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1 )iffcrm( mpccts  o f  :Kiwtllced surfww  mount p:lCklgC
tccbllology lmvc bccIl illvcs(ig:ltcd for :icrosp:lce
:ipplic:i(ims. ‘1’brcc  kcy :irc:is illcludcd (IIC mscmhly
rcli:ibili(y  of co]lvcllticm:ll  Surf:tcc  Mout)(, lkill  (irid Arr:tys
(1K iAs),  md ( hip Sc:{lc  lhchgcs.

Rcli:ihilily  of ll(iAs  wm risscsscd m p:w[ of :{ c(msor(ium
cfforl lcd by tbc Jc[ l)mpulsioll 1,:tbm(ory. Newly 200 Ics[
vcbiclcs,  c:icb willl  four p:ickigcs, were mscmblcd  ml
kslcd using :i[~ cxpcrimm( dcsigt]. ‘1’he mos[  crilic:il
v:wi:hlcs  illcorpor:~tcd  ill the cxpcrimmt  were p:wktgc
t ypc, Imrd  mtcri:d, surf:lce  fillisb,  solder volume, :md
cllvirollmcllt:ll  comtiliol). ‘1’hc lK;A kw vchiclcs wm
subjcctcd  10 (bcrml ml clymmic  tmvirommmts
rcprcsclll:llivc  of :icrosp:lcc  :ipplic~(iom. ‘1’hc Icst vcbicks
were mmitorcd  cmtimmusly to detect clcclric:ll  hilurc :iud
Ihcir  tiilurc mccbmisms  were cluir:lctcri7cd.

A M,, ,,~tylxll(iA  col]sor[ium  with imius[ry-wide. supporl  wits
:dso org:mi~.c(i 10 :iddress  tcchl]ic:d  issues rc’g:lditlg  tlw
il]tcrphy of p:ictmgc type, 1/() counts, l>WII  m:ttcri:ils,  :md
the  ll]:tl~tlf:tcl~lril~g  v:lri:tblcs  011 qu:dity  :md rclixbility of
bomt Icvct :Isscmbly. ‘lhis p:ipcr  will pmcllt tbc most
currclll  Ihcrml  cycliilg  test results (>4,000 cycles) for
cmmic  ml plastic BGA p:ickigcs  m WCII m tbcir  f:tilurc
mcclmisms. ‘llc bored lcvct rcli:tbilit  y of (Xl) :isscmbly
w i l l  :dso bc rcvicwcd  :imt projcckxi  for (i s p e c i f i c
ctl~’ircllll[]clll:ll  Cmditioll.
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1. MININI’LII<IY,NI’ION ‘1’IU;NI)S

1. MINI’I’LJI<IYNI’ION TRI;NI)S

111 surf::cc  mount Iccbmlogy  (SM’I’), clcc[rmic  p:tctcigcs
;Irc moulltcd ;Iild  tcrmimtcd  dire’ctly mto the l)ritltc(i
Wiring  lkmrd  (1’WII) surfiicc r:dbcr Ih:m imcrtillg  tbc Icxts
il]to phi[cd tbrougb-boles (lYI’l 1s). ‘1’here me scvcr(il
surf:tcc  moul]t  p:ictwgc s[ylcs, b o t h  :ictivc :tl]d  pmsivc.
Active dcviccs m divided into Ihosc with tcrmimtims  of
Icads on tlw pcripllcry of IIIC compol~cl}t, two or tour sides,
or those with tcrmimti[ms  (either p:lds or solder bumps)
over much of tbc bottom of tbc compollctlt.  Pcripbrml
Arr:iy l’:ichgcs  (l’Al’) I]:(vc lCSS potcilti~t  for sigt~ific:lt~t
si~c rcductim~ with illcrcmcd  1/() counts compmd to Arc:t
Arr;ty l%CIWSCS (AAI)S). ‘1’hc  lkill  Grid Arr:iys  (lKiAs)
from tbc l:ittcr  c:tlcgory  :Irc mw the m:iiust:ty  :tltermtivc  to
l)AI>S.

lk~r cxmplc,  the (!S1’  vcrsim~ of tbc two sided 1’AP is tbc
I cad-( h-(~bip (1 .()(;) p:ictmgc  :it)d tbc vcrsiol~s  for AAI)S
arc micro- (or mini-) lKiA p:ick+m  generally with cutcctic
sotdcr b:itts.

Al]o(tlcr  Icvcl o f  l]~ir]i:tttlri~:iti[>ll  i s  :Iccomplisbcd b y
directly :itt:tcllill.g  lbc bm dic to the l>WII. ‘1’hc direct  l;lip
(lip on lkxwd (l;(l)]]) is tllc ultimate ll]illi:tl~lriz:tti~~ll
lCVCI acbicving  nearly 70% cfficicnt  osc of lIIC area of tbc
dic r:tlio to tllc l)WII’S footpriul. III l:(X)ll,  solder bumps
arc permanently at(acbcd  to IIIC face of bm die, aud the
flip side is mounted OH the 1’WII. Iu (~l]il>-[)11-ll(~:ircl,  with
:Ihout  50% usc of mw cfticicmcy, tl]c p:ids of the wire
bo[dcd dic :irc used for second Icvcl wire bonding onto tbc
1’WII.
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lKiA is :111 import:ll)t  tccl)mlogy  for utilizil~g bighcr pin
counts, without the :Itlcndwlt  handling  and processing
problems of tbc pcripbmil  k:idc’d pachgcs. ‘1’hcy  arc :dSO
robust ill pmccssillg  bcc:iusc of tbcir  higher pitch (0.0S0
itlcb typiciil),  twttcr  hd r ig id i ty , :illd self-:lligllmcl]t
clumck’rislics  during  rcftow  processing.

1]( ;As’ solder joints cwmt  bc inspcctcd  and rworkd
using Ccmvcntion:tl  methods and arc not wtt ch:lraclcri~cd
for multipk  double sided :isscIIIbly  processing mctbods, 111
hi~l] reliability SM’1’ xsscmbly  npplica[iom,  e.g. sp:Icc and
dctcnsc,  tbc :ibility  k) inspect the solder joints visually has
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b) lixccssivc  Voids ill SIK;A 352

gure 1 Excessive Voids for Water Soluble Paste
with an RMA Reflow Profile

:]) Reduced  Voids ill 313 l)IK iA

b) Rcduccd  Voids ill 352 Sl)IKiA

Figure 2 Voids for Water Soluble Paste

with a Mater So/ub/e Ref/ow Profile

‘1’wo  tcs[ vchiclcs wwrc mscmblcd:
● ‘1’ypc  1, ccr:m]ic  :u]d plastic  lKiA p:whgcs  with l~cwly

300 1/os
● ‘1’ypc  2 ,  ctmmic md plastic  lKiA p:ick:igcs  will]

lw:trly 600 1/os. Also utili~,cd  were ~ 256 Ic:dcd :ud
a 256 pl:lslic  I)(;A p:iclwgc  for cv:llu:dil]g  :uld
directly comp:triilg mol~ul~cturil]g  robmmcss :uld
rcli;hili  [y.

b Asscmhtics  witli  w[dcr solubtc flux were clcallcd i[~
:ul 1 {lcc(rovcrl I 1500. ‘1’hose with RMAs were
clc:mcd  used Isopropyl Alcohol (II)A) :uld ~ 5940
s;lpwlificr.

● All fil]c pitch  Qll)s hwl to bc rcworlmd for bridges.

4- BGA ‘1’III;I<MAI, CY(Ti ,IN(i

‘1’wo  sig[li  fic:ulll  y dit’f’crcN t Ilcrlll:{l  cycle profiks were used
:11 (WO f:(cili(ics.  ‘1’hc cycle A comlitiou r:mgcd -30 to
100”( ~ :md hd i[~crc:tsc/clccrc:tsc  hc:il  iug r:de of 2r’(~ mld
dwelt of :dwu( 20 mimes  at (hc high tctflpcr:durc  10 assure
I]c:(r  comple(c crccpil]g. ‘1’hc tiur:itiwl  of c:ich cycle was 82
I[lil]utcs,

‘1’hc critcri:l for :iti opwl  solder joitlt spccificd ill IPC-SM-
785 ,  ScCl,  6.0, were used {is guidclil~es  to illtcrprcl
clcclric:tl illlcrrup(iwls, (icllcr:illy oricc t h e  firsl
iukrrup(iwl  wvIs  ohstxvwi, [here were ru:u]y :tdditiotl;tl
illtcrruptiows  wilhill 10% of d]c c y c l e  life. Iti scvcrxt
imt:luccs,  ii few Imwcwlscculivc  cwly illlcrruptio[]s  were
not followed by ad(iiticm:il  ildcrruptim~s  till  sigtlific:u]tly
IXCI- s[:Igcs of cyclil]g, ‘1’his  wws fou[]d more with phstic
p:ictwgcs :is cvidcllccd  from 1 ‘igur3.

11) 1 ‘igurc 3, the tot:d number of clcctric:ll  il]tcrrup[icms
(d:lisy  cb:]ill opcl)s)  :irc plot[ccl  vs l]umber of cycles. l~or
ccrwuic  1}( iAs, the slope or r:ttc of il](crruptiou dctccticm
were :Ippruxim:l[c]y  co]]sI:II~I  iuld were the s:imc whcrc:is
(Ilis  W:(S m)t [tic c:isc Ibr Ihc plastic  IKiAs.  l;or it lJIKiA
with 313 1/os, dlc firsl  iulcrruplirm  occurcd :il 913 cycles
with IN) wlditiorl:d  itltcrrup[iolls  till :Iboul 3,000 cycles.
I;urlhcr  crr:t(ic  il}lcrrup[io[ls  were occurcd bctwcell  3,000
:uld  3,700 cycles, followtxi  wilh :{ Iiuc:w illtcrrupuliotls  with
tile Slope tbc S:llllc  :1s (~IKiAs. Allodlcr  l)lKiA sbowcd
i[l(crruptiol~s  {it 3130 cycles, ;Illd  bccomc opc[l af(cr :dmu(
300” additional cyctcs,
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Vigure  3 Number of ICkctrical  Intmwptiolls I ktmtd with ‘1’lmvml  Cycles for Ceramic and  l’lastic B(;As

impcckxl.  A series 01 sil]glc assmblics cut from the test

lIWII[~ge Moniloritw
vchiclcs were used for bo(h visu:tl  al~d S1 ;M iw+pcc(ic~l]  to

l~or collvcl](iol~:il  SM’1’ solder joiMs,
bcllcr  dcfil]c visu:tl  cri(cri:l  for :Lcccp(:ii]cc  of solder joill(s  as

thc pass/fail cri[cri:i

for high reliability applications relics 01) viswll  il]spcctiol]
WCII as m mollilor d:imagc  progress wlcr dilfcrcnt cycling
cl~virollmcllls.

a ( 10x to 50x l~~:igl]ific:lti{~l~s.  1 @ lKiA, (ml y edge balls,
Ihosc Iwt blocked by olhcr compol]cl]ls,  wcxc visually

Figure 4 SEM and Cross-section photos for CBGA 625 after 348 cycles (-30”C to 100”C)
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Figure 5 Cycles to Failure for PBGA 313 & SBGA 352 Assemblies (-55°C to 125”C, A ) & (-30”C to 100”C)

7’lif>ttiKil Cyclitlg l-k.sllll.s
1 ‘igutc  5 shows cycks  to first f:tilurc (’w l>lKiA 313 :II~d
SIK;A ?52 subjcclcd m  11 cyclil& 101- :tsscmblics  oll

polyimidc  :u~d 1 ‘R-4 l’Wl\s. ‘IIIC lllost  cul-rcl~t l)ll(;A 313
:Isscmblics  thm f:tilcd  umlcr cycle A cxmditio[ls  :Irc :dso
illcludcd ill lhc plots for comp:wisol~. ‘1’hcsc  :isscmblics

iucludc those reflowed with low, st:llld:lrd,  :Illd  bigb solder
p:lstc lCVCIS.

‘1’hc cycks  to f:iilurc  were r:illtwd from low 10 high :md
f:iilurc  dislrihlticlll  pcrccl]tilcs  wwrc :(]~ilr(~xilll:ltccl  using
]l]cdiau  frlot(it~g  positiol],  1‘, =  (i-O.3)/(11+().4). Wcibull

p:lr:imctcrs  will bc gcl]cr:[tcd WIICI1 :111 f:tilurc  d:lt:l  :irc
g:itl]cr~xl.

proccsscs
● Redistributes tllc tight  pitcl] of (IIC dic to the pitch Icvcl

tb:t( is within tbc norm 0!’ l)WII fdlric:ttiO1l.  ‘1’l]c sm:~ll
si~cs of ( XI)S do Iwt permit sig[lific:lllt  rcdistrit~tlticlll
:uld tbc curl-c]lt cost  cffcc[ivc  l)WII f:hric:ltioll  limits
lull :Idoptioll  of tbc (Ccbwlogy,  cspcci311y  for high 1/0
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7- Swrlihm’fK’ APPROACII ‘I’() ASSINS CSP
● 1 ‘or comparison, proicckxJ cycles  m i{ti 1 urc for low ~]OARl) RliI/IADII/l’l’Y

COUII[ ( ;L~l)s :Irc &;)  iwkicd. Rcsulis  :trc IIwsc
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Ijigare  6. l’rf]jcwted Cycles to failures for I mw I’iu Count  CS1’ Assemblies and Cumulative Iiailare l)istril~utions  for
Conventional SM I’ackage  Assemblies Tested  at.] 1’1. (-S5°C  tu 1(M)”(;)

●

●

b

●

●

l)louori(y  l e v e l s  dcpcl){icll( oll ixiclwgc (yiws,  bul
irrcspcc[ivc  o f  p:lctmgc [ypcs dccrc:isc  :ts iitc siw
ciccrcascxi.

(kramic  Ixick:igcs slwwcd Iowcr w:irixlgcs  wld w e r e
more crtpiat]ar (imil  ( h e i r  i’iKiA coull(crp~r[s.
Nuu]cruus  ccritmic  p:wlwgcs  Iuid (illcd soidcr  b:tl Is.

Suldcr boll plawlrilics  w e r e  sigl]ific:m[ly  iligilct  for
plas(ic (h:ll~  f o r  ccr:uuic p:icktgcs.  A  Icw l)ll(;As
simwc(i  ullcxpcctcxiiy i]igi~cr vaiucs above lilcir  Ilul-m
dis(ributiol]. l>lI(;As,  imvwvcr,  arc more robusl  :iuci
tiw hwgc  planarity  Wlims  Inigli( aot k a s  cic{rimcnlal

10 Ii)cir  suidcr jui[lt  rcli:d~ili(y  as [itusc  fw ceramics.
Sumc pl:twtrity  (iilikreltccs  at~]ot)g  ti~c l)lKiA b:iiis
were :lcc(l[lllll(~{l:llc(i  b y  liwir CoiiilJ)SCS  ciuring tile

rcllowr process, ‘i’i~is  is nut Iiw Gist for (~iKiAs wiwrc
l]igb  mcl[  solder b:iiis rcamimxi i[~l:lc( dut-illg rcllow.
‘1’bc suldcr baii di:tmc(cr  ccmtrois  lilt  sl:il}(i-ot’t  hcigi~t
wi]ici~  isatwy  l:tclor  ia sui(icrjoilll  rcii:lbili(y.
31) lmcr scalulillg is cxcciicllt  [or cil:tr:tclcri~:lti(~l~  ul
p;tciwgc  dimcllsiwls, twl possibiy  Iw( t’(~r sukicr  b:tll
]I]casurcmcl]t.

‘i’i]c ll(iA:lsscll\biy  v~~i~licvcis  were IiIC s:tmcas  Iiiusc
gclwr:llly  ubscrwxt  by i[~dusiry. As cxpccicd,  iKiAs

●

●

●

●



●

●

●

●

●

lhosc rcporhxt in lilcraturc for 0( ’(: m 1 ()(Y’(: Ihcrmal
Cycles.

Ceramic ml plastic  lKiAs shcrwcd dit’t’crcl~(  l:iilurc
mccb:j]~is]ns {is cvidci~ccd  from t h e  LO(:II  I]umhcr  ot’
clcc[ric:d iutcrrup[iowi  wi(b cycles. l;or  (W(i  AS, the
first  ckctrica]  il~[crruptio]~ (opcll)  f o l l o w e d  b y
comccu(ivc  m.ktitiolml  iwcrruptiolls.  ‘1’his  wws Ilot  the
cm for 1]11( i As wbcrc [tic first  ilmxup[iol~  wm [lot
f{lltowcd  by widitioll:il  ill[crruptil]s  till muclI higher
wnbcr  of cycles.

‘1’hc l’lI(iAs witl] 313 1/(), dcpopul:l(wl  ful l  :Iw:lys,
were firs{ :unollg  the l)lKiAs  to fitil wi[ll  botl] cycli[~g
r:tllgcs. IL has bccw WCII cs[:iblislicd  [II:(( t h i s
col~figur:itiow  with srddcr  Mls under the die, is Imt
oplimum frw[] (I rcli:ibitity  poil~t of view.

Soldcr v o l u m e  i s  fymcr:d  Iy cmtsidercd  k) b:tvc
]~cgligiblc Ct-fcc( OD pl:is(ic  packigc  assctllbly

rcliabili(y. OI)C l’lKiA ~]? pXk:l~C ttl:l[  w’:is
:isscmblcd  wilh :i high solder p:lstc volull~c uudcr  cycle
11 exposure sbowcd the highcsl Ilumbcr of cycles k)
Iili]urc. ‘1’his will k asscssd WIICII d:l(:i for cycle A
become available.

‘1’IIc 352 SIKiA  with no soklcr bnlls under ll~c dic
SIIOWWI  much hig,hcr cycles k) f:iilurc  Ih:iu (IIC l’ll(iA
313 W1lCII subjcctcd to cycle 11 c{mditiwls.

1  ‘or cyctc 11 collditirm$,  pl:istic  p:icktgc  :Isscmblics

CS1’ Assmbly Reliability
● ‘1’bc bwud Icvcl rcli;lbilitics  of most ( X 1 ’  p:Ickdgcs  arc

comp:uablc  or bc[lcr  th:ul their 1,(X ~ with similw’  1/()
coullls.  ‘1’hcsc  p;wtwgcs,  however, :(rc 110( :Ls r~)busl  m
Icwlcd p:lctwgcs  ilwludillg  gull wiug :il]d .l-lcwls.

● 1,imi(cd  (:S1’ :tsscmbly  rcli:ibili(y  d:t[:l  :wc bcillg
gcl]~r:l[~~] by m~nlll:icturcs and cnd mm. SyStCIIUlliC
:Ippro:tchcs  to ul~ctcrslw~d  col]tributiom  of v:tri:tblcs
it~cludi[lg  pdwgc types, bo:uxl  m:itcrials  :illd surf:tcc
fil]islws, Ill:lllltl:tclt]ri[lg  p:lrilmclcrs, :itld tcstillg
rtwthodolog  ics :Irc non cxistcllcc. ‘1’llc  .1I’1 ,-lcd
consortium is formed (0 wklrcss  systcul:uic:illy  lwuly ot’
these issues. 1 Jmtcrst:llldiu.g  t Ilc ovcr:lll  pbilosoplly of
tcs[illg  to mccl systcm  rcquircmcllts  :1s w e l t  :1s
dc[cctil]g  Ilcw f:titurc r]icclt:i[lislms associ:llcd  will)

9- Rlit’’lu<l;N(’l;s

?. (ill:tt’~i(ri:lli,  R., N .  Kim, “]kdl (irid Rcli:ibili[y
AsscssmcI]t for Arxosp:lcc Applic:ttiotls,” ~(tlh
lll[cl”rl;l[lfm:ll Syllq?osllllrl  .. 011 ._ _M@O@@ rgtlcs,
l>l]it:dclphi:i, oct. 12-16, 1997

A(’KN()\Vl  .lIl)(ihlt;Nl’S

‘1’hc rcsc:il-ch dcscribcd  ill tl]is public:  tlioll  is bciug c:trl-icd
out by It tc .W l)ropulsio]l  J ;Ibor:ltory,  ( Milorlli:l  l[]s(it u(c of
‘1’ccIuwIogy, udcr  ii colmwt w i t h  t h e  N:\[ioml
Acrtm:w(ics  aIId Sp:Icc Actrlliriis[r:ltiolt.
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