ENHANCED ELECTRO AND ELECTROLESS PLATI NG METHOD AND THE PLATI NG THEREOF
Field of the Invention [0001] The present invention relates to enhanced

pl ating process. In particular, 5the invention relates to a plating process
applicable for electro and electrol ess plating and a nmethod thereof.
Background [0002] Surface furnishing proéesses on netallic surfaces are
comonly required for inproving corrosion resistance, electrical

per f or mance, EWN@E]}SE%@TRGM@@ NESSFROAS Sirfmpess gﬁﬁ@@ surface

furni shing processes include electroplating or electr ating for
depositing or coating a |layer of naterlal onto the surface of the netallic

substrate to achi eve the saD TihE: Skt Mol BHEREGHT el ectrol ess-pl ati ng

is applicable on wi de range of applications. [0003]In the field of
reliability, functionality and buytdh hivht @Sfenfi@f 15 sem conductor industry,
for exanple, interconnects such as test sockets are used as a nedi um for
transmtting data signals fromtest boards to test devices, vice versa The
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data at fre enc t hout, chan n rity of
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repl acement due to nech%nlcal wear and tear, increased in contact
resi st ance® i BRICEARSERNat i on of material nigration, etc.

Background

[0002] Surface furnishing processes on metallic surfaces are commonly
required for improving corrosion resistance, electrical performance, wear resistance,
10 hardness, cosmetic and etc. These surface furnishing processes include electroplating or
electroless-plating for depositing or coating a layer of material onto the surface of the
metallic substrate to achieve the same. The electroplating and clectroless-plating is

applicable on wide range of applications.

[0003] In the field of reliability, functionality and burn-in test for
15 semiconductor industry, for example, interconnects such as test sockets are used as a
medium for transmitting data signals from test boards to test devices, vice versa. The
interconnects include test sockets that uses test pins or spring probe, such as pogo pins
or stamp pins, with low electrical resistance to transmit data at any frequency without
changing or losing the integrity of the transmitted data signal. Such pogo pins or stamp
20 pins are subjected to replacement due to mechanical wear and tear, increased in contact

resistance, high contamination of material migration, etc.



[ 0004] Gol d has good resistance to oxidative corrosion, excellent electrical
conductivity, and is chemcally | east reactive. Therefore, it is typically
preferred for depositing onto test pins as surface finishing through

el ectroplating or electroless- plating process. Wen hard sol der, also
known as | ead-free solder, were introdu¢ed and 5 used in the industrial,
the durability and lifespan of such test sockets were affected. As gold is
a ductile poood] met al Goid heanpot resitthsdcand ox@pat tagoshaarcxcall@t igechésnd

| ead-free solder or material migration in soft |ead-free solder when

subj ect ed toOndlicBRitTUnkiiPLReRRADY @981 RASIANATIGYGLRS it 1 [S/&Lélgb% e[ettbéd for
functionality and burn-in testings for sem conductors. i's known
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har dness properties resultin wear ra ver using this
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This conprom ses the integrity of the transmtted data signal but allows
nore dut abi$gd i ‘vb‘hwdr‘%@ealel Jurdsbyrand 18sparaf fuchooospaises wessdsetedndent i on
provi des an enhanced electro and el ectrol ess plating nethod and a plating

t her eof . | goldnie aadpéitst pwé mdtd, preesesitwitlweadtiepnfing vere rits ip hadi ldediree met hod
of plating a surface to be plated. 'The method conprises prem xing a

pl ating sobaltieron mierialagtithiioteicitpldagimg @ierandn pabetel es higushitplat i ng
met hod i s 20applicable for electroplating and el ectrol ess-plating. [0007]1n

one enbodi ERAbesdifie addi L& Qﬂ”lé[? bﬁﬁ?f Wn&i%m'h&sem@a l]‘ﬁnsihz?csghg%gq?he

particles or mcro-size dianond particle I s”possi ble that t
addi tive semiconductors.

10 [0005] It is known that alternative metal alloy plating, Palladium Cobalt, can
increase the durability and lifespan by approximately 30% because of its increased
hardness properties resulting in lower wear rate. However using this alternative, the
electrical conductivity drops by approximately 20 ~ 40%. This compromises the
integrity of the transmitted data signal but allows more durability and longer lifespan,

15 Summary

{0006} The present invention provides an enhanced clectro and electroless
plating method and a plating thercof. In one aspect of the present invention, there is
provided a method of plating a surface to be plated. The method comprises premixing
a plating solution with additive comprising diamond particles. Such plating method is

20 applicable for electroplating and electroless-plating.

[0007] [n one embodiment, the additive particles may comprise nano-size
diamond particles or micro-size diamond particles. 1t is possible that the the additive

particles is a postmix comprising the diamond particles and water. Desirably, the



particles is a postm x conprising the dianond particles and water.
Desirably, the 3 dianond particles are doped and suspended in the plating
solution the dianond particles are randomy distributed evenly in the

pl ati ng solution. The additive can be added into any plating solution.
[0008]In a further enbodinent, the additive conprises about 0.1 - 5.0 wt %
of 5 dianond particles and about 95.0 - 99.9 W% of the plating solution.
More speci fliagmhllypartities addidopue acdnquspaesd ahoihic fla@fy soRiibn whdbdimeticanond
particles and about 97.5 - 99.75 wt % of plating solution. [0009]1n anot her

aspect of phechpes @ﬁ:etﬁhddnﬂ}ée\ﬂﬁtﬁ iBted hefe ih $hdpavhdedu@ih. atsi LiMgyd oy sise in
the aforesaid nethod. 10 ef Description o t he Draw ngs [ 0010] Thi s

invention Yok Hesek way of non-limting enbodiments of the
pr esent |nverc1:t |H§))[§rl g?%h[hf’ {ﬂg%ﬁ}lce to the accompanyi ng draw ng, in which:

[0011]FIG | exenplifies a typical pI at| ng process flowhart wth options

I 1 astrate @2?32‘2”@5&?%1%5%% et il B PEERR RN ot Br el watn

n iment of t ent inventiaon;
one errbso di d1dmong part!?ce and about 950 ~ 999 wt% of the plating solution. More

specifically, the additive comprises about 0.25 ~ 2.5 wi% of diamond particles and

about 97.5 ~ 99.75 wit% of plating solution.

[0009] In another aspect of the present invention, there is provided an additive

for use in the aforesaid method.
10 Brief Description of the Drawings

[0010] This invention will be described by way of non-limiting embodiments of

the present invention, with reference to the accompanying drawing, in which:

[0011} FEG. 1 exemplifies a typical plating process flowchart with options of

adding enhancement additives in different process points;

15 [0012] FIG. 2 illustrates a cross sectional view of a plated test pin in

accordance with one embodiment of the present invention;

[0013] FIG. 3 exemplifies the accelerated wear resistance comparison chart on

different weight-percentage of pre-mixing additive into the plating solutions;
Detailed Description

20 [0014] In line with the above summary, the following description of a number

of specific and alternative embodiments are provided to understand the inventive



[0013]FIG 3 exenplifies the accel erated wear resistance conparison chart
on different weight-percentage of pre-m xing additive into the plating
solutions; Detailed Description 4 features of the present invention. It
shall be apparent to one skilled in the art, however that this invention
may be practiced w thout such specific details. Some of the details may not
be described at length so as not to obscure the invention. For ease of

ref er ence, feomoof hefpessencieventiver Alskalivbt hpfaeciisednd skidupmotit attheowdwgur es
when referring to the 5sanme or simlar features common to the figures.
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accordance with one enbodi nent of the present invention. In this plating

process 1091|z_1ﬁientot Fé d0eahied [&g%lpicg%s' A8 1§ W0 RLALL NY A AYEE 09&{8& gﬁgezpf%ltc%c eto

be pl at ed. pl ating proce conprises pre-treating ace to be
plated at step 102. activating the surface to be .10 plated at. step 104;

b 6 i x, gt uiRotiTtr gt BURLERPH B BB SehiitBn ot Ch Bt Todiid Efhg n
first plating | ayer. on the surface at step 106; rinsing the plated surface
at step 108MNpPHpnGaERgicomon Rtk BeWetond pl ating solution at step 111
pl ating a second plating |layer on the plated surface at step 110; and
rinsing the plated surface at step 112. [0016] At the step 106, the first
plating | alf@i5li s a niFékel ilpistnieng.flopr diggramoolihgatinisprbiess t1 00 ay evcoplaatd ng
process, the first plating solution is pre-mxed with an additive at step
105. The addfihtdneendorimdns eb thdi passondinpedtione [resis plhtingsprdesk ned, it hadesihien t he
first plating solution is pre-mxed with the additive, the dianond

particles g gralicpais prtiandaguspendedifbe theefjifisd. Phat hingns Qhdtkion Mre
preferably, the dianond particles are di spersed and suspended evenly in the

first plat -b&g}%ﬁs%g %‘i‘é—g&tinéquggtgrgc@tto Eo@%la%cﬁ?t S%GJPOIOZE chuv%ﬂﬁgg ﬁge ﬂlllf%(': Pogbel ayer
is gold plating. Prior to the
10 plated at step 104; pre-mixing additive into a first plating solution at step 103; plating a
first plating layer on the surface at step 106; rinsing the plated surface at step 108; pre-

mixing additive into a second plating solution at step 111; plating a second plating

layer on the plated surface at step 110; and rinsing the plated surface at step 112.

[0016] At the step 106, the first plating layer is a nickel plating. Prior to the
IS first layer plating process, the first plating solution is pre-mixed with an additive at step
105. The additive comprises diamond particles. [t is desired that when the first plating
solution is pre-mixed with the additive, the diamond particles are dispersed and
suspended in the first plating solution. More preferably, the diamond particles are

dispersed and suspended evenly in the first plating solution.

20 {0017] At the step 110, the second plating fayer is gold plating. Prior to the
second layer plating process, the second plating solution is pre-mixed with an additive
at step 111. The additive comprises diamond particles. It is desired that when the

second plating solution is pre-mixed with the additive, the diamond particles are



second | ayer plating process, the second plating solution is pre-mxed with
an additive at step 111. The additive conprises dianond particles. It is
desired that when the second plating solution is pre-mxed with the
additive, the dianond particles are dispersed and suspended in the second
plating solution. Mre preferably, the dianmond particles are di spersed and
suspended evenly in the second plating solution. [0018] Alternative netal
al | oy pl at disgers®RbaicaslispendCodballic sused PatideesiutpnnMbom fréreradpiieofitucidr
industrial, can be pre-mxed with the additive prior to the plating 5
process. Thatialdhtd MeHeeRIRL S@pehlicamady Paliseé R plditngisslu@8si red that when
the Pall adium Cobalt plating solution is pre-nlxeé)mﬁth the additive, the
di anond particles are dispersed and suspended in the plating solution. Mre
pref erabl yrogtdie di amand.pard helapsisy ﬁagﬁvﬁ@’%g&cﬁﬁnﬂ%ﬁﬁﬂg&e&d@g eyeRly. i n the
sol ution. {0019]In accor dance W th ’one eftbodi nent of the pres#%t_lnventlon,
solution at a

the 10 addjt.ive L pre-mxed with the respective plating solu _
prescribedg%%%§ﬁ¥£ﬁ%bﬁgu%%gcff??%IFV?n?ﬁg %ﬁ%ﬁb%dﬁgﬁvbtWﬁﬁ @smgdﬂaﬁﬁhﬁfh a
rescri ped anmount _ of di.anond particles. Preferably, the dianond particles
gr e ni ct o- BiosesSorl hﬁuf‘&“@w‘“‘zé@”}%&ﬁ%ﬁ dagondyprigiclss efleisaisiegired: it givbgro e
particles are nano-size particles for a relatively larger surface area.
Wth the abdédivm swbadplane selueen istifve nrsedaivitpltla ddgfivies thealiangorenpratided i n
15durability and lifespan with m nimal conpronmises in electrica
conduct i vi tig. dif0ed] dml anpaldedrinahe atkgbadinentModchgeRehl 1, e dimyohe
prepared in a formof postm x conprising the aforesaid dianond particles

and i qui dparfslefBRtdiPRRLd ahdSUHERIBRMDALT 16 s6%1i6AN be in m cro-sized or
nano-si zed particles. The liquid, preferably, the liquid is a neutral
solution, such as water. Further the postm x can be in a desired

[0019] In accordance with one embodiment of the present invention, the
10 additive may pre-mixed with the respective plating solution at a prescribed amount,
More specifically, the plating solution is added with a prescribed amount of diamond
particles. Preferably, the diamond particles are micro-size or pulverized particles.
More preferably, the diamond particles are nano-size particles for a relatively larger
surface area. With the added diamond particles, the metal plating is being enhanced in

15 durability and lifespan with minimal compromises in electrical conductivity.

[0020] In an alternative embodiment, the additive may be prepared in a form of
postmix comprising the aforesaid diamond particles and liguid. As mentioned, the
diamond particles can be in micro-sized or nano-sized particles. The liquid, preferably,
the liquid is a neutral solution, such as water. Further the postmix can be in a desired
20 diamond concentration that is adapted for mixing with the plating solution. In
accordance with the present invention, the postmix can be added to the plating solution
prior to any plating process to obtain similar properties on the final product and not

limited to the flow diagram as illustrated in FIG. 1. Preferably, the postmix may be



20 di anond concentration that is adapted for mxing with the plating
solution. In accordance with the present invention, the postm x can be
added to the plating solution prior to any plating process to obtain
simlar properties on the final product and not limted to the flow diagram
as illustrated in FIG 1. Preferably, t fle postm x may be 6 doped and
suspended in the plating solutions as the additive and further being
adher ed ontlopechedpluapaded ur fregéatinggetitiens wi the addtlsivexnd titigr beayiadreedpl at i ng
This flexibility application allows nodification and enhanced i nprovenent
to many avahloableeplpledt dungics abatihe@nsith Wst ExishS Rq@RBRRERG fnmspm_@%na%
properties, plating thickness and time may be reduced in obtaining the sane
results W LHARLGHELIAG DRIRIERGNNA BYRALLLBup bORGHL L0 fal ULLARYC BAROCT ment
t he di anond particles are doped and suspenééﬁ Into any existing gﬁfcagsl
used for plati. l.cpating The di anond particles may conprise about
U550 e oo, A0y B MO S STBTE: GRS SBGRY BIRERE RO TSR | ng
chemi cal. However the effective and preferred dopi ng ranges between about
100. 25 2 2!@%%%@5?&%%&%&% feerceissy s vithoyt usigpthppregenh isrensioat i ng
solution. [0022]FIG 2 illustrates a cross section view of a plated test
pin 200 in accordance wi th one enbodi ment of the present invention. The
pl at ed test008tln 200 &vwprihseembodimeniethexbamonbpatiides are dopedoindrayepend@P and a
bott om pl unger 203, and a spring 204 within the barrel 201 to allow the
novenent s ono boy kxisope phemigels 2OR fandatify hot taing! Dirgéinmdad.padpsssahional |y,
data/signals are transmtted through the top plunger 202, the barrel 201,
the spri ngc@fgri@ntbothe 1 bos ham 9plorageiondQhetclyPimialbbis 990 Layes wof, grigkel
followed by gold are plated on all parts of the test pins to inprove }helr
el ectrical LvLE Yiadhe.n.ckel, . nl.ating..2 i L ori gi
pféﬂﬂg‘dﬁédﬁ\ég. yEIO;rv!agmrthg Iégté%t'?)é’ridg efebdd d%ﬁ@gg?ﬁ%sn%?\?geln :g:r(])ﬂta

mat eri al hardness and provides a esion a . e fina
00 Pt 0852105 O PR SgFRI T, T35 AR PLALIBRES o the ocher
[0022] FIG. 2 illustrates a cross section view of a plated test pin 200 in
accordance with one embodiment of the present invention. The plated test pin 200
comprises a barrel 201, holding a top plunger 202 and a bottom plunger 203, and a
spring 204 within the barrel 201 to allow the movements on both top plunger 202 and
15 bottom plunger 203. Operationally, data/signals are transmitted through the top plunger
202, the barrel 201, the spring 204 and the bottom plunger 203. Typically, a layer of
nickel followed by gold are plated on all parts of the test pins to improve their electrical
conductivity. The nickel plating 212 increases the original material hardness and
provides a better adhesion and binding for the final gold plating 213 to be applied

20 thereon. The gold plating 213 on the other hand improves the electrical conductivity.

[0023] Still referring to FIG. 2, diamond particles are doped and suspended in
the plating solution. Diamond particles have two major properties namely high

hardness and low co-efficient of friction. The suspended diamond particles are then



[0023] Still referring to FIG 2, dianmond particles are doped and suspended
in the plating solution. Dianmond particles have two mejor properties namely
hi gh hardness and | ow co-efficient of friction. The suspended di anond
particles are then 7 being transferred_onto the individual parts of the
test pin 200 such as the barrel 201, thé top plunger 202 and the bottom

pl unger 203 during the manufacturing process through electro or electroless
plating. Thesgakhdesed betodhaimihddipapiriscdtane test id260 sudintsahd herdl ndi Mheual
parts of the test pin 200 in random m croscopi c distribution coverage. The

5 i ncreaseghhAuAne 292 fn@md Rt ?l@fﬁg@ M3 dukiGh 8%e MIRIOUESInS B cME#hrouph
resi stance on the individual parts of the te§t pin 200 during high nultiple

conpr essi ong. A0, GY&h Bfess Tk OWnkOaRld GheNhmBhd | rati'tl%eisofn c{dﬂugzl PR
the mgra n'the & ct sUFf aces.

particl es reduces g I 6h rate betwee “ 27 contactTng

These two mmj.or, properti.es in .di nd rticles inproves the wear
resistancelugygmﬁﬁmvﬁoEﬂgb@@%WBQ%pﬁ%r@gﬁﬁlBV%P%@pFH¢@FE@§§1%§“8§ﬁpéh%d

wi t hout _10t he presents of the dianond particles. [0024]FIG 3 shows a chart
conparihg HCEIFEbhdngssorom ke gianed puitielas espwiveh teaweoussiseneent des of

t he di anond particles thereon. The conparison chart is taken from an

accel er at ethdsGdugdbparig ofvdmriest edi 2@mdaeng eigh miStiple coaptessisncard ¢yetbsotiic on t he
flat copper clad and subjected individually to the same known consi st ent
spring pl ungeco-¢Gaddnt 0o (ieoiioa i dkikhdnd PartictsabdiReatiRdnSwtfoagse fefwdymher of
cycles until it reaches a scratch width of above about 0.35mm [0025] The

curve NN reRoLEEMS sirhReS ORREE 16 A §rBpQ0EMR] aRLRLY '?)grticiles%nproves the

wear resistance rate by 30 ~ 600% for the same plated thickness as compared without

10 the presents of the diamond particles.

[0024] FIG. 3 shows a chart comparing a durability of the plated surfaces with
various percentages of the diamond particles thereon. The comparison chart is taken
from an accelerated scrubbing wear resistance test. Such test is carried out on the flat
copper clad and subjected individually to the same known consistent spring plunger
15 acting onto each individual plated surface for number of cycles until it reaches a scratch

width of above about 0.35mm.

[0025] The curve NN represents the copper clad with normal plating, i.c.
without additional diamond particles. The curve BB represents the copper clad with
LOwt% of diamond particles added. The curve CC represents the copper clad with
20 L.5wi% diamond particles added. The curve DD represents the copper clad with
2.0wt% diamond. In this test, the diamonds used in the plating are nano-size diamond

particles.



wi t hout additional dianond particles. The curve BB represents the copper
clad with 1.0wt % of dianond particles added. The curve CC represents the
copper clad with 20 1.5wm % di anond particles added. The curve DD
represents the copper clad with 2.0m % di anond. In this test, the di anonds
used in the plating are nano-size dianofid particles. 8 [00261As shown in
FIG 3, the wear resistance increases by about three tinme for CC (plated
with 1.5w odblanond partibehes)FIGnad, up wearabdsthngi cikisye dy fabouDBrdepimas ed
with 2. 0wt % di anond particles). [00271The present invention is targeted on
W de usage f@ppli GRS eGWitdsl Midmofdd HaBRINEARI NBSIoShIRNE &iWMikfas REE$gNCe Of
| ow co-efficient of friction. Sonme ot her exanples of such applications are
bal | beari pg., 500 flMak). rts{.gQimponents used in clean roons, USB

cont act tigg?ﬁgﬁgghT@%V?g¥§¥§?gd§g%§gpcontact tips, earpiece
connectors/connectors to charger used in nobile phones/devices and even

jewel lerie ke wedding rings or.necklaces. These application exanples are
possi bl e agm?he presgh%%“fb&ﬂHU%H¥Wdh%%ﬁﬁﬁi@@d”ﬁhémﬁﬁdﬁWﬁ&HHWQPFQW% Swith
the pre enﬁe of both |ow co-efficient of friction to reduce contam nations
and al si i AL stibue M) etk I8 Wi oRiieientp HE iy Seueosics cprpper ti es.
[0028] Wil e the present invention has been described with reference to
parti cul ar ©bapddanrdisationsiare Wiall | beping peiy, snoedlc pats/cohwoeabodseent slear e
illustrative and 15 that the invention scope is not so |limted.

Al t er nat i vercemsbodiSnt sonodct t hipspr eheivkolidivent | @rdwi Icbnlaeconps.appapesd to
those having ordinary skill in the art to which the present invention

pertains. &uehcodly@niaicsaiRAtPENS a8 RNSHABY & it RS &&?9&5&%?@9
wi thin the scope of the present invention. Accordingly, the stope of the

present i nyenLL@Nnd S i 0 ( ) h AL IE ,and . ported by the
f or egoi ng 2§Ldescr P%t flgsﬁ(fn LY. ‘fﬂ&e%BBﬁ&%H Lgina}f)lg?'u% p%ssﬁ?le 2¥0R present
10 invention enhanced the plating qualities with the presence of both low co-efficient of

friction 1o reduce contaminations and also increased wear resistance to provide a harder

surface properties.

[0028] While the present invention has been described with reference to
particular embodiments, it will be understood that the embodiments are illustrative and
I5  that the invention scope is not so limited. Alternative embodiments of the present
invention will become apparent to those having ordinary skill in the art to which the
present invention pertains. Such alternate embodiments are considered to be
encompassed within the scope of the present invention. Accordingly, the scope of the
present invention is defined by the appended claims and is supported by the foregoing

20 description.
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Claims

[ A method of plating a surface [0 be plated comprising premixing a plating

solution with additive comprising diamond particles.

2. The method according to claim |, wherein the plating method is electroplating,
3. The method according to claim 1, wherein the plating method is electroless-
plating.

4. The method according to claim 1, wherein the additive particles comprises

nano-size diamond particles.

5. The method according to claim 1, wherein the additive particles comprises

micro-size diamond pacticles.






