LEAD SOLDER | NDI CATOR AND METHOD Field of the

I nvention [0001] This invention relates generally to

sem conduct or devi ces, and nore specifically, to

sem conduct or devices using | ead-free sol der.

Background [0002] The Japanese and European Uni on

governnents have instituted policies requiring

i ndustries to renove environnental |y hazardous

mat eri al s frepasorper adpaRtSrok AND MEa@Omg " green”

products. Oné material targeted, lTead (Pb), is a major

constituent of plastic ball grid array (PBGA) sol der
Fidh@bf the Bivehtione sol der paste historically used to attach

t he conmponent to the board. The | ead-containing

sol der paste comonly used is eutectic tin-|ead
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copper (Ge), awlium{En), aﬁltlinemadSb)&nqbblemmh (Bi). n cl udes perform ng

anal ytical testing, but this increases costs, tineg,

and conpl exity of manufacturing. [0004] Another
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method of testing to determine if lead is present includes 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 swabs, such as those available in a lead-test kit sold by LeadCheck(R).
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.



Brief Description of the Drawi ngs [0005] The present
invention is illustrated by way of exanple and is not
limted by the acconpanying figures, in which |like
references indicate simlar elements. [0006] FIG 1
illustrates a cross-section of a portion of a
sem conduct or device having a termnal coupled to a
printed circuit board (PCB) substrate by a sol der
Bricy BbRAp A6 6Tthd Bravvidgef | oW process in accordance wth
an enbodi nent of the present invention; [0007] FIG 2
illustrates the sem conductor device of FIG 1 after
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an enbodi nent of the present invention; [0013] FIG 8
illustrates the sem conductor device of FIG 7 after
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rocess m ng a seni conductor device in
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[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



t he understandi ng of the enbodi nents of the present

i nvention. Detailed Description of the Drawi ngs [0016]
To determine if it is conplying with regulations to
decrease lead in sem conductor products, a conpany
needs an easy nethod for detecting | ead; manually
checking each part is inpractical. A chemcal may be
put in atermnal, a termnal coating, a carrier, a
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[0019] In a first process 52 of the method 50, a carrier is provided. The carrier can be any carrier
“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)



liquid that is rosin-based or detergent-based. In a

third process 56, a termnal is coupled to the

carrier via the solder system Next, in a fourth

process 58, the solder systemis nelted to attach the

termnal to the carrier and forma conpl eted sol der

i nterconnect. The nelting, in one enbodi nent, occurs

during a reflow process. In a fifth process 60, it is
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In another embodiment, the solder system 14 includes solder flux and the lead (Pb) indicator. In

yet another embodiment, the solder systemn 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-



95.5Wm % tin (Sri), 4w % silver (Ag) and 0. 5w % copper
(Cu) paste. The solder flux may be rosin -4 based
(e.g., white pine rosin) or a detergent-based organic
acid. Conventionally, solder flux is wused to help
reduce oxide levels and to tenporarily bind sol der
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[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 finnace. If the solder system 14 is lead free (Pb-frec) the



turns a reddi sh pink when it reacts with | ead, or
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he ability to use conventi onal eani ng processes t
reane the residue and any lead (Pb) indicator that

{OOQS? TRY BSE®D) ihdcdifi@ak ﬁﬁ BB full wheR hitRhin VR4 Salsol &feh&i to as spheres)
bel i eved that the cl eanlqg process wi |l _not becone

to a8 8) YPytpiede famdgemicepdprier deyigsntsshewn mfdos- daed ¢ Pis
semiddftiueRt @vice 20 DA2E8] 3 hhedds e 88l1 £PR Yardi Bl GAd Dol deA)s13n 2. R

usef ul en ttach Ils so referred to as
. canﬁﬂbfae‘f“ es af"b“ tt"%@ ﬂﬁ}@ 3 P?ngéléfuftafefl@fwla? 35 B eSO e 2
BG A evbisiefte 3& laralS‘gng hﬁMLGEh) R?h'ﬁ?ﬂl is Bcarmd with a'ﬂi\ﬁrc rectgngular or other
uct or e n FIG .3 inc S a
sharyt gad FRERROSluE 2T B Bt condiind st 8 s s guch as
 coppanclihu ekdder aysceﬁm#mh bwmymmbrﬁndemﬁechfomha Saddedl b telvid in FIGs. 1

andqal%x rl a 0(;%1 ent SHO E:[(;A%r thsz\ﬁsz,'oléra Xysg:m mc?%s \yxb\%ilﬁna();)%rtﬁfes.

array I'S a carrier
(Thsq)u’ar sstemléé txmq:gshoarn ,ha\@mg ipditidual particles of a solder alloy.) But any suitable

solder system can be used.

[0029] In one embodiment, a machine picks up and places the balls 26 from a platform or grid
- onto the carrier 22. It would be desirable to know if the ball 26 being placed on the carrier 22
includes lead ( Pb). For example, if it is selling a lead free (Pb-free) part, a company may not



shaped pad. The conductive pad 21 may be any

conductive material or layer of materials, such as

copper. The sol der system 24 can be any nateri al

descri bed for the solder system14 in FIGs. 1 and 2.

In the enbodi nent shown in FIG 3, the solder system

24 includes flux with no particles. (The sol der

system 24 is not shown having individual particles of
wardl tethtotheawag la [BHA pacBigk bavmyse siliy badodra feve of tﬁﬂfa]lsgl&‘ihﬂ{ﬂedaiﬂ (Pb).

G<~:ne?aé{1!yJ tﬁ a((::lcésgaooz é c!a 119 Itoocrc])%g%ggn tge less c}tee‘.l t & Jtis %Jrscralf, {ﬁla Sr%%f? nce
the tameum, af morgy siRAt producing thie grodect d@maseahtl eeclrt seplmibwpiofess. ireone
ier J ] ead
eml%bgk;nen? gle?ﬁfé% 19%119:1%@ LR‘I.:;]%J]]?C% aS@‘FrHe 8 pgog?sglgg %v{gclrﬂgg? hlgﬁ
tempRIptufe REREFsSHag t greaéeréhymbamegmsﬁqims), 56 thatthe sodiymshifidewreacts with

anﬁ%%re@en@% RAEKIUR: BEE Qil*hslgselo me%al@sr% tft m@luﬁ@l@écp\xrﬂlta ar black
I's 26 i'nclude lead (Pb). Generally, | ose

50 tb? Eia‘a@td Rlage frgchinspifl @y refishiprahyt dipatireass Prawn@m ofther §’°*ld?3 the

locoh apth& bels M B4E [P kICIBok thO@nRAPYEaiRh WIRARY bARSRAEt so the
i.ng . the pr%duct increases at each step in the

“m%&ﬁéﬁ gkip thg byjlsevithdspd @ nent , the ball's 26 incl ude

sodi um sul fi de and under go processing, such as a high

eratu 0 .(e.qg., greater, than 179 degrees .
oogRe gt}"efys R IAL PR Wéw%tgfoﬁaﬁﬁ? RGP e S UL S 24P (g fygrricr
22 dnd achciprietsap lead BYp) dxsing gemw\mit beulsit@ittaciOthe Ball B3I€the cirh& 22. As

bal | s .2 hat ead .w_l | appear bl ack
shop g BT e iSOG SR e
prottad1ﬂx§demr$eqafoe&e rdflowlfer FdGh & rndibmealshe dste Dutingrafiova nheablder
sysl{mtﬂ%4 % O%?g‘ WY&I thg bltal??bd% ng, dé:r’}ACérénetrl]]l 92%11526]f e baﬁ%ﬁw%becomf f
. hemigphere phaedetﬁamle@ sphfTe hmteeawicp@rﬁb i, difn@@:3 @qld sebrheto flattdmaethy jnterface

etk dde tﬂe%@fﬂ 26 gﬁ)thi&qﬂtféﬂeq;ad ﬁﬁ%é%qt ,ggrgés%mh tﬁ&oﬁgﬁs@% Q@f

syst em 24 on the carrier eact wt
Regamfgys, dwsmhgl thigsreeilficatis thedeld 8¢ wilk refentottadiall 2 eegtréleiss 02 8s

: def&rﬁleﬁ ﬁﬁ?@ A 8the ok the BRI 26540 iBrehiLed g!esq’n pces@hl By &L hl%ﬁl’lt

he sol der sy stem 24 forns a sol i nt erconnect .
Shageaﬁ%i Mok S8 Pﬁ@c%@%fé? sphee Simiar fHdGr fajrepigup 3§ mpy ta;presznt

and ¥ ugehﬂlalfheb&d 'élstﬁ GhdidkMf. iTRY sa%fcle‘aﬂi’ng bi6es R0 HEQEsed SYR a@d@ to FIG.
es wth the ball 26 and may deformthe bal

2 Cﬁf‘ﬂ?@ “W& qr ﬂ?@“’l‘?ﬁ?ndb‘ét%‘ffﬁwﬁzo Wit sphere or a def or ned

sphere since it expands in dlaneter and seens to

at .t i nterfac n e baI 26 and the
ooty Al G gglsﬁmﬁﬁ ooy R ¢ Fskags idBrmed which
inclsdes thg Hierﬁiéondu&ﬁgﬁﬁdé y:)3 @nlﬁﬁplb&&iﬂthle Poribh 6 tﬁ@@g]:ﬁomﬁﬁtot ¥ice
the ba to t regardl es
20 D5 T G R RO SABHLSES o
the phickdge amdhdanst sgibstratad 1er®@ 5318 i Bgnitayludiar\devied J0f Elieetiat] 26, which
is c&?.{]}%ﬁ?oéhg gc%d{l]&l)(re gz% d2u & deﬁgno? Bh o j e aceids(g b etrngnual%lr i blyarrgachine)

on a solder system 34, which can be any solder system prev1ous1y discussed. The solder system

34 overlies a conductive pad 31 in a recess of a nonconductive material 33. The conductive pad

31 and the nonconductive material 33 form a carrier 32. These portions of the semiconductor
device 30 can be the same as the conductive pad, the nonconductive material 13 and the carrier 12
of FIGs. 1 and 2. In fact, FIGS. 5 and 6 are very similar to FIGs. 1 and 2 except that in the former,
the terminal is a ba_ill of a BGA package and in the latter, the terminal is a lead of a QFP.




and may include the Iead (Pb) indicator. The sane
cl eani ng processes discussed in regards to FIG 2 can
be used for the sem conductor device 20 of FIG 4.
[0031] After the carrier 22 is populated with balls,
i ke the ball 26, a package is fornmed which includes
t he sem conduct or device 20. (Only a piece of the
portion of the sem conductor device 20 is shown in
FIG. 5 and 6.) The package nay then be attached to
[00?@%'1 ?em1 r d eog ﬁevmergﬁ o&@ra%/%e reﬂogedsuem é 5’ r{% w erocae%g)r&f?orug | er
dischbred bakgard@ @ Figh 2 ehthatshecoldpt systert 34 bédvemesoardidert 1nwemplact IZlklng
t ' [l Y QU
refIBY, tﬁé’éoﬂ%‘ syét@ﬁl 34 %Ef@gg%m’é t?}g Qig%m gd (n\%% forn RO Th% bal¥6 may
becgléw # deformpd Flélﬁﬁeﬁf ebdrshigiape dhics dires e@woq%edeﬁmmabwhewsum to
the S4tri@V@lahd B FeBrmfed @Qd%%héﬁ%oﬁlﬁéb 8 thelchrigr j'Zeﬁe?g%ﬁlleQJ of s shap
nonconductive materi al . The conductive pad nd
dm?ﬁézﬁwﬁbﬁﬂéﬁﬁﬁmvé“ﬁﬁﬁéﬂiaI 33 forma carrier 32 These
portions of the sem conductor device 30 can be the
conductive pad, the nonconductive materi al

the '
1003 Uik ptergsfens propsss pryionsfirciiepsegs « I czmay| s PRy, The residue
36 fnhyGRclude tEd’léadQP@ﬁﬁiléé&ﬁ Mf Bhdik bkent 1@ tiilUal 26 br tRéWdIder S¥6R 1Y, the

i.n the he term nal all of a BGA
tead ARkt PR IBe e S oreE R s ot OrssaS ool St
con¥nBonal clpG:32 e pEfernsd md emndubt asidaedsi ce 30 may be
refl owed using the refl ow process previous discussed
inregards to FIG 2 so that the solder system 34
[00B4 Somibs 1ol 169 [Saed 6,iHGe 7 enh$heplace tDuballi2g and thé Eaprier 22 Wgh a carrier

4, YRR BRI FRLLRS o o 08 sty B e i 4
masipsrequad tat ng ldadi (QIN) padkagreleadless & GiAt Ol\/t,h%hlqgr'@wl@dlsi;swarrier 44
'inclgﬁ:effs A atc\!\’m@&dca \AH&Hu&g/etp Q4 4d Ii"ﬁe é‘oﬂglfch% paa %8 ﬂﬂg%é a§1y shape such as

orned agal n en cou edtot e carrier
a sqmgrg AF Whtargle, afshpwsingia, p?e or a @cleglistcopdyiciye|ppd 4% ingy begay

confi®li6! ffid Qudsis 2 tlméah (Sl M9 3R]y, kibike pgﬂdaﬁﬁn behd QW The
process greV|ous di scusSed,” a resid 36 may be

Conéw@g%wﬂ 43 fplacpdasietitie soldss syt Ppehiggenbhe raagerial ppyiously

disdu@d foRrkQfof tﬂefsolh&aghtén& 1R BSRA B4 IThe td1&r Baleln 4965 RimddtRer a
ol der s ste the i ead (Pb) i.ndi cator. will change

con quv }Eﬂdé ,rwlg Tﬁ @Hg 19 F&“"B of a E-Q?F?}'Fi)l(?tlvﬂgiaﬁ}'@ éas'lglg aonductlve
padalD @ivthe AdtondGQIVY BaletiflRa |areq:u|aﬂ afthe adanda az mﬁd‘heg fmflart®the

[ enpve res d | Gs...5 d
comgF o 201 e eopite o 41 501 s Gonghhg s 24 rend the
non2éhdidtive mated@A 1B isdike thddoncahduvetivel iiataials@adhde®®s package or

| eadl ess carrier. In the sem conductor device 40, the

carrier 44 my be a quad flat no | ead (QFN) package,
(0035 adikbessildvGirocans, whith cid Heany Fifowlpercks pesiocshy discassed] 4he solder
systelg% %gc%ﬁleéaa S%Ht%f?‘ &%ﬁtogn thﬁl sem%octfl)lctg)y&ev{cv %0 Qouples4 §1‘e cz;r & 44,

conductive pe suc
which may be a leadless catrier, to the carrier 42 whlch may bea PCB via the



a square or rectangle, as shown in FIG 7, or a

circle. The conductive pad 48 may be any conductive

material, such as a tin-lead (Sn-Pb) alloy, nickel-

pal l adium or the |like. The conductive pad 48 is

pl aced over the sol der system 49, which can be any

material previously discussed for any of the sol der

systens 14, 24 and 34. The sol der system 49 is forned
soldpy 84. Like theanlderdt’ iof BIG adhelsb]denstl ody liage filtetsrid clt dpposite iendsnlodito

the gﬂ;]yé@% ﬁ%ﬂ&%ﬁ%‘dﬁ% Vo TRE L L Rler gtf thﬁyr%uaeﬁ gy@g f e cB BaAL

) noncon ctive nateri
padcdd rinclude the ead (i) tidicatgr, aftarirdflpw thepsoldheS0 vo‘el hweélres:haxge«énd

gegermlrktk \%e%t? ’(%é rt%lo?)quiﬁg g&lﬁe\f %%Ql?e%oﬁ’d’]ucﬂn% Iaél lEgaorttﬁlaeconductwe pad

conducti ve nonconducti ve

41 nelpdar e (Plﬁsfghﬂ@ugh 10 Shoffe, mﬁé'eﬂmé’@ ipreeenfrendandydnadude thedend (Pb)
inddator. TROB3RdueAfaly 8E redhol&f dsﬁl\t'ya%r Q563 8enaVialhe fyﬁ‘)@esp e any
refl ow process previously discussed, the 5ol der
system 49 becones a sol der interconnect. The

[00$6] T ﬂi@ wﬂégeﬁlg kpedigvdtiog, HOInGOUR 18S bl @eeAbddiveih réérence\Wipedific
carri o the carrier

Ieadles
- em‘?rfr’gif/n Vﬁ&% ORg;oh OrIary Sgl 1§‘b;}‘8 &F anggroajes fhat ‘faﬁgusé’\é\dqﬁ&%fm%7 and
chaffes Edn(Bc nide Wit®usdpslafig Hfin HRYcdpavehd predemtisvebtlonak set forth in the

ol PRy, A fioginy W msdredin et o lR R0 ik ine
rathethahuctitnaive gask, ditl allvadhurokeli fichon etadltc(nﬂ’m to b thclndd¢dowithin the

f sol der 50 will have the changed
“o%?ggk g$%¥gédh%$operty (e.g., color) if the solder 50,

t he conductive pad 48 or the conductive pad 41

[oom‘é LGS Ltﬁé%‘%ﬁ%y | nC{lQﬁ%t 95131&’[131\9%%%& Q&%o@@%th

present an |ca or.
regar i specaficqundodimpiie Hoamiavsyabe beoefiiy a@nyta&e@,rwbmris dmproblems, and

any%ieﬁféﬁ‘*s@ fhathfR casse an)[ &leﬁ] adkfz!hte;gg &r g(ﬁ’lﬂtﬁ)ﬁ Qd &ur or become more
specification, the invention has been described wth

propaupgefl @it 1o 8¢ GqalEdefl Pa CTEH OBTIREAOS sssqkdoare olmhemest of any or

all 10¢ &4iRI A 13&d Heleir, heliBiBis MolnpBRRY @&hﬁhﬁrzg t (l}}%h ¥i@éri v@lsion thercof,
modi fi cati ons and changes can_be made out

are gispdgdite FRyex %Weﬁﬂﬁl‘@e%@% Svflh@atﬁrpé%f@%ﬁtmffweﬂwﬁﬁr gparatus
thatS6inprised 4 Kkt birbletntbats d6¢soNBcIR®) AW theA€ Elehelitd Wk May InbBiade other

| $e0|f|cat E gures are to b@?% ga ded in anT
elerqnfs jot T<RIeP ells KF pagront Fojreprogess, medod gglicleaqf2pparafys Thy tprms
"a" s, pnded hetir, heerisfid @s bn&toeﬁﬂedhaﬁl@néamarmbwmem 'tfmm
wthe. scppe of, the, presen Y 003 en

b iop T i "G G it PRSHE e A om e s s
are gked 6 dsedptab putposw dnd notrreg@asatilyt for depeiding permandnockiateanpsitions.
It 15H8Wﬁ\{00d tha‘i ng (t]ﬁ 08 uséc‘s dre 11196{%3[}};6%}?16 \%ndgroayllilr%}ér?a?escggﬁn)}stances such
_ thatblmmfopdlmelad vidhe lag@tlormtesswledlhqr@m aredomxanple,gapablEd ngeration in
othéirgﬁ&tatlgfs%l{ﬁ]o%gglu a?ed%?gthgr%lgg%eslg%ﬁﬁwgrgﬁdﬂﬁ%rﬂil "glurahty a#

tica requir or essenti eature or e
useipppein s 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.
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all the clains. As used herein, the terns "conprises,"
“conprising,"” or any other variation thereof, are
i ntended to cover a non-exclusive inclusion, such that
a process, nethod, article, or apparatus that
conprises a list of elenents does not include only
those el enents but may include other elenents not
expressly listed or inherent to such process, method,

CIanIMscl e, or apparatus. The terns "a" or "an", as used
herein, are defined as one or nore than one. Mbreover,
the ternms "front", "back", "top", "bottont, "over"

Whatiadlgmledaand the |i ke in the description and in the
clainms, if any, are used for descriptive purposes and
not necessarily for describing permanent relative

L. pyeaddar pystem for qoupling ajeropinakto @ seiricthaherein the seldersysamn ¢pypedses:
are intey gh@@ﬂﬁﬂh&k&&&%{mﬁ@a PREdRb Ak (POUARL ances
such that e enbodi nent s he T nvention descri bed
herei n af &ldef Byx mixadrpitethe Ea‘bﬁ‘b]' adigfioroper ati on in
ot her orientations than those iIIustrated or otherw se
descri bed herein. The term"plurality", used

2. Hesglfisy system of faim ddhgeein (i sqlder pystem comBRSes ﬁxboat‘%‘é‘ thegagrer.
"another", as used herein, is defined as at least a

ecq d or he term "coupl e sed herejn,
5. TEPTHE A SR G B UGS Scish o 6 Spp Fopitite of E printed
cir@ithegt bnd a ANdridakayesassari | y mechanically. 9 CLAI M5
What is clainmed is: 1. A solder systemfor coupling a
termnal to a carrier, wherein the solder system
4. Berpiérsesem ofaldire ddwi{eRt)) the mddet sitstem fiudirer chedpeisdsiarvgndactive material.
presence of lead (Pb); and a solder flux mxed with
the lead (Pb) indicator. 2. The sol der system of claim
5. The solfhe switam ¢flcking ) dercis s tedvativamatiesad soraprises sokigr rwder.
the carrier. 3. The solder systemof claim2, wherein
the carrier is selected fromthe group consisting of a
6. Theisplde @f clainyss whereib drgrcdndyataveandatesial is dgvod of lead(Pb).
substrate. 4. The solder systemof claim1l, wherein
t he sol der system further conprises a conductive
7. Tha pafgr gf claims, wirgrain S5 cducléxpgnaggip gompriss ppd (Pbhher ei n
t he conducti ve naterial conpri ses a sol der powder. 6.
The solder of cla . Wherein the conductive nater
8. The sQldsy systprpdt c}aglé(lj V(/}pfp}n the lpad (PREINdiglfSPmBRSCHE ¥y lgad (Pb) indicator,
wherein the conductive material conprises |ead (Pb).

. The sol de mof claiml erein the | ead (Pb)
9 ﬁiﬁa%gegm;eanfﬁ}gﬁ\fg,e e e vist e%%@&?’%iat?rﬁa‘i“%%?‘? acldy,
The sol der systen1of claim8, wherein the visual |ead

10. (['Ebzolder éjys.t(e:zrzillto(il c1a1m \Jhersélensthe wsuglclea% (Pb) indicator comprises rhodizenic acid.

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

12. The solder system of claim 1, wherein the terminal comprises a conductive structure selected from

the group consisting of leads, balls, pins, end caps, and pads.

© 13. A method for forming a semiconductor device and detecting lead (Pb), the method comprising:

~providing a carrier;
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10. The sol der systemof claim9, wherein the visua

| ead (Pb) indicator conprises rhodizonic acid. 11.
The sol der system of claim@8, wherein the visual |ead
(Pb) indicator conprises sodiumsulfide. 12. The

sol der systemof claim1l, wherein the term na
conprises a conductive structure selected from the
group consisting of leads, balls, pins, end caps, and
pads. 13.appyines hddir §ystemftothatagerawisedin G0 pddic byetemdempies:
and detecting Ieadlgﬁg% 1&ﬂ%¢ﬂ§&9°d conpri si ng:
providing a carrier @ ying a solder systemto
the carrier, mherewwkbh@msolder system conprises: a

| ead (F’bzougmgnqam{al toMkafhicn B HELolfil Wienf OUP! T N0 &
term nal e carrier via the solder system melting
t he sol dEgltiaghe sqlder sysigmeta attackh the taraingl tp fie cargertapéform a completed

seriBdndh®br d@Nek; br m a conpl eted sem conductor devi ce;
and determ ning if the conpleted sem conductor device

has a di f&mERRe “E)tf“%EPé‘%Péfit‘?ﬁ Sﬁ‘é’&ondt}?tﬁif@?"f’?hﬁ‘s R GHicfekpredetermined
propétydesm GY sdi@systehemhedlyy dekaglthdidad@®. | ead (Pb). 14.

The nethod of claim 13, wherein determ ning further

conprises visually inspecting the conpl eted
14. SRaimehbd ofcdan 18lexhea. detbbminihp Gurivedt domgrief v1®|laﬂj/ fisPedting the completed

wher.ei n the sol der system further conprises a
Sﬁ%%%ﬂﬁ%?lvé taterial . 16. The nethod of claim 13,

wherein the solder flux is mxed with the | ead (Pb)
15. ITlﬂg 51%%&%%‘ (:1231:}'7 dgqlg?emﬁe s{%ﬂdg} sy%t%m %ergre csom rlseg ! gor{&ucftlvg glaterial

(Pb) |nd|cator 18. The nethod of cIa|n113 further

n

RS T et LR N R ol

| ead (Pb) |nd|cator conprises rhodi zonic acid. 20. The
17.78t BefoPbs cﬁlluﬂ h mwkgreln%kelgﬁ (pb)tlﬁ‘(ﬁcaltc@ AibR &)nphﬂ:gh Qéﬁa@fead (Pb)

conprises sodi um sul . The nethod of claiml
indigpfer ei n det er mi ni ng further conprlses det erm ni ng |f

the conpleted sem conductor device has a col or

‘different fromthe sol der. system
18. The method of claim 13, further comprising applying the solder system as a coating on the carrier.

19. The method of claim 13, wherein the lead (Pb) indicator comprises rhodizonic acid.
20. The method of claim 13, wherein the lead (Pb) indicator comprises sodium sulfide.

21. The method of claim 13, wherein determining further comprises determining if the completed

semiconductor device has a color different from the solder system.
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