-1- GOLD REMOVAL FROM ELECTRONIC COMPONENTS BACKGROUND 10011
Connections on electronic components are typically plated in gold due to the restriction of hazardous
substances (i.e., lead) in electrical and electronic equipment. However, in some environments, the
gold plating becomes brittle and can cause the failure of the connections on the electronic
components. The gold plating is typically removed by djpping the connections on the electronic
components in solder pots or hand soldering the connections. However, the dipping of the connections
on the electronic components in solder pots and the hand soldering of the connections can cause
thermal shock and damage the electronic components. Thus, a need exists in the art for gold removal

from connections on the ele i i ' ein. SUMMARY [2]
One approach provides a m%%%@&%&%ﬂ?ﬁ%@%ﬁ? &%@%ﬁ%e method includes

(a) forming a gold and solder mixture on the electronic component via a first incrementally controlled
heating procedups (R)damenegntally cooling the electronic component via a first cooling procedure; (c)
wicking part or all of the gold and solder mixture from the electronic component to a metallic_screen via
a second increnl@htalFCBRASIRRT RBRIRGTSRICSAMBOGRS (@ imarsmenBifiy IR eiSctisnic
component via a&aeash aolinguaiagesib@anl Bes qMe, dxadnplesictaecsiemdcdibebalcinghipisnt.
positioning the electronic com[?]%nent.on the me?llic ﬁgran to [aacilitate traqsfer f the gﬁold nd solder
mixture to the metaliic Seréeh (S:t‘hvé?()é‘%%%iet 18 t@pat@%f ?ﬁ?&}%éf&%gs %?(5’1’5 ﬂ?ea ering at
least one of soldeiipasié thedeatdetigretorthdciraomimesalborsumostrite woidorphdnpatengdcsibider pad;
and positioning (e, eleqtinie; companent,on he meleled selder pack inolfier sxamples, e gtep (©
further includes (fepoa ing fluxontthe electronic componen? pfaced on the matallid screen. [%ﬁ Another
approach providesnd swddhodgoheleompricaerntddehvek thandipeiment Tive snenkodomclon abe(a)
automatically u j lurali e i tg,.- 2= - lgctroni onent holder
to individual so%ge?gjgﬁs@a%ﬁre%g?ggaﬁ#o%!%%%%%: su @?a?eﬁnéfcéé%?#c%ﬂ%?g%egr%%ﬁ@%I%%su bstrate
on a first moving#HecHEmREh sty krind sgrise nibs-plestaindcsubspenenthrotiy. & restdovaintvia thee first
moving mechanispydp DeatanesaPRLIG AHHERIBAObE BEERRIE SAERANRARASAA AR AL5Es as
temperature profile, wherein the heating of each of the solder pads forms a gold and solder mixture on
each of the pluréﬁﬁ?ré?f’éiééﬁﬁ’dﬁic components; (d) placing the plurality of electronic components on a
metallic screen from the non-metallic substrate: (e) loading the metallic screen on a second moving
mechanism; ands(fMMiIRY the metallic screen through a second oven via the second moving

mechanism to hghand,ceqie plraliy el lecianio compenenicbased 9.8 second [empgrature
profile, wherein the heating BPESCh Brthe RIBCHORTE cOnponents Wicks part or Al oF?ﬂ@go and
solder mixture td trenribtalliodudee e}l fosome egalt pleksgdid irthecgsl dhardesolder oixguresnémaining

in a solder joint of the electrani r X ). antial 2SS 39 | volume.
In other examplgl?t eﬁ ﬁegﬁ%%&{%?ﬂgﬁr?gﬂgﬂgﬁg?%gﬂo %%ggh?%dgg'ngéﬁﬁ)ﬁrgﬁﬁygg@ el?‘gcﬁ%nic
components intciprérede pomizosent ponerftiibkeet R CuPEAyTef (hevapimmaphételcrbdd Belkin can
include one or mgte pfdbe flaning ExanPles RS Ldmsoms xamplesnthe.nen-metalicyhstrate

includes a composite material. [0064] In some examples, the metallic screen includes a flux coating to
facilitate transfefSfEREHIY SAMSHIebRsARY RS crisvhh BxrearenibyoinEibe eieawepies, the

first incrementalpsppiaialiedineAlNG RIQRRAMES fRasalRMPRIaliHke Baap el suksiaglially hehween 0.1

degrees Celsius, per second and 3.0 degrees Celsius per second and the first cooling procedure has a
temperature rantié'BAE BORHABINE bORW BRI HEGrBRL eSS Per BEtNS S1Be8. JUdgriaTelsius
per second. [008hdsfsostarRxamplas toRiseaandincremeriaiyicontiedineatingaRmssduradas a

temperature ran%g oiécuébﬁé?ntiala etween O.lide%gges (gelsgﬁjs er se ong and 3.0 dqubre Celsius
per second and & b AN I o BRI P s K RS eFh e GPE 1AM & Tl PaRIFa ) bitivien 0.1
degrees Celsiusppeiosecond andni:tidiegrdasfelsidsrpen secengl solder pad; and positioning the
electronic component on the metered solder pad. In other examples, the step (c) further
includes depositing flux on the electronic component placed on the metallic screen.
[003] Another approach provides a method for electronic thermal shock management.

The method includes (a) automatically unloading a plurality of electronic components



-3- 10091 In other examples, the first incrementally controlled heating procedure is substantially the
same as the second incrementally controlled heating procedure and the first cooling procedure is
substantially the same as the second cooling procedure. [10] The gold removal from electronic
components technology described herein can provide one or more of the following advantages. An
advantage to the technology is the gradual heating and/or cooling of the electronic components
minimizes thermal stress on the electronic componen‘tg.‘Another advantage to the technology is the
gradual heating and/or cooling of the electronic components increases the useful lifespan of the

electronic Compﬂamﬁ-ei&uoﬁw&ﬁ%&%m%& 18 m&mmgb?@éégadﬁ%gaéﬁg@@?g rsefllifpspan of

the electronic components reduces the cost of the devices connec electronic components by
decreasing the fy&fifaiSafenassianieRdbovAomnee bt s Sehsifaesom AdiFe rmapiiaatagehentsa: tédhnology

is the repeatablg,apgl safe ngtheeafdilingthegald famsthe legl AUCEIMRARSMALAREG DY

decreasing the production cost while increasing the useful environments in which the electronic

component can Be§aiiZ8d. R e DRt e RIAQUOrCT mprastiy Neses! 10 2] fitse WregGIEEand

other objects, featfirs ancrad\RBIRaGEH N BRRRPACRLIIRIHHIE feHawing,MerRI RBIEsUIAIxdgscription
of the embodiments, as iIIustéited in the accompanying drawings in which like reference characters

refer to the sam® &R #hA86 ksfa%imé’%ﬁ%%}é?ﬂ%i%woﬁﬁat&r iPgs gt RIHE L A Rl B e e,

emphasis insteadipngmiacadapaaiitsiatiog thenprineiplesabigeribeginents. 103 Ghd is a
flowchart of an exemiolarg grocess for gold removal from electrogiwomeone tséélﬂ FIG. 2isa
1C SLr ¢ {

flowchart of anorﬁlleeﬁfﬂexempf':';lfry0 %r%csgg ornbogi%ﬁl%e%ec? A8 Bectro M ¢ 8;1 %,llflgf%. disa

flowchart of an ekengiar yepradeseforieldeironiadhenviakbsheckanianagéeraeatid [de]l &S pUiuisiayblock
diagram of an ex lary meter rpad; 1017] FIGS. SA-5E are hlock diagrams.illustrating an
O?QEC%(}{}'& %Bl’ln}l%%l’%%lgi%a&% dl’reac%'?(().;lﬁfl €M era?uref* pé%%lezﬂffé%gitﬂéfg 1.n OP

exemplary process for gold re rom an e c component; A-6H are
block diagrams #hebtrdtihg decereinptampqnante sadiy proldrathot difp il eletsddic coxbpenetis.

metallic screen. In some examples, gold in the gold and solder mixture remaining in a
solder joint of the electronic component after step (c) is substantially less than 3% gold
by volume. In other examples, the method further includes (g) automatically loading
the plurality of electronic components into the electronic component holder.

[004] Any of the approaches described herein can include one or more of the
following examples.

[005] In some examples, the non-metallic substrate includes a composite material,
[006] In some examples, the metallic screen includes a flux coating to facilitate
transfer of the gold and solder mixture to the metallic screen.

[007} In other examples, the first incrementally controlled heating procedure has a
temperature range of substantially between 0.1 degrees Celsius per second and 3.0
degrees Celsius per second and the first cooling procedure has a temperature range of
substantially between 0.1 degrees Celsius per second and 3.0 degrees Celsius per
second.

{008} In some examples, the second incrementally controlled heating procedure has a
temperature range of substantially between 0.1 degrees Celsius per second and 3.0
degrees Celsius per second and the second cooling procedure has a temperature range of
substantially between 0.1 degrees Celsius per second and 3.0 degrees Celsius per

second.



DETAILED DESCRIPTION [0191 The gold removal from electronic components technology described
herein enables the gradual heating and/or cooling of the electronic components to minimize damage
and prolong the useful life of the electronic components. The technology includes the placement of
solder paste and/or printed solder pads on a non-metallic substrate. The gold plated electronic
components are automatically or manually placed on the printed solder pads. The printed solder pads
are then mass reflowed (heated and/or cooled) to forn?a solder/gold mix on the printed solder pads.
The printed solder pads are then placed on a fluxed metallic screen. The fluxed metallic screen is then
mass reflowed ( e C n Ider/gold mijx wicks (g.q., capillary force, absorption
force, etc.) to th hoi f(ljI df:reb (r%%eta |c%Pg?éeqr}glﬁie%?egggﬁé%a%}%iﬁecgfgggtﬁgqﬁichg%glrlﬁl o)élé)r(ﬁ? (g‘fl%é Sgold
plating and replaghstputiel otler pritiagsviih sacsottimdepigntally Thetgoleddreatingapeetedhie sutirtbonents is
advantageouslygyiied; ad FetBaEdsta.BEERIN 9l Smriiament alibe, ARIARIIQUQN the electronic
component (e.g., removing the gold to five micrometers on the electronic component, removing the
gold to five to teH'Micrdhfeterd singiakievn sHistmmspomprnenss ladmo] qeralesds bed barsknean 00 of an

exemplary processviak galcorendsy el frRMbRIRGHERIS SRITRRNNS:dTRRYOLESS tciidesfomiag (110)
a gold and solder mixture ge.g., 60% gold and 40% solder, 40% gold and 60% solder, etc.) on the

electronic comp8HEHE G ARt RIS B IBIgF B e BRI FRE JPaREm Erc e wBRh SBRAENL,

leadless electropic gempaneilc elismpdieatirstinsirmentaliasenisolird haaieeprocaduiedag., + 2.0
Celsius per second heating. + 200 Ceistb%fﬁ%er minute heating, etc.). The first heating procedure

advantageously ﬁg%@ﬂ? F SRECHPSHI GHRHE (P BR PR A e ro Heath Hsoran &t ik a

temperature cordkaiiediersganent), thereby minimizing thermal stress on the electronic components
and maximizing seful life of.the electropic component. The process further includes incrementally
cooling (120) thiéggétr%‘)%%h%r%dpvoaﬁ’éaﬁg vtlca)t §1 ﬁrg%cgé%(fﬁ% plrSO(t:lé% fjrrl%rfgsaq, E‘f%euégl%ﬁpsa'ﬂ)ecﬁs@gond
cooling. -100 Celkictsoper numpteguelingnete. )hd edirst obelidgvivecedunected tcadvardageomisly
enables the eleclianie cATBONEALIY AL foglah il ducenilisdashion by INFGEranig,controlled
environment), thereby mininfizing thermal stress on the electronic components ancfmaxmlzmg the
useful life of theasheutiegscocbmisshreindo XltheTivpgatallesmflistie meibludies dilietirgtifa 20)dolonor all of
the gold and solggr ki MR AIS AN GRIRRRENHO FJBRLANIE §5srte§/ﬂjf§ﬂcr9§)sﬁ’r?§'igér on,
etc.), via a second incrementally controlled heating procedure (e.g., + 3.0 Celsius per second heating,
+ 400 Celsius p&psiherEirmemmgs Bevhigrbedesreniteetingnadsanke glizedageously enables the
electronic component to be heated in a controlled fashion (i.e., in a temperature controlled
environment), thereb minimizir;;%thermal stress on the electronic components and maximizing the

useful life of the%?ég%&ﬁﬁ,sw RO H’é’%&?ﬁ&«%ﬁf‘é@ﬁme gold and solder mixture is attracted to the

metallic screen gu2fo AicapIaRLTEER Retuaahe galthaadsodRLMbsMI e ANELMsialiaseren. In
other words, the meéalgc screen is advantageously a carrieé%t:o absc%gb the gold _ﬁ;d solder mixture from

the electronic cafCHENT IS PR AL TP HRR ol 2L MG e 1 REal el Bsny other
type of material thetmppaxides thrathieceapillahidorirecastdenctiliziegtitréhe processthi 22t heapsocess
further includes jncrementall ling, (140) the.electronic component via a second cooling procedure
o0 20 Colmn I ar G ShY SRR R o 4 R ere EHa B e 2B S RBR g
procedure advamsigedbsiyoariatsie sghe dlettaonictbo mponipies tof be eodledinreatcontrolled fashion (i.e.,
in a temperatur trod ?nv'hr%m nt },? repy, mir?imizin hermal stress on the electronic
components ani m ximilgﬁﬂg lt%e us‘év%llaﬁ%e o%l}th% ele c?%rﬁé%é?rslgg}n (r)?tg,gﬁ%%vtfél% %%F?8581§§C
describes the firsemgafeisprocedure, the first cooling procedure, the second heating procedure, and
the second coolifgg roprylure;dhe RERRASR RNJNEIe. B PURPSLBRL/ 5 YRS PLLIRRIRT AR/ Of
cooling techniques. For example, the process includes a steady state heating of +1.0 Celsius per
second throughStREHRN S 6088 EHEFa steady state cooling of -2.0 Celsius per second throughout the
process. As anofipsiexampte.ithe pEReess ineludesaniinatingetat Ok eisimprr gReRE Withian
incremental increase of +2.0 Celsius per hour throughout the process and a steady state cooling of
-2.0 Celsius per B8e&HdWith an incremental decrease of -0.5 Celsius per hour cooling throughout the

process. - 6 - [0@3b|n s0mE exapiRSBRAreCcassiBeibdes iR asilyeaghering (112) at least one of
solder paste an ﬁlde fo a nop-metallic substrate to.form a metered solder pad (e.g., stone,
Synthetic mater1dlo 1 IRontar B ek 3Eod HERHUEE BBeRTGAIRGTEL DASFR Aok
component on themmesé fedrsaldéscpadicldenpossianing (114) of the electronic component can, for
example, be performed by an operator (e.g., directly, indirectly, etc.) and/or an automated positioning
mechanism (e.g., robot, factory machine. etc.). 10241 In other examples, the process includes
positioning (132) the electronic component on the metallic screen to facilitate transfer of the gold and
solder mixture to the metallic screen. The metallic screen can be, for example, a solder absorbing
screen, a solder wicking screen, and/or any other type of metallic screen. In some examples, the

process includes positioning the electronic component on a first metallic screen to facilitate absorption

of the gold and solder mixture to the first metallic screen and positioning the electronic component on
A carnnd metallic errean to facilitate wickina of the anld and ceoldear mivtiire to the cecond metallie



- 7 - Table 1. Exemplary Heating and Cooling Procedures Time Start Temperature End Temperature
Increase/Decrease 0 seconds through 50 seconds 18 Celsius 118 Celsius + 2.0 Celsius per second
(Heating) 50 seconds through 87 seconds 118 Celsius

w4

f018] FIGS. 6A-6H are block diagrams illustrating an exemplary process for gold

removal from electronic components.

DETAILED DESCRIPTION

[019] The gold removal from electronic components technology described herein
enables the gradual heating and/or cooling of the electronic components to minimize
damage and prolong the useful life of the electronic components. The technology
includes the placement of solder paste and/or printed solder pads on a non-metallic
substrate. The gold plated electronic components are automatically or manually placed
on the printed solder pads. The printed solder pads are then mass reflowed (heated
and/or cooled) to form a solder/gold mix on the printed solder pads. The printed solder
pads are then placed on a fluxed metallic screen. The fluxed metallic screen is then
mass reflowed (heated and/or cooled) and the solder/gold mix wicks (e.g., capillary
force, absorption force, etc.) to the hot fluxed metallic screen, thereby clearing the
electronic component of the gold plating and replacing the gold plating with a
solder/gold mix. The gold on the electronic components is advantageously diluted and
removed to prevent gold embrittiement of the solder joint on the electronic component
(e.g., removing the gold to five micrometers on the electronic component, removing the
gold to five to ten micrometers on the electronic component, etc.)

[020] FIG. 1 is a flowchart 100 of an exemplary process for gold removal from
electronic components. The process includes forming (110) a gold and solder mixture
(e.g., 60% gold and 40% solder, 40% gold and 60% solder, etc.) on the electronic
component (e.g., surface-mount technology component, integrated circuit component,
feadless electronic component, etc.) via a first incrementally controlied heating
procedure (e.g., + 2.0° Celsius per second heating, + 200° Celsius per minute heating,
etc.). The first heating procedure advantageously enables the electronic component to
be heated in a controlled fashion (i.e., in a temperature controlled environment), thereby
minimizing thermal stress on the electronic components and maximizing the useful life
of the electronic component. The process further includes incrementally cooling (120)
the electronic component via a first cooiing procedure {(e.g., ~1.0° Celsius per second

cooling, -100° Celsius per minute cooling, etc.). The first cooling procedure



230 Celsius -'-. 3.0 Celsius per second (Heating) 88 seconds through 143 seconds 230 Celsius 175
Celsius - 1.0 Celsius per second (Cooling) 144 seconds through 222.5 seconds 175 Celsius 18
Celsius -2.0 Celsius per second (Cooling)

-5

advantageously enables the electronic component to be cooled in a controlled fashion
(i.e., in a temperature controlled environment), thereby minimizing thermal stress on the
electronic components and maximizing the useful life of the electronic component.

[021] The process further includes wicking (130) part or all of the gold and solder
mixture from the electronic component to a metallic screen (e.g., copper, iron, etc.), via
a second incrementally controlled heating procedure (e.g., + 3.0° Celsius per second
heating, + 400° Celsius per minute heating, etc.). The second heating procedure
advantageously enables the electronic component to be heated in a controlled fashion
(i.e., in a temperature controlled environment), thereby minimizing thermal stress on the
electronic components and maximizing the useful life of the electronic component. The
part or all of the gold and solder mixture is attracted to the metallic screen due to a
capillary force between the gold and solder mixture and metallic screen. In other
words, the metallic screen is advantageously a carrier to absorb the gold and solder
mixture from the electronic component. Although the process is described as utilizing
the metallic screen, any other type of material that provides for the capillary force can
be utilized in the process.

[022] The process further includes incrementally cooling (140) the electronic
component via a second cooling procedure (e.g., -2.0° Celsius per second cooling, -400°
Celsius per minute cooling, etc.). The second cooling procedure advantageously
enables the electronic component to be cooled in a controlled fashion (i.e., in a
temperature controlled environment), thereby minimizing thermal stress on the
electronic components and maximizing the useful life of the electronic component.
Although the process describes the first heating procedure, the first cooling procedure,
the second heating procedure, and the second cooling procedure, the process can
include any number and/or type of heating and/or cooling techniques. For example, the
process includes a steady state heating of +1.0° Celsius per second throughout the
process and a steady state cooling of -2.0° Celsius per second throughout the process.
As another example, the process includes a heating of +1.0° Celsius per second with an
incremental increase of +2.0° Celsius per hour throughout the process and a steady state
cooling of -2.0° Celsius per second with an incremental decrease of -0.5° Celsius per

hour cooling throughout the process.



1027] In other examples, the second incrementally controlled heating procedure has a temperature
range of substantially between 0.1 degrees Celsius per second and 3.0 degrees Celsius per second
and the second cooling procedure has a temperature range of substantially between 0.1 degrees
Celsius per second and 3.0 degrees Celsius per second. Although this example illustrates temperature
ranges for the heating procedure and the cooling procedure, the technology described herein can
utilize any controlled heating/cooling procedures (e.gt,64'.0 degrees Celsius per second, 10.0 degrees
Celsius per second, 0.00001 degrees Celsius per second,  50.0 degrees Celsius, etc.). Table 2

illustrates anothgy-g emp%&rry ' r ceéjl%r a opling procedure. . Table 2..Exemplary Heating
and Cooling Prof(i:ied res imee}%gtar g’maf)ee atﬁ%gsggl(guf%rsn%ﬁg%?relyn%‘rﬂe]gg% e(1:r ggg%%é%nds
through 115 seconwidesresising $o5aT pkiifosm 0.0 Buisigdbe sebvrite(ldating) M sdcoidis through

139 seconds 125&@?@5.’?&(9%?5’%4&& material, etc.). In other examples, the process includes

positioning {114) the electronic component on the metered solder pad. The positioning
(114) of the electronic component can, for example, be performed by an operator (e.g.,
directly, indirectly, etc.) and/or an automated positioning mechanism (e.g., robot,
factory machine, etc.).

[024] In other examples, the process includes positioning (132) the elecironic
component on the metallic screen to facilitate transfer of the gold and solder mixture to
the metallic screen. The metallic screen can be, for example, a solder absorbing screen,
a solder wicking screen, and/or any other type of metallic screen. In some examples,
the process includes positioning the electronic component on a first metallic screen to
facilitate absorption of the gold and solder mixture to the first metallic screen and
positioning the electronic component on a second metallic screen to facilitate wicking
of the gold and solder mixture to the second metallic screen.

[025] In some examples, the non-metallic substrate comprises a composite material
(e.g., woven carbon fiber, metal matrix material, etc.). In other examples, the metallic
screen includes a flux coating to facilitate transfer of the gold and solder mixture to the
metallic screen. The flux coating can, for example, remove surface oxidation on the
electronic component and/or facilitate the removal of the gold. In some examples, the
process is performed in a nitrogen environment (e.g., nitrogen filled container, nitrogen
stream blown on the electronic component, etc.).

[026] In some examples, the first incrementally controlled heating procedure has a
temperature range of substantially between 0.1 degrees Celsius per second and 3.0
degrees Celsius per second and the first cooling procedure has a temperature range of
substantially between 0.1 degrees Celsius per second and 3.0 degrees Celsius per
second. Although this example illustrates temperature ranges for the heating procedure
and the cooling procedure, the technology described herein can utilize any controlled
heating/cooling procedures (e.g., 0.001 degrees Celsius per second, = 10.0 degrees
Celsius, etc.). Table 1 illustrates an exemplary heating procedure and cooling

procedure.



1.5 Celsius per second (Heating) 140 seconds through 212.5 160 Celsius 15 Celsius - 2.0 Celsius per
second (Cooling) - 8 - seconds 1028] In some examples, the first incrementally controlled heating
procedure is substantially the same as the second incrementally controlled heating procedure and the
first cooling procedure is substantially the same as the second cooling procedure. In other examples,
gold in the gold and solder mixture remaining in a solder joint of the electronic component after the
wicking of part or all of the gold and solder mixture frorhthe electronic component to the metallic
screen is substantially less than-3% gold by volume (e.g., +1.0%, +0.001%, etc.). The reduction of the
gold and solder mixture to sub iajly e %dﬁﬁ eously dilutes and
removes the gold to a level thastfgﬁ %siéntla?l\’/gg%e[}vgﬁ%s&g gg%&?ﬁgﬁﬁé{[@%& solder joint on the
electronic compdiaat. [29] FIG. 2 iStafiohaharr200of dmstiempenatpicry ploosssddlegotdsemoval
from electroni @%&gggﬂﬁ%@ne TPREpS [pIdes formipggtZ 30 gcootdan jggig’&:‘@gg%@#é)n he
electronic component via a first incrementally controlled heating procedure| The process turther
includes incremefe&ysoling (220) the electronic component via a first cophierypttisding) The
process further FirldERIITKING, (230 arL R RINOf the gnjgand spider mixiure o RgSiertronic
component to a metallic screen via a second incrementally controlled heating procedure. The process
further includes $c&&RMsktally cooling (240) the electronic component via a s&€8Rd Esfig)procedure.
In some examplgs <IRE,REQ furthepinclydgs deposiiings232Lilx on the elegppiG soFeponent
placed on the metallic screen.The heating and cooling procedures described in this exemplary process
can utilize any oméeé%‘i]ﬁples and/or techniques as described herein. In so?ﬁ‘é’%iéﬁ?ﬁl@%g)the high
temperature of thesReafing procedureydeseligd in this iexempiRnysprocess is the=-raeling femperature
of the solder. [30] FIG. 3 is.a flowghart 300 of an exemplary process for electronic thermal shock
management. TWé%‘ﬁkb%%?s%cludes automatically unloading (310) a pluraliufgﬁoé‘ﬂe&%i@@omp onents
from an electranigceatponent holder (e.g., tape of components, package of components, stick of
components, eteHe-individual-solder-pads-adhered-to-a-non-metallic-substrate-The-process-fdrther
includes positioning (320) the nonmetallic substrate on a first moving mechanism. The process further
includes moving027] In other examples, the second incrementally controlled heating procedure has a

115

temperature range of substantially between 0.1 degrees Celsius per second and 3.0
degrees Celsius per second and the second cooling procedure has a temperature range of
substantially between 0.1 degrees Celsius per second and 3.0 degrees Celsius per
second. Although this example illustrates temperature ranges for the heating procedure
and the cooling procedure, the technology described herein can utilize any controlled
heating/cooling procedures (e.g., 4.0 degrees Celsius per second, 10.0 degrees Celsius
per second, 0.00001 degrees Celsius per second, + 50.0 degrees Celsius, etc.). Table 2
illustrates another exemplary heating procedure and cooling procedure.

Table 2. Exemplary Heating and Cooling Procedures

Time Start Temperature | End Temperature | Increase/Decrease
0 seconds through 15° Celsius 125° Celsius + 1.0° Celsius per
115 seconds second (Heating)
116 seconds 125° Celsius 160° Ceisius + 1.5° Celsius per
through 139 second (Heating)
seconds

140 seconds 160° Celsius 15° Celsius - 2.0° Celsius per
through 212.5 second (Cooling)




- 9 - (330) the non-metallic substrate through a first oven (e.g., reflow oven, multi-zone reflow oven, hot
plate device, hot air device, etc.) via the first moving mechanism to heat and cool the plurality of
electronic components based on a first temperature profile. The heating of each of the solder pads
forms a gold and solder mixture on each of the plurality of electronic components. [031] The process
further includes placing (340) the plurality of electronic components on a metallic screen from the
non-metallic substrate. The process further includes fofding (350) the metallic screen on a second
moving mechanism. The process further includes moving (360) the metallic screen through a second
oven viathe s LS:Jelclgllnl |Suvi||g mechanismto-heat-and-coot-thepluratity-of-electronic-compenents based
on a second temperatire profile. The heating of each of the electronic components wicks part or all of
the gold and solder mixture to the metallic screen. In some examples, the process further includes
automatically loggiag (57 Q) the Blurgihof elegtignis.comaanpnts e s slegiionic somponent holder.
The heating and cooling profiles des rll?)e In this exemplary ptocess can u e %n&’/ of the examples
and/or techniquéstataaiediyided4esainthia sstead exenptetaline dighltedripst oty rewkthechadtihg profiles
described in thiseempIAY MREASR IS RHMANG AERGHLUE ALIS SOIRIPRIS, TabIGS jstates

exemplary oven zones associated with another exemplary heating procedure a ooling profiles.
Table 3. ExempRiRfHaahmcanePddslihg patskirns crlder Zoeum rRngBiRTenpaidaiiomhdl the

Temperature INQREFEARELSRRBRA CafRE RIS IBEH OB HRCEPRASEBHE SlSIHS AR SRR rixture

from the electronic component to the metallic screen is substantially less than 3% gold

by volume (e.g., £1.0%, +0.001%, etc.). The reduction of the gold and solder mixture
to substantially less than 3% gold by volume advantageously dilutes and removes the
gold to a level that substantially prevents gold embrittiement of the solder joint on the
electronic component.

[029] FIG. 2 is a flowchart 200 of another exemplary process for gold removal from
electronic components. The process includes forming (210) a gold and solder mixture
on the electronic component via a first incrementally controlled heating procedure. The
process further includes incrementally cooling (220) the electronic component via a first
cooling procedure. The process further includes wicking (230) part or all of the gold
and solder mixture from the electronic component to a metallic screen via a second
incrementally controlled heating procedure. The process further includes incrementally
cooling (240) the electronic component via a second cooling procedure. In some
examples, the process further includes depositing (232) flux on the electronic
component placed on the metallic screen. The heating and cooling procedures
described in this exemplary process can utilize any of the examples and/or techniques as
described herein. In some examples, the high temperature of the heating procedure
described in this exemplary process is the melting temperature of the solder.

[030] FIG. 3 is a flowchart 300 of an exemplary process for electronic thermal shock
management. The process includes automatically unloading (310) a plurality of
electronic components from an electronic component holder (e.g., tape of components,
package of components, stick of components, etc.) to individual solder pads adhered to
a non-metallic substrate. The process further includes positioning (320) the non-

metallic substrate on a first moving mechanism. The process further includes moving



J.- 1.0 Celsius perl | second (Heating) 2 58 seconds through 158 seconds 75 Celsius 225 Celsius
1.5 Celsius per second (Heating) 1 5 159 seconds through 262.5 225 Celsius 18 Celsius -2.0 Celsius
per second (Cooling)
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(330} the non-metallic substrate through a first oven (e.g., reflow oven, multi-zone
reflow oven, hot plate device, hot air device, etc.) via the first moving mechanism to
heat and cool the plurality of electronic components based on a first temperature profile.
The heating of each of the solder pads forms a gold and solder mixture on each of the
plurality of electronic components.

[031] The process further includes placing (340) the plurality of electronic
components on a metallic screen from the non-metallic substrate. The process further
includes loading (350) the metallic screen on a second moving mechanism. The process
further includes moving (360) the metallic screen through a second oven via the second
moving mechanism to heat and cool the plurality of electronic components based on a
second temperature profile. The heating of each of the electronic components wicks
part or all of the gold and solder mixture to the metallic screen. In some examples, the
process further includes automatically loading (370) the plurality of electronic
components into the electronic component holder. The heating and cooling profiles
described in this exemplary process can utilize any of the examples and/or techniques as
described herein. In other examples, the high temperature of the heating profiles
described in this exempiary process is the melting temperature of the solder pads. Table
3 illustrates eXemp]ary oven zones associated with another exemplary heating procedure

and cooling profiles.

Table 3. Exemplary Heating and Cooling Profiles

Oven Time Start End Increase/Decrease

Zone Temperature Temperature

1 0 seconds 18° Celsius 75° Celsius + 1.0° Celsius per
through 57 second (Heating)
seconds

2 58 seconds 75° Celsius 225° Celsius + 1.5° Celsius per
through 158 second (Heating)
seconds

5 159 seconds | 225° Celsius 18° Celsius - 2.0 ° Celsius per
through 262.5 second (Cooling)




-10 - seconds 6 263 seconds through 470 seconds 18 Celsius 225 Celsius + 1.0 Celsius per
second (Heating) 10 471 seconds through 533.5 seconds
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seconds :

6 263 seconds 18° Ceisius 225° Celsius + 1.0° Celsius per
through 470 second (Heating)
seconds

10 471 seconds | 225° Celsius 100° Celsius - 2.0 © Celstus per
through 533.5 second (Cooling)
seconds

11 534 seconds 100° Celsius 18° Celsius - 1.0 ° Celsius per
through 616 second (Cooling)
seconds |

{032] FIG. 4 is a block diagram of an exemplary metered solder pad 400. The metered
solder pad 400 includes a non-metallic substrate 410 and a plurality of electronic
components A 420a, B 420b, C 420¢, D 4204, E 420e, and F 420f.

[033] FIGS. 5A-3E are block diagrams illustrating an exemplary process for gold
removal from an electronic component. FIG. 5A illustrates an exemplary solder paste
and/or solder preform 530a temporarily adhered to a non-metallic substrate 510 (also
referred to as forming a metered solder pad). An electronic component 320 is
positioned on the solder paste and/or solder preform 530a. FIG. 5B illustrates a gold
and solder mixture 540b formed on the non-metallic substrate 510 via a first
incrementally controlled heating procedure.  FIG. 5C illustrates the electronic
component 520 and the gold and solder mixture 540b placed on a metallic screen 550c.
FIG. 51D illustrates flux 560d deposited on the metallic screen 550¢. FIG. 5E illustrates
part or all of the gold and solder mixture 540e from the electronic component wicked to
the metaliic screen 550c via a second incrementally controlled heating procedure.

{034] FIGS. 6A-6H are block diagrams illustrating an exemplary process for gold
removal from electronic components. FIG. 6A iliustrates an electronic component
holder 610a holding a plurality of electronic components A 610a, B 610b through Z
610z (generally referred to as electronic components 610). FIG. 6B illustrates the

electronic components 610 placed on individual solder pads A 612a, B 612b through Z



225 Celsius 100 Celsiuss 2.0 Celsius per second (Cooling) 11 534 seconds through 616 seconds 100
Celsius 18 Celsius - 1.00 Celsius per second (Cooling) 1032I FIG. 4 is a block diagram of an
exemplary metered solder pad 400. The metered solder pad 400 includes a non-metallic substrate 410
and a plurality of electronic components A 420a, B 420b, C 420c, D 420d, E 420e. and F 420f. 1033]
FIGS. 5A-5E are block diagrams illustrating an exemplary process for gold removal from an electronic
component. FIG. 5A illustrates an exemplary solder pdste and/or solder preform 530a temporarily
adhered to a non-metallic substrate 510 (also referred to as forming a metered solder pad). An

electronic compgnent 520 is positioned,.on the sqlder paste and/or solder preform 530a. FIG. 5B
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incrementally coffblledHeatitgifiocedu rdu-lkonateiliigiraidstihe eldirgoidizamponentibadrand the
gold and solder mixture 54 placed on a m ic.screen 550c. FIG. 5D illustr flux 560d
deposited on themr%cé’[aé i s%%eggna GEErRST gﬁ%@tr{g{g@ pné)r "g}eé%]%? I%Sérgf g%@ﬁstoré’élg MiXture
540e from the eleamorfibcohipoténtinitlee tbahermetalliccsorearnsstidviafasmosmdnciétddntally
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for gold removal from electronic components. Fl illustrates an electronic component holder 610a

holding a pluralifiP@tetegtto riedcindob Mok e\'6 042, H36116t through 2 GHeA ggenelialhe fatedréa to as

electronic companepie G oGLEMER LGRS dhs Blepialit ConnanRasLs L piased,on individual
solder pads A 612a, B 612b through Z
[035] FIG. 6E illustrates the electronic components 610 and the gold and solder

mixture 614 placed on a metallic screen 660e. FIG. 6F illustrates the metallic screen
660¢ loaded on a moving mechanism 670f. FIG. 6G illustrates movement (606g) of the
metallic screen 660e through an oven 680g. FIG. 6H illustrates the metaliic screen 660e
after movement (606h) through the oven 680g. As illustrated in F1G. 6H, the heating of
the electronic components 610 and the gold and solder mixture 614 wicks the gold and
solder mixture A 616a, B 616b through Z 616z to the metallic screen 660e.

[036] Comprise, include, and/or plural forms of each are open ended and include the
listed parts and can include additional parts that are not listed. And/or is open ended
and includes one or more of the listed parts and combinations of the listed parts.

[037} One skilled in the art will realize the invention may be embodied in other
specific forms without departing from the spirit or essential characteristics thereof. The
foregoing embodiments are therefore to be considered in all respects illustrative rather
than limiting of the invention described herein. Scope of the invention is thus indicated
by the appended claims, rather than by the foregoing description, and all changes that
come within the meaning and range of equivalency of the claims are therefore intended

1o be embraced therein.



612z, respectively (generally referred to as solder pads 612), on a non-metallic substrate 630b. FIG.
6C illustrates the non-metallic substrate 630b positioned on a moving mechanism 640c and movement
(604c) of the non-metallic substrate 6306 through an oven 650c. FIG. 6D illustrates the non-metallic
substrate 630b after movement (604d) through the oven 650c. As illustrated in FIG. 6D, the heating of
the solder pads 612 forms a gold and solder mixture A 614a, B 614b through Z 614z (generally
referred to as gold and solder mixture 614) on the norérietallic substrate 6306, respectively. 10351
FIG. 6E illustrates the electronic components 610 and the gold and solder mixture 614 placed on a
metallic screen 660e. FIG. 6F illustrates the metallic screen 660e loaded on a moving mechanism
670f. FIG. 6G illustrates movement (606g) of the mgtalligigcreen 660e through an oven 680g. FIG. 6H
illustrates the metallic screen 660e after movement (606h) through the oven 680g. As illustrated in
FIG. 6H, the heating oMh#! &8st iBomponents 610 and the gold and solder mixture 614 wicks the
gold and solder mixture A 616a, B 6166 through Z 616z to the metallic screen 660e. 10361 Comprise,
include, and/or plural forms of each are open ended and include the listed parts and can in Iu(ge
additional parts that ar® FRtHSELTASAIBY IELH RALRY 8“&%8‘%&@%%08}p%%’0$ﬁ1gﬁt§[% parts
and combinatiorg@pRmfisted parts. 10371 One skilled in the art will realize the invention may be
embodied in other specific_ forms without departjing from the spirit or essential characteristics thereof
The foregoing embodi%&ﬁ?grﬁpégtﬁegg?filaél?oSBLH%gﬁ%}fé‘él}%g ri’nﬁ?afall ?%eé%é’gfg I u’gﬁ%?ﬁ/ng Fé?haé?? Sgn
limiting of the inyentiaemidbectbeehlieddivatigapeceddie invention is thus indicated by the appended
claims, rather than bygg foregoi escription, and.all ch tg_b 2 ithin: ing and
range of equivalency o 5113% %ﬁ‘?&?‘é‘iﬂ‘gﬁéﬁgg f)'r{1 gtnr ed t%&gg%‘m qrR/a%:?e t%%g}%ﬂ}?gﬁ@%ﬁ&? S What
is claimed is: I.A methdd)fovicking\ng goldiblatinheogdd efebtsolsier comrponeienheeneteritpnic
comprisng: _ dahirmirga %O'Q%H-éowgemﬁ)weaOgeﬁb%&'%mm&mpemma afbthg
incrementally contrile eating proceéure; (b) incrementally cooling the electronic component via
a first cooling prpssddwes: and (c) wicking part or all of the gold and solder mixture from the electronic
component to a metalligyscreen yiaagecapiipcrameriavsontalisshhaatng prasesiresame  (d)
incrementally coolingdthe electronic component via a second cooling procedure.

proceaure.

2. The method according to claim 1, wherein the step (c) further comprising:
positioning the electronic component on the metallic screen to facilitate transfer

of the gold and solder mixture to the metallic screen.

3. The method according to any one of the preceding claims, wherein the step (a)
further comprising:

temporarily adhering at least one of solder paste and solder preform to a non-
metallic substrate to form a metered solder pad; and

positioning the electronic component on the metered solder pad.

4, The method of claim 3, wherein the non-metaliic substrate comprises a

composite material.

5. The method of according to any one of the preceding claims, wheremn the step
(¢) further comprising:

depositing flux on the electronic component placed on the metallic screen.



2. The method according to claim I, wherein the step (c) further comprising: positioning the electronic
component on the metallic screen to facilitate transfer of the gold and solder mixture to the metallic
screen. 3. The method according to any one of the preceding claims, wherein the step (a) further
comprising: temporarily adhering at least one of solder paste and solder preform to a nonmetallic
substrate to form a metered solder pad; and positioning the electronic component on the metered
solder pad. 4. The method of claim 3, wherein the nontbnetallic substrate comprises a composite
material. 5. The method of according to any one of the preceding claims, wherein the step (c) further
comprising: depositing flux on the electronic component placed on the metallic screen. - 13 - 6. The
method according to any one of the preceding claims, wherein the metallic screen includes a flux
coating to facilitate trarsfenfibe gerding aolderMbdandépibeotigiallitmeredareln THienmeeiliiod
according to any one qf the preceding claims, wh]ierein thegirst increm tggy ntrolled heatj
procedure has asfé‘?ﬁlbg}é-fl‘l?r% F‘aﬁ&é %%faé’l?@stféﬁatfé IS r@.{lq%eeé?gdg% éfgsl%% lf)lé)rmsl(raec}:)Ontggand 3.0
degrees Celsiusmpaalitiesordand the first cooling procedure has a temperature range of substantially
between 0.1 degrees Celsius per second and 3.0 degrees Celsius per second. 8. The method

according to any one of the preceding claims, wherein the second incrementally controlled heating
procedure has aZtemperbtunetizor ecobsiibgtemalydnetwb eheOptedergesibolsivdprwisétoddsand 3.0

degrees Celsius.per. e in ure P reer -
substantially betbﬁcgrgn%%%.l%%%é%rge%g&@egs?%% gl roé}egﬁ%{%n 3.% tgeﬁ rfg&g%e%%ggrggﬁ%r%@g. The
method accordirgteeany drieptei & pleeenmgesenmandvhOréngmss firdsivcrenieerafyredHeofied heating

procedure is subsiatially,taa,same %%é&%&%?@?aH%ggﬁmﬁb{t&%t&WQﬂi’&Q%«P&%@Q%ﬁ@nd the

first cooling procedure is substantially the same as the second cooling procedure. 10. The method
according to anyPehEesthangrd Setfinty @ AR UGPREE#PEOI in the gold and solder mixture remaining in
a solder joint of the electronic component after step (c) is substantially less than 3% gold by volume.

8. The method according to any one of the preceding claims, wherein the second
incrementally controlled heating procedure has a temperature range of substantially
between 0.1 degrees Celsius per second and 3.0 degrees Celsius per second and the
second cooling procedure has a temperature range of substantially between 0.1 degrees

Celsius per second and 3.0 degrees Celsius per second.

9. The method according to any one of the preceding claims, wherein the first
incrementally controlled heating procedure is substantially the same as the second
incrementally controlled heating procedure and the first cooling procedure is

substantially the same as the second cooling procedure.

10.  The method according to any one of the preceding claims, wherein gold in the
gold and solder mixture remaining in a solder joint of the electronic component after

step (c) is substantially less than 3% gold by volume.

11. A method for electronic component thermal shock management, the method
comprising:

(a) automatically unloading a plurality of electronic components from an
electronic component holder to individual solder pads adhered to a non-metallic

substrate;



11. A method for electronic component thermal shock management, the method comprising: (@)
automatically unloading a plurality of electronic components from an electronic component holder to
individual solder pads adhered to a non-metallic substrate; - 14 - (b) positioning the non-metallic
substrate on a first moving mechanism; (c) moving the non-metallic substrate through a first oven
via the first moving mechanism to heat and cool the plurality of electronic components based on a first
temperature profile, wherein the heating of each of theldelder pads forms a gold and solder mixture on
each of the plurality of electronic components; (d) placing the plurality of electronic components on

a metallic screen from the non-metallic substrate;. (ez loading the metallic screen on a second
moving mechanism; a )P"St‘ﬁ)"ma%i 6 Hﬁ’é“}ﬂ%ﬁi{ﬁ%%‘@%é‘ﬁﬁﬂ?& ffte{%oevég%aq%%q]\sﬁg’the second

moving mechanism to (Bahendgdal the-phetality oftetectroncuphnpineniebasehofistsmoond:

temperature profile, wherein the heating of each,of the electronic components wicks part or.all of the
ol and Soider FIRCLHETS thel el SESLaTe DA LRG0
automatically loackmggtiterplprafity, of btedtrchic lsamppokeresined the slktirgaits domponentcheider.

solder mixture on each of the plurality of electronic components;

(d) placing the plurality of electronic components on a metallic screen from the
non-metallic substrate;

(e) loading the metallic screen on a second moving mechanism; and

(f) moving the metallic screen through a second oven via the second moving
mechanism to heat and cool the plurality of electronic components based on a second
temperature profile, wherein the heating of each of the electronic components wicks

part or all of the gold and solder mixture to the metallic screen.

12.  The method of claim 11, further comprising:
(g) automatically loading the plurality of electronic components into the

electronic component holder.



