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performing analytical testing, but this increases costs, time, and complexity of manufacturing.

[0004] Another lead-testing (Pb-testing) method, used most often in homes to test paint
and china dishes, includes using test swabé, such as those available in a lead-test kit sold by
LeadCheck®. But test swabs require manually testing of each material. This results in

increased cost and increased cycle time. Thus, a need exists for a way to detect if a material

is lead-free or not without increasing cycle time and increasing cost.
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process in accordance with an embodiment of the present invention;

[0013] FIG. 8 illustrates the semiconductor device of FIG. 7 after reflow in accordance

with an embodiment of the present invention; and

[0014] FIG. 9 illustrates a process for forming a semiconductor device in accordance with

an embodiment of the present invention.

[0015]  Skilled artisans appreciate that elements in the figures are illustrated for simplicity

and clarity and have not necessarily been drawn to scale. For example, the dimensions of
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[0018]  The lead (Pb) indicator in a solder system can be applied to many structures.
FIGs. 1-8 illustrate some of the different structures that would benefit from the use of the lead
(Pb) indicator. FIG. 9 illustrates a method 50 for forming all the solder systems of FIGS. 2, 4
6 and 8.

[0019] In a first process 52 of the method 50, a carrier is provided. The carrier can be
any cartier previously discussed, such as a BGA substrate or a PCB. A solder system is
applied to the carrier during a second process 54. In one embodiment, the solder system
includes the lead (Pb) indicator, a solder flux and a conductive material. The conductive

material may be a solder powder including a eutectic composition of tin (Sn) and lead (Pb)
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[0022]S  The solder system 14 may be applied to the carrier 12 by any suitable process,

such as screen printing. In one embodiment, the solder system 14 includes solder flux and
solder powder. In another embodiment, the solder system 14 includes solder flux and the
lead (Pb) indicator. In yet another embodiment, the solder system 14 also includes a solder
paste, which may be a powder. In one embodiment, the solder paste includes lead (Pb), such
as 63wt% tin (Sn) and 37wt% lead (Pb) paste. In another embodiment, the solder paste is
lead-free (Pb-free), such as 95.5wt% tin (Sn), 4wt% silver (Ag) and 0.5wt% copper (Cu)
paste. The solder flux may be rosin-based (e.g., white pine rosin) or a detergent-based
organic acid. Conventionally, solder flux is used to help reduce oxide levels and to
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true of each lead in all the figures. [0022] The
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one embodiment, the automatic visual inspection uses white light or a laser. In one
embodiment, a machine detects the presence of a chemical that exists when the lead (Pb)
indicator reacts with lead. In one embodiment, the lead (Pb) indicator is a salt or acid. For
example, the lead (Pb) indicator can be rhodizonic acid disodium salt, which turns a reddish
pink when it reacts with lead, or sodium sulfide, which reacts with lead (Pb) to form lead (Pb)

sulfide, a black precipitate.

[0025]  In one embodiment, the lead (Pb) indicator reacts when heat is applied to the
solder system. In one embodiment, the heat is applied when the solder system is transported
or processed through a solder reflow furnace. If the solder system 14 is lead free (Pb-free)
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The SF@E ogalécqgrgc?evgﬂgoc i gﬁ&ag 8%5 Ql)e§ ﬁ@dl; g?,gag‘ganﬁr i an% a sol(?er system
24. The carrier 22 includes a conductive pad 21 and a nonconductive material 23. The
carrier 22 may be a BGA substrate or a land grid array (LGA), which is a carrier with a
square, rectangular, or other shaped pad. The conductive pad 21 may be any conductive
material or layer of materials, such as copper. The solder system 24 can be any material
described for the solder system 14 in FIGs. 1 and 2. In the embodiment shown in FIG. 3, the
solder system 24 includes flux with no particles. (The solder system 24 is not shown having

individual particles of a solder alloy.) But any suitable solder system can be used.
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that n ?lgllssug’gfe 'T‘% g& %/ a{}f{ r%}li ?(QS %reJSerﬂn %épha ﬂ%&gﬁ% ﬁ%htv a laser the

ballsal6|tﬂdtdncgﬁdldjle@d waly afipe@ldlackdu thb plcfk-aildqﬂadel raachite 'lml}stnot recognize
square, rectan%glar or other shap

d. Th
that B Ralcie pEsspata 1D ook By Aot e oEiBR Bl e gL ﬁfmi@qda@bwm look the
samézzgyaQBcaQ{) o Wit 2bsu PI}I%A(] s8¥he Icrgﬁ’cgﬁarie wi {Eﬁc S 9 [eI? %éﬁ?}glt@e{eﬂ n(1Pb)

e any nmater escr or
14 in FIGs. 1 and 2. In the enbodi ment shown in FIG
[003@] t hAIt&nhmj\eﬂy,SlySIeedr(m indicdtoes belpuesend intthmsolder system 24 on the

o8GR L LSS ok SN s
caméilr?bZt 3@5 ﬁlo%l if @’IGSAY Satfﬂ%fnr&f@ﬁl A6 sh1a&ckyk @2 forfhs Qﬂeﬁlder 1n£eéconnect.

a machi ne picks up and’pl aces the bal
The sﬁmpracqsblag fdesombed fayrtheirefiowoor HEGs dranil @rmapbe ll&edv\émrmg reflow,

o SR SRV Skt IRt b 25 AL A 30

becoin% a%hhéﬂﬂreaoﬂ £@ofmiAeph&te since ﬁ)ex?él{ds in diaGidranY sBas to flatten
want” to throw away a BGA package because only one

at th@thIfakehﬁ@feen He sl 26sar@6h¢ mdu@rew mé@l(vwlnf)n it mepges avithythe solder

e rod s to.co
syoid 2t REREIPE PLORY L Sy PR, s e Rt R o 26
regaidiesiBNRYdFOR PaHE Uk Jiertitd RhOBME L6 hﬂﬁf@ﬂﬁﬁ&a?&s if gﬁﬁessmg
step in the process. In one enbodi nent, the I

may have @Eferegbﬁiapm and maxjeotaven bma eoplefsrphatss ﬁwgﬂa%t@clﬂGa% a
{
N

procc}!ﬂs&sl"dlﬁiﬂlyslfldﬁﬂ@egaﬁﬁsts FIG. Byariisd urgd orvihe semicomhicta@rdesice 20 of FIG.
aser t he

[0031]  After the carrier 22 is populated with balls, like the ball 26, a package is formed
which includes the semiconductor device 20. (Only a piece of the portion of the
semiconductor device 20 is shown in FIGs. 5 and 6.) The package may then be attached to
another carrier. A portion of the package and carrier is illustrated in FIG. 5 as a
semiconductor device 30. The ball 26, which is coupled to the conductive pad 21 by solder
(not shown) is placed (e.g., manually or by machine) on a solder system 34, which can be any

solder system previously discussed. The solder system 34 overlies a conductive pad 31 in a

-



balls 26 that include |ead will appear black so the

pi ck- and- pl ace nmachine will not recognize that the
wh200b®0ARE present. I n other words, the | ocatiPer/o820051€17702

balls with lead (Pb) will |ook the same as a |ocation

reces F F‘ﬁ o?ﬁ@ff z{t%éz? '39[ g‘%% %B@dAu{Etﬁg?Rglﬁ 1\’/‘%1{& the |ﬁbﬂc6n|aﬁct1ve

mate(1£-]k33 ﬁondmmtrmr 3gafhbe gm@emsmf thensenhieorslutide ﬁe‘a%% mnzbc the same

BB B HECEAD A0t SEFe LR 12
fact, FﬁF§ '5€£nd2(gare'e‘§r forFI6k q arfth 2 &tdeBf thh€ihltBVEdri@r, the terminal is

der system 24 forrrs a sol der interconnect. The sane
a balbofacBEA mka@nﬂubéﬁ:lﬁm thadermindl owa feed ofR @FP.1 and 2
may be used. During refl ow, the sol der system 24

[00324, [e ° @F Per%%oﬁ;ﬂvt%edg a n M AR pﬂg‘r%é‘?[cl)gr]hé\ Hl%elgﬁg\%’rgg&ess provious

discuSfA8hH eghkdi8 HIG. Ewmﬂﬁlelsﬁldat anenes4 bevdnes arr;slde@ 1nterconnect
flatten at the interface between the ball a

nd
Dumagm:@lum theesolsigti systemn dhanprgas with e dalhi2p pnd ﬁ@yggfq;g} the Ball 26. The

24. R
ball E%:qon?ét %@?ﬁﬁgg ere%? atf)%lerg’lbél'{apé gigé > ggxgarg' Ifréexggﬁs'l Geformed
wher dcu P[&@‘t@ vtmﬁéi@aeand Imde?fbhﬁerd asafrowhérhe@upkedl to M @trrier 32.
different stages in processing nay have different
RegasHagsef itanbaneagiement 20/ will il be shmsiide as applbre. Sinilar

to FIG 2, a residue 28 may be present and may i ncl ude

[003%#~I ¢ lead Cf‘tﬁg})reﬂ&g ?g&teg’sr opre? Bﬁslg ACukLE %rfbﬁguepﬁ@ﬁﬁz $€Present. The

scusSsed I n rega can bé used
resida€Bé _ﬁmlydmﬂudrr the daaaldc(Eb)ZlﬁdmﬁtoFl IEleatl is pBRSt]in Afettell 26hey the solder

22 ed with baljs. lik
systogh il (120 Galer Nl i 6 SR s RSP dIEDo P
disci§d #BvE dny O t1§nz@'cfe%§ <8 bd PeiRAHtO Ibr%vétﬁ@ ées%du)e 36.

sem conduct or device is shown in FlGs.
The package nmay then be attached to anot her carr| er. A
[0034or t iSimilad totfies paaridey Fland anr§ feplace geiballir angtthe|carpier 22 with

a conduyct or |ce 30.. Th
R et
the chiMek 48 RONDe a FuaBfRERS 108 (QFN) pﬁn@ |1¢/ad¢Hss bys Aag hhelée. The

on a sol der system 34, which can be any sol der system

1ead1psssmnm§+4yncdu@s assbsiraterhe arb eridusy et Rah 484 Theeroniativg pad 48

may ﬁg?‘%{l § aa%ﬁgsﬁgl%r% &4 C?c?a %? pg% k@yv&hoﬁgﬁf‘}d‘?'%ﬂ a'@rcle. The

condﬁ@t@%h@uﬁgtmy}ebémi}&fdndhct&% rhémal ssuchas b 6n-182 (S'ﬁﬂﬁﬁeﬂloy, nickel-
portions of the sem conductor device 30 can be th

pauadmm cughet Iie. dhecgadyolize 9%48 iS¢ R BHE SOIOPESYRHETRA9-dyhich can
be atky %%tgg%ltpgg\@ggs@ y élilsgsng Por aﬁgﬁ h&ésoﬂ?fj ﬁgn&srﬁé{( gg bind ?% Sf’he solder
systenin49 RefofrBéd®ver atcbﬁddoﬁwapﬁldml,lvshlch is formed in a trench of a
ponconductive material 43. The conductive pad 41 and the nonconductive material 43 are
part of the carrier 42, which is similar to the carriers 12 and 22. Likewise, the conductive pad
41 is like the conductive pads 21 and 31 and the nonconductive material 43 is like the

nonconductive materials 23 and 33.

[0035] After a reflow process, which can be any reflow process previously discussed, the
solder system 49 becomes a solder interconnect. The semiconductor device 40 couples the

carrier 44, which may be a leadless carrier, to the carrier 42, which may be a PCB, via the

-8-



a ball of a BGA package and in the latter, the
termnal is a lead of a QFP. [0032] The sem conduct or
waelewsoe7180 may be refl owed using the refl ow prPCEES2005/017702
previ ous di scussed_in rega

soldeb o). debke dhestoddr 34 06 Bl gheasc&@ﬂrtéﬁrni'wﬁiag‘% SBRirer oppy gnds due
to the é)%&glggv?fpﬁdﬁgbﬁ %Iuﬁﬁ% @6%\{ elg‘élé Wc&ﬁﬁutcﬁ@e Pﬁ 48 &bthe

orm 26 may becone a
condut€ive pacd1 &&Me&h@leadl(fﬂﬁrmcﬁbatelh aﬁer Isﬂnweh& $ol@va$0 will have the

e S A A
condlﬁ‘aggﬁ) gf?ncﬂgdg'léa?lb@t}?pﬁ{th&lgl%%h% \é"r&slldﬁ%tﬁlhﬂf b®Present and may

refe Li ke ot her reflow
includy the ésuel (Pbpmdivamr.y Thi ssidss ey be remevetlsiBpanysgenyentional
i present. The residue 36 may include the | ead (Pb)
cleaningiexBdr. If lead is present in the ball 26 or the

sol der system 34, the lead (Pb) indicator will change

[0036] he ﬁpﬂhg @brefoiRE GPRAAALOE, tHe inveRtiG Has bbén BéseAbeb®ith reference to
e, any conventi onal clean can be perfornmed to

spe01fle mnbedlmmtsr éﬁ)vm}’er @Be of oy skitiin ghe alorpprachatessthainprious
B NCT AR R e

invenki®Ad} St Fokl i the Elaith1bdl6®. Mﬁﬂ@%&h@ﬁpedﬁicaﬁﬁl AIEH figdres are to
carrier 44 may be a quad flat no | ead g

be regaeé@l o illgaratiye rathes thanasrestyiglive eaas. é‘§é %zﬁ?‘fh ‘%ﬁaﬁons are

intenéegﬁta gﬁ{sﬂi}gd da‘glﬁifé S scég 8 dle %r ON9H Gk }éﬁ pad 48. The

e any s ape such as a square or
rectangle, as shown in FIG 7, or a circle. The
[003’H0ndB@ﬁ¢ﬂ/c§ dilast adBanapes bmdankutlonmtdxm‘blblems aveebdealdesaibetl above
~as a tin-lead (Sn- Pb y, nickel dium or. the

with regpigl tosReciliofa %film% BCT, ghep‘?eae fd ARtagEse SAUBKQRF O
probl§%§ta%@ a%g € e‘ﬁmn?@ fHa m, Qicﬁﬁé( a Bcﬁ{eh@lad%rﬁé[geo #843lution to occur or

I sScusse e sol er systens 14, 24 and 34.
becorhBénd® bdmbusqedtaemat@o bs corotmredaoy enitical geqrdtedt owscpmal feature or

41,
cemos o e PE et S B RGBS b Brising”or ny
othcr%ﬂﬁﬁ&pfﬁ%fe'oy %]réqﬁe%ﬁé@{o el BoRekdlu@le bBRIsA! §ucBrth#A 2. process,
IS sifilar to the carriers 12 and 22. Li kew se,
methbdertdadrapparatup doit dorpiisss lailiseof dlemenss d@ﬁﬁtﬂO{/ inchulgpniy those

e b AIRE SRR ! RS b il Sl focess
methb& dr@Me RIrAp A ttus MIh& Rer@idNa’o6r @Ry, & %ﬁédﬂérﬁh%@ﬂ&ﬁned as one or
preevi ously di scussed, the sol der system 49 becones

moresbimiere. Mriresweorthetsrms Tientdivagsn digpt o Potew] c ©vas Zunder” and the
like in th(P cliescriptPon and in the claims, if any, are used for descriptive purposes and not
necessarily for describing permanent relative positions. It is understood that the terms so
used are interchangeable under appropriate circumstances such that the embodiments of the
invention described herein are, for example, capable of operation in other orientations than
those illustrated or otherwise described herein. The term “plurality”, as used herein, is
defined as two or more than two. The term another, as used herein, is defined as at least a
second or more. The term “coupled”, as used herein, is defined as connected, although not

necessarily directly, and not necessarily mechanically.



carrier 44, which may be a | eadless carrier, to the
carrier 42, which may be a PCB, via thesolder 50. Like
wo b@esaiider 17 of FIG 2, the solder 50 nmay haR€I/US2005/017702
fillets 51 at opposite ends due to the physics
applicable during reflow If the solder 50, the
CLAﬁﬂSdUCtive pad 48 or the conductive pad 4 1 include
| ead (Pb) indicator, after reflow the sol der 50
wi || have the changed predeterm ned property (e.qg.,
WhatG9L@imed &: t he sol der 50, the conductive pad 48 or the
conductive pad 4 1 include |lead (Pb). Although not
shown, a residue may be present and may include the
| ead (Pb) indicator. The residue may be renpved using .
1. A solder spsiemrion ewaling p eamingd t? errEes WhierrisBie spllef system comprises:

f or egoi Lfi.catli [ ] !
descr BRB s iFRirgfe et sRERhLE RS ERIAAA
Howev ery soldie flok t@ kv ay ycaked for the ledie(Pa) indaqpreci at es
that various nodifications and changes can be nade
W t hout departing fromthe scope of the present
i nv [ fo j ' :
2. TR b f Bt Bk L Ehclpilng 46 B s s contneon the
carrigregarded in an illustrative rather than a restrictive
sense, and all such nodifications are intended to be
i ncluded within the scope of the present invention.
i t ' i {cBnsisting of a
3.Th%8%§%%ﬂ§ﬁﬁg@%ﬁ%gg% eggﬁi ed abgsgﬂaﬁg%ﬁggggﬁgﬁﬁg s
print&pegiuftiboasidnadi ballrgrsl artdywebsdrafe.t he benefits,
advant ages, solutions to problens, and any el ement(s)
that may cause any benefit, advantage, or solution to

4, T oMer Qs QRGP PRIHT! FhBEANAS BO8E SERmRthéIMrises a conductive
construed as a critical, required, or essentia

matefidlat ure or el enment of any or all the clains. As used
herein, the terns "conprises,"” "conprising," or any
ot her variation thereof, are intended to cover a

5, THROMIRY GY4iSh b8 claith [1URh&Rin e 6bhdudale MaRiiab&SSprise®h Belder powder.
article; or apparatus that conprises a |ist of
el ements does not include only those el enents but my

6. Th ot of S o, EhETObE s YRR i ki g fha oo

apparatus. The terns "a" or "an", as used herein, are
defined as one or nore than one. Mreover, the terns
7. Thefsplolnt of claipngkwherein dhs'condpgsivegpgterial spmpriseslgatid®). and
the like in the description and in the clains, if any,
are used for descriptive purposes and not necessarily

8. The@blddesRidnbbN@aipe! nminesih ticlead (Rb) ipdisdtdd cnspristd a visual lead (Pb)
~_understood that the terns so used are interchangeable
indicategler appropri ate circunmstances such that the

enbodi nents of the

9. The solder system of claim 8, wherein the visual lead (Pb) indicator comprises an acid.

10. The solder system of claim 9, wherein the visual lead (Pb) indicator comprises

rhodizonic acid.

11. The solder system of claim 8, wherein the visual lead (Pb) indicator comprises sodium

sulfide.
-10-



i nvention described herein are, for exanple, capable
of operation in other orientations than those
WO kdoemomiat ed or ot herwi se descri bed herein. TheCT/E82905/017702
"plurality”, as used herein, is defined as two or nore
than two. The term another, as used herein, is defined
as at least a second or nore. The term "coupl ed", as
12. Tizewdldeesgstem of slaitefli whelemsthe Gl edippases haogfuatioe structure

slecHRGdTAN RAATDYP EXRRE o 20c Bl ARt s EdRe ! o

system for coupling a termnal to a carrier, wherein

the sol der system conprises: a lead (Pb) indicator for
13. Admtthot fogfoamprgesemieondfictbedeyiqepie; methad gorsptisies: f | ux

to serve as a carrier for the lead (Pb) indicator. 2.
Provifiig &8 system of claim 1, wherein the sol der
applygiﬁ{?ﬁ SEOT RIS ®3he st heredthieREldeasystedl cordprisEhe

sof der systemof claim2, wherein the carrier is

sel ettaddPb)indicates; agdoup consisting of a printed

ci rcuiltd boar d @nd a ball grid array substrate. 4. The

sol #&7 Pedldf claim 1, wherein the sol der system

coupfitg h Bemik fPHe e ieR viiaRebslBérsgstem eri al . 5. The sol der
system of claim1l, wherein the conductive nmateri al

meltipg thsr obdss system|te aftaghdhriierming! tothe cagppd form @ compleied
wher ej h ductive material is devoid of |ead
(3581}90“5‘.1&?§%&§o’der of claim5, wherein the conductive

deterfBhiap ifthe completeiesnli@adudtBbdevi®. hat helifatagredyatenedofroperty
claim1l, wherein the lead (Pb) indicator conprises a
vreyp e sobded Sy i ndi cator. 9. The sol der system of
claim8, wherein the visual |ead (Pb) indicator
conprises an acid. 10. The sol der systemof claim?9,

14. Themethod bhelaith 48 avhdreiadie{eRnjning flirhat comprisep visgaldy inspecting the
rhodi zoni ¢ _acid, 11. The sol der system of claim 8,

complpied ESTRICOREIGHOIENIC®| ead (Pb) i ndi cator conprises
sodi um sul fide.12. The sol der systemof claim1,
wherein the term nal conprises a conductive structure

15. b ewtted dfrotaint 18 whemipappdyisg dtei sotdeo systera dertheb apingrises applying

ins, end, caps, and pads. . . .
a solger system, wherein the sol%eIp systein further comprises a conductive material.

16. The method of claim 13, wherein applying the solder system further comprises applying a

solder system, wherein the solder flux serves as a carrier for the lead (Pb) indicator.

17. The method of claim 13, wherein applying the solder system further comprises applying

a solder system, wherein the lead (Pb) indicator further comprises a visual lead (Pb) indicator.

18. The method of claim 13, wherein applying the solder system further comprises applying

the solder system as a coating on the carrier.

19. The method of claim 13, wherein applying the solder system further comprises applying

the solder system, wherein the lead (Pb) indicator comprises rhodizonic acid.
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13. A nmethod for form ng a sem conductor device, the
nmet hod conprising: providing a carrier; applying a
waoelodeo7idystemto the carrier, wherein the sol BEr/US2005/017702
system conprises: a |ead (Pb) indicator; and a sol der
[ 440

20. fl“h#J @SF@%&%S##‘ 13 %P%ei&ﬁq?éﬁg% l‘g: oici%?s r%rlthg{hae%”tcacgﬁ&s applying

the sbldemgysiein, whetdie thedead (@b) axditaton rcmn@nmrqoﬂmmlﬁde
sem conductor device; determning if the conpleted
sem conduct or device has a different predeterm ned

eorﬂgt%é( of s\lﬁf'ﬁl 48 ele.| Qi HetePiii urt:hér cothsi B heAnRlng if the
ereln determning Turther conprises

completsdl ednhyaondwpmatewmg hahwcmiorrthfferwﬁ freemthe eviderctystiem.
device. 15. The nethod of claim 13, wherein applying
the sol der system further conprises applying a sol der
system wherein the solder system further conprises a
conductive material. 16. The nethod of claim 13,
wherei n applying the solder systemfurther conprises
applying a sol der system wherein the solder fl ux
serves as a carrier for the lead (Pb) indicator. 17.
The nmet hod of claim 13, wherein applying the sol der
system further conprises applying a solder system
wherein the lead (Pb) indicator further conprises a
visual lead (Pb) indicator. 18. The method of claim
13, wherein applying the solder system further
conprises applying the solder systemas a coating on
the carrier. 19. The nmethod of claim 13, wherein
appl yi ng the sol der system further conprises applying
the sol der system wherein the |lead (Pb) indicator
conprises rhodi zoni c aci d.20. The nethod of claim 13,
wherei n applying the sol der system further conprises
appl yi ng the sol der system wherein the | ead (Pb)
i ndi cator conprises sodiumsulfide. 21. The nethod of
claim13, wherein determ ning further conprises
determning if the conpl eted sem conduct or devi ce has
a color different fromthe sol der system
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