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Background of the Invention 1. Technical Field The present |nv

relates to a structure and associ ated nethod o that reduces
thermal Iy induced strains in solder joints ass§ iﬁﬁ“ﬂ“ﬁ\m“\\m‘sol der balls
that couple a ball grid array (BGA) nodul e rcul t* card. 2. Related
Art A contenporary circuit board configuration may “If %% a BGA nodul e
mounted on a circuit card. A BGA nodule conprises a substrate of dielectric
material, such as ceramic or plastic, having both a top surface and a

bott om surface. An STREPSHEISHVRD BAL GRH) ARRAVAEREKAGEA correspondi ng
array of conductive pads on the bottom side of the BGA nodul e, while one or
more chips are attacked to tiBack@pusd dethelinddiboBGA nodul e. The perti nent
circuit card is any pre wired board conprising dielectric material and an

array ofi, canduai FiégL pads on the board. An exanple~of a circuit card is a
not her board of a conputer. The tircuit card pads serve as attachnment points

< mount 0 on 8 ST C P isAR G 2R SAch 3 RO o AT B onauct i ve
d B d.a d th t
Car . TRARER ORI utsaie e POol B AR Rolief el it | ¢

substrat e _of tageq (infdule and the dielectric board of the circuit card.
Thus, e&Bf 2y ’30‘EP ulg 0 apircyif gatdur al el ement that is mechanical ly

attached to dielectric sheets of material on each side of the sol der ball.

2. Related Art

A contemporary circuit board configuration may have a BGA module mounted on a
circuit card. A BGA module comprises a substrate of dielectric material, such as ceramic or
plastic, having both a top surface and a bottom surface. An array of solder balls are attached to a
corresponding array of conductive pads on the bottom side of the BGA module, while one or
more chips are attached to the top side of the BGA module. The pertinent circuit card is any pre-
wired board comprising dielectric material and an array of;mpductive pads on the board. An
example-of a circuit card is a motherboard of a computer. The circuit card pads serve as
attachment points for accommodating one or more BGA modules. Accordingly, a BGA module
that is mounted on a circuit board has each solder ball attached to a conductive pad on the BGA
module itself and also to a conductive pad on the circuit card. These conductive pads are
respectively affixed to the dielectric substrate of the BGA module and the dielectric board of the
circuit card. Thus, each solder ball is a structural element that is mechanically attached to
dielectric sheets of material on each side of the solder ball.

When the circuit card is heated or cooled, the solder ball is subject to strains that arise
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YWen the circuit card is heated or cooled, the solder ball is subject to
strains that arise 05 AU G 2002 2 fromthe differential r%@@pﬁ%ﬂ?&l
expansi on of the supporting dielectric structures. For exanplé,” a tTypica

t hermal expansion coefficient of the circuit card is 14 to 22 ppmi C (ppm
denotes parts per mllion), while a ceram c substrate of a BGA nodul e may
have a smaller thermal expansion coefficient of approximtely 6 to 11
ppmi C. If the BGA nodul e uses a plastiz substrate material, the effective

t her mal | - L £t ent he astic substrate, af | ocations where
a sili c%ﬁﬁcﬁl pktg%rﬁtgag?%% %@hg—%&%{ f’tésﬁono&tl%ehsgp%oﬁﬁq?‘%{?%?c ?t’é‘m% i %ﬁfl y about 7
ppmiC . Wiile the ecedi ng materi.als, d correspondi ng thernmal expansion
coef fi ceixéthpLC,’ a%’%‘iam‘eﬁt‘ﬁ\e@fgﬂ%‘?? &‘%eé@m%maﬁg? PlEQyitcardds Hyto Zﬂmpé‘tﬂf%\(lp@mcoul d be

characterized by a reversed relatjonship in which the BGA substrate has a
hi gher {S5eicHBRTtEhep BRLIPBI WaHet oramissubspig et ¢ BSA medultwayhaveaismatier d t o whi ch
the BGA nodule is attached. Unfortunately, strains on the solder balls

r esul t i thgmial expanbien edafficiens of anpredmatelyfodo ¢ hppral’Ct HehaBGAexqiakesisesa Ay cause
fatigue failure in the BGA solder joints. US. Pat. 5,6 726,079 (Johnson,

3/ 10/ 98plastistsubdtrateamiten ke effeeavoihemiab expaysisredoeffieirfitof tieh 5164ti0 S@sstrate, APPr oach
that could be used to reduce the effect of differential thermal expansion:

Wt h t hiogat@nt Q/hBftal sVieoR RRIb @3ksfraind eAh ol GRS RFstale, & 910 T85R 7 ppopRtcased
peripherally with a dielectric material that is mechanically bonded to the

subst r atile A bdc@e rhferialN Erd AR pbRdiTE GBRR Eﬁl\ﬁ%ﬁorp&gﬁﬁ%‘a&t %ﬁgﬁ gepduct i ve

pl ate | ocated above the top side of the chip, erein the ¢ ctive plate

o R B 0 B S T AR TR
AT E AN A I A A L

plate mtigates the thermal expansion of the substrate of the BGA nodul e.
Thus t h&hiiths PG medulss 2ighedict i ve pl ate woul d be selected to have a
thermal expansion coefficient that would elimnate 0 5 AU G 2002 the
bendi ng t hat Uafdar@safely, gyginsien the seldat bahls eeseltieg fem thogicrpsprsioseddiffereatiddubst r at e
of the BGA nodule and the dielectric board of the circuit card. Al though

t hi s netheodahespingiogmeaytdaysedatigun dailurecin BEBGAsoldardointsf U,S. Pat. §,326,07%1 so

i ncreases the product's cost because of the cost of the conductive plate
and bec &lohesonf 341 088)) mhhsshettapscograatedisoefeanes disclosep ae aggproaghy that echld o
fabricate the encasing structure. Summary of the Invention The pr.esent

i nvent i ®B upgday irélise @B effad ¥ Péiffeiertal tmsidxpamsidn aWith sl O slietiatitle efpeedchj cal
structure, that reduces the thermally induced strain on solder balls of BGA

nmodul es cnihesRkdl dnesublatd T didaged pori PRy SHthNtidectiid Bbtbdial @Rk #.  The essence
of the method is to increase the effective .

mechanically bonded to the substrate. Additionally, the chip is mechanically coupled to a

conductive plate located above the top side of the chip, wherein the conductive plate comprises a
material such as a stainless steel. Because of the mechanical bonding between the conductive
plate and the substrate through the encased dielectric material, bending of the structure due to the
differential thermal expansion is eliminated and the thermal expansion of the conductive plate
mitigates the thermal expansion of the substrate of the BGA module. Thus the material of the

conductive plate would be selected to have a thermal expansion coefficient that would eliminate



ength of the connecting structure, between the BGA nodul e and the circuit
card, that deforns due to differential thernmal expansion. Thi emj$mq?ea
reduction in strain in the connecting structure and, in parti ar'™%

sol der ball. Thus, increasing the | ength over which a given displ acenent
acts effectively reduces the strain throughout “the solder ball. In
particular, the nethod of the present invention fornms annul ar voi ds by
renoving material fromthe dielectric3substrate of the BGA nodule so as to
| eave t nfoSehdlad mReklss: @i ineastohoARUh AR Bbatliohl SRR LiboTRL ST hRRGAINer ei n
the regions of dielectric material are each substantrally surrounded by an
annul ar Lo th f.0 d... Annul.ar .voi ds be, si.m | ar fqrmed around the
regions o d@ﬁém%_lﬁ] 8Idlec?:¢t%1ral}ccboﬁr§é#gl eocflrc%lﬁ(éar%'??%}ﬁciuﬁh @’ésrla?tge\ﬁ%ﬁgf’lélgﬁreta X8 ons
are undern%ﬁ%&fthe ﬁ nductjve pads of the circuit card to which the BGA
modul e wil Aiepg tivel] Worihalo IRHeAs TR RRGdYch F RSt PeArSs S fgcogoltice] ectri ¢
regions if the fornmed annul ar voids substantially, but not conpletely,

sur r ound ceractivedilate and kecausg plthe propgss éﬁemmoy,ateg euipraer caguired tesfabridatends  of
dielectric regions if the forned 05 AUG?2002 -4 annular voids totally
sur r oundtheleacadinglsguttniec r egi ons. A peninsula thus fornmed will be
unseparated fromthe remaining dielectric substrate (or board), thereby

| eaving a thin connecting dielectric strip between the peninsula and the
remai ning dielectric substrate (or board). Cenerally, the present invention
provi des a nethod for form ng ghnhggihfgﬂqnahggﬁrical structure, conprising
the steps of: providing a substrate including a dielectric |ayer having a

first surfaceq,andsdt ink&vh pRREICS hebkiehdld MeB)INEL] 48odpAd Aldaghed to the

first surface; and renoving a first portion of the dielectric layer to form

avoidp { ek AVE -wﬁﬁgﬁf i ti .
subst ant ?%Ht‘grg’stg%trr%%ge ghglhggéaglkgndﬁl ort {trg noof 1 h‘(rabatclilp gf %@f‘%f‘%‘ﬂ‘?eéy‘gﬂfmﬁ r%h o
wher ei n g@ﬂ i s positioned on the_second tion. Tge. resent jnvention
gener al | i Bl Bom i Sl eredc The SR PGt pdPad SO ey g e cphos
substrate including a dielectric |ayer Q?vin a fjrst, syrface; at |east one
el ect ri camsr ddhueRopeias 5%“5?«‘)5%@% thie LA mofyl wnd e pipciitionrds gt detormis
portion of the dielectric |ayer, wherein the void portion substantially
sur r oundsiug tasdiffenential Hhermel expimsione This &psulisip jpsedughinnyin saig indhe panngctinge pad i s
positioned on the second portion. '
) structure and, in particular, in the solder ball. Thus, increasing the length over which a given

displacemént acts effectively reduces the strain throughout.the solder ball. In particular, the

method of the present invention forms annular voids by removing material from the dielectric

substrate of the BGA module so as to leave the solder balls affixed to regions of dielectric

material, wherein the regions of dielectric material are each substantially surrounded by an

annular void thus formed. Annular voids may be similarly formed around the regions of the

dielectric board of the circuit card, wherein the regions are underneath the conductive pads of the

circuit card to which the BGA module will be attached. Thus, the method forms peninsulas of

dielectric regions if the formed annular voids substantially, but not completely, surround the

dielectric regions. Alternatively, the method forms islands of dielectric regions if the formed



The' present invention has several advantages. The present inve ts'g&
protects the integrity of solder joints to extend the fatigue Vi UfGIQﬁQZ
nodul es. The nethod of the present invention is inexpensive conpared with
ot her nethods, such as that of US Pat. 5,726,079 (discussed previously in
Rel ated Art section). Mreover, the present invention does not preclude
usi ng cmhular Heidh tndallyaswdrosod tht dielectse degionsc dnpemunstulothusdarmed wiibenet hods

with little added cost. . 1 Q.5 AU G.2002 5 Brief Description,of the

b i gt ed BauiRg tamainiig didledtie SORCHE (A, ERR Yo s bl o

at t achegnh&:tig@id&dtié stéipbRtwdeh the PenitRBiaCind tRe fehiing URRRREGIE@RB 0rvi €W Of
a BGA nodul e attached to a circuit card, with void fegi ons surroundi ng

di el ecthdaed)mat eri al under both the BGA pad and the circuit card pad, in
accordance with the present. invention., FIG .3.depicts a front .

o oos- oot i Ry BE ISR LB ey ithea 15 el et glectieh
voi d r%iu@wré%ﬁlgﬁﬁqgmb déglagctric board material under the circuit card
pad, in accordance wth the Eresent invention. FIG 4 depicts a front

cr oss- sect i anayidingagubstrate Bohdingiadielegiricdayrs having a fubtrsutfpee, éad dt legdt ohe a

mccor oo RRRP Bad IR b e BTSSR DT TS 2on View ol b

substrat e ha¢mdging @t pértibn af ©e Al &t o ifrm b RoidqRtistasliBe Wdlddtridie
present invention. FIG 6 depicts FIG S with a void region substantially;

but notlayest whergin theveidmettiansubtentialysugonedser seapnd prrtiem ebiths didlectipaleyer G 7
Sop1 €4 s R RIEREGE AR RoBHREAERS, 10 oS Lo et
a pad on t heTlsylisdenfin@ention generally provides at least one electrical structure, comprising:
a substrate including a dielectric layer having a first surface;
at least one electrically conductive pad attached to the first surface; and
a void portion of the dielectric layer, wherein the void portion substantially surrounds
a second portion of the dielectric layer, and wherein the pad is positioned on the second
portion.
The present invention has several advantages. The present invention protects the
integrity of solder joints to extend the fatigue life of BGA modules. The method of the
present invention is inexpensive compared with other methods, such as that of US Pat.
5,726,079 (discussed previously in Related Art section). Moreover, the present invention

does not preclude using other methods and could be used in conjunction with other methods

with little added cost.



"FIG 8 depicts a top view of a substrate having a pad, in ac d (jﬁdf
the present invention. FIG 9 depicts FIG 8 with a void regﬁ% /&Eﬁs ng
dielectric material underneath the pad. 0 5 AU G 2002 s FIG 10 depicts a
cross-sectional side view of the configuration of FIG 9, showng a wring
pattern that is routed to the pad. FIG 11 depicts a top perspective view

of a substrate with a void region totally surrounding dielectric materi al
underneath a pad on the substrate. Detziled Description of the Invention

FIG 1l illustrates a front gt -sectional wiew of a BGA nodule 20 attached
to a circuit card 30. The ey i e raty a dielectric substrate
22, a chip 2 tached to a top side.27 of the substrate 22, a BGA pad 24
attached to g[dggt RIS & (PRt SgssEPetiona vé?}'b%tfar%({}é mpduleaffachsd tag despitisard 28 of
height L attached to the BGA pad 24. The circuit card 30 conprises a

di el ectric bb¥td dspickidront epssesgrtionalafey phaB G4 madulecitathed & acityp caidde 37 of
the board 32. The circuit card may be any pre-w red board conpri sing

di el ect wiith voist regipnd surmsurdingdiclectripmheritiondat both the BGAad end th bizcwiadacter  bal |
28 is attached to pad 34 on circuit card 30, thereby connecting the BGA
nodul e B8, inadchelandervaith the prasedlt id0entiofhe t hermal |y i nduced strain on the

sol der ball 28 generated during thermal cycles are distributed over the

hei ght L. Thpid.nt@pictsef frdnbrof 611 viéW 61 BGA rhéduleutd®Mdi to/a siRiteast rate 22
and/or the board 32 so as to redistribute the strain over a height greater

than L GRmQed rekfnlsRESRaRE dleih%tﬁc%hﬁ%téﬁaf Endef tht BiecufQRid 4Nl %?da?xf:e FI G

1. FIG 2 illustrates an enbodi nent of the present Invention t I NCr eases

the eff i i r which the strain is distributed when conpared
with thgﬁ%lotﬂnﬁ%ﬁérng{ﬂ&gﬁ%% FIG 1. FIG 2 shows a front cross-sectional view

of a BGA nod 40 attached to a.circuit.c 50. . The BGA nodul e 40
conprises a #g'l4e(gep}clgscaa§%ng§rtoﬁsé‘°t°§“%‘§{“3W ke gg}gé“%ﬁqea%tﬁ% {0 LRSSk de 47 of
the substrate 42, a BGA pad 44 attached to a boit side 49 of the

subst r atéthpVoidfrgion S%?la@wgﬂéﬁ%ﬁfcwubst@tcsnwa@%b&g G Aopadnity agferdqser s
attached to the BGA pad 44. The solder ball 48 may be attached to the BGA
pad 44, viifxthe pegsenhinveRtiody to the chip 46 being attached to the top side 47
of the substrate 42. The circuit card 50 conprises a dielectric board 52
and a ci r cui FlGa¥ depprach B viswtef@lselbtats havinpppai wigh Honpéctinfetriboar d 52. The
solder ball 48 is attached to the circuit card pad 54, thereby connecting
t he BGA anoutddree MiXhitiee drbsentdhvention. card 50. An annul ar void 43 of height ~H1
within the substrate 42 surrounds substrate nmaterial underneath the BGA pad
44. An annul #FIGVOHihiGSFIH. 5Rathghioiddeionkibliafitidllyrbup astrtctath? sawsundingds boar d
mat eri al underneath the circuit card pad 54. “"Wthout the annul ar voids 43

and 56, difiecttibaafehl vhdbmeddc@dpad.r ai n woul d be distributed over height Hin
accordance with the prior art. Wth the annul ar voids 43 and -56 of the

present invenio 'persh QA vEFEROFRbLRRatk Fithl b SbiirbLb MR Ialll e Or eat er
hei ght H%?gtﬁ??d%dggg%@pﬁggucivng tr?e straailn %hr oulgﬁ%% t he scz)il ger bal |

subst 1 ot DURPEF s il dicRRc WA ERARRIAR) Yo LBENE HbsFRACT B0 (TR (1€
nderneath t circuit card pad 54 are |le constrained, . [ i ncreasin
;J hei r conpl i ;ﬁgeggﬁ#téﬁgoé’v‘? ‘{)? nagsuﬁﬁﬁat?e%aénﬂ%%lpf?f “? %ctfgrlé%n es“f@ﬁﬁ?l&l%%ent he sofhe?
bal | 48.

invention.

FIG. 9 depicts FIG. 8 with a void region surrounding dielectric material underneath the

pad.



FIG '3 illustrates an enbodi nent of the present invention thaj dn
the effective height over which thermal strain is distributed rgs A[f@m
the configuration of FIG 1. FIG 3 shows a front cross-sectional view of a
BGA nodul e 60 attached to a circuit card 70. The BGA nodul e 60 conprises a
dielectric substrate 62, a chip 66 attached to a top side 67 of the
substrate 62, a BGA pad 64 attached to a bottom side 69 of the substrate
62, and a solder ball 68 of height Y that is attached to the BGA pad 64.

The circuit ses .a ectrl boa circuit card pad
74 attached gé (Q’B gaacéosﬁec n‘ﬁ @ehbeé{’ (hr atg’Bloggtgl?tho“B%?s
attached .to the circuit card pad 74, thereby connecting the BGA nodul e 60
to the CTHRGPRCcELg [yEputedio B¥Matlar void 76 of height OY within the board 72
surrounds board material underneath the circuit card ,, 0 5 AU G 200F 8
pad 74. Wt h&Ue- kitspigisradpmpersnspiédvensew ofresubtiatervlt avdidrbgmadoslly ai n woul d be
di stributed over height Y in accordance with the prior art. Wth the

annul ar symduhditg difledthemptera emterngattempaden, thdxutemer , t he deformation is

di stributed over the greater height Y+Qy, thereby reducing the strain

t hroughout the sol der ball 68. The annular void 76 provides space so that
the substrate material underneath the circuit card pad 74 is |less

constrained, thereby increpgiafigd DEs%rﬁﬁHbe@@@@veﬁﬂS’n al ' eviating the
thermal |y i nduced strain in the sol der ball 68 FIG |IIustrates an

enbodi ment Ofoéhﬁuﬂttﬁag&rttﬁang&%&td; Ofbrbl A bICBER Sl BLIRA TS Y ! On

over which strain is distribute en conpar e |°g‘t‘1?5‘tullon of
FIG 1. FI rQpt _cross- ti.on duIe 80

at t ached®% a%éw :ﬁgﬁﬁ? fnogullf’ ggﬁﬂf“pqsﬁ% a&%c%aﬁsgat%gwgd’hﬁa%@&c hed fp fopctds ¢
substr at a chi C ed t S i de 8 f the substrate 82, a
BGA pad ézf’%i!tet Efp 322 E%ttfb? éiegéﬁgflteét‘t&“ﬁ? 2@ % sol der
ball 88 of, hei ht Z that is attachedt the BGA pad 84. The circuit card 90
conpr i seQldgr Eﬁlg’fse(?fthﬂg&t hatacheds theBCGA P@}‘i1 #tufhe CES‘FIH"%%P gmpsiseskdieldctrio a t op
side 97 of the board 92. The solder ball 88 is attached to the circuit card
pad 94, borek3Apd asiraetedrdpad Ieatehad tpeliop sidgd7 ofthe heard 32. cThiet circait dar@@ayAn
annul ar void 83 of height QZ within the substrate 82 surrounds substrate
mat er i al belang prevenedbdahdcdi{phisingdicBetiricihdtérialtsudhtae aamthdritaardvafiactoBiputet.he

thermal |y induced strain is distributed over height Z in accordance with

t he pri OTheasolder b¥E1S it Aacherdlpad 34 om cirdad cadl 30 tRerpiya®andctihgdile GO hodhRWEV ET
the thermal shear stresses are distributed over the greater hei ght Z+QZ,

t her eby Z0a@dukd diguft B&d SOr - Théichbhi gg:mmutd dulai o8 @hekRldePdll 2888nerdidg adiyp!! ar voi d
83 provides space so that the substrate material underneath the circuit

card paci8dndl Syd&Sse &&ﬁﬁﬁté@b\‘k@ the Heia8t EOYhd lﬁeﬁmmeq;eesbﬁt%&ﬁtm{ is dmeagpd
alleviating the thermally induced strain in the solder ball 88. If an

G o1 ot 8 sfbeliile 23 Eof g b 31 s okt dihealn @t d e ﬁtﬁt@éﬁt‘ﬁ%ﬁtm
vor - varR AR o il D BRE M PR PRREE” 574 Totally surrounds.
dielectric material undern an land of dielectric terial
e ok e et e e S b et SrlBhe

height over which the strain is distributed when compared with the configuration of FIG. 1. FIG.

2 shows a front cross-sectional view of a BGA module 40 attached to a circuit card 50. The
BGA module 40 comprises a dielectric substrate 42, a chip 46 attached to a top side 47 of the

substrate 42, a BGA pad 44 attached to a bottom side 49 of the substrate 42, and a solder ball 48



FIGS. 5-7 illustrates a process of the present invention whj g‘uAﬁrﬁn@ ﬁ%
. annul ar void that substantially but not totally surrounds cﬁ J U
material under a pad to create a peni-ffsul a of dielectric material. The

process begins with the configuration of FIG 5, \Wich shows a top view of

a pad 112 on a substrate 110 with a wirin Battern 114 that is attached to
t he pa@fhaight Hifﬁaatt?eb@ﬁtpéh%Bﬁfopaddﬂ' eBeriolice palhéd maydeattachedite tha ety at e of

Fi oo, Pas P and tlof S Bkshlp M Qoo Beloh o 4o Bhn BRI, 116

that sabstasdit 6dr1150 QUltnFﬂ@és o déladthiy beardrund S divicelt egidrpad Saakiachedlto Unsier neat h
t he pad 11 2. a resu eninsula 119 of dielectric material is created

under side Sgad ﬂ!l.el@ard/\ﬁ%r Bhawoldes bail A8 is tashediodheeirquiiccasdipad $httkerelit er i al

connects th 0 the renai 118 110 (see
e s eopigpind FRGA s 40 Gube S i SE o bator i a3 a8 PR S ppor
the w wlﬂh% %%h@sftﬁté«ﬂﬁsurb@ﬁh&é‘s&h@&& Eﬂa@e%ial Mnd‘e%’el%ﬂ?&e@@Al@ﬁ&i 4341 Ant@nblRe
substrate 110 or to internal circuitry of the BGA nodule or circuit card

t hat conprieeheight Al vathimthe bbal S2Tueropeds brsnd matchia]l ilesiratinthe irfliG. 6 to
pen no gt pad 47 igfous Tabpmles e e Buf b 2R il itatSbm iy ol B
config 'dis%’iﬂlf?éﬂ &Ter Ret %Hpﬁtlﬁ b RrdA8e With r?h@ﬁh(ﬁfrhw |With\fl% £hih B0 vbIaR Y3 and 56

substantially but not totally surrounds a peninsula 129 of substrate
mat er i af thevpneseri inveértimnahewrevef, thMéefpemtmudi distribatadovapihegréatertheightt he sane

G el ocEHE Abec Pareh rrbiEieghe St B PO A SHRRRT ) Fhe mblaE ehed r ot o

128 angn§86Y& eétﬂzel ﬁoéd@‘#a@e%g%igﬁ ﬁlﬁﬁﬁ?é‘hmﬁt%hhyurﬁiéﬁ{é‘a{m}zléB‘gA gawwat tern

124 t hat |satach to t e wmring pattern 124 trically
coupl esnd e hopari mmmbmdhmesuhbhd: ciatugt chBpask 54 a:reiles‘s eomﬂﬂalrmdrthaiebyy of the

BGA nodul e or ci.rcuit.card e 28

I ust st e Eanbnigee ead i BEihe fgn BondimRshande I sda iRl Vo o
that totall yigus {lﬁidﬂ%s gh 8hBSdifeht mﬁ@weéém mgﬁo@thaaﬂlcﬁe@s&rtﬁ@&ee@nel sl and
of dielectric material. The process begins with the configuration of FIG

8 whi dhigbheves Vdnctkoqbew%wreh indigaipued zelotivatoghd sonfrgueatpnet Fiel sEKstY at e

10 rep esent.s_eithe el ec ubs GA .nmodul e r

i el cobPTEs BERPEbR ool fief i o SHIERF B’y R R 8 iy ric
9 showggAenddarubl codhprises Atindecat Bt b2,w0dhih 84 6rtddhad td Aiop! dide GUsTtReInds
dielectric material underneath the pad 212.

substrate 62, a BGA pad 64 attached to a bottom side 69 of the substrate 62, and a solder ball

68 of height Y that is attached to the BGA pad 64. The circuit card 70 comprises a dielectric

board 72 and a circuit card pad 74 attached to a top side 77 of the board 72. The solder ball

68 is attached to the circuit card pad 74, thereby connecting the BGA module 60 to the circuit

card 70. An annular void 76 of height AY within the board 72 surrounds board material

underneath the circuit card



‘As.a-result, an island 219 of dielectric material is created e d
. 212, leaving a remainder 218 of the substrate 210 (see FIG SﬂgrAUﬂMte
210). FIG 10 illustrates a cross-sectional view of the configuration of
FIG 9, showing a wiring pattern 222 within a via 220, wherein the via 220
is contained within the island 219. The wiring pattern 222 is routed upward

to connect the pad 212 with internal circuitry of the BGA nodule or circuit
that conprises the substrate 210. The igsland 219 is shown in FIG 9 to

conpris | a r an .t rea of, pad Z1 Z which rests. on the island
219. FI éaﬁﬁ. gﬁ%ﬁgﬁéggnenﬁlgaﬁé%@ ihl\%ét%?n S “éldﬁm%é %réwnvé?‘il‘%/@e %gﬁpiltﬁﬁf"éﬁri on of a
substrategﬁg§”mﬁth n %%ﬂglar,void\QSG that totally surrounds an island 239
of substh R fEPTEPce fhepPHOt e Wi the grnylygoidJ6:0f thepresentdnygstienxi mat el y
the sane as the area of the pad 232 that rests on the island 239. There is
a W ri ndropgrerethn defagpation dsgiytrinted pver thegreaeaheipht YHMAY, thapebywbdicaigthe he wi ri ng
pattern is within a via that is contained within the island 239, and

wher ei n i thwonghogt thatsoldenball $8r dbit svhulapved @6 povidesspacd sotthe tipeahb@82e Wi t h
internal circuitry of the BGA nodule 0 5 AU G 2002 or circuit card that
conpri seagatedia uaddisdatiothe ci2d@ . carihd 39 ik consthisd, GerdbyGnddéRme ik coMyRaickon i n
FIGS. 2-11 may be forned by any nethod known to those of ordinary skill in

the art.andnpaitdgGhd MermallyendRBaLHuamn M teds1aBbaigsf or med by | aser ablation
usi ng any one of various types of lasers as are known to those skilled in

the art. A priggti r el St L}
Neodani m YAGIF &b ARl ontiBlinlcll & (UIRRRGn i WCHHERR nE CHERE, o
repetition e, d.a. f. t.Q. . i-n dj.a . rally,

i o1 cot 1ot 3G sl i NGB GG ooy e Bt R L
damage tqQ the nopabl ated por.tiops_js mnimal .. A useful wave lepngth |n the
i1 avi oftiot & Sgeaps edorRfiewaESRGA ol Matedien MacteuliinE oorBe BAA 1

| arger than the beam size, a raster scan nmay be created to _cover the area
to be scERrAYsS) epmprisehadielgric subsirple 823 chingthoattached fna op side 87 obthegubsingier o
provi de sone overlap of the %uassi_an beam Depending on the material,
repetiti 8h aBshpab$4 attaglyg tpip boigom sideBhofithe subpiraeB2, and 4 sodder bell 8hofheight 000

Hz rate providing the highest power per pulse of 12KWwhich drops to 0.5 KW
at 20, 008 thit is aacted sofhle BGY pal 8o dibe tirenifvad9omprseabldisldetriy twand $2candar pad
on a carrier made of a glass-cloth reinforced epoxy material such as FR-4,
with a 1léireut dird pad@agachndiec toy eide 9hef thabqet 92arEha saltlerhalD8BirattaBhed t&tiieper

pul se, and a pul se spacing of 11 um Each scan pass renoves approxi mately
20 p. m otiréBt AFd Fikd 94, BBy Evhaedtiag tHRBGA nd8de 80 &hthe citditea@yopagsaautpul d be
needed. As an alternative to the precedi ng Neodunui m YAG | aser, other | aser

t echnol oghRB3 (02 hlight A %itBNGhIHNEEtARS 82 tAbule subs@de fndteASRineMBeath the BGA
results. Although the preferred enbodi ments described herein pertain to

annul ar  yoi gy r GGhaR SRR BE) otll RbRRilY infudBB A isURISREAIRr ReiPRY BN @
BGA nodufe or on a circuit card, the present invention applies to any
oy S AL AT e BB R ik BB ORR AU R A RS R fer TE o1

under neat} d'on a ctric s

thermal shear stresses are distributed over the greater height Z+AZ, thereby reducing the strain
throughout the solder ball 88. The annular void 83 provides space so that the substrate material
undemneath the circuit card pad 84 is less constrained, thereby increasing its compliance and
alleviating the thermally induced strain in the solder ball 88.

If an annular void in FIGS. 2-4 substantially but not totally surrounds dielectric material



‘0 5 AU G 200 12 While preferred and particul ar enbodi nents of{) Ghe\idGe2802,

. i nvention have been described herein for purposes of illustralion, many
nodi fications and changes will becone apparent to those skilled in the art.

Accordingly, the appended clains are intended to enconpass all such

modi fi cati ons and changes as fall within the true spirit and scope of this

I nventi on. -13 Cains W claim 05 AU G 200 1. A nethod for formng at

| east one electrical structure, conpriging the steps of: providing a

substratgndep‘gek ding Adieleckh fét%—i@ r@ Vin first surface d at |east
one electrica ‘]lﬂy lJ(ﬁ:éo’n ctive pad att g@a@e ﬁfngelgtﬁgpafdi “r’@%a‘éeuut?ef:%ﬁ%qmaﬁﬁ Beenovi ng
a first portion of .the .dielectric |ayer forma void portion of the
di el ectr grwuiaéy@rd; AllFEREY Y ha 3Pgiiar Y)%&ﬂ %ﬁssﬁﬁg’tﬁgh’ts?ﬁi"ws diglerigrivpderial second
portion of the dielectric |ayer, and wherein the pad is positioned on the
second pBRersAth apadingsiapd efabielenricaiens! ndeytherna will hayve besrolefingd bsttbp i s
acconplished by using a laser. 3. The nethod of claiml, wherein the
renovi ngawtudgas veidsul ts in a strip of the dielectric |ayer connecting the
second portion to a remaining portion of the dielectric layer. 4. The
met hod of cl aFiGS. 5-Mitlesteitas atpharessanfthe paggesttimenti@swlitisfotns dfh@nviai chi@aiat i on
total ly surrounding the second portion. 5. The nethod of claim3, wherein
t he provigisngtidtyctnt hettb@aRy sGRNRS GESctRE MYeAilNEdeRE pad to create a peninsula of

dielectric material. The process begins with the configuration of FIG. 5, which shows a top view

of a pad 112 on a substrate 110 with a wiring pattern 114 that is attached to the pad 112. The

substrate 110 represents either a dielectric substrate of a BGA module, or a dielectric board of a

circuit card, as described for FIGS. 1-3. Next, FIG. 6 shows the result of forming an annular

void 116 that substantially but not totally surrounds dielectric material underneath the pad 112.

As aresult, a peninsula 119 of dielectric material is created under the pad 112, wherein a strip

115 of dielectric substrate material connects the peninsula 119 to the remainder 118 of the

substrate 110 (see FIG. 5 for substrate 110). The strip 115 serves to mechanically support the

wiring pattern 114, which electrically couples the pad 112 to the substrate 110 or to internal

circuitry of the BGA module or circuit card that comprises the substrate 110.

The peninsula 119 is shown in FIG. 6 to comprise a larger area than the area of pad 112

which rests on the peninsula 119. FIG. 7 shows a perspective view of an alternative

configuration of a substrate 128 with an annular void 126 that substantially but not totally

surrounds a peninsula 129 of substrate material, wherein the area of the peninsula 129 is

approximately the same as the area of the pad 122 that rests on the peninsula 129. A strip 125 of

dielectric substrate material connects the peninsula 129 to the substrate 128 and serves to



internal wiring pattern that is electrically connected to the pad, and
. Wherein the renoving step results in the strip being underneath a portion

of the internal wiring pattern. 0 5 AU G 200F 6. The n®etho f [
wherein the providing step further conprises providing an |nﬂe$)rAﬂ@an[ﬁg

pattern that is electrically connected to the pad, and wherein a portion of
the internal wiring pattern is contained within a via that is |ocated
underneath the pad. 7. The nethod of cj@aim1l, wherein the providing step

further_c vidin 1 at.t hat . is electrlcally

connect BEBeH RETRRE witrehlRait bR autibtd (dndRay3honhe Riicepatio 424y
portion of the i nternal wiring pattern. 8. The method of claim7, further
conpr i sFRGILEANY cPgesdis Ry ]sztzé?)g‘eﬁbt?suf‘@rl?@ Ao AnteraR] cirgwifry of the RS Avmadule or
providing a solder ball; attaching the solder ball to the pad; and affixing
a chip eioug cerdcbatcoswribesdhe pbstrael2s. el ectric | ayer, wherein the chipis

electrically connected to the internal-wring pattern. 9. The net hod of

cl ai m 8, wheFIlESngiihélhatrhtexa prgcast efxhe prepant fnoentind whidhaormistantdgulat voaCmbing
step. 10. The method of claim@8, further conprising fastening the ball grid

array npgily@uiréunds dielttctma@ialunder Hp& thldrdatedlland of dielectric material. The
process begins with the configuration of FIG. 8, which shows a top view of apad 212 on a
substrate 210. The substrate 210 represents either a dielectric substrate of a BGA module, or a
dielectric board of a circuit card, as described for FIGS. 1-3. Next, FIG. 9 shows the result of
forming an annular void 216 that totally surrounds dielectric material underneath the pad 212.
As aresult, an island 219 of dielectric material is created under the pad 212, leaving a remainder
218 of the substrate 210 (see FIG. 8 for substrate 210). FIG. 10 illustrates a cross-sectional view
of the configuration of FIG. 9, showing a wiring pattern 222 within a via 220, wherein the via
2‘20 is contained within the island 219. The wiring pattern 222 is routed upward to connect the
pad 212 with internal circuitry of the BGA module or circuit-card that comprises the substrate
210.

The island 219 is shown in FIG. 9 to comprise a larger area than the area of l;ad 212
which rests on the island 219. FIG. 11 shows a perspective view of an alternative configuration
of a substrate 238 with an annular void 236 that totally surrounds an island 239 of substrate
material, wherein the area of the island 239 is approximately the same as the area of the pad 232
that rests on the island 239. There is a wiring pattern (not shown) similar to that in FIG. 10,
wherein the wiring pattern is within a via that is contained within the island 239, and wherein the

wiring pattern is routed upward to connect the pad 232 with internal circuitry of the BGA module



11.  The nmethod of claim@8, further conprising. 15 formng a first

. electrical structure of the at |east one electrical structure ,i\h&r rzﬂdza
providing step provides a first pad of the at | east one el ect M<€a Lﬁs
conductive pad; and affixing the ball grid array nodule to the first

el ectrical structure by affixing the solder ball to the first pad. 12. The
met hod of claim 11, wherein the formng of the first electrical structure
precedes the fornming of the ball grid grray nodule. 05 AUG?Z2002 -16
13. At |east .one electrical structure, conprising: a substrate including a

di el ect r9* &Pl erd Hatsomprsesthe wbsedis $3%e: at | east one el ectrically
conductive pad attached to the first surface, and a void portion of the

di el ectric | ahpernnylpraioidsef theeresent dnvsatien ip KIGS Bsklanay tel foymesihyrapymetshaal second
portion of the dielectric |ayer, and wherein the pad is positioned on the
second pawowndnthoselof ortisaryiskititin thealt. &t partdularghodnnolaaieiislidy bekemed By dasst i p
of the dielectric |layer connects the second portion to a renmaining portion
of the dibditientsing ahyayierof vifous Tpes ef Ieets dsaml knbh ucthodeakiibd &l @b Bx 1R, wWher ei n

the void portion totally surrounds the second portion. 16. The electri cal
struct urgadicaldbt fOr ifts plipéde s frERORIY B RINBRubRE KARY 12V kiRG uRAL gL N t hat
emission, high peak power, high repetition rate, and a focused beam of 6 to 50 pm in diameter.
Generally, dielectric polymers absorb best at ultraviolet energies and the thermal damage to the
nonablated portions is minimal. A useful wave length in the ultraviolet range is 355 nm.
Because the areas to be scanned are usually larger than the beam size, a raster scan may be
created to cover the area to be scanned. Scan spacing is typically 80% of the spot size in order to
provide some overlap of the guassian beam. Depending on the material, repetition rates of 1,000
Hz to 20,000 Hz can be utilized, with the 1,000 Hz rate providing the highest power per pulse of
12KW which drops to 0.5 KW at 20,000 Hz. An example of a specific process is ablating a
circular pad on a carrier made of a glass-cloth reinforced epoxy material such as FR-4, with a 14
pm beam scanned over the target area at 2,000Hz, 8.3 K'W per pulse, and a pulse spacing of 11
pum. Each scan pass removes approximately 20 pm of material. To remove 200 prr; (0.008
inch), 10 scan passes would be needed. As an alternative to the preceding Neodumuim YAG
laser, other laser technologies (e.g., CO, and Excimer) can be used to achieve similar results.
Although the preferred embodiments described herein pertain to annular void regions
surrounding dielectric matter underneath a pad on a BGA module or on a circuit card, the present

invention applies to any configuration having annular void regions surrounding dielectric matter

underneath a pad on a dielectric substrate.



.is.electrically connected to the pad, wherein the strip is r ?”
portion of the internal wiring pattern. 17. The el ectri cal mﬁiﬂﬁﬁagg £

claim15, further conprising an internal wiring pattern that is
electrically connected to the pad, wherein a portion of the internal wring
pattern is contained within a via that is |ocated underneath the pad. 18.
The el ectrical structure of claim 13, further conprising an internal wiring
pattern that is electrically connectep&to t he pad. 05 AU G 2002 - 17 19.
The el ectric str r bl e electrnic struciure is a
bal | grid ar%l i rfeg ) %1“‘ ‘Jn §1mc 3 B re%cn?%“rvﬁg‘ a hév? < e fibed
conprises:. g sol der art ached t and a attached to a
second g‘ffF‘F&E"eP‘BIPOSF%%&hPSgP%?ﬁ gy P’ﬁakﬁt‘a“ %‘?de‘ihﬁ“gteﬁé/ ‘@R?Cﬁmieépl@lr@éf"ri cally
connected to the internal wiring pattern. 20. The el ectrical structure of

cl ai m 14s¢ skilldden tf@cﬁﬁarA@PfﬁglgiYmgieﬂapqndgjrql%lnﬁﬁ?ﬁave@ﬁ?étSFP encampisg el seah a
circuit card. 21. The electrical structure of claim19, further conprising:
a first neddchtiorsahd shangestas fal withi He tat shigtatd sore oflicinménsiah. st r uct ur e,
wherein the first electrical structure conprises a first pad of the at

| east one electrically conductive pad, and wherein the ball grid array
nodule is affixed to the first electrical structure such that the sol der
ball is affixed to the first pad. .AYL. Au39. AN

L. AyR A&FR. Aa% ASL. A9FL. A9aL. AL. Aaf . Al 1. Af. An. AH). A ?. A ®UXh"M j &0OHLZ

E9: Hzupkfa\ W c(a] ca] ca] ca]ca] ca]c(a]c:a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] c*a] ca] ca] ca] cha] ca]cMa]ca]cTa] c(a] cal H*Ch"=Xv% | W

| vql fa\ W ca] ca] ca] c*a] ca] c(aU] ca] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] cal W

AL/ og#i8$1$35$$! WAME) ) 5** +++&, 2, 1| wr mhc] X] ] caV] ca] ca] ca] c(a] ca] ca]
ca] ca] ca] ca] c*a] ca] ca] c&a] c&a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal! 14"40424M667" 77H9;

; U6<<<Y=g==E?? @ @@AAA( BCDgDDD} xsni d_Z]]] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca]c(a]ca] ca] ca]ca] calca]ca]ca]ca]c(a]c(a]c(a]cal DUEE
FQFF1GGGXHHI | k1 1) JJIOKKKKMPPOS| SS3TTTTTU| w mhc] X] ] ca] c*a] ca] ca] ca] ca]ca]c(a
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c(a]ca]ca]ca]ca]ca9uUnfH s10% & ()-Y
10% & ()-@L10% & ()-s 10% & ()-s10% & ()-$10% & ()-F "Y1I0%EUEU& ()-"Mji K-,
10% & ()-&10% & ()- 10% & ()-10% & ()-z10% & ()-10% & ()-!'10% & () -
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1092 & ()-y! 1092 & ()- "109%& ()-Z"10%& ()-39, 109%& ()- &10%& ()-"=Xi K- E90! 1
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A dE-_ Gy & LAY S4B € Ssbi loflionh iopee,compyisne e s of:
providing a substrate including a dielectric layer having a first surface, and at least one
electrically conductive pad attached to the first surface; and
removing a first portion of the dielectric layer to form a void portion of the dielectric
layer, wherein the void portion substantially surrounds a second portion of the dielectric layer,

and wherein the pad is positioned on the second portion.
2. The method of claim 1, wherein the removing step is accomplished by using a laser.

3. The method of claim 1, wherein the removing step results in a strip of the dielectric

layer connecting the second portion to a remaining portion of the dielectric layer.

4. The method of claim 1, wherein the removing step results in the void portion totally

surrounding the second portion.

5. The method of claim 3, wherein the providing step further comprises providing an
internal wiring pattern that is electrically connected to the pﬁd, and wherein the removing step

results in the strip being underneath a portion of the internal wiring pattern.
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wiring pattern is contained within a via that is located underneath the pad.

7. The method of claim 1, wherein the providing step further comprises providing an internal

wiring pattern that is electrically connected to the pad, and wherein the removing step does not

remove any portion of the internal wiring pattern.

8. The method of claim 7, further comprising the following steps for forming a ball grid array

module:
providing a solder ball;
attaching the solder ball to the pad; and

affixing a chip to a second surface of the dielectric layer, wherein the chip is electrically
connected to the internal wiring pattern.

9. The method of claim 8, wherein the affixing step is performed prior to the attaching step.

10. The method of claim 8, further comprising fastening the ball grid array module to a circuit

card.
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12. The method of claim 11, wherein the forming of the first electrical structure precedes the

forming of the ball grid array module.
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a second portion of the dielectric layer, and wherein the pad is positioned on the second

portion.

14.  The electrical structure of claim 13, wherein a strip of the dielectric layer connects the

second portion to a remaining portion of the dielectric layer.

15.  The electrical structure of claim 13, wherein the void portion totally surrounds the

second portion.

16.  The electrical structure of claim 14, further comprising an internal wiring pattern that
is electrically connected to the pad, wherein the strip is underneath a portion of the internal

wiring pattern.
17.  The electrical structure of claim 15, further comprising an internal wiring pattern that
is electrically connected to the pad, wherein a portion of the internal wiring pattern is

contained within a via that is located underneath the pad.

18.  The electrical structure of claim 13, further comprising an internal wiring pattern that

is electrically connected to the pad.
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electrically connected to the internal wiring pattern.

20.  The electrical structure of claim 19, further comprising the ball grid array module

affixed to a circuit card.

21.  The electrical structure of claim 19, further comprising:

a first electrical structure of the at least one electrical structure, wherein the first
electrical structure comprises a first pad of the at least one electrically conductive pad, and
wherein the ball grid array module is affixed to the first electrical structure such that the

solder ball is affixed to the first pad.



