o1 jv€3eZ2Ws: 6T2@ ' 27 AUG 2002 BACKGROUND OF THE | NVENTI ON The present
|nvent|on relat o a chip carrier, and nore particularly, pegt

,chip c “@“\t uted of an organic |am nate which |ncorpo(regt?é&ﬂ[)“?ﬂﬁz
structu Ing for thermal deformation of the carrier Mreover, the
i nventi n rgk@ﬁns to a nmethod of counteracting the thermal deformations
encounter by chip carrier especially during solder reflow, which is

predi cated on the positioning of netal.-plated throughholes (PTH) forned in
the chip carrier. In considering the structure of chip carrier such as flip
chip attach carriers, especially those which. are constituted of organic

| am nates, the positioning of the plated through-holes (PTH) which provide
for electrical interconnections between different printed circuit |ayers,
the m smatch whi ch pERaeS SHFrdRMATION RANFIRIEMENTA RO THIE dntetueen t he

pl ated through-hol &s;Tn which the netal plating in the hol'es nornally
conpri ses ' copper, and the organlc | am nate material of the printed
circuit board (PCB y results in both in-plane and
out - of - pl ane tHHteé . S Te-carrier during solder reflow
operations, which have 2 ? AU G 2002 ' 2 az~ adverse effect on. the
reliability of the electrical connects at the locations of ball grid array
(BG A) pads. I%@s&m@nttmvekmtie@rmlml@t% apelom elpbiei PYELbE Tt hargl aee

t hr ough- hol es T, i th o regard tpo the bal rid_arr h

vl donced t hatTTRLETLEEHY ¢ REREaRh T 06 of ChFR STAFLEY  FPOUBICROEE £F a Hoa
pad, this COﬂSizdediﬁ@Jazyid:nl:éz&ﬁﬁ@ﬁet\hlelctﬂﬂeimd)rpl@f@t@‘ﬁtsf)ﬂuof:utrbe chip

carrier at the location of the adversely affecting product reliability
through pot entfAMPeRaRT LR@sTRE € %r%¢%c@$f%5WaEbﬂ%e€flgh§ SB*FAE pad

Posi L1 on as & \GonSEAUENCER QT L1IGERBASH Of el becOr B8Nk CrBBASKI B OF the chip
carrier. Al though publfcations presently address thenselves to various
probl ems assoc¢aurtenachingf theenheryppbsdefoamabhgraeansovnterrsudly- hol es
and vias exten t hrough_chip_c S e al l n n n
t hensel ves mnt%hﬁgnﬁ@ﬁgé% ﬁg ?g?e? iﬁ% dﬁr?gs gﬁgﬁgs%?ééggé %% gﬁ%gﬁg
tending to defprsucbapegadhi €he pSPetichiygdori mgrant-geateaf kowotdidh-t o
differentials or_msmatches in the therma] expansion (CIB) which are
present betweeh©tfig pFatied PRMBHghrhbI8sCPPFHP3ARdSFhat of the organic

| am nate material of the chip carrier having the BGA pads thereon.

DI SCUSSI ON OF THE PRI OR ART
In considering the structure of chip carriers, such as

flip chip attach carriers, egpecially those which are
constituted of organic laminates, the positioning of the
plated through-holes (PTH) which provide for electrical
interconnections between different printed circuit
layers, the mismatch which is present in the thermal
expansion (CTE) between the plated through-holes, in
which the metal plating in the holes normally comprises
copper, and the organic laminate material of the printed
circuit board (PCB) or carrier, frequently results in
both in-plane and out-cf-plane thermal deformations of

the carrier during solder reflow operations, which have

AR
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"2 7 AU G 2002 3 Estes, et al., U S Patent No. 5,45~,,7~0 ﬁh}c& % l.oses
a printed circuit board incorporating a thermal relief pattérhn U aéﬂﬁorm
,of a plurality of through-holes surrounding a via which is constructed to
pass through a substrate consisting of an essentially organic | am nate.

Al 't hough the plurality of aperture define a thermal relief pattern, there
is no disclosure of enploying predeterm ned arrangenents of plated

t hrough-hol es for controlling defornattgns produced in the substrate by

m smatches in the thermal) expansion (CTS) between plated through-holes and
organic lamnate chip carrier which would hare a tendency to adversely
affect the integrity of electrical connections at ball grid array (HGA)
pads | ocated an t ) ace-of t i Il ers , Pat ent
No. 5, 600, 884 ‘%‘ sC oe'a‘ILeg',~,‘g aeﬁ%?%% of&br%%tﬁcglca[%ﬂlnéy%&% C%Jre%%#%g%%i ng
menber s whi ch doiod s sl tIeseBSest ionSPEash T el atidnshrady M BGA) pads.

t hrough- hol es and el ectrically conductive el enents extendi ng_therethrough.
The recesses arfe $EFIFONCEN LT HPELLMT |L | AR FRAGI AR efekhfi cal
connecting ne ri E e : gﬂgﬁ I eper at ed
stresses whic (;qb% c%l1 t%:rgﬂ%ie v?tﬁﬁsgg%a %@ ﬁlgsrgvfer t %%?g@??i %%}?y@&?&ﬁ
conducti ve nenhersy (BGR) 7pddk qi2902vidé&hoddtthat @he,clbSerPahent No.
5,473,813 di scl oses nethods for the form ng of g%;ctronic nulti-la%er
printed circuiRTHEHRHSY 0P L chh@sPhAtEd LRI b € pacREYeR2fnc6PR6ST ati ng
the foregoi ng &lfacdaE£s1y AL ABoNIEL hen&i £ i1etha DR ESrhAEPEROb R Bhe

t hrough-holes in order to provide at | east one thermal relief passage,
there is no digtipscarrbércatrehat logathen poti thenbag, oddpeasedy

t hr ough- hol es relati l _Qrid ary GA . QF. -an,0organic
| am nate chip %é?%%%ﬁn%opﬁég%%gcg%%%%gﬁ %t¥o$ﬁgﬁéggr%%€?§?§8?nf?ﬁég§%%
expansi on (CTE)f peteli agetbrivvap oanfetoions het ctihe padrpesiahdncasse
possi bl e danmage to the electrical interconnections and adversely affect
their operati VePPSFTABREEL 9T WREPRPStRF, Lt %?‘Jén’cfg?‘aﬁﬁféﬂi RG. t5264, 664
is directed to-p{QosappRble chip to circuit board connections wherein
apertures are provided so as to be able to acconmpdat e connections form ng
a nodul e.

Although publications presently address themselves to
various problems associated with different types of
arrangements of through-holes and vias extending through
chip carriers, these generally do not concern themselves
with compensating for thermal deformation stresses or
strains tending to deform chip carrier, especially during
solder reflow due to differentials or mismatches in the
thermal ezpansion (CTE) which are present between the
rlated through-holes (PTH) and that of the oxganic
laminate material of the chip carrier having the BGA pads

thereon.

DISCUSSION OQOF THE PRIOR ART



‘lgarashi, U 'S. Patent No. 4,674,182 discloses the utilization of dummy

patterns in order to prevent the Warping of a printed circht bAy[S?EQQZ]
.component caused by uneven stresses which are generated through f ces

in thermal coefficients of expansion between the various enpl oyed

material s. 2 7 AUG 2002 5 Finally, Japanese Patent Pulication No.

60- 16701 di scl oses an electrically stable m crowave printed circuit board
having pin term nals shielded by providigg t hrough- hol e structure adj acent
thereto. Although the foregoing publications are to varying _ degrees
indirectly or directly concerned with stress relieving arrangenents, and in
sone instances, those caused by m smatches in the thermal expansions (CTE)

betveen, el eclgiloc CIBYET! 5 AL G ComAL R0k b0 £l gt

material chip &3 nth el'ves ‘Wi correlating

the positioning efripltaieditdyatgbdadies iddtidofaelialg we the mads el iant
organic lamnate chip carrier wherein the pads support ball g;jd arrays

(BGA) so as toPgakenmtia hesif@amatifor Pl tWeltdr bR drokafe or gani ¢
| am nate chip %%rrrr‘o%rnforcl‘#cd N0 Y 8l LU AGERIRY L éﬁ%zﬁgﬁé}t}sﬁ by
I Cl PTFI) o

m smat ches in the coe ents or extent of thermal expansion t he

met al | i c- pl at edublstougle talnes strichd ef BEA geasstpediltyl eneghrdatc dreedigtaten ned
spacings relative thereto. SUMVARY OF THE | NVENTI ccordingly, in order
to conpensate Por-NaRaEy d&8¢ l%ﬂﬁ(ﬂﬂ%ﬁﬂ?ﬁ%??ﬂs e%ﬂQ:Qeﬁhgéﬂ%;chip

carriers as pregantdy LN el dd itNedPdi¥cidurd RE idE) iy i S
predetermined arrangements of plated through-holes for
controlling deformations produced in the substrate by
mismatches in the thermal expansion (CTE) between plated
through-holes and organic laminate chip carrier which
would have a tendency to adversely affect the integrity
of electrical connections at ball grid array (BGA) pads

located on the surface of the chip carrier.

Konde, et al., U.S. Patent No. 5,600,884 discloses a
method of manufacturing electrical connecting members
which ilncorporate recesses in spaced relationship with
through-holes and electrically conductive elements
extending therethrough. The recesses are positioned
equidistantly intermediate the electrical connecting
members and are arranged so as to reduce thermally
generated stresses which could conceivably damage or

sever the electrically conductive members.



+2 7 AU G 2002 A 6 basically directed to, in a single manner ol vi ng t he
probl ens encountered in the effects of thernmallygenerated er§ Qz
,Strains due to encountered by BGA pads the location relative thereto 0

pI ated t hroughholes (PTH) in chip carriers, wherein the carriers are
generally of an organic |amnate materi al and the bal | grid array (BGA)
pads are located in proximty to the plated through-holes. Basically, due
to the presence of a mismatch in the cogfficients or extent of thernal
expansion (CTB) between the plated through-holes, the latter of which may
be plated with copper or simlar alloy materials, an investigation has

evi denced that b ngrolli ng t u rm n 0 g or spacing
of the plated th}ré(})jﬁéﬁE oles al S @}a]‘:%l vel\&%/o'sf 59?801%&5}%%%&0 t he BGA pads
on the organic | asmthade ﬁpe:rrtherfonnﬁegmaf defcoramid and tatlayer siriatef t he
pads can be cont Il L. Ozroa%ld'snlapaéa%ssgnc?%ft InPLOU R O pBc g degree
of reliability and T'ong-termintegrit the electrical connectl ons at

t hose pad positi dsorparayidear the %@G@M st rugburet egdithibougpurtdgant to the

present invention,; . ,pt %@degylpéon?o%eg Y QYALR S L9 n( BT - afe posi ti oned
equidistantly relative to contact (BGA) pads on a surface of a substrate

whi ch conprises @Fcyigantc Yeant nene hereel elisd RASI3GepetBdTR itSo "Cont r ol

both in-pl ane an(iil%‘éﬁ.b@xﬁf@'cﬁn@ot:f@fd’é&hgd@‘f@ﬁd&‘&ti?d%mgnof %lgte%u G 2002
the chip carrier material which nay be occasioned in der_refl ow

furnace or oven. STHEVBHUIieSt éﬁ?”bo@ﬁlﬁi’:b\‘ﬁ nies Bfllfh%n;ﬂ é‘tréﬂyt M%Bugh- hol es
relative to the Qgﬁspadsaﬂ rbx%ﬂ’p@.rl;ﬁrﬁ_lﬂaﬁ\bt&’hﬂpheaﬁfﬁéﬁrﬁol yscomvent i onal

random or |rregularlys e the ated through-h in the
organi ¢ chip car r?oér\peﬁa \ﬁdﬁpﬂﬁg gf‘@iﬁ:’ ?m?(gr“d\?gﬁ%g?ni &ﬁe

di stribution and peesiihtatnd »raa@ucrlcta'focufn slte emsescamli@ct radnsagener at ed
caused by the dif co S I

expansi on (CTE) bgcf fggﬁléﬁaﬁnag{éa%gd r%g%&% e{)}ﬁleégger 1 “%t‘érgé%%r‘%‘g{‘{ml p
carrier material ivsgerly rafielvé B@mpwsra%rréim@wlw is an object of
the present invention to provide a chip carrier which conprises a substrate
constituted of an organic material and which supports at |east two contact
pads on a first SF¥HEELFt IFtsdtderV el -eRBRent dicsposedt dib4 hé LbMEA@ pads:
and at |east one {WlHowhisiadie 3hph aleditbioughzhal eormdidhBgherein

substantial l'y throu%tuggg gggikgegggéMgéhagmgaqglgb?e”ﬂgaccommodate

connections forming a module.

Igarashi, U.S. Patent No. 4,674,182 discloses the
utilization of dummy patterns in order to prevent the
warping of a printed circuit board component caused by
uneven stresses which are generated through differences
in thermal coefficients of expansion between the various

employed materials.



| ocated essentially equidistantly between the two contact pads. A further

obj ect of the present invention resides in the provision of ay E@Hﬁ ;
Jamnate chip carrier which incorporates at |east two pads for q@ﬁﬁh

arrays (BGA) and plated through-holes (PTI~) arranged in symetrically 2
7 A U G 2002 8 spaced positioning relative to the BGA pads so as to provide
i nproved and reduced stress and strain relationship at the pads thereby
increasing the reliability of electrical el enents and contact connections
by an avoi dance o deformations at the pad |ocations. A still further object
of the present invention is to provide a nethod of positioning of plated

t hrough-holes (PTH) relative to ball grid array (BGA) pads on an organic

aminat e carifInS0IGs SLEMAL |28 S ORs0n A Ldie RAdSADLE] BT oY

increasing the re el ectrical connections due to a reduction ,in
t her mal def or nii sorosasisad dieat skl g hstabXdenicasifa o entiore@xt ent of

t hermal expansion (CT be en the plated through-hol es and the organic
chip carrier n%’t"e‘?ﬁjalf %%%E@EJS@IE#F ORF L FHES ﬁ%ﬁ\ﬁ*@%@feﬁ’ﬁw&dgﬁg now
be had to the {}%&@&%p@tgﬂg&‘g@@cgaﬁéém ofhexr-d¥ef erred enbodi nent of
the invention, taken in conjunction with the acconpanying draw ngs; in

which: Figure 1 illustrates a diagrammtic plan view show ng a

Although the foregoing publications are to wvarying

B degrees indirectly or directly concerned with stress
relieving arrangements, and in some instances, those
caused by mismatches in the thermal expansions (CTE)
between electrical components or metallic components and
organic laminate material chip carriers, none of these
concern themselves with correlating the positioning of
plated through-holes (PTH) relative to pads on an organic
laminate chip carrier wherein the pads support ball grid
arrays (BGA) so as to take into consideration thermal
deformations of the organic laminate chip carrier during
solder reflow processes, which are caused by mismatches
in the coefficients or extent of thermal expansion (PTH)
of the metallic-plated through-holes and the BGA pads

positioned at predetermined spacings relative thereto.

SUMMARY OF THE INVENTION

Accordingly, in order to compensate for adverse thermal
deformations of organic laminate chip carriers as

presently encountered in the prior art, the invention 1is



‘presently enpl oyed conventional placenent of plated 27 AUGZ2002 9
through-hol es relative to BGA pads on an organic |aninate ¢aifriMdJGrIg02e 2
Jllustrates a diagranmatic plan view illustrating the symetrical.
arrangenment of the plated through-holes relative to the pads on the organic
| am nate carrier as disclosed by the present invention; Figure 3
illustrates a diagrammatic perspective view of a portion of an organic

| am nate chip carrier pursuant to the cuErent state-of-the-art,
representing the positioning of plated through-holes (PTA) relative to the
| ocation of the BGA pads; Figures 4(a) and (b) illustrate, respectively,

sectional views thraqu the, organic lamnate carrier of Figure t aken
along line 4-4 i et é%lquléj giﬂeecgilegcﬁ?’l o 8f Sthe epfnafl@%lr’t ﬁr"&%ﬁg hol% rel ative
to the pads pri orptapl@eBoenaiunrereantch tthe effexrissobf thidwratdly-def or mati on

during reflow of sol der: Figur 5 nd.(b).illus t [
representative si ?ﬁ'l}%rat{a% i geus?%g ‘?%)S%éna’q? bq.u.e ggcélﬁgonua te\:;?g\;\agyt%(fgen al ong
line 5-5 in Figuread® shewlocpttive setatiiore phexata ofapiztd sbgaegii-to t her mal

def ormati on durir%bf%y Q%EHFQL19¥GP carf%e}g,lxﬁéféigogge]égrriers are
generally of an organic laminate material and the ball
grid array (BGA) pads are located in proximity to the
plated through-holes. Basically, due to the presence of
a mismatch in the coefficients or extent of thermal
expansion (CTE) between the plated through-holes, the
latter of which may be plated with copper or similar
alloy materials, an investigation has evidenced that by
controlling the uniformity in the positioning or spacing
of the plated through-holes (PTH) relative to the
locations of the BGA pads on the organic laminate
carrier, thermal deformations at the site of the pads can
be controlled or eliminated so as to provide for a higher
degree of reliability and long-term integrity of the

electrical connections at those pad positions.

In order to accomplish the foregoing, pursuant to the
present invention, a plurality of plated through-holes
(PTH) are positioned equidistantly relative to contact
(BGA) pads on a surface of a substrate which comprises an
organic laminate material, so as to be able to control

both in-plane and out-of-plane thermal deformations in



+Figure 6 illustrates a laminate carrier footprint of a printed circuit
bhoard; Figures 7 and 8 illustrate in cross-sectional views, ngwsl Z@QZ a
Mire analysis of in-plane thermal deformation of in-plane and out-o ane
deformation of the carrier caused by msmatch in extent of therma
expansi on {CTE) between copper-pl ated through-holes (PTH and the organic
material |amnate of the circuit board; Figures 9 and 10 illustrate in plan
views, respectively, in-plane deformati on and out-of plane deformation of
the printed circuit board of Figure 6; Figures 11 and 12 illustrate,
respectively, on enlarged scales, the plastic strain encountered by the
printed circuit board as a function of the distance b between the | ocation
of the plated through-hole (PTH) and that of the BGA gad, Figure,lZ bei ng a
further enl ar ggte feREREsRBF VR BAIAFTEFL PYRLFR BAY BRICEFgarFenes Al &strates
a graph show n dj n pLasti,c. St ray 3 Lon of the
di stance b bet%%%%§¥h%£%§%§t?§%n%%ep+gt%%g?hroﬁgﬁ-ﬁifgdﬁﬁeé?gure 12 and the
| ocation of theo8Aipaing of ThdAUd 2002 HiroedAthéDe DESEREPITVENTOf the
PREFERRED EMBODI MENT Referring ip detajl, to the drawi ngs, Figure ~,
general |y di agP@mBefgalPycPp %E%?%?egléhpFE@eﬁF?§EEF£§O§QBV%BE&§ﬁFp0naI
pattern of randomphageneplcgh) pEayedphbEqueabahest (BEHni0pnaltald ve to
pads 12 on a substrate 14, such as an organic |am nate chip carrier,
wherei n the patlsragghrkoddapirdthe hmgenbal Fhgpi dagriaysheBGAVisessdar

ball s arranged_thereon fpr.electri i nt onek i.ndi | [,gure
1, the randon1ﬁf%???bﬁ??gnl%Pr?ﬂ%mgﬁgt%H ?ﬁ%oﬁSE?%§P8§§f3 %@%?é%%ﬁ?guﬁﬁgse
to be at differentceishaneesttessethendespestnsegBérpads taused Gy ashe
illustrated herei nbel ow, | eads to tenperature~i nduced stresses or strains

tending to advéiSépyenriate iRetBPeEPPIEAFIEBRACCLi BXSCAL Offe FEINAL and
resul tingly COIEVFFQHE% géEEE) rgbialbh E¥e§ E%%@B- thRoGgRLhR3te M thee

foregoi ng, as ustrated In Figure 2 o e draw ngs, "'the invention

cont enpl at es posgenoni nhyipheapraeedmiheoigh- Bobportdngn thes BEfetpdda

pl acenent or uniform spacing relative to the pads 12, thereby providing for

an even and reduced stress distribution at the various BGA pads 12.
Accordingly, it is an object of the present invention to

provide a chip carrier which comprises a substrate
constituted of an organic material and which supports at
least two contact pads on a first surface with solder
elements disposed on the contact pads; and at least one
hole which is a plated through-hole extending
substantially through the substrate with the hole being
located essentially equidistantly between the two contact

pads.

A further object of the present invention resides in the
provision of an organic laminate chip carrier which
incorporates at least two pads for ball grid arrays (BGA)

and plated through-holes (PTH) arranged in symmetrically



»2 7 AUG?2D02 12 As shown diagrammatically in Figures 3, 4a, 4b, 5a and
8b, in Figure 3 is a perspective view representative of an grgapi i lHNat e
.chip carrier 14 having pads 12 of copper ns.terial positi onZd?oAmezﬁai]
organic lam nate chip carriex, wherein the pads are for (BGA) ball grid
array 16, as shown. The pads 12 are essentially equidistantly spaced in an
array on the organic lamnate chip carrier 14, the latter o~ which contains
at |east two plated through-holes (PTH)gl0 wherein, as shown in the
crosssectional, representation in Figure 4(a) and (b) along line 4-4 in
Figure 3, one of the plated through-holes 10 is equidistantly |ocated
between two of the pads 12, whexeas as illustrated in the secti onal
representation of line 5-5 in, Figur resentln ures S%a) and 5(b),

3x
a pl at ed throu%ﬂa%%gePQElF§°PBBStEﬁfﬁtﬁvﬁl Qefh Er§§ nPP St §%RE & the pads
12 on the or gapigag mgfoeaapaﬁar rb@licdd: sfsebBdangatedalin Figures 4(a)
and 5(a) show'ng t organic lamnate carrier 14 prior to being thermally
def or ned durlngek@tuensheplam/tﬁegpads4ta¢rshymsncheaphagedhehrough hol e 10
equi distantly | ocat ed. bet ween 12.0n he upper surface 18 of the
or gani c IanlnaF%f%%pF}éFylﬁg EEFFHSlFQ#IS&FWﬁP f BPE ﬁeggaFﬁerwm

def ormation or cé%é%@ﬂgngf bg/hsno5gemagnberrb@aaefeémﬁlc%n%4,ata%h?ehm in
Figure 9(b), the deformation takes primarily place at the 2 7 AU G 2002

13 |l ocation of lehetppased t hrough-hole (PTH) 10 and extend radially
therefrom whereby the stresses are equally dispersed towards the pads 12,
and there is no appreciable distortion or strain at the pads 12 which have
the sol der bal AssthetegarthArsobjeesubtt, thhi preaentaiinsehnite dmtiegridy and
reliability of the electrical connections at those_pads 22. To the
contrary, as |PFﬁg%QﬁtédeHhPPg8?e§°§6§}°§ﬁ&9595}P&Ptﬁﬁeﬁﬁﬁﬁﬁﬁﬂy$°les

representing thergpniegHEaikoRol Bail galehsrahget edchhr pual- Rel @10 is
| ocated in closer proxinmty to one of "the pads 12, the edge 20 of the pad

12 which is nearggnihelpminaget maa;ergﬁrhépeafothgqyﬁdmebwtme@&a& Ate, is
distorted or DeRL guas! ankienkiBHIRY HASLALTRY SOLINGAIY o, SO as

t o possi bly causé tarage Frcar: Connec ocat i on,
t her eby adversenycatﬁeaﬂlcongeth&oneldab~tb~atyedhcmmbmﬂnﬂnﬁhﬁrmal

circuitry, and ssibly leading to failyre of the ntlre tem Reverting
to an analysis® g?°?ﬂ@tgPPeEFu5%dtﬁ¥ Blgﬂéﬂa?ﬁpo&&h ﬁ@l&??ﬁgs ¥ He Pads 12
due to deformakkeanef ofhenezmahelexbhnsibhoyaEsr @eswalet itie Midtedanal ysis
as shown in Figure 6 of the drawings, there is illustrated a | am nate

carrier footprEhropgh-polegdiaagt &&e @@Sa@@Cz¢@ﬂPoWﬂQ§%ﬁﬂu?&Qﬁﬁ%&ltherwm
def ormati on of the organic 2 7 AUG 2002 14

BRIEF DESCRIPTION QF THE DRAWINGS

Reference may now be had to the following detailed
description of a preferred embodiment of the invention,
taken in conjunction with the accompanying drawings:; in

which:

Figure 1 illustrates a diagrammatic plan view showing a

presently employed conventional placement of plated



-

+ lam nate~chip carrier 24, as a result of a msmatch in the c fi,GTAE r
UG 2662

extent of thermal e~cpansion (CTE) between the copper-plated

that of the lam nate 14, both the in-plane 24 and out-of - pl ane t hernal
deformations 26 are encountered in that particular region, as shown in
Figures 7 and 8 of the drawings in cross-sectionally enlarged views, and
also in the plan Views of Figures 9 and 10 relative to failure rates for

i n-pl ane deformati on and out-of-plane deformation of the organic |am nate
carrier 14 for symretrical and non-unifé?n1spacings of plated throughhol es
10. As illustrated zn Figures 11 and 12, respectively showi ng a section of
a carrier, and a fragnentary detail portion on a |arger scale illustrative
of a cross-sectional representatign of the location of a BGA pad 12 and a
pl at ed t hr oughThgraghrhalero Fel@d iISpira BCA KRt it 1t f%r%%%%nﬁ@'“b’é? en
t he edge 30 of %Qgi%&d 12 which is pz~oximate the adjacent edge 34 of the
cl osest L~TH. 3ccor ingly, as indicated in Figure 13, graphically
representing prigsirec 2stirldiustyartess s dEY daowwt ioh mleameeieWw and 100C

i sot hermal | oadi,ng, ,the closer the proxim.ty between the PTH and,the pad as
neasur ed, the I’rilgﬁlétriag:ltnr?e eas‘atyi“ErPe'sttrr"aﬁa‘nl iH 13 BIYA iocflta F 2t 2t Ehi p
carrier 14.  ZnhtoMdHeRAR% Yo 1AaGardittglthe Badptdnn @hedo tdegn spaci ngs

bet ween the pl ated t'hrough-holes (PTHs) 10 and the BG A pads ~.~ so as to
provi de a nore lamiffetd Canmrige @didtsGIngedirYrt e REeReRt t heYebeifBén,
there is obtained a reduction in thermal stress peaks in conparison with
previously nore closely spaced BGA pads and PTHs, thereby avoi ding or

reduci ng to terraljurd evellsl udteratasniansd g tdrenatdge spef spdet BGA pads, odnd
resultingly increasing the reliability of the connects and operative life

expect ancy of BIRFERT R SR WHATWS PR G Ee B et ShotnPahd d85cFPbed
what are consi dgfedd i Nl oo eboditentspadsdheihgvention, it

w~.~. |, of course, be understood that various nodifications and changes in

foam or det ai | Rewltdloniad 1G£ laka WirouaR-kebes t { KRG rorl2héveprei £hef

the invention. {lt_j.s, ' ed that the invention be not limted
to the exact folrongaaér]lf%&e%ﬁ@%:%%% ;B% own and described, nor to anything

| ess than the whole of the invention herein disclosed as hereinafter
cl ai med. Figures 4(a) and (b) illustrate, respectively, sectional
views through the érganic laminate carrier of Figure 3,
taken along line 4-4 indicating the location of the
plated through-hole relative to the pads prior to
deformation, and the effects of thermal deformation

during reflow of solder;

Figures 5(a) and (b) illustrate, in a representative
similar to Figures 4{a) and (b), sectional views taken
along line 5-5 in Figure 3 showing the section prior to
and subsequent to thermal deformation during solder

reflow:
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fragmentary detail of Figure 11; and

Figure 13 illustrates a graph showing the differences of plastic strain as a function of the
distance J between the location of plated through-hole in Figure 12 and the location of the

BGA pad.
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which as illustrated hereinbelow, leads to temperature-~

induced stresses or strains tending to adversely affect
the electrical connections at the pads 12 and resultingly

compromising the reliability thereof.

In contrast with the foregoing, as illustrated in Figure
2 of the drawings, the invention contemplates positioning
the plated through-holes 10 in a symmetrical placement or
uniform spacing relative to the pads 12, thereby
providing for an even and reduced stress distribution at

the various BGA pads 12.
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whereas as illustrated in the sectional representation of
line 5-5 in Figure 3, representing Figures 5{a) and 5(b),
a plated through-hole 10 is located in closer proximity
to one of the pads 12 on the organic laminate chip

carrier 14.

As indicated in Figures 4(a) and 5{(a) showing the organic
laminate carrier 14 prior to being thermally deformed
during solder reflow, Figure 4(a) shows the plated
through-hole 10 sguidistantly located between two pads 12
on the upper surface 18 of the organic laminate carrier
14. During reflow which produces thermal deformation or
swelling of the organic laminate carrier 14, as shown in

Figure 4 (b), the deformation takes primarily place at the
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location of the plated through-hole (PTH) 10 and extend
radially therefrom, whereby the stresses are egually
dispersed towards the pads 12, and there is no
appreciable distortion or strain at the pads 12 which
have the solder balls thereon. As a result, this
maintains the integrity and reliability of the electrical

connections at those pads 12.

To the contrary, as illustrated in Figures 5(a) and 5(b}
of the drawings, representing the configuration in which
the plated through~hole 10 is located in closer proximity .
to one of the pads 12, the edge 20 of the pad 12 which 1is
nearer the plated through-hole 10, as shown by the
circle, is distorted or bent due to the thermal
deformation of the carrier 14, so as to possibly cause
damage to the electrical connect at thét location,

thereby adversely affecting the reliability of the
electronic circuitry, and possibly leading to failure of

the entire system.

Reverting to an analysis of the effect of the plated
through-holes 10 on the pads 12 due to deformation of the
carrier 14, through cross-section Moire analysis, as
shown in Figure 6 of the drawings, there is illustrated a
laminate carrier footprint 22. As indicated, during

reflow leading to the thermal deformation of the organic
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laminatevchip carrier 14, as a result of a mismatch in
the coefficient or extent of thermal expansion (CTE)
between the copper—plated (PTH) 10 and that of the
laminate 14, both the in-plane 24 and out-of-plane
thermal deformations 26 are encountered in that
particular region, as shown in Figures 7 and 8 of the
drawings in cross-sectionally enlarged views, and also in
the plan views of Figures 9 and 10 relative to failure
rates for in-plane deformation and ocut-of-plane
deformation of the organic laminate carrier 14 for

symmetrical and non-uniform spacings of plated through-
holes 10.

As illustrated in Figures 11 and 12, respectively showing
a section of a carrier, and a fragmentary detail portion
on a larger scale illustrative of a cross-sectional
representation of the location of a BGA pad 12 and a
plated through-hole (PTH) 10, the symbol 8 represents the
distance between the edge 30 of the pad 12 which is
proximate the adjacent edge 34 of the closest PTH.
Accordingly, as indicated in Figure 13, graphically
representing plastic strain wversus PTH location between 0
and 100°C isothermal loading, the closer the proximity
between the PTH and the pad as measured, the higher is
the plastic strain in the organic laminate chip carrier
14.
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Accordingly, by optimizing the spacings between the
plated through-holes (PTHs) 10 and the BGA pads 12 so as
to provide a more uniformly arrayed distribution or
distances therebetween, there is obtained a reduction in
thermal stress peaks in comparison with previously more
closely spaced BGA pads and PTHs, thereby avoiding or.
reducing to tenable levels the strains at the edges of
the BGA pads, and resultingly increasing the reliability

of the connects and operative life expectancy of the

entire system.

While there has been shown and described what are
considered to be preferred embodiments of the invention,
it will, of course, be understood that wvarious
modifications and changes in form or detail could readily
be made without departing from the spirit of the
invention. It is, therefore, intended that the invention
be not limited to the exact form and detail herein shown
and described, nor to anything less than the whole of the

invention herein disclosed as hereinafter claimed,
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CLAIMS

Having thus described our invention, what we claim is:

1. A chip carrier comprising;

(a) a substrate constituted of an organic laminate material having an upper
surface;

(b) at least two contact pads for electrical interconnects being located in
predetermined spaced relationship on said upper substrate surface; and

(©) at least one plated through-hole extending substantially through said
substrate between said upper surface and a lower surface of said substrate, said at least one
plated through-hole being located substantially equidistantly spaced between said at least
two contact pads, said organic laminate material having a substantially different coefficient
of thermal expansion than said at least one plated through-hole so as to cause said substrate
to expand at a greater rate at the locations of said contact pads than at the location of said at
least one plated through-hole, and whereby the equidistant spacing of said at least one
plated through-hole from said at least two contact pads reduces in-plane and out-of-plane
generated thermal stresses and strains in the substrate in the regions of each of said contact

pads.

2. A chip carrier as claimed in claim 1, wherein said at least one plated

through-hole is copper-plated.

3. A chip carrier as claimed in claim 1, wherein solder elements are disposed

on said contact pads.

4, A chip carrier as claimed in claim 3, wherein said at least two contact pads

are constituted of copper, said solder elements comprising solder balls.

5. A chip carrier as claimed in claim 1, wherein a plurality of said contact pads
are arranged in spaced relationship about the upper surface of said substrate so as to form
an array of said contact pads; and a plurality of said plated through-holes are formed in said
substrate intermediate said contact pads in substantially equidistant spacings between

adjacently located of each of said array of contact pads.
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6. A chip carrier as claimed in claim 5, wherein said plated through-holes are
arranged in said substrate so as to effectively reduce said thermal stresses and strains in said
substrate at the locations of said contact pads so as to eliminate thermally-induced

deformations of said substrate in the regions of said contact pads.

7. A method of forming a chip carrier from a substrate constituted of an
organic laminate material having an upper surface, said method comprising the steps of:

(a) locating at least two contact pads for electrical interconnects in spaced
relationship on said upper substrate surface, and

(b)  forming at least one plated through-hole extending substantially through said
substrate between said upper surface and a lower surface of said substrate, said at least one
plated through-hole being located substantially equidistantly spaced between said at least
two contact pads, said organic laminate material having a substantially different coefficient
of thermal expansion than said at least one plated through-hole so as to cause said substrate
to expand at a greater rate at the locations of said contact pads than at the location of said at
least one plated through-hole, and whereby the equidistant spacing of said at least one
plated through-hole from said at least two contact pads reduces in-plane and out-of-plane

generated thermal stresses and strains in the region of each of said contact pad.

8. A method as claimed in claim 7, wherein said at least one plated through-

hole is copper-plated.

9. A method as claimed in claim 7, wherein solder elements are disposed on

said contact pads.

10. A method as claimed in claim 9, wherein said at least two contact pads are

constituted of copper, said solder elements comprising solder balls.

11. A method as claimed in claim 7, wherein a plurality of said contact pads are
arranged in spaced relationship about the upper surface of said substrate so as to form an

array of said contact pads; and a plurality of said plated through-holes are formed in said
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substrate at the locations of said contact pads so as to eliminate thermally-induced

deformations of said substrate in the regions of said contact pads.



