; pge3ex] $xzZI "6T$<K" -1 METHOD FOR THE FABRI CATI ON OF ELECTRI CAL CONTACTS
FIELD OF THE INVENTION *z* This invention relates generally to themmummm“mmlm
el ectrical contacts and nore specifically to nethods for the fabri b

el ectrical contacts. BACKGROUND OF THE | NVENTI ON Exi sting el ectrical xiso150+
contact designs include interposers constructed from 1o el astoneric

material and i ] r pf these
sol utions havmmmmmwm- astoneric
materials are unable to sustain adequate contact spring force m"mm"mmmm
tenperature and have a small range of working heights. Interpo
constructed fromballs of wire are fragile rone to unravel, ofterg uire
costly inspection, and provi & DWJ}[&-MNM contact 15 travelo.[)(ﬁg
SUMVARY OF THE | NVENTI ON A net hod for the fabrication of electrical
cont act s usi ng Thistinventien sglatag genasallyite the fieldofielpgtricalrentaefs aud A t echni ques i s
presented. The nethod produces a plurality of specialized electrical
cont acts, speqfitally teometheds forthe Fabrication pbelestricabconactser devi ce, 20 i ncl udi ng
non- per manent or pernmanent el ectrical connections providing contact w pe,
soft spring rates, durability, and significant amounts of travel. O her
aspects and advantages of the present invention will becone apparent from
the foll owi ng detail ed deBACKGROUNDIGIKEHE INVENTIONCti on with the
acconpanyi ng drawi ngs, illustrating by way of exanple the principles of the
i nvention. 25 Existhiéledtri¢dEesriiicbddsighs idclulbimtdiiiisoistruttgd ibml is a
perspective view of an enbodi nent of a printed circuit board

10 elastomeric material and interposers constructed from balls of wire. Both of these

solutions have limitations inherent in their design. Current elastomeric materials are

unable to sustain adequate contact spring force over time and temperature and have a

small range of working heights. Interposers constructed from balls of wire are fragile,

prone to unravel, often require costly inspection, and provide a limited amount of contact
15 travel.

SUMMARY OF THE INVENTION

A method for the fabrication of electrical contacts using metal forming,
masking, etching, and soldering techniques is presented. The method produces a plurality
of specialized electrical contacts, capable of use in an interposer, or other device,

20 including non-permanent or permanent electrical connections providing contact wipe, soft
spring rates, durability, and significant amounts of travel.
Other aspects and advantages of the present invention will become apparent from
the following detailed description, taken in conjunction with the accompanying drawings,
illustrating by way of example the principles of the invention,

25



conprising a quantity of through-plated vias according to the present
invention. Figure 2 is a perspective view of an enbodi nent of a netal sheet
conprising a quantity of dones according to the present invention. Figure 3
is a perspective view of the netal shggt_ of Figure 2 after masking and
etching of the sheet to create a quantity of electrical contacts according
to the present inventioBXEFY PTION,OF THEPRAWINGDi ew of the structure
created by soldering the netal sheet 1 o of Figure 3 to the printed circuit
board of Fi gur &Figurad iss prrspgetive wweofpn@s@ndrmemfgnmm cirguifhoards s a
perspective view of the structure of Figure 4 after the connections between
t he i ndi vi chnagirisingacuaititpnbf thoughplated ivies acdoating totthdresentiayentiowor di ng to t he
present invention. Figure 6 is a perspective view of the structure of
Figure 5 after Rijee Rlisscperspective Viewcafiah2atbadimentofla aeetal pheat ahpaisingadi ng to t he
present invention. Figure 7 is a flowhart of a method for the creation of
el ectrjcal q&ﬁﬁ&y@@ﬁ&nﬁ%@dt&hﬁﬂ:ﬁ@pﬁeﬁ@t%&&ﬁﬂl invention. Figure 8 is a
flowmchart of a nethod for the creation of an interposes .conprising

m cro-spi ders gGaek JidiperPedtive vIRWESTIRE métAMREd: oPPiguréQ dfiefimbskirg and 2
flowchart of a nethod for the creation of an interposes conprising

m cr 0- Spi dgfidnP8¥thd ' labdh ﬁié@c PO resent

i nventi on.&'Fllﬂ%ure 1%e{=tstggie?¥leg\%c&ﬂ§lrt}'g o] gﬁi&%{oﬁtgs@?gbﬁ) theogﬁrbe%fpsﬁgﬁ of

m cro-spi dghsggcording to the present invention. Figure 11 is a
perspective view of an enbodi nent of a three-|egged m cro-spider 25

aceor ding o et S5 el BUSRYIH bt e rlERAE Sy L SioBASHERSRI s Vi oW O

enbodi ment of a ural ity hree-1egged m Cro-s ers-on a su ate
i endbar reiTibiF 3 B B8 Bhued b8 o EigHd Thotoivlad e itigHs Bghegr s '

constructed on 7 fi ést S‘tﬁgg@%%ﬂ%ﬁ’sit@ﬁ raé%%r%gigt‘)@ af%“h% c%:rnge%gon(sBGA) bal | s

constructed on

b3 I ~

between the individual electrical contacts have been etched away according to the present
invention.
Figure 6 is a perspective view of the structure of Figure 5 after the electrical
15 contacts have been plated according to the present invention.
Figure 7 is a flowchart of a method for the creation of electrical contacts
according to the present invention,
Figure 8 is a flowchart of a method for the creation of an interposer comprising
micro-spiders according to the present invention.
20 Figure 9 is a flowchart of a method for the creation of an interposer comprising
micro-spiders and ball grid array (BGA) balls according to the present invention.
Figure 10 is a flowchart of a method for the creation of micro-spiders according to
the present invention.
Figure 11 is a perspective view of an embodiment of a three-legged micro-spider

25 according to the present invention,



DETAI LED DESCRI PTION Figure 1 is a perspective view of an enbodi nent of a
printed circuit board (PCB) conprising a quantity of through-plated vies
106) according to the present invention. In 10 an exanpl e enbodi nent of the
present invention a printed circuit bqﬁrd substrate 100 is plated with

copper on both sides.of the substrate ang the co ( is,etched,l eaving
areas of copperﬁ‘m'izéﬁﬁﬂ?ﬁ@ﬁﬁl"ﬁ&‘%’aﬂfﬁ"@? ‘Pﬁ@“ﬁ&lp@g" i%ﬁfthfﬁ‘?ﬁfﬁ?ﬁgsi te sides
of the substrate fromeach other, Wile the areas of copper 104 in this
enbodi ment MG SRIderE o & subatrate pecording tp thegressrhinveptet shapes of the areas of
copper 104 will_work equally well within the scope of 15 the present

i nvention. For EgureB & a dressseational viewiofraniembodimentof the pressntinyemiemt i on, t he
area of copper 104 may be circular) square) rectangular, or other, nore
conpl ex, sliugtesting Wicrb-apiderp penstrictedhorpe fidstsidecaf arsebsiriate and balt grikamgyl e

enbodi nents of the present invention may use other materials for the

pl ati ng. T(BGA)UxE catstuctéDonmeecandisiteios @ substwitdle variety of materials, with
fi berglass as a common choice of material. Holes 102 are then drilled 20
t hrough the center of each area of copper 104. The barrel of the holes are
then through plated to connect the correspondi ng areas of copper 104 on

opposite sides of the substrabgrrl;hg,)_ﬁelblﬁﬁgmw ng an array of
t hrough- pl ated vies 106. This T ated PCB nay be created by any

standard PCB Wg@?ﬁwwem% ﬁﬂ%m%ﬁilne%f? ﬂ‘hi&eﬁb\ﬁ%a?&@cb ra
plurality of speCialize l'ectrical contacts reféerred herein to a

: “soid " i ' ' . t b
used as an e sTRRATbAerogpiiel vl 100 SReThhlne el nbQATRE (Y

Vi e §h 2N A Benfos T ach R GuSPUBARE O oA ik o 0TS

€
accordi pres Inventiron. A ne I'S processed 5 such

that it co Lses a plurality of..small do 202. Th al. sheet 200 may
be- copper Pl MO0 Both iles Rt 3 Dbl A PPy 4 ep A PR Gt o

i npl ementati on of the present jnventign. The sjze of . the donmes 202 may al so
be var | ed PR enpuiding fpct ofthe Bales.Ab3; onaronsiceiier o e FubSRE BPBs ent

i nvention. In an exanple enbodi nent of the present invention, the donmes 202
in the met #achgthent Whilkthe areas of copper 104 ighis embodimapnt dersemewhntethipticad 1g e

t hr ough- pl ated hol es 102 on the PCB substrate 100) however ot her

enbodi ment £haps, othepshapesof the araqy afropper 1Ad will work equaliyiwellwithin thespepe0d- one
correspondence. Figure 3 is a perspective view of the netal sheet of Figure
2 aft 8f natkpregemd inyertionhFatexemplehia seme embxiiments of the presensinyention; thg  of

m cro-spi ders, each on their own footing 304, according to the present

i nvent i on. aréd ofxoppdnd 04y be ciroular, sQ@de, mectangular; onetbércuiorerromplex othapesd

m cr o-spi ders 300, footings 304, and connectors 302 between i ndivi dual
footings 3While esppenis b preférreg nietal cdtids exkmpl¢ embatimeits Gfithe prdkeneinvéntibn whi | e
Figure 3 shows a regular array of mcro-spiders 300, there is no need for

t he pl ur al inhy usefotlivr taterialp feraliepl@dihg. The substiate100e@hy omprisé awide vasittgad t hey
may be formed only in |ocations where needed and | onger connectors 302 used
t 0 connect ofthteridls véth ifibyrglaks d¥laComnnicHeicSofINdlerial. OHbIc§ 1022aré theh dAllqder spect i ve
vi ew of an enbodi nent of the structure created by soldering the netal sheet

of Figyre @rdugh tfeRemer dtletich dida’dTebppeP PO, (The barrél HEtHR hblesareWhdhi thdugle t he
present invention. The etched netal sheet 310 is soldered to the PCB

structure yﬁﬁteEW&hﬂe&hek&%sﬁbdmﬂﬁéﬁk %ﬁ(éd}ggﬂroﬁggpgﬁosﬂé ﬁﬁé'ls%fttﬂ?:rsg tevi €s 106

covered by a corresponding arra spi 300. The sol der may be

si |l k-scr eegmqb C . i F'il‘prﬁ ver just

t he expose mﬁﬁgﬁggéié?&vﬁg?éﬁhﬁﬂ ?‘gdﬁgssﬂ%?ﬁ?hdgtlﬁ? e at%@P‘(ﬁ;’lﬁcro-spi ders
300 nake e ' ' ' i i.ndi vi dual

i or o spi GLRCOSyf Bk IehterfpobtauBllihe el U ANEDE ok Wil

i ndi vi dual ¢ ar . platin ' L.rcoryrespondi ng via
hol e 102 ifn°§? ﬁ%&oﬁ%@{]}zgi gufg%l %%?aﬁﬁsﬁéﬁ%&?@&%ﬂ ptéaggﬂ)lgré’f s|%\l/d<:5-l:?vi ew of the
structure of Figure 4 after the connections between the individual

m cro- spi ders have been etched away according to the present invention. At
this point in the process, all of the m cro-spiders 300 have been separated
fromeach other physically and electrically by etching away all of the
connectors 302 between the individual mcro-spiders 300. Note that in sone
i npl enentations of the present invention, it my be desired to have a
plurality of mcro-spiders 300 physically




10 and el ectrically connected to each other at the conpletion of the
interposer. In that case, the nmasking and etching of the PCB substrate 100
and the thin nmetal sheet 200 may be designed to | eave | arger areas of netal
104 surrounding the PCB vies 102 such_&hat a plurality of vies are

el ectrically connected, and cqorrespondi ng areas of the thin netal sheet 200
may be | ef oM t4ARER wxﬁwtb?safréffmwgblrierépm%s fu8y P used 25 a8 IKPRSELIBAR Y pl at ed
vies 106. 15 Such an alternate enbodi nent of the present invention nay be
usef ul f or elsERMC Y8 vy connections that commonly require a |arge amount of
current-carrying capability. Figure 6 is a perspective view of the
structure of Figm%sap@rarec@vvevwef@emhomt Aractplsbeet gOMPESNEAc cor di ng to
the present invention. In an exanpl e enbodi nent of the present invention,

t he m cr o- guantity of d3MGs soeyrding te thetpestentinivientinne ldcinetahsheet 200 js progessedi ng zo
their durability and conductivity, and thereby form ng an array of plated
m cr o- $pi deuch thédit.compgises @ plardlity 6f silatlwoihes 2020 fTha nieed! biesdt 208rmdyHe copreat i on of
m cro-spiders 300 according to the present invention. In a step 702) a PCB
substrat e 3Psthércondudti@mettls afiesddedfoslany patticalir ingpleihatition ofithelpresedti ty of

t hrough-plated vial 106 in the substrate 100. In a 25 step 704, a quantity

of dones airveficnd Tae sizdlofthé ddntds 208 iy akHBEVaritdds ndededfor RxsApAMicRlar - 6
enbodi ment of the present invention, the first netal sheet 200 may be

copper. | Njfn)ehematinf i prdskrt invaRtidh. 'mxx?éxah%lefénﬂﬁaﬁﬁn@uﬂhe pleent i r st netal
sheet 200. I'n a step 708, the first netal sheet 200 is conpletely etched

away in ar t &C309 1@% I ctﬁ’r@ | :

m cr o- spi dgﬁgn%dhg?%tl ng?‘%ﬁe&g% conr@gét)%?*s&ltgg)fe n g‘gdsd%’}é"ﬁ%t{‘o, after
the 5 mask ' ff ' rigsing a
quant 1 By ofteiiShet B4 BABCE e BT ltlral 10F hifuevap Bl ol iR

t hrough-pl ated vi.as 106 in,the syhstrate 100. In a ep 712, a second nask
| ayer 1o o lsarertiitiaton iels PR i bk Bt stfeeRordbi®, 0”718 a1 of the
areas of the fipst tal sheet 200 at a no rotect ed t he second
ok | ayer ar e BEHEId EPYSRERIAIGRY ByCe] Sge of g e mpakint Moc rent of
the present jnvention, the connectors 302 are ] eft unprotected by the
second s Riching of the sheet 201040 exgate A quantitefmictospidemyeach gn thewrawm foate ¢ he
quantity of mcro-spiders 300 is netal plated. Sone nethods of applying and
pat t er ni ng304 acdording torthegneseptinyention; Mdardheinetalishent 20@hasibsenrmagked and an
adequat e mask layer over an irregular surface such as that resulting from
step 704 ( etclesk mingo-apiders3Q0, foptings 394 and cprneptors303 betsyeer individogl foptings sone 15
phot ol i t hography systens may have difficulties in patterning a mask | ayer
over an i r p@4uemain forming areetched meital shegt 319. Wotd thettyehilgFigee 3 shawsa regnlass. Wien
usi ng maski ng systens that are unable to create an adequate mask | ayer over
an irregul amraysofmfieespidets 300, thdreisme meadsfar the phirglity 6fmicra-spidess 300 fifrmt he
present invention in a different order than that shown in Figure 7. For

t hese r easnrgmlar arroiisteskhepmsy befontiedonly i 1odatioisavipreneedéd ahd longerent i on, it
may be beneficial to performthe step 70b of creating a first mask |ayer

over the f témikctoe302 useh @eéonhet tie@hiriiRy 6f miRrolépidedd 300 eati ng a quantity of
donmes in the first netal sheet. Figure 8 is a flowhart of a nethod for the

creatizn of an FighreUhes Serspeoive vicw 6fhnEimbbainte diehicstacmey dhedid byo t he present
invention. The method for the creation of an 25 intetposer including
m Cr 0- spi dggiderind W inéth) shébk SF WBXHEB 16 the BRALH BRcvit tohrd T FigREEE Sidbrding to

the present invention. The etched metal sheet 310 is soldered to the PCB structure of

Figure 1, thereby forming an array of plated-through vias 106 covered by a cotresponding

array of micro-spiders 300. The solder may be silk-screened onto the array of through-

25 plated vias 106 to cover just the exposed metal areas 104 where it is desired that the



i nvention includes the steps of the nmethod shown in.Figure 7, with the
‘addi tion of steps to preferably create an additional quantity of

m cro-spiders on the opposite side of the printed circuit board substrate.
As explained in connection with Figure.7, in a step 716, the quantity of

m cro-spiders 300 is netal plated. In a step 80Z2) a quantity of domes is 5
created i nmicra8piders30make eloctrical coptact. f;this peiphin fﬁ%ﬁs%&#‘"&‘@hcurrent ly
with step 70Z, if desired. In a step 804, a third mask |ayer is created
over the sai@enapiders 300 arpphysicatiyandmlectricglly porgectedigpheiadividualameasof ent |y wi t h
step 706, if desired. In a step 806, the second netal sheet Z0O is

conpl et el yn@ta&ﬂemawayummmagewmmgm&owoz irethe RICBsubsizate 108+ oduci ng
a quantity of mcro-spiders 300. This step 806 nay occur concurrently with
to step 708, i fFigareiSieaiperipectivesiapofibsstruafureof Rigure # lafterdherecnkedtiaper i s

cl eaned off, the second netal sheet Z00 including a quantity of

m cr o- spi deétwvesife individualiaicaslsgiderd iave peenretdhed dwaf actbrding ybthelpedsed vi es 106.
This step 808 may occur concurrently with step 710) if desired. In a step

810, a f ougdventibas At iy Sintiif the pRiteRal Dofake hitfo-Spiders 300 RVEbech3gRkate00. Thi s
step 810 may occur con@ﬁrrent fp;p/&with step 712) if desired. In a step 812)

all of thefdmQash Sherlphsichily a6EaOcHricaRY BY eﬁiﬁﬁg'hw%oﬁl SR corngeta@BoPr ot ect ed by
the fourth mask | ayer are conpletely renoved by etching. This step 812) nay

0ceUr  CONC iy h intividbalhRf-diders ddo. SR it sl phinfudibeh o second

quantity of mcro-spiders 300°1s netal plated. This step 814, may occur

concurrent ' i g [ Lo i ments of
the. pr esenfiérelh BBl P be haic Rl piRG o7 oploliy IO BB o Ve

t he thin faore form h i.n the thi al sheets.
Thi s gkamﬁﬂéﬁgﬁﬁoﬁ@%ﬁtﬁﬁﬁ %?er g'ﬂ?ﬁ%npé?tg@gﬁ@e’l \Y E?‘?‘bﬁ”ﬁ%t%e used to
create a dyal m.cro-spi.der Jnt oser f u 1 we inted circuit
boar d and Semeptis SR er ok PP Sbeyt Dl b B Rin'RE) fed AR b Lt o
circuit (A3l C ka or a mufti-chi p nodul e. du m.CcL o- spi der

i nt er poser 7s§8ng£§§)eqvg?dg§wgs %{Bﬁ?ltlﬁg S‘ST‘T“H&‘@&%&P}%Y‘PS ﬁ‘b&f‘t"ﬁh éﬂ“ﬁwout costly
rework of the.  -gboard, This allows, for quick,and easy, changes of the

ci rcuit noBiHrality ofNias At eleg gf%eth,m{ecwaémsmﬁwﬁmmwwe 9is a
flowhart of a nmethod for the creation of an interposer conprisin

ni cr o- spi déheat 200 anay be lefiun-eiched forlatersaldering:iothe arayof éhrwgghtniatﬁh@aqom%s ent
invention. The 5 nethod for the creation of an interposer including

m cr o-1§pi dSuch analerB@Aeibddimentiobthe prasent imventionamay be usefbbfr pewdr suiply he present
i nvention includes the steps of the nethod shown in Figure 7, with the

addi t i on ofonséatipss that comefoalyabduirearlarge ameunt afunientycandying@apdbility.s on t he
opposite side of the printed circuit board substrate. As explained in
connecti on wi t IFigure6iisa perspectiva vieweqf theldfructutecof figund § afferdie micro-gpides der s 300
is netal plated. In a step 902) 1 o ball grid array (BGA) balls are
attached t Bavebeenylaied stbording t6 the pidsért tnvetitds I £n éxaMiple difbodintenoofé ders. Once
again, in sone enbodi nents of the present invention, it my be desirable to

create theprggakinbénionIhemro-igiders N0 mayEielated Wit sickd bRI £old,ampPioRigt he dones
in the thin netal sheets. By creating an interposer conprising

M Cr 026Pi dfk¥ dexabiRtieand icEifiustivityDial) tharttySfoiing AearfdyltTiplatddthidfedpidesl d may be
used on a printed circuit board that the BGA ~s side of the interposer
attaches tggp This enables the use of standard BGA attachment processes to
attach the interposer to the printed circuit board. Wile this

| TPl ement at | on fut % PAGKGRK of PiERL RR deHAHEEoRicRARRIEEadIESS expensi ve

pl ati ng on the pri circurt board, the renove t he dual

m cro-spid j ki gH‘E ?Tﬂa z t he

m cr o- spi d%"@@%ﬁ’??ﬁg@%_ %’ﬁ'laagtlrcé?%a?ghaﬁ oﬁk@ﬁiﬂ‘g{‘ lf’a{*‘%sg(g}hod for
the creati ] CI Os SPLders. | Wi dh the %%i ention. In
an exanpl egneQl 16‘8?} %?duggksﬁéﬁiggs%%ﬁ ﬁ-ﬂ\%ﬁﬁ%‘%ﬁﬁntﬁ%%@ tf‘ho éhprr%t hod of
Figure_7, al sheet J.s etched into m. cl0: SPhder i ation before
t he m'%ér 0- gtﬁqnﬁ}é‘rgq‘éafnﬁgc?gﬁgﬂ?s afﬁfrgatf‘r@?’hao%ﬂﬂ%\fgwgzﬁrrlﬁéﬁlg%dé&g%d et ching of
the metal sheet before dome formation, elimnating the difficulties of
maski ng 25 and etching a doned surface. In a step 702, a PCB substrate 100
is plated, etched, and -9drilled to produce a plurality of through-plated
vies 106. In a step 7?06, a first mask layer is created over a first netal
sheet 200. In a step 7?08, the first netal sheet 200 is conpletely etched
away in areas not protected by the mask, producing a quantity of

m cro-spi ders 300, footings 304, and connectors 302. In a step 1000, a
substantially 5 inconpressible material is deposited between the | egs of
the mcro-spiders etched into the metal sheet. The substantially

o e v o o Y I rr




15 soldered to the plurality of through-plated vies 10b. In a step ?12, a
second nmask |l ayer is created over the first netal sheet 200. In a step 714,
all of the areas of the first netal sheet 200 that are not protected by the
second mask | ayer are conpletely renoved by etching. In a step 716, the
quantity of mcro-spiders 300 is netal plated. Figure 11 is a perspective
vi ew of ~ arerehpdiseantaihe preseqt inyention, the,fisstimptalsheet 209 may boeoppet dP@isHkB to t he
present invention. A three-legged mcro-spider 1100 i s shown connected to
the area of06nefiest maskdayen isrceratediover the fitst metghshest 200 dInraoitep 7082the firsh substrat e
100. Figure 12 is a perspective view of a plurality of an enbodi nent of

t hr ee- | eggwetalshest 308 1sicdmpletelyiiched away iuseas nettpeote@e bynthe sk, geadueingyi t h t he
present invention. While this figure shows a regular array of m cro-spiders
1100, ot hex quantityaf micro-spidérs 80fk foutiag=304, £1d connectors 302. Imy stop 210G aftértheegul ar
array of mcro-spiders 1100 as desired by the intended use -10 of the
pluralsty miskiayer 3-chphedaufs the firStOnetdf slideh200, cotipfising & quahtitysofiiyrokspidesnst r uct ed
wi th any nunber of |egs (greater than one) as desired by an intended use,

W thin t he3gdG@stdendd tb fife phirglie OF thrdtigBplatedVias!106 i the asirate 160 anRlsgperbodi ment
of the present invention, mcro-spiders 300 are 5 preferably constructed on

a first sifg pfecbimatIfiet AlcfeattdBvéritl f3! hethlshébt 260, A alkeh| 734, HAUP RN ©

preferably constructed on a second side of the substrate 100, creating an

I nt erposeraréa%fg%?iéét?me '&ﬁdﬁ%%‘%tﬁ%&@ﬁ@kﬁ%eéﬁd}é&%%El;kgsy%%)’é ces such as

a multi-chrp no to a circult board.

Cross-sect] I i y i of the
ot osent | ol HEE o eting o A g paridh PR R Hpais

m cr o, spi der O.430N u aqfirst . si of a.substrat nd ball grid
2 ay 1§ BB e Aol bl isecing Bafila e s et B B el 00
connect ed toget her hr ough- pl at ed hol 102 sur.rounded by areas of netal
104 conta annfﬂ%pgf%hﬁ-@ﬁ%g\ggémﬁﬂfmgfﬁe@oéw Retsdhodi ment of the
present invention nay he poyed . as an i pterposer for use in

non- per nanent | ﬁ°¥%§@@&%ﬂ?&%@&gﬁg lgyerm fo a 15 circuit
board, V\/nidl,g_the i nterposer, is att’c—(l hed to the circuit board, by the BGA
bal | s 130cHitlippitiests sreating anadeanatednask iyer oyer iy iEE@Ar SUFeRE el Aty be
fabricated using the process described in connection with Figure 9. The
resul ti ng Tefuting-Teom sten 204 ereatingacquansityl of dnmes én a matabsheety Fysthes semeppl i cat i on,
Serial No. , "Electrical Contact", filed concurrently with the present 2o
appl i ¢at i qhotolithegtaphysystomamay hianerdiffiqultios in patterning @ maginlay¢r@verast hod for the
fabrication of mcro-spiders is described further in a U S. patent

appl i cat i drreguwsicidcemrticulatlyiwithabe sidas of the démés: | Wherni usingofiasking systemsal
Contacts") filed concurrently with the present application, and

i ncor por atthat ateamabla tdgreatefreadequate mask-ldykr dVentn iregolapsurface, itmay.bel. A net hod
for the fabrication of electrical contacts conprising the steps of 2 a)

t hr ough- plitésBgy & peiforma thetsiepéf the presentinvényion in a/differentorderthdashatat e; b)
formng a plurality of donmes in a first nmetal sheet; c) placing a first

nmask | ayershgwn siligurk 71 For tHEsk Massii3Ci isomeél txabriplesdmidumhinfbf U gleseht’ St et al
sheet in all areas not protected by said first mask | ayer 6 thereby

produsg Ng iaventisn, 3 rhdybeVendtcfif i gefBtm R2le 906 of &Hﬁihg la firt Hlask RY&oVed Cal

contacts include spiraling legs configured to create a W ping action on
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Figure 8 is a flowchart of a method for the creation of an interposer comprising

micro-spiders according to the present invention. The method for the creation of an

25 interposer including micro-spiders shown in this example embodiment of the present
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t he fabri carefessblyereate acadditionnl quantity of micer-spidess on the oppositeside efthel pl ating 2
uses gold. 5. The nethod for the fabrication of electrical contacts of

clai m 3, whented eiroyitibdarg suhstratg. As explainadi in kerinection wjth Bigure 7, ifilastepsilhod for t he
fabrication of electrical contacts of claim1, further conprising the 2
step of : thelRéantity effmiciosspidessi 3901is metal platek Ihaytep 862,tasquastity df démestis et ching i s
conplete. 7. The nethod for the fabrication of electrical contacts of claim
1, fursher createbin asecumdintetal heet 208. Thislsjepr82may pgcus aontugrentlywitinmgk702ay er

after said second etching is conplete. 8. The nmethod for the fabrication of

el ectri cal ifdesliedC rfa fiép 80404 third madk Riy€r i credbdlover thdlsecond kel shest Z00pper . 9.
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sai d sgconq-hg sﬁb%ﬁﬂ ﬁ%%%@ﬂ%ﬁ?%h's@ﬁ?ﬂ&,%ﬂd Iﬂfaséﬁh%,%éyeéénhty of
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claim 1, fyrhiéhe £ QR DF RScrb-35das 566° Paiddktep 806 may occur concurrently with
10 step 708, if desired. In a step 808, after the third mask layer is cleaned off, the second
metal sheet 200 including a quantity of micro-spiders 300 is soldered to the plurality of
through-plated vias 106. This step 808 may occur concurrently with step 710, if desired.
In a step 810, a fourth mask layer is created over the second metal sheet 200. This step
810 may occur concurrently with step 712, if desired. In a step 812, all of the areas of the
15 second metal sheet 200 that are not protected by the fourth mask layer are completely
removed by etching. This step 812, may occur concurrently with step 714, if desired. In
a step 814, the second quantity of micro-spiders 300 is metal plated. This step 814, may
occur concurrently with step 716, if desired. Once again, in some embodiments of the
present invention, it may be desirable to create the mask layers over the thin metal sheets
20  before forming the domes in the thin metal sheets. This example embodiment (Figure 8)
of the present invention may be used to create a dual micro-spider interposer for use
between a printed circuit board and a circuit module, such as an application-specific
integrated circuit (ASIC) package, or a multi-chip module. The dual micro-spider

interposer is easy to remove from the printed circuit board without costly rework of the
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contacts. mierd3fiders dindbaligridadray BGAhenlls atnordiug todtre préseat isvdntiowaThecont act s of
claim11l, wherein said second etching of said etched first netal sheet and
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Figure 7, in a step 716, the quantity of micro-spiders 300 is metal plated. In a step 902,

10 ball grid array (BGA) balls are attached to the side of the substrate opposite from the
micro-spiders. Once again, in some embodiments of the present invention, it may be
desirable to create the mask layers over the thin metal sheets before forming the domes in
the thin metal sheets. By creating an interposer comprising micro-spiders on one side and
BGA balls on the other, thinner gold may be used on a printed circuit board that the BGA

15 side of the interposer attaches to. This enables the use of standard BGA attachment
processes to attach the interposer to the printed circuit board. While this implementation
of the present invention (Figure 9) enables less expensive plating on the printed circuit
board, the removeability of the dual micro-spider interposer (Figure 8) allows for easier
re-work than the micro-spider BGA interposer.

20 Figure 10 is a flowchart of a method for the creation of micro-spiders in
accordance with the present invention. In an example embodiment of the present
invention similar to the method of Figure 7, a metal sheet is etched into a micro-spider
configuration before the micro-spiders are domed. This method allows for masking and

etching of the metal sheet before dome formation, eliminating the difficulties of masking

25 and etching a domed surface. In a step 702, a PCB substrate 100 is plated, etched, and
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dENI 1 10078 " 1 T0V| & () - v @ 0%[ & () - ( LOYA| & ()- Y& 10%] & () - $10%| & () -
%] & ()- 5dYNC/ 11644 pel@éétwl%bv of an embodiment of a three-legged micro-spider

710%t| & ()-510%4 & ()-Y310%| & ()-010%t| & ()-VY.10%4| & j K[ 9YNC/ I SF" 10%hh
& () - YoSF" 1 to MneFehtlivéntich. (A three-legged micro-spider 1100 is shown connected
to the area of metal 104 surrounding a through-plated hole 102 in a substrate 100.
Figure 12 is a perspective view of a plurality of an embodiment of three-legged
micro-spiders 1100 on a substrate 100 in accordance with the present invention. While

this figure shows a regular array of micro-spiders 1100, other embodiments of the present

25 invention may use an irregular array of micro-spiders 1100 as desired by the intended use
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preferably constructed on a first side of the substrate 100 and ball grid array balls 1000
are preferably constructed on a second side of the substrate 100, creating an interposer for
use in non-permanently attaching electronic devices such as a multi-chip module (MCM)
to a circuit board. Figure 13 is a cross-sectional view of such an embodiment. The
example embodiment of the present invention shown in Figure 13 illustrates a plurality of
micro-spiders 300 constructed on a first side of a substrate and ball grid array (BGA)
balls 1300 constructed on a second side of a substrate 100, connected together by
through-plated holes 102 surrounded by areas of metal 104 contacting the micro-spiders
300. This example embodiment of the present invention may be employed as an
interposer for use in non-permanently attaching electronic devices suchasa MCM toa
circuit board, while the interposer is attached to the circuit board by the BGA balls 1300.
The example embodiment of the present invention may be fabricated using the process
described in connection with Figure 9.

The resulting micro-spiders are described further in a U.S. patent application,

Serial No. “Electrical Contact”, filed concurrently with the present

application, and incorporated herein by reference. Another method for the fabrication of
micro-spiders is described further in a U.S. patent application, Serial No. ,
“Method for the Fabrication of Electrical Contacts”, filed concurrently with the present

application, and incorporated herein by reference.
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a) through-plating a plurality of a plurality of vias in a substrate;

b) forming a plurality of domes in a first metal sheet;

¢) placing a first mask layer on said first metal sheet;

d) first etching said first metal sheet in all areas not protected by said first mask layer
thereby producing a plurality of electrical contacts, wherein said electrical
contacts include spiraling legs configured to create a wiping action on metal pads;

e) soldering said etched first metal sheet to said plurality of through-plated vias;

f) placing a second mask layer on said etched first metal sheet; and

g) second etching said etched first metal sheet in all areas not protected by said
second mask layer resulting in the physical and electrical separation of at least

some of said plurality of electrical contacts.

. The method for the fabrication of electrical contacts of claim 1, wherein said substrate

includes metal areas surrounding substantially all locations of said vias before said

vias are created in said substrate.

. The method for the fabrication of electrical contacts of claim 1, further comprising the

step of:

h) plating said second etched first metal sheet.

. The method for the fabrication of electrical contacts of claim 3, wherein said plating

uses gold.

. The method for the fabrication of electrical contacts of claim 3, wherein gaid plating

uses nickel and gold.

. The method for the fabrication of electrical contacts of claim 1, further comprising the

step of:
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7. The method for the fabrication of electrical contacts of claim 1, further comprising the
2 step of:
h) removing said second mask layer after said second etching is complete.
8. The method for the fabrication of electrical contacts of claim 1, wherein said metal
2 sheet is copper.
9. The method for the fabrication of electrical contacts of claim 1, wherein said second
2 etching step separates less than all of said plurality of electrical contacts.
10. The method for the fabrication of electrical contacts of claim 1, wherein said substrate
2 is a printed circuit board substrate.
11. The method for the fabrication of electrical contacts of claim 1, further comprising the
2 steps of:
h) forming a plurality of domes in a second metal sheet;
4 i) placing a third mask layer on said second metal sheet;
J) first etching said second metal sheet in all areas not protected by said third mask
6 layer thereby producing a plurality of electrical contacts, wherein said electrical
contacts include spiraling legs configured to create a wiping action on metal pads;
8 k) soldering said etched second metal sheet to said plurality of through-plated vias on
opposing side of said substrate from said etched first metal sheet;
10 1) placing a fourth mask layer on said etched second metal sheet; and
m) second etching said etched second metal sheet in all areas not protected by said

12 fourth mask layer resulting in the physical and electrical separation of at least

some of said plurality of electrical contacts.
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