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Vari ous enbodi ments described herein relate to electrically conductive
mat eri al s general | ' ' AASEL ) u , and

met hods rel ated toﬁgwm%&*‘r &M@@ﬁ’&mﬁmﬁe used to
couple electronic circuitry agySTEMS)AND METHOIES$ ot her, including
coatings, solders, conponent |eads, conductive epoxies, and silicones
Background I nformation [00031 Electrically conductive materials, such

= asioatings, solders, and conponent pleads be used to couple electronic
circuits and conponents to each ot frer, r without intervening

el ements, such[0881]ci rchhlbqaphdamdmﬁmsthe\bcnﬁﬂ ofpnontyltn ESri¥rowsiehalonnent s,
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material s. [0004] SpeC|f|c C enges may arise in thé areas of |ead-based
sol der use anigcerperatgddiereimby pafenoficedu theatentitety. conponent | ead fi ni shes,
especially at elevated tenperatures. Thus, there is a significant need in
the art to provide inproved conpositions, apparatus, systens, and net hods
or use in high- tenperature enviroTesnical Fﬁmj/or for use in those |ocations
where | ead as a_sol der corrponent iS prohibited.. 1 WO 2005/ 071750

PCT/ US2005/ 000H902] Br i ef Viicsis embedigiguis described aesginmglgte to electrically

conductive materials generally, including compositions, apparatus, systems, and

methods related to electrically conductive materials that can be used to couple
electronic circuitry and components to each other, including coatings, solders,

component leads, conductive epoxies, and silicones

Background Information
[0003] Electrically conductive materials, such as-€oatings, solders, and

component leads may be used to couple electronic circuits and components to
each other, with or without intervening elements, such as circuit board traces,
wires, etc. In some environments, solder formulation, and the processes used to
apply it, may become quite important. For example, mechanical and/or
electrical performance may be affected, and regulations can prevent the use of
certain component materials.

[0004] Specific challenges may arise in the areas of lead-based solder
use and the application of compatible component lead finishes, especially at
elevated temperatures. Thus, there is a significant need in the art to provide
improved compositions, apparatus, systems, and methods for use in high-
temperature environments, and/or for use in those locations where lead as a

solder component is prohibited.



FIG1 is a block diagramof conmpositions, |eads, structures, circuit
boards, assenblies, and systens according to various enbodi nents; FIG
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application ofele&trbsiathstrigentation for high temperature environments (e.g., downhole

drilling and logging operations) may undergo thermal aging, thermal cycling,
and vibration for extended periods of time in operating environments having
temperatures of operation, for example, in excess of 175°C.

[0006] Various embodiments disclosed herein address some of the
challenges described above by providing new solder forntulations, as well as
processes for their application. When the solders and processes discussed below
are used, associated leads, structures, circuit boards, assemblies, and systems
may operate with increased reliability in high-temperature environments, as well
as in locations where the use of lead as a solder component may not be
permitted.

[0007] Many embodiments relate to compositions, such as solders, and
their formulations, applied to and associated with leads, package structures,
circuits, circuit boards, assemblies, and systems. Some embodiments relate to
procésses and applications for removing incompatible component lead finishes
of electronic components, such as surface mount components, and replacing
them with a lead finish that may be compatible with compositions such as high
temperature solders used in the manufacture of electronic oil well logging

devices. Some embodiments relate to the process and application of a lead-free
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2 WD 2005/ 071750 PCT/11S20051000599 sol der alloy used for the manufacture
and assenbly of high tenperature electronic instrunentation. [0008] To
provi de gmemzoesiofiesecti onal reliability under such condiHGTOrs290058005e0MpPonent ' s
lead finish may be revised for conpatibility with the solder and sol der
process used | crur i ne el ectro S for high
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Therefore, sone enbodi nents provide a process to renove the as-manufactured

| ead finish owhickadey beidesignae fortuse with deaf-frecselder emlgwftempemtureuisedi ti on to

t he | eads. Sug?r}fla conposi tion may include about 85%to 98% by weight of
| ead, from abdtf“S% 0.5% or 1% up to about 40/0, or up to about 12% by

wei ght of sil yego9] and aFbadxanpe:, iffthd disclosda @bodiatais o hot wiliwd
conposi tion having about 80%to 82, 9% or 83% by wei ?ht of |ead, about 9%to
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properties of the solder joint.

[0010] Therefore, some embodiments provide a process to remove the

as-manufactured lead finish on leads, and then to attach a new lead finish

composition to the leads. Such a composition may include about 85% to 98% by

weight of lead, from about 0%, 0.5%, or 1%, up to about‘ii'%, or up to about 12%

by weight of silver, and a balance of tin. Some embodiments provide a

composition having about~80% to 82.9% or 83% by weight of lead, about 9% to

11% by weight of antimony, about 1% to 3% by weight of silver, and the

balance of tin. Some embodiments may comprise from about 0%-4% by weight

of silver. In some embodiments, the composition may have about 78%-82.9%

by weight of lead . In some embodiments, the composition may have about

83%-87% by weight of lead, about 9%-11% by weight of antimony, about 1%-

3% by weight of silver, and a balance of tin Such embodiments may provide a

suitable solderable surface for the attachment of surface mount components to

printed circuit boards with high temperature alloys used in the manufacture of

electronic oil well logging devices that operate in environments having

temperatures greater than, for example, about 175 °C.



printed circuit boards with high tenperature alloys used in the manufacture
of electronic oil well 1|ogging devices that operate in environnments having

t enper at urvQ 2YBBATHEY t han, for exanple, about 175 C. 3 REI/U20%/00059%50
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[0013] For the purposes of this document, a “lead” or “component lead”

isan elect;ically conductive element that may form an integrated part of a circuit
package (e.g., the leads on a SOIC (small outline integrated circuit) package, the
contacts on a so-called leadless circuit package (such asthe under-bump
metallization of a ball grid array package, the pads on a quad-flatpack, no-lead
package, or the contacts on a LCCC (leadless ceramic chip carrier), etc.), or a
physically separate lead which is coupled to a package (e.g., aftermarket S-bend
leads that can be attached to a leadlessv chip carrier package). A “lead finish” is
surface finish applied to a lead by coating, plating, or some other mechanism.
[0014) FIG. 1 is a block diagram of compositions, leads, structures,
circuit boards, assemblies, and systems according to various embodiments, and
capable of operating as described above. In this case a generalized concept of
several embodiments may be seen, wherein a package structure 100 may include
one or more leads 114 having a lead finish 118 including about 80%-98% by
weight of lead, about 1%-12% by weight of silver, and tin. Some embodiments
may comprise from about 0%-4% by weight of silver. The lead finish 118 may
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circuit boards, assenblies, and systens according to various enbodi nents,
and capable of operating as described above. In this case a generalized
concept ofWO 2050T113%0 enbodi ments nay be seen, wherei n a BSIAKIHNS/0805pUCct ure 100
may include one or nore |leads 114 having a |ead finish 118 includi ng about

enbodi ment s s ekl b 88%add IRt SriGHORK SRR o b EhRIR A T
finish 118 mayerow@. 20051071750 PCTI US2005/ 000599 be attached to the |eads
[0015]  Nany | DS at 1 ondies foridulpists of 11 Sph 14 ardesssbis. dorrar  exampl c.
the lead fini Shuddf, iR Yedd Tttt s3RRMho B0 mREPAsLOBEY B beight draadl, _about

1% 12% by wei ght of "silver, a bal ance of tin. Sorre enbodi nents may
conpri se fromahbeiit’-098xs weighiedfgiverodndgitalaaee ofitin. Samhembediments ment,  t he

« | ead finish 118 may incl.ude ,ab % 83% | g f.lead -.about 1% 3% by
wei ght of sil v COxf Ffrg%W%-%%%g@h?gfasﬁﬁrh%ﬁo%%rﬂeuguogﬁ%n?me of tin.
Sonme enbodi menkslens@Enizh TS hi§ ihd16d8 BOEIB0YPIS% Yy Mieighe b lead,albosi 1%8%% I n  sone
enbodi nents, the |l ead finish mag/ i ncl ude about 78% 82. 9% by wei ght of | ead.
In sone enbodibtyevright of glvercaheut %TH%%VQEW@W%@@dS@@éB‘?% wei ght of

| ead, about 99 YV el g_r]]-;i Utlo 9 welight  of
silver, and a%éfeaeré%ge&% ngﬁltaygé e%%%ﬂ%*@%y%%?gsel@.g% about 0%
4% by wei ght @bmsielbedimdnfy) fife]ledd firdshrraycintiads abent 78%182:9% badwight 4f may form
an integal part of the ckage structure 100, such_as wh e lead 122
forms a porti offdofn SAER OdWP@célﬁr"éd hmmﬁfgqeﬁgoat @.‘V?‘BZ{E Yrount
conponent  packafht o feaki MbRACIHREL1%5by WOIGRAT ahtifbhy! ABout 196 B9y RelehcT . maybe
used to couple t] eo;(eaad 12121 ?‘% a tr%ce 130 on aylci rucui%; é(g'zyrd 34. In sone
enbodi nent s, , of hidvereadsa Halabceaf/tilb Sovwmiepibediments mayecoprprisadrenmsabout®r e 100.
For exanpl e, t{b{' E‘(jmi{ghgcﬁu{ when aftermarket |eads, such as an S-bend | ead
form 136, are %_ Wtc_ 8 %vgr.a pad 138 on the package structure 100 to a
trace 130 on go@igicuit WRasfe édbodilnefd, the EM14S14 idyort &h DEbgRIast JTRY Dbe

real i zed. For exanple, a i
the package structure 100, such as when the lead 122 forms a portion of package

—

structure 100 comprising a surface mount component package. In this case, a
composition 126, such as solder, may be used to couple the lead 122 to a trace
130 on a circuit board 134. In some embodiments, the leads 114 may be coupled
to the package structare 100. For example, this may occut when aftermarket
leads, such as an S-bend lead form 136, are used to couple a pad 138 on the
package structure 100 to a trace 130 on a circuit board 134.

( [0017] Thus, other embodiments may be realized. For example, a
package structure 100 may include a pe;ckage 140 (e.g., an LCCC) and a
plurality of leads 114 coupled to a circuit 142 included in the package 140 and
having a lead finish including about 80%-83% by weight of lead, about 1%-3%
by weight of silver, about 9%-11% by weight of antimony, and a balance of tin.
Some embodiments may comprise from about 0%-4% by weight of sitver. In
some embodiments, the lead finish may have about 78%-82.9% by weight of
lead . In some embodiments, the lead finish may include about 83%-87% by
weight of lead, about 9%-11% by weight of antimony, about 1%-3% by weight

of silver, and a balance of tin. Some embodiments may comprise from about



package structure 100 may include a package 140 (e.g., an LCCC) and a
plurality of |leads 114 coupled to a circuit 142 included in the package 140
and havi WO 20058Ud50f i ni sh i ncl udi ng about 80% 83% by wRCQIRIS2005/006%, about
1% 3% by weight of silver, about 9% 11% by wei ght of antinony, and a

bal ance of ti ﬁg’a‘" i t ri | {.0% 49 wei ght of
silver. In scr)borr/%'42’ od?%%tqss, %}hghgg%%ﬁﬁ@irg%?bn%@%%gﬁéb%%{ﬁég% 2. 9%g by
wei ght of | eadch dsn flipchipesubsietiterent s, the | ead fini sh may incl ude about

83% 87% by weight of |ead, .abouj 9% 11%by wei ght ant i npny, . ahout 1% 3%
by ?Nei g(;\t of [Qﬁ%l er, agHHQﬂ’ﬁéF’é“he X tst“?%(.beéffﬁ’ée%ﬁ%‘?fcﬁxm e_sgr?ﬁ'ﬁm150rrpriese i
From about 5. W9ud0RA/ hs bRTHIk 5006 BRABA% o AT MlerBly iy O o1 ver.

The circuit 142 maybe included in a substrate 144, such as a inp-chip
substrate. [O0O0adadeStprbéessariids andrboueuicifi2conpled bethe prdcesser 148-0As anigdpl e, a

circuit board 134 r haps., L ncl uded. a rt of .a downhol ectronic
assenbly, nay pr?vh%qs}_}ﬁ eaf“g\%igg%y%ﬂfgﬁgﬁ%maaﬁc}‘%ﬁ%ﬁ]fe ﬁ%‘ﬁ B30 the
processor 148.plAalith@f BAds Pr4ewit®H $dall fintshendth b]ioui-ﬂﬁ%%}’/pbﬁvs} tgded in a
package structure 100 having a plurality of leads 114 with a lead finish

i ncl udi ng abodeadgsbanb B4 136 s weight of silver aed inpemetembadiments, heRalanse of
i , d i : | , ] ok Do . di t
compr1 et rom S B 0B b AR mb VoraRts 56, anBh doee BYHRARREC, TOM D T

any nunber of siloerpdhe oircigt RiZamnisincide inyasumbser o€ conponkhiZeleraents, such as
anal og-to-digital converter 154, a digital-tao-anglog converter 156, and/or

an anal og or diBFReIy 192, angnalogdo-digitalcqpyentes oty digitaldpranalae spnveright a
ha’ of . . Bl
et em 160 hau ocriaie? dn al1B0Sr ApAfher |40 cHhafS BRE RS St T ME2, B

system 160 having one or note ead finish including
about 80% 98%abquisiGomysyistent 1 3% aniong athemt 1% 12% by wei ght of silver, and tin

(note that th d finigh 11 be . attache r a previously-existing
(e.g., an as-ﬁ'ﬁ#@?aotur%?@ﬂ@%ﬁ%&ué%ﬁyﬁwoﬁ} _ CHEEWTY enoved) .
Some enbodi Menggls MY ateRAR toeSledd RisPREMHing Aot 0NN 98% g height oTiidader . The
system 160 may further include a downhole transducer 164 coupled to one or

nore of the | ¢hew 1¥ad2%byweightof sitescingdint(sote that the lead finish 118 may be
attached after a previously-existing (e.g., an as-manufactured) lead finish

including tin has been removed). Some embodiments may comprise from about
0%-4% by weight of silver. The system 160 may further include a downhole
transducer 164 coupled to one or more of the leads 114. -Tn some embodiments,
the lead finish 118 may be selected from a first composition including about
85%-98% by weight of lead, about 1%-12% by weight of silver, and a balance of
tin, and a second composition including about 80%-83% by weight of lead,
about 1%-3% by weight of silver, about 9%-11% by weight of antimony, and a
balance of tin. Some embodiments may comprise from about 0%-4% by weight
of silver. In some embodiments, the second composition may have about 78%-
82.9% by weight of lead . In some embodiments, the second composition may
have about 83%-87% by weight of lead, about 9%-11% by weight of antimony,
about 1%-3% by weight of silver, and a balance of tin. Some embodiments may
comprise from about 0%-4% by weight of silver.

[0020} The downhole transducer 164 may include any number of
components, such as downhole temperature/pressure sensors, downhole

vibration sensors, downhole accelerometers, downhole fluxgates etc. The
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the lead finish 118 may be selected froma first conposition including about
85% 98% by wei ght of |ead, about 1% 12% by wei ght of silver, and a bal ance

of tin, &mi2@searond conposition including about 80% 8Auszeosmogbe of | ead,
about | % 3% by weight of silver, about 9% 11 % by weight of antinony, and

a balance of _ti Sone .enbodi nents ma rise from bout 0% 4% by wei ght
of silver. Indg l%mﬂ?%ﬁg%mwwa%gaﬁl@ g’éPﬁaBﬁ’% #%have about 78%

82. 9% by wei glabn@ﬁods@aﬁnhéle @aﬂ&ngmaq&h g)?&ﬁﬂ@‘ﬁo%ﬁ@l@slhé' on nay
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t enper at ur e/ pl(@gssiz@dﬁmw@,r@apgjewr)habe vi bration sensors, dovvnhol e
- accel eroneters ovvnhol e flyxgates,.etc. The 2005/ 071750,

- PCTUS2005/ 00054811 downhBy aother srabetimient; gy asterpb lbf\é\gémaé’ BEyAS? SRS ¢ or
paranmeters angg tﬂ%s% hicé gt k8 obhe and/ or
pressure downho%g fgd%g@éﬁ%%@ rgcrpgbltdg%l cs of osuggﬁf’%gécﬂeﬁ?or mat i ons
(such as resi i:eads/114y Inganaramba@nmentst&ndom:holptmnséﬁ&ey 164 omysn¢ludgonspert i es,

etc.), the characteristi c or ehol Si.z di anet er, shape,
etc.), etc. [Bf)?ffeqoﬁlpﬁﬂ i% 'Eli‘ %,‘\gi@ggﬁﬁ 8¥ %y i ncl ude a

circuit 142 eeﬁpés%nthsas&a\wb@émeﬂ ﬁt@d&ﬁéﬁ%%e e@ﬂiokb%ﬂﬁe PIurJa]ﬁ?%f one of a
plurality of leads 114. In sone embodi nent's, the downhol e transducer 164

may include oieads bi4. ihesconpagtion k26 e instude about K8 %chss weight ofites abﬁiljl al so
| ud f th
1w o coml A 120, 6o 3080 ok AR, B, g0, oL T o (1o

of tin, about emBbdimehts\the abrhiperitich 126aniy iaclddedout 6 1509699y byvaleight oOf ant i mony.
In sonme enbodjnents, the, corr{)05| tion 126 may include_ about 61% 69% by

wei ght of tiH0 § %GWW@%&%PW“G%VW 88 use in
areas where | bﬁedp b%‘aéiuo |srrut di&x@llﬂdég@e&sﬁﬁlfe‘”ther i ncl ude one

or nore consti uents o) enents such as tellurium
ni ckel , cobal Eenstituents of copper, bismuth, and elements such as tellurium, nickel, cobait,

cerium, lithium, beryllium, selenium, magnisium, cadmium, and indium
(perhaps to improve wetting and or refine microstructures), and/or one or more
rare earth elements selected from lanthanum, cerium, praseodymium,
neodymium, promethium, samarium, europium, gadolini\iﬁ:l, terbium,
dysprosium, holmium, erbium, thulium, ytterbium, titanium, vanadium,
zirconium, chromium, and Iutetium. The assembly 168 may include any number
{ of circuits 172, including downhole circuits.
[0022] In some embodiments, the assembly 168 may include a circuit
board 134 having one or more electronic components 174 coupled to one or
more downhole transducers 164. The assembly 168 may include a composition
126 attached to one or more traces 130 included in the circuit board 134. The
composition 126 may include about 83%-87% by weight of lead, about 8%-12%
by weight of antimony, and the balance of tin. Thus, the composition 126 may
have a flow temperature range of about 230 °C to about 260 ° C (and in some
embodiments, a flow temperature range of about 245 °C to about 255 °C, or
about 245 °C to about 250 °C), and a solid temperature range of less than about
20 °C to about 200 °C (and in some embodiments, of less than about 20 °C to
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cerium lithium beryllium selenium nmagnisium cadmum and indium
(perhaps to inprove wetting and or refine mcrostructures), and/or one or
nmore rar W@shrizseenent s sel ected from | ant hanum cer iREHUSBHGHOEAY mi um
neodym um pronet hi um samarium europi um gadolinium terbium dysprosium
hol m um er bi Ygky:tARlPCUSE ab8hRS BE Y MThd Adkséibl %Sﬁa@gﬂélﬁﬁg irchitd £RA)1 UM

chrom um and u‘%eti um Tall'?e asgerrgly 168 may I ncl ade anycur?unber > of circuits
172, i ncl udi ngnaading dbenhvile citduits, sucl eRRinsteivegroaamsniitet] anditrs, t he assenbly
168 may include a circujt ..board 134.havi,ng one, or re electraoni

conponent s 175“(?3’!?5F@fg{ec9f8ﬁlgggsmﬂ1%?’cggﬂ% "r’urf%d E°r‘5?q§8°ﬁ? SCOTRR e
assenbly 168 mgy. IMénEkntbdensms)shé éabositid 136 haghack iHuDEE%-®7% Wy € traces -
130 included in_the circuit board 134. The conposition 126 may, i ncl ude

about 83% 87%vtsjehtef lnad, ayput Wad 17abinweighbeleatnopy, apepighit-3%f byaweighbny, and
t he bal f ot itian : t
ange ot aboutt St baldibf oS TRYe dntioathdind Tl ocifife FonPiBul AP B U1 €

t enper at ur e r @by okighbofdilverd5 C to about 255 C, or about 245 C to about
250 C), andng @&iid te erature,raT e of |esg fhan about , 20 to about 200
C (and in sond®¥Mbodi merrgotedprevdeusty, many forpplatings may be yseddp ¥71750

PCT/ US2005/ OOQ@@&m@@R@ ggﬁ-ﬁgﬁ#@%ﬁﬁﬁgﬁwm be forBRil Y p8ut Y

include circuits 1 e cirtuits, such as a transceiver, a
transmtter, &d8W-83%dy weaightiof taad cabpuif%-10% teweightefmtimbny hbew! Iye-coupl ed to

the el ectroni onents. 174.  1n . sone_ enbadi nents,.. the conposition 126 may
have about 83 ;8%‘/0 5&3%?9\%]‘15?& agqaﬁﬁlmeogﬁgu o’é"%ew aé'%nmnsgmi nony,
about 1% 3% byronehtut 09404% Dlylwidght oftbitver Brdoa{tCeentdidirhénls, thedmpesiaesi ment s may
conprise from about 0% 4%é0g/ i ght of silver. 100231 As notped previ ously,

many f or mul at eAAYeghet T8%EA S ebEeighs of g . ihmsemppiition K2bamayraes  t he
iti . Malo 0 i f d,
;ggﬁ?sb% 22 % by méc%%?%gg}ol}%%dr?gﬁ&a %ﬁf“b"%@%" #ﬁé%/lﬁs\hﬁsj%ﬁ{ho STl \?er , ean a

bal ance of ti and/Spoe @hadirare.iush slaynents sgledtadfrofmrlatthaney terfifth, 4% by wei ght of

silver. In some enbodi nents, the co ition | . L.
praseo yn(ljmm, neodymtium, pro:rrrlgtglsum, samarium, europium, gadolinium,

terbium, dysprosium, holmium, erbium, thulium, ytterbium, titanium, vanadium,
zirconium, chromium, and lutetium. In some embodiments, the composition 126
may have a flow temperature range of about 230 °C to about 245 °C (and in some
embodiments about 230 °C to about 240 °C, or about 235°C to about 240 °C),
and a solid temperature raﬁge of less than about 20 °C to about 200 °C (and in
some embodiments, of less than about 20 °C to about 230 °C, or about 235 °C).

l [0024] 1t should also be understood that the compositions, leads,
structures, circuit boards, assemblies, aind systems of various embodiments can
be used in applications other than downhhole environments, including well
logging and drilling applications, and thus, the embodiments shown are not to be
so limited. The illustrations of compositions 126, leads 114, package structures
100, assemblies 168, and systems 160 are intended to provide a general
understanding of the elements and structure of various embodiments, and they
are not intended to serve as a complete description of all the features of
compositions, leads, structures, circuit boards, assemblies, and systems that

might make use of the elements and structures described herein.



may have about 78% 82. 9% by wei ght of |ead. The conposition 126 may al so
further include one or nore constituents of copper, antinony, bisnuth,

i ndium  §olie0s0M@r50 or nore rare earth el enents sel ect @dTfuseosioerssshanum
cerium praseodym um neodym um pronethium samarium europium

gadol i ni um fum  dy,spr.osi u ] ' t hul i er bi um
titanium ,vani@fngn Zi r"\cpg’i%lg%f?]nmé‘ﬁ?%g &%Mdggﬁﬂo&?e? Lﬁgﬁlﬁﬁg’é%r%é enbodi nent s,
t he conpositi gfiuck@@s, difeyit baxds,asfdmblies, and eysteamsr of vasogembodahans 230 C to
about 245 C (and jn_sone, enbodi nepts.about 230 C to about, 240 C, or about
235"C to aboutnoufs 643°Ff°m§r%|f°5m§’d1s?‘ﬁmti’é%ﬁ§?cﬁ‘é Gompwerspomgpugicalion apd \ “ahout 20
C to about 20Q; G ki JAPAHNERIN: 20 C to about
230 C, or abog%g%lga%sélﬂgfgom "It shoul déséﬁggle%]g’s%?ﬁ%eg%ggﬁgg}ét&hat t he
conposi tions, embadiied pretessors, and gppliskiianuspecifioamath]essnclpding inudtilaygid syst ens of

vari ous enbodi it s. can, .be used in | i.catigns, ot her than downhhol e

envi ronnents, nﬁ 1 irﬁﬁd%ﬁ'léjucﬁ(‘i@‘amfg“pdp ?%tsi%qcﬂﬁesaﬁﬁui’@% ns, and thus,

t he embodi MeNntagseHIRARY) aAd Sysidths fnly RetherSt ihéliHédst suB REmpbhdnis withih @ns of
conpositions 126, |eads 114, package structures 100, assenblies 168, and
systems 160 arari¢thioéplgetdonie systens, sichas tplevasions. cameras, selbaritelgphonet he el enent s
and structure rio ep‘gg WAL d. i to serve as
a conpl ete desf’g{s?%@icgrﬁggtfcr e ﬁé’%%g urégltdg(?}‘lag%rffgvggﬁ%hsb%tsd%%géds,

structures, ci[0626it boarThs paciaigeshicthies 1063 hehds ¥ 34, dem finishi 118nlegdi122yake use of
the el enments and structures described herein. 8 WD 2005/071750
PCTI US2005/ 00G30positiens 26, masss il 3@ ciremEbaard 1 34rybend dead derm |36, pad 38

OMROS 1 0ns. shAS 140, MebHR 145 Sherle 04! brobRBGCHe, ABRERDICRANG. SYot ems of

various enbodi'nents” 1’'nclude €l ectronic’ circultry use -speed
conput ers, conligital caiverer Edddigitalgnahalpg oamestent 6 anatag drrdigitadl tter 158,

transcei vers, npdens,..process nmodul enbedded processars, d
gpplhi cati on- fﬂ%@i@ﬂ;ﬂ%ﬂﬁﬁg??%frép'gﬁﬂnﬁéq’rﬁ?l _ P%F‘;‘E‘C?ﬁﬂ 'r‘:‘]fﬂlhl‘t_pl%ﬁbdul Ss.
uch Cconposi 1 i38ddmbl I gircdits 190! ad@fectrbhit Gbinbor® O3 mayddBbl i es, an
systens may further be ilrfcl usded as sub-conpogents withiy?\ﬁa variety of

el ectroni ¢ syshapgsrizadas “modples'ehareinofiuch medlesmay ineludeherdwarsl ephones,
personal conpyf eig, WIS AEIRNF andB%hOSory didils, RAVEE Brogtéll Wblafifks 2Nd

ot hers.

et
-

tn

and objects, and/or firmware, and combinations thereof, as desired by the
designer.

[0027] It should also be understood that the apparﬁtus and systems of
various embodiments can be used in applications other than for downhole
drilling and wireline logging operations, and thus, various embodiments are not
to be so limited. The illustrations of leads 114, compositions 126, circuit boards
134, systems 160, and assemblies 168 ére intended to provide a general
understanding of the structure of various embodiments, and they are not intended
to serve as a complete description of all the elements and features of apparatus
and systems that might make use of the structures described herein.

[0028] Many lead finish techniques may be employed in the
semiconductor industry. Two of these include plating and coating. Further, at
least two types of plating may be used, i.e., pure metal plating such as tin
plating, and alloy plating, such as tin/lead plating.

[0029] Coating can be a process of depositing a filler (e.g., solder) over a
surface, achieving metallurgical bonding through surface wetting. In some
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[ 0026] The package structure 100, |leads 114, lead finish 118, |ead 122,
conpositions 126, traces 130, circuit board 134, S-bend |ead form 136, pad

138, packegeoosdfrsici rcuit 142, substrate 144, processaictidi3oosmoe®sy 152,
anal og-to- digital converter 154, digital-to-analog converter 156, anal og or

digital filter .15 d kSl 1 wnhol e

t ransducer 163‘?%%%85?’%%5%?%85@5%%%9%{%%F?’%ﬁﬁ%ﬁﬁ%ag%gkgﬂ%ect ronic
Conppnelntz 1E&mimad nﬁblbel!@wab_ﬁiﬁ@i&t@eés;wﬁde&ﬁsibﬂmiylpmfanhmpeﬁm/ ttimt p&ttdth modul es
may include hardware circuitry, and/or processor and/ or ry circuits,
sof t war e prog%ﬁ%ﬂre@ss:éﬁ@%ﬁ'moféﬁ%ﬁ cf tq brgoated bythe 1g$ﬁ3¥nations

e 5 S Rt i, b St g o

that the apparatus and systens
appl i cati ons syrtasks thrhegh the surfasedmmingthe doatingipmopessad wi r el i ne | oggi ng

tions, , ' nbodi nent t : imted. Th .
P ust rat  one HRO oaus SaBg IS 2R A Ton 565158 mits elsePomlgin etidhess s, ot ome
160, and asseﬁ@hbﬁaesk@&deﬁo@iﬁhgh%ﬁ&@&f%ad@mﬁiaiﬂdacegm%giﬁ%auﬂ&&ttstandi ng of

|

the structure of various enbodinents, and they are not ended to serve as
a conpl et e dethEpughia condestive mediupk obelestEnlyts. Anclectaplating systemumeyfiBus  and

systens that mﬁ%ﬂ%ﬁé@%?)e%ﬁ%@%{f”ﬁwﬁiSQIS'ZG%{hl%es eertgibg. [ 0028] Many

| ead finish techniques n conductor I ndustry. Two
of these incl bsited)Rpini apdewhicomty sgve dstthé Strce cficoatigaabtal; Bpat ypes of

plating may be used, i_e., pure netal plating such as tin platipg, and
alloy plati ng?leﬁéﬁea‘gmhﬁltﬁ%%mﬂsﬂ?qﬁ‘gm ﬂFG@éB g@ﬁqlﬁ@%‘ﬁﬁs Bemdher ocess of
depositing a ( Affode s =V | 1 urgical
bondi ng t hr ou%%ddéﬁéafyﬁé‘gfﬁretf??éng. |npésﬁg#%%§°3(g%doh8‘%1@ff%§wp%$? 3905/ 000599
enbodi nent s, tirenponenesgy ised ol theplafingptoesss.coat i ng when the filler has a
nelting tenp reb about 315 Sur face tensjo y play an
i mportant par EHOSHJ_the _§tzilﬁﬁﬁﬁwmg}usgﬁ@E%eﬁ%f%@W&cgwé‘gsurface to
be coated by {J\@ribiid &BbodiBentd :Fo?\éfeﬁnplé’; ﬁh&ﬁb@!&?ﬁmﬁ?@ifﬁoﬁsﬁ%ﬁ?mﬁr ow at the
u

surface-filler interface as filler spreads through’ the ace during the
coati ng procetmoving a first lead finish from a surface of a component lead prior to attaching

a composition to the lead at block 215. Removing the first lead finish may in
turn include removing the first lead finish using a chemical process at block 219.
Alternatively, or in addition, removing the first lead finish may include removing
the first lead finish using a mechanical process at block 221.

[0032] The method 211 may include attaching a composition that
includes about 85%-98% by weight of lead, about 1%-12% by weight of silver,
and a balance of tin as a second lead finish to the surface of the component lead
at block 225. Some embodiments may bomprise attaching a composition that
includes about 0%-4% by weight of silver. Some embodiments may include
attaching a composition that comprises about 80%-98% by weight of lead, about
0%-4% by weight of silver, and tin, including balance of tin. Attaching the
composition may include attaching the composition using a plating process at
block 229. Alternatively, or in addition, attaching the composition may further

include attaching the composition using a coating process at block 231. The
method 211 may conclude with attaching the component lead to an electronic
component at block 235 if the lead does not already form an integral part of a
package structure, for example.
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[00301 Tin plating may be a form of pure nmetal electroplating, which can be
a process of depositing a coating of netal on a surface by passing a current
t hrough a WOAMIETY¥ nedium or electrolyte. An el ectr AETAS2005/089582 em nay
thus have four conmponents: 1) a cathode, which may serve as the surface to
be coated; 2j0038] anodeLcadfinishes@YbeHPpNel By inbRds tHes€ withfa iclal i ng netal ; 3)
an electrolyte, which is the aqueous nedi umthrough which the netal ions

fromthe anobarigegver paeppeelead fampe Insomepebodiments pppropadieigiour ce, whi ch

may supply the [ . 55’1? N tps [:0031] FIG 2
is a flow cha;etm p%ﬁutijrgr#g@%sng s%]\g/%lfi gﬁ%?ﬁ%ﬁg&§§&aﬁc@% %lidrjlglgafocl)y;\lﬁgri ous

- enmbodi ments. Niimesaionl A a somk bmbodiknispy proogs mmyatrip/o ff thecdrigieal of enovi ng a
first lead finish froma surgace of a co,npor%efg_tml ead prior to, attaching a

conposi tion t as-Paaufpeugd Jgad lang 1ec0atyEHH R Heigh tompergturedinishés.sh may i n
- s o . TR Sos TETOTT, o t
urn incl ude Aflgc&mxn%%@%gﬁlsﬁ,rg% EleQboifsidRigmarsoiol. cal process a

bl ock 219. fron, removing the first lead finish
may i ncl ude r f{034] ng tTiwsf inrseme lephddifvientss amethod ¢ 1 & may dhclwdemmopingcess  at

bl ock 2z1. [00321.T thod 211 may |nclude .attachi a conposition that

i ncl udes abouf‘%gé%aggd)égg)ﬁ%? a°81°¥? kﬁ%atﬂﬁ?ﬁlﬁﬁgfggﬁw %ei ght of silver,
and a bal ancecghpdsitiondBat dnched AftkéINAE anbble hhbtd] s hREcond 1daaTmisH tolthee conponent
| ead at bl ock 2%5. Sonme enbodi ments may conprise attaching a conposition

that i ncl udesurfase atblodks 22% Remowingtihe st load {inish adaek 2¥opay mshtds may i ncl ude

Bbout | 0% 4% BYRER PIE stk SR pERalySetos APRRALAD IR ° 150
Att achi ng themeelsautnﬁwﬁlii,méeamaﬂmdcldml UAlitachirigahdédipdsitdn@0 B1o0E 2R adyusi ng a

pl ating process ock 229. Alternatively, or, in addifion, attaching the
conposi ti on nifludgpsiRg at leasheng pracess seledted o pplatingpercess G- ng a coati ng

process at bl %&% pr-g&%s) d?ﬁio'&?ézi, 114 %M%ﬁ%{ﬁﬁ#gfﬁfv%@ ‘%"Bﬁ‘gﬁ ng the

conmponent | ea an ‘el ectroni ¢ conponen e | ead does not
al ready form process) &#dplavk 238rt of a package structure, for exanple. 10 WO
2005/ 071750 PEpLLS2005/090500, 100331, Lead, £i,nishes 1o be japplj ed my

to be executed in the order described, or in any particular order. Moreover,

various activities described with respect to the methods identified herein can be
executed in serial or parallel fashion. Information, including parameters,
commands, operands, and other data, can be sent and received in the form of one
OI MOTe carrier waves.

[0036] Upon reading and comprehending the content of this disclosure,
one of ordinary skill in the art will understand the manner in which a software
program can be launched from a computer-readable medium in a computer-
based system to execute, for example, the method described in Fig. 2. One of
ordinary skill in the art will further understand the various programming
languages that may be employed to create one or more software programs
designed to implement and perform the methods disclosed herein. The programs
may be structured in an object-orientated format using an object-oriented
language such as Java, Smalltalk, or C++. Alternatively, the programs can be
structured in a procedure-orientated format using a procedural language, such as
assembly or C. The software components may communicate using any of a

number of mechanisms well known to those skilled in the art, such as application
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barrier over a copper lead franme. In sonme enbodi nents, appropriate high
tenperature finishes may include N Pd, N AuPd, N Sn, N Ag, and electrolysis
Ni /i mrer smwazedsio7itse some enbodi ments, a process may st rega/uskdosiodogesor i gi nal
or as-manufactured |ead finish and recoat with one of the high tenperature

finishes, s rhmrsmn Au.

[ 0034] Thus Ué}ﬁg%%n]gl e%%ﬁykﬁgﬁrOGMS%%ﬁke%ﬁﬁw ﬁiugldhurg:armw ng a first
I ead finish fprocedareseallbathe ‘mﬂchmgseﬁ&a:adsusbhﬂmﬂmiéiﬁs aadotlithitediorgy a
conposition that includes ni

kel and a noble netal.. a secqnd. |l ead finish
Lo the surt st %@armrwam@%‘i%wwverﬂgmm@eﬁ@@m M) ock 215
may include USRS AHANELSHA ExEndiblel: Afhas @dwrat bl ock 219,
and/ or a nechani cal process at bl ock 2161? ATt achi ng t he composition at

bl ock 225 rrayemedaheICtemasbngpahzed, suchtas software aeaskies sédteproeebsingom a pl ati ng
process (e.g ctrol vsi roces t.h 2 and a coating process
(e.g., an i mwléaaf‘gw%ﬁ A“gﬁfc?%ég‘?g %{SPW%R%%“W% ﬁﬂa"ﬁ%ﬁlﬁc’% S%t ed t hat
the methods dsiedtioR s duiieer @ederiBed i@éinhave to be executed in the order
described, or in any particular order. Mreover, various activities

descri bed wi ti903@spect FI&-Briea bock dingramiatan article 382 pedordingte WEOUSxecut ed i n
| t d
oper ands,  and2otlimbAS Yutils a8l 4 Almob/ybidfy L ABALAR! Bl ik 0 TANIC,

nmore carrier me&ﬁher[sﬂﬂag&]de{dparandﬁaadnmrpaaﬂeleammicedmwdigystém Theit ent of
this disclosure, _one of Cg&dl nary skill in_the art will understand the
manner in whi ®Hcls 383 maydn de[ﬁr%@‘ieé%ré%Cﬁ@l?da@ﬁcq%wuﬁerml%nputer-readabl e

mediumin a %E&? met hod
(descrlbed |nCﬁ|§?agwﬁl§bc%1 gmé%ﬁ%@ ?yas C}B’%ldl% eggdr(?%ﬁl’%ﬁﬁr%lher
under st and t her eletromagngtic egnductor)iipvidgaasspcaayesintdratation sithelaterdfl oyed to create
one or nore soft prograns . desi ed to..l n ormthe nethods
di scl osed her&Ffi@ eﬁe?g {‘37805?1&%“ Pra&A g?p@ﬁ‘%r#“?i ‘ng‘FI%E’ hri ent at ed
format using RBeQ, ?&n@ﬁﬁﬂi&%ede%n%@ﬁ%ce%mw eHfotAingiRh hétRh, or Ct+.

Al'ternatively, the progranms can be 'structured in a procedure-orientated
format using @rpxmrd@wahosemg@mgéedmbhmﬁwdﬁ§m¥ or C. The software

conponent s nB[)ﬁOSﬂmm ni Cl@[afy en%boiagnenqgmay b8 included in components (such as a
downhole tool) of a downhole drilling operation. FIG. 4 illustrates a system for

drilling operations according to various embodiments. A system 400 includes a
drilling rig 402 located at a surface 404 of a well. The drilling rig 402 provides
support for a drill string 408, The drill string 408 penetrates a rotary table 410
for drilling a borehole 412 through subsurface formations 414. The drill string
408 includes a Kelly 416 (in the upper portion), a drill pipe 418 and a bottom
hole assembly 420 (located at the lower portion of the drill pipe 418).

[0039] The bottom hole assembly 420 may include drill collars 422, a
downhole tool 424 and a drill bit 426. The drill bit 426 creates the borehole 412
by penetrating the surface 404 and subsurface formations 414. The downhole
tool 424 may be any of a number of different types of tools including MWD
tools, LWD tools, etc.

[0040] During drilling operations, the drill string 408 (including the
Kelly 416, the drill pipe 418 and the bottom hole assembly 420) may be rotated
by the rotary table 410. In addition or as an alternative to such rotation, the
bottom hole assembly 420 may also be rotated by a motor (not shown) that is
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nunber of nechanisnms well known to those skilled in the art, such as
application 11 WO 2005/ 071750 PCT/ US2005/ 000599 programinterfaces or

I nt er pr oowe20030MMENI cati on techni ques, includi ng renotRCT/H200%08069¢ cal | s.
The teachings of various enbodinents are not limted to any particular

progranm ng | e | s ' 4 Language
(HTML.) and Ex%? Igﬂ k/gﬁg\égﬁ%g%%uhalgagb?%% Qﬁﬁgﬂgﬁ%ﬁ% dyg%t:)hglﬁhents maybe
real i zed, suchheahilloollhrsaiC alwo dndyessiffer) dtecbopomdetesissamblipd2dwarnkow tet a

processi ng systenm.i npl enent ed net hods,. and vari,ous..pr. sing operations,
further descr‘?%@_ﬁlq‘i’g‘rp%gﬁ?}? ﬁggﬂ“’ﬂs&rﬂ?‘f’?@%h&%lﬁﬂgg mof an article 385
according to Xahidhgy (RIRVAGSHTBRVdedDythe &Fl SolREMR R0 aslisHRADANI B St €M a
magnetic or optical disk, $oie othef storage device, and/or any type of

el ectroni ¢ de426de therpensteatiomof thesurfage404|and d83ubsyiape Eirmatoss Pdocessor 387

coupled to a I ne- aggcessi bl di.um suc a 38 UG 0 . @ menory
I ncl udi ng an @p@t rical ,%‘?‘?%%°%Bﬁ”°8ﬁ’8@?¢b ﬁ%nd)n%ﬁrggiﬁna ctory having
associ at ed i nf@g (Riowars “gfiliip adu@d”PR4m a et 434ethifigh @thoge 436 ipthter program
i nstructions and/or data), i ch when accessed, results in amachine (e.g.,

the processordrgbmpe Hi& deyymiorthe ikt hit 426 Bhesdrilling, fuidieanfios ot fromythse
i mpl ted i g 1 . ' b
ol uded 1 cil 4T aR s bRUPHY e SurtacDinblen B Men DI AL, ARObORRY PP,

oper ation. Flike ddll pipedd8 and the sides yHthe ibofehole 482.i The drilling dludd maptheaccordi ng to
various enbodj nents. A system 400 includes a. i1ling rig 402 |ocated at a
surface 404 ol?eléhmlt‘?thﬁﬁ lFﬁ‘}’H‘@eﬁS&g]hg‘Eﬁﬁ?g rﬁ‘isAg%q}'ﬁlﬁ’Sm or a drill

String 408. Thaual fihih ot E%d?% Elfﬁﬁis%ﬁﬁas%r&v‘?&@foﬁleﬁbgir&%ﬁ?ﬁ&ﬂhcf or drilling

‘a borehol e 412 through subsurface formations 414. T string 408

i ncl udes a Kedilibiti42 quringtthednilipg opeationi dwlditionaldly,ithd dptllipg flaid and a bott om
hol e assenbly 420 ocated at. the | owe oLtion, of deill...pLpe 418).
[0039] The. boeEgHrs bt Sthatihe Mt priftsls droelet bagibp art b5 2
downhol e tool4%24 and a drill bit 426. The drill bit 426 creates the
borehol e 412 by penetrating the surface 404 and subsurface formations 414.

The downhol e [0083] 424 Thedowahelnjood fi24may instude ohe af mpee leads thdpes of tool s

i ncludi ng MAD, 1 ositions 126, circuit boards 134, systems 160, downhole transducers 164,

and assemblies 168 (see FIG. 1), to assist in monitoring various downhole
parameters and, optionally, generating data to be stored in one or more storage
media, perhaps also located within the downhole tool 424"('6. g., similar to or
identical to a memory 152, see FIG. 1). The type of downhole tool 424 and the
type of downhole transducers 164 mounted thereon may be dependent on the
type of downhole parameters being measured. Such parameters may include the
downhole temperature and pressure downhole, the various characteristics of the
earth formations (such as resistivity, water saturation, density, porosity, etc.), the
characteristics of the borehole (e.g., size, shape,.etc.), etc. Thus, the downhole
tool 424 and other components the drill string 408 may include compositions,
leads, structures, circuit boards, assemblies, and systems according to various
embodiments described herein.

[0043] Using various embodiments of the invention may improve the
manufacturability, reliability and service life of leads and clectronic assemblies
having unique compositions, including solder formulations, applied. In some

embodiments, these compositions may provide more reliable use of various
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tools, LWD tools, etc. [0040] During drilling operations, the drill string
408 (including the Kelly 416, the drill pipe 418 and the bottom hol e
assenbl y wooosierytse rotated by the rotary table 410. IpoTaSRl0s/00m89%r as an
alternative to such rotation, the bottom hole assenbly 420 nay al so be

rotated by a gghg - ( L]Ryvgg]” ' e%{j@&g&g 7 Wﬁﬁﬁ U82005/ 000599

downhol e. The dri h‘c%%tplogrs Eﬂma gganll}‘ée to a &%\él grag oéthe drill bit

426. The dri ddllisg)l IIﬁE@néé’xﬁb@&mnﬁmo&hn@t@ie&ds&fbhbﬂrmmmlmnamsenbl y 420 to
all ow the bottom hole asserrb Dtotransf th ight to the drill bit

426. Accor di nﬁﬂ tha 8%1 tempeIRtyFR 1o %f?gwhélal WOP"RQ ﬁ%b\é\%tﬁglpgr% al so assists
the drill bitg, f nﬁ&w&[gﬁ@eﬂerét&}eeﬁuﬁémw@% irbig ogubsur f ace,
formati ons 414 0041] During dri oper ati ons unp 432 nmay punp
drilling fl uwell (dggnwdeusesmhndlmamg)enntdm)prﬁ\re@hv@tmmaqmn0 t hrough a hose
436 into the drlltl glge 418 down to the drill bit 426. The drilling fluid .
can fl ow out ?SF%%?F%O HITPY bit 426 and returns back to the surface t hr ough

an annul ar ar pa4440 betmeaacorhﬂs@]yﬁfg dxhwmgpmaﬂfb&namirttﬂéfboﬁlsﬁ@ﬁ bef the
bor ehol e 412. The drilling fluid t hen be returned to the nud pit 434,

wher e such fIWPHOf@“WqﬂPEr@éDOA@EW% gpecifiembaimentsig Whidithe can cool the
dri1 1 bl 426, g vellocs, B h0F WKARELIO Qb dihLB | 926

during the dri I'ng OpEr |ng renoves the
cuttings of thffﬁaa:ttsiefaﬂa@enafbwﬂmbeskmﬂedélﬁ&e(zrﬂatpmbubythehacﬂmgéI b|t 426.

[ 0042] The downhol e tool 424 my ncl ude nore |.eads 114,
conposi tions 4‘2‘3 egth"@H%t tgga?:agod}@gntsgofgg ﬁﬁf@@n E°¥Plnsducers 164,

@nd assenbl i egcf e kidRurkll dad 1dicallsBbdiRdtions atd\cHERGEs oLy BimMdRWigtbdt downhol e
pararret ers and, optionally, geherating data to bé stored in one or nore

storage nedi éepaﬁwgl'fmnsthalsg@pelofdhsd&clmurm iBhis RetadledMestriptivn,chersfote, (e. g.

imlar t FILG, h f downhol
Cool 424 anq. et Bs s AT Sk 3 o St mbSfimeBliacn oy be
dependent on géfRed b¥RDyThe spenasd Gaif] A0®Y Wit tHeah eanye s etfudshlentiieh

parameters may_incl ude t he downhol e tenperature and pressure downhole, the
vari ous char awhish sech cdaimg pre enditled

[0045] Such embodiments of the inventive subject matter may be

referred to herein, individually and/or collectively, by the term “invention”
merely for convenience and without intending to voluntarily limit the scope of
this application to any single invention or inventive conoe{)t if more than one is
in fact disclosed. Thus, although specific embodiments have been illustrated and
described herein, it should be appreciated that any arrangement calculated to
achieve the same purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all adaptations or variations
of various embodiments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be apparent to those of skill
in the art upon reviewing the above description.

[0046}) The Abstract of the Disclosure is provided to comply with 37
C.FR. §1.72(b), requiring an abstract that will allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the
understanding that it will not be used to interpret or limit the scope or meaning
of the claims. In a&dition, in the foregoing Detailed Description, it can be seen
that various features are grouped together in a single embodiment for the
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earth formations (such as resistivity, water saturation, density, porosity,
etc.), the characteristics of the borehole (e.g., size, shape,. etc.), etc.
Thus, thewdaueshei?se tool 424 and ot her conponents the BIT/US208%000399 408 nay

i ncl ude conpositions, |eads, structures, circuit boards, assenblies, and
systems accor ol3iTexel 43] Usi ng
vari ous enbocﬁ%#g?tjps%%ﬁl]@“%nve%ggﬁﬂgan@ﬁ? r%\[}g@?ﬁcl@ﬁﬁgﬁ ac Ut abi | i ty,

reliability antér[ﬂﬁed/amﬂhﬁixg anf inteptisisthatrthe dhmﬁiremhommmtemhlrmorehaw ng

uni que conpos tlon |nclud| rul ati I .sone
enbodi nent s, ﬁﬁH?TFF °ﬂ%§ ?ﬁg gﬁ“ﬂkﬁ@' &QB? arious 13

WO 2005/ 0717%&&%&&%@0@&& %%%taﬁés%lésgmh&amﬁaﬁ&%ﬁasmg)e &asabsédermer ature

envi ronnments (e. downhole dri g). In some embodinents, recoating the
| eads of el ecﬁmb@gmnbol?pménf@lomgﬁm@shrghﬁr@m@qmmrmeémteahbf| nish that is

conpati ble w r ol d wll. 0 pernlt use in high

t enperat ure e%%%ﬁ?%#ﬁlg& %tﬁeg%q@ sgqﬁ%pgoqqlm "1385?5? g devices), and
may oper ate tegnyodmveant contam nation of the associated sol der joints.

[ 0044] The acconpanyi ng drawi ngs that forma part hereof, show by way of
illustration, and not of limtation, specific enbodinents in which the
subject matter may be practiced. The enbodinents illustrated are descri bed
in sufficient detail to enable those skilled in the art to practice the
teachi ngs disclosed herein. O her enbodi nents nmay be utilized and derived
therefrom such that structural and |ogical substitutions and changes may
be made without departing fromthe scope of this disclosure. This Detail ed
Description, therefore, 1is not to be taken in a limting sense, and the
scope of various enbodinments is defined only by the appended cl ai nms, al ong
with the full range of equivalents to which such clains are entitled.

[ 0045] Such enbodi nents of the inventive subject matter may be referred to
herein, individually and/or collectively, by the term"invention" nerely
for convenience and without intending to voluntarily limt the scope of
this application to any single invention or inventive concept if nore than
one is
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in fact disclosed. Thus, although specific enbodi nents have been illustrated
and described herein, it should be appreciated that any arrangenent
calculated to achieve the same purpose nmay be substituted for the specific
enbodi nents shown. This disclosure is intended to cover any and all
adaptations or variations of various enbodi nents. Conbi nations of the above
enbodi nents, and other enbodi nents not specifically described herein, wll
be apparent to those of skill in the art upon review ng the above

descri fldims. [ 0046] The Abstract of the Disclosure is provided to conply
wth 3?&’ha&% Ii?.e(iLiSYZ(b), requiring an abstract that will allow the reader to
qui ckly agcglflal n"the nature of the technical disclosure. It is submtted
with the wunderstanding that it will not be used to interpret or limt the
scope or nmeaning of the clainms. In addition, in the foregoing Detailed
Descri pt i on® cPmpenght lsad s@BPrsiRgiat various features are grouped together in a
si ngl e enbogj : )| R 0% : se of
Straant ni ng TR 5t A e O PG e R PR NRigh oL B

i nt er pPdtl ¥byaseightfdf @otimogy, and a halemtei af tintattaghed hfiercd faishieatl Bmiblotichedingdinr equi r e
nore features than are expressly recited in each claim Rather, as the

foll O\M‘Sﬁﬁmﬂeﬁr ms reflect, inventive subject matter lies in less than all
features of a single disclosed enbodinment. Thus the following clains are

hereby incorporated into the Detailed Description, with each claim standing
on itsZown 3kelgadeirdaioy b wherginthieseqond lepd figishiingudepBato-9850 by ayeighyiof lsad, 1. A
conpongit 4d q iI.8l.ng: lead finish including 80% 98% by wei ght
of Ieag% %&3&6%%#@??{]%?33%5%&%&1911 % by wei ght of antinony, and a

bal ance of tin attached after a first lead finish including tin is renoved.

2. The_l ead_of claim.1, erein the second, |ead finish includes 85% 98% by
wei ght 3of @%Fdl,eacl QoI byvhgesiny ogPaRery lead 154 e souplitin adeagrolaisprlace

mount component.

4. The lead of claim 1, wherein the component lead is coupled to a downhole electronic

assembly.

5. A package structure comprising:

a package; and

a plurality of component leads coupled to a circuit included in the package and having a
second lead finish including 82%-84% by weight of lead, 1%-3% by weight of silver, 9%-11%

by weight of antimony, and a balance of tin attached after a first lead finish including tin is

removed.
6. The package structure of claim 5, wherein the circuit is included in a substrate.
7. The package structure of claim 6, wherein the package structure is part of a downhole

electronic assembly.

8. A circuit board, comprising:

a processor; and
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3. The lead of claim1l, wherein the conponent lead is to be coupled to a

| ead of a surface nount conponent. 4. The lead of claiml, wherein the
conponent |lead is coupled to a downhole electronic assenbly. 5. A package
structure conprising: a package; and a plurality of conmponent |eads coupl ed
to a circuit included in the package and having a second lead finish

i ncl udi ng 82% 84% by wei ght of lead, 1 % 3% by wei ght of silver, 9% 11 % by
wei ght of antinony, and a balance of tin attached after a first |ead finish
i ncludi ng t# #irqué coprlpdipdhie pocesParangddralidsd in ¢ pacegs Erusture h&‘ilﬁs gplugghit ei n t he

circui bt do % Enéioﬂgdt ll'é%ﬁghéﬂn%‘a §é&gﬁ& {edd Bnisk 1ncmﬁ1gg§f%(ag% §§/ Wg’hl'léﬁeé?f 09)-8,m 6,

wher ei package structure 1s part ownhol e troni ¢ assenbly. 8.
Acir cbny Weigbmf(hlvemﬂ%r:l 184 by weight pf antieagprand arbelahée of toi attwhdd afleupfistl t o t he
proces or .an cluded in a package structure having a plurality of

conpon @ﬁpﬁ H?‘HQVVHb“é“E% Hnd | ead finish including 80% -98% by wei ght of
| ead, 0% 4% by weight of silver, 9% 11% by wei ght of antinony, and a

bal ance of tin attached after a first lead finish including tin is renoved.
9. The9ci r cThecitsyiibdardfof laith & Bhergindhegireuitiincledes @ pemdriic| udes a nmenory. 10.
The circuit board of claim@8, wherein the circuit includes a

digital -to-anal og converter. 11. A system conprising: a conponent |ead
havi ngl@ seTiendrcui ddardiofickim 8nwheteinnle 8RYUit WBIadey a\ddighto-afaldgaetyerfete 4% by
wei ght of silver, 9% 11 % by wei ght of antinony, and a bal ance of tin
attached after a first lead finish including tin is renoved; and a downhol e
transdy L | ead. 12. The systemof claim 11, wherein the
second eadggyﬁ%ggo#@n%g?ected froma first conposition including 85% 98%
by wei ght o0 cdnemientdeadddving a/eei:@tdtleacdfﬁm'i;h wmelnding 86%a989a bameight bf lead, §%-and a

d t 49% h ht of
o Tvor 45 5SSl Bl Bk  rbsn ey S0, Pl W pnppgthidd afdk O
lead finish including tin is removed; and

a downhole transducer coupled to the lead.

12.  The system of claim 11, wherein the second lead finish is selected from a first
composition including 85%-98% by weight of lead, 0%-4% by weight of silver, and a balance of
tin, and a second composition including 82%-84% by weight of lead, 1%-3% by weight of silver,
9%-11% by weight of antimony, and a balance of tin.

13.  The system of claim 11, wherein the downhole transducer is selected from one of a
downhole temperature indicator, a downhole vibration sensor, a pressure sensor, an

accelerometer, and a fluxgate.

14.  The system of claim 11, wherein the downhole transducer is to measure a subsurface
characteristic that is selected from a group consisting of a downhole temperature, a downhole
pressure, a resistivity of a subsurface formation, a porosity of a subsurface formation, a diameter

of a borehole, and a shape of the borehole.

15.  The system of claim 11, further comprising:

a processor coupled to the component lead.
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13. The system of claim 11, wherein the downhol e transducer is selected from
one of a downhole tenperature indicator, a downhole vibration sensor, a
pressure sensor, an acceleroneter, and a fluxgate. 14. The systemof claim
11, wherein the downhol e transducer is to neasure a subsurface
characteristic that is selected froma group consisting of a downhol e
tenperature, a downhole pressure, a resistivity of a subsurface formation,
a porosity of a subsurface formation, a dianeter of a borehole, and a shape
of the borehole. 15. The system of claim 11, further conprising: a

pr ocessor upl ed t he 0 . .17 16. The system of claim 11,
furthtsa@' co(':lmiin)1 ?%S?er{ré:opdtglrlfl éﬁpq\‘n;fﬁ?ﬁr‘]g&‘%%sﬁ ‘ed to the conponent lead. 17. A

met hod conpdn #aplifier edupdedto g cdnpongnddatli on t hat incl udes 80% 98% by wei ght
of |ead, 0% 4% by wei ght of silver, 9% 11% by wei ght of antinony, and a

bal ance of tin as a second lead finish to a surface of a conponent | ead.

18. The mtﬁb{ﬁgthgﬁc g&é.? further conprising: renoving a first lead finish
fromthe surface prior to attaching the conposition. 19. The nethod of

cl ai m 18, whaohrign commwsitiog thah énchides 80% 98 By weight dfleadheto-4%0 by mictght of

i I fi | i ni sh_usi hemi cal w20 Th hod of
c1 ar et Wil 1ef B pefeBl ot st o Pate o e TR, o G "7 ©

renovidfgcbi\%ﬁoﬁejnt&ad,l ead finish using a nechanical process. 21. The nethod of
claim 18, erein the first lead finish includes tin. 22. The nethod of
claim 17, further conprising: attaching the conponent |ead to an electronic

compongnt . 3. R BRI 70furfibAoMplibing¥er €i N attachi ng the conposition
further conprises: attaching the c?onpg'si tion using a plating process. 24.

The et hod rehowdhga first Fead finesh drom the serddviepgiot foattachipgthietcompoditiort. her conpri ses:
attaching the conposition using a coating process. 25. A conposition
conprising: 78% 82. 9% by wei ght of |ead, 9% 11 % by wei ght of anti nony,

0% 4%y Wehghtetfd of claim 18, wherein removing the first lead finish further comprises:

removing the first lead finish using a chemical process.

20.  The method of claim 18, wherein removing the first lead finish further comprises:

removing the first lead finish using a mechanical process.
21, The method of claim 18, wherein the first lead finish includes tin.

22.  The method of claim 17, further comprising:

attaching the component lead to an electronic component.

23.  The method of claim 17, wherein attaching the composition further comprises:

attaching the composition using a plating process.

24.  The method of claim 17, wherein attaching the composition further comprises:

attaching the composition using a coating process.

25. A composition comprising:

78%-82.9% by weight of lead, 9%-11% by weight of antimony, 0%-4% by weight of
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18 silver, and a balance of tin. 26. The conposition of claim?25, having a
flow tenperature range of 245 Cto 250 C, and a solid tenperature range of
below 20 Cto 245 T. 27. An assenbly conprising: a downhol e transducer
coupled to a circuit trace included in a circuit attached to a conposition
i ncl udi ng 80% 98% by wei ght of |ead, 9% 11% by wei ght of antinony, 0% 4% by
wei ght of silver, and a balance of tin. 28. The assenbly of claim 27,
further conprising: a processor to be communicatively coupled to the

ci r cuitilverpond abplangs 96HB| y of claim 27, wherein the circuit includes a data
acquisition system 30. The assenbly of claim27, wherein the circuit
includes a filter. 31. A conposition conprising: 83% 87% by wei ght of | ead,
9% 11%6y iheghmpofitiemof dimy25, hasia®e Bywwenperatursfrangsi dfi2dh’ C @SB pandence of

tin. 32,..The ¢ ositi of Gloal further conprising at |east one rare
earth Sé’ilg;&é?ﬁer é%’lggd’?g?lf’grﬁ%l grji{;rki#tﬁh cerium praseodyni um neodym um
promet hi um samarium europium gadolinium terbium dysprosium holm um

erbiu t hul i um gtterbhunl titanium vanadium zirconium chrom um and
| ut eti4fm 3% aspeBbly 6APPEFPE'on of claim 31, having a flow tenperature range

of 235 C t q g hnble tARRer Abled td £ERRSE ML tachidBdfh LLirdR!AURA &t 0 235 C 19
composition including 80%-98% by weight of lead, 9%-11% by weight of antimony, 0%-4% by

weight of silver, and a balance of tin.

28.  The assembly of claim 27, further comprising:

a processor to be communicatively coupled to the circuit.
29.  The assembly of claim 27, wherein the circuit includes a data acquisition system.
30.  The assembly of claim 27, wherein the circuit includes a filter.
31. A composition comprising:

83%-87% by weight of lead, 9%-11% by weight of antimony, 1%-3% by weight of
silver, and a balance of tin.
32.  The composition of claim 31, further comprising at least one rare earth element selected
from lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, titanium, vanadium,

zirconium, chromium, and lutetium.

33.  The composition of claim 31, having a flow temperature range of 235° C to 240°C, and a
solid temperature range of below 20 °C to 235°C.
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