%‘?1*9‘ W#%?@rﬁg%qeé’ntj&tseé#&% der

| ayer br$dgeanbtheroopentactor stzustuter dntorpordting theFi grekents an

i sometric vi Lal ' ' haow t

I ncor porat i ngmgﬁgkb?egénﬁﬁ%ﬁgﬁnﬁgﬁ% %%lg%ﬂrgggé %gn?z;fé‘#ﬁ%c rhroensg are
arranged to 8déth PF eacEoRtask sarrier ssubstraten sucha amsai Rrigtied

colum as f?éi?éﬁj!’é' Bodfa a{:?'ﬁ&e&l ite of @{]é@oﬁ@ctd 'é:[[xﬁtréiﬁ“t?ﬁ*oudﬁ g. 19
is an isometric¢ view partia In section_show,n in oser

i ncor por ati n§ &Welepr%geﬁpei r‘i\%ﬁﬁ dHidej andpaving, rr@g‘gﬁ' Aakagt tially
i n section sstructupedenbendingefromiti®asaie side. i s the repl acenent sheet

11 JAN 1997 Dat e, -6, Fig. 21 | ' trjsC Vi RAY i y i ection
of another inter pgfs"gf [ geor%_%ra%i n%%héﬁgﬁntéi?ﬁve%\% onévaotqlrélr esalqudlsent
contact struisopetrig stewsiine section defanothen enkodinentc@fothehe

other side. gontact skrfictdzgel inéBrPSPHElﬁbCtﬂéeyraﬁéhhaﬁhw&n%iwtiirpn
showing anot 5et R PRe' probe ls Provided With 'a dltar exienity which

15 has a topography to minimize contact resistance when it is
in engagement with another contact terminal.

Fig. 15 is a view similar to Fig. 15 but showing use
of a cantilevered contact.

Fig. 16 is an isometric view partially in section of

20 a contact structure incorporating the present invention in
which the contact structures are formed into loops.

Fig. 17 is a view similar to Fig. 16 but showing two
loops per contact and a solder layer bridged the loops to
form a solder colunmn.

25 Fig. 18 is an isometric view partially in section
showing a contact structure incorporating the present
invention in which the contact structures are arranged to
form a fence which can serve as a dam for a massive solder
column as for example one utilized as a thermal

30 interconnect.

Fig. 19 is an isometric view partially in section
showing an interposer incorporating the present invention.

Fig. 20 is an isometric view partially in section
showing a double-sided interposer.
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the present invention utilizing double-sided resilient conpliant contact
structures and standoffs. Fig. 23 is an ksonetrlc view partially in section
of 10 an active semn conduct or assenbl y° ncorporating the present

UL 0 g AU R 06 B et

staggered cont act '8 uies W
el evational @nekhexr sintewposer iIGOrmthuﬁhBr m&e LAVenE&eat i ng

the present igjepnt I&&i&h@ﬂtﬂg coritady e-stdaskdtéd COrp ehéachimat . ahng. 26

is a side elevtlon Vi ew,i n,sectio of a conduct or ckage
i ncor poratin é?eﬁ?nltﬁx‘f'&ﬁt PERY % Qg\ é%/at i onal view in

section 8f 20 amfdigher22 tgba r&sﬁmetnic view ;ganticaidqctm sephdibage
. : - I
| neor por at | NG ol §38helWGRbhIACHY! bie? 71 ASERBLEL! $nEBRPAERLing

sem conduct oﬁhpacnagéenhcdmmng vhilpzingnidoubletsided | sasiAdient
utilizing re fitanq:oﬁb%%hc%t %mmegewts%@ﬂadﬁﬁga_rconnect ed and

plated through . Fi_g. vation ew,in se

anot her seni condu@ﬁ@r‘ 3§cﬂ'§génai§eﬂ‘ﬁﬁ' Fnﬁ’ Pﬂopﬁgﬁﬁﬁﬂeiﬂr §§E§P°Pn9gnt i on
utilizimg | aamhacgiversemicorductor asfe@lﬁ&n&m&aﬂr@ dhet presenti ew i n
section of a % m conduct or package incorporating 'the present
invention utiTizing al'ignment pins. Fig. 31 is a side elevational viewin

section of anot heFigeni2dondietan gsomegricnotigyorpartipnlle pnesestion

i nvention caghbwis gasbﬁggﬂtbheb%ﬁkﬁé%esQ%BéQhE%B thhSauighﬂénteBhQQQ"Ent
sheet Date: 11 ) eI evational vi e | n

section of anot helpigemza)rﬁcﬁuc? o?iﬂﬁcﬁéﬁéfatl’r%‘?go Wi heeot ?;%n?

15 semiconductor package incorporating the present invention
showing a double-sided flip chip attachment.

Fig. 26 is a side elevational view in section of a
semiconductor package incorporating the present invention.

Fig. 27 is a side elevational view in section of

20 | another embodiment of a semiconductor package
incorporating the present invention utilizing demountable
contact structures.

Fig. 28 is a side elevational view in section of
another semiconductor package incorporating the present

25 invention which utilizing resilient contact structures
demountably interconnected and plated through holes.

Fig. 29 is a side elevational view in section of
another semiconductor package assembly incorporating the
present invention utilizing latching springs.

30 Fig. 30 is a side elevational view in section of
another semiconductor package incorporating the present
invention utilizing alignment pins.

Fig. 31 is a side elevational view in section of
another semiconductor package incorporating the present

35 invention carrying a below-the-surface capacitor.

A-60187~-1

This Sheet Has Been Rep

Hllll!l llllll i



I nvention showi ng the nounting of a plurality of capacitors. 5 Fi g.
33 is a side elevational view in section of another sem conductor package
i ncorporating the present invention uti+¥2ing a decoupling capacitor. Fig.
34 is a side elevational viewin section of another senjconductor package
i ncorporating theFpgesd? 18 a side: edpvaticnal yigwiptepBShian ©fy. 35

is a side el gigthepalsetiBBrduciti | PdckdgeNPhB86FpoEat LN dthko priaektge

i ncorporating the, present inventiQn ut|I|2|{| an_jpnterposer..kig. 36 is an

i sometric vi WﬁﬁFgPﬁllf °ﬁ’q§’@cti ofRQ¥nt ‘gg S 'cBndRiPEPut’gcké’%e

i ncor por at i ngapadgtopsesent invention utilizing an interconnection

substratg. Fig. Sgshs a1fg g Wil OBTbvkbTUNR] F136M fONEUELREnPRF A0

i ncorporating four Payérs of Sem conductor devices In the orm01Ll

doubl e- si dedanetherssenicopductor packagm incerpewatingkheopresendy in

section of ajfeehePBAUGLDLiRIRGAACALBEADRONG! E&BatEOP] €SENT | Nvention

showi ng vertically,stacked,silicon, chips. Ln epergl thg contact structure

of the present inééﬁti M iisr & V\FRﬁva El@g?gev wcff‘? nﬁSFgg?ﬁt 8F an 25

el ectroni c canpthert semiicthductior gpackage ainocoariporatvingothecipresenther eon

access@de f%ﬂ%ﬁgfofxuﬁiﬂﬁ.?zgkgt Qemﬁjtﬁgﬁ,gg*ﬁ'corrponent and al so having a
uc | € elFongate ele

surface. con I ve exi ment i s provided which has

first and second Bids. 35iias a sideyvepdevationadn¥iey tin sectieonr &f end to

the contact aAdther’ ¥elitdrdutitdypddikégdOiflcukporatngcenad prasenti ng
free. A copduct Xe shglh egvel ogs t@e | exi bl e el ongate el enent and at
| east a port?ﬁﬁeﬁt PReUELA1ZdBI AN ABLEERPSEY  pad i medi ately adjacent the

nmeans bondi ng theFigtsBécihs an fsemetrniecviéd pamtihlly pir\sebt iors efond

|t mat s bong SQdeloddiGedPd Hickabe | ndSPARYER SPRE! QeGent 1L IAN

1997
invention utilizing an interconnection substrate.

Fig. 37 is a side elevational view of a semiconductor
package incorporating four layers of semiconductor devices
in the form of double-sided precursors.

20 Fig. 38 is a side elevational view in section of a
semiconductor package incorporating the present invention
showing vertically stacked silicon chips.

In general the contact structure of the present
invention is for use with a device which incorporates an

25 electronic component having a surface and a conductive
contact pad thereon accessible from the surface of the
electronic component and also having a surface. A
conductive flexible elongate element is provided which has
first and second ends. Means is provided for bonding the

30 first end to the contact pad to form a first intimate bond
with the second end being free. A conductive shell
envelops the flexible elongate element and at least a
portion of the surface of the contact pad immediately
adjacent the means bonding the first end to the contact

35 pad to provide a second intimate bond so that the bond
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strength between the contact pad and the conductive shell is greater than
the bond strength between the contact pad and the flexible elongate
element. More particularly as shown in tjge drawings, the 5 cont act
structure 101 in Figure 1 is for use for making contact to an electronic

conponent 10Zstbéesdth Mbetwdd®| the TorAc pad! ana €hepaohiuetioe spaguct or
device of a plastic %ﬁ atetﬁ:eran’gﬂc g:r Si ltbc ackagF‘ carré g §
nmore seni contficrore %n e Ith SE*ERN f&n Rt &P cPRBn
conponent  samd thasfle:aiblzcm’tmtgaire eﬁletmn‘l'atlvel y, it can be a
producti on, test %oPé”%dx‘%i%‘i'&?tlyf Okg 2 MR- OBV REEKAIRYL the

senm conduct or devi ce event “the el ectronic conp onent 1 2, V\/m ch al so
can be cal | ecF%?‘%%BoFFrBFF%? ul@l in Figureed s fPf uge £9F ngakipg

contact strucéenesctOto anTareet@sﬁieneamWemzIﬁhﬂmededemhblene or
nore conducti ve cont act 8"&?‘6103 whi ch t ane on,a

surface 104 of*RcP&s&hI T OF Bf tﬁ%m£%?’?é‘é‘éé3’64d 1ffe U Bt ronic
conponent 102plastic h]aamﬁnhsté,oazdnamig: 2 sijdeoni pacage carrydngl oneti ons

and 1ying in gar iy Sordluctéd | UsicaRyl ooxe D WAl pk0Sancan
be peripheral y p05|t|one erlne er of the electronlc conponent

102. ThéyP al sth i rP%!FP%FF%%F ar rech ne A8 an 8dgeCORNPRTQcent r al
li ne pad-out mter J othéan Ye tHepebavetibhl, eew é© bleneiakilled

I
T ey ¢ R %:?deé’ad AtRRR Sackhgs" oF " ReRaRoRARER e 1
different pl admm.ce: direranye eventedie eﬂeatron]ionenmpoiﬁhatcmnﬂaCWhpaus 103
o o 3L Yoo S ITUE ot SRIGALISAS BT SRR ©
exanpl e 3an RARrBING dithensFentast: stymatumes r aRding frﬂm elestsenm s
This is the rephpereRetis dvidd® with oA 629%ore conductive contact
pads 103 which typically lie in a plane on a surface 104
or accessible from or through the surface 104 of the
electronic component 102 with the pads 103 being
20 positioned at various locations and 1lying in various
planes at various angles. The pads 103 can be
peripherally positioned at the perimeter of the electronic
éomponent 102. They also can be placed in an area array,
near an edge or in a central line pad-out or a combination
25 of the above well known to those skilled in the art.

- Typically each pad 103 has an electrical function
dedicated to it. In certain applications, the contact
pads 103 may in fact lie in different planes, or overlie
the edge of a component. The contact pads 103 can be of

30 any desired geometry. For example they can be circular or
rectangular in plan and have exposed surfaces 105. The
pads 103 by way of example can have any dimension, but
typically ranging from 2 to 50 mils.
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-9- The contact structure 101 consists of an elongate el enent 106 which
typically is flexible because of its small dianeter, the flexibility
i ntended for ease of shaping, and has f-'r?-st and second ends 107 and 108.

It 5 also can be called a core wire or "skel eton” The el ongate el ement
106 is forned of @%u@ﬂ&ﬂ@%cﬁﬁﬂ&tﬂn& nB0%r comsdsd® Rf gand elengateum or

coppertwth érgﬁénarmualt s.-nbi@h | By alis ﬂ@:fmms pedssé cor Fhssi cal
properties as exanpl.e ber I'u i lica magnesi um
In addition,® f Iégtﬁr;peéﬁrdys E‘ hgiaﬁxﬁ’é{qaf&o d;ﬂdgt Sﬁﬁmﬁ%‘ﬁp, can be
utilized. AIsMngyemyd hasdfirst, ahddsacond ehdsr 107l apd daB8.be ded to

formth © GLPTRE - catla CNGRte SLEFE lorl 08skaNeRBH 2 dirtept ot

rangl ng rom aneter o

mls. The @M'@eeeéﬁ@ﬁutlaescéﬁ tfeﬂ@%dlyoﬁleél pudtpblet icanfuatiyecal | y
it woul d havigafer £4D! BuchMESS YRS, %mmmﬁmusc@:l coppereohien \Wmalil he

RO RNS e A L v LTI e WP S s T R TR ARC R

bﬁt weent t hte ﬁrapére.tlds'lb\ﬁ £or témmdmmﬂm,nmieimmﬁlxm and (r)]_ne of

the co c ny.. s n.pe z S
uﬁ’f@?e&% ¥n H&&i‘EkSB bnﬁgé?i? of a'ﬁb&% %l no s{*ﬂ&bﬂﬁgn

connect I on a Wre I ZI n ot 25
shown) havi®f thheplelténgm @ro]ipoetan h@Gu‘téh-éﬁél- ng Alteraatdyedy .and

egagorent iy PCIR, ARLSN O ST mIlg Af NS AED SO e nd

Wi i | u

t enper at ur e °%9?F%sﬁgFEeEﬁergyT % ﬁﬁ?ﬁgﬁﬁﬁd &FF&Pg'dlltof %‘gl aVeL & 30
bond 111 is dmmeﬂecotaagﬁnggﬁdmforzs £ad 100 miks Witk anq:ﬁeefeﬁzmiant 106
to the d h red eb

capi || a';llr[g;/1 ttlfgga%éénégeo#alss {’ 3 m\#?hg ? es%ﬂ‘% e%r?gtgﬁ%mﬁ#ﬂ‘i%ﬁ ongate

el ement 106 havexaayd dequ]eleagthl émat teypicatly 44t weumldechave

length commensurate with its use in connection with the
small geometry semiconductor devices and packaging would
range from 10 mils to 500 mils.

20 Means is provided for forming a first intimate bond
between the first end 107 of the conductive elongate
element 106 and one of the contact pads 103. Any suitable
means can be utilized for making this connection. For
example, a wire bond utilizing a capillary tube (not

25 shown) having the elongate element 106 extending
therethrough and typically having a ball provided on the
first end is brought into engagement with the pad 103
whereby upon the application of pressure and temperature
or ultrasonic energy, a wire bond, typically a ball-type

30 bond 111 is formed connecting the first end 107 of the
elongate element 106 to the pad 103. After the desired
wire bond 111 has been formed, the capillary tube can be
raised to permit a desired length of the elongate element
106 to extend from the capillary tube and a cut can be

35 made by locally melting the wire to sever the elongate
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35 made by locally nelting the wire to sever the elongate This is the
repl acenent sheet Date: 11 JAN 1997 _ gLement 106 and to cause a ball 112
to be formed on the second end 108 of tﬁe el ongate el enent 106 and also to

% gv! detﬁ coen_eiﬁlaﬁadhtoe aad 'I:Q:ﬂh ddiﬁ:s %5 'sling%isnﬂ?hbef f?m?am aﬂrmebnt

in e capi r ubhe. so next., cont.ac C e
made utilizi® c?ﬁg é&‘l‘?eijﬂ$e°%)o%ﬁn i|‘?Q(9ﬁitﬁe %thhei%éxéﬁéagrl%o iq:[no S
desired to npkevideall -comespondinghaX) con thet remainingy lengtbhe-afype
bonds can be LLlzed. 4l c apce ' t: rfgfg@t [ ti a 10
conducti ve sﬁgﬁ'bﬁfg \ﬁr}le?‘r?ng:l g@%agﬁbghgaH}g&ﬁ%!gl e m?gh%g\ger% he
"skel et oh", NeXEoeaptagtStryeture qan decpadenntidizing thpfane Wire

aﬁrrﬁunds Td hﬁoﬁlaﬂﬁgaﬁaﬁﬁﬂae&&rl]ﬂhw rﬂeaﬁ.edp?aeaflgﬁ pifdéeibml ttEStSl'fmaw 133
i ch i nmmedi at syrrounds ihe wre_bon and pr.efera ext ends
over the con?agﬁ)i&é'g:%r}m“# o?megﬁg%ﬂﬂ i 'tr?é?@%&gﬁgyt'o qﬁégec—c?ﬁ'tpfct pad
103 by di recbondaccannbeouthtieelire exposed surface of the contact pad.

Trusy e contact it M| S00I0USR, | BhBefe™ shlefttinl 0, 11

first and second intinate e shel ion fo having

conduct}¥e prepdnetivessheliaslih hwhighcadsoc famrbperpildeddSRmusst e’ s t he
conposi te coghféh ebieekUtfel ®kkaletonh®,Nds! Formed dviead thEh@eldiRjdtel 16 is

[ored Of = ERaeherab® B3 sbnplaBens? slpelahsecleoR BaHe, nialel W v o
a material whheh susfacéi girea elXb5t pEngthew tontactegsadt 1103 y whimksand
e e oo AbRhERy e FRIPCUG HELD il PLE s e ity
103 30 15 s extendpaPyYer ckhe reenkactamnad, 183cto; ferm apecandinfdmate t he
adhesi on betpygra the ehe! bohtlctndddc169"byClditdtt adhesion to the
entire exposed surface of the contact pad. Thus, the
contact structure 101 is anchored to the contact paid 103
by the first and second intimate bonds. The shell 116 in

20 addition to having conductive properties also has other
mechanical properties desired for the composite contact
structure 101 as hereinafter explained.

The shell 116 is formed of a material to provide
desired mechanical properties for the contact structure.

25 The material of the shell should principally be of a
material which has a high yield strength with at least
thirty thousand pounds per square inch. In connection
with the present contact structure, the adhesion strength
between the contact structure 101 and the contact pad 103

30 is principally or predominantly due, i.e., more than 50%,
to the adhesion between the shell 116 and the contact pad
'103. The shell 116 typically has a wall thickness ranging
from 0.20 mils to 20 mils and preferably has a wall
thickness of 0.25 to 10 mils. The shell 116 in accordance

35 with the present invention adheres to the elongate element

il



103. The shell 116 typically has a wall thickness rangi '

i(i mls and preferably has a wall thickness of 0.25 tgl 28 1;n_r|o? O;I'ﬁg ;nhlaislto
I6 in accordance 35 with the presedil+nvention adheres to the el ongate
el enment This is the replacenent sheet Date: 11 JAN 1997 -11- skel et on
106 al ong ¢ sKemEtomube aliong $4sf ength and %&*ﬁ)?‘&r&ﬁﬁﬂmﬂfd% n ef fect

a unitar y struct i h
kel Oga#l *Jég P \L é §: arm ofat Imimamm or
R et Dy e e

116 can be {gEpd Phed E€REAUEHAY cofiEtiine inmtexticil mn dhemp@headl.soWhan et
e e Y eive {oiphlat Ufpustirioubuen dse | 11

tcﬁn bﬁ Iulseel 1a€tlileallryt,ethel shehilchléoghn benéermeésﬂrj‘fa% lé:%péﬁi[thgrtegf
Fon ephoi ﬁg'pgg,?ir&@gﬁ SRl QRS s8laefPPeREm Ilif.’mdl by dEsd-tin n,

bor on

cesium  asoldeny, mg;;f?i'gm;g. ;1;; i_gen gfqﬁ/ﬁ %&Jn‘hf)\g# tshhéw%“ um

‘E’Jo?é A spyif ”'*J?bpéﬂéieéhemickﬂJ oyixorlyprolRly, oHe aBp kYR

|t i
or all&9s otheresfs can e?( Sﬁ?ﬁ% et varlgﬂ;s SO:‘%‘Jﬁli"@ﬁdeﬂEt al s

materials, gesdirable qmundzﬁ:iers s thenoabanl 3o dan wertaiper 1 "

cortat 0 ot STy , gB0. bl )] seRmesio sinl moronnt v
resul ting @hosphoross,ucchreniyg t““@@FFﬁrnqﬂﬁiig?%ﬁgg %’gﬁnﬂﬁgr an
'FI)'LgVISﬁgl f‘ E)r hail l\.‘gnclster'%%%%ﬁm' 3 28nt 1MSRES S @‘om oosinwsr.perrbaéa\ae.. nch.
typi calBy cRPadidheg PIASIP 7 Of, N SiedRif Ofardd'® ERedkl 2l 81hbgsed above
Typically, the top layer comprising the shell, if it is
required, consists of gold, silver, metals or alloys of
metals of the platinum group or various solder alloys.
_Cértain materials, as for example nickel, when
20 electroplated under certain bath conditions, onto the
elongate element 106 will form internal compressive
stresses to increase the stress required to deform or
break a resulting contact structure 101. Certain
materials such as nickel can provide a tensile strength in
25 excess of 80,000 lbs. per square inch.
The shell or "muscle" 116 made of one or more of the
materials listed above typically can be formed onto the
flexible elongate element or ngkeleton" by the use of a
conventional aqueous plating technique. The shell 116
30 also can be provided by enveloping the elongate element
106 using physical or chemical vapor deposition techniques
utilized in conventional thin £ilm processes and can
include decomposition processes using gaseous, liquid or

solid precursors as well as evaporating or sputtering.
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et et o P NI S TS - Glm 54800 w74 AT e 40 h et ered il e wratatets Sarmim et ac

fl exi bl e el ongate el ement or "skel eton" by the use of a conventional
aqueous pl ating techni que. The shel |l 116 30 al so can be provided by
envel opi ng the el ongate el enent 106 usi ng physi cal or chemnical vapor

deposi (T on techni dugpu il ged b8 SOONSOIEWMle Pk brBBE 818358802002 °2"

I ncl ude deconposition processes us recur
as well as evaﬁswatmﬁgcentgsﬁtsbxquur¢h1%1|qanrhs|maadaéahéﬁ§1§neétin§9e

flé waelgg;t e fhﬂethoCHu%t gtfa:flﬁc%tg%bez 991 b%brtiaantgl '&ﬁb E{:@E&tbheiodeﬁha ed

r Stru r l

Lo uetor c0101 ene misals 108 RBRasc Achae vt (hhe deri£ed | sonaReELvEty
achi e}/i ng ghe. @l rethepnphysicaly propexties hes nb;tfs iecammpleoeer 8esdired for
exanpl e a desi pu gt n | n ec '

i nti mat e bondsﬁ@rlrre k.'vx\./l eQ%- ?agggfgg 1%% 1’%‘2 st#e?stgr qﬁﬁscgggigg

whi ch conpl et eliptdmptieo pondse formedbwith| the centactpad 303k eTheoshedd
overlies the coH aghis®hd Jﬁs 1%1& f@éﬁgié&ffcaadeqébswm beméxible

h h. |

Structure 101 RASTBBHY GSmeNscaT SHOMMOR D, RUGRA188 $hp: EOTERCh PAY
nmany hundaeds afo3cdut mmuumawmimmmmm same t| rre
during the 15 = pl alin0cgendeReshl | QR AeeS Al dhoiif! AeBkBIbtIBC o

conponent or a plurality gP suc elec ronl'C copo e séen, the
shel | 116 has ®ingie sentactstracture d0icbast beengescribed.cnfowewen in

overlying the gent@duP@dpéOdppretiatidd kiSe Smahy tm%ﬂayﬁdscﬁﬁ éBntact

alternatively var ustln the nature of .th rs npr,
Shetl or by vaRFrHFRAESs 10k Fa5n Pe SR eh edT AL &Es BhBe; tiRgeauriid HhS o
t he cont agdb st platbineg oorpldeﬂﬁitsomnlgrcﬁé@t bn |ar geindle r eleetronhbe

shape of the b ?:lolmpJan%ntty %ircgl Qiu@’aqviit(}e q:to %ut ° e&%%%rﬂrc fd’o%%o%'&%ts.

As can be seen, the shell 116 has a substantial
uniform thickness throughout its length and in overlying
the contact pad 103. The thickness of the shell can
20 alternatively vary by adjusting the nature of the layers
comprising the shell or by varying deposition parameters.
The uppermost free extremity of the contact structure or
pin 101 is only slightly larger to reflect the shape of
the ball 112 typically provided on the second or free end
25 of the elongate element 106 below the shell 116. It
should be appreciated that if desired, the ball 112
provided on the second end of the elongate element 106 can
be eliminated if desired by using means cutting the
continuous wire other than by the use of a melting
30 technique. Thus the second end would be in the form of a
substantially cylindrical member having the same diameter

as the diameter of the elongate element 106.
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25 of the elongate elenment 106 bel ow the shell 116. It should be
appreciated that if desired, the ball 112 provided on the second end of the
el ongate el ement 106 can be elim nated Jsfsdesired by using neans cutting

t he continuous wire other than by the use of .a nelting 30 technique.

ThlrJT; thﬁ Secondhemlxéwultdibetaéaifé& ﬁ@rpg!diafi@ &uhamﬁhby: in acxddm?ird&al
menber having,the sane dianeter _as the di anet of the,e at e el enent
106, Thi'e. | s BERBGHEHE,. hBnEotkagE $Eractit 174 Shobd”ih PIgREE AR |
desired to pbeviueilizedi encthe ncentact astrattureun®l téensbstacofsta uct ure
121 shown in ki tidd T % C t rct i e 1 nsi sts
of a flexibl ﬁﬁ%&a‘tzeggg‘r‘ﬁﬁﬁgi \#ed“é%gr‘r%r‘{te rB’Z |€higgn ‘g.g'éé{ c%iérrrﬁ\;é(::l) of
the sanmeSconfgamede ofut the apames copduetivgamaterdadnt asodhen #APNIRYR gure

1. 1t is proelésient 1lde ishownaidt ﬂgﬁ&d ends1é 28s peovifdediivitn fiade t ype
bond 126 forned on the, fi rat \e%c% 12 ang ad ed tg iggﬁgﬁd %}ngl e sane
manner as t h&G6h §eGRRd epds ARG elef oW 3 0P2LL RS PORY| nt 122
i s being di s€ormedd onhithegifirist eadi 12ar andf adhered r&o bthelpad A0Hhdm | ever
or cantileve ort.i.on I : S herg. 4 | esh nd
which forms a % ga‘?t% gr]?g&%eg{\%ﬁng\l}gr ggigoPgﬁgn}liSuc@%f%gnﬁl evergga portion

can gi vd0r escondctiyeabelenent 432198 beingodischarged cthreugh) the

her ei gaL ter Pﬁ%&iﬁ%y of t@ﬁezy%é)%é&,a dasaleever rad,caaﬁitxe‘ﬂe?iAi s
provi ded on the,second._en y. an. appLopri at e _seyering pperation.
Phel1 131" s PRI AR2R FaFRaR R he. HriiRya EbSEBn A8 CPTORLOFA A et | &
t he sanme manwhichs fdrmshat| 1846t2bne heamtilbsfared poestiomed Such a
enconpass t I | V I t bej rsent and
over |y ng t hoansdIavited SR Gl GIVE rbelaiRAC RARATIRIRY £O
shapes l)gher thies contact strusturecprdt a8 hereinaftep provided. After

the bend 122a has been formed, a tip 127 is provided on
the second end 124 by an appropriate severing operatioen.
. A shell 131 is thereafter formed on the elongate
conductive element 122 in the same manner as the shell 116

20 hereinbefore described to encompass the elongate
conductive element 122 and being adherent to and overlying
the contact pad 103. It can be appreciated that a variety
of shapes other than the exact one depicted in Figure 2
can be utilized.

25 In order to impart additional strength to the
contract structure 121, the shell 131 principally is
formed of a material which will impart high yield
strengthening properties, as for example a strong,
conductive, hard material to a thickness as hereinbefore

30 described in connection with Figure 1. Such a conductive
material can be selected from the group of nickel, cobalt,
iron, phosphorous, boron, copper, tungsten, molybdenum,
rhodium, chromium, ruthenium, lead, tin and their alloys.
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can be utilized. 25 - In order to inpart additional strength to
the contract structure 121, the shell 131 principally is fornmed of a
material which will inpart high yield strgngthening properties, as for
exanpl e a strong, conductive, hard material to a thickness as hereinbefore
30 described in camatid contiact Etguctute 13uciitacanndecseen thaerthe can

copper .t ungst RO FRdRCt B RanmeBE, ok ﬁ&?ﬂfﬁ&ﬁ?ﬁR?*?i%arg?&ﬁggnd
their alloys. HEhape ©f tthe quntasteatriotareDaad whenedn 1tisg shellqi3pn
the contact stiqudifdy legel tmé?ﬁﬁnll‘i‘:aieeﬁn& hﬁh;ts%aql OBBeber£ 98 s Vehe

el ement 122 defines the trajectory or shape of the contact strycture 121

wherei n th@ sh&antapt (SEXNETUrge” A8 cERF c AXaRI S Fvec aPPEABEEPESEs BF t he
5 contact stmeEiliente bf thsocohtact tgtrmumlasewnoasr thel apiletef

h

Spring- | oaded CnPEavids & dnaErbiFtants PipiRolipHagd SonPdckBiRbanET |
Figure 2 that & néklectopdlayer:ce ¥Mncar bécseent byt whewing rBigare 221
i's moved upvar dinaangs deyevecdbya H?e;faﬁt b.havpcrf %@%é@é@ gRPubtade! v

acconmmodat e the changes 1n_position o e second _free end and, w !l spring

back and plovi dela %%b%?&ﬁ@l upWardlyisand: dpwawardly i Jhe V\P’Pﬁ?ﬁe’t’ﬁ% Pﬁnge
of a given desiyghdtizRidand rbﬁdﬁ.@ﬂru&&cbhﬁoaﬁﬁendhendhaﬁgébeliﬁposieﬁlbﬁc't

Frructure 171 s o S dfledia®bbiolng w11, BELRY BRERCHRAGPEvIER. B0
to the surface sﬁbsaim'd:tlradﬂlyc conspantnyieldablerforee widittir the ranger 0£136
T Bt oo ] & n, G asUgRigreL xoEIR Lieladitanahd dh' ehes
15 contact structure 121 to its original pos tion. The
spring shape can be designed to respond in a resilient
. manner to a force directed at any angle relative to the
surface of electronic components 102.
. Another contact. structure 136 incorporating the
20 present invention is shown in Figure 3 in which a flexible
elongate conductive element 137 has been provided which
has two bends, 137a and 137b formed therein and with a
ball bond 138 at one end and a ball 139 at the other end.
As can be seen, the bends 137a and 137b face in opposite
25 directions. A shell 141 of the type hereinbefore
described has been provided. However, it is formed of a
first or inner layer 142 and a second or outer layer 143.
By way of example, the first or inner layer 142 could be
in the form of a coating of nickel or a nickel alloy of a
30 suitable thickness as for example 1 to 3 mils to provide
the desired springiness and/or yield strength for the
contact structure. Assuming that it is desired to provide
a particular outer surface for the contact structure 136,
the second or outer layer 143 can be formed of gold or

35 other suitable conductive material. In certain
A-60187-1
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has imo bends, 137a and-137b fornéd therein and with
: a ball bond 13
end and a ball 139 at the other end. As can be seen, the bends 137a8aﬁg one
137b face in opposite 25 directions. _3éA shell 141 of the type
her ei nbef ore descri bed has been provided. However, it is formed of a first

or inner |ayepyl43catdonsSoONHag’ beolderidery eto 14silBgendheoft inatn®

first or i nnerr ayer_142 clc:)lgl d bg inthe {0? Qf e cé@t?t\a?icg dﬂﬁ'@'tz} ;h?
ni ckel al | oy 4RNEr3(layYeX); Bl A% hAcIBRES eolsn;l'o&eexanpl &1 fo 3 mis to

p{ ovi de the devind¢esghengbntastastiructyrel 136 Wity sodderh€oB5AFLCEe
structure. Assumige! Nole! pka deviied &p goou! dath peblaerlar Tt uch
surface for t ac tiucture ? the“second or outer.|ay %4% an be
fornmed of 5gol applismtionsheit smayathe desiFedite GRk:the flexl lg| n

certain This i p h : i
appl i cat i ons ie?l.&fz;@?t;)ee lgaa_a{reeava e€leddi®: 13711with BANthE87 layeri5of

_ e desired tQq utiljze the fi '

galr (rjl er | ayer coPRed abAhnkel (f‘ﬁﬁqqeﬂaﬁyhé ?@n!tlgig mglréuc%?ﬁrggll?égr gmaéh :S a.

ao I iegafpnt actag @ endtin klloy.er #isritoicagoike wHeen FoegcPy IorpiRgch 5
bp 1 ONs 'thg”g%%i%d%? rﬁgr{eotﬁ%-l £08 flayddd,e etongatpossibilet tve

el ement 137 w I"ayer ~of copper _or nickel follgwed 1 '

gLelsf)l g;al:wsuclomia! I oaildimimrmll oflesixable gﬁﬁt3€e§ee€°f hzf?yeoy c%’glf'#cggmt th
nor e a 1sd s ' ' ;

desirabl e f eaté{ﬁl}g&:&%. WY 218t sheud@sbebappteciated dthat rifadésiredal

appr eci at ed t'ﬁdi#i%}ﬁﬂgwec%gggﬁoﬁtﬁlrB%tgyréﬁgdlcéﬁagzggr%%\?y e %s sgelért f
itggofgglr!at:ﬂ cﬁé@éﬂ&ﬂﬁlép@limﬁioﬂapt her contact structure 146 P °
1'ext bie el ongat o CEREHRET vcooptRLEr 4QBubEuBRoe | hd e g
faci ng basl 14presenthinventior|is Blwowmdn,fdgure 4 :'L¥1VI whiglrx] a %1@1%1%
elongate conductive element 147 is provided with an
outwardly facing bend 147a in which a shell 148 has been
provided which envelops the flexible elongate conductive
member 147. However in this case, the shell 148 has been
20 formed in such a manner so as to provide microprotrusions
149 on. the outer surface thereof spaced longitudinally
along the length of the shell. These protrusions or
irregularities can be created in a number of ways as for
example by adjusting the processing conditions in the
25 plating bath to cause sharp nodules to be formed in the
shell 148.
Another contact structure incorporating the present
invention is a contact structure 151 shown in Figure 5
which consists of a flexible elongate element 152 having
30 a shell 153 thereon which is provided with a cantilever
portion in the form of a U-shaped bend 152a. To reduce
the electrical inductance which is created during the
conduction of electrical current in the contact structure
151, the bend 152, is imbedded in an electrically

35 conductive compliant polymer mass 154 of a suitable type
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provi ded whi ch envel ops the fl exible el ongate conductive nenber 147.

However in this case, the shell 148 has been 20 formed in such a manner
so as to provide mcroprotrusions 149 on tfg-outer surface thereof spaced

| ongitudinally along the length of the shell. These protrusions or

i rregul arities saehbes csihieon i rubbér hilled witds sidveer parsdpleshy The
adjusting the p Lik | n p, | t o S har p
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i ncor por ati ng tn@bgteaéncllnveastnainsmavenanhcofsthec:esélientspewﬁipn

Figure 5 which £epsi 8‘:5 tok %Jdt@eé)'sﬂcﬁi&%ﬂ@ g 5l eMPfile logndadt ity ofd
shel|l 153 thereon whic ovided with a cantil ever ortipon |n th Lmrm

of a U shaped bER® !3§ﬁrkﬂa Féﬂlu&ipfﬁ% 1Y £2R | kapde e
created during éantﬁnedufgton of electrlcal current in the contact

conpl 1 ant pol yrer bl Tg05e Beo RHRGE ARCHIZeR A5 Siatter £8P0 e
Dat e: 11 JAN‘-EDO?Shown 1Bn Elmllretsz aAxe cxhilduldderinf cbhaécmpn wikthean
particles. The é%f%ic%ﬁ&éﬁéﬁ&?i e%aadf thVér o %h%@%%%bﬁéldﬁfanﬂﬁh

substantially restraln nove resi |ent portion 1

contact stkQct FErqeit bpaard.oh6ct | vﬂ? prigted; (pinpuid | hpard, 138 dgl |y
can range fr0n1ﬁf&ﬁidédtﬁdﬂﬂ[éﬁﬁieﬁ*&&ﬁ&iﬂvdﬁﬁﬁvai viia Cogduet6rscaint ghe

I h I LR
connect | on i t iR ol BIREEA-ERESHER, Peivhe L4TF nnr PAGh, &¢ Panding
printed 10 mstmctlbnar d5356exteﬂ'ds phrough dhecuholé®add715nad sfproei ded

i oo ohelei Eplgy e pbvisie s iRl el ok

hol es 157 in whi Iat| g str rough the holes 157
and forns 15 board 156 so that electrical contact can be made from one

side of the board 156 to the other side of the board. Aas
shown, a contact structure 155 is provided on each side of

the printed circuit board 156 and is in contact with the
plating structure - 158 formlng the rings 159 which

20 functions as a contact pad. Thus, the contact .structure
155 serves to form an electrical connection between
contact pads on two electronic components facing each side

of the circuit board 156 provided on opposite sides of the
plated-through hole 157. It can be seen that the shell

25 131 provided as a part of the contact structure 155 also
extends through the plated-through hole 157 and is
disposed on the annular plating 158 provided on both sides

of the plated through hole 157. Such a construction can

be readily manufactured merely by flipping the printed

30 circuit board 156 from one side to the other during the
process of attachment of the flexible elongate elements

of the contact structure 155. As hereinafter described,

this type of construction can be utilized in connection

with an interposer. By utilizing the contact structures

35 155, compliance capabilities are provided on opposite
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annul ar rings 159 provided on the opposite surfaces of the 15 board 156
so that electrical contact can be nade from one side of the board 156 to
the other side of the board. As shown, tact structure 155 is provided
on each side of the prlnted circuit board'Q£6 and is in contact with the

pl ating struct 8%6 EBL weé ol 5%\%?&' &&uné sggseﬂieafaee-

contact pad. struc serves to rman el ectrical
connecti on bet M%taemw‘asom mVeFECPPEHPénHomrFP% edeckgoBA€nh

side of the cir¢am oméi 1§ Pragvi dﬁdta?g&ws'bar da oftHdie contact

pl at ed-t hrough hole A157. It can be _seen at the she 5 131 provided as
a part of the c%%ﬁ‘%ﬁ:ft ures #hawn iﬂ%ﬁﬂ‘g t ends t hrough the pl ated-through

hol e 157 arsd is di sjMiseni compldéanceulim phldyi neditired oondednen sti(dd"; sades

of the plated tdy 'fwlﬁ' Snl pSUgd | OB..C
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el ements of thep¥ided 6hr BhkUEatdas Aﬁoxheéﬁaﬁgiéethée&rdﬁtttﬁﬂ,sidnéSahype

f t t | d t
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i nterposer car¥84 nformsea QﬁPaUhlébr%ﬂ%n% agreRs itheehale 1§7 end is

When conpl i anc%ﬁdé&”ﬁb e otAdrosi@ecositdfe MYy byl sRitaplle meéahBat
shown in Figure 7 .can be utili odi nent, _the cqnta
structure 161 gFR Ry %ns%ﬁ%n‘i%‘é“‘iaslé‘g f’éx'[aﬁf) °ﬂe650?t8ﬁ$§15d§°3§ ffeved
I n Figure 15 corsitype orell fkmowh| to cthogstsk £l bedbnin 1€he 468 ahdcuseaefa
first bond 163 v}ﬁ'é h%cIrﬁﬁHQOf n@é?ﬁlnlesboﬂgilized in the semiconductor
industry. The flexible elongate element 162 is covered by
a shell 166 of a material of a type hereinbefore
described. It also should be appreciated that since
20 compliance is not needed on the 1lower side of the
electronic component 156 that the contact structure 161
can be replaced by a straight pin-like contact structure
101 as shown in Figure 1.
In Figure 8 there is shown another embodiment of a
25 contact structure 171 incorporating the present invention
which is used to form a solder colunmn. The contact
structure 171 is a composite contact structure and is
comprised of three "skeleton" structures 106 of the type
shown in Figure 1 which are spaced substantially 120°
30 apart and which are mounted on a single contact pad 103.
After the three "skeleton" structures 106 have been made,
a first continuous shell layer 172 is deposited onto
elongate "skeletons"™ 106 and the conductive pad 103 to
form contact structures like contact structures 101. This
35 structure is then completed into a solder post by placing
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secured to the netallization 158. The contact structure 161 forns a | oop
whi ch extends across the hole 157 and is bonded to the other side of the
ring 159 by suitable nmeans such as a secqouhbond 164 in the formof a wedge
bond of 15 a type well known to those skilled in the art and use of wre

bfndl ntg ma;:hl Neoldey | Zofert nl?hethéﬁﬂe%ﬁdléléhwl GIGTwsgwdeiFheahl [ee Q}Eﬁ a

el ongat e el emen is govere a_ she ri,al o

type her ei nbef &R Jtt?é’slter ﬁ%ﬁ “I@a?%oaghcﬁ?r@%e"gpp]reeagq atBd & gﬁ‘?\%’é 20
conpl i ance ishmﬁﬁg&&xhntwsenhthelpﬂaplikdecaﬂtddﬁasﬁnunhunus:anﬂwthent
156 that the CQﬂkﬁ% ML eo$6 d a ke
contact structure 1l as s'é]own %n{ﬁ%q'rngil ﬁfj aﬁg fB¥m aécgﬂielp%o“'
anot her enfodi moRtagt gtrycturenddd. s@?ﬂ%lll@i@gmﬁhﬁ:&sﬁopﬁt theg Q‘hbder

present invent tWh*mh'§51@%&dpb%tf@ﬁﬁ‘Besehégbugobgﬂas as [F6r Cé%h
structure 171 $§61co osite cqntact structur and I's, co réﬁiﬁ}ﬁ t ree
"skel eton" str ¥peoP a’r@ ® glPet? Fith R4

substantial ly t¥pjical] damnetaatieiy mdfuncmmrtb r@adnhills On Phesegseldent act

pad 103 ATt il Bate paViclail s BRURRIERE, 400 R BBl 5k 200" S

conti nuous she 'S de €l onga
t he condudfi vemid® ?_ti dl mm\twgm& rQﬁ:tZﬁ'etﬁQ imblgontAstexplainedes

101. This 35 nereidiberdres Hhpadrl e48doentRedcontdet Beﬁﬁcﬁ\irééafﬁ'g
This is the replacenent

174 t her ebet wve&H ]sjtsi‘?riefg}teini%éi?ﬁil%?%tﬁxl\la%?% ‘E%e" u?:h“%"ﬁﬁ 4&? %y of

| ead and tin \Mseulerﬁm goperattioran the pin-like contact structures and the
O o 195° oL O Bilh? 066 |18 SOLAEH N0Sbolppsifl dbntace
be varioud5si z&frastune exditfpl ewhich is provided with two contact
structures 177 mounted on a single pad 103 with
cantilevered portions 177a and 177b fécing in opposite
directions to provide two redundant resilient compliant

contact structures 177 for each contact pad.
20 Another composite contact structure 181 is shown in
Figure 10 in which solder 182 is provided for bridging the
upper and lower extremities of the contact structures 177
but not bridging the portions of the contact structures
121 having bends 177a and 177b therein so that compliance
25 is still retained. With such an arrangement, it also
should be appreciated that three of such contact
structures 177 can be provided spaced 120° apart with
solder 182 therebetween and that the contact structures
177 do not have to be resilient in order to form a

30 solderable contact.

Another embodiment of a contact structure
incorporating the present invention is shown in Figure 11
in which a probe-like contact structure 186 is shown. It
consists of a flexible elongate element 187 which has one
35 end secured to the contact pad 103. The flexible elongate

-
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It can have a diameter range from10 to 50 mls with a typical dianeter

being from10 to 20 mls. These sol der posts can have a suitabl e height as
for exanple 10 to 200 10 mls with a ty_?i cal height of 20-150 mls. As
expl ai ned herei nbefore, the balls 112 of 3 contact structures 101 can be

elimnated if ' - tyl S | | n
Figure 9 ther e%%%ﬁ?‘%m%jﬁégsnﬁ %d%g%ﬁé%tgguﬁ%%%%%%?%ﬂﬁ S
provided with ckhnother sppyutiaone 7 extendsd dawnya OYRE QDS
with cantilevelgagelObfi R At ik’ ‘Conpdndlt | R0SPPRY {£1EbFREEI P8Py O
provide two re r}%%ngax rgsifli e tvgﬁ%a to&f.éon'ta ctﬁér%greﬁézzgggﬁﬁch
contact pad. 2 n = t nt @tt u e in
Figure 10 8&n }mmmwmn&ag dopdedi Bydsgﬂtablédgéagstbechpmsramddcy@me][
extremties of .t tac s, 177 ngt I dai | O o]
t he contact st P I?L}{%uﬁgcg 2§a§§‘/¥§%¥%§nﬂ§z¥77;&¥ﬁg }%bg[%ngr%g ﬁ%#&tgﬁ
conpliance 25 alumigum layerawhdeh is\seburedhtantbercomponent 102abyoa
shoul d be appr ¢4ijike pHdtHrdd¥iste :]%f %cl%gt s o Uik fRadEe. CaReber

provi ded spaced 120 gpart w th sol der tween and that the contact
struct ures 177%%&‘40%\??5 Parn camplehad, the Aluminyy laxeroiss can
sol der abl gocontbec Backitgiced byceteRingnit awaly with acsufitable &tchcéuek

I ncor porating e tyd hon i h 0. Ei qur i |

probe-1i ke con?%ct%ﬁ%tﬁ@i%%&éﬁ’s S o%%ﬂxiggﬁsi%;°§géf¥ea%%% 2187

el ongat e el eneman ghewibe fastede is5 theemannasurhereinheforsndescr phed 103.
The flexible ehgrgnae shehd 190! ForkeRl 8¢CAPALcREECEORRI € alidy JOP d€8dr

-19- elenent 187 ,is_provided with a _bent, cantil evered portion 187a,
Anot her por t i ofUiFAR 1S, MAtRr iadwakMfne inkRat fif, described to provide a

a5 free standing spring-like contact structure 186 which has
its curved distal extremity disposed in a position below
the component 102. The material utilized in the shell 190
makes it possible to control the deflection
characteristics of the free extremity of the probe contact

20 structure. Alternatively, the shell 190 can be completed
first after which the sacrificial layer 188 can be etched
away. Alternatively, it should also be appreciated that
the bond of the elongate member to the terminal 103 can be
of a wedge type and the bond to the sacrificial structure

25 188 can be a ball-type bond.

In Figure 12 there is shown another probing contact
structure 191 which is provided with a flexible elongate
element 192 that is bonded by a bond 193 to the contact
pad 103. As in the previous embodiment, the flexible

30 elongate element 192 is provided with a cantilever or bend
192a and a portion 192b. The portion 192b extends over
the edge 194 or through a hole provided in the component
102. A shell 195 is provided over the flexible elongate
element 192. Additional layers are provided over the

35 shell 194 and consist of a layer 196 formed of a
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edge of the electronic conponent 102, or alternatively through a
feed-through hole of the type hereinbefore 5 descri bed and i s bonded by
sui t abl e means such as a wedge bond to a §<nwf|0|al netal |ayer 188 as for
exanpl e an al um num | ayer which is securedfto the conponent 102 by a thick

phot oresi st 18 f t pn{&%

conpl et ed, the%ayim num%ra er% S&ﬂ{% ]}"sb'(?c;slg'crégJI % etc f&? away
with a suitabl é-9€t-ch1§uéﬂY&§ 38di & ayeundede. ttrﬁéefiéxp’é% eﬁéngaﬁ@obe

el ement 187 cagonitaetbstaqiitiitd MdhewRPERcprBoiaeBb el Gitei dhded | 6eRtaet h a

shell 190 forne f a ni c bal t, al | oy aor ot ui t abl terial as
her ei nbef ore d¥ %%@gegaﬁe. fr’@é‘%[}gndf WI?‘?(e“%%rﬂ act
structure %86 pirioble Immtlam struetudesial #nt syate‘usdwheneeslhielmmsim on
bel ow t he corrp {

possi bl e a&%g%ta %g% o-p‘%é?es?aﬁ t‘# o%ﬂgclﬁ%#éagﬁieéﬁfﬁés o% ?ﬁ%e
extremty of tﬁ@ g eprohingt structureyct uAs. shawnerint Fignye 12 sHee|

190 can be conpligtadmbists lesdtiriedityhish fﬂs éﬁbéf wn%ladtayﬁrd&ﬁxf@m@f
et ched away. Alterge&g?hyf?lt shoul d e eC| at t,the bond of
e

d th
the el ongate nEffe %?rﬁ%é’rhﬁ aXe\ﬁe& & P?Eetlaﬁom?w bond
to the satoi fi daglersisacsor ¢hadd diisatcecnbace ¢ah| bé ypadeowniith |andtiger e 12

there is shown r . Qo (@ re 191 which is provided
with a erX|bIe%@$%%§a edé?énenﬁeggg Fﬁgpc!ﬁ} onded by a bond 193 to the
contact pad 103. Ins Figuree 13- dAhexes isnshnvwne another remhodinerdp of a

el ongat e el eneglontdet %t%@thﬂ*&dzmt Enéofﬁai‘bfﬁiértﬁé Bﬁééeﬂ@zﬂﬁé\‘i‘t.ﬁon
portion 192b. ,The rti tends over the'e 194 throug{: a_hol e
provi ded in théfnco‘ﬁlgg }c 1 §/mPONEN, | %% i®fe

el ongat e gbeneprihted cmebdlitl boakdl e;nrbeaut:.piudd_ad gmeintétpeéer asel |
194 and consi joreQhodeUeberiBla. f Aih ¢hle pRelibls’ EnbBAihEREATLEN

is provided with a hole 203 having plating surrounding the

hole 203 to provide contact pads 204. The contact

structure 201 is of the type hereinbefore described which

20 has a portion 206 that extends upwardly on one side of the

electronic component 202 and another portion 207 that

extends downwardly through the hole 203 to the other side

of the electronic component 202. The portion 207 is

_ tempérarily bonded to a sacrificial substrate (not shown)

25 which is removed by etching as hereinbefore described.

With such a construction, it can be seen that electrical

connections can be made from both sides of the electronic
component 202.

Another embodiment of a contact structure 211

30 incorporating the present invention is shown in Figure 14

in which a sacrificial aluminum layer 212 is utilized

during construction. In the area where it is desired to

form a contact pad on the aluminum layer 212, a plurality

of negative projections or holes 213 are formed in the

35 surface of the aluminum layer 212. As shown, these
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-20- dielectric material which is followed by a netal |ayer 197. If |ayer
197 is grounded, there is provided a probe contact structure 191 which
provi des a shielded contact with controlled i npedance. Thus it is possible
to use a 5 probe contact structure 191-<i23=systens where shielding is

desirabl e or necessary to inprqve el ectrical performance, of the probin
structure. ABegpbiNe prejggtdops amdiqjies a?o%s‘t’a’éxPFeH‘Pt ftgl'r'é' ﬁffgbe

cont act structmweirﬁadcap miakt b&ﬂﬁn@’f tihe cipeheet.ric I':mgar nkfatdvé t he '

metal 10 | ayer 197 I Lect ct,_,can e W t not

contact pad orpﬁﬂafﬁ °§Fr ﬁftglp es ¢ d‘glr %‘% a§ﬁ0\%ﬁ% fﬁel

enbodi nent of uit:bntaaotsomdu@bimg emaﬁerinloﬂndr &ualy asegpldseont rhodinm on

in which tge ebgglrohg 3L ¥ owe’d by o *iﬁék%flmﬁg& zmorabdat%dray
2

board can be utilized as_an inter poser as her el naft descri 1r18the

previ ous enbodPfelPdd 275 B FAGEPle @longadie crnsuchivey &
surroundi ng t hgopmead of03 sﬁﬂtﬂbmélﬂs'téﬁﬂiﬁcéumdés d ox iammm:tis

t t 201 f.t d ed whi h

or t1 on 206 t nef, PERAER Sha ke, S devarn i %we‘tﬁa@%e AeatE AR
202 and anot heaspar bond 209.t h'aheeﬂendbleloelmaitq elemanth 218 extiand=)3 to
the other 6' ggt%ghpﬁ &' 6GHVENGF en EBESPB{:%%Q%,&%

tenporarl Yy sacrifrcial su rate not °s

removed by et cﬁhﬁgeéfcﬂPéﬁﬁbmm&ﬁ%Gn%ﬁ%%ﬂ@h °é’eé'oﬁ:§‘ter R (ﬂf it

c?n be seen thaheeloeen:rz gqutal ammtamzieabobaeaa@ei-ew lmt fa ssuhsamfelt 28
el ectronic co nent er e e

[ ncorporat| ngnB%’émSFess"}ﬁh A% E ng[’)% énga/h %‘g F[%' 2?2]1
sacrificial al Germed pSyarspuing autoy Mrd@rh of tbQStymthQ;reinbafqnee
area wherggit aéséfibéadiEOdE?g%‘ééggoﬁ%ﬁgtstﬂédfP&h?fe % 1GRGUAE |Adiferdl 2, A

plurality of negative project are med 1h the 35
surface of the2iBuppdusktepds over thecontagt pagedf3 and over the gold

layer 217 to complete the contact structure. By an

appropriate combination of the properties of the shell 221

and the trajectory of the bond or curve 218, the desired
20 resilience can be obtained.

During this plating procedure, the sacrificial
aluminum layer 212 can be covered with a suitable resist
in a manner well known to those skilled in the art. After
the contact structure has been completed, the resist then

25 can be removed and the sacrificial aluminum layer 212 can
be dissolved in the manner hereinbefore described to
provide a contact pad 224 at the free end of the contact
structure 211. In this manner it can be seen that a
contact pad can be constructed with a controlled geometry

30 as for example one having a plurality of sharp points
which can apply high local pressure forces to contact
another pad as for example an aluminum pad on a
semiconductor device to break any oxide present on the
aluminum pad and to make good electrical contact therewith

35 by causing deformation of the aluminum pad around the
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This is the replacenent sheet Date: 11 JAN 1997 -21- negative
projections or holes 213 can be in the formof inverted pyramds ending
in apexes. The negative projections or holes 213 in the alum num are
then filled with a conducti ng materi al 2¥22such as gold or rhodium5 214.
This is followed by a nickel 216 and a |l ayer of gold 2 A flexible
el ongat e condushar® @aintf. 21 'Bg¢%¢ ndighf cantas aSPEcﬂgt é’PF‘a%’es ‘gol d
or alum num i syhiaek bapgedihg taheravheivayer 134 byerall alfiorcecaon sthdh as
a bond 219. The fl exible e%& gate el enent 218 extends 10 through a curve
or bend 218 anFAMAFHPEE &8 one side of the el ectronic conponent 102 and
extends over the to;Stdﬂlt hanothernccopkdctoBstaructure odtearppsating the
sui tabl e ngnne ds@2 a I f a
”?z%;éf% .}Wﬁﬁtf&? i% Showh €l i’ﬁgﬁr@ yfte tbh.’?&;- EfbiRd #

spring aIon ype herei nbefore escrlb s de 03|ted

over the flexiigoatacingad 222nearried Byd the fxre 98d Pfe % 103
and over the ggtddctiffe 2‘5610 C @R eé@nﬁélﬂ: cpalacs2pt hag uae. depeB')ﬁ

appropri ate conbi nat t th I

trajectory of t”r?é’na 3 W perPh §| r%in%eé ?ésﬂqq égcgﬁ be

obt ai ned. Duri m@dﬁam;\ﬂlaai i ugnpaoteqbaﬂe 22he sdbhe f conthctl lpndluﬁﬂﬂayf@ 212

can be coygred é@r{éh%c%&é "iE:' & ﬁ&ﬁhé% é{hﬁi@@be‘hh\éehbnjéﬂe{“pé& 359S6ha
er fhe act str

skilled inthe ar con uct ure H [ he
resi st then 25by &'&ﬁ B eXABPLE GRh he proyvdded with Slﬁ °‘§’l‘2mcan
be di ssolved i Righ e Rosciamdchonay deszzsbelisbof@rﬁdddﬁaaMBwrpad

RIS bt s R e
as for exanple ]ca)zemem:ng:ﬁ oI nickel yal¥oy wiriclpdisteoveredh witth aQ)pqgltﬂu gh

local preggure fQf6es 445 CONt3Ct f1exible elongate element 236 of a

conductive material is connected to the pad 103 by a bond

237 and extends over the edge of the semiconductor

structure 102 through a cantilever or bend 236a and is

bonded to the gold layer 232 in a suitable manner such as

20 by a bond 238. The flexible elongate element 236 as well

as the bonds 237 and 238 are overplated with a shell 239.

The shell 239 is of a strong alloy of the type as

hereinbefore described and extends over the pad 103 and

over the entire gold layer 232. With this type of a

25 contact structure 226, it can be seen that a cantilevered

probe 228 is provided which enhances the ability to

control the deflection versus load behavior of the contact

structure 226.

Another contact structure 241 incorporating the

30 present invention is shown in Figure 16. The contact

structure as shown is bent into a 1loop. This is

accomplished by taking a flexible elongate element 242 of

a conductive material and bonding it to one side of the

contact pad 103 in a suitable manner such as by ball bond

35 243 and then forming the flexible elongate element into an
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anot her pad as for exanple an al um num pad on a sem conductor device to
break any oxi de present on the alum num pad and to nmake good el ectri cal
contact therewith 35 by causi ng deformation of the al um num pad around
the This is the replacement sheet 11 JAN<B®7 Dat e: -22- sharp points.

These hi gh contact, forces can be created I 1e applying,a relatively_|ow
overal | force &Psige (‘.’t?r'l’l"agi‘?%&'4524Vh§FPmsaﬁSPﬁ§F¥&8n ﬁcFﬁgt %GWUEQ a

i ncorporating " and thewcattaching thei athegwendnofi gleriblenwbllohgatews a
contact pad 227 [l.ed, by e e f e t uc e . The
contact pad 22?11%??"& dggen mg“ﬁégﬁa%é% I égshéggd%%&’%%&zzégéar%gdbgt
one end of a r&xitahlieamesns: suchpag a’wedgeThondoRddect Paghelrl p46igan

construct eg i n thefPBRCEotnBll 6h £Ke I FeXiBL S @1 dtifate’ L13kent) 263Y il the

ayer. 226 a oo MR RS ainbedoTe: daRGRARRA. YR CPa) 8r SepbsiEedopurEdtne: n
igOt hF; iefm zzagimdsammf ¥ 0246 ahgkebegl khe Wdges icf cﬂv?rednuéb pag\c;Ied
mat er i aIy S coﬁ"r?ezsc't eéq odlﬁge%aiﬁ %;%35%3%%%@%% %ﬁ%‘%‘%@eﬁdge%gggggﬁig
edge of the semigdfducontact ratructure? 28i.ougktasbomld dver apprecistedca

and i s bopged 4dalthei HOladd TR, Zﬁfr NtRhagtli | @EFTRERE" 1BEPePScéftacky a
bond 238. The flexible el g'ngate e eéhent 236ég§ \?\’/ell as _the bond‘s: 23§;and

238 are over pl &ERCHUNSS, 24 Fan ke ProRided | ¢n A Pad; 103., FPr R¥amPLEy of
the type as hemmionleff cscliestrubtaresdceant bed provdiddd avlpich 188e aggacear

e Tt Lo Ooe g e sl Bobloly' 18,3035, %0 LConIaCt ST hCIUTe
enhances the abilitpnofther contact structure 251 incorporating the
15 present invention is shown in Figure 17 and is comprised

of two of the contact structures 241 hereinbefore

described in conjunction with Figure 17 which have been

spaced apart and mounted on the same pad 103 and in which

a solder layer 252 is formed over the contact structures

20 241 and bridges the U-shaped spaces provided between the
contact structures 241. In addition as shown, the solder
can bridge the two separate contact structures 241 to
provide a unitary solder bump 253. It should be
appreciated that if desired, the two contact structure 241

25 can be spaced far enough apart so that the solder will not
bridge between the two contact structure 241 but will only
bridge between the bridge formed in each of the contact
structures 241 to provide separate solder bumps on a pad
103.

30 8till another contact structure 256 is shown in
Figure 18 in which a large contact pad 103 is provided on
the semiconductor component 102 or other electronic
component and in which a plurality of contact structures
241 of the type hereinbefore described are placed around

35 the outer perimeter of the pad 103. The bonding of the
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control the deflection versus | oad behavior of the contact structure 226.
Anot her contact structure 241 incorporating the 30 present invention is
shown in Figure 16. The contact structure as shown is bent into a

| oop. This is acconplished by taking <s24texible elongate el enent 242 of
a conductive material _.and bonding it to one side of the contact pad 103 in

a suitabl e manAStesnal slongake |elemenbsor skelgkan: Hén stanhedy whdh a
B e e e e o S
-23- _upsi 0 a  whi i eper, in formof a
"U' and then ag"é’%ﬁ r%ﬁf hgﬁgfﬁgﬁggﬁﬁnof"’q Ié}i E?EQEEOES’EFZ %Iﬁé%ﬁ?n%{%ﬁe
ot her side of tfleaceocilasinga@ ¥43ume.sulhabioterand elohgateaelenent bisd
244. A shekl 2 be,sf d tshe Xi cﬁnﬁ'o a I t
242 in thegnan%'g‘re‘;ﬁg?g?ﬁﬁée’?geg S‘éis#g{r rgechﬁ]ilch(?éedeégio& tedagv}(rhetehé%onds
244 and 246 anbe¥ednbeforejsiescriheds coffhereatengaliay fence thengang
possi bl ettg % De ?ﬁf:’;ﬂufdgtwehy rs'dlidézfon(ﬁ&t sg?u?iﬁyretml§rd¢itd§1?%d be
appreci ate if. desired, nor an one 0 oped contac
struct ures 241f5§ﬁs%€n&‘5\ﬂ (fé’l'}‘ﬂer}' aF?fgrthl T 7, PR %&t?ﬁnﬁeg\ﬁ%h"s
struct ures canabbeptowsishkl whiereh that dsdesixedtst on the sane contact pad
103. Anothgr conta re&?(d#f 1, ofat | Ngql
i nventi onlﬂlss shown :ﬁrx}\ I!'%g;ur %ar:ﬁﬁl gdc%rir.‘p%sé 5?8%1\7\% g? téﬂ% ‘(Q:%ﬁfg%%s

|
structures 2419fePePHbELEALe 392 haking (f kAt ARG BOCORG: R1ANGL, BUNKAGRS ch
have been spacg@3ap@id 30d."ountm@ik ogubBtratéat 302d d4s hade a WBuitable

FOLOET YT, 258 Rl WL LUEASPR! BChohEU B T il g C0ee
additi on as shpmeferiadlyol Has can thrickyessheofw2@efar al@0comilsws  The
structuregg24lgifistrate 302 can be formed of a suitable material such as
a molded plastic which serves as an insulator and is
provided with a plurality of spaced apai:'c holes 306
extending through the £ irst surface 303 and a plurality of
: spaced a_bart holes 307 extending through the second
20 surface 304. The holes 306 and 307 can have any desired
geometry in cross section as for example circular. As
shown, the holes 306 and 307 are eccentric. Thus each of
the holes 306 and 307 is provided with a straight sided
wall portion 308 which extends perpendicular to the
25 surface through which it extends and can include an
inclined wall portion 309 which is inclined inwardly and
downwardly into the hole. As can be seen from Figure 19,
the holes 306 and 307 are arranged in pairs in which the
holes in each pair are offset slightly with respect to
30 each other and are interconnected by passage 311 extending
between the same so that in effect there is provided a
single hole extending through the substrate 302 with one
portion of the hole on one side being offset with respect
to the portion extending through the other side of the
35 substrate. Thus in effect there is provided a composite
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provide a wunitary solder bunp 253. It should be appreciated that
I f desired, the two contact structure 241 25 can be spaced far enough
apart so that the solder will not bridge between the two contact structure
241 but will only bridge between the bria@b=formed in each of the contact
structures 241 to provi de separate sol der bunps on a pad 103. 30

Still another doH€adlZsiwhicheamde iplahiedyin @ mopventienal wannen asr ge
contact pad 10%drs edampXiedadnutieised ¢2EAUPFORtEQMRARRRY t1 bdbaast F 16y

The type her of RBaGAI AL, Aibed BrBpdhtholds Mnfal Ry 2 aiar i (it or

of the pad 103 forfied lofha matetritliesiibhsas scopper aqpticmelily Iwstcdated 11

JAN 1997 - 24-: Jhnt eraal t ' ' a
bal | bond 543 3L GEIE CHORRGLE 6F CHRE o%EeBECpEL0den Hetiigith dch

t her ebet ween t Paix Pf cdollesr 36 r aDAaZAT aktherecdsciprovided vl pAanae
internal el ongghulldeFerdo6 Siv thé NBOLEMR’ §£2856h Vot NtheS hdliles( MY Sdypan)

of the type herei_nbef or escribed.., The rectangul en t hen cap be
fHilea wien  oBmien Siish W mating S daidrerifladc dhe mhtidere
contact or a b3 vinith dche splatinmg 31Bedthextedn Wleorm tedrsas stdeswhich 10

having 1128 afuEaiant”BnkAct Quplcti-a8asfst s Trip MY {fdoll )

can have a sui 8e§cxibed: land sagsshewneianfligureng wan rben formedoo Fhe and

preferably haspatleHiahineesmihg?né EHé14M1133 of $136n lGont&eP Bl BHEs can
an i noulator aRIHCS SFERAURGOVE n EHSRLRRAE, D15 SHERUAOSBAtoT AL T
ext endi ng t hr okhirouigh fthestcompdsite Hddeadd2a tl foxim tan excellent bond

15 between the contact structure 121 and the plating 313.

It can be seen from Figure 19 that the contact
structures have a suitable length such that their free
ends extend beyond the planar surfaces 303 and 304 on
opposite sides of the substrate 302 so they can make

20 contact with electronic components as hereinafter
described. The free ends of the interconnect structures
121 can be spaced a suitable distance apart as for example
10 to 200 mils and preferably between 20 and 100 mils.
The substrate 302 can be formed of various types of

25 plastics. For example they also can be polyetherimide,
polysulfone or liquid crystal polymer based plastic molded
materials.

In the arrangement shown in Figure 19, the pairs of
electrodes are electrically isolated from each other.

30 However, it is apparent that the pairs of electrodes can
be interconnected if that is desired merely by placing
conductive portions of the plating 313 on the sides or
surfaces 303 and 304 to make the appropriate
interconnections. For example, the common plated portions

35 on the surfaces 303 and 304 can represent power and ground
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spaced apart hol es 307 extending through the second 20 surface 304. The
hol es 306 and 307 can have any desired geonetry in cross section as for
exanpl e circul ar. As shown, the holes 306 and 307 are eccentric. Thus
each of the holes 306 and 307 is provided=-g6+h a strai ght sided wall
portion 308 whi ch extends perpendicular to the 25 surface through which
it extends and pranes nwhidk nak'endgp:@@r\ﬁalﬂe pntercorgtictiions te powerned

inwardly and d ole. As can be seen fromFigure 19, the
YU dnd Bhidiad!

hol es 306 and arrange pairs in which the holes in each pair are

of fset slightly witHndisame 20 therecisshavn @ doublessifed dpssrposarpy
passage 311 eXtﬁ\ﬂlﬁlﬂi&?td&fﬁléﬁE oFRE astr.fi@t substirhee! sbheiq n:heptafmded

hol e on o si R ot Bt L eRepESERERER of it sitieaeds abderday Shrhougn
t he ot her si de as & r;mlﬁmidmbsmplurali'hylsof repddest tapdrtr hales3@3i dad a

composi te Thi's e s /il aceTeab1alge shRLe end ] gkidAXe 3725 Nohg 312

whi ch can be pla conven onal” manner as for _exanple as utilize
with printed cisWestrakrralse oranr bei dnhe fonmePf hd ctghnfereed BPOKYhave

a pLatlrg 31%fiuﬁﬁﬁhﬁi SutRiLE | @h EPS: daﬁegﬁféﬁéeapbiﬁﬁakhbeQ E?ahﬁﬁ S
g0l g oot Sl B oL B e el il T St
the hol es 306 Mé&tk?befnmhldésbhébpaamsngxéﬁm ferpphatday ﬁh:sou@bultuers
Siruth res o0 BHLARHE AR0CAGP EPTAIAR oLl it 2R8TEM th, Sop 2
can be forned. sige ﬁﬁﬁerm%#albwﬂﬁigm hd2Zhan sthe) kattemhsdde: £
structures al SOsnmé@fﬁiéem@zztfa%plsﬁd»ﬂg 3B Wigurded 2iqr pl mewaugh
the COFYpOS]I.é © hgégné%cl ictn'? Jl %ré g¥gglelngnin\tr)gg ion, it can be seen that
if desired the metallization 327 provided on the bottom
side of the substrate 322 can be eliminated if desired.
A contact structure 201 like that disclosed in Figure 13
can be mounted on the conductive layer 326 adjacent the
20 plated-through hole 323. This contact structure 201
includes a contact structure 121 which extends resiliently
from the one side of the substrate 322 whereas the other
contact structure 201 extends through the hole 323 and
. beyond the other side so a probe type contact is available
25 from that side. It can be seen that if desired, circuitry
can be provided on the substrate 322 and connected to the
contact structures 121 and 201. In addition, pins (not
shown) can be provided in the substrate 322 for
registering the interposer 321 with other electronic
30 components as hereinafter described.
Another interposer 331 incorporating the present
invention shown in Figure 21 in which resilient contact
structures 121 are provided on one side of a substrate 332
and solderable contacts 334 are provided on the opposite
35 side. Plated-through holes or vertical via conductors 336
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15 bet ween the contact "structure 121 and the plating 313. It can be seen
fromFigure 19 that the contact structures have a suitable | ength such that
their free ends extend beyond the planar surfaces 303 and 304 on opposite

sides of the substrate 302 so they can na =20 contact with electronic

Gt ures 121°KAnPREVaHRRL4TS Win ARREFEAT 20ce. nRRARIRF B, bk S 40 (o

200 nmils and ptyper l%blrpibblefoe‘le ﬁésan‘d.bbdoim qunjmts@mma:the F&mlnaaﬂ be

formed of vari gg@ ¥3@ 35 gﬁ c# xeggl g? ?é
pol yet heri m de, ysu one or st a 'E ast | c rm ded
materials. In FH’S sonpegteentt %tﬁ‘m P#d@%r@ QuWﬁe"béFPs es

are el ectrgcal xruseugesdlpioaheatie Gtdof¥s 1dioueéeﬁouhteas anﬁ?éqrﬁ
that the pairs, % bctrodes 38 be ,j.ntercqnnected if, that |s Sir

nerely by pl acl Tdu&ERe Y ofdi& IROREL, o 33k RFYEAEs fhe)
surfaces 303capahdlitg0of makingnspringtbentaabsrfmon aome sa.de of the

i nterconnecti Oﬁgtﬁggbsﬁfa@{da sBE&eEO%%ﬂgﬁedoPOrs%zﬁa&'agie &hé%&cerrent

surfaces 303 an can represent power an ound IS the re
sheet Date: 1§r9pNtQ999ther Eédeppﬁnﬁbev\,ﬁmsﬁrﬁﬁﬁérappropr| ate

| néergf)nnmgl gns EOIﬁOFQQuQGdZQr HhedeC G¢ ¥HoW |iﬂaﬂaz§5d:{§é12@41hm%d}§3%0m
a ou e-Sl| de I N ser S ast | . C I at,e I N
haform o opEBVERRA° il oS hERrERERA chos Pl aof Elieachu e

a polyimde. R2pl Uhé.lcht yumf mmpamtoppbsitQZBides iof dﬂé\imme

mol ded into thg, % thrEﬁghsuﬁéiéét S84 S%h%g@l;\ehil?dberg% orm

of a reinforced ep oxxé ?ate such rel nforce ass
and 10 the h§F8BA9EEs|BAFLcdThRcFERRAREES. "34 | 3F¢ nteeRzshaped (3nk are

15 mounted on the metallization 347 carried by the substrate

342 and can be positioned anywhere on the substrate 342.

As can be seen from Figure 22, the standoffs 346 have a

height which is 1less than the height of the contact

structure 121 so that in the event there is undue pressure

20 applied by the electronic component making contact to the

contact structure 121, compressive inward movement against

the yieldable force of the contact structure 121 will be

arrested by the standoffs 346. The standoffs 346 can be

made in the same way as the contact structures 121

25 hereinbefore described with a skeleton covered by a shell.

However, it should be appreciated that the bonds at both

ends of the flexible elongate element internal of the
standoffs can be wedge bonded if desired. _

In Figure 23 there is shown an active semiconductor

30 device assembly 351 incorporating the present invention.

Assembly 351 consists of a semiconductor device 352 in the

form of a silicon body which is constructed in a manner

well known to those skilled in the art and has internal

metallization layers and internal connections It is

35 provided with a top aluminum alloy metallization 353 which
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her ei nbefore described is used for plating through the holes 323 and for
providing netallization 326 on the top side and netal lization 327 on the
bottom side of the substrate 322 as skpgm in Figure 20. However
in 15 connection with the present invention, it can be seen that if
desired the nétmld:weredanZE mmnatmtheyent B56d. si de piurabitybefrate

322 can be elidg K
di sclosed in F ure 13é can efér\r%urﬁ%e on %@g) ugbli\:}égﬁo&é aeégf%l()jje%cent

the 20 plat end Hwongh heles 35fhP§°¥§ﬂ?%cjcn &he, paged EGPPn%?YJ%Pés a

cogt act st g ggts\ff a'.lrﬂilﬂ&#é%cﬁiﬁﬁiﬁ%ﬂ&ﬁlﬂueelatlkﬁhihhgg?kbalmmﬁaﬁiﬁﬂ 9631 hﬁ

supstrate ereas,.the other c t act uc re exten t he

ol o 523 Bnd A oReR: RE RSN Snofislee Adnctbs ueparRaet tar.hf | EBfe 25

fromthat si deconuatcfcarsﬁmqmmest has5i fa:l:bswrlat!h,ne@i r i ttwo caowse withi ded

on the substr u r 1 01.
S p| n not K &Hom%wc ﬁigf&&:lr oEsw Sﬁ%}t et e%Eh ‘E'BU Sélﬁa of‘f‘ge@

In addition, in the substrate

regi stering t & ypperpost,tip of Hehe Hihey (ﬁﬂ"t?a:ﬁ? StEHﬁﬁBﬁeﬁt %5%5
her ei nafter dewrpﬂwhdé\r@t Stagyetreda pagfandenehtiCRARONG! pOEsible ptREES!

I nventio |n FH gur 1in |ch e5| ntact stguctu 121 are
provi dedq(?n %f ﬁ gﬁﬁs?‘r‘ asqr}r'tr& F"ée% %’é%tgiggéln e
provi ded on t rnadspponl t'l:ehe85sem£cdnduc€bat deéviikreo B2 hodys ber a/ecertainw a
conductors 33 qe

are provided fanlt a}és%b tr 3%%%%%%'3%% %gl)%% efét%r %Nh%%& gl n efore
descri bed in &hje¥rRRm %‘1 |p¢I§]lﬂ’jés? aﬂ'@%ﬁ&@ﬁ&@ﬂ'eénffﬁS S}SBB%P?E e de of
t he substrat ec&SZth&d eoRtactnatinittrddespbatedly e/ apauchi gheaber

i T R
which by way of example could be 10 mils or 15 mils. This
different spacing for the free ends is readily” achie'y_;egi by
providing different offsets for the free ends'-of the
contact structures 355. Thus one sé_{;_' ~of contact

20 structures 355 consisting of alternate contact structures
355 can be provided with a larger bend than the other
contact structures 121 in the row so that the free ends of
the contact structures 121 are offset by a desired amount.
In this way, it can be seen that there can be a relatively

25 close geometries provided on a semiconductor device with
larger pad separations being possible for interconnection
to another device.

If desired, an optional encapsulant 357 (see Figure
23) can be provided which extends over the base of the

30 contact structures 355 and which extends over the surface
of the semiconductor device 352 overlying the passivation
layer 354. Also, if desired, encapsulant 357 additionally
can be provided on the lower extremities of the contact
structures 355 as shown in Figure 23 which serves to

35 envelop the lower portion of the cantilever of the contact
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capability of making spring contacts fromone side of the interposer and
sol der standoffs or sol derable contacts fromthe other side of the

i nt erposer. 10 In Figure 22 there is shown interposer 341 which is
provi ded with doubl e-sided resilient conteZ9-structures 121 which are

di sposed on opposite sides of a substrate 342 having pl ated through hol es
343 therein anctiecturen@Es 3G dasired anadlf of 3tBearontaop- skapctuxed

are 15  nount %@%éﬂ‘%&*&h—%s}i %n?»éaca%au&%maﬁhenaabgh&ah% 347 and
can be positioned 3%%9 ere on t strate can be seeg‘mrom = gure

22, the standofine Hed anﬁépgmam eR7i §S|Sé§§suﬁanmvm# oF ke

cont act struct lltehéﬂllsﬂitﬂ&j hén&h!ﬁn@vﬂl&ﬁna@&rﬁ: sexnfidordectssugevites

appl i ed by §|;g on| onent i ng contact to the contact structure
121, conpréssivVv rﬂ ?ﬁ%‘t he yi el dabl e force of the contact

structur_e 121 will b‘e aemécbadubyorhdestﬁmioaneﬁhay G imnupbrating can
be made in the é@%ﬂﬁfoéﬁfér@%ﬁ% Shgﬁ@dﬁr ‘oh }L%lsﬁéwn é&ﬁ%&om

described with a s el eton covered vvever
appreci at ed t hAnd [RPNFARES A AR ha‘éﬁ%I%e oserigonducter edGVéﬁgaP§7eP'9ﬁ‘€Ht

i nternal of thﬁétﬂf@@idédCﬁmthea\nmﬁ(ﬁuhpmliiMidrﬁdfofﬂiEgg&bﬁtaat

there is own ctive_sem.co ctor _30 devige asseé .
i ncor pora tb tqa?ed%r gg‘en?rﬁﬁ?en?g%h A?ger’rﬂﬁy 3% cmn?() o?‘ﬁ‘g\e active
sem conduct or deenigorgitctior t hdevdice of cansi | beon &@odymenaxyh | hdgnst ewrct ed

in a manner m'ﬁiégr@% dd105€ MUt 'oi et sl Falde %&dggéssbﬂ%b%agctor

netallization la nt ernal connecti ons rovi
top al uni num al9e¥AcRt367 |5z%1t‘FQ)YF% l?ml%hpﬁﬁﬁi"F'Si?ﬁelPEﬁFaééﬁent Hodes:

Dat e: 11 JAN dﬂ%ening%BsmSaQQVfbfﬂebym m%a@éimi@vara 369Ain
plural ity @f cotactnSt "UEIY Shovn + fhSad YBR1 DTS 10° S S8 ChLPEdr
example by utilizing a photoresist and a suitable etch.
After the holes 371 have been formed, a continuous
~shorting layer (not shown) is deposited over the
passivation layer 369 and over the aluminum alloy contact
20 pads 368. This is followed by a photoresist layer (not
shown) after which holes (not shown) are formed in the
photoresist which are in registration with the holes 371
and are of a greater diameter by 0.5 to 5 mils and
preferably 1-3 mils. Thereafter, metallization 376 in the
25 form of a suitable material such as a layer of nickel
followed by a layer of gold is formed in the holes 371 and
into the larger holes formed in the photoresist after
which the photoresist is stripped in a conventional manner
s0 that there remains the metallization 376, and the
30 shorting layer is etched away, other than in the areas
underneath the metallization 376. As shown in Figure 24
the metallization is deposited to a thickness of 1-3 mils
and provides an annular overhang portion 376a.
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extend through holes 356 provided in the passivation |ayer 354 and nake
contact with the alum numnetallization 353. 5 As can be seen in Figure
23, the uppernost tip of the contact strucéﬁres 355 are aligned in two rows
with alternate contact structures 355 in eath row being offset fromthe

uppermost tip of theg 8&@% ﬁ{:?&ét_[%}éy“%fs Sip ie?r pree;' dené_stageaked
arrangenent naki ng possible dlnen5|on an The spaci ng
bet ween the al URtFREFPEES oanhe AN coprevideddevilbe 3§Demay°EE'§héEP@al n

g' st5 ancle ap% t ﬂ?téfﬁ@%@?&ﬁd 3bnst tde tbﬁbw fvatﬁmﬁhebm\uww‘e eéasabgggan
e 5mls e s ered free extreniti 0 ac res can
be a nuch great’&?"a‘}g OFi s?léﬁl:% Barfe gﬁ géai tl?ﬂ_’?dfsdt sﬁ V\H:'l'f% BPBur e
23 whi chf bys V\/ﬁyshﬂpedangtell:m&dxe 375 rurkswrilthl!ﬁhm bhelIhnssgektendmhg
spacing for t e agdhlLy 23 e 044l r

of fsets for tﬁ%éél?egﬂgn}sdpgfaf g‘hc%on %ﬁ s??‘gc ﬁ 9?3@ td '{ﬁ SQEeCt

set of contad@rovidea langer-4ispetevncap: i mgwmayﬁim.etb@npaatact

Structures 121 Seey @9‘“9““?#‘*% P T s
121 are of f set Wé{ s 0’5?1’(%‘&"5 i thes : FPEEQHegegge ﬁpPﬁggaPﬁere
can be a rd at wﬁlth&?shel:‘ll memgsonfetraﬂseprvnvidectlmnpuo&amesdlsctuc’anr be
device with |ar S r onto
anot her devi ce. gﬁi@&? , g’#o |ona é“%%za;lsa"?e{"oé‘%%?g‘%% gure 23) can
be provided which exk%rﬁi!mm'elm Fheub'&s@‘lthhmémat'-tcéﬁrmuﬂeﬁjéﬁér ean355
and whi ch ext er!?évé’Vﬁlftﬂﬁ-éitrféSﬁfi)&ufi‘@i&%n Qﬁ'&ﬂucé&ﬁed%\ﬂﬁ%g%gar er

add ] onal |y c RS pAod RERTHE « REVABNe aeeE IS oFAER, hiRe FLEn
struct ur e15s355 1lasgehobends Eagimg 28ngér ctantilevered portbonel OpEVeey
| over portion ofpfle oaRlibeYhe cdhtac"beehotllss' Sd1 ®ekeBha°HE bn
opposite direction so that the free standing ends have a
pitch or spacing between adjacent free standing ends
identified as mD which is different from the pitch or
20 dimension D between adjacent contact structures 381 at the
caps 376. It can be seen that by providing different
angulation for the contact structures 381 as well as
providing different shapes, the free standing ends can be
disposed in a plane which is parallel to the plane of the
25 active semiconductor device 367 but in which the spacing
between the free ends can be significantly different from’
the spacing between individual contact structures at the
bases of the contact structures to provide the desired
spacing or pitches at the free standing ends. In other
30 words, it can be seen from the semiconductor device
assembly in Fiqure 24 that it is possible to place
contacts on a semiconductor device at a certain pitch
whereas the same pitch or different pitches can be
provided at the free upstanding ends of the contact
35 structures provided thereon.
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-29- structure 355. If desired, all of the contact struct

_ _ ~de , ure 355 can be
provided wi th such additional encapsulant 357. The applied encapsul ant 357
assists in preventing or at least limting handling damage to sem conduct or

devices 5 during assenbly operations. A ' [
gpai conduct or devi ce assenbly 366
i ncorporating another embodi ment of the invention is shown in Figure ZZ and

consi sts of an ?2; s s%@ﬂaqu davFigueé72ehinhordepr toi Seaihitate

i on cont £3%
exanple, the &t %W%‘b‘?n%g]ngﬂ& o %@0%@8“?2%% oo™ dtbently 3GBYWWEM "
m cr opr ocessor .othérsteleictidonisucbompenents nes oy &%?G\Pé{eoprgowﬁéecéﬁguﬁ

covered by a p?&%'%'gﬂsrﬁﬁa H&&&ﬁmlehtomﬁw%eﬁ?damrnefprmeclden the

passivation | a

[ Kk
art as for Sexamhichhycani bezj ﬁ@%ﬁ‘bhﬁ?oﬁ?ﬁ sﬁ‘;]‘é'i"’nmg m?url?‘:?%l Sé& %gnkg rthe
éggoglolt 23 gZér the aSSI§C§[fsle¢rél 3g1uomushoaﬂrthgulgayén anprghBMP 'S
on
contact 20 ¥ gm?g sfrl'vaegsgnd %Vhost mal Ehsh1ay be

o t
after which hoIspptemiawwnatamepﬂuraidtymﬂﬂl@h@{ﬁ%é;ﬂ%ﬂ ayer Qo iﬁgwn

registration w%,g?wq d%fa dehidetian eeoefaavgeeaaeseﬂbmm bmo&w 5

mls and prefer

form of a ¥Ui tamefméﬂ»ta#esme;ég’aﬁasr % 12 0#1#76%{? %QESZ?B
of gold is for %ﬁ%ﬁé%@@éﬁiﬁi&imcﬁmm mvm@mm@mmmnﬁﬁeﬂe
photoresist after which the t
manner so that LR¥PE A&Pi ngga %I zé?é I %%ﬂibggﬁ &Oru%bés)ﬁglr 'Ilnng
'B%er A'sssﬁgs\ge?apmyprbaherplaaes| are hprawédsdu nt¥pAcalAY: Rdagefson z‘é‘t
1-3 mls and prga%ggsgﬁgén%gﬁggegéglr h;?ﬂé)rhlfgmlﬁﬂﬁstssa elrec e Of
repl acemenlsshefermadeof aiskgletangits ah Oart Il?erl13736889 'the Sanl time
that the other contact structures 381 are formed. Thus it
‘can be seen that it is very easy to provide the desired
number of alignment pins in conjunction with the contact
structures 381 without any substantial increase in cost of
20 the completed semiconductor device assembly 366.
The active semiconductor devices 367 are typically
made in a wafer form as for example 8" in diameter and
with the wafers having a thickness ranging from 15 to 30
mils preferably from 15 to 25 mils although there is the
25 capability of providing semiconductor device assemblies as
thin as 10 mils. With the construction shown in Figure
24, it is impossible to provide resilient contact
structures 381 which can overhang the edge or outer
boundary of each individual chip on a wafer so that it is
30 possible to make contact to the semiconductor devices in
the wafer prior to die cutting a wafer. This die cutting
or dicing operation is typically described as singulation
in which the wafer is cut into single semiconductor
devices. In connection with the design of the
35 semiconductor device assembly 366, it is desirable that
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-30- Contact structures 381 simlar to the contact structures 121
are provi ded I n t he cup-shaped netal lization 376 as shown with the
fl exi bl e el ongate nmenber or skeleton 382 being ball- bonded to the cup 5
shaped netal lization 376 and with the shel432383 extendi ng over the top of
t he annul ar overhang 376 to in effect provide a | arger dianmeter cap.
Alternatively, the eentaet struetures beypasd tdoned: dbt aMARNER ShRWNES

le bK andi ng ihleﬁkg@f&?tw é@hﬂtiﬁthalh&?n&ﬁhhowml?dm! tﬂ@&ré@aixééf
e shell or nmugcle, er C e phot qresi can _be_ strippe , t he
shorting netal f9¥erdi€ e?‘é%,\giiniwaﬁﬁ AT SHS i%heFi GPired, %)ﬁ'ég‘tﬁ% i
structures 381 mibgléydiuiesteemagiuﬁé ginm awhbels thehcutténga\i'sng:d arages
Ee“ds and of her 1?8#' “&Jré”@alﬁ{edbeégéiétt@ Wt 5a§ﬁ£9ﬁ9€§n§er¥q‘§e
aving | onger cantilevered portions. very ot her one “of e contact
structures 381 eentagti stanctyres B381dipratided an tthase pads &o rovide -

ends have a pi teﬁe%ffaaegnasbasmrmcﬁﬂfﬁ@ Jdar qe itsag'sgaﬂb,lervé_obtain
identified as whi ch i_s fferent fromihe pitch or 20 dlnen5|8g:D
bet ween adj acentPELRREEE RItRheR cfoxg making, iptercanpections (1 \REher,
t hat by provi di eyedttbaientcomaponenteon for the contact structures 381 as
wel | as prgyiding di e f %%aipgiiqﬂ: ?sﬂf | ed
in a pl aneﬂy\hi chis E%rﬁgl P’gl §J't&?jlloﬁ."ri?e égelmg’neiha%t e ac ﬁ:\'/fe:%}e%e%%én uct or
device 367 but IRVentinAn: ieanskeiwgibbzedewithe semicondystonn davices in
significantly dizhferetorh @® & 1S Wik 1Rele | Séthieshlctdr dévices.
structures at thg bas%ﬁﬂgf t he contact structures, tqﬁ§$9V|d§ thg desired
spacing or pit che€%aM the caTTaRgemgnEglown ny, r® 24, gfqLan ke c4n
be seen from t hseeanthatduiriter cbnect basendlaly be mader with tthat cdntact
possi bl e tp=pl a S 1 CO t eyl a rial [
CosLiL e, 1 DL oRERRRAthe ¥, R HREPAYE hndohSE e e S
386 are being utilized to achieve the proper alignment for
the contact structures and the electronic component being
mated therewith.
A semiconductor device assembly 366 of the type shown
20 in Figure 24 is capable of being tested at its full
functional speed by yieldably urging the tips of the
contact structures 381 into compressive engagement with
matching contact terminals provided on a test substrate
- (not shown). 8Such testing can be carried out without the
25 need of special probes carried by a test substrate. In
order to ensure excellent contact between the contact
terminals on the test substrate, the conductive shell 383
can be provided with an outer layer of a noble metal such
as gold, rhodium or silver by providing a similar material
30 on the contact pads of the test substrate, a low contact
resistance is obtained. Heretofore it has been necessary
for test probes to engage typically aluminum contacts
which have a propensity to oxidize, resulting in high
contact resistance.
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provi ded at the free upstandi ng ends of the contact 35 structures

provi ded thereon. This is the replacenent sheet 1 1 JAN 1997 Dat e: - 31-
It is also shown in Figure 24 in order to facilitate alignment of the

sem conduct or device assenbly 366 with ot hey3-el ectroni c conponents as for
exanple printed circuit boards and the |ike, alignnment pins 386 can be
provided 5 which c&hehednstmittdiion Ehosanen iRdgureat24,hdc@ddidtion to
structures 381 gy ‘E;fﬂt%ﬂ hHést *:EBBH ré?h':b%r %1%% abé' }‘ii@bﬁg%‘i’“

pin 386 is shown, It eC|a uralit

al i gnment pi ns &FRTd qoitéﬂtéés Sﬁ ﬁh%eﬁﬁ%mrdéﬁvéﬁeass%y edhe n
order 10 to fe‘alnie tﬁéx@néf'? tReMHdiitcidutitor ddviUENasSenblydtepheian he

The motai |1 9at | BRVE 4F5 HenEacTy BEBFERFas  sak ctiefdii ¥ ad‘fi'gfﬁa%a 4

pl aced on the pmbm cpadayproﬁﬁeed ©ohe =l bgrmein pest ms&ratehe(molﬁ

formed of a Skels ﬂﬂf é‘aﬁhﬁU ﬁﬁ%eﬁt df'e @@aﬁé”ﬁﬁigﬂ?ihgs‘“ﬁﬂ
cont act structures 1 ar can e seen i S ver
easy to provi decomt Ritidest on ithentestiswbstraten) ufhe &F‘W%

me cont ?ct 3t r ta@tvuw&xﬁ&ih &bhﬂ_&é{: with wf&bgg%l-a# téétféﬁﬁstfaﬁé)b‘éaxpfhg[éo
e conple seni co evi ce asse e, active sem con or
devi ces’ 36400 o exsrened, dnadnd REalphaen berivds iotis bafrd Beqard €
dianeter and w alternatzlyr highvand Iow Herpersturesgi nInfcammdctian 3G.th | s
preferabl y {1 omglap! Opgdyubs pLLPEHEN L' Grichalone® apfPbEhiidd Y tHat

pr ovi di ng sem conduct or eVI ce assenbfi es

constructi on sh@Wdtiple gemdcondurtorsdevieesiifiz cap peovsed %qunvelmte
contact structu@espdda-ihi ChosPd ©fc' BaBEtihteC Wlpa¥1OUE receiving a

15 plurality of such semiconductor devices 367 and retained
in engagement therewith by spring clips of the types
hereinafter described in connection with Figures 26 and
27. Registration of the semiconductor device assembly 367
with the test burn-in substrates can be facilitated by the

20 use of the registration or alignment pins 386. The fan-
out capabilities provided with the semiconductor
structures 381 arranged in the manner shown in Figure 24
makes it possible to have a fine pitch for the contact
pads on the semiconductor device assembly 367 with a

25 coarser pitch for the tips of the contact structures 381.
This makes it possible to simplify the registration of
such semiconductor devices with coarser and possibly a
standard pitch for the contact pads on the test and burn-
in substrates, making it possible to reduce the cost of

30 such test and burn-in substrates.

After the testing and burn-in procedures have been
performed on the semiconductor devices 367 and the
performance of the devices has been validated, they can be
removed from the test and/or burn-in substrates by

35 removing the spring clips and thereafter bringing the free
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boundary of each individual chip on a wafer so that it is 30 possible to
make contact to the sem conductor devices in the wafer prior to die cutting
a wafer. This die cutting or dicing operation is typically described as -
singulation in which the wafer is cut intezgngl e sem conductor devices.

In connection wth the design of the 35 sem conduct or device
assenbly 366, iénds desthebbbﬂﬁsdt'EﬁtndtnﬂézasepthEueehgabemEnﬁaudth 11
JAN 1997 nt ct yres p ma er hown
T Figure 23 sQRbATLES T REREEFRET! 4o cdikack P3Ade J0RHoLDaBs TRBRY 4377

provi de the desimtercenngctiononsubgtrese v Qﬁes&hﬁegltﬁ?ﬂel n hgreimatiter
cutting is 0 i@koPived! 86 p¥cy g;a@ | §0p3ehRnt! BN roonBotldif! Naieg

t he contact_str ctures 381 pro ed on ose pads. to I‘OVI de the offsets as
o i E%or Fa-9ut; SapeBLiLE ‘Eo°6b?%?n°?ﬁ&?€r§s§& BEERRES P81 RV

i nt ercgnnec:} | onén t Pighiher24| aLs6 onake cHtppossiblelto utuizih:smtcnabnbe
seen that the e e l, O |

Som conduct or JE8€ CEgntaot Madd Fladd' (5 endl 1FkreBoled (7 slikkirate
devi ces. Al so Whichhdiffensgfrent theopitich Rifykhe mmtaehnngSseanthnat

i nterconnect i OnNgegffoRucBSe dévicd hfs’iontgﬁé teg is&&ﬂ%ﬁr 9&n§8§s%t cae
same tine that the ali‘ﬂ nment gl ns 386_ar el ng ut| lzed to FC i eyve the

proper al i¥hne?18Q n.yaking the desixed eﬁ’ﬁgjt#er ion
bei ng mat ed t hemakdhdn. %Wtﬁt%mmﬂy 366 of the type

speed by yieldably B oeSRichRORRLs:Tpetkile  BRERLEY, {01 de gy I
conpr essi ve engBigaeet 254 t thun'ehdn\gltthathet packages agsembdyd403 ist ést

substrate (not sPpMEdd SYrBuieSi(FYY CBFard @34’ ' cdbiies! ditkuitry

15 which includes contact pads 412 on one side of the printed

| circuit board 411 and additional contact pads 413 on the

other side of the PC board. Semiconductor devices 416 and

417 are provided on opposite sides of the printed circuit

board and carry resilient contact structures 418 that are

20 mounted thereon in a manner hereinbefore described to

provide a double-sided flip chip attachment to the circuit

board 411 with solderable terminals. The resilient

contact structures 418 are bonded to the contact pads 412

and 413 by passing the assembly through a suitable furnace

25 to cause the solder carried by the resilient contact

structures 418 to form a solder joint with the contact

pads 412 and 413. This process can be further assisted by

the use of reflowable solder paste applied to contact pads

412 and 413, as is well known to those skilled in the art

30 of surface mount assembly technologies. An encapsulant

419 formed of a suitable insulating material is disposed

between the printed circuit board 411 and the

semiconductor devices 416 and 417 to complete the package.
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25 need of special probes carried by a test substrate. |In order to
ensure excell ent contact between the contact termnals on the test
substrate, the conductive shell 383 can be provided with an outer |ayer of
a noble netal such as gold, rhodiumor silwyegw by providing a simlar

mat eri al 30 on the contact pads of the test substrate, a | ow contact
resistance i s ObtaingﬂotﬁbfetOE@ﬁiddhdﬁatdﬁﬁﬂlﬁﬁﬁkﬁ@@ry ResePly praeas to

Cogarti gl noni IRCRERPEREISQLEAE Brabest, LRVEnfi8h ES hovn fh HidliA 26
11 JAN 1997 and- ﬂm:lwﬁast ractlamindoed iprintede Qircuit adwbandn 423
facilitating { asirpyos HhaE, 498" aRh5R2° o Pkl coola i def s i

the sem conductor e sem conduct or

devi ce asséhbl ySepicenductor dgvices 4h@and 426 are fispesed on QpRAsite

eﬂgag;e \ArrﬁtCEl n%ﬁ@&b ast ﬂw%@?gﬂ@dzsna?abu&ﬁwm&ﬁe&wuﬁ&t w&&démqtzs

shown i ch cap,be 0 e s eri con ads

provi ded on t he® F{' e heﬁfe"wa eﬁﬁ’éfﬁg? * cont }&e \?\A‘f‘ﬂ’

burn-in test smmureamzﬂa ch beeydlea.ﬂabdydurgeg pnbboemggmnt)dat\ml | e

bei ng exposed Igng! behtake &%ﬁd&hﬁﬂd arflV ES&p%ftéﬁffﬁ KONBIps0R Y L
be a hat e

such burn-in test]ng reci at ed sem uct or

devi ces 36P@ carf"lb%c’éus%ﬁetﬁeﬁﬁﬁﬁﬁate mim%ﬁriﬁ%?itsm%t@%&ﬁ&m% of
receiving a 15 snﬁauwértthaf efigel oFMthen e iTontRICStIs devl curl 427 ainaed

1 connect ron g FitReed aﬁr%m%-é#c&gﬁ#g% it R o il ey, e
devi ce assenbl ytlﬁ?pe\rimeténe ofsthésenicondbctontdevices bas ffox |eéxampde® by
the 20 ~ use of 6Pe 3’@'&55‘%&11%% (Heﬁd ozp'&'évﬁgé at THeak® Nttt of
capabilities prow em conduc
15 such spring-llke clips 431 can be provided with two on
each of two opposite sides. The spring clips 431 as shown
are bonded to contact pads 432 carried by the printed
circuit board 423. Each of the clips 431 is provided with
a flexible elongate element or skeleton 433 of the type
20 ~ hereinbefore described which is bonded in a suitable
manner as for example by a ball bond to the pads 433. The
skeleton 433 is provided with two bends 433a and 433b to
form the spring-like clip which extends over one side of
the semiconductor device as shown in Figure 27. A shell
25 434 provides a suitable reinforcement or muscle for the
clips 431 and augments the spring-like or clip-like
characteristics of the bends 433a and 433b to retain the
semiconductor devices 427 and 428 in place. With such an
arrangement, it can be seen that the semiconductor devices
30 427 and 428 with their contact structures 429 are retained
in intimate contact with the contact pads 424 and 426.
This arrangement permits registration of contact
structures 429 with the contact pads 424 and 426. When it
is desired to remove the semiconductor devices 427 and
35 428, it is only necessary to push the spring clips 431
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structures 381 arranged in the manner shown in Figure 24 makes it possible
to have a fine pitch for the contact pads on the sem conductor device
assenbly 367 with a 25 coarser pitch for_the tips of the contact
structures 381 This makes it possible to~36mplify the regl stration of such

sem conduct or ces th coarser d i bl atsta é’ é? %
contact pads on‘f %ﬁ[ eg'l?ﬁ? ?ﬂes f %‘é léjﬁ‘g{‘ﬁ & sF&%e4
reduce the costcafrging with thent thadcdmtmct rsmtn;ttuﬂtsaaz%ﬂltﬁlcm becomet i ng
and burn-in prog v, i@#[b ctor devices 367
and the performance ﬁg&? d&gl ces ﬁ[h’?at ?c?&%%.j can be renoved
fromthe test and/ orApBPider ceaki ﬁ%t%ﬂb‘FG}BrOV %ﬂ%v@-ﬁﬁh‘?ﬁet’gp?hﬁgfé'??ps
and ther eafg er &ﬂdﬁlgbﬂgthéecéﬁ@@cﬂ' hgéerhstirés r@ﬁleﬁeeﬁatcaheeétDpaas tél

JAN 1997 -34- ends of,t tact uc es 38l into agerrent
mat chi ng patter % (ﬁn%ﬂﬂdacggﬁ g pr%‘?dé’é’ oﬁ‘[‘ﬁﬂ |?R%§£'6?m§3{ B‘Bﬁ%r ate
of the type threughfaefutnace,bdhd (sqi)ldmi' deormg e anygjeiTit mass which

i nt erconnecti On:lntiﬂ%‘ﬁ 1} Jﬁﬁ?&‘* %oa%% éeOfe ‘lﬂgewt I{g‘ghsagﬂgﬁg&es

381 shown in Figure 0SSlI ut| ont
contact pads cdf¥reetures hand ntbccsnnﬁgpesnogum aaaéi%l%mvmg fendyf Abm

the pitchaid thepeponart ﬁ?ﬁ(ﬁs éBa{:Eﬁ SR CYNEUCLahgtiRE! CSf 3khe TBSntact

regi stration pins 386 can SO ald i n Kin he de |red r tion
and sinplifies PHERH nﬁ'ﬁ@ﬁﬁbyntgfeﬁﬂ&%ctg orfonne 8‘3 s
package assenblqmqﬁmiamt simvthree Mirectitms, MHunt echdvz hlmradté.q)fs;kage
assenbly 401 is a printed circuit (PC board 411 Wnich carries circuitry 15
whi ch includes contact pads 412 on one side of th rinted circuit board

411 and additional cdmtaktennatsive Sepicondustio gef asgempdyhsdidis
Sem conduct or dgnéweSint Fiqii¥é 27 and consists of a PC board 442 or other

15 suitable substrate which carries contact pads 443 and 444
that are spaced apart on one surface of the PC board 442.
Contact structures 446 are mounted on the pads 443 and are
comprised of a skeleton 447 and shell 448 construction in
the manner shown to provide a resilient contact structure.

20 Spring clips 451 of the type shown in Figure 26 are
secured to the pads 444. As shown in Figure 27 a
semiconductor device 452 is clamped between the uppermost
extremities of the contact structures 446 and removably
engages metallized cup-shaped terminals 453 carried by the

25 semiconductor device 452 of a type hereinbefore described.
In this construction it can be seen that the semiconductor
device 452 is demountable by merely pushing aside the
spring «clips 451 Dbecause there is no solder
interconnection between the distal or free extremities of

30 the contact structures 446 and the contact terminals 453
carried by the semiconductor device 452. It should be
appreciated with the arrangement shown in Figure 27 that
if desired, the contact structures 446 can be mounted in
the wells 453 carried by the semiconductor device 452 and
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417 are provided on opposite sides of the printed circuit board and carry
resilient contact structures 418 that are 20 nounted thereon in a manner
her ei nbef ore described to provide a double-sided flip chip attachnment to
the circuit board 411 with solderable tegginals. The resilient
contact structures 418 are bonded to the contact pads 412 and 413 by
passing the assthatythérfrgdh endsliofabhe ¢ontace structures ks remoabisgr

The cont act padehaagecBhelBahaThad' Lk 1ER pE Bk printed Hrtilis %&tﬂﬁ” i
use of refl owabasds &Dd&hep‘gbyea&ppbwedsnbstontacﬂ-lya&bMSEMna'e&Datsaas S
vel | known to tQepg¢evki! i:fdtﬁé‘ dritaryemedt thfmSB!f\ gf&ui‘@% AR @ioh14

t echnol ogi es n enca ant 419 formed of a sul nsul atl n rraterl al
i s di sposed®bet REAPPFRE aﬁaﬂlm in piace oBapping lip ernal
sem conductor dspring élémeénts 4(not shown) can bbeuﬁaakﬁgespﬂln§ lcad the

LSELZSZ“”LSZ2%%9@5225%%%%3%w%%'#&%?ﬁmﬁﬁéﬁf. Fefown i n

Figure 26 and inclulipether semicemducter ipackhgei4tliis slmumjimxigure

carrying pads 4 64N e o w e or
devi ces 427 andggzg&ﬁf%?dlg sed ondf(;apza S|t§ggis:|g nﬁﬁg PC boa 423 and
carry conth®t sF?EEP&Fesbm%f 45f‘-’hehaY-§‘b% fb'lié CRRAUCERES or

The contact stplateqethd#dligiarhdbeyi ed@tablwxgeﬂ,q nitherggeswtH. W t A t he

ds 42 Lik 4
Che printed ci r EeREopBaRceer . arPEce 288, 88 | Brobiged ophicl © RIS 1°
seni conduct or deesidient7centaces st?ltﬁ@smrﬂsr |4r€97 |okeackype d@reimbefore
di spersed aroungekRe;Begl et Ghedf cbhfadeM s dﬁ%'7ce§sassﬂ<ﬁ&n exgpl e

for a rectangul ar sem condyctor device at |east four 1
spring-1ik&5cl i Bgo¥ided, Whth,, 8y RABratikyt wefonbends 467a and 467b

particularly at their free ends which bends are such so
that they subtend a diameter which is greater than the
diameter of the plated through holes 463 provided in the
printed circuit board. Thus as shown in Figure 28, when
20 the semiconductor device is positioned so that the contact
structures 467 are in registration with the plated through
holes, the contact structures 467 can be pushed into the
plated through holes to form spring-loaded fits between
the contact structures 467 and the walls of the plated-
25 through holes 463 to retain the semiconductor device 466
in a demountable or removably mounted position on the PC
board 462 and making electrical contact with the plated-
through holes so that contact can be made from the printed
circuit board to the outside world.
30 Still another semiconductor package assembly 471
incorporating the present invention is shown in Figure 29
in which there is provided a PC board 472 having a
plurality of spaced apart holes 473 provided therein.
Spaced apart contact pads 476 are provided on opposite
35 sides of the PC board. Semiconductor devices 477 and 478
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each of two opposite sides. The spring clips 431 as shown are bonded to
contact pads 432 carried by the printed circuit board 423. Each of the
clips 431 is provided with a flexible elongate el ement or skel eton 433 of
the type 20 her ei nbef ore descri bed whi c*3i83 bonded in a suitabl e nmanner
as for exanple by a ball bond to the pads 433. The skeleton 433 is provided
with two bends 8Bea PX@VAZES t ®n oropporiter i fides keandi poarryh

over one side ogtifietaPekCARIUGOItKEVEFBe 2hetB2BetbrEl deserihed Awhlith 25
434 provides a suitable reinfqrcenment or nuscle for _the clips 431 and

augments the spPFfig-9%5 k8 Fesilient (type end Havg | fres; pehich 4888 and
433b to retai n adapted tondrigage theicontdet pads 4046 n sprdeg c\Mipls 488h an
arrangementg it 1 cQn : V] 428
o Therr ot OF; Caf e P6E i bt (RP U AUEHEIER hEE molthred oh B 100
contact pads 42&emigondectoni deviger dmycnenmannger hereinbefprer sesexibed

contact Structuafia 42 hédit{h&PNbACLnea trenfidbriaibtd?6 adliede | doi that
desired to renng conduct or 427 and 35

e the se qﬁégvice 428, it s onl
necessary to pu hei’h@r?pgnng"?ﬂiﬁfsr P“I'miﬂ? sthe choles 4723 Rrovided %é{e:
11 JAN 1997 tRé- primtell y tircaltasdoard seizonductay dshownrs 42heand
428 ' ] t t 2 ' ' d
from the iy acPeRiBERbbREoR deaibed {11 pH 3787k b8 LRESCE &8 SR
on the free 5 beaud 472t thy dwmning the uspuing olips 486 extendt thxougho be
engaged ther ebysgad jhy1é8€nPRSALAT KAPIASS PEY I dny OWEBa2 éngdifinty the

solder forns a joint,nass ,which | ntinate enconPasses the_free ends qf the
contact struct uPBROS e Fddes, ofc dhe Priited L1¥eit ROy ag, shgwn in
optional thin cpagure @9.theln efigidscohnéteicn)t acsoilierc confectdohhearpy

prov_i de a 4] nnegﬂ:fgng’*ﬂﬁhh.ésformed between the free ends of the contact
' structures 481 and the contact pads 476. Alternatively as
hereinbefore described, the free ends can be formed so
that they can make a removable resilient contact with the
pads 476. Such a construqtion can be readily made by
20 providing free ends which are adapted to frictionally

engage the contact pads 476 through spring loading.
Another semiconductor package assembly 491 is shown
in Figure 30 incorporating another embodiment of the
. invention in which a PC board 492 is provided having
25 spaced apart holes 493 extending therethrough.
Semiconductor devices 494 and 496 of the type hereinbefore
described are provided and have mounted thereon contact
structures 497. Similarly alignment pins 498 of the type
hereinbefore described are mounted on the semiconductor

30 devices 494 and 496.

In assembling the semiconductor package assembly 491,
the semiconductor device 496 which can be in the form of
a semiconductor chip which can be placed on a carrier (not
shown) for automated handling after which the chips are
35 selected and brought over the top with the holes 493 in
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conpliant in three direct i”ons, X, Yand Z directions. An alternative

sem conduct or package assenbly 441 is shown in Figure 27 and consists of a
PC board 442 or other 15 sui tabl e substrate which carries contact pads
443 and 444 that are spaced apart on one S®%¥ace of the PC board 442.

Cont act structures .4 r.._No eqd.on the padg 443 and_.are conprised of a
skel et on 447 ana’e&aﬁaﬁé’%&ﬁg’}ﬂ?ﬁ 5}2%‘%[%3 ep%&om%perﬂ%ﬁ%easa
resilient contashosur,utherupped extpenities iqfs theladignhentypinshtad are
Filgure 26 are sgeied dyid Nepadediith oft® HHAMdD BHEALT thard 1
sem conduct or devi ce 2 1s clanpe et ween e uppernost extremties O
the contact str®hGagsdents wish, ckhe amepicondpctort devised 48p- shafthis

L erni nglfs 453dcawﬂeed\dmlautea&iembaynbwﬁ_ﬂucae{dd@ud\g@wﬁ?da{i@et tﬁe and
er ei nbef ore descr,i hed, S sjruction c e_seen e

seni conduct or dﬁi&e%ff?%&oﬁa& egi)épﬁﬁém y%§ﬁ?§§e&i & IREN Y ng
clips 451 beeamisonducitere device 48 isdbrieughtiteveonthbet top loft vichen
the distal or f i, d‘"g h q;t'{:ﬁ, 4 e
contact term na ?ﬁ%?rcar rie S‘b%‘%‘e}’ s‘egtr%’ ?g(r\iﬁuc ted?ite‘{\?llgcitg%%‘é‘ %?rgh%@ul d
be appreci ated ieh atdignmend,

cont act dstltwct 3"4@3 4142 Saﬁr§ﬁ$ﬁ_3u@$i§@u%t %%lz\aeldﬁd f’éﬁeﬁa?bbed timﬁﬂetrf]eN
sem conduct or vi.ce an is is ihe replagement shee ; .
To07 0" 57 nBPIER 2o, Jehine | hheC ARthATte Pt PERes A5 RS
engage the pads thwXebyr ticctholve tihtopengagement cwith bthe ccentach pads c48°

Fdifen ¢ 9 ame idn mlg&@eztr- fHckh jqthaxiheles t he

achi eve subst angnaléﬁlﬁ E};}?é@ﬁ %%_séﬁié ?éﬁhi e\tﬂd og'ﬁe&h%darﬂ lggown

in Figure 27. It sho ecl a hat “I'n place of spring cll
451, external spssi§telxefminingcthenpanfscdn pan uadigneds sonddtion: 13

contact stipCtUadheti¥erJ800SlofMEalduA/DbIE! £HpéH3 wiAilDt B HFPFGFIRIES OF
package 461 is %@T@é&é"‘@ lﬁﬁa shrinks upon curing due to solvent
evaporation can be optionally placed between the printed
circuit board 492 and the semiconductor devices 494. It
can be seen that if desired when an adhesive is used, the
20 free extremities of the alignment pins 498 carried by the
semiconductor device 496 need not be bent over as shown.
Another semiconductor package assembly 506
incorporating the present invention as shown in Figure 31
consists of a printed circuit board 507 which is provided
25 with a large plated through opening or hole 508. A
capacitor 511 is disposed in the large plated through hole
508 and consists of first and second electrode plates 512
and 513 separated by dielectric material 514. The free
extension 512a of the plate 512 is bonded to the portion
30 508a of the plating for the plated through hole 508 and
the free extension 513a of the other plate 513 is bonded
to the plating portion 508b of the plating for the plated
through hole 508. In this way it can be seen that the
capacitor 511 is suspended in the plated through hole 508.

35 A plurality of contact pads 516 are provided on the upper
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28 which is particularly suited for use with printed 10 <circuit boards
462 having vertical via conductors or plated-through holes 463 extending
t her et hr ough. A sem conductor device 466 is provided which carries
resilient contact structures 467 of a typegperei nbefore descri bed. The
contact structures 467 as shown are 15 provided with a plurality of

ben?ﬁ t4:3€a ang?d433begfil’sh&f[f‘a|c%rfh }bfﬁttﬁ&eéﬁb%f?&tténdﬁ' \Mh'bg_ipdaamﬁ-t dir!mf]UCh '
SO a ey su n a | ane r | IS _greater a e | r o e
P at od througn BBRCETR: FIAEAT (abarE grend ik Sh1aPed bhEghgRl Holg Hod .
shown i n Fi gur eARéthehecoztact tpad S den grovidede oncthesppisted orixccwit

that th t 4 ' s ' ] t t h
ol es, the cont BREE ot ARl Ui 8s U P ERtAeE WITH (ehl) pliriclon o046, B | e

hol es to fo?m sBEaked| Shaeugh hole-tSR%n t femicpnducter: £22 Anf t he
wal | s of the pl spgdaréSprovidedddndOareé df3a leypétRerelSe S65e CAEEEELEQ
device 466 in a_denmpuntable or re vabL nou % d Poleon on the, PC$oard
462 and naki ng %ch?ﬂ"fgl ceﬁﬁ?ﬁgt%ﬁ %ﬁ%spg geﬂ- e RS REESI L L9RS
contact can be deseribed whichr arecdolidereid tioothe topntecto padsicSidrand 30
still another gggi Egﬂﬁ%{:o#,aggcgi\geag%ﬁgg},y 471 incorporating the

own Tn Figure

present invention is s 9 1n which there is provided a PC

board 472 Hving a phOPEREry ofsepteenAwRtex holdeyiees prasreBRlVher F26
Spaced apart cofhe6ip8RatiAdOtRE CpPESEhECINPENEPBASIECsKSWn $hdREgefe tde PC
s
W

board. Semi conduct or d 47 478 This i s, th - t 11
JAN 1007 Dat o: Shd. SaneTFES B, AIRR RS ol7 AL EARIA S LA LAY

structures 481 of spacedpapartecohtactecpadscs2dconwppbsite sidesrefithent
type and have frggeeulS cfidik %6nded to contact structures 529 of the
15 resilient type hereinbefore described which are mounted on
semiconductor devices 531 and 532. Capacitors 511 of the
type hereinbefore described are disposed on opposite sides
of the printed circuit board 527. The capacitors 511 are
provided with plates 512 and 513 which are bonded to
20 contact pads 533 provided on opposite sides of the printed
circuit board 527. Thus it can be seen that the
capacitors 511 are disposed in the spaces between the
semiconductor devices 531 and 532 and opposite sides of
the printed circuit board 527. There is adeguate space
25 for such capacitors as needed in connection with the
semiconductor devices 531 and 532. It can be seen by
adjusting the height of the resilient contact structures
529 that adeguate space can be provided for the capacitors
511 and between the printed circuit board and the printed
30 circuit board 527 and the semiconductor devices 531 and
532.

Another semiconductor device assembly 536
incorporating the present invention is shown in Figure 33
and as shown therein consists of a multilayer printed

35 circuit board or substrate 537 which is provided with
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adapted to engage the contact pads 476. Spring clips 486 5 of the type
al so herei nbefore described are nounted on the sem conductor device in a
manner herei nbefore described and are p05|t|oned on the sem conduct or
device so that they are in registration W4T t he hol es 473 provided in the

d
gtral/lnfzgs 4$|7r;ﬁg&£§goa&{% bﬁeﬁ?Pﬁpg&rlf&cﬁ%S%gmsﬁgd% by havfzﬁégy)ﬁgfg1 Spring

clips 486 ext enécebsooghsaheibopzevidédaim tahelP@ board a7 mlelwsng
the opposite Sifgsugh e PELPLED sur'dalle 2A8r 4 a° siownity Foguish In
€ pt1.0 e

this connecti on, I [ cOnnection can orne betmeen
the free ends eparﬁes&epsaéﬂzsmmq;ém ad-‘rﬁfscﬁ’fé’l&)rﬁ Qugh, Fhey gide

flh; ter '[]ﬁte I Vf% aavhagear@&ﬁ@emrﬂmal ori &aidf a?e e?gﬁ?ﬁmub@ﬁevames n&g )
y rerma e resi |e SopjgcL v uc

a COﬂStI’UCtIOﬂrngﬁ BEsp, qsp %# vFRi A§ épeéfg%gg &ﬁ &8 o

idaphed to fndépuasbhpnsngmge téunmﬁ asurfface 45%9% hr odgh slpmmg [tdvedi ng.

not her sem co 4

i ncor porati ng @Egra g?ﬁ%hgg?regﬁ §§P‘0l{,§7 ?;vgf?lég‘g&?nﬁg\ﬁfc%la PC board 492

i s provided hadﬁﬁgezsnt deveds ofametallization ideptified.Af H46. It

t her et hr opgh. §§m SQQQUCbQBVQaEBCGﬁiﬂﬁ‘l andpi@Pavity heot ypﬁeﬂ‘ﬁéﬂhbaﬁ(ﬁ e

de bed d d d h th t act 4

Y B TR S AR .
irec s ra ur @ an

sem conduct or Béfﬁa%r%ﬁ%”ghiée%%nﬁkﬂﬁ V\EEH‘ SQ”QH@&Hrf.Heﬂ&@ré‘% Mingfe can

be in the formof a sem con on a carrjler

(not shown) fovVexticadt tiamnP9 nganf th@r Lorred t0f ehuspbltabelessna ardadct ed

2Ege?r g;tggs i\ie?ghhagstg%l\yﬂdarﬁﬂe 0 @ingbten Nnhi cérfanie suRtetevr
in the Torm of plated-through holes in laminated printed
circuit boards. A plurality of contact pads 551 are
provided in the side carrying the second surface 539 and
as shown are disposed on the steps 542 as well as on the
20 surface 539 and are thereby directly connected to several
levels of metallization. Resilient contact structures 552
of the type hereinbefore described are bonded to each of
the contact pads 551 and are of various lengths as shown
in Figure 33 so that their free extremities substantially
25 lie in a single plane which is generally parallel to the

surface 539 and the surfaces of the steps 542.
A through-~hole decoupling capacitor 556 is provided
which is comprised of multiple capacitors formed by a
plurality of parallel conducting plates 557 disposed in a
30 dielectric material 558 of a type well known to those
skilled in the art. The plates 557 are connected to
vertical vias 559. The vertical vias 559 on one side are
connected to contact pads 561 which are disposed within
the recess 541 and make contact with the vertical vias 549

35 carried by the printed circuit board 537.
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-39- registration with the alignnent pins 498. Thereafter as shown, the
upper extremties of the alignnment pins 498 are bent over to retain the
printed circuit board in engagenent with the sem conductor device 496.

This 5 i nternmedi ate assenbly of the sem&nduct or device 496 and printed
circuit 492 is flipped. Thereafter, the second sem conductor device 494 is
brought over the toph®fcamdepseencincFigure Ihatheigpperdsunface afsthe

down so that (IgedbigPIRg!cabdsteS® 56 Jube! dPOURIE 41 {ehO1fCantek EndO

493 in a printed circuit” boar en Troved i.nto fhe holes 493.to cause

the contact str3R¥fRER 49R&arPfed theer eByinbedoyLingbiteng9erdnt 887h the
contact pads 49%etaliigationt dé Cprévide@Ooxrl. then Shfifdcé 0 sulli bifonghéy

i st t al ni ' | d ditli 5 hesi 01 of
25Ut tabl e 4 ypdr ifFed ddikailss todard Bnd OBk BRe  Ahrithet, (B4R 8687 e
to sol vent evaphdditionalicantagt pedsl 563 mre @rawidese ont tbepdecoeplingcui t
board 492 and L&gpSet&hEBE Wil Ure In’ UnthbCORLHCLARCerbRbal Ty oS! | o

when an adhesive 1s used, ee extremt,jes of a ganment . p1 ns

498 carried by 33 séhieigordyrtor deviaemn chim S66pdspprevided whichown.
Anot her  sem Qeasiuat plurafititapf coatactbpuds & . nRepil béntigecdbhtact

t i ti j Ei 31 | St f i d_ci .t b d
Ros i ch YE™ fordinited Sed ot HhecrvRe ekl Bedsrivdd ke nolptal) eRo0s:
A capaci t or - 511the chntackpads (562 landg66p| witl theouphermostspsintd of
consists of fi rﬁear%wesgsctfeﬁﬁiﬂﬁﬁé %%s?fa%t%h pahgtlgé?lgan

dielectric materi al ree extension 5 thegate
t

bonded to the pRP¥IPNERL Piane &° t¥hat thenfres ends ppa: &he neentdchol e
508 and the freagtrudEnseds6d drdibéditediterthe adsntelck ipadonsier én the

Phi's way 8 cantBesdetred ekl qindibre dsVick 868" BhBHCEH PR Re trepe
t hrough hol e 50ha85 thé phresilientof contagtt mEtincALIesm e FHHVi veaddhryt he
upper This is thecomfbdsE8CrheS MiEparity in the levels of the planar
surfaces of the decoupling capacitor 556 and the surface
538 of the printed circuit board 537. This makes it
20 possible to bond the planar surface of a chip 566 to
surfaces which may not be planar as shown in Figure 33.
This type of construction makes it possible to
provide very low inductance coupling to the decoupling
capacitor 556 which is a very important parameter defining
25 the performance of a microprocessor. As explained
previously, all of the contacts on the other side of the
printed circuit board 537 do not originate in the same
plane which facilitates making direct connections to the
contact pads on the different planes as shown. This makes
30 it possible to reduce the number of vias and conductors
required for interconnections within the substrate.
Although the final outside packaging for the
semiconductor package assembly 536 is not shown, it can be
readily appreciated by those skilled in the art, packaging
35 of the type hereinbefore described can be utilized.
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Date: 11 JAN 1997 -40- and | ower surfaces of the substrate or the PC
board 507 and are spaced apart fromthe plated through hole 508. Another
contact pad 517 is provided on the printed circuit board and is in contact
with the portion 508b of the 5 plated t#3Tgh hole 508 Seni conduct or

devi ces 521 an 22 are rovided and are of y |n efore d cri bed
and carry cont g&f g’%‘? YpderChiBSh é '@? hédIWTSch
are sol dered ta33 kmnoheaencapsh:l&ﬂﬁd a(mot hehown) ath paéniiablespdimmer 10

Anot her sem ¢ Q?&’ éﬁ’ errbl y 526 incorporating the present
I nvention is sh%pvm n‘&;:l gure and Consi sts of a PC board 527 which

carries a plurality B% shawlsibgpapprecihated phat Hoalesingshosdhe printedof
the same wg ch gircbbpdsshid® 99 cuH b wfauua&gws%wﬁ%olihatr % lcagnt

type herei nbefore desc |bed whi ch _are unt ed conduct or devi ces 531
and 532. Capacﬂ‘b‘?%m%‘l SRVerAte 56531‘96’91“5&9 &? 8’!"’%’6&%@@ on
opposi te sides u:iiipéle:rprthé @hﬂid@lﬁsbw dtialziﬁgethepsameoptiﬁbipaes
provided wth ﬁﬂﬂ ? bo t d 533
provi ded on opposf?g Si des ji%‘ %rqq%t %m rgi boa dChg'%%ntS%% ﬁ% be

can be seen tM°Yiﬁ9%ammt91§a§h@ﬁ%pmnqﬁﬂﬁéi§}9&(§e§m the
sem conducger %'%%%ﬂ%ﬁ%@@ et iorE WP ddsireaprinted circuit

board 527. There i s adequat ace Jfor such apaC|tors as eede

connection with the ARRE duc 81"18801’\3@5"331 P& A & o E% PYe sggﬂ' by
adj usting the hhmgdstpmfathﬁg rdse Ipravtento imventiion disushowi?3n tiatgu@equat e

P rui ¢ board A S srither B5eERRACURNLE, ol PO S Whibddit d atilityre |
devi ces 531 andisizh Ryotway ofcexampdectcan imglude & ssexicpndueier

15 package assembly 536 of the type hereinbefore described in
conjunction with Figure 33 showing the way that it can be
mounted on another printed circuit board 576 which can be
characterized as a motherboard or an integration
substrate. As shown, the motherboard 576 is provided with

20 first and second surfaces 577 and 578 provided by solder
layers 579, often called solder masks, disposed on
opposite sides of the motherboard 576. The motherboarad
also has multiple layers of metallization 581 and a
plurality of spaced-apart vertical plated-through holes

25 583 extending perpendicular to the surfaces 577 and 578.
The plated-through holes 583 are provided with contact
surfaces 586 which are accessible through openings 587
provided in the surface 577. They are also provided with
contact surfaces 591 accessible through holes 592 in the

30 layer 579 which extend through to the surface 578. As
shown in Figure 34, the contact surfaces 586 are engaged
by the free extremities of the resilient contact
structures 552 and are bonded thereto by suitable means
such as a solder or an electrically conductive epoxy to

35 complete the assembly.
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I ncorporating the present invention is shown in Figure 33 and as shown
therein consists of a nmultilayer printed 35 circuit board or substrate
537 which is provided with This is the replacenment sheet Date: 1 1 JAN 1997
-41- first and second surfaces 538 and 5344~ A rectangul ar recess of 541
I's provided in the PC board 537 which opens -through the first surface 538.
A plurality of spacet apshouldepbes4appreqiatedicdtbateswibhe tahr olghgehe
side 5 havi n 539 th arge at ' ti i 1 h
respect to thquscﬁ? acge Egb s% assﬁ'ﬁ?g%?‘ggt t%ffors#%r&g%@ggtgﬁ ggé]rcxe\%éesses

surface 539. a&senkldes BRE @mf nthe &vbeuishogyr dnsFigurer 33 &an wbeh at
Ifeast thre?ddijfﬂcﬁ.{rﬂiﬁd.th |%¥f|€hléft§@4iél:c hiotNelrONpt §iRB64 f iﬁi;jcaﬁt@%oah-a 18%- ils
al so provide ur al i 0 rfic via_gcondyctors or_vertica
Vi o 540 v on infegkatidn aibetaats) o FFRhlarly, papEarad s Bhekian oo
538 and 539 ancssswblies 0536 canr benmminteds ars thewotherFisjdes &B. thae

vertical vias Spanan BeihRelCh Aledt e bballh® WRId | fle!fprepafla®in a
nol ybdenum or tungsten®in a cerdm C subStrate of 1n e fformo
pl at ed- t hr ough BaNEY Sinidam e that hexeinbefore descyibed.a plurality of

cogt act Eads 551 g_r qw&vﬂn@e@iﬁ& wen%hdggneﬁié »&rila?sb&chaataeedggugssaﬁs?é?:S?
a0 25 TN, S S ob 8, BoEBar: $iaBat asi O kAt pe ERESS

Resi lient cont atiresty umeldess &6ftacts hshoypeiheFdguref Gdg dits cshdwlt abe
Do ee S S3°T S S Ela008 B3L1RRA, R oot st g a0

singl e pl ane wfah ke igethefiorm afademounsable sontast styughuresesuch

surfaces of thagits ddhtadt [SEANSELIES &4 6L CONGUM NDh CPDGEEHé 028 SB6 hdke

provided yai ch dy% AU Fhd  epting Al Saddd ASonice IR %Ry Gonductive

terminals connected to plated-through holes 583 provided

in the motherboard. Thus in this manner, spring loaded

fits can be provided between the motherboard 576 and the

semiconductor package assembly 536. Such a construction

20 is desirable because it makes it possible to replace a

semiconductor package in the field. Thus, for example by

utilizing such spring loaded contacts, the semiconductor

package assembly 536 can be removed and replaced by

another one of greater capabilities. For example, a

25 nmicroprocessor in a notebook computer could be \ipgraded in

this manner. 1In this case, a methodology for the use of

integrated resilient contacts includes burn-in and test of

the assembly 536 by engaging the resilient contacts

against pads on an appropriate test or burn-in substrate

30 and then spring loading the component to the board 576 as

heretofore described.

Another composite semiconductor package assembly 601

incorporating the present invention is shown in Figure 35

and shows a printed circuit board 537 with the

35 semiconductor device 566 mounted thereon and with a mother
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plurality of parallel conducting plates 557 disposed in a 30 dielectric
material 558 of a type well known to those skilled in the art. The pl ates
557 are connected to vertical vias 559. The vertical vias 559 on one side
are connected to contact pads 561 which are di sposed within the recess 541
and make contact with the vertical vias 549 35 carried by the printed
circuit board 537. This is the replacenentgsheet Date: 11 JAN 1997 -42-
As can be seen in Figure 33, the upper surface of the decoupling capacitor
556 just extendsrintedt|egirdeie thsardir 596 of38thef type Dhereinbleforecuit

board 537. Metalli ' | ' f
printed circuité%ﬁéfgﬁéﬁgwﬁk§vp Ogigggfég?éﬁggQHEggf%ﬂ%%???%ﬁé?ﬁgﬁﬁ}a%?
pads 563 are priPigure 2h heingiutidizedgbetween tthe prdntedcfirFRit beardact

with the V_efticeé?v;ﬁa & mbtAgH pLIAed Ok1iFOYi € hoard b6 Sobthssplaurded
whi ch has "a plura

structures %68 6‘?3htﬁ%ig?ﬂg€ ] %’%p?a&%%é&g%%égggtﬁggﬁgéggﬁfaﬁlpads
56§s?2ﬁt i52I3I W itds'ft P&Upﬂggﬁwosthﬁ ns®20f tdhetlvontanritacic s surfaces: i H§6.
contact st rust (PEEEERE Y OkhE HoeaBtr R e1BeIgs 2, Y€ e B Enehrpbier
i ntegrated seni€02daxeqyieldakly Sostaimd dn engagepentcwithnihe; fentact
5 LoD Con! phadt A AR SO | patibledo miAghgekin szl e
surface 5P of switable: B@ans, gHgh b%rﬁh%g‘?!gﬂgb%ﬁfggm Oespg?vg%gdtggg’gi bl e
t Faﬁg pdats hgh glman?tsspoZ«;aexgehagghtn:Bﬁgm theuptintedwbirtuityboardb§37
P oo b8 b Roe NoRphi7B15bu e BbaLA! 878 ERACERELBASSY °
which is a veryihtpoposer f@Ratoet §oruechi gopgosite assembgy in which the
: compression on the contact structures 121 is maintained to

15. provide good electrical contact with the contact pads 551

carried by the printed circuit board 537.

In place of the bolts 606 it should be appreciated
that other fastening means can be utilized as for example
spring clips to retain the compression on the contact

20 structures 121 and to fasten the printed circuit boards
together as hereinbefore described. Rather than the
interposer 602 being'formed as an interposer of the type
shown in Figure 21, an interposer of the type shown in
Figure 20 can be utilized with removable electrode

25 contacts being formed on both sides of the interposer and
by having the contact structures 121 yieldably engage the
contact pads 551 and having the contact structures 201
yieldably engage the surfaces 586. With such a
construction it can be seen that changes can be readily

30 made in a composite semiconductor package assembly merely
by removing the bolts and replacing certain other
components as well as the interposer if desired. The
interposer is demountable to facilitate such changes.
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25 the performance of a mcroprocessor. As expl ai ned previously,
all of the contacts on the other side of the printed circuit board 537 do
not originate in the sanme plane which facilitates making direct connections
to the contact pads on.the different plane$#6éxrs shown. This nmakes 30 it
possible to reduce the nunber of vias and conductors required for

i nt er connecti ons wi t APACRRE Eemicenducter PRACKAIR REFEPRIY ARIITRALAANGi ng
for the senmi conﬁhetprepentanevmﬂmlﬂs Eiowrs iml?igh@unssu Tioe dssentad |y

hor el nbef ore ’ dbe; RiBR108R ‘the' Warter, R HREERTpHRK1PE pE BILER, on
Date: 11 JAN 1o8rds can3heA|0b¢amnvclnﬁ adns igtee ok @ ngorgtedts athown

in Figure 33 caauQStfaeap%izatfdAé@t o%hwm&uwas1éwﬁ§w1ataaby rﬁt&rdtaqpoxy
based conpound lated t I f desired he prlnte

circuit board S%S'EEngﬁePSRV&dPQ EFhsgéFéts@’lqwﬁeqqm’caﬁ?r
several sem conductorsﬁmetxﬁdsutmdﬂi mst&amecaurbewffﬁ&

utilizing the s sh in FRi fl i ps
566 can ge pr owg Pgé‘g’%? \g‘]‘é'% ?’r?&’%gl r?féidﬁ’ °rro Jz#?r?(f& %"% P
in both the X‘aﬁqrthexﬁmnﬂeecPBOnscaataémlrcd pAwgaldity ofihi devwealst orof
package f@senﬂéiallﬂétiaﬁorlflﬂb%t' 'Ehckvﬁﬁ prfﬁenﬁelﬁlve%ts' Oftﬁr%lﬂm lh

Figure 34 and as shown therein,1s in f orm of i nposite structure WhICh
by way of exanpPeNdURtPRE| opevia s"é?ﬁ%ﬁﬂﬁﬁ &15151‘ ChaRKS RN LRIARY Wit of
the type herei nbehtaetdpadsi 62 pPovaednéhi theVsubrat@sr 6133 andogasy t he

be” charact er | z6d as TGCRRARGEPE CReYRCPR. ckPac PO TRE: %, TRTa R
t he not her boar iméusted whdpsdcaR v ahe2proviidedt whichs cxxomdadaptedetosbe and

578 provi dggl b%ﬁ@béﬁéd on opposite sides of the interconnection

substrate 612. As described in connection with the

. previous semiconductor devices, these devices are provided

with a plurality of contact pads 622 which have a

resilient contact structures 626 of the type hereinbefore

20 described mounted thereon and which are turned upside down

to make electrical contact to the contact pads 617

provided on the interconnection substrate 612. The space

between the flip chips 621 and the interconnection

substrate 612 can be filled with a suitable encapsulant

25 . 631 as shown.

| All of the electrical connections are provided within

the various flip chips can be brought out to a plurality

of contacts 636 provided on one edge of the assembly 611

as shown in Figure 36 serve as precursors and so that the

30 semiconductor package assembly 611 can be fitted into

~ conventional sockets for example as provided in a desktop

computer and the like. With such a construction, it can

be seen that silicon chips can be face down mounted on

both sides of the interconnection substrate 612.
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| ayers 579, often called sol der nmasks, di sposed on opposite sides of the
not her board 576. The not herboard also has multiple layers of netallization
581 and a plurality of spaced-apart vertical plated-through holes 25 583
ext endi ng perpendlcular to the surfaces 577 %nd 578. The pl ated-through

hol es 583 are provided with contac faces 586 V\:t;l ch are accessible
t hr ough openi ngs 587 Fed | FeR %° ?ﬁ%’é 57PACKREE ar £SH s’ﬁrowﬁ%ﬁ

with contact sudimmapdaitinrdhs presemtodinvention EQZShowhhénSEJ.guiraym

579 which extengd, t h a
cont act surfacesq?g are eﬁ%?asglﬁ EL %ﬁ ?&gecne?rem es o‘#:d‘?%éeler c¥£€
cont act struct utesesbly, 6l Ob@nd-@d Figure: §5b938uh@’aﬁ¢§tmla%l?sﬁbﬂch%da

sol der or ag el g@ith AHd YASPIER! CdéiFodiiudtd® ka@@r@éeéxﬁahheeﬁﬁss@hg
This is the repflacerrent

heet
appreciated tha clrﬁ'hf Eg erﬁﬁ?ék é caxdy alaist f’“’éﬂ“ ggeﬁf'%ﬁﬁuﬁor
package assenbl item 536 theshe dourletzided nsfljcor precarsbesmhavedbeent he

same not her pri c Iy i op.su at | ly,
sem conduct or g‘ta%glt(eéd;sgeekb% esq'y vit% bggggﬁ%{tedegn Fﬁéﬁotﬁeregl c?'e'igif:\
the nother pri mﬂé@ icnal: coxkectwstenciures: 66ar bavingaintercenneationst o

that herei pgef opptdRet i BRE. tvd C%ﬁ&f&bﬂﬁe&twn%ﬂdﬁ&ﬁé&e 682 @ deRéor
package 10 assenbl 536 on a noth er Cl aﬁoard rat her, t han ihe firect
'H&FF d

sol der contactsP S9rsri Gt e 34he en senbly . Can: &f  PRE
desired, the compmmmwizmmicnorhepbaynmateﬂéamunbnbadded

contact structug§: ?ﬁﬂﬁ:& Phd tbe: q:l%rgtgcbg_‘ structures 467 shown in Figure 28 to
a d oa

make 15 el ectri sprirng- ‘contact with the conductive
term nal s connected thaothered- tsenigonduecter 533pprkagged assembly 661

15 incorporating the present invention is shown in Figure 38.
It shows an assembly 661 in which a substrate 662 of the
type hereinbefore described can be provided, as for
example a printed circuit board made of a plastic/laminate
or ceramic or silicon with the substrate 662 lying in a

20 plane. A plurality of silicon chips or semiconductor
devices 663 are stacked vertically in spaced-apart
positions on the substrate 662 and extend in a direction
generally perpendicular to the plane of the substrate 662.
The substrate 662 is provided with a planar surface 666

25 which has contact pads 667 connected to circuitry in the
substrate 662. Similarly, the silicon chips 663 are
provided with parallel 'spaced-apart surfaces 668 and 669
with contacts 671 being exposed through the surface 668.
Contact structures 672 of the type hereinbefore described

30 are provided for making contacts between the contacts 671
of the silicon semiconductor devices 663 and the pads 667
carried- by the substrate 662. Thus as shown, a contact
structure 672 is provided for each of the silicon chips
663. The contact structures 672 can be of a resilient

35 type and are provided with bends 6€72a.
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in the notherboard. Thus in this manner, spring |oaded fits can be

provi ded between the notherboard 576 and the sem conductor package assenbly
536. Such a construction 20 i s desirableggecause it nakes it possible to
repl ace a sem conduct or package in the field. Thus, for exanple by
utilizing such spri rkddieidah Xl ountaict, sthractarieso 6dGc havep beleagpravided| v

536 can be remygdendd Gt WSEOBRA! 0 BFofiged cl eIt | Gha

For exanpl e, m Ccr oprocess uter co

upgr aded in th.%e%m&enﬁ €763 %’3%657@net'¥%%lol’%@§5f675?hénﬂs§7ép are
integrated resisizéd LONsG6hSai RahiELes sourthat) wlivh t&#Séofitatbestguekbk 536

b ' th | t t t t te test

pur - n sust 1 1S AP SR AT SReteT Bad A% RECVARRRNER hE FHETAGA!q

576 as her et of &6 d@tcrthed sv.mstzl'ate cmoswhegerwi:bhdmmagqoaoppgsite .
mbly 601 i | td | d

Shove o print e PR ' 06 HAS BATIER GRS e 49, SORMTARAC T ObhppoR el

shows a printe sem conduct or

nount ed t her eor‘F’bﬁlcF%E h6 @3 n%ﬁh%heﬁhi%erfsi@% pepitienswi §he€PSB&F§. to1;
JAN 1997 - Aeh@rgubistratd '6ggt board 576 of the type hereinbefore

described wth an i erposer 2 of &gg own in Figure 2 g
il b (it eckion ] ¥ 0 1 EUTTE RN S ¥ S
e, S e e e S O ) o, il dee
contast SUrUct 76 b Wil YRR AL cHiReCOTkALy SUELISTS 880

Simlarly, the contact structur nter | el dabl'y
retained i n enRERVEIR tio Beppratenresilient contagl 55r’-’é“?*é’c*’é§1@d-ﬁ%°ne

engagement thermixh; b¥nl@dne Sdiréedtforieana tHe athékr dwohehel oppeddte
provi ded h n Is 607 extendl gié’brgﬁ%h the printe CI Jc i t_boar 331‘ and

t hr ough t ectiqn, to LBE? d BB FYPRAT. s provide

the single resilient contact structure.

From the foregoing it can be seen that the
semiconductor package assembly 661 shown in Figure 38
lends itself to mass production techniques as for example

20 for stacking memory chips. _

In connection with the description of the
interconnecting contact structures, interposers and
semiconductor assemblies and packages, the methods
utilized in fabricating the same have been generally

25 described. The flexible elongate elements, as for
example, 106 serving as the skeletons for the contact
structures and used as interconnects can be formed
utilizing automated wire bonding equipment which is
designed to enable bonding of wires using ultrasonic,

30 thermal or compression energy or a combination thereof
utilizing such equipment to provide a wire having a
continuous feed end and then intimately bonding the feed
end to a contact pad or terminal by a combination of
thermacompression or ultrasonic energy and thereafter

35 forming from the bonded free end a pin or stem which
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i nterposer 602 to forma conposite assenbly in which the conpression on the
contact structures 121 is maintained to 15 provi de good el ectri cal
contact with the contact pads 551 carried by the printed circuit board 537.
In place of the bolts 606 it should be apf®€ci ated that other fastening

means can be utilized-as_for anple sprin | J [ [
on the cont actpi'et’:'_‘,1 Fugfﬂpegéfggeﬁ’ﬂﬁg?#) gﬁéthﬁét%gf%lre%ﬁ!t%%é@% cﬁ{r{)r%; 32 :
]'Eoget ger as h_eaesl:lbeﬁoret!?bemcbm.steﬂaehdr camarbe heondedr $es dthes8amR | ng
ornmed as an i e h ' [ ' ReEE f

t he type shpm%ﬁ%?’%u?gazgtr}c]gﬁ e%t?% %sfv{tﬁ%%;bﬁbtﬁ&%r der%lg
contacts bei ngtesminalen The hPindor ofteRe Gan cFhgRePe, LTS H vﬁ%’g e

Contact ot Puc, Seeenidistid) dald yt@“““"‘“e‘gc“‘“}"mds SE W i h o such
| el dabl,y . engage the . surfgaces,_, . '

a constructi o_ncPPd&‘é’ﬁ' e sateripl 3.52%@5 ik r%é%l??%/%%wn rr%écqglg?lm:tmh
corr}oos! te semt eohelbrapahérginbesend| deseribgdbandercsyiany imvedbatelyind
replacing certai ther o] t S | B eraspindi. desq .
The i nterposer %a%ee %unggggerhetg ?ggi I%‘lfaeéésu %ghgin.ggg_ Thri!ééi'i S tﬂégg
repl acenent sh@socesuye canl bgaxepddeated. to pPrayide, %Eﬁ?EBﬁdﬁePg?Ct
package jqgsSseigiractudel.i Ncorporating the present invention is shown in

611 ‘Shown in i gur o BERSneEE RARICaPFGPS, kolis BEpPineneidine 68
e

sem conduct or FRAgRy ehecobhiabt Istmiciures mmnakdngaiutengengélagﬁeas

card. As showun jh Flgg;{;.gg;@%?germsae VILE) gl bl! enaraceeyisens

have been mount3B¥ respett to each other with additi ena
contact struct asfossdngapratubsrantoperducbine gpntagksecthege FRtac

i nter conngGt | O isthir@dLS o8l 2ppbtiiBérant conductive contacts can be
incorporated into and utilized in conjunction with many
conventional semiconductor processes for fabricating
semiconductor wafers. As hereinbefore explained, chip
passivation utilizing oxide, nitride or polymer dielectric

20 layers can be provided. 1In addition, shorting layers of
a suitable material such as an aluminum, copper, titanium,
tungsten, gold or a combination thereof can be utilized.
Such a shorting layer makes it possible to use wire
bonding equipment which uses high voltage discharge for

25 the severing operations. The shorting layer, optionally
electrically grounded, prevents possible damage to the
active semiconductor device. Typically, such a shorting
layer can be provided and overcoated with a resist and
then the skeletons are mounted on the contact pads,

30 defined by the openings in the resist. The skeletons then
are overplated with a conductive material to form the
shell or muscle, after which the resist and shorting layer
can be removed as hereinbefore described. The wafers can
then be singulated or diced. . Thereafter, the diced chips

35 can be optionally coated with a protective polymer which
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precursors 611. The entire assenbly can be optionally encapsulated with a
polymeric or epoxy material for added rigidity and protection. Another
sem conduct or package assenbl y 661 l55g- i NCoOrporating the present
invention is shown in Figure 38. It shows an assenbly 661 in which a
substrate 662 ofextendsypwerhthei pegionciniadricihahec dbonlle arevinadd, to ahd or

exanpl e a print r Qui oard made of a plastic/lamnate or ceramc or
silicon vvithth%%gaebafﬁﬁtaéﬁ%Z lying in a 20 pl ane. Apluraliti/ of
m

silicon chips or senlgorenvestionwith sech & aethodethecppenings im the
spaced-apart pPOgiegigts @dnt B S ' 8E€ a5OFariyil 51280 thar? £hi€CUEOthe

general ly perpendicular tg the plane of the substrate 662. The substrate
662 is provPded SAYRCE PRy 22dtere petal, Fan be Rlated Rp thrrugls?
connected to cithe bpening ha thésiésist tbPprovifenal darger sive cdnteawt

chips 663 are p | 140 p | el ceds gpart_.sur 9wth
contacts 671 be#r%gw %)%go%&el&'t h%fﬁﬁﬂ%%%@é%%;ﬂ%% %qh&g%e%n
of the type her enpemoved)ecexcepdd ubdernaathpthei iatigénransekicontact pad

between the con dedl of the silicon sem conductor devices 663 and the

pads 667 carrie by the substrate 662. _Thus as shown, a contact structure
672 is protPded for SYcProvigingsuchop dargercduea faxthe gontach Radwyres

672 can be of athevid i et aSgredtddt sGPfac€ ROO\pifbte t &dhesilon 6€da. tHai S

5L SRS, sbBhEruher BobERanen B kuRiRs, SOHEC ope
wi t hdf i rst aﬂdawmtbémtsm.anansnagugmaatgénggnsa@'a pade a7y be of iy
oot hor - a” T BB ERL ko Bt 4 st et recBisitef e o
wi || engag&3oppddie elike. The plated-up metal contact pads have an
additional advantage in that they serve to hermetically
seal the typically aluminum contact pads from the
atmosphere.
Heretofore a method was described in which a contact
20 pad was provided for the free end of a contact structure
on which a sacrificial layer was removed after the
deposition of the overcoating muscle layer or shell. It
should be appreciated that if desired the sacrificial
~ structure can be removed prior to deposition of the
25 overcoating or shell and then the overcoating or shell
being formed thereon with CVD, electroless plating or
electroplating with a shorting layer for contact.
Also heretofore described was a method for the
fabrication of a probe-like contact structure with the use
30 of a sacrificial member such as aluminum or copper. Such
a method also can be utilized for the gang transfer of a
plurality of contacts onto a package prior to placing the
~ semiconductor chip in the package. 1In the event of the
failure of a package, the expense of the semiconductor
35 chip will be saved with the only resulting loss being in
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surfaces of the silicon chip 663 to resiliently support the chip 663 in
their vertical positions wth respect to the substrate 662. 10 I n
connection with the foregoing, it should be appreciated that in place of
the single contact structure 676 between egghk pair of silicon chips, it is
possible to provide two separate resilient contact structures wth one
facing in one dthecpackagedahdethe heontacts cheedsi.t e Thits im R_ReTandarnce

provi de the sa p t p Qratq
structure. Fr oggtlﬁiei ?ﬂ& g‘?’ﬁéﬁF {Wéggﬁrg%eéwﬂd}qrﬁﬁfm conduct or package
assenbly 661 shbﬁanﬁmF@giné txansfigs/sagsificialsubshrake @eserdingitques
as for exanple gHy mbfhod! REXEHELEHPETENG XHdieatitier datiy Atitathed Wd fthe he

description_ of t e |nt con ecti ont a stru t erposers

and seﬁlcon uctBPc 89 ‘ﬁﬁhhbggﬁaﬁsgnSfﬁE PR C{h I§9Ré¥qﬁle can -

fabricating thebeanembueé.be'mnemaiﬂlqnﬁbf algurialdty of Tomtadtsid e

el ongate elenmegts,g %fif{ afxar%;ub r]aQ:% se&gkggggs t&skq% to%gcﬂrh; he
n g

cont act struct ures a use as I n rconnects can 11izin
aut onat ed wire BERePR4ishedphEnutibizingsadsofywaret dasnafbiidendsdigrepaiie

wires using ul ttaécaaeﬁmﬁaa é&ﬁfmlorpthaoei@&eéﬁefrbmm@rwﬁmlmalon
t her eof Utiﬁ:#ll zin gshgire %éo provide a wire having a continuous feed

end and th |nP Iﬁp B-feed end to a contact pad or term nal
by a conbination of Bﬁetlmms‘q)m@sresﬂlderml cousmtcsmmtgyreslcbarﬁemfhyer

?2p| a]::Ce):nrenn'?gsL{agtghﬁbasnae§gggA%?§5€£daé '%9‘%% (ﬁ?&?e\gltsr%g'mgah %er m nzﬂ and

has a first stekhengamefteaake-yieldablecand dissngagrahkle
sane contact pads carried by test and burn-ln substrates,

15 testing and burn-in can be readily accomplished to
ascertain that desired performance characteristics have
been met and thereafter the same semiconductor device can
be removed from the test and burn-in substrates and
without change incorporated into permanent packaging as

20 hereinbefore described by placing multiple semiconductor
devices on a common substrate and thereby avoiding the
need for first level semiconductor packaging. Thus, in
accordance with the present invention, <the active
semiconductor device can be tested when it is unpackaged

25 and also after it has been packaged into permanent package
assembly.

From the foregoing, it can be seen that there has
been provided a contact structure for making
interconnections with interposers, semiconductor

30 assemblies and packages using the same and a method for
fabricating the sanme. As hereinbefore described, the
contact structure has great versatility and can be
utilized in many different applications in the
semiconductor industry to facilitate mass production of

35 semiconductor assemblies and packages. The contact
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contact pad or term nal or to a different contact pad or termnal. The pin
or stemcan then be severed at the 5 second stemend to define a
skel et on. Thereafter, ~a conductive mat8PP3l is deposited on the skel eton

to forma shell_as herel nbef ore ,descrj bed and,on_a di.at el dj agent
area of the cofPHNCYERS, PIOYide i“%?%%)‘?océ'&gti@gggﬁtge r%’b‘?i ci“li@g‘ to
provi de additi cstrructutralt iﬁﬁegr.ttyumahiag tlﬁbesemibenﬁastorsmmbiiuse

present nethod f u e
i nt er connect i ons’Qas q(wyer eé%o ngggéggrgtgké iatﬂ 50 cghﬂg Lo being o
as forming protWpblised cbhdnéthelé céneaeesenmeweeﬁﬁt- acﬁefsusesplfu@@r es

or protuberpnt vesenlity aRlNERsiliehy ¥r I6KOr BoREA6E bRrAcRlren! br zod
N conj unct | Onrﬂtt h man CO vent naI iF‘rT}.COﬂdUCt oiepiocesse
e e

(Abr L eat g Sorie, RARPent winerat £0n 0 TF LS, ROBEsPLELkD, BRRoRhe Rape in
passi vati on ut uharxy ngdbffeeenti t sefitcondpotypper adsehditiesc and t:aymagecan

b ded b

an 5 o nam oA 'ifr’ﬂ%*%ﬁ“#*ﬂgs#%y'Q-Bétﬁét@ BYshE BRQLTRE alreltene’s
be utilized. S tiens i mpd ay@thmﬂéffﬁreptsspbtehea- use The e

equi prent i cfgtmﬁwfbawlﬁeaa%ﬂ&%@aaiﬁeméﬁ &ix feridift TONHEI ations
poss bl o dammgda The diaHs PETRIE AR Bhe GBS 1Pg, (FF o BepLcaRaHaror |
shorting | ayer cleipdeonpSIMMiahdiotherccardsed 'mne fcmtm sﬂtmuturtmatride
skeletons are Tl egl Ol nC WY Aot Snapd  seIGddIeth iy £BE ARAIAGS |

the resist. t ons en are overp ed™w tth a conductive rmaterl al
to formthe shetar&rready| edeXﬁ-FeF vvl’mdﬂl t h@llr%%ﬂﬂ amaunked: | ¥g¢siidientcan

be renpved s hesptddEd Or € 192 Ghé 56k Iﬁeé@.ﬁt@b‘aecafbf hﬂauﬁﬁiﬁqnﬁﬂdr&fa@i or
di ced. Thereafter,, the_diced ch‘éfs 35 e o tlona é coei dwith a

protective pol yWRILGPRANCHOY devices ?’e’iﬂ% watsre edr§org97
The equipment utilized for performing the method utilizes

micromechanical hardware which is similar to conventional
wire bonders already in use in the industry.
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-51 the package and the contacts therein. Thus in accordance with the
present invention, the plurality of contiacts can be forned on a
transfer/sacrificial substrate accordingJgg.any nethod heretofore and
thereafter gang attached to the 5 package after which the transfer
sacrificial suRphtagse @gglhgprggeved The attachnment of a plurality of

contacts on a sacrifici bstrate .carrier

acconpl i shed by uti Riezi ngn @%T reanneshion |?%n?%8€r gt?ﬁctﬁ.ggr cellkqéuél/ermebo:ly
pattern on thecbmpniédngsuhstehéetmonhoubombongct hawing apsuwriacesl &. By
e e P LoSEbhABE0a! 6nEhet el AT ' LEEy bl SHY CERUGTctRARES as

her ei nbef ore disclose sane dabl e and

di sengagea®l e §9ﬁP9§F§tWPPﬁ BSﬁF&E@b5§d§h€aP9Peﬁh%ys¥%§E°%HuFQnﬁqF?WPa1
substrates, 15f1eka511bneloﬁadtauwmbar Ravikg fipst!and asecond ieidsl and

AN e e R S v

burn-in substsatfacembﬁmsimwtcohdugtiveccpphaateﬁernﬁoaﬂemﬁﬂmmut the

packaging as 2flee i6¥ % BRFALSLL°IANH HablarA L Infid| P! £ 6008 tor

devices on a conmon su te and avolrding t need _for fir evel

sem condut®or FoPAugtiye shell fommed  @fncatui192she QRsdA¥yern e itl%
the active senpeaadetive et iean hﬁmstedmheatl t leasttnparieagelayér

and al so after |t as ,been_ packaged | er.manen a ssgnm

the foregoing, © g&Piﬂg s& ﬁ t BaPP9R g ﬁ&dp %§gﬂgg§ & éé{con act
structure fo&ntimaltlen@omi erﬂ.innattleast a \pcmtiom rqfemgmnductlve
seni conduct or S arﬁgggﬁl@&%, r_t,.h._e £k 33 Heihede f Or
fabricating th%ggta%% Q%Pbln efore scrli{)m= he contact structure

has greatl%ershondi.ty and can be utilized .in many different
appl i cations in the sem conductor industry to facilitate nmass production

of 35 sem cond u ct %r. %\S Ssetnzt')tléteusre aansd :Pt? Céfaclfn? 1 whgzhgin C&% a&'&rengths
of the first and second intimate bonds as measured by
pull, shear and/or bend can be characterized as being
greater for the second intimate bond than the first
20 intimate bond.

3. A structure as in Claim 2 wherein the strength.of
the second intimate bond is at least twice that of the
first intimate bond.

_ 4. A structure as in Claim 1 wherein said at least
25 one layer is compressively stressed.

5. A structure as in Claim 1 wherein said internal
flexible elongate member and said at least one layer of
the shell are formed to provide a cantilever to impart a
resilient characteristic to the interconnection contact
30 structure.
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This is the replacenent sheet Date: 11 JAN 1997 -52- structures provide
i ncreased reliability and high structural integrity making the

sem conduct or assenblies and packages inﬁgﬁﬁprating t he sane capabl e of
being utilized in rather adverse environ S. Because of the 5

versatility and resig| CacyeahctligeCam! 3! cihilCh bfisrfin BR18" BREN has
invention, it is possibleto use the same in nmany different sem conductor
assenbl i es and AFaRkRY chavexuand i whereinhsapd owrexcAYRY mf nddeocdder
different elevaiieys and with different pitches. The contact 10
structure can be utilized in many different configurations for the pads
permtting the nmounting of sem conductor chips on SIMM and other cards. The
contact structures and mi loataoy atrubtanteosfok nese as ansinbeeconnect

fabri ds d ' b, di I i Li 'S.
The mot hodo s Yaianfe | seosatiy Uhigh ApEDEPLEACEE’ o “HenidonaliBphl’ )

waf er or si ngulevdee,orthe ThReseabilydincinding cant ;lentnenis ngorpenanthod

11255 T o sob s usbich phetog o Semamrundconthort g,
S y | u | | us IS IS S .
11 JAN 1997 <contact pad;thexepn, a§Zi‘ﬂ ecntarct m@fw dasﬁBFEaﬁﬁs an

outer |ayer andadkccentact gtructureagemprisingohticleaktopne’condictineact
struct ur eqfor | | aR.s S |
A LR Binene Hhbing B iUl dbbid pnat

incorporaees Sém con I devl ce, ass an e
conmponent means bonding the first end to the surface of the contact

pad to form a first intimate bond, a shell substantially
enveloping the flexible elongate element and at least a
portion of the surface of the conductive contact pad

15 immediately adjacent the means bonding the first end of
the flexible elongate element to the contact pad to
provide a second intimate bond so that the strength of the
second intimate bond is greater than that of the first
intimate bond.

20 8. A structure as in Claim 7 wherein said shell is
formed of at least one layer of a conductive material.

9. A structure as in Claim 8 wherein said flexible
elongate element is provided with at least one cantilever
forming a bend.

25 10. A structure as in Claim 9 wherein said
conductive shell has a high-yield strength.
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whi ch includes a surface having at | east one conductive contact pad
t hereon, said contact pad having a surface, said contact structure
conprising at |east one conductive 10 flexi bl e el ongate el ement havi ng
first and second ends, nmeans bonding the fiTrst end to the surface of the

contact pad to formsg-firsy igfi hedyl bghan{,hakggnenggi@pl ng
the flexible el ongatI(;i el errent an‘g@ﬁ?r?east %.r?o‘r?.f[ |a6inw

S of the-
conducti ve concendusddvesmateriadi of $314 % ot PE"-HE&P? ﬁy gf’ Sh"éE
first end of the ﬁé@éi-béf geQReted of¥6ENthe0 gty oofaaiigiad t ocpba!ttde a

second i nti nat ond at the sfrength of the se ti
greater than t ?slh%sé}??g?“ﬁht*’ b(?r?&’ g t &ngn&%,p ﬁgiﬁ’ggﬁuré as
in Claim 75mhemhadi3m ,d chiremi ums tmtnenmm,asiuaem padlpdjum andjtheir

conducti ve rratg[l 9 A structure as in Qaim8 wherein said flexible
el ongat e eI enmen ? provided with at |east one cantilever forming a bend.
25 A structure as in daim 9 wherein said conductive

sEeI | has a h| gh- y: Q.'zd.dStAeE%chtﬁbbs dss imeclgphagevidreaiicesait shelbi s
Sheet Has Been ,Re ce IS S Has Be Re l,ace 5- A
structure as iiﬂ"‘% &% B0 WAEPE ¥ eﬁ/e g?'aé‘l c?’&’g e5sive |
IS principallystressesaf a materi al sel ected fromthe group of nickel,
cobalt, iron, phosphorous, boron, copper, tungsten, nolybdenum 5

rhodi um chrom um ruthenium si I ver, pall adi um and the| r aI I o¥§
structurel®s in O ai¥d8 wheStructure 3scim GAaimct b hsﬁFBPPdes

i nternal conprgsid Vis | '€ %end.

14. A structure as in Claim 13 wherein said free end
has a ball-like configuration.

15. A structure as in Claim 7 together with an outer

15 conductive layer adherent to the shell of a conductive
material, said outer conductive layer being formed of a
material to which good electrical connections can be made.

16. A structure as in Claim 7 wherein said shell has
an exterior surface, said exterior surface having micro
20 protrusions formed therein.

17. A structure as in Claim 9 together with a
conductive flexible material mass extending from said
surface of the contact pads and over the bend to minimize
the inductive characteristics of the bend while permitting

25 flexure of the bend.

18. A structure as in Claim 13 wherein said free end

extends above the surface of the electronic component.
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10 13. A structure as in Claim7 wherein said second end is a free
end. 14. A structure as in Caim13 wherein said free end has a ball-Ilike
configuration. 15. A structure as in Clailgg.together with an outer 15
conductive | ayer adherent to the shell of a conductive material, said outer

conductive |ayer beiyy, f@[ E%ilueEueenaéem B1di%h %I whegaos sheat ft-éé' end
connections can he ’?E% A structure as i Caimy erein,sajd shell

has an exteri oreXtf d%‘?ﬁ‘i‘d beieyi okhe pYXLaRsyi @f nithd oBlectronic

pr ot rusi ons forcmnbdsﬁmte; n. 17. A structure as in Caim9 together with a
conductive flexible material mass extending fromsaid surface of the
contact pads and over the bend to mnimze the inductive characteristics of
the bend while perni2@+ nds F:ructiureuns dh cmeimendtoqethﬁrsvinhtgrbazsru n

d ai m 13 V\’fsere'dfsai‘ilfer&%i%”dmﬁéf{'ﬂf gelf oH' fee @néﬂe ahactaﬁm c
conponent. This the rep| acenent sheet Date: 11 JA 19 AlMS 1.
A free standi nd’ M AT SR @feﬁ'ﬁﬁ@“cfv ¥e makgriad 9 e‘?’énﬁh?, of

a first materi dielsetriceconatertderi 86, phovidec! angairielde®nt conbacei n
t he el ongate el{{m flexible without the second material, and the
el ongate el enen ancF € second material together are resilient. 2. The
free standing interconnection elenment of claiml furthér including: a

substrate wi-th a cornect | XN BRidturd s 1P 'ERd £in ol ¢ WMéré&Hs UL LAt BebbRA.

connecti on _poi nt The free standing | nterconnection elenent of claim?2
wherein t corﬁﬂé%t isn BEeRt &7 thats ther secand jepgd, 3R BREVR.oAS tfle

surface of the xegiliartc prbbe cohtalctCtoopesildientldyyengagedthg: cantact
substrat e havi %ﬁﬂéﬁf ality of termnals; and

22. A contact structure as in Claim 21 wherein said
contact structure includes a depending portion serving as
15 an electrical contact.

23. A contact structure as in Claim 13 wherein said
free end is provided with a contact pad carried by the
free end and having at least one layer with a plurality of
spaced apart protrusions.

20 24. A structure as in Claim 23 wherein said layer
having protrusions is formed of a hard conductive
material.

25. A structure as in Claim 24 wherein said hard

conductive material is selected from the group nickel,

25 cobalt, rhodium, iron,. chromium, tungsten, molybdenum,
carbon and their alloys.
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a plurality of free standing interconnection elenents, each including: an
el ongate elenent, of a first material, having a portion connected to a
respective term nal of the substrate; and a second material, on the

el ongate el enent, wherein the el ongate el ThEnt is flexible without the
second naterlal an he gl L e e e her
are resilient. (aﬁ] elgcgggﬁ' Eugésggbﬁ Eﬂ E&dllng%&%ét%%?b #gglﬁ%
plurality of t@nﬂ nks Previded mimalatqamtnewgd amrh@onna@nagantcthen
el enents, each gdid WHd9: an el ongate core elenent, of a first material,
having an end directly attached to a respective term nal ; and a coating, of
a second material, which is deposited around the el ongate core el enent,
wherein the el ongat @70r ep egeretturé aseinbicladm Pwltocjétmémaﬁim,maaﬂst he

Tept scement ondriihd Ve UGN 83°kE k8! SahE rubilbe 18 SchPabloera .
of claim2 or thse whichrthec fizstniend ois cbanded and swkder nenvelophder at e

conprises a segy @yt ctd 's%ru?:tureTQﬁd' a&magnest ESQmeheHBﬂ!&ei?f bl M 2
or the electronic assenbly of claim4 or 5 wheréin the substrate conprises

a material selected fromthe group consisting of a printed circuit board, a
plastic substrate argB.a C.Erﬁﬁi'ﬁcﬁubﬁtiﬁt é¢n lainmlie wieremnesidoshellanent

material is a Pk 48 bRERERoRABVR s A §85h&5n$4*§ﬂ%%?§v.%%55
TesiliencOto tﬁ@-ﬁe‘!eaaéle;d@hg i nt erconnection el ement. 9. The
i nterconnection el eyt gf s%'z%'c‘i‘ul-eohst Eﬁaéhﬁﬁhr9”&ﬁe§§§ﬁ”§£?ﬁd0h€k§bﬁ4 or

5 wherein each interconnection el ement- {I es direction east once. 10.

The i nt er conne@yngakie Rlfmesrt ciisalﬁﬁ’-?‘ﬁﬂf c}RRR§ ﬂﬁeﬁgéﬁ%?yeﬁf tBeai m
4 or 5 wherei n,cdnﬂadtacrpamt eaﬁann@idmmigerreﬂt planak rsguﬂfausﬁl | ayeaf

the free standi [ connegct,i.o a, contact _regio ant.from
the substrare. diereheiifeai St tue FRAD neuid "t8%ed S k| F)eR3p1e
comon pl 38 wielengate slemeintg andnseddercyesns secuiedf tpsthpl shellilt 9fof

i nt ti j t

Lhe el oot oni o e, cETpkfbld elorgfed NeFeRRRE B0 ot sl e Bofadl Mhlmpl |
a material sel &9‘@?%&%@’&1&%% i Hﬁeéf gol d,

30. An interposer for use in a semiconductor
assembly, a substrate formed of an insulating material
20 having first and second spaced apart surfaces and having
a plurality of spaced apart contact pads on at least one
of said surfaces and a plurality of contact structures
mounted on the contact pads on said at least one of the
surfaces, each of said contact structures including at
25 least one flexible elongate element having first and
second ends, means bonding the first ends to a contact pad
and having a shell of conductive material formed on the
flexible elongate elements and bonded to the contact pad,
the second end being free and extending above the

30 substrate.
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al um num copper and platinum 12. The interconnection elenent of claim3
or the electronic assenbly of claim4 or 5 wherein the second material is

connected to the respective termnal. 13. The interconnection el enment of

claim1l or the electronic assenbly of cl ar%®8# or 5 wherein the second

material dom nates the resiliency of the interconnecgtion elenment. 14. _The
i nt er connecti on el et of AR| ANherRAsamcas| iR r G1Admas3RniWhersin:| gpids or

5 V\/[lﬁrel n Ithe wui'harﬁ eisa|pﬁoii12i$‘]erg)rwﬂ19%t hamebh@:wemmaige ﬁ%x&mﬁﬁ tﬁ?l S
i's e repl ace nt erconnegti on
el ement of cl ai %tfﬁa I@%ebttrﬁﬁ'n Nﬂ% r?%‘vt&f’%@l &lgxgpi g?@?ﬁg?he
second materi alellelnaimﬁ)aequ}'em tohthevebnbact tpazdelan@meaﬂenqnthtﬁggh The
nt er connes | Okl HPMls Odnd| 21 Shg1 9" £bPfed| 681 8OBbAAASELVD! Hablrhei Bn4 OF

5 wherein the second rraterla |nc mat eri al ected fromthe group
consi sting of fh&addikinnal £ erible plongats elementsum silver, rhodium

and ruthenium 17. s3the | NART eherrem maqhalmlwreﬂéie: said

el ectroni ¢ ass claima4, or ei,n e first, ter

second materi aleﬂgﬁ’ébglﬁ @ IRtLe ¢ e’“?@{" i‘Fh ormes; A i B %Igﬂﬁﬁflﬁf
claim1 or thehdivigtg oai cadsidever cportiom andk whereiri saile shaldndis

mat eri al forgdhell TGELRY e el t

mterconng'?tlon el eérir!énff # mﬁgleir#%l hg%%glbglaegﬁﬁl %&erg{@nof c?al m 4 or
5 further incl J®aRF éfﬁeﬁﬁxéehq%d RAURASH Reke SIUAFGaddSB-enent and t he
second materi al . 20 33 Jhan nirierpot 2 il OTRim ch wharsﬁih eaiahnoles

el ectronic ass I m V\/ner n,th I st ma |aI i es a
mat eri al sel ec tﬁf'fg‘sg ‘éhiﬁ:l}: %&E’I EeSBFﬁ ﬁr’rfaﬁ 8 ﬁﬁ’ér,
and the second eammianq i hincoigh a thet efinbtseﬂmtt aedargin swrfacesp and
consi sti ng gof r{dﬂﬁ 2 A of
claim1l ora therii ect rggﬁ)c ggs}e d Wx?. érﬁq %-Q%?é%&\?merel ﬁéﬁ%ﬁegﬁgggé
elenent is a cHIEEH oADK ﬁﬁﬁ°§‘ﬂe %@%@Bﬁ&h‘irs withacantagt cRads
deposited ar Oumiéﬁt%é‘d)r orel galat - sBduldérsetdnd iler&in/f galidr i 86ntact

TR A R TSR, At O Y
substrat e, the sHoailgiers elagrdenhave affeestends erwlnichanéxtiend somtwandlyghape
to be flexighl eieniiivid THdhI Y BBl tHFirst and second surfaces to
provide free ends which lie in the spaced parallel planes.
34. An interposer as in Claim 31 wherein said holes
having conductors extending therethrough.
35. An interposer as in Claim 31 wherein said holes
25 are in the form of plated-through holes and wherein said
contact structures are disposed on contact pads on one of
the first and second surfaces together with additional
contact structures extending across the plated-through
holes and being bonded to contact pads on the other side
30 of the substrate, said additional contact structures
including flexible elongate elements and a shell formed on
the flexible elongate elements.
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Date: 12 JUN 1999 56 depositing a second material in a shape determ ned
in significant part by the elongate el enent, the second material deposited
in a size and shape to be resilient when f.rgge standi ng. 23. The nethod,

according to claim 22, -further including: depositing a | ayer of the second

materijal altonglt_he eati.][e Itzﬁﬂglhteli-pgserelwg@he cﬂatejﬁentsf Mn?rahle mu?o?,

according to clai rther_includi ng; securin e_elon e o
a conductive reaflg]rjf%igf’gzent qontanthst rg EFCEW%gpogFFi ng sg‘?’ﬁ%@gﬁ%gﬁ of
the second mat elibap-shaped doncebdvatsoregtagetiimceith t feldeonfarmed ement .
25.  The methodenacganet9enh? 8&1‘?{#@%t detdie tb”ﬁi—ﬁgig? d Yd¥did Bump.

plurality of resilient Interconnection elenments on"t ectronic
conmponent, the nmethod including for each resilient interconnection elenent:

fS_ecuii ngt an_se: ongat e?ﬂ.emtséﬂéébﬁdﬁé@éft r%ée%?é h_&gleéﬁﬂgit eoftpeiBihgofam |
irst material and.of a si.ze shap xi bl e _deposifing a,secon
material in a sft gévﬁetsm%%‘?i dfﬁ‘fjro‘?,eama g sprfae eVéJf"rba (,Pné:laé%bnt,
the second mat epads flopmeilt tereon andeaplinsdtity tof montact istxucturesf r ee
standing. 26. [fR&ntRkNO4n agqar ngﬁtéchl%&g 22,eJéHtQﬁr | q,Ifdeldagn' act
shapi ng the el ongate el enent 1 n at Teast_t di mensions to_define a

skel eton of thestrugturesg iincdudims:a i Hlexikimelongate Trdepenkodaving

ra;lccor di n% 1ﬂ cl Qﬁg‘s%Za?EUébbehdidéﬁhH?i ﬂga_imé mdv.?aé fiﬁzzé;ﬁmﬁ%ﬁ erdl ¥8thd ©
e S SMae hace. M S35 (B St biaC bR el B g, el
repl acenent shefbribeticon the] flé¥i¥le elohdgdte d&lemernt hanid fiormedi of 20
claim 22, Vmerel:@_hductive material which extends over the flexible
elongate element and at least a portion of the contact pad
s to which it is secured, said flexible elongate element
having a cantilever portion forming a bend therein, said
contact pads being spaced apart at predetermined
distances, the free second ends of said contact structures
being spaced apart at greater distances than the spacing
20 between the first ends of the flexible elongate elements
bonded to the contact structures.

38. An assembly as in Claim 37 wherein the second
free ends are staggered with respect to the first ends of
the flexible elongate elements.

25 39. A semiconductor assembly as in Claim 37 together
with registration pins secured to and mounted on the
surface of the semiconductor device, said registration
pins being formed of a flexible elongate element and a
shell formed on the flexible elongate element.
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the el ectronic conponent is selected fromthe group consisting of an

I nt erconnection substrate, a silicon device, an interconnect socket, a
sem conductor wafer, a ceram c sem conductor package, and a plastic

sem conduct or package. 30. The nethod, ae®®rding to claim 22, further

i ncl udi ng: bonding the elongate elenent to the surface of the electronic

conponent. 31. The 4%t h3n, agsewbiynastin Glain 39, wherehnrsaild| fArxipleassi ng
aut omat ed wi r eqoigate® @l dHEHY -ant? said'EREINSE BFE OF él 1kt Lt pir
further includ ngmde%osml ng the, conductive rrgt eilil b¥ a process selected
from the groupPEdRG sEOFPes  2Inl HhengSpPEccBatepidif cf5 v RTF RPKATY on,
chem cal vapor stemotuiriesn, and a process that involves the deconposition of
gaseous, liquid or solid precursors. 33. The nmethod, according to claim
22, wherein: the elongate elenent includes a material selected fromthe .

group cons®sting of 4dol d, Aapemirendustprcpackaggnassembdyd gampnining 3.
The nmet hod, acgabgtiated foridl 8f WHCHMsN1atIfgS HatediA! Haviing OFEFdEes a
mat eri al sel ectedq fromthe grou con |st¢igbof i ckel coager, cgbalt, and
iron. 35. The®R& R8FONI EBUFEpfAgs:and ha e Pafg RLEPR§ed B AN t i ng
t he second nat deasit amearof riiry fivest wd second esurfaces, Ak ledst nmidod,
according to clal 5, L Q. | d Il r pesiied h

el ongate el ené%’it %o@%é@%cg‘%dﬂgggég llﬁ%%ﬁgaldf ﬁﬂké‘ﬁl §s utqufea de'ana
repl acenek® shbavipg: eontact peNsiend intggcennectingnyesiblient wontantto

cl ai m 36, W_neL ait&uc%aa&ierssthé , fﬂeags iahadtéw&d h@?ﬁé oggat ?xaﬁiiw@r%he

conprises nic - an segon ayer 0S over e firs ayer

conpri ses gol d%ig'g.%' ef‘ﬁ@ ﬁé?ﬁ gd gﬂc%? ?\‘b‘*?‘iq’ﬂ &3’??‘?‘36, 8rPRYF SHTIRA ng:

sel ecting sai dbyyapaes surfazel of the sat_:han'atel orhtoathercshtast gfadéieof

I nter connect | 0gygl egERL cShAHSLUES aeice ThE MELART pAtRfD! €hBfelifefl Al 22
urther including: deposrting on the substrate a |ayer of material selected

fromthe §Poupheyisigstthey stcopd dends adaptednto make contact with the

contact pads of the semiconductor device or the contact
pads carried by one surface of the substrate free of
bonds, said interconnecting contact structures each being
comprised of a flexible elongate element having a

20 cantilevered portion forming a bend therein and a shell of
a conductive material having a high yield strength of at
least thirty thousand pounds per square inch disposed on
the flexible elongate element and serving to provide
spring characteristics to the interconnecting contact

25 structures to resiliently secure the active silicon device
to the substrate.

42. An assembly as in Claim 41 together with at
least one additional active semiconductor device having
contact pads and means connecting the contact pads with

30 the at least one additional active semiconductor device to
the contact pads in the other surface of the substrate.
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40. The nethod, according to claim 22, wherein: the elongate el ement
conprises a material having a first strength; and the second nateri al
conprises a nmaterial having a second stresgllth which is greater than the
strength of the first material. 41. The nethod, according to claim 22,
further including: sé3ipindnt assembdycasndat i Olaih cé2nwhereidnpsaidhasans

I nt erconnecti o " ' el.ec | |53 4 ingrid
arr oy package. SorReqhing Hie PG pdasTbECthaTME AP dduitinia

.jselt ecting at mtmg:%%ﬁglﬁ;gmﬁ?WM% i BFdFQP'hia‘EF&bI"é'-h::

i nt erconnect i onguirfdcée ethe s UlesBhitieaiclnett Todhtaidtve
contact on @an e&glcé%?\%c cggpgﬂlent incI#dig : gﬁndi na $n i?gf: awmreto

a first aréa on or % %399  fPRS gﬂ'ﬁ Bht # sﬁ‘gib ng ﬁé RFES o
extend as a w rintexconnecting contack strudturesctroni ¢ conponent;

severing the wire stemso that it has a free end and a length; and This is

the replacenent sheet Date: 12 JUN 1999 59 depositing a conductive
coating having at | tdt oAb pepenbly ®s in (@laim4lowhermin thedshells

C(r)]nt act; wher Eifbx('jﬁé@ 6t:nd3§bhaac§9a§i RatepiglSage &a%ihaaehgsqbomre# @p of
‘the wire stem gnd the caonductive coajing coyers econd, ar on . the
surface of the %c‘iﬁ“ﬁ?ﬁ% @&#fbﬁ?n?? éﬁi%%%{‘gﬁ&@éﬁf%%h&“ﬁ; 535’%5‘ and
enconpassi¥y t hmeduring sthe. cantact struttures doe cche repntact padsi3,

further including: depositing a | ayer of the conductive coating al ong the

entire length of the wire stem 45. The nethod, according to claim43,
wherein: the first ##%a coffri 368embdyndas:ti i 1€1aina 4l Wharein, said

Zgrfaﬁe of thehﬁhﬁsff&f&Ci%Ofﬁ)OﬁQ_ﬂhteﬂG-?i,fﬁlﬁﬁTEbb_ﬂﬂd afgsa)rﬁhageiﬁ_ @adign
: erein: the first area ¢ rises a first poriion a conductjive
termnal; and t%{%é%%n&iﬁﬂa‘&%c 5% edS, %r&v&?ﬁe%ovﬁ n %bf p?ﬂ’éag%h&u&q ve
term nal . layers of metallization and vertical via conductors
15 extending therethrough and wherein the contact pads are in
contact with the vertical via conductors.

46. An assembly as in Claim 41 together with spring
clip means secured to the substrate and extending over the
semiconductor device to retain the at least one active

20 semiconductor device in a predetermined position with
respect to the substrate and placing compressive forces
on the interconnecting resilient contact structures.

47. An assembly as in Claim 46 wherein said spring
clip means is formed of the same materials as the
25 interconnecting resilient contact structures.
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47. The nethod, according to claim43, further including: manufacturing a
plurality of conductive contacts, including, for each conductive contact:
bonding an end of a wire to a first area-eB-a surface of an electronic
conponent; shaping the wire to extend as a wire stemfromthe surface of
the el ectronic conpé®ent ; Amveassepblye \@s e in eflsuin has | wherein f the end

and a length; ppdeseoRsett iy aﬁaﬁegeetggf?eetai-éagna%i Becehd $3¢e @Hag ayer

on the wire stemto _forma conductive_contact; wherein: the conductive

coating coversaBd |whexeip ptbe pseeend Fradeepds: sxEandathronghoddscti ve
coating cover svértf€81dvia c8oRAuetérsUihatReObriiited edrcRiitc bvard d |

The ropl acbnortEinEhoinl fEI8haagd" sy’ NS TIRE N ORauehBbROS” Lo i ng
to claimi43, feletbricallcdnbyctsthereyithewhile serwming tao rétadmsithes to
define a skel Ghofi ObndubEok! HVARONACt BleaelleniReR0dosPEEH! Lth

claim43, further 1 ncluding: shaping re stemto - shape. 50.
The nethod, ackeFReFy t0 the;spbstrate:her incl uding: shaping the wire stem
to extend at an angle to the surface of the electronic conponent. 51. The

met hod, according tp,claim43, wherein: the,elegtronic, congonent conprj ses
a sem conduct or dev?%é. 5Z. ?ﬁ?#ﬂod,‘sacé{}rdﬁgiﬁg’f‘o %fair%gﬁfl%ﬁ%dn: '
t he el ect¥®ni csubstoaketis prostictaddrithom pherglity ofrisobes mpdfsping

| nt erconnect | g fYDSIEAE: deciddd Ot U URAFANCla tarid
sem conductor warer, a ceram c sem conductor package, and a plastic

semi conduct or ¢EEeRGENg sEhropgh Eheodholes odmichgengagingm the MmEintad

i ncludi ng: bongir@uitebsdr® £dntdttainihg WHe Eefcdifucidittdévlide in a

conponent . o4 prades SEalRen SSCELEbA%enckalPude eb thiCldbhtrdld dnd's "9
15 to place compressive forces upon the resilient contact
structures connecting the contact pads on the substrate to

contact pads on the semiconductor device.

50. An assembly as in Claim 41 wherein said

substrate is provided with a plurality of alignment holes,

20 alignment pins mounted on said semiconductor device and

extending through said holes in said substrate for

maintaining alignment of the semiconductor device with

respect to the substrate and adhesive means disposed

between the semiconductor device and the substrate for

25 retaining the semiconductor device in the predetermined

position with respect to the substrate in the alignment
determined by the alignment pins.

51. An assembly as in Claim 50 wherein said

alignment pins are formed of elongate elements having

30 shells formed thereon to provide additional structural
support for the flexible elongate elements.
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55. The nethod, according to claim43, further including: depositing the
conductive material by a process selected fromthe group consisting of a
pl ati ng process, physi.cal vapor deposition, chem cal vapor deposition, and
a process that involves the deconposition-68=gaseous, |liquid or solid

precursors. This is the replacenment sheet -~ 61 56. The nethod, according
to claim 43, wherein$2the Anr gsseapdy @smpins&iaimpls togedhieraWithoa

i nparting resi |¢£§£c9€695&ié;§§séd3 Hé%%e@ﬁnﬂﬂfé'ﬂﬁ'é?@@é\ﬁfcorﬂ%ﬁ&iedev1ce

conductive coating comprises a material_that reduces a cont resi stance
bet ween the cond@dti 8 %n%t&'ﬁ&e&noﬁ?&rﬂ el RRAGEQE coh‘b%ﬁ@ﬂt FB"\%I%
the conductive terhinalssamdinshnss éoupllifg n’?imeom diexpimals aonthe

sher el thp W Lgnplen bSLUGFSeR go%fﬁ i Ry 91 oup

consi sting ‘of go nany- c um s117 con,
magnesi um and pl ati num and thelr al l oys. 58. The rret hod, according to

claim 43, wherein: tgg con(}gpt @é@egmy NggCOfpT |é;fasu@ (528 erm@reggi e(‘staq_@

fromthe group cons g, of _nick copper, cobalt, i,ron, th
al | oys. 59. {" %%c%‘?’?ﬂ‘ ‘i%@amﬁc&&sm Pﬁél g‘ﬁﬁ' n the

depositing the eapaiuttore;somsm@ds therelirer | ayer and an outer |ayer. 60.
The nmethod, according to claimb59, wherein: said inner |ayer, deposited
onto the wire stem conprises nickel; and said outer |ayer deposited over
the inner |ayer conpP4sesApopssesbly wse imetCkaim £2 ovkiereinosaidi meams

further ing udi &gy ffﬂ:&ci:hagc%ﬁtﬁcha%ﬁihﬁlba'dd)rtﬁ&ecaﬁ@i@ﬂ' palis with

characteristics of t he cont ac structure, The ,nmeth a COI’dI ng tQ
clai m 43, wher ethe {£3rst gt Y%asFHéFBB€§°E°¥a§’€P’ ige ‘é} 8 &%
fromthe group padsi disposed adjscemtl the ntevess.This is the replacenent

sheet Date: 12 JUN 1999 _
55. An assembly as in Claim 41 wherein said
substrate is provided with a second surface having steps
15 therein at different levels and wherein contact pads are
provided on the steps and wherein contact structures are
secured to the pads on the steps and have free ends
extending into the same horizontal plane.

56. An assembly as in Claim 41 wherein said

20 substrate is provided with a recess extending through the

first surface, a capacitor disposed in the recess and

additional contact structures carried by the capacitor and

~ terminating in the same plane as the contact pads with the

semiconductor structure and secured to the semiconductor

25 device and making electrical contact to the semiconductor
structure.
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62 63. The nethod, according to claim43, wherein: the wire stem conpri ses
a material having a first strength; and the conductive coating conprises a
material having a second strength which i gsgreater than the strength of the
first mterial. 64. The method, according to claim43, further including:

slhap![ ng the conduct?;e coﬁaggsgﬁgg pldg s{ﬁpsqagﬁntﬂ_cttﬁdhébemlth tdye
el ectroni ¢ conponen rid array patka 5 nmet.ho

according to gB-QI FPHIStiPBr %FREPUBPNQ"%& 981“1‘?&1 3 pads
characteristi fCthbhﬁcd ee&dgaﬂtxezcorwment aliittonali ou'ensfilziem:t ercaitact
conposition o | e a aim
43, further i n& ﬁ‘%ﬁ"g éﬁ%e%%%&hﬁgf‘ésgm tggrrpgglhgg%r? o?faﬁle condaufl ve
coating fob a subbltcatsndm i vethe orcontack t hPadsdepf Tithe | singrgration
repl acenent shggbhsbehte.12 JUN 1999 This Sheet Has Been Replaced -66-
65. A method as in C aim64 together with the step of forming a bend in the

fl exi ble el ongate el enent between the first and second ends and form ng the
shel | over the bendsso pr ani Gesgembldabag 9y i Caimk&7propgethes fwdtht he 5

cont act struct hod he th t of
providing an a &uﬁ gﬁ&? el%ct r% ‘sztic?mﬁb %‘%é??%%?%éa %owb%%td p%ﬁtﬁ%?eon
together with tintegretion muhstnate; and centadtestrarctures |eanneeting
el ongate gheneihel s Ii%ﬂ:ﬂal EﬁBEEEEtEthSntEEeiﬁédbﬂaﬁﬂah QhBQi:i-aﬁéC N

conponent to establ an electrical connection between the sanme. 67
method as in Claim 6_6 together with the step of applying conpressi ve forces
between the el ectrosio¢ canpassemnbapdashinaClain 5al wiserein osaid coopaett so

that 15 conplg %‘%‘c %refsor “fite’ohnett tga' nggidonsugggragggt a4y  said

integration substrate include an interposer having a first

and second sides and having contact pads thereon with

15 electrical interconnections between at least certain of

contact pads on the first and second sides, said contact

structures making contact with the contact pads on the

interposer and contact pads on the substrate and solder

means forming a connection between the contact pads of the

20 interposer and the contact pads of the 'integration
substrate.

60. An assembly as in Claim 59 wherein said
resilient contact structures yieldably -engage the contact
pads of the interposer, the substrate or the integration

25 substrate and restraining means interconnecting the
substrate to the integration substrate so that compressive
forces are applied to the contact structures so that the
contact structures remain in electrical contact with the
contact pads.
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structures. 68. A nethod as in Claim®64 together with the step of securing
the second end to the sane contact pad to forma second bond. 20 69.
A nmet hod for nounting a protuberant conductive contact to a conductive

term nal on el ectronic conponent, the net&8=conprising sequential steps of

providing a wire having a continuous feed end intinptely bonding the feed
end to the terninal,6lermni A f r&ﬁﬁﬁﬂ#@-l’oo#&edgﬂeeﬁl% aé/°25"’he§le31'ﬁ V\ﬁP&ﬁ
protrudes fromysagt+8{Aing! medAs"ds ar €1é¢ S6AM 6fdrehevadle fastendng
second.stemend into a sacCrificial menber nmounted in spaced rel ationship

fromthe conpor®®®MSsevering the stemat the second stemend to define a
skel eton, depositing a conductive material to 30 envel op the skel eton and

at | east an adjacentgsurfgc fetgsele s [ i a
sacrificial menber. ﬁ%l’s ?‘se?%ié%?\gcemﬁ%ﬁ %ﬁ%@ﬁﬁglegﬁﬁfﬁgg

Thi s Sheet %Has sabstrapeafoamedr of;an insulpating materiyl  havéng,Adrst,
during the elinanatséofdcBurtiBes eand chev iy adhductiane loohtiactmpalds on
sacrificial nmenper. 1&% The nethod as |$ Clalm69 wherein éiﬁ} fg%ctkﬁg 5
material is provhfed kHEFEa ARt BAEOBR i AT usi 8ns Bon |¥is) rface.
72. The nethod semicofilactofd dévices thavideposontagtstpadsnddaging the

pl acenent of a |t | ayer, a Lfferdn £AMRlgh 1@he
3 he. et hodaHERkE Goatie * BRI x gl did PECOAT Hit quede 6t 1t

conpri si ngl@ondeubstratat er a&ad hagesiliendd t Gon§aghhy S eso 1 EBFce
contact resistagggcetibh21p’ OiNEEFSSANESPING ! it Cebhtattwhpadsntesl tthea
matching term nzsileiniconductor devices and the contact pads carried by the
substrate and for supporting the semiconductor devices in
spaced-apart positions from the surfaces of the substrate
15 g0 that the semiconductor devices lie in first and second
parallel planes on opposite sides of the substrate and
contact means carried by the substrate for making
electrical contact to the semiconductor devices through

the contact structures.

20 63. An assembly as in Claim 62 wherein said contact
means is disposed in a plane and is disposed in a row.

64. A method for providing a structural contact for
engagement with a contact pad carried by an electronic
component by the use of a flexible elongate conductive

25 element having first and second ends, securing the first
end to the contact pad to form a first bond and forming a
conductive material on the flexible elongate element to
form a shell which extends over the flexible elongate
element to provide the structural contact and which

30 extends over first the bond and over the contact pad to
adhere thereto so as to provide additional strength
between the contact pad and the structural contact.
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15 74. A nethod for nounting a protuberant conductive contact to a
conductive termnal on an el ectronic conponent, the nmethod conprising
sequential steps of providing a wire havi ng%a continuous feed end to the

ternminal, intimtely bonding the feed end  the terninal, 20 form ng

fromthe feed end a éé?mﬁﬁgngég%;gﬁzcisfm bheebgethon! wotd bRE atépr st

stem end thereat, severin second stem end tlo degig% a

skel eton, depos9f ifRFming @bend, dnythe flgxikle flongate,elepent: batyagn
a?JaCFnt Su;fEﬂfhéﬁfifﬁtt8ﬁ61Qébon@eéﬁﬁﬁniﬂa foemingetise eghedh aveb the
plurality of termipals, _at lLeast.o ectroni 0 i prLhe
terninals are ﬁ?\e'&?f#%reﬁ?vbgﬁngé,efﬁﬁgi?ofﬁg ﬂ‘é&'éf@gg %‘%? |g?g¥\?§6§ Enb
plurality & fremmtacthdstougturelberant stens, the severing steps being
perfornmed on the respective stens, all in a cormon plane. This is the

repl acenent sheet Date: 1 1 JAN 1997 Thi s Sheet Has Begg gﬁgl aged 68
75. A method as i n € ai A methed as imCladmi6§ateggtbernwatht ERBnE BPENes

2nd rﬂe&e}n theb%Oﬁﬁﬁﬁﬂdfﬁép&nag?diﬁﬁbh&ﬂ_éﬂ%cﬁﬂoﬂh@ dohponent hawing. a76.
met hod for performng tesi. and/ or burp in pLoce s,.@n

seni conduct or & °€a9?ﬁggﬂe13?ﬁ?af'??§% T iR éﬁ% g{é’%ﬁa‘c’fg’ g?lr‘ﬁ%f:ﬁ?”e)g
mount ed t her eontlvy skeonde eofd of chheafdexibileoeliongaten elanantat¥o hkheng
contact pagy ! EoEONCE" (ad0oEn! it PAGEEL iME T Cd18BE BREC (duigBHaIR. Lo
conpri si ng positr.oni ng e sem conductor device with the 1

lurality
of resilient estabtishsan eleetricahronneghiqn hefvagh \;at“f?'r espect

to the test or burn-in substrate to yieldably urge the resilient contact

S o e e | RemEBnBa R b a0 CaRIncEl ERgefhd; "ReqoFRAl gt

substrate, perfofniapplydyic compressive forces between the electronic

component and the additional electronic component so that

15 compressive forces are maintained on the contact
structures.

68. A method as in Claim 64 together with the step
of securing the second end to the same contact pad to form
a second bond.

20 69. A method for mounting a protuberant conductive
contact to a conductive terminal on electronic component,
the method comprising sequential steps of providing a wire
having a continuous feed end intimately bonding the feed
end to the terminal, forming from the bonded feed end a

25 stem which protrudes from the terminal and has a first
stem end thereat, bonding a second stem end into a
sacrificial member mounted in spaced relationship from the
component, severing the stem at the second stem end to
define ‘a skeleton, depositing a conductive material to

30 envelop the skeleton and at least an adjacent surface of
the component and eliminating the sacrificial member.
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sem conductor device while the resilient contact structures are in
engagenent with the contact pads of the test or burn-in substrate and
renovi ng the sem conductor device with theoéﬂ urality of resilient contact
structures 20 from engagenent with the ¢Ohtact pads of the test or burn-

n Olaim 76 for use vl obEREsPaE, o8 Amorais ke, khratn A { Bhe

contact pads theldainatinggstepn &her sdcppdnshen endt fsnsevevedofroni the 25

conpletion of datgifiRSaiNhenPer PUrn-in procedures, performng the
addi tional steps of placing the resilient contact structures of the

sem conduct or device into engagenent with the contact pads on the
i ntegration substrat emnd'mer fietBod “FMWiﬁW%bir&ﬁnbﬁhéﬂeﬁnd\hetﬂﬁe

"o Lhe repl Scentatebiay 13 FRoViGbalaRency Rifeifbad At AICEBEMAEOID 2
-69- 78. A nmet h@d d&s sugifaice.76 wherein said contact structures have base

and free ends together with the step of changi ng the spaci ng between the
free ends so that the spacing is different fromthe bas

ends and .
corresponds to 5 tH&sspipergethod as dhiAad "’pé&swﬁﬁrFEE EBSS%?B‘P%R’?@Q A
met hod for nounigtep ainwmwergnhceﬁaﬂuctdﬁ/eacgmﬁeuitﬁy aof 0Ndiydris/ ceach

term nal on an npanent met hod conprising the steps of
providing a w r?%rﬁ f%g’ H&oﬁ?‘#ggﬁ end, intimately bonding the 10
feed end to the term nal, form ng fromthe feed end a stem which protrudes

fromthe tggninal angshas gid lmre%ho%f B G NP tﬁ?é(/f‘éiﬂ‘gaé hfeéé@”bﬂ& a
conau

second stemend to define a skeletq deposi_ti ngva to

Et Lve mat el a
envel op the skel© &’l‘eaAGYEHFaGSHPréﬁﬁpﬂcE"BF“F'ﬁ gcpatgrial has a agged

topography in order to reduce contact resistance of the
protuberant conductive contact when mated to a matching
terminal.

15 74. A method for mounting a protuberant conductive
contact to a conductive terminal on an electronic
component, the method comprising sequential steps of
providing a wire having a continuous feed end to the
terminal, intimately bonding the feed end to the terminal,

20 forming from the feed end a stem which protrudes from the
terminal and has a first stem end thereat, severing the
stem at a second stem end to define a skeleton, depositing
a conductive material to envelop the skeleton and adjacent
surface of the terminal, performing the same steps on a

25 plurality of terminals, at least one electronic compeonent
and wherein the terminals are in different planes, the
forming steps resulting in a plurality of free standing
protuberant stems, the severing steps being performed on
the respective stems, all in a common plane.
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15 80. A nmethod as in Caim79 wherein the form ng steps and the
severing steps are perforned by a wire bondi ng apparatus and after the
severing steps but before the depositing step shaping the skel eton by neans
of a tool external to the apparatus. 20 =68 81, A nethod as in Caim79
wherein the conductive material is provided with a multitude of

m croprotrusions on 135 shrmetbodges An. ¢ al4i whersip ¥heterminals
deposi ting steparecinddifferacte plined andlvhatein tiie Ifraring atiepsSare

differing frOm@ﬁﬁrfwtm'%@?ﬁé@tﬂgﬁp%d%ﬁréﬁ?%@ m 79 wherein the

depositing step 1 ncludes pl y of layers each different
fromone another. This is the replacenent sheet Date: 11 JAN 1997 - 70-

84. A nmethod as in Ggim 73 ﬂéﬁﬁ&é”%roppé’rf%ﬂﬁfﬁét!ﬁeei: taHa A badh S iand
wherein th%for.m n‘_gﬁitge s result I,n a pluralit

I.ty,of free standing_,
pr ot uber ant® st &2 R} i®n Qe!‘tiEB§dHF$°5e1’F§FﬁEd‘%W’E%@ rﬂa‘éﬁ%@t‘it\)(e"gt ens
a:I 5|. in ? cmwummmoxafacﬁsﬁuml res mouhitadnthéreenfpy naxe Qld%eaof .
plurality of the S at ast one_electroni 0 rein
the termnals ta# eéfgéﬂcﬁ?# e?ggP ﬁ'a %P‘?ﬂesf‘%ﬁﬁ’ﬁgesﬁé&g%egﬁﬁt“ﬁ% Pﬁgg
plurality of fridwexeemdarganged fnotuipredetexwmined tpattevn;i fhesmephobei ng
perforned on t*’@oﬁ%é Vosi€{on fh tﬁeafﬁﬂmﬂdﬁf:ﬂaﬁ- a8fice Wethodnas i n

Claim79 perforne |'east one termnal on an electronic conponent

wherei n t B wi RAVMEALERR r9%mar iT8sikient e fontAck: e FEUSHUFES ouynEsT
consi sting of godmbreseies  forvesnwithsiresect ndouthenctest opg burhedh,

the skel eton beé&%%ﬂgd ot hyieflidra%rlyl a){lei[geof pdugtiyesppieriaheace

selected froma ¢
structures associated with the semiconductor device into

engagement and electrical contact with the contact pads of
15 the test or burn-in substrate, performing tests on the
semiconductor device while the resilient contact
structures are in engagement with the contact pads of the
test or burn-in substrate and removing the semiconductor
device with the plurality of resilient contact structures
20 from engagement with the contact pads of the test or burn-
in substrate after completion of the testing or burn-in.

77. A method as in Claim 76 for use with an
integration substrate having a plurality of contact pads
thereon arranged in a predetermined pati:ern, and following

25 completion of the testing or burn-in procedures,
performing the additional steps of placing the resilient
contact structures of the semiconductor device into
engagement with the contact pads on the integration
substrate and forming a permanent connection between the

30 contact structures and the contact pads of the integration
substrate.
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consi sting of nickel, cobalt, boron, phosphorous, copper, tungsten,
titanium chrom um and all oys thereof, and the 20 top | ayer of the
conductive material is a solder selected froma group consisting of indium
bi snut h, antinony, gold, silver, cadn1un1agg their alloys. This Sheet Has
Been Replaced This is the replacenent sheét?Date: 11 JAN 1997

78. A method as in Claim 76 wherein said contact
structures have base and free ends together with the step
of changing the spacing between the free ends so that the
spacing is different from the base ends and corresponds to

5 the spacing of the contact pads on the substrate.

79. A method for mounting a protuberant conductive
contact to a conductive terminal on an electronic
component, the method comprising the steps of providing a
wire having a continuous feed end, intimately bonding the

10 feed end to the terminal, forming from the feed end a stem
which protrudes from the terminal and has a first stem end
thereat, severing the stem at a second stem end to define
a skeleton, depositing a conductive material to envelop
the skeleton and adjacent surface of the terminal.

15 80. A method as in Claim 79 wherein the forming
steps and the severing steps are performed by a wire
bonding apparatus and after the severing steps but before
the depositing step shaping the skeleton by means of a
tool external to the ipparatus.

20 81. A method as in Claim 79 wherein the conductive
material is provided with a multitude of microprotrusions
on its surface.

82. A method as in Claim 79 with the depositing step
including placement of a plurality of layers each
25 differing from one another.

83. A method as in Claim 79 wherein the depositing
step includes placement of a plurality of layers each
different from one another.
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7 84. A method as in Claim 79 performed on a plurality
e of the terminals and wherein the forming steps result in
f// . a plurality of free standing protuberant stems, the

severing steps are performed on the respective stems all
5 in a common plane.

85. A method as in Claim 79 performed on a plurality
of the terminals on at least one electronic component and
wherein the terminals are in different planes, the forming
steps resulting in a plurality of free standing

10  protuberant stems, the severing steps being performed on
the respective stems all in a common plane.

86. A method as in Claim 79 performed on at least
one terminal on an electronic component wherein the wire
is made primarily of a metal selected from a  group

15 consisting of gold, copper, aluminum, silver, indium and
alloys thereof, the skeleton being coated with a first
layer of conductive material selected from a group
consisting of nickel, cobalt, boron, phosphorous, copper,
tungsten, titanium, chromium and alloys thereof, and the

20 top layer of the conductive material is a solder selected
from a group consisting of indium, bismuth, antimony,
gold, silver, cadmium and their alloys.
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