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[0003] Electrically conductive materials, such as coatings, 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.
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challenges described above by providing new solder formulations, 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
processes 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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abeuinpdSiion 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.



3% by weight of silver, and a balance of tin Such
enbodi nents may provide a suitable sol derable surface

wo o00spgs@t t achment of surface nmount conponent BCT/US2005/000599
printed circuit boards with high tenperature aIons

t he nufac tronic oil we gi ng
doudekl t hat "Ses BRbSdeRh Ao Gie Rt ve the B
t e R&hFhMiRa l&{defﬁﬁﬁ{ off R, ahA®thef X@f&b@t th@ RAE wih2 nickel
0C. [ 0011] Sone enbodi ment s provid ﬁuocess to renove
t héaaserpmoteated by edayezafinobla ﬂ‘@lfﬂl éﬁgl, s sileendoafladinmt, gtc.).

| oy S simtRgre et g o Gy Bl R i S °

et Gatthchrbt@df 8T MBI SoMPincntsSio ppin@d deus bduids altehigh
sol derabl e surface for the attachment of surface nount

coripopertuse eldoysrised uthe nrasufactupdak ﬂgctwmmom ing logging devices
te rature al | oys _use
ol dRrBRIALE o R YTS Bt g AR AR B S St
en%bb@mnﬁﬂrs havi ng tenperatures greater than, for
exan&h?d about 175 0C. [0012] Sone enbodi nents may

r

i nd em)v$<ﬁ§e ambedimenls Wé{clpaﬂéaremcm%arf a%manﬁfectured
sur rﬂ%lefr I;i; Llﬁ%e Q)tf Q‘feaﬁ L ét':'fﬁgd E’H% C}fﬁﬂ lude lead, or
| NCl ude ea or ree and oatl ng

th &nﬁ:}tﬂbé Ra@-ﬁ@fe) tahé tlieﬁa;dat\mg ﬂhe auffeebrilickad ofitier leddr&ike solder

y. furth be use el enment to coupl e the coated
|eaflaa‘f§m>f elf‘eﬁaseg a?é{hF{;mc?B?ﬁ%ﬂéﬂ]F the eraedsleads siface o 2

to gﬁuﬁ‘ c&%}ﬁ@ﬂé}lt esuéﬁ‘ﬁ Q{othéi‘“é’a/doé é‘wﬁlﬁcﬁ& Fé(:j&sop%ﬁ&/@r a frhgf

cation o t he [ ead- ree sol der "coati ng,
ni doetd. kfam"rlte the gpptitaon qf it lead-Gde bylder doayng, aofickebbhwmier,

gﬁbaeh@%gbgit’mﬁ%do éﬂﬂ%%ég obf e‘iagg?uéj 9 »1% V)er;:agﬁ%(ch@n etc.),

PUTRASESaplicl b theGRfHEES ihe Rad! €ad" or "conponent
| ead™ is an electrically conductive el enment that my

f orlA0E3) i nt edratteapynedes of thas dacument, aﬁaﬂaldage“c(m@neat lead”
badkag e e Seod b TRen it e ot 8 Fe kg Far it chrouit
pagh él@h%egé B¢ thARads zya@m (iUl Ailntdgzatd émc package, the

bal'l grid array package, the pads on a quad-fl at pack,

nome@dts;@acﬂ@geﬂle@ teallvss dowitpackags(suchlasds m@a@u@f@s

hi h
e at T Qe Hobtpsiog BoRu S8 R R
S- hapehdecadse t&atactg 8 ADECT 18&h1ed cbndc bEipdhass), et )por a

carrier package) "lead finish" is
physically separate lead which is coupled to a package (e.g., aftermarket S-bend

leads that can be attached to a leadless 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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[0017] Thus, other embodiments may be realized. For example, a
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
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 silver. 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 to a trace 130 on a circuit
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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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[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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downl j ol e c'rﬁ%its. QOO 2] hi gﬁne enbodi nents, the o
as SEMY S $noe e FigoROTae BPPedimenisdasacoraprisg fiqm gbout 0%-
ongoDhy MRSt §F §Flek ONi ¢ conponents 174 coupl ed to one

or ﬁgr% dé%%holgk%ransducers 164. The assenbly 168 nay

i n§0@23¢ a conposited previbR§lyantec frechutationnmagibe moedto make up
traces 130..i nclud in,the circuit bpard 134._ The
oSSR et HTESCHAR MR8 BFHEe R grdppbout
| eady;-abrwy Beldor16M, YWeiug b%—Pf%WW&EIWOg a?rglsloﬁg,sdgogt 1%-

bal ance of "tin. Thus, the conposifion 12
f | d% bemstghapisibver,angde befangholiin. 280me Enbodialrots m2B6EmBise

(and_in s odinents, ..a flowte rature range of..

Cpor Sl BRI TR gl 1§ Mo S0 st i Sapsiion
256n)Giaye abi\d 78%580.0% BewBieheéfUERl I RO 8oRPodigSS 13@8y also
about 20 OC to about 200 OC (and in sone enbodi nents,

of fyrghes ingkede st Ee costitusaaficopsg, atimany, hisowile 45lium,

oC I {.ncl u ircuits 172, .
nadiar B TGN A el gl o b B

t r prssddyngium, asslfydiiva, pearthien, Sapaiing eafopd@hNehdolinium,
conmmuni catively coupled to the el ectronic conponents
17Er0m, dysrrodipebelmawnserbine ey o sitiertiwm] Renivay veaadium,

ab % 879 i - . 9% | .1% "
o e, g o 2
anthay hasé arfioes efnptianure Soige of ahnd 28 AT so akwt CHFPCT (- in some

r oo e, SR veLdhgf il el LOORS), e pgist

B PIDLGER S n UA SEADC ORISR

absarhe 88dbditdntsy ofillessgthtn afoud B0 I"Gum yhowr B30 PC 18mabout 235 °C).
[0024] It should also be understood that the compositions, leads,
structures, circuit boards, assemblies, and 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.



3% by weight of silver, and a bal ance of tin. Sone

enbodi nents may conprise from about 0% 4% by wei ght of
w@ri0ser175i  sone enbodi nents, the conpositi on PEHURENE000599

about 78% 82.9% by wei ght of |ead . The conposition

éfzqgo al SO Aﬁéﬂ)ﬁﬁgnébﬂﬂgé IHQ}EIH%HI%& %e W@? d?l%ﬁc?stlﬂlgn%ef&l&s

: ant
rmrmmr@ elmmhbcalr@;remmbhed end gdtefrmmﬁ sagibhhanuediments
cer.ium pr aseqdym um neadymi um romathl um sangri um
eurlﬁﬁPﬁ‘?ﬁ CEFERIBY PIRHHY ufﬁé‘rlﬂ)"ﬂﬁh ﬁ?lagilf@m corBpgAtion and

z | r c A3 p folaé’és}]ﬂ;g@uc}ﬁtff HQﬂalﬂﬁhscteNe?éq nttfemy gﬂggés%@ modules,

mum’ and lutetium hi
e n‘mndjedéﬂi proctsserscaniayplitition-h26 fiveyo dudaseinaludirgymultilayer,

S LN
ab%éen%ﬁés %dtsgs@ag %ay%ﬁhé}@eqnaﬁ&ie@asss%'c@n@gga?g Aiifrea

range of less than about 20 OC to about 200 and 1 n

s onverietydglavtnis, sysibmk gwish ﬁh’@iﬁwauit caergC celbulamwphones
30 0C, .or ab ut 23 ; 024 d hould al.so (g h

und’SFSQP%I c&’n{fﬁl SRERE 8%&3&3 18N8 e‘f H%rs whidles, grdathers.

Ci 1[geid] boar dphe @@E@gmkﬂue@re POV 1685 | EATRef FiiaH | lPS-'%ad 122,
enbodi nents can ‘be used in pllcatlons other th

dowanipesiioanl2q, tanesnt39), cirqued hmrd@%érbenlddgagh ﬁogndad pad 138,

dri] | I th d

o bR 3P Wi b, SRR TEE2, 150
Conpati toorsted 264, d dgi‘ﬁliSo -ddedog A KAGEL 5Bt ﬁﬂbﬁégléle(ﬁgﬁg%ltel 158,
assenbl i es 168, systens 160 are i nt ended to

pr @@ta&@q@sg@ﬁéwapmdﬁaewteah Hih gownhely dragsdugent &, gienit 166,

1SS 188 RLhOYD SHPORLARAL S BEaLEM RUCBE |

|nt en 0’serve as’a co

f eahametsriodd atsdimﬁmldsi’ hasin. I&mﬁsnocﬁsmdsuﬁ&}uﬂhemde Glafdeitaird
boards, assenblies, and %st ens that m ght make use of
t B EHeMAOTARIOSFSSAFANG{OE SIRATY CITBRLS, ﬁ%ﬂt\é@rﬁ progyag)modules

Apa b 8@;%@ NS AV miPete | 8 nglgglﬁagsnmgﬁbf ﬁ?ﬁ?édtﬂr}/gﬂé

structures, circurt asseﬁb I es
syslbsagmerof vari ous enbodi ments include el ectronic
comunij cat i on

BT ¥ oot o Pt Db Senaetiot srd opisms of
”DQQH&E &ﬁ&ﬁ%ﬁ@lﬁﬁ cAPERLRA it Qﬂﬁlﬁﬁfﬂfﬂ% éﬁﬁé}c’EﬁﬁfﬁE Sowihsle

appl i cation-specific nodul es I ng mu l"ayer,
ru ldtiilingrend wmduieé‘sggn&wpﬁr@tmnpwdtthw szanbwsaamsbodlments are not

N U TR T
134, systems 160, and assemblies 168 are 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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variety of electronic systens, such as televisions,
caneras, cellular tel ephones, personal conputers,

wWowrEsTEse ons, radi os, video players, vehicl espPCEHOS2005/000599
ot hers. [0026] The package structure 100, |eads 114,

SHob Il by 08 S0 SRR B e

pagkageatddbelsi pisoiit 81342, Sswfast teasion i, play acesmornt part in

148, 152 d | t
L e e og ted gLl conel & ART L
fi 551‘&&6315%1 AFRERANASRY LSl ith QNS WS §IR sléﬁce-%ﬂ%f RiRr&BO as filler

ol e transducer 164; circuit 166, assenbly 168,
CI spreadsshibngh trermirfatedtrmgrthe comimggmessss 174 may al | be

OBGL " cur 8o Bl B 5 O Biee 2 TR o R et can

”eﬁ@ﬁ rdcle§Lat dePosiBRd 4 Wi g RT At A MR8 b R PEksRIY Lairtent
and/ or firmvare, and conbl nati ons thereof, as desired

bytmmmbe@@nemve hedam] oy elecitedyted Aal destivplating @V@@r@my thus

R S e R e

dr £ddtédd@) aRdnidd] @hidhendyo@eveds thpesiatd oMatiag thetdlU®), an
vari ous embodi ments are not to be so |inited. The

| | plastrolate; whishds theagaeous maedivg thygyugh whisk thometal jens fram the
R RIS R A00ue 20 S350 e M3 P ooty e

StéMﬁéﬂﬂbﬁeﬁrgyaiddCiﬂsheegmmgmmss and they are not
intended to serve as _a conplete description of all

t
el K¥8ht s and Fﬁ@a@ ﬁﬁr%ﬂo‘ﬁfch% HasgriRe seyaral jasthods 2¢ hg@corc(fmg
t h r
BBy DR S DBESy
t hﬁan:ﬁcﬁzmmg:m ﬁehu d:dadrﬁmsrhﬂﬁtmﬁ s faawoo faf canfpement lamd pidi@r to attaching

D1 acrgosagn batesed a plogk 2% R Ehpd e it s b nasein
Ui By Iﬁ:ﬁd%%grem%?ﬁégﬁé bt I?:Laé“ﬁhﬁﬁ’usﬁl%%rblﬁﬁnéa!l Pfclc%?adat block 219.

pl at' ng ating can be a process of depositing
a Ailtleimtwély, @r.in addikiderrpmoviag tihe St fead dinishahayemchige removing

ﬁpseﬂ i BrisQ 095 & hse BB Brietd BB ae conti ng
sohe fil ge nhasda1mehdy 1'ﬁGIuE1€Hﬁﬁihﬂ{gJa[@o svrABgut

31 C. " Surface tension may play an inportant part in
t hincbulas Rpayt B6Ye@8% bysmghttotﬁéﬁadmmom -Bi% iyeve ghtfodgdver,

t %a b a gq%c%do :atshaese&l)nd 16ad ﬁmsh to the surface of the component lead

at block 225. Some embodiments may comprise 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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achieved. A diffusion layer may then grow at the
surface-filler interface as filler spreads through the

waosactesduri ng the coating process. [0030] Ti PCPUS100510P0599
nay be a formof pure netal electroplating, which can

@ggLoceSS 1814 R0 bBdpRidaAb) ouﬂ%hﬂfe {5k Wit el

assing a curre a conducti ve
”Eﬂdlﬂﬂh@i ot aeioppérrledcmane Al s@heommmmhmémts,gap@mmm hrgly

S eforapessutr i hes PRYARTBIENITEL ALARE LSt 8 Tifrapysi
mii(h/? \é?sgcﬁ?A{l h?ll %}‘}HJS &ﬁlﬁ&{lm%%té rcrg%tlﬁé stﬁ% o?fnche orlgmal or

el e e aqueou
t hegs- ﬁ‘ﬁhﬂfacﬁu@emsleid finish hred mnoaiezvlﬂ’agnet ofzghs himh ttmpdn’amre ﬁmshes,
t he

t hod d 4 . |
gﬁwcglmi P damengsh SO AR Heha Ry npbeRilReY 003t
@033 i's a frhQwitBand eﬁlb!)&{ﬁfeht%t hﬁﬂ:ﬂﬁﬁ‘@ﬁ%aﬁ%ﬂﬁg%movmg

ordln t 3 various enbodi nents. For eXanpl e
rrea Hfiosct I%Jﬁmﬁyfrompat suoﬁaaet bf3 leadhet idek 2b5m1d éﬁglchlng jar st
|l ead finish_ from u ce of co nent

{ o CHPORH L B P G 5o PR TIBLE e BT eRT 8 o the

RepmyioRg: Biaek QQS SReﬁlsﬁﬁg ftme"lﬁ@hlea@ﬁnisﬁ at YIodk RS htigenclude
renoving the first lead finish using a chem cal

pr ogieg 8 pagcebr ssddetealifgom Alchemivat PI\SDé@Sﬂ at b100k Al3daidfaren,

he
e pae PRt mloch 20 e Kb SIS may
bl gfeknd@2ibing[0 @3] onEhgod¥ed Mtéﬂlﬂzomyplaﬂhfé pideesété 8¢ hh ng
a conposition that includes about 85% 98% by wei ght _ of

| e@@ctrdwaaprop%si avhlagk %e, gRd 2 6pating Rrepess e Al PRSI
J 2,[61 ndleadflnlshtothe surface of the
co%gﬁ ¢ li’gad at bl ock 225. Sone enbodi nents may
kpe att acshbnid b2 notwdrast the artiiddatieschidbd asinadondt have
O% 4% by wei ght of silver. Sone enbodi nents nma

i ntq briekespted anths grder desesibsdar dn a%a%rtle@ﬁb%dglés FROVE
80(31?0%1 agﬁxéﬂgé @&Eﬂﬁ’éq ngﬁ‘gespgxg 04 the QB flo/ﬂ@ﬁﬂe MerQh can be

i 'ver l'ance o t|n ttac I ng
t h ex&afmdﬁ sériad ior mllelrfaélmdﬁ Iafdrﬁrahomgntlbémg@amnmtd:rs on

usmgaplatlng pro t bl ock 229. Alte i,ve

o CIATRB PR RGP K BoRFBSY FosrRagE Pt one
in t he conposition using a coatlng
prg{:}ggge(gdt% |o%:‘}l}9231 The nethod 211 may conclude with

at {(0366] ng t h&poompaliregvnd ceagrelendimgghecanteniiof 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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conponent at block 235 if the | ead does not already

forman integral part of a package structure, for
wez@spresq 0033] Lead finishes to be applied mapCT/nsionsenos99

those with a nickel barrier over a copper | ead frane.

| ;
¢ PRIFO%E%% %ﬁ%%e%?ﬁ%erp%@g%% @xﬁ CHE EIQ § %&ﬁ&ng remote
el pricediry shids. Nilfei teavhirgs of vAtious| amtmdnneremmotrhnnﬁd t@any
f’éﬁﬁﬁ#ﬁ%gﬁ’%@&aﬁ%@ﬁ% ohersonaent etighA et M
ggﬁéﬁ?é‘gﬁ fc\)/{Lr)'aﬁﬂ X tenSbd VAR (1)1? L%guiﬁe‘l‘%)_r’\hﬁl% other

ysis N /I mrersi [0034] Thus
soambeallhmdtsrmmls: realizeelt srwd asztwalys medilesd éata@nmsm a

lead finish.fro surface a
21 B L B oo SO UTP BT AR DL Ripeessing
ang G| B8Rt &dscASed@nesgaond | ead finish to the
surface at bl ock 225. Removing the first |ead fini sh
at [(93Gtk 215 Fﬁ@y3 isecblode d@grang Oéarp¢r§@1é§§5 ge¢adingdo VRBeYS

a chgn@lcalt gess at { f pl hani ctal 1 disk,
pr GLESY T SHS kasﬁfﬁfmpﬂe{’aclﬂ Wa %8 Ebnﬁ%%%“tef%ﬁr%l?m 8
bl gsike 3der §Bdagh A6¥itsl @nd/dt By Bipe beaBttr@e dpVies 85§y stem. The
selected froma pl at | ng process (e.g., an electrolysis
pr atisles)8Sanapingbide apooceaing 387 counlehly preetuseageesgble an

nov R TR ng 2208k Ao ddding b S0P, ot
beoeyestindbnitic thirluooeeiavilgsaiddiaed imdsrnatioaymulate 391,
particul ar_order. Mreover, various activities

deg@ﬁreﬁ@an B @%@Jé%rtprﬁgraﬂh@stﬁ&t%a and/eredinta)s Whigh when
0,
P REeRefi A AL (. 6 pBheds £ BeitGhuib SN Olbtions,
anébreikhepledad tpseciapldeersehin the thet}mdejf\}“e@re a.the for m
of one or nore carrier waves. % @ Uﬁ)on readi n
inclyfledd Sudy

cof¥8hendi ndlamsmboriasts By b sgPRnengH U a
or 8{7&2@% ?d%'lj Afd D81 d11iMd bﬁerayﬁfﬁtawlﬁéﬁ%té& m for

ftware prograni can [ aunched from
c odilling ropeleaadmt)zltoeomtg tormarinuacrmboiniestsb Asgdteny 40@mctuoles a

X i P Ao T S S A e
UnglgsislaBea LA sii400S THE QENIAMHNDE RAGYAGES dhgtalBY10
rrp oye to create one or nore software prograrrs

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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designed to inplenment and performthe nethods

di scl osed herein. The prograns nmay be structured in an
wokjosotr7er i ent at ed format usi ng an obj ect - ori ePCBEUS2005/000599

Ianguage such as Java, Smalltalk, or C++.

pr o{dggﬁue\/ emé arfift® fSOAQJZE}Hgy E@ESGH% 34d %fggﬁﬁgﬁh'e 48 bit 426.

re-ori entated fornat usi ng proc
| arthealyd] calachi22salasmeybtifferothe (Bottc'ﬁhélowsis@mbl@' 420 to allow the

Rl fatrb BT fantis b vaie Mool hadgss
su CAbc@?dﬁ?Ql ﬂh%él%ﬂﬂﬁ@ﬁﬁ@@b& e, éfl?&ﬁﬁrs‘lfﬂ' dﬂoez{sgfsgctﬁé drill bit

conmuni cat i on techniques, Inclu renote proce
c al426 in meaoemefa@mmﬁéhmurﬁaac Ho4 andathb(sdbsuefabs fca-matmm 414.

etV P oo - BT BBl o MMy g gy criling

( HTivia (1@{@%%“@%1@' IﬁuM ffouPa gy thrMeh 2 h-BQé‘ 336 into the

ot her enbodi nents nmay realize such as software

nodillaype 4kt dovpr b’t@@ Sirlﬂ@lfn@ﬁd Weealrilleg BAuigrcon dlosi oy from the

SIS DGR UBL DR R R BT REE  g

a hhodkl gipagn am@fheasiuaarowcd Boreible ALL OTIEH dﬁﬂhh & 1Y $hen
enbodi nents, such as a conputer, a nenory em a

maGREEHEed o thermedipit 434 vhase prchdluid is flt.ltemda cmdmgbf,, the
an%ﬂF éai’é%gtc%?gooqfth & r?%ﬁ gf% s Qf%ﬁ a§ S%)%r c%ﬂ E.‘%maatl}-cgl %f the

e a processor
madhillrbét %aﬁﬁsngbheedﬂ‘rlhﬂg opriation AddidonEnDEne EAAng Bull |
a nenory including an electrical, optical, or
el é?}??‘éﬁ%é%%@tﬁil%%% N@%{bé‘ﬂl)faq@afvmmjmag 44 pispied by the drill bit
i nfygg mati on, sinulate 391, generate 397 (e.g.
conmput er programinstructions and/or data), whi ch when
ac{@ERed, redihktdswihola tord @i meay(iaclgde ofid@ RERASSRAN 4,

AR A T ot D S
embRdhiBRbBe R (B FIaLhyids %ém@ i Hﬂﬁﬁgﬁ% ariotld (&BW%E?%

downhol e tool) of a downhole dril eration
4 phiamster: Sa{tl‘éh OBUWﬁVBgﬁnﬁmtlng ditalto hg stopet iatdne s more storage

accordln arlo od' nts. A sys 400, .

R B 1R RSy RO ottt vo 258 Gk senitaggpror

of i®n¥&d] ko a flkehdly i |5 i 's@g FIG 91)4Q“%e Ry RV S nBRROS 4240 d%he

drill string 408. The drill ‘string 408 penetrates a

r ot}@p;@f ﬂawnleola 1ransfd@cels b4 mqmgted thoeaholy bd ﬂépdﬂdem,tghthe
strin

gr gg&g t i %? ﬁlﬁg ﬁlggﬁlﬁ% élﬁgrﬂafa@ﬁ ers énaB’rIPFIIude the
pl @@Wme &Jﬂﬂaeﬂatﬁl@tah@ Bressure downhole, the various characteristics of the
carth 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 electronic assemblies

having unique compositions, including solder formulations, applied. In some

embodiments, these compositions may provide more reliable use of various

13



hol e assenbly 420 (|l ocated at the | ower portion of the
drill pipe 418). [0039] The bottom hol e assenbly 420

woreysiomosude drill collars 422, a downhol e t ooPCHP&20851000599

adrill bit 426. The drill bit 426 creates the

bor 4
e A S T

be deittihgdf Irasdmmétﬁbocﬁlﬁleﬂﬂsf ﬂeedsmtg tlhey]}aeds foeletcnmh& components

i ncl.udi ng MAD tool s, l's, { 40

dr Mifh #jich wmm@fﬁsleaé ﬁ@sla Fhaﬁ Is %omnaﬂb eAE J(qgh&wmrﬁ@re :
th I .
S R P P e e prth s
I nvatidogging demcas, amd nadyt @renat tovErevant socthmircttianiodthe t he
botton]holegﬁgsenbly 420 may al so be rotated by a

Mo REOCHHGt Jl/‘v}i"\‘)~l St hat i sdownhol e. The drill collars
42205y be usey yﬁ%’cﬁ%m‘g@tﬁa@ferﬁf é% rt Rbrboft 4Bow by
The dr|II coIIars4 also may stiffen the bottom hole

as senylfyllwspation aat nothwf llrreltzhiomt specHisl embosismenss yn whhtthe

trasfertevvel ht to th bit, 426. Accor

{ hPUTRTEET BEg AL y FaS P peiebie Bt b in
asghcint H&aﬂl kd éﬂabhe' thod2&illda ih g RERAIrhdideqRe safacﬁlﬁgs
surface 404 and the subsurface formations 414. [0041]

Dudisalpsett hdérkinn g)tb@reandzqdamsnts alamlp@ upiliAgd ar@;zdmd ﬁm@frem

dril L a

p ot o SRt 2 ey o fyd o
WB];drﬂng hemché kdopliof i Biscibbigre d Thisl Deigildd Diésdripeidn, ftheérefore,

out fromthe drill bit 426 and returns back to the

suifrido pe Facl;@g 1 & Rmatinggense, ape thesgopaeitwasens embodipents is

O BB Hepb R0 i hen R Y enfiecll S quvatents o

434vh1dd'lﬁlbﬁc&mba1feleﬂt1ﬂeds filtered. Accordingly, the
drilling fluid can cgol the drill bit 426 as well as

pr 80488 1 or  Sush pRhedigienofthsingentive spbiectapeitey iRashke
t h?ef%[récl IM@IRH Hl@fdu‘aﬁ?f aﬁg’gf #dl%gﬁq/é%bbgﬁ té}fd ‘llfﬂlléﬁgion

flui rermvest e cuttings o r ace
f onmeatly dorscohiénienceand dvithyut iméendinigl tb vbhuntadi?g linfiOibé Egcope of
424 may i nclude one or nDre | e

do hol.e t ool g ﬂ%as .
B8 fodiy Shizks MaFH & TR U cs P agre i one i
1691 fagpmagéeﬁ Tfu?sn sEMRRhSpdEt. etﬁﬂgdlﬁﬁﬁrﬂé'vé géerlll(lslﬁstfa(\t&?and
, to assisf in monftoring various downhol e
padeawbed beraimglit sbpilid brapprgciatpdrikat any aganizgenzent calbwlated to
st gcr:l%edvel t?le Oine Sﬁrpgs‘?é nela}“? Lg 53R 6tuted 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.F.R. §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 addition, 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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medi a, perhaps also |ocated within the downhol e too

424 (e.g., simlar to or identical to a nenory 152,
wGee®sBr1zs0 1) . The type of downhol e tool 424 anPICT/H82005/000599

type of downhol e transducers 164 nounted thereon may

%@%@@99@%@%&@% txﬁgr@lgg{ggd %:Mnggpétg 231 dUEbels 40&)&9196

t e mmtenpadtett & I&ﬂdctmgeﬂﬂuteﬁtldﬁ)mtlﬁie&lalmhé embbd@m@lts require more
racteristics of the igfth formations (such

as
sadres thay arq,EpEsssyaetifestin gach Jersi R3f! erpesf tsifpljowing claims

et t f

o geeﬁects ﬁ%gﬁbggﬁécﬁ ‘h’lastttefﬁ ﬂlestsl@% bag Qﬁkﬁ% nggle gljclosed

an émbovéiarent objpoiba fcﬂldvhag dlauhé arstheichy nzﬂ:m)sporat;ed ifmmto lthudl e

| eads, structures, circuit board

oo LBl i ro S eah ek paRaigE P TS agag scpdrate
en@g@b@ﬁﬂgﬁ descri bed herein. [0043] Using various
enbodi nents of the invention may inprove the
manufacturability, reliability and service life of
| eads and el ectronic assenblies having uni que
conmposi tions, including solder fornul ations, applied.
In some enbodi nents, these conpositions may provide
nore reliable use of variousel ectronic conponents in
hi gh tenperature environnents (e.g., downhol e
drilling). In sone enbodi nents, recoating the |eads of
el ectronic conmponents with a high tenperature |ead
finish that is conpatible with high tenperature
solders will also permt use in high tenperature
environnents (e.g., electronic oil well | ogging
devi ces), and nmay operate to prevent contam nation of
t he associ ated sol der joints. [0044] The acconpanyi ng
drawi ngs that forma part hereof, show by way of
illustration, and not of limtation, specific
enbodi nents in which the subject nmatter nmay be
practiced. The enbodi nents illustrated are descri bed
in sufficient detail to enable those skilled in the
art to practice the teachings disclosed herein. Oher
enbodi nents may be utilized and derived therefrom
such that structural and |ogical substitutions and
changes may be nmade w thout departing fromthe scope
of this disclosure. This Detail ed Description,
therefore, is not to be taken in a limting sense, and
the scope of various enbodi nents is defined only by
t he appended clains, along with the full range of
equi valents to
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whi ch such clains are entitled. [0045] Such
enbodi nents of the inventive subject nmatter may be

WO edosiorEdo t o herein, individually and/ or col | er€T/UE1095/000599
by the term"invention" nmerely for conveni ence and
mﬁkﬁgﬁﬁsintending to voluntarily limt the scope of
ths—application to any single invention or inventive
concept if nore than one is in fact disclosed. Thus,
al t hough specjfic enbodi nents have been illustrated
and" it selpBRed ierein, it shoul d be appreciated that
any arrangenent cal culated to achi eve the sane purpose
may be substituted for the specific enbodi nents shown.
Thils di gcleed vompiisingnt ended to cover any and al

adapt ati ons ar, vari.ations,.of vari enmpodi ment

Conbi paisoreadrid FehisB bRl e Ry gl toad, abou
enpodii Bt weidft oSl hhg ah hitadhes afbbedrsh R0 ifhishélhdRe tin
apparent to those of skill in the art upon review ng

t hes ghwyed.descri pti on. [0046] The Abstract of the

Di sclosure is provided to conply with 37 C. F. R

1.72(b), requiring an abstract that will allow the

reader e aHddelcyaiRsSc WHeadim tHeRecondtleadefigikh it@udes about 85%-
technical disclosure. It is submtted wth the )
un§8¥saweighgot lead. apeut §%-Hombx weeht akdlven andadalnee obiin.
limt the scope or nmeaning of the clains. In addition,
in the foregoing Detail ed Description, it can be seen

t hat varihe sadfFaldimels wakeigtheypasdtlegefimel idchudes abagI82%-
enbodi ment  for thepurpose of stream injn

[ ) h
di S¢¥suveishief lsadrabpigd ‘Veﬁ"/alpsswr%@éh?@vgg Aot % by
[ n%g@gggﬁg{gg?nr%%a e6hiaRg §id Ntention t hat the

cl al nts require nore features than are
expressly recited in each claim Rather, as the

| s 1 n Wefestalim b Seisinhedrin b & ShuPeckilers
?ngﬁ%c@?ﬂ&unt-gblﬂ?oﬁé?ﬁ follow ng clainms are hereby

i ncorporated into the Detail ed Description, with each
claimstanding on its own as a separate

Conpr 1 o1 1<% S LB P IRIGH RO i dBBthote clctronic
80%28¥py wei ght of |ead, about 0% 4% by weight of

silver, 'and tin attached after a first lead finish
including tin

6. A package structure comprising:

a package; and

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

of tin attached after a first lead finish including tin is removed.

7. The package structure of claim 6, wherein the circuit is included in a

substrate.
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is renoved. 2. The lead of claim1l, wherein the second

| ead finish includes about 85% 98% by wei ght of | ead,
W@bwan710% 4% by wei ght of silver, and a bal anceCD1S10051000599

3. The lead of claim1, wherein the second |ead finish

i ngd ud es’rl?egé’ak! %%ﬁ’uc&?’eé%péialw %%rggl ﬂl\}\egj?%ﬁ%@eg%mfctdrg G304kt of

by wei ght out 9%l

anta doymholagldcteonbadsaernblyof tin. 4. The | ead of claim
1, wherein the lead is to be coupled to a | ead of a
surface nount conponent. 5. The |ead of claim1,

whey ei n A BRchiEBshrl SconRlgd to a downhol e el ectronic
assenbly. 6. A package structure conprising: a

package;amncessopbud al ity of | eads coupled to a circuit

i sh (HOURBP R SUTeao0s s o) ARBIGRES bPeylGagsiructure
abcuavml % p3feallyy mg{atm%fa sebbitElead ABRHINSY1h a%&m% 98% by
wei ght of ant i non a bal ance of tin at%ac hed

af téaighy of ilgagl a‘?@éﬁ%f-ﬂ%l byrveiglel afgilwgr, endha balaneemd\timdattaghed
Th%ftgta?hgpgdeaﬁtf{nlfﬁltﬁ%ﬁ{i&gtﬁll g Jb‘ﬁed‘mere' n the circuit

isinclu I'n"a su package structure of
claim?7, wherein the package structure is part of a
downhol e el ectronic assenbly. 9. A circuit board,

cortfr i silhg:cirguis bogrd o5 glaim gy F}’hﬁf c8) the GiTeuié sepidssl 2 meendrg.
processor and included in a package structure having a
plurality | eads having a second |lead finish including

abdut 89%eBYmidomdiofblairn®, ivhadin tbeituid Hchitely digiabt-
of S|Iver and a bal ance of tin attached after a first
| e&B2IPE FPSYFTICRC| udi ng tinis removed. 10. The circuit
board of claim9, wherein the circuit includes a
menory. 11. The circuit board of claim9, wherein the
ci d2ui t A systandesmprigingi t al -t oanal og converter.

a lead having a second lead finish including about 80%-98% by weight
of lead, about 0%-4% by weight of silver, and tin attached after a first lead finish
including tin is removed; and

a downhole transducer coupled to the lead.

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

by weight of antimony, and a balance of tin.

14. The system of claim 12, 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.

15. The system of claim 12, wherein the downhole transducer is to measure a

subsurface characteristic that is selected from a group consisting of a downhole
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12. A systemconprising: a |lead having a second | ead
finish including about 80% 98% by wei ght of | ead,

W@bwman710% 4% by wei ght of silver, and tin att artEUS2005/000599
after a first lead finish including tin is renoved;

an . The
cyarEREAR O Ent Bl OBy o AU EE ropfdon &
selpactstty dfracbsurface $dmmtioposditineter bhHe bordholg, atdcidhape of the
85% 98% by wei ght of |ead, about 0% 4% by wei ght of

si I8&10l&nd a bal ance of tin, and a second conposition

i ncl udi ng about 82% 84% by wei ght of |ead, about |% 3%
by wei ght of silver, about 9%I1| % by wei ght of
antli6ronylheaysiem dfallamck?, birtlier nompdsinghe syst em of

claim 12, wherein tgﬁ dﬁ’g hoJ e transducer is sel ected
fr om oné® RPCESYSRHRGH &0 H‘fféjlrature i ndi cator, a

downhol e vi brati on sensor, a pressure sensor, an

accel eronmeter, and a fluxgate. 15. The systemof claim

12 1wherBiersysthe afelmmolZe furfhgnselnp@sing's t o neasure a

subsurface_ characteristigc that is selected froma
aripit 138500@m A

group consisb ned SHP Bt enperature, a downhol e

pressure, a resistivity of a subsurface formation, a.
porosity of a subsurface formation, a dianeter of a
boréhol & mgHpdromtpasigof t he borehol e. 16. The system

of clai - r e rising; coupl.ed

o the 1uading YEbREs G BLlie; ol §57-0) pRaResTor1ead
coapoutdi%hg Yo By waighk bf sibkr, aad phed atsecdrdded®@@ish &Ba sdface of a
nmet hod conprising: attaching a conposition that

i nEPHReAbSdt 80% 98% by wei ght of |ead, about
0%-4%by wei ght of silver, and tin as a second | ead
finish to a surface of a conponent |ead. 19. The
meflhod dheaohahod dflaifrut s, fiethee oomprisingg: renovi ng a

first lead f.ini fromthe surface prior to attachin
t he Conﬁgg(p‘flp%ﬁiﬂst Iead finis from the surfa%e prior to attaching the J

composition.
20. The method of claim 19, wherein removing the first lead finish further
comprises:

removing the first lead finish using a chemical process.
21.  The method of claim 19, wherein removing the first lead finish further
comprises:

removing the first lead finish using a mechanical process.

22. The method of claim 19, wherein the first lead finish includes tin.

23.  The method of claim 18, further comprising:

attaching the component lead to an electronic component.
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20. The nmethod of claim 19, wherein renoving the first
| ead finish further conprises: renoving the first |ead
wo s 7eGi ng a chem cal process. 21. The net hpdr/v$2005/000599

claim19, wherein renoving the first [ead finish

fukj her ' ol V| i I 1

sty o TR RUICET o ATR Wkl Ridchlnd che RRfocsp i hitter
19comauégesi N the first lead finish includes tin. 23.
The method of claim18, further conprising: attaching
the conpé#dHe the SUMPSIIGH kgt P]@HPgBEO&ﬁffonent .24. The
met hod of claim 18, wherein attaching the conposition
further conprises: attaching the conposition using a
pl 28.i ngThe oetwsl of 2BimTIBe whretehnaitashing|tbé cori@ysitidnefugher
attachi.ng the conposition further conprises: attaching
t hEOTBY{56si ti on using a coating process. 26. A nethod
conpris ht@&hiﬂgfcﬁ@%rﬁﬂos@ﬁcfﬂ ms%é einkipd2hs.f rom a
surface of alead; and attaching a conposition that

i ncl udes nickel and a noble netal as a second | ead

fi l%ish t,.0 gﬁ@g surf ace.. 27. The net hod of claim 26,
ei n2YBRYIT HGPHES i st 1ead finish further

conpr i sRgndighd8 fisst Ria@ ERissh Bth @GLEEcd ¢fead;Ghem cal
process and_a mnechanij cal process. 28, The nethod of

cl ai m 2@ttachingraegompesttigaihal dnalndes aigksband 4 veble retdlap a
Co{@%{)ﬁéfe%dlﬁ%iﬁﬂgco%e Ju%g,é one process selected from an
el ectrolysi's

process and an i mrersion process. 29. The
met hod of claim 26, wherein attaching the conposition
further conprises attaching a |ead-free solder_tq the

suf f-aceThgpiethed of i enPecieREigmay s the kg lead faehohgther
\?v! ?c&ﬁoé}?s!’é% g%lbg %%r@;degé St ®Eh 3 B af PrOe dnti @ mechanical

process.

28.  The method of claim 26, wherein attaching the composition further
comprises using at least one process selected from an electrolysis process and an

Immersion process.

29.  The method of claim 26, wherein attaching the composition further

comprises attaching a lead-free solder to the surface.

30.  An electronic lead comprising:
a second electronic lead finish comprising a composition without lead,

after a first electronic lead finish is removed.
31.  The electronic lead of claim 30, wherein the composition without lead

comprises about 61%-69% by weight of tin, about 23%-28% by weight of silver,
and about 8%-11% by weight of antimony.
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after a first electronic lead finish is renoved. 31
The el ectronic | ead of claim30, wherein the

W@ ivs0%i786 on Wi t hout | ead conprises about 61% BORAK3005/000599
wei ght of tin, about 23% 28% by weight of silver, and

abgyt 8%‘116 eﬂeéﬁé%lw&vagmf Pim ﬁ;(‘)ébv'ﬂgf&’n %% 'SFC-HPS e?ecﬁ%h{cgg%cpﬁnish

| ead erein second el ectronic

fi i &upied to auplvatoledraasdlmenhol e transducer. 33. An
assenbly conprising: a downhol e transducer having a
conmponent | ead; and a conposition attached to the

conponent, 1.eafn tct;le1 osition including about
610% 69% ys\/\gﬁg A about  23% 28% by wei ght of

silver;aabdmhbbuumsﬁkmrhwﬁmyawmhg@ﬁmbha@nmﬁnony. 34.

Th nbly of. furth ising. a. . . ..
i r el osd ornstes ol Rl B GoBPObul igRn binsanipe Siipy dicjpding
COHQ&&%W@%%W&@MNM RIS AUOLT 8% 39 -wel R ASRRGDAM about

of claim 33, wherern the downhol e transducer is

seBiet & tyrweighind asfimengownhol e t enper at ure i ndi cat or,
a downhol e vi bration sensor, a pressure sensor, an
accel eroneter, and a fluxgate. 36. The assenbly of

cl ggm 33‘he‘él§b%ﬁﬂﬂ§‘oﬁélﬁn§@ﬁﬂ‘@§hérlc@ﬁ1 tigigher includes at
| east one rare earth el ement selected from | ant hanum

cerium ap’flafé,@@ dlgamqqmer prisbleratbeingmograutealivelseoviadinthe
eur ium terbium dysprosium holmum
erglﬁﬁﬁq%ﬁ%ﬁ ﬁ%nytterbiunl titanium vanadi um
2|rcon|un1 chromum and lutetium 37. A conposition

rising: about 78%82 9% by wei ht of | ead, about
9%3 1 % BYRcwescatply efclaim 3 howerein Aoy By V\Véargaﬁel@red

Si Ifr\6 %ufa(ﬁ?aur ) lo%%ﬁ Qxfat&re lﬂldl(%.% r,d hgwﬁﬂcqg gﬁir&ﬂ&queﬂ%or, a

claim er co r|S|ng at T'éast one rare ear

el erenire saiser taedcdal@omentdndufioxgater i um praseodyni um
neodym um pronet hi um samari um europi um gadol i nium
terbi um dysprosium holmum erbium thulium

g;g@.r bi gl ALdeh BN} HBaUATRN HERin Fd AP Mon TR iR Thdes 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.

37. A composition comprising:
about 78%-82.9% by weight of lead, about 9%-11% by weight of

antimony, about 1%-3% by weight of silver, and a balance of tin.

38.  The composition of claim 37, 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

Jutetium.
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| utetium 39. The conposition of claim37, having a

flow tenperature range of about 245 C to about 250 0C,
waeasa7eel i d tenperature range of bel ow about POI/0S2008000599

about 245 0C. 40. An assenbly conprising: a downhol e

tr du t - Cl e ' '

i ot o SHRsRte!d o e Hilind & ARG, (R et about

7893452 (ooabyutv@siogos amf a $dridempbatitre Bt b¥b Eywvbogh20 W to

ant i non Qa)out | % 3% by wei ght of silver, and

abadPRRE&oftin. 41. The assenmbly of claim40, further

conprising: a processor to be communicatively coupl ed

to the circuit. 42. The assenbly of claim40, wherein

t hed(ci r cAm assemblyuchasprasingat a acqui sition system 43.

The assenbly .of cl ai.m 40 ein the circuit .i.ncludes

2 Fi Tt ord dappidle %MB@FPH%@ Frgree o B

by a@bidtto @fcohRRsitioR PRIAIIZa YT BY,-3Ed iR

about | 9% 3% bg}@\%ei ght of 1g‘cl’,/l ver?%nd a%?ﬁ@%g@f%ﬁ}l@%&)ﬁ?out
45 .9%Hd Ycloyrpexit poatiofonyl alawt 4%-3 Yoyt Wieightowfrsv érs amdya helance
I eagt. one rare eart h el ement selected from | ant hanum
ceriuny praseodynm um neodynm um pronethium sanmarium
europi um gadolinium terbium dysprosium holm um
erbium thulium ytterbium titanium vanadi um

zi doni urhe %leeﬁ?laﬁﬁéoﬂﬂﬁéﬁﬁ GYMIPTISBIE: The conposi tion

235 C t & Bt g B8RRIk PAR RO B R PRGN ( Snge

of bel ow about 20 OC to about 235 OC.

42.  The assembly of claim 40, wherein the circuit includes a data acquisition

system.
43. The assembly of claim 40, wherein the circuit includes a filter.
44. A composition comprising:

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.

45.  The composition of claim 44, 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.
46.  The composition of claim 44, having a flow temperature range of about

235° C to about 240 °C, and a solid temperature range of below about 20 °C to
about 235 °C.
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