SEM CONDUCTOR CHI P W TH REI NFORCEMENT LAYER BACKGROUND OF THE | NVENTI ON
5. Technical Field [0001] This invention relates generally to .
sem conduct or processing, and nore particularly to sem conductor chip crack

stops and we mfoaes of making the same. 2. Background widyd @02l acks can
wr eak havoc on the delicate circuit structures of conventi onal

10sem conduct or chi ps. Such cracks can arise froma nunber of sources. One
comon source is stresses inparted at singulation. Conventional
semn conductor chips arge routjnely fabricated en nmasse in |arge groups as

part of a single senm cobMdCEHPNBLETAR GHIEON L H on of the processing

steps to formthe indivi BHAINGORCESUERA ljed Yd g ng or sawi ng operation
is perforned on the wafer to cut out the individual dice. Thereafter, the

di ce may 15be packaged or directly nounted to a printed circuit board of
one form or another. g%%@éﬂ#hé%ﬁﬁﬁ%éﬁFSHﬁEd%Y%E i [Nar e routinely cut out

fromthg waf gr, nechangul ar shapes. By definition, a conventional .
sen?Lon?dcto?icle&ﬂggggour sides and four corners. The dicing operation is
a mecharP¢H] ditstinvgtiopeiatsicomnrgbr baemidndactohpi@cdsyipg a0l nokd euli@iarigaw or

h a | i C. s are made with great care and operate nore
b cc: sol'f TR el SRR Sonaa A p et tn afiGe SBsepi e ¢ hose

refinements, Babegrdied Agt saw still inposes significant stresses on the

i ndividual dice as they are cut. These stresses and inpact |oads during the
cuttingl %%Ha{?%ﬁsE%HWEQH§@OﬁP%ﬂ@é%@%@%mﬂﬁﬁéW%ﬁﬁ§Cﬂﬁomﬁéwﬂmbe, particularly
at 1 he QEI%EC%F?MB%E §hipsdor!§é]§h bABICUh agéccl‘?o:ﬁﬁflhgg&%li’?cqlréeg BE@@Q% GespRstrate or

printed circuit boar one sort or ano t he cracks 1 ntroduced during

cut ti ng iseyesiss opergiad et sinputatien. Corventidre! wentsrucdr chipe adireginzbdue to t her na
str esfse%'ztkﬁ"ﬁgteﬁ) Erpglttwg?ﬁg%g;gg(ﬁll%s §§ rz&f Oslgiﬁ“}é?ﬁa{?m%g’ﬁ?&? 18\!&203?2\& nthe die. In

addi ti on, new crac i n . whi ch create
so- cal | edndtsiess thd [gescssitpystaisnd femafie hbeidualghanetd-tsd dk0QQS davAng

comve | g0l S B R 008, IR SRERE el SRl ST
st op consipsdkagdfordirkdBMRouUnldEEo a printed circuit board of one form or another.
Conventional semiconductor dice are routinely cut out from the wafer as rectangular shapes.
By delinition, a conventional semiconductor die has four sides and four corners. The dicing
operation is a mechanical cutting operation performed with a type of circular saw or perhaps
a laser. Dicing saws are made with great care and operate more precisely than a comparable
20 masonry circular saw. Despite these refinements, the dicing saw still imposes significant
stresses on the individual dice as they are cut. These stresses and impact loads during the
culling operation ¢an cause microscopic {ractures in the dice, particularly at the die corners.
Once the cut dice are mounted to a package substrate or printed circuil board of one sort or
another, the cracks introduced during culting may propagate further into the center of the dice
25 due to thermal stresses and other mechanical stresses that may be placed on the die. In
addition, new cracks may form, particularly near the corners which create so-called stress
risers by virtue of their geometries,
[0003] A conventional technique for addressing the propagation of cracks from the corners
of a dic involves the use of a crack stop. A conventional crack stop consists of a frame-like
30 structure formed in and near the edges of the semiconductor die. When viewed from above,

the crack stop looks like a picture frame. The conventional crack stop does not extend out to



30structure fornmed in and near the edges of the sem conductor die. \Wen
vi ewed from above, the crack stop | ooks like a picture frame. The
conventional crack stop does not extend out to the edges of the

convent i oned 2dieesiBecause of this geonetry, a crack preeaagasihagsdr omthe
corner of a die can achieve a significant | ength before encountering the
die crack stop. If the crack achieves a certain critical |ength before

encountering t he conventional crack stop, the crack can beconme virtually

uncontr E[)lhc c%lg!:st of {ho oeong n@%ndl d ccﬂs%? 1Ihg ﬁé%x%%tg}f? g\éi‘edg 8&?8‘%‘59’5 ﬁ/ﬁ@tl écSt op and

i nvade ive r e semc to the
del i cat eomicr @i dic &tnrcmmbw zeﬁgrlnﬁ&mt icagk deohedhedumicrin@ 0R4dic Anat her. 1sour ce of
potenti al | cau5|n%10ra0kﬁ3|s a weakness at the interlace between an

under b&msly ﬁ§1 VC a%rmllwé Lkt hetoms gasaunicrng e sppvartiena) eirck §i9p, dieg ypi cal

sem con@Lek 0dn 8RbRC IRKAN L@ PRC kA8 1 LB Ll al@ Y md c6RRhESLI ggkcol | apse
processing, an 10array of solder joints electrically connects the chip to

t he> und&PPyIhEvadatae adive pPorfine ohd mmisendesipade prhies wasic lihed¢lzele r egi on

boundechGLF1&@&h¥p9ﬂn8ﬂﬁtﬁﬁgﬁ by the package substrate and on the other by
a polyimde | ayer e conventional polyinde Iayer is a continuous sheet

t hat bl d4#0dt s Anhbef oont of pdentofly ti:kma@@mmm;mﬂwdm ora wedukpess A theintar fal:c poi nt ,
usual |y necessar at 4he center
repr eser%ig‘% g%d%t?nedﬁl QL pHY nl‘é{%’]%cll I‘")l/( ‘% ‘t“ltlulélﬂli%f“i‘@%‘t gidfkpfpwg& der joints in
or near séhicsndat@aciiphiotnitcl 0 Sickdale BSbstriio W URbatrPle@ caePbdigoddim@nd from the
ral OIW; the die and underly substrate begin to exhibit thernal
f@u ns “tiag! kiR “ﬁc"c"é%‘étcalifﬁ?‘é‘h"c%@fif) theivefierhete yhertal Thexipandion (CTE)

and di stamaBhdsQmbiecneusl @dun@&l‘ \}Ehl(}d}é’ §M@r§ts'fcﬁ:tb‘? th'csb‘cé?:ki@é shegaChRgthat is
six to seven times larger than the t he chip. To address i1ssues of

di f f er eft ithgloter iy azalyimpide faypy. |Thﬁﬁt>ré4cnmndi goldepdrditceds drontimens sheel
20pol yi dggla}élmae bR TR CARIRELRE BRI R A0 (BS. RRCKDIS SRS rate and

har dene
necessarily located at the center of the chip, represents an arca of substantially zero thermal

15 strain. Solder joints in or ncar this area suffer low strains. However, proceeding outward
from the neutral point, the die and underlying substrate begin to exhibit thermal strains that
depend on temperature, cocfficient of thermal expansion (CTE) and distance {rom the neutral
point. A substrate usually has CTE that is six to seven times [arger than the CTE of the chip.
To address issues of differential CTE, an under(ill material 1s deposited between the

20 polyimide layer of the semiconductor chip and the package substrate and hardened by a
curing process.

[8005]  Crack propagation initiates at or in the proximity of the polyimide-to-underfill
interface and grows. As a crack grows in length its driving forces increase. Once a crack has
gained a critical driving force or so-called “critical energy release rate” the crack will gain

25 cnough energy to penetrate through the active bumps and permanently damage the packaged
device.

{0006] A conventional technique to compensate for polyimide-to-underfit] interface cracks
involves a roughening of the polyimide sheet surface. The increase in interlace strength is
directly proportional to the increase in interface arca. However, even with roughening, the

30 increase in arca may be quite small.



curing process. 10005] Crack propagation initiates at or in the proximty
of the polyimde-to-underfill interface and grows. As a crack grows in
length its driving forces increase. Once a crack has gained a critical
driving faygeeoomnss3s called "critical energy rel ease raiqiusbheosnack w i |
gai n 25enough energy to penetrate through the active bunps and pernmanently
damage t he packaged device. 100061 A conventional technique to conpensate
for polyimde-to- underfin interface cracks invoIves a rougheni ng of the
pol yi m e ase in |nterf is directly

P opor t iGN e PGS fieulbdds PRELTRER Bl S ARGRDERDuktodt 1
roughenimgy of fhe (@Oidey dageariidgedr ea may be quite snall 100071 The pr esent
invention is directed to overcom ng or reducing the effects of one or nore
of the foregoing disadvantages. DI SCLOSURE OF | NVENTI ON 100081 In
accordance wth one aspect of the present invention, a method

of mnufacturing is provided that includes providing a sem conductor chip
that has a side and formng a polymer |ayer on the side. The polyner |ayer
has a central portion and a first frame portion 5spatially separated from
the central portion to define a first channel. 100091 In accordance with
anot her aspect of the present invention, a nethod of manufacturing is
provi ded that includes providing a sem conductor chip that has a side and
formng a polymer layer on the side. The polyner |ayer has a central
portion and a first frame portion spatially separated fromthe central
portion to define a first channel. The 10sem conductor chip is coupled to a
substrate with the side facing towards but separated from



the substrate to | eave an interface region. An underfill is placed in the
interface region. A portion of the underfill invades the channel to
establish a nechanical joint between the polyner |ayer and the underfill.
[0010] In wocandsnme W th anot her aspect of the preseniciuse@nbie, an
apparatus is provided 15 that includes a sem conductor chip that has a
side and a polyner |ayer on the side. The polyner |ayer has a central
portion and a first frane portion spatially separated fromthe central
portion to define a first P 5 B By l\]PTIO\IO:THE DRAW NGS

[ 0011] The foregoi ng and ot her advant ages of the invention will becone
appar ent[0U}$dn r eadidageetvneh drolak@al sfghdetant iedndes am@hddo nandiaupone r ef er ence

to the drayvl i ch 12 FIG, 1 .a\pr{t@all expl oded pictori al
Lew of TSRO B LSRR Sesfitoosdel dhutinBut b oot et Pl age t nat

i ncl udegoinse Nyeosduetios. Ty R 1yFRM MyBcha0 8 cen RAFKABL uRUDSL! Bins pok@RL31 FIG 2
is an overhead vi ew of the sem conductqr chip package of FIG 1; 100141

FIG 3 iseellysepppisddrony fhewewral aortiax wrdsiiag § isbeiaswiduct or chip flipped over
to reveghod) CiakdohaR VHFH &ﬁ@ﬁl& 1sBUEbr @B pfsdni Q&Entﬁa'ﬂdﬁmhhg%%ﬂ FlO[ 0015] FIG

4|sasect|onal vi ew of 2 aena{ secti1on IG 5 is an
over headhani@oughg amtwnit‘érthfante:ltelzempk ding denﬂwdmimﬂn clap tlaut Besmi sodengldct or chi p

depi L N Ak AhAGLOAL G BXBIRLAL 46 TAGKALOR POl XL L AYGH JORFTL FI G 6 1

an over hea anot er exenp ctor chip
depi ct i rﬁgmmottimerspcaiatiesmtcmvde)«enmlcamymcp(ﬁukn &tcﬁﬁn@@llssnamnlhc&yer]c 15100181
Fl % 7 is an overhead of a selected portio ? FIG 6 shown at greater
semiconducior chip is coupled to a subsirate with the side facing towards but separated [fom
the substrale Lo leave an interface region. An underfill is placed in the interface region. A
portion of the underfill invades the channel to establish a mechanical joint between the
polymer layer and the under(ill.
[0010} In accordance with another aspect of the present invention, an apparatus is provided
15 that includes a semiconductor chip that has a side and a polymer layer on the side. The
polymer layer has a central portion and a first frame portion spatially separated (rom the

central portion to define a first channel.



magni fication; 100191 FIG 8 is a sectional view of FIG 7 taken at section
8-8; [0020] FIG 9 is a sectional view like FIG 8 depicting exenplary
steps to fabricate a polyner crack stop layer; 20[0021] FIG 10 is a
sectional woewmohicks FI G 9 depicting additional exenplpiryisssi®os:20
fabricate a polymer crack stop structure; [0022] FIG 11 is a sectional
view |ike FIG 10 depicting additional exenplary steps to fabricate a

pol ymer crack stop structure; 100231 FIG 12 is a sectional view

like FIG 11 depicti n%ggﬁiﬁﬁpq§%ha{r}h %ﬁﬁﬁ%r&&s.ﬁf abricate a polyner

crack stop structure; IS a sectional Vview like FIG 12

depi cti fo01AddiThe Gnadoirgxadplhar yivsite@s of tefiaknii@al @ Re@od yppRenampaak st Fp
structure;,. and [0025] FI 4 |s a sectional view depicting an exenplary
engage@W*%tgﬁ'{?ﬁgwr%adﬁla&@ %Sﬁ‘m*v%?f@wgé&ie%cpw|l RSN IECR CARRY] NG
QUT THE [hNYENFLEN 4 Q926411 Varl Qs pRIPROVIERBE Sn ShnBlaSeimisRnayeter chip with a
crack resistant polynmer |ayer are described herein.” One exanple includes a
sem condtBcerdustor phiadkage Brideclelys whsrelondupiel rpmopigben ¢ gackfsl i ed. The

pol ymer Jaygh. has a central portion and a first frame portion Sspatially
separated fromthe central portion to define a first channel. During a
subsequd®t3} FIG. 2 is an overhead view of the semiconductor chip package of FIG. 1;

f0014] FIG. 3 is a pictorial view ol an exemplary semiconductor chip {lipped over to reveal
a crack stop polymer layer on a front side thercof;
10 {00151 FIG. 4 is a sectional view of FIG. 2 taken at scction 4-4;
[0016] FIG. 5 is an overhead view of an alternate exemplary ecmbodiment of a
semiconductor chip depicting an alternate exemplary crack stop polymer layer;
[0017} FIG. 6 is an overhead view of another exemplary embodiment of a semiconductor
chip depicting another alternate exemplary crack stop polymer layer;
15 t0018] FIG. 7 is an overhead of a selected portion of FIG. 6 shown at greater
magnification;
[6019]  FIG. 8 is a sectional view of FIG. 7 taken at section 8-8;
[0020] FIG. 9 1s a sectional view like FIG. 8 depicting exemplary steps 1o fabricate a
polymer crack stop layer;
20 [0021] FIG. 10 is a sectional view like FIG. 9 depicting additional exemplary steps to
fabricatc a polymer crack stop structurc;
[0022] FIG. 11 is a sectional view like FIG. 10 depicting additional exemplary steps to
fabricate a polymer crack stop structure;
[0023] FIG. 12 is a sectional view like FIG. 11 depicting additional exemplary steps to
25 fabricate a polymer crack stop structure;
[0024] FIG. 13 is a sectional view like FIG. 12 depicting additional exemplary steps to
[abricate a polymer crack stop structure; and
[0025] FIG. 14 is a sectional view depicting an exemplary engagement of underfill to a
polymer crack stop layer,
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underfill process, underfill material fills into the channel to create a
crack resistant interface. Additional details wll now be described. 10027]
In the drawi ngs described bel ow, reference nunerals are generally repeated
wher e i denwocaboeksmrents appear in nore than one fi gurmmifshéoodisés a
partially exploded pictorial 10view of an exenplary enbodi nent of a

sem conduct or chip package 10 that includes a sem conductor chip 15 nounted
on a package substrate 20. The package 10 may be provided with a lid 25

that is shown expl odgd . %ﬁ@ﬁQﬁ“ﬂﬁggag%“?Fiﬂffﬁﬁigﬁe‘é smal | portion of an
l'e a y

underfill material layer VI'Si pertp of the
senlcondﬁ&ﬂ@erhn@umﬁthstoQaMﬁuamdmuanhQﬁﬂnWaeMmesmmﬁ¢mQQkﬁg@u10 Wi t hout
the option 5. The bacé5|d 35 of 'th 153gnlcondugtor chip 15 is

vi si bl e"f%&ﬁ‘a bﬁg&?* NCLAYMDIC BB SR P Ot bt PhiEsE ray be

f1i p- chipglyimungeds Itﬁb!“i'e TRUPSY a8 c2RusaeahaWoridRdneh 8&E he@pdofgonnect ed
to conductors in the substrate 20 by interconnects that are not visible in

FIG | sotialy pepapéeddFrommecantst paragubricling yliseenmie Dydng eoveease®r chip 15
may be apyff pﬁ)c@érlhﬁigdﬁifmgbf;tfl?'il?ﬂltto 1¥9f~?‘§1n8fto Etlcdi%l'{'c{“dcg?éﬁsgﬁﬁn%?ﬁgc.' n

el ectronics, such as, for exanple, 20m croprocessors, graphics pfocessors,
conblnedkwﬂwm@gb@deg@bn¢gba@hcd&dprocessors appllcatlon specific
integra cui V|ces e or
ol £ 0 7P L e R TR LSEUU S S @lente Sy 2SI o] Bk con,
ger mani udndtal okhents agiacondue tan on@figrt.alis:. 1lifa ;@lﬁsalryaﬂpioa&lﬁnab#m 15 may be
faﬁélcated a se cong)ﬁtor- on-insul ator substrate or as bu

(o]

condift rin CHHBPIRYEMOSHIRFRE ofr SERGEnAuslogglip ackase | bbptipelydos ¢

inter comaa@bﬂidww bhip 1 heoBHRE b ab&ekag slﬁ}zfsiﬁ.tooimrﬁlu'ph%dgé 1(%9%%{93;:96“1&! ructures
that are not visible in FIG 1. 100 he substrate 20 may be conposed of

cer ani c&Vigr? gk ZFdhatds Wér@cawécddsor%@mﬁ@@gc yubstenighi 4 sme IhéOIQQllbgffaﬂat e 20 may
act ual | Y, GORR hidleriaf 1a '36' fwébmmt@u (Ad domAoh Ol (A0 lgq'gek?@tzf 1k©

materials that elect y interc the sem con to some
ot her 3@cowpbwénunVSMhMpa$malwoaﬂMumh@mn@hMWWﬁb.nmeb&mmﬂbﬁabﬁhao may
I njerconnect, GLECEEL $atd Mt o FIGS. 1 and 2.
[0028] The semiconductor chip 15 may be flip-chip mounted to the substrate 20 as shown
and electrically connected to conductors in the substrate 20 by interconnects that are not
visible in FIG. I but will be shown in subsequent {igures. The semiconducior chip 15 may be
any of a myriad of different types of circuit devices used in clectronics, such as, for example,
20 microprocessors, graphics processors, combined microprocessor/graphics processors,
application specific integrated circuits, memory devices or the like, and may be single or
muldti-core. The semiconductor chip 15 may be fabricated using silicon, germanium or other
semiconductor materials. If desired, the chip 15 may be fabricated as a semiconductor-
on-insulator substrate or as bulk semiconductor. The semiconductor chip 15 may be
25 clectrically interconnected with the substrate 20 by a plurality of conductor structures that are
not visible in FIG. 1.
[0029]  The substrate 20 may be composed of ceramics or organic materials as desired. If
organic, the substrate 20 may actually consist of multiple layers of metallization and
dieleciric materials that electrically interconnect the semiconductor chip 15 to some other
30 componcnt, such as a board (not shown}. The substrate 20 may interconncct clectrically with

external devices, such as another circuit board, in a variety of ways, such as via a pin grid

6



external devices, such as another circuit board, in a variety of ways, such
as via a pin grid WD 2010/ 096473PCT/ US2010/ 024462 array, a land grid
array, a ball grid array or other configuration. The nunmber of individual
| ayers forwbheosuhstrate 20 is largely a matter of desicausdisesgtd on. In
certain exenplary enbodi nents, the nunber or |ayers may vary fromfour to
sixteen. |If such a build-up design is selected, a standard core, thin core
or coreless arrangement may be used. The dielectric materials may be, for
exanpl e,ar@poxXyind @5 Lirad 4 PulQfridirtapOrbhEd REREIATS. frink hunmbd: oE QUSRI t he
substrate 20 coul d be configured as sonething other than a package
subst r at'®/Crsige Hic gebsgatg 2P wy lagelyiarpaiict olyisaizn diseicipgn aatan astivtboar d, a
daught ercnh)‘%ﬁ]ﬂl@ﬂisathgﬁﬁrQbé?rof§1 e nf %Q%r ﬂtc)(l uf to @9@31 n%@#??%ldﬂ}xede‘é erfill
material 30 is designed t esse ects o fferences i n
10betmeehﬂ$W@dohﬂmHm8H@ndtnmemsub@mﬂaﬁeu2m$n$hbnuﬁaeﬁ&irrwnmﬂemmal 30 may
onp knomn SROXY, TBL er resin wth or
ﬁoutqil ﬁ%&n¥F+ & xan ACCHO “?3%|ﬁé“ﬁ?m#?guﬁaﬁJH?f§b(EQﬁHBTes are
t ypes 848Fstdicaido@Bbe amalgua:ldlae sdm@lﬁhgxlambclﬁan 1{9@3&@ sib@aepiiceaad |1id 25 may
be confi das at hat de5|gn as  di scl os as a_ bathtub design or sone
ot her céﬁ@[ GHaH B *H@miﬁd‘?% HRGAHE RS @Hd # AR PY SORKSHIST pIrasti css,
15cer amtesdor nmetallic materials as desired. Some exenplary materials
i nclude nickel plated copper, anodized al um num al um numsilicon-carbon,

al umi nurfH0 r ﬂﬂeuﬂﬁlﬁéﬁ*‘biﬁid‘ﬁii#rf”w%c asignehie 14>ﬁs¢<rethc Tiestd o iBBeneeyin§d Esecur ed to
t hﬁ) SUbSbEtrv@rcl? tl‘%Qh%ﬂyf S%Pd %QS@H\ZLQ 2@0@9 ﬁr?cg: m"ﬁc é%l() nlfdn%moﬁ Eags)éﬁ’ E)f opi ¢

adhesi ve or ot her "wel a e a red. However,
t he I|d\@$!ﬁnyMbem©nn&@éﬁsswhmsahyyn@mawhhddesmmm$smgmkiSMM¢$mﬁ9d 20100321

Addi ti On@%'ms%ﬁi}% LikE | gwog;;rc]cﬁn ces(r:n &8 gcs%% 9&%15 2§ID cman%y forg ﬁ]gder stood by

referring Now & conduct or

chi p 15 {6631ppade ompinaltldl I5exsde oanﬁg@m ass (0@ hA Qesigmastdiciosdd, @ bdtey backsi de
35 or the senlcond ctor chip 15 is, obscured. The sem conductor chip 15 may
i ncl ude YSIHLPIOUE HTEBRIGETBROT ofeiligrt S48y besompesed &1 wel-kiwi Blastigyer 47

POsj t i OREEAMANA of A8tk KGR LRRHMEL Qhmb @;}{c‘?ﬁplﬁ'g nﬁ%a@%dlﬂﬂ%‘f&@l@ﬁﬁ&{ llayer 50
positioned on 25the active circuitry Iayer he chi p

| pl enme SPRYT A8 L dHEBHEUC I BINUDilichsghapo Rl WEskYy nitridch berow nitidd adhe
| nsul at ing TRYIG! 25{*&3( BE008 bR g‘ﬁ‘ﬂstﬁiaé *z}?gyngf }dﬂ&s’ke g‘%rp Ghloyg circuitry layer

47 or in between C|rCU|try ayer 4 e un y|n bul k
seni condebtiapwh dyeriops. aditse cac biviewdi-koww tyye dgyeiagd 7dtichiet udisirddre

mul titud scgﬂ %‘ nsksto acitors, .resistors and other circuit devices
that perform var 8 é Pﬁﬁ%?“&ﬁ§0“$h@'f% g?%éﬁﬂé%?‘@%?@r 50 may consi st
20 |0032] Adchtlona[ details of the semiconductor chip I5 may be understood by referring now
to FIG. 3, which is a pictorial view of the semiconductor chip 15 flipped over to reveal a
front side 40. In this view, the backside 35 of the semiconductor chip 15 is obscured. The
semiconductor chip 15 may include a bulk semiconductor portion 45, an active circuitry layer
47 positioned on the bulk semiconducior fayer 45 and an interconnect layer 50 positioned on
25 the aclive cireuilry layer 47, [{ the chip 15 is implemented as a semiconductor on insulator
design, then a buried insulating layer may be positioned cither within the active circuitry
layer 47 or in between the circuitry layer 47 and the underlying bulk semiconductor layer 45,
The active circuilry layer 47 includes the multitudes of transistors, capacitors, resistors and
other circuit devices that perform various functions. The interconnect layer 50 may consist

30 of plural stacked conductor and interlevel dielectric layers.



300f plural stacked conductor and interlevel dielectric layers. 100331 A
thin passivation |ayer 55 is provided on the interconnect |ayer 50 and nmay
actually consist of a stack of multiple layers, starting with a silicon
car bi de adhesiiomechmyer that facilitates adhesion to theTuppaHwshdet ches of
the device layer 50. On top of that may be fornmed a stack of passivation

| ayer materials, such as, for exanple, silicon nitride and silicon 5di oxi de
or other types of dielectric materials. The nunber of alternating |ayers of

silicon [d033xi dethans@idtibs eni ik bERided o8 URjiRG ot RcERAO YA het Y- I n an
exenpl ary enbodlnent a total of six layers of three each of silicon

di oxi de “SHALSTIFEH arsiapk phulialp ! peTplalingedh aistlicemendide péctindyet ood t hat
the devigg cayass ﬁl@m”&yto'Lﬁcttdﬁgnesllnghts% e (IL@'{CL BYS: RCIAVE, IPYLGRS, k;lor med in

the sem conductor material but also plural i nterconnect”layers-t Tat stack
up sequéwmﬂﬁwbwckﬁbm&%h@mmmaarm@@gdsemrawnwuc$mnﬂ@emp@esmM&@mﬁﬂmxﬁ pol ymer

| ayer Gthx?du &b BLyBLQ Sty t%?“[csi{ldvtgitldl s? Ny 1%tnérlf1%u of al[tundlfnlg %rs-/% <.1?1n3| st of a

central port |on inner fr an ou i nner

frame 7Qidxsdespdsiliadd ryta&iepﬁ%jcedo fg,[‘(ﬂmcﬁlhﬁj ceni &appey thbdlihentdebianer a
channel out er i atjall epar at ed fron1the i nner frane

to defiﬁ@ﬂéﬂ%ﬁﬁéWC%WQHHéPH§§ZP¢%§'@ﬁéﬂﬁ@? flzg 1%%ﬂ”§§“W§V beshawd 8¢ med ar ound

entire peddedens (&f ddvhe 188050 fhy PORLE AR oﬁgz \%Hﬁlusti%ﬁvd MAREs fok tﬁ&Fm 143
respectively. Optionally, the frames 70 and 75 could be |inked by snal

fi ngersS%lﬁl&?n%*ﬁl@mw*liﬂr{mf MR PIUTAl (agreoanpay Ly Fiaeinep scatratitlhaiies 20 and 75

anghy chanpghs s&Ricantc8rihawe general ly rectangul ar footprints. However,
ot her shapes are possible. In addition, the nunber of frames and channel s

can be #N64brAﬁ@h@Kﬁ@@de@]%é@nmdnHQNQBMBMUmaﬂuanmqSimﬂrhnamesuﬁﬂaand 75
ZOCOL” d 1&??&“@{2&@911’1 inner gg?(p dn OU LI dil’l?l Sh ]3) 1%#%3@%@?8&0{9};@& S0 t hat a

pat hwa y Er ac atlon | §50¢ es ity of

conduct Gmpdsmd’dlﬂthme&cmm boips (2 fias & cliaanstid. TRe bher Bt 753k sfaaity on 65 of
t he pol 60 angd are flectrlcally connected to various interconnect
o]

o L LB R R el B B PR S s o B g Y i imomea o
fers t ensorfed hidb@nCOdISE Bt bGE W8Sl 2R &8 ddRRhed &dmeoVever, the

skilled artisan will appreciate that there may be scores,

respectively. Optionally, the [rames 70 and 75 could be linked by small {ingers (nol shown),
In this illustrative embodiment, the frames 70 and 75 and channels 80 and 85 have generally
rectangular footprints, However, other shapes are possible. In addition, the number of
frames and channels can be one or more as desired. In another variant, the frames 70 and 75

20 could be segmented. If segmented, the segments should be offset so that a pathway for crack
propagation is not cstablished,
[0035] A plurality of conductor structures or bumps 90 arc formed on the central portion 65
of the polymer layer 60 and are electrically connected to various interconnect structures in
the interconnect layer 50 that are not visible in FIG. 3. A few tens of the conductor structures

25 90 are depicted, however, the skilled artisan will appreciate that there may be scores,
hundreds or even thousands of such conductor structures depending upon the complexity and
size of the semiconductor chip 15.
[0036] The polymer layer 60 is designed to protect the underlying passivation structure 55
and the various circuit structures that are in the upper reaches of the device tayer 50.

30 Exemplary materials for the polymer layer 60 include, for example, polyimide,

benzocyclobutene or the like. Spin coating, chemical vapor deposition or other deposition



hundreds or even thousands of such conductor structures dependi ng upon the
conplexity and size of the sem conductor chip 15. 100361 The pol yner |ayer
60 is designed to protect the underlying passivation structure 55 and the
vari ous ciwouemiositiructures that are in the upper reaches@hoibheugevi ce

| ayer 50. 30Exemplary materials for the polynmer |ayer 60 include, for
exanpl e, polyimde, benzocycl obutene or the |like. Spin coating, chem cal
vapor deposition or other deposition WD 2010/ 096473PCT/ US2010/ 024462
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| abel ed 102, and interl evel dle?ectrlc material 104, which may consi st of
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i nt erconnécts are vi si bel e _ .
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I nter Comgg&"ﬁlch?h e lS ?o%ﬁica[?opngumngéctc%m 1(% %st L bSURSt ate 20 that
may nunber T hea T Re T CRoUSANdS! MTRESAHY %P’Yﬁ ®rconnect s
105 andpkﬂﬂuwaymhammagmiama@nﬂnﬂn&gw&ﬁkmmﬂlﬁh&ﬂeoamdlSpaamnﬁuwﬂ%e

descri on of the intercopnects 105 and 110 herein will be illustrative of
t he rep hﬁHBVC%?“?ﬁé&g ggﬁﬁﬁdﬁﬁéﬁa%ﬂﬁﬁ”ﬂﬁ“m?ﬂﬁm?%P@F€ﬁhW%ct 105 may

consi st s@hicand@lofleHip jt Okt thd dbstdlabo inae By a& s G e hindpOAAREVd0 @ conduct or
structure or under % metal li zati on | aye
thousands. The array of interconnects 105 and {10 may be regular or irregular in shape and
spacing. The description of the interconnects 105 and 110 herein will be illustrative of the
remainder ol the semiconductor chip 15, The interconnect 105 may consist of a solder joint
115 that is metallurgically bonded to a conductor structure or under bump metaliization layer
20 (UBM) 120 that is formed in the central portion 65 of the polymer layer 60. The solder joint
115 may be formed by the metallurgical union of one of the solder bumps 90 depicted in FIG.
3 and another solder structure positioned on the substrate 20. Various solders may be used,
such as lead-based or lead-fice solders represent two examples. In an exemplary process, a
high lead solder such as (97 Pb 3 Sn} may be used for the bump 90 and a cutectic tin-lead
25 solder combination may be used for the portion of solder nearer to the substrate 20. The
UBM layer 120 is, in turn, metallurgically connected to a bump pad 125 in the semiconductor
layer 105. In terms of function, the UBM layer 125 is designed to prevent diffusion of
constituents of the pad 125 into the solder joint 115, The semiconductor chip !5 includes an
array of such conductor structures or UBM structures 120 to accommodate plural solder
30 joints. In an exemplary embodiment where copper is used as the material for the pad 125, the

UBM 120 may consist of a stack ol chrome, copper and nickel deposited by physical vapor



20(UBM 120 that is forned in the central portion 65 of the polynmer |ayer
60. The solder joint 115 nmay be fornmed by the netallurgical union of one of
t he sol der bunps 90 depicted in FIG 3 and another sol der structure

posi ti onedvomit/esgubstrate 20. Various sol ders may becyagshiosidedd as

| ead- based or | ead-free solders represent two exanples. In an exenplary
process, a high | ead solder such as (97 Pb 3 Sn) nay be used for the bunp
90 and a eutectic tin-lead 75sol der conbination may be used for the portion
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metal lurgjcally connected to a bunp in the senlconductor Iayer 105.
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the sep%aic&m%é@n@ﬁm 196 nu}%o s,%m dpkggcu%guﬂ LorSEARE %fl\% ol gbel ed for

sinplicity of illustration. ectr donfiect ed to ot her
portlongU@ﬂmHMGOmhmmMIEObywmayimﬂﬁ®0ndun®osmsmmuthr@spﬂhmthbwe not
visible, 1%&@. gﬁs$3mtrue for the pad 135 albeit in the context of
conductor ructures that are in the substrate 20. In another enbodi nent,
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silver, old40qﬁun1nu copbi nations of these or the like tied to the
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region 140 that may consist of a conventionally fabricated picture frame
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as other conductor structlres in the sem conduct The purpose of
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sem conglct o

cra ate from e 150 into
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chitp 15s@p epgposlidt Inﬁ)ﬂyedmsts]' héw@iﬂ&ﬁdﬁmﬂ&ﬁ[&@ﬂmﬁ 80 oMi- 110 comlyiceOARIcGitesOf
mell-knomm%cgllectlons of gu&}i-éa conduct Qr _structures, two of which
are shon® ¥ndistaBe plear il 1afisgd16%2 Hﬁéﬁéﬁ“@W{%ﬁﬁ@ﬁ”@ﬁﬁs@é?@“ﬂ? nul tiple
conduct géndstibrgiueiRs 137920183, 19855, 280204950, ﬁ@Qnd 8975 F]%:l:pat, %%f? and 217.
The crack sto§1structure 140 nmay be capped with a pad 218 that is

st r uct ubtgchye sthppabe eppetivits abymie paded 3 shat {shver u@atmﬁy ﬁmmﬁ@t @gng he bunp pad
130. Th%bﬁ&ﬂ&#&%&ﬁ% E1Hﬁtc's"t§:sou?n%5fmd J@(Q Thjc8c%nductm struciures 175, 180, 185,

25 [90, 195, 200, 205, 210, 215 and 217 may be interspersed in the diclectric 104 that may be
multi-level, but is shown as a single structure for simplicity of iHlustration. The conductor
structures 175, 180, 185, 190, 195, 200, 205, 210, 215 and 217 may be composed of a variety
of materials. Some desirable propertics include mechanical strength to resist stresscs
associated with differential thermal expansion and crack propagation, thermal expansion

30 properties that do not mismatch those of the semiconductor chip 15 and the substrate 20, and

case ol manulacture, Exemplary materials include copper, aluminum, gold, silver, palladium,
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25190, 195, 200, 205, 210, 215 and 217 may be interspersed in the
dielectric 104 that may be nulti-level, but is shown as a single structure
for sinplicity of illustration. The conductor structures 175, 180, 185,
190, 195, WOQy1080573 210, 215 and 217 nmay be conposed dfctasy@bietyy of
materials. Sone desirable properties include nmechanical strength to resist
stresses associated with differential thermal expansion and crack
propagation, thermal expansion 30properties that do not m smatch those of

t he semi 1ﬂﬂﬂdhh95&ﬁlnlﬁfﬂﬂoﬁs didhandr hbaks Uzbl&dtlﬁ@ﬁ)@tcg@al nAgaeasabLef namBrytact ure.
material s i nclude copper, alum num gold, silver, palladium
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the crack 220 had propa amg’g fta tera even further encount ered the
poi nt 23 08. t'ﬂﬁeScumwﬂd b¢ r@0if, ffrtmxsmf)bl {howsicl ?.Zjhhatdtpmp‘agmd ifeadlytchen channel
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w || prohi pagati on ofcrac ater ¥ or
porti onsmt&wttﬂﬂemﬂéﬁuhmm&mmwrhﬁ%kn mvjc’é aamwimrm&clnantm@mannmlt s 105 and

110. 10040]..In the faregoin rative enbodi nent, the channels 80 and
85 bet V\Agg%lb["}'ltge P*ﬁﬁ@%ﬂ“ﬁ%gp%' &L‘“T”r‘g’ WarANGIAPrIOEPRURNS Oééw&faucpgﬂwet angul ar

font pri Bkip-15HaWBVEE intdrBéhnedianoselng 1amd frames may take on a variety of
arrangenents. One such alternative enbodinment is illustrated in FIG 5,

whi ch i $004A1 ukHEe Sreeing Bylighvarnhodirashdiehernalhionnd §5 betwgen fhs ipeov | ded
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i nner frame portion
frames may take on a vaucly of arrangements. One such alternative embodiment is

illustrated in FIG, 5, which is an underside view of a semiconductor chip 15 that is provided

20 with a polymer layer 60 that may consist of a central portion 65, an inner frame portion 70’
and an outer frame portion 75°, Again, an array of solder bumps 90 is shown projecting from
the central portion 60, The inner frame 70° is scparated from the central portion 65 by way
of a channcl 80" and the outer frame 75 is separated laterally from the inner frame 70" by
wiy of a channel 85", Here, the channels 80" and 85 are fabricated in a serpentine

25 arrangement. A serpentine arrangement may be advantageous because it provides a larger
perimeter that, in-turn, provides a greater arca of mechanical as opposed to merely chemical
bonding between a subsequently deposited underfill and the polymer layer 60°. Of course,
different shapes may be combined. For example, one frame or channel could be serpentine
and another rectangular or some other shape,

30 [0041]  Another alternate exemplary embodiment of a semiconductor chip 15 is depicted in

FIG. 6, which is an underside view like FIG. 5. This illustrative embodiment may be quite
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and an outer frame portion 75" . Again, an array of solder bunps 90 is shown
projecting fromthe central portion 60'. The inner frame 70' is separated
fromthe central portion 65 by way of a channel 80" and the outer frane
75" is sepmoatiediskaterally fromthe inner frame 70" byovasQboaughanne

85'. Here, the channels 80" and 85' are fabricated in a serpentine 25
arrangenent. A serpentine arrangenent may be advantageous because it
provides a larger perinmeter that, in-turn, provides a greater area of
mechani gahilaso OPppOSEHnta JTetalhyp ﬂlﬁa{ﬂcﬁ:@'m bandi ngibayReNha@ subsequently
deposited underfil] and the poly | ayer 60'. O course, different shapes
may be CHMECR m‘@GPléxgﬁbﬂg‘Mﬁﬁ@OWFé 3y &r00C Hih pRSISEOI €118 REKYent | ne and
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exenpl ary enbodi ment of a sem conductor ch ip is depicted 1n FIG 6,
whi ch i PospnPider séndentag tevg dhiakes! B) ' Gindshe Gﬁmzélaﬂoﬁuémiaﬁm vcemelmddmnrre nt may be
qui te | J o] h I «the.chip. 15 . In this
reggrd %%ﬁ% %eﬁﬁbgﬁdg %HP%F ﬁ%ﬂ%gQS Agﬁ%é?ﬁd@'fgmqpqu"w“bgﬁuw: 0"t hat
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75" wher ane. 70" and ntr ort e separated by a
channel gﬁmgéhﬂcgﬁ% %ﬁﬁ@ﬁ“?ﬁﬁﬁ@“?%h ﬁ@& “EE%QFQT ﬁgm “He'l'i nner frame
70" by wayh@fcagr ehgmneliodn FicAgab rlm@!ikid@tfdn@b’[‘cﬁ&@ of glebulbiimse B0 Riy0j ect s
upwar d fron1the central portion 65". A small portion of the chip 15" is

ci rcumsCFilBEHYEY a dashed circle 235. The portion ci rcumscri bed by the
dasfned 80(542'] e AZdmioMil hoxpﬁuﬁ,}}lqwm@t? e P %%ﬂ%)%d ﬁ%ﬂd}% (ﬁ'ﬁ Lllz(?(? dn FIG 7 so

that additional features of the outer rat ed.
10 10042]61rmr11@nb¢ddw the dasbed ovat Adshoen Bl Eoaldt, ma@miwhucas ’k]husutcnfmledYS"l s the

por 1 on 60l Gy R FUIRALLOSH: B 1%, I5REE. 10l 20, PHE. et 2t

nagnlflc I on I'sS Vi sl 0 tion of the
chapnelpBan@ﬁdehememmemﬁéﬁp05”pmﬁxmhim1&5 luEh&cmamhﬁahmﬁfa&mﬂ

seni con tor chi ositioned . to th ht of the fra 75" _and | abel ed
345, oy L olGY SERF oG PSS PR OO Sh Sk ST S FIOMEINS g PR R £ G, 3 ang
4 and |&theb@@rﬁﬁmlciﬁTh@:ﬁ&h@éaf)lhﬁt J@moﬂzrwzsoacdsgg,@_s@c phod, abod sgof grooves
250a, 250b, 250e, 250d, 250e and 2501 Thgvﬁéégose of the grooves 250a,

250b, 2508 HsoWposstdicaige sl $50be2 e 9p a0 s (vhiogisle apaccs
subsequ i v, | ur al
M S A G T N ST D e
number @ﬂﬁbmawbﬁswﬁﬁﬁaﬁﬂZEUWKkﬂﬁbEmiQSOdLI@SméﬁﬁndﬁﬁﬁthMQIg@Dg$ly a matter

o 0o, 250835, OIS JRAIRED 1 B PRL oD Al o ooves

20) number one or more. Although the grooves 250a, 250b, 250c¢, 250d, 250¢ and 2501 and the
outer frame 75" are depicted as being continuous along the axis 2353, it should be understood
that the grooves 250a, 250b, 250¢, 250d, 250¢ and 250f and the outer frame 75" could be
fabricated as respective groups of segments that extend along the axis 253. Indeed, the entire
outer frame 75" could be segmented for this or the other embodiments disclosed herein. If

25 desired, the grooves 2504, 250b, 250¢, 250d, 250¢ and 2501 may extend around the entire
perimeter of the outer frame 75”. A corresponding groove or set of grooves (not visible) may
be provided in the inner frame 707 as well.
f0043] Additional details of the grooves 250a, 250b, 250¢, 250d, 250¢ and 250f may be
understood by referring now also to FIG. 8, which is a sectional view of FIG. 7 taken at

30 section 8-8. For simplicity of illustration, the semiconductor chip 15 is depicted with a

single monolithic structure 255 upon which the passivation stack 245 is formed. 1t should be
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outer frame 75" are depicted as being continuous along the axis 253, it
shoul d be understood that the grooves 250a, 250b, 250e, 250d, 250e and 250f
and the outer frame 75" could be fabricated as respective groups of
segnent s twateexsand al ong the axis 253. |ndeed, the aqutrigeiouigs: frane 75"
coul d be segnented for this or the other enbodi nents disclosed herein. If
25desired, the grooves 250a, 250b, 250e, 250d, 250e and 250f nmay extend
around the entire perinmeter of the outer frame 75". A correspondi ng groove

or set Qhdgt@eyes: (PelonMisicH-erubays Bey B @MicHagk bkt heud 6}[@@ orf fr@e 70" as
well. 100431 Additional details of the %r ooves 250a, , 50e 250d, 250e
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illustration, the sem con epi ct e a single

nmonol i t g @U@tl)r wikeulow coBBlieseR0mADEh 260ve 2@als 260cani 360f stV\élwh uRdistill énof or mred. 1t
shoul d nder,st od t hat i ru fact consi st
of the %ﬁ‘?lpﬁ“m'SQ ’“mv?g?bé%gﬁ%?%% 2§¥f%§%d§%5ﬁﬂdn§§m8%3f%?@dd|n FIGS, 3
and 4. 'Ehenggpuomse,ﬂh@ﬁﬁ]&pu@ﬁ@bm pEQEs 22602356250, 2v3d, 2250 hnd s aansi st of

upper rtions, 25 255 5d, 551 and rel atively w der
boer porteanaisadd SaBns 5000 Bhow SR0E i SanteRertigerri 1] (not 5
shown) |uﬂMﬁd@$015maagrtg%@§n@§Q@,cJgi’égb 250e, 250d, 250e and 250r and

har dens duri n%@g curing process, the respective ;{)Jéer portions 255a, 255b,

255c, 23944 2pmexgnplangagthetgr hbwe&tmE&CtﬁIW§s%@@ beile, 22@@@50%% 260e
ang, 260]‘255\?&'&1@)%%0%&@4 C&ﬂf&h&ﬂaln vth 31N ﬂqg Pinllb cscﬁ tongue

and groove joints An ‘exenpl ary r| ca{ e gr ooves
250a, 2508 IO@S@@ thc250d [ra@60&", amidmllli@pli_tﬁﬁlt twhlolmrmoﬁmbe?‘@feshownlueﬂl(] [\

conj unctl on Fl des tion.wll focus on
the out & f lrl\gb e wgh%{(}%ofollgwh gﬁ%a@ﬂ”@“ﬂ% %[;ﬁ}a? RARRE) 101??1 ﬂ’fd"“ Bhown in
FIG 6 amiwmgdrlion Begimind dhgp vt hllthlG fr@nc 191 dndwha@et $5¢ vhgrbeaiiremcoby t he
passi vat ﬁ)gﬁstack 24Fdon the |n portion 255 of the chjp 15", the outer

frame 78°HAVE RG] depgsitigpgnd léh‘Tgé‘B’lhi/é%(P d“"li@'“\ﬁléﬁq:dﬁ%\i\h‘i‘ahﬁ’t@r'idé‘f‘

deposi t esisaBendd anh@egm@hvm@tﬁ%y wAY of wbm@&@gamﬁcam%l fideliathn Oxi de | ayer
15265 is formed on the outer franme 75" by way of well-known chem cal vapor

deposi t °8Y" BRicotiisposigandeqhaiqueie fodiriinorw scliki Hudke @aﬁeﬁcerrl ekidglayew to FI G
10, the ig Iy bj ect ed
P e T F
and 2702705[517@30 éi’@rhﬁ’mymbé?@ dlhyc ethahaydre dv@y uieltl ohwgnﬁ@qsmmﬂfmchannel 85",
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20 may be masked during the etch to prevent attack.
[0045] Referring now to FIG. 11, the outer frame 75" is increased in height by way of a
maltcrial deposition step that covers the previousty formed scgments 270a, 270b, 270c, 270d,
270¢ and 270{ of sacrificial oxide. This may be accomplished by merely depositing an
additional volume of the polymer material. Somec of the additional polymer material 275 may

25 be actually deposited into the channel 85" and on other portions of the passivation stack 245.
This additional polymer material 275 may be subsequently removed by appropriate masking
and etching if desired. Referring now to FIG. 12, the outer frame 75" may be appropriately
masked and directionally etched to establish the upper trench portions 255a, 255b, 255¢,
255d, 255¢ and 255 in the (rame 75" that extend down Lo the sacrificial oxide segments

30 270a, 270b, 270¢, 270d, 270¢ and 270f. The etch may be used to clear excess polymer

13



100451 Referring nowto FIG 11, the outer frame 75" is increased in height
by way of a material deposition step that covers the previously forned
segnents 270a, 270b, 270c, 270d, 270e and 270f or sacrificial oxide. This

may be acevophinsded by nerely depositing an additi onalpeyalstitBoQis2t he
pol ymer material. Sone of the additional polynmer material 275 may 25be
actual ly deposited into the channel 85" and on other portions or the
passi vation stack 245. This additional polynmer nmaterial 275 nay be

subsequeniidiial FENPYRBnOY BPRARIIIALS: IS IS Ng cRAAiIE LERLAGSF hndgadr ed.
Referring nowto FIG 12, the outer frame 75" nmay be appropriately masked

and di r #etioghal hyPasixHisg staek é6t abl i sh t he upper trench portions 255a, 255b,
255 2 2
C, Efm’ﬁ] ﬁ@%nﬁﬂ%&ﬁéﬁ?ld} nloizggm,{&%g@ogc% E)g%&b@ég&p% OYMQ qcﬁ‘é%@ﬁ The et ch

sacr|f|C|aI oxi de segnents Oa e an
may be @sedstamcolsead hex bessthp efopmemtionsitaeedval 2 f0oli0h.oYs0E, @384, @5 0¢ dnel

nd con t.or p.15" e cha t ns of the
paSS|va?ﬁ@ﬁnébégkigﬂ§b7ioo4%1*ﬁ%#“ﬂ TRy W@ﬁsgﬁzéﬁt?S%SBg%lgg{‘@?ch process
I's perf asfigdalilo theermyehdnn ol st fdach ald Qoti s AgEINISicabendlsoheave the

af orene 0 ooves 250a,. 250b, 250c, 250d, 250e and 5250f in the outer
frame 7@5&’$ﬁg’géﬁl¥%Fﬁ8agﬁhp5r 1Py &e pislsesioogdby) thengiiemingmE fhe innssadang  255¢

enabl e Lbher Mahesirahastns @ilsélédcg @m%@mﬁl%ﬁt’é: ha@ e d@ﬁccvbhﬁch'ﬁ'c %%ﬁfﬁd'o'nif.luc@dr%lu poXi de
segnents 270a, 270b, 270c, 270d, Oe and 270E It shoul d be un erstood t hat

the pat tI&F HiPAY o6f f‘ﬁ%FéS‘?*Wﬁ@'rd“‘a*ﬁdW@ﬂFP@ﬁC Prclire g wfelemyltt@fsntguémdm gcl osed
e”RPd' MRRG B MR Qﬁmqw&gg’ﬂ oMbw mn&%%%;o%d ghLp 15" is part of a

| arger sem conduct or wor , or after singulation if
1OdeS|r@HM7Nh§0§hmeMcSmnmmEmﬁ@ma@mymgfoﬁmemembgdnwnaﬁ@1dﬁ@ptﬂ&gﬁOhereln

2500, 2808 355 TR IERET Sa0r TR IR Bt Gror Pk S4P MGVl B T mow

turned s@miEbi@uciddchipvhs ‘ciipdapi méimiddhe urﬁ:gm legndlibst08 2 MduBRqudnt igphehi p
nount ed to t he Fgcka %lggbstrate 20 an subse uent to the aep05|t|on of the
CTLL

under f i FFPOFERP ipisFiak49- hiar torreraderill Boleaesysds teon, t he

15gem c Qé}ﬁli'e'&{d%topﬂiqpl 5 nio%mv&;%slu% %[Q% Ind !h@ @uﬂ’s?r]cu@bb V&, LRGpIS uabSt rate
20 and, for exanE , a control | apse and | ow process |% per f or med

to est abpitsHedhrallepe agdreflop Himq&wpud@rn@ﬁml:@ mifplvml whler pidtabel ed 105 in
FIG 3 omddbSRO] QnckBTodRAGE! b| hy ARESHL Ahe FRiTRY A HSRARL L] and

capillary action used to spre rt|I rough an Pnterface 275
betmeendmhemsbmﬂcqﬂ&uyﬁ@mnmbupo$ﬁ%mamduh&mM$wmaghaheuaﬂwcQnihmmahly, a

LLS\C’)\AS?? 1&“5%%1%{)1'1] uc gu t%nd%g i’% @ﬁc %‘1@ (S]ﬁi@nal\{\hlaﬁl}g)wtlc@se Ui![j c,dlei{gllocl:elss material is

20 may be used in which ihc underfill material is deposited on the substrate 20 prior o the
bumping. The underfill 30 invades the grooves 250a, 250b, 250¢, 250d, 250¢ and 250f to
form a plurality of micro-mechanical joints with the outer frame 75%. These T-shaped joints
provide both a structural joint as well as chemical bonding between the underfill 30 and the
outer frame 75", The skilled artisan will appreciate that the number and spacing of the

25 grooves 250a, 250b, 250¢, 250d, 250e and 250f may be varied greatly depending upon the
available process, minimum feature size and lithography techniques, etc.
[0048] While the invention may be susceptible to various modilications and alternative
forms, specific embodiments have been shown by way of example in the drawings and have
been described in detail herein, However, ii should be understood that the invention is not

30 intended to be limited to the particular forms disclosed. Rather, the invention is to cover all
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bunmpi ng. The underfill 30 invades the grooves 250a, 250b, 250c, 250d, 250e
and 250f to forma plurality of mcro-nechanical joints with the outer
frame 75". These T-shaped joints provide both a structural joint as well as
chem cal boendimgodst ween the underfill 30 and the out aictfgame s The
skilled artisan will appreciate that the nunber and spacing of the
25grooves 250a, 250b, 250c, 250d, 250e and 250f may be varied greatly
dependi ng upon the avail able process, mninmm feature size and |ithography
t echni quesiifi@ti6ns, IQOAEhIMAH hBehiB b RUBRLIION MBYpiRE.RIUSGRRI IR iBvchfovar i ous
nodi fications and alternative forns, specific enbodi mnents have been shown
by way &f deagsy s nllewias arnsislgdaimifd have been described in detail herein.
However, it should be understood that the invention is not 30intended to be
limted to the particular fornms disclosed. Rather, the inventionis to
cover all nodifications, equivalents and alternatives falling within the
spirit and scope of the invention as defined by the foll ow ng appended
claims. What is clained is: 1. A nmethod of nmanufacturing, conprising:
provi ding a sem conductor chip having a passivation layer; and formng a
pol ynmer |ayer on the passivation |layer with a central portion and a first
frame portion spatially separated fromthe central portion to define a
first channel that extends to but not through the passivation |ayer. 2.
The nethod of claiml, conprising coupling a plurality of solder structures
to the central portion. 3. The nmethod of claim1, conprising formng the
first frame portion with a rectangul ar footprint.



4. The nmethod of claim1, conprising formng the first frame portion to
define the first channel with a serpentine footprint. 5. The nethod of
claim1l1, conprising formng a groove in a surface of the first frane
portion facing away fromthe passivation |layer of the sem conductor chip.
6. The nethod of claim5, wherein the groove extends around a perineter of
the first frame portion. 7. The nmethod of claim1, conprising formng the
pol ymer layer with a second frane portion spatially separated fromthe
first frave poldimedisso define a second channel. 8. A nethod of

manuf acturi ng, conprising: formng a polymer |ayer on a passivation |ayer
of a sem conductor chip, the polyner |ayer having a central portion and a
first frame panhétn sPatiddtigeRMRed: from the central portion to define
a first chanpel that extends to but not through the passivation |ayer;
coupl i ng%%é”%%ﬁ%ﬁ%ﬁé?i@?Claﬁihﬁ)\’%a BASSIYBAAYIBYE At h t he side facing towards
but sepay; X : [ o.leave.an Lot.er i~ony..and placing
an under??ﬁ§q1iﬁfgﬁ&ﬁﬁ¥ggﬁg%é&%§§%gﬂ}sgyggﬁgf%ﬁhgpggﬁgahﬁ%@ﬁ%Pfﬁeinvading
t he chanpettion epasistybipiastedafrore tivanitcalpojtonne ddetcween divenchlayemendsayer and
the underfill . .9. The nmethod of claim8, conprising formng a plurality of
interconkggkQO%%¥Wé%ﬂwﬁﬁgﬁggwpggﬁhuctor chip and the substrate. 10. The
nmet hod of claim9, wherein the interconnects conprise solder joints. 11.
The net hod of,clainlg, conprising formng the first frame portion with a
rect anguFar f 6Bt BFPAT of claw Ligenkeinn serpdRe 8 PAIrFHLY of saldpirydiagtorthe mi ng t he
first fram@apgitiben to define the first channel with a rectangul ar
footprint. 13. The nmethod of claim@8, conprising formng the first frame
portion to define the first channel with a serpentine footprint.

3. The method of claim 1, comprising forming the first frame portion with a

rectangular footprint,

4, The method of claim 1, comprising forming the first frame portion to define the

first channel with a serpentine footprint.

5. The method of claim 1, comprising forming a groove in a surface of the first

frame portion facing away from the passivation layer of the semiconductor chip.

6. The method of claim 5, wherein the groove extends around a perimeter of the first

frame portion.

7. The method of claim 1, comprising forming the polymer layer with a second

frame portion spatially separated from the first frame portion to define a second channel.

8. A method of manufacturing, comprising:

forming a polymer layer on a passivation layer of a semiconductor chip, the polymer
tayer having a central portion and a first frame portion spatially separated from the
central portion to define a first channel that extends to but not through the passivation

layer;



14. The method of claim@8 conprising formng a groove in a surface of the
first frame portion facing away fromthe passivation | ayer of the

sem conductor chip. 15. The nmethod of claim 14, wherein the groove extends
around a perineter of the first franme portion. 16. The nethod of claim 8,
conprising formng the polymer layer with a second frane portion spatially
separated fromthe first frame portion to define a second channel. 17. An
apparatus, conprising: a sen conductor chip having a passivation |ayer; and
a pol yneroupdipe theanmidoedpasshipabiaonbitayewith thhaido ddeymmowhay ut apahng a
central portion and a first frame porti on spatially separated fromthe
central 18P1t[,1%ﬁu tgga 829 e 2 ipiepldee (CRIOATANY that extends to but not through

t he passpMain @R uh@y BN in thd &iterFhe r@fPRLPoH QS el AL TnvAIRRE &aRBe1d
plurality of solder structures coupled to the central portion. 19. The
appar at ué’ Stablishat meaanicakieie pehveprethe ippymer faypreand dha yrgarfdonpri ses a

rectangul ar footprint. 20. The apparatus of claim 19, wherein the first
channel conprises a rectangular footprint. 21. The apparatus of claim 17,
wher ei n Phe fThemebhdnhadhinc®rpmipsesg dorsenpepitiiaiey dlontonmtts between

the semiconductor chip and the substrate,

10.  The method of claim 9, wherein the interconnects comprise solder joints.

1. The method of claim 8, comprising forming the first frame portion with a

rectangular footprint.

12, The method of claim 11, comprising forming the first frame portion to define the

first channel with a rectangular footprint.

3. The method of claim 8, comprising forming the first frame portion to define the

first channel with a serpentine footprint.

4. The method of claim § comprising forming a groove in a surface of the first frame

portion facing away from the passivation layer of the semiconductor chip.

[5. The method of claim 14, wherein the groove extends around a perimeter of the

first frame portion,

16.  The method of claim 8, comprising forming the polymer layer with a second

frame portion spatially separated from the first frame portion to define a second channel.

17. An apparatus, comprising:

a semiconductor chip having a passivation layer; and



a polymer layer on the passivation layer, the polymer layer having a central portion and a
first frame portion spatially separated from the central portion to define a first channel

that extends to but not through the passivation layer,

18, The apparatus of claim [7, comprising a plurality of solder structures coupled to

the central portion.

19. The apparatus of claim 17, wherein the first frame portion comprises a rectangular

footprint.

20.  The apparatus of claim 19, wherein the first channel comprises a rectangular

footprint.

21, The apparatus of claim 17, wherein the first channel comprises a serpentine

footprint.



