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Abstract:

A copper alloy electrical connector component has a coating thereon formed by applying a nickel
layer of between about 5 in and about 20 in over the copper alloy; applying a copper layer of
between about 7 in and about 18 in over the nickel layer; applying a total of between about 5 in and
about 15 in silver layers and about 40 in and about 80 in of tin layers over the copper layer: and
heating to the coated copper alloy electrical connector component to cause mixing of the silver and
tin layers and formation of at least 8 vol% of an Ag3Sn intermetallic.
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SILVER-TIN COATING FUR ELECTRICAL DONNECTORS,

AND FLECTRIDAL CONNEUTORS WITH BILVER-TIN COATINGS

1%
23]

HELD

00091 This disclasure relates o coatings Ry electrical connectors, and

coaled alectvical comnesadon.

BACKGROUND

9O02]  This section provides background Information refated o the present
disclosure which is not necessanly prier artl

[MOn3l  Tin ooatings have been used for yesrs by terminal and connactor
manufacturers Iy provide a stable, separable contact interface over the life ot the

connastar. Tin plating is ralatively soft and allows for a mating conlactio bresk

theough the thin surface oxides that may form, & ressonably low Inads, providing
a gaod slectrical path betwaen the mating parts. Thinner tin ooalings are
generally more desirable becsuse they generally pravide jowe s rasistance o
norrmal Borces and a reduced coefficiant of friction. Howaver, the thickness af the
He lavars must be sufficlent so that the formation of lin-coppar i intermetatiics does

aot fuse up” the avaliable fee tin and changs the physical properties of the

sonnectar, Varlous bartler lavars, for sxarmple Nilayers and Ni and Cu layers,
have been infroduced o reduce the formation of Sn-copper intermatalios and

aliow for thinnar t layvers, to raduce friction. Efforis continue {o rmprove tin

caatings and raduee foction

CA 03238563 2024-5-17
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SURMARY

[o004]  This section provides a gereral summary of the disclosure and is
a0t @ comprahansive disclosure of its full scope or al of iis featiyes.

[QO05]  Embodimants of the prasery disclosurs provides improved o
coatinga for alectrical connectors. in particuiar, smbodimanis of the present
disciosure provide for applying » layer of sitver below the laye of i, The
ventors have ohacnad that the friction force of in coated slectioal connesion

reduced by the presence of tin-siver intermetaliics in the {in layer, and i
patinular by the volume fraction of AgsSn intermet alficy in the tin layer,

00081 In one ambadiment the disclosurs provides a coating over a soppar
altoy alectrical connector component. The cealing can e fornied by applying 8
nicke! tayer of batween about § pin and about 20 pin over the copper alioy of the
stscirical sonnecter componsnt, and then applying @ copper layer of betwasn
abaut 7 uin and about 18 pin over the nickel layer. This provides a hartier to
diffusion, redusing the formation of tr-copper intermeatallics that might athanwise
acnsume the available iin in the tin layer. Eventually the copper i1 the barriar
fmyer witl form to-coppar intarmetatios with the tin, and the pickal ayer and the
in-copper imtermataliic layer will slow furthar loss of n o the formation of

ntermetatiics with the sopper from the conneuter companenl. Layers of siver
and it are applied over the copper layer and ave subjected 10 & refiow process
and the farmation of a sifver-in layer containing AgaSn nfermataiic.

{00071 ip general, belwesn about 5 in and about 15 win silver, and
hetween zhowt 40 in and shout B0 win of tin are applied. This oan he i a singe

taver of silver over the copper layer and 8 single layer of tny over the sitvar tayer,

¥

i
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Alternatively, this can be ruliiple layars of sliver and tn terlesved over tha

coppert layer, The coaterd copper alloy slectrics contscior component is feated

-

v pause mixing of the sitver and tin layers and fo crmation of af lsast 8 volls of an
AgaBn intermetaliic, and preferably betwaen 8 vol % and about 40 vol %.

IOOORT  in another embodiment the aisgiosure provides & method of
providing a coating on @ copper alioy € elactideal connactor component. The
methad spplying a nickel layer of betwesn aboul 5 pin and about 20 pin over the
copper alloy 8 applying & coppar jayer of between abioul 7 gin and shout 18
in over the nickel layer, One or more layers of silver and of tin are then applied
aver the copper layer and subjectad o a refiow process and the formation ofa
sitvar Gy lgyer containing AgeSn intenme taliic.

0a0sl I geners, between about § yin ard ghout 15 wn silver, and

hetwaen about 40 uin and about 80 pin of tin e applied. This can be in a singl

2
%

layer of siiver over the copper layst and a single tayer of tin over the sitver layer.
Altsrnatively, this can be multiple layers of sihear and tir interlsaved over the
copper layer. The cogted copper & oy alectrical connactor component is heated
to cause miking of the sifver and tin tayers and formation nof 5t least 8 vol¥ of an
AgaSn intermetalic, and preferably bebwasn B vai% and shout 40 vol%,

IGO1e) I another smbodimant, the disclosure provides a copper alloy
clactical cornector component with & coating. The coating is Torm e Dy
applying a nicke! layer of belwesn ab aut § uin and about 20 pin over the capher

alioy of the slsctrical connectar companant, andd than spplyving a copper layer of

hetwaen about 7 uln ard abuut 18 {in pver the nickal layer. This provides 8
3
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harrier to diffusion, raducding the formation of Sn-copper intermetallios that might
otherwics cansuree the avalable tin in the tin laysr. Eventually the copper it the

harrier layer will form tin-copper intormetallios with the tin, and the nickel ia

i

and the tin-copper intermetaliio layer will siow further toss of tirs 1o the formation
of intermetalios with the copper from the conneciar camponent, Layars of siver

tin are appiad over the copper layer and ara g aubjected to g reflow process
and the formation of & siiver tn laver containing ApaSn intermetallic.

(00111 In generad, between ahout sir and about 15 pin siver, and
netwaen about 40 pin and about 80 win ol tin are applisd. This can be in a single
layer of silver over the coppsr layer and 8 single layer of tin over the sitver laysr
Atternatively, this can be mulliple layers of sivar and iin interleaved over the
soppar faver, The coated capper alioy slectrical sopnectes companant is heat tad
o cause méxzin-g of the siiver snd tin layers and farmation of at least 8 volth of an
AgaSn intermatailic.

00127 Further areas of applicability will ecome apparant from the
description provided hereln. The description and spec ific exampies in this

i

summary are intended for purpos £ flustration anly ard are not inferdded o

by

it the seope of the presant disclosure,

RAWINGS

(00131 The drawings described harein are for dlustrative purposes only of
selsntad embodiments and not all possible implementations and are not intended

1o linit the scape of the prasent disclosure,

CA 03238563 2024-5-17
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014l Fig. 1 are photombiyographs of the as reflowsd surfacs of sample

SRR, sides A and B, at 100k megnification;

OS] Flg 2 are photomicrographs of the as reflowed sufacs of sampis

PR D, sides A and B, 8 100x magnification
0161 Fig. 3 are pholomicrographs of the as refiowad surface

<5

PREA, & and B gt 100y magnificetion;

00171 Fig. 4 are photemicregraphs of the as raftowed surface of sampls
DR O sides A and B, gt 100x magnification

IO048]  Fig. 5A s a SEM micrograph of sample PRI al 10kY

f}

EOE i Fig,

b

{.‘[5

an

/
A

018 Fig. BB analysis of PRUS stihe location Mentified |

B4,
0020]  Fig. 8 are photamicrographs of the as reflowed surface of sample

R sides A and B, at 100x magnification;

[pe21]  Fig. 7 are phatomicrographs of the as reflowed surface of sample

PR J, sides A and R, at 100x magnification;

b

0022]  Fig Bisa TEMimage and B D8 map of sampie FRLA, showing the

absence of a sifver layer, and the presence of a capper layer,

[0023]  Fig 9is a TEM image and B DS map of samole PRI B, showing the

ansence of a silver layer, and the prasence of a nopper layen

[oo24]  Fig. 10 s an EDS line soan of saple PPLA,

[G0R8]  Fig 11 s an EDS line soan of sample PR,

[op26]  Fig. 12 s 8 TEM image of sample PPLA with layers ana

*'),
s
:T
@
W
3%
{#

identifed,

<3
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{00271 Fig 13 Is a composite EDS map of PR A with orosshabrs showing
locgtions of layar hickness maastiremant]

DG28]  Fig. 14 s 2 TEM image of sample PRTA with layers and phases
identifiad;

0028)  Fig. 15 is 2 composite EDS map of PP A with crosshairs showing
incations of layer thickness msasuramaen,

[0030] g, 16 is a scatterplot of individual RIN points versus volume

fsrsotion of AgsSn intermatalic in the swifece coating, showing that the R/IN gats
WG 2] £

srralinr with incroasing wolume fraction of AgaSn intermetaliic in the swiace

b4

aoating, and the varanos aiso gets smaller with Incressing volume fraction of
AgaSiy and

031 Fig 17 i & scatterpiot of mean RAN versus yolune fraction of
AgaBn intermatallic in the swface coaling, shiowing that the mean RIN gets
smalier with increasing volume fraction of AgsSn intermetatiic it the surface
coating.

(00321 Corespording reference numerals indicate carresponding pars

throughout the several views of the drawings.

OETAILED DEBCRIPTION

0331 Example smbodiments vall now be dasoribed more fully with
refaranos 16 the acoompanving drawings

[0034]  Tin coatings were fonmed on a copper alloy substrate with ninked
soppar barrer laysr, and 5 siiver layer between the barrer fayer anvd the tiy layer,

with fwo different thicknesses for the tin layver and two different th icknesses for

CA 03238563 2024-5-17
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the siiver layer, The samules were subjest to a reflow process, and the friction

JJ

(R/N) measived on sach side of the substrate and averaged. Thess resl 1ts as

showr in Table 1

| Laver Thickness (uin Rf’N

Sample Ag L Bn Side A | Side B | Sample Avg.
BRI R 15 37 Dia78 | 01382 0,1385

DRI D 15 75 01581 | 0.1497 0. 1525

DR A 5 37 01475 | 01780 01837

pE o g 75 01B08 | D.1788 3,1783

035]  The coefiislent of fiction for the values reported through this

dianiosurs were determined using a linear reclpronating rider an flat ethod

typioal it the industry for evaluating electrical {connector matengls, The lesl was

done by sliding a 18" diameter hemispherioal rdar of the material over g flat of

e material under a load of 2.8N (25090 under dry sonditions over 8 length of

A

e at 2 spasd of St for 10 eycles; one cyole was 2mm forwa d and 3mm
hackward. The sonstant speed portion of each cycle was 80% of the oyole; the
duration of sach test wag 25 seaonds.
03K The RUN value measured from this 1 o reprasenisd the cosfficient
of siiding friction, where R was the measursd ¥ traction foree and N was the
applied normal foree, The RN value that was desmed tha fingd result of sach

fest was calculated a8 the svarage PN for the ten forward and ten backward

movarnenis e RN for each movaement was taken as the partion of the

g
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movernent which had the highest sverage RIN over 8 span of five consaoutive
data pointg, which repressnted approximately 0.5mm of travel i the movement.
[0837]  The ceefficient of friction was genar ally lower for thicker Ay
underplated samples PP B and PPLD. As oan be seen in Table 1, the lowest
sampls average RN (PP B) had s combination of thick Ag and thin Sn {15737},

and the Hghsest sample average RIN (PP Y had & combination of thin Ag and

[0038]  Figs. 1 through 4 show aplical micrographs of tha as-is reflowed
urisce of sampdes A through D, presented in the same order as Table 1, Le,
ascending arder of RN These micrographs show @ bluizh qray second phass in
the reflowed surface, the volume fraction of which vigibly decraaseas from Figs. 1

in associated

through 4. As san be seen from these figures, the increasing Ry

e

s;(
,,,.4

X

with & decreasing amount of senand phasse,

gy
L5758

[0038]  Fig. 5B shows EDS anslysis of the biuish gray phase in Figs. 14,

x4

3
The compasition of this phase-—shows in the Ingel of the spactium in Fig. 8B
irioatas this phase is AgeBn. The nventors surmise that the dependenes of RIN
o Ag thickness is concormitant resull of RIN dependance on yolume fraction of
Agabi.

04n] i the plated layer of Ag were assumed to be somplately dissolvad

he Si with refiowing, then the volume fraction of AgaBn would depend 8o ety

o the thickness of Ag relstive to the thickness of Sn before reflowing. VWith

S

some assumptions, the volums fraction of AgaSn in the reflowed surface can he
ssiculgted Hom the thickness of the Ag and Sn plated layers. Assuming:

CA 03238563 2024-5-17
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it

) The Ag platad layer is completely dissolved iy the B with reflowing,

2) There is sufficlently thick 8n to consume alt of the &g o form Agadn,
Lo Ag s dmiting

3) The thickness of the Ag and 8n s ¢ onstant across & undt of swiace

4) The dansily of the plated layers of Ag and 8 match thalr purs siemant
valusg

5} The density of Agsn is known and ma ehes that of the compoaund

formed i the refiowed surface.
the voluma fraction of A8, @y, g i e refiowed swiace would be related 1

fha volums fraction of Ag in the plated layers, @, The volume fractio noof &g over
o unit of swfscs sres wolld be related to the thicknesses of the plated layars

simply DY @, = Eaod Ty + Pog b whems fios < layerthickness of Ag and &y, = laysy

fhicknass of Sn. After substituting values for the densilies and alo o weights,
W0, o, CBN e clogely BpproX ximaterd By @ o, B L5086 @
ey : 2‘-“ “HE

10041]  Table 2 gives the caloulated volume frantions of Ag and Ags8n tor

E8)

2]

sarnples PPLA through PPLQ, sorted i order of sscending RIN. The thickness
values 1t Toble @ ars the measured values reporiad by sampia & rumbsr. The
aleutated values show an assasiation of increasing RN with a denraaning
volume faction of AgsBn following from a degreasing volumss fraction of Ag 0 the
nlated layers. These calctialions suppoer the obsarved decrease of AgaSnin
Figs, 1 through 4, and they support the dependence of RN on Ag thickness,

&
A
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Table 2 Volume fraction of Ag befors Reflow and Ag
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80 after Reflow

| Layer Thickness {uin} N

{oem e 1 H Pag ‘i‘}}‘w.gSn
 Sample | Ag an
PRIB 14.3-13.7 | 387373 Q.280-0.268 0.42-0.41
CRERID 77T T 750783 0.180-0.188 02e-0d8
 PRLA 53-53 38.0-37 .2 0.9122-0.124 0.98-0.18
 PRIC 8353 | 747957 0.068-0.068 Q10
Piisasil M vajuss reporisd by PRL

(00421 This analysis of RN should

nclude a consideration of the thickness

& baan

of the Sn laver, as thicker &n layers are normaily assoniated with higher RIN.
Samples PP Land PPLS have an outer layar of 873 SnAg over a CufNi barier,
5o the Ag content in the reflowead surface for these wa sarnples would have

£

nofistant @t approximately 3%

These two samples differad only by the thicknees of the SnAg fayar,

(o043 The thicknsss effect ment ioned above indeed was

N

fand J, a8 shown in Table 3

(PP J) than for the thinner layer sample (PP ). This thickness affec

avidenced batwaen the same two thicknesse A7 and

of sarmples PPUA through PP

The RIN was higher for the thicker layer sam
+ WSS

7Ruin, that wers in the ss

by waight indepandent of the plating thickness.

svidant with PH

P

Ta&}zﬁ 3 RN of 8743 Snig Rellowed ATE’@ Ssmg} es PP amﬁ &

* \Aﬁ .,4(_. £ L.z;

\’;.\

B and BRI both had an RIN that was statistically

canventions Hi coatings such as $TAR, indicating that the

14

caune of the

significantly lower than

fower

Laver Thickness {uin)® o RING G
- Bam §~»§ 2 a7/ Sndg "S%éida A ﬁ%t%@{?; “Sarmole Avg.
PP 37.7-97.0 01730 01883 0708
RN ? ? 75 ‘? 030151 01952 02agd
x
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R/ was the &g in the plating. In samples P& through PRPED, Ag had
manifested as AgaSr in the reflowed surface and Ihere was an n ohservad and
calodlated dependence of FUN an the volume fragtion of AgSn,

(00441 Figs. 5 end 6 are micrographs of the reflowed swipes for PR ang
PEd Ll regpectively, These micrographs show 3 8ma i volums fraction of second
phasze that was finely gisporsed. The micograph fy Side B of PPH howsver,
shows areas of largs secend phase tor which there is no explanation.

(00481 The volume fraction of AgsBn in a Snfy reflowed surface can he
caloutated. and would be related to the weight fraction of Ag i the pated aver,

wig, by the squation:

" 3A, Uw N\ Pag,s
\%

5
i)
jp—
L
i};&
w5
P
P,
o
e
e
S
.,
oot
o]
fl"‘"!v
L5
yonsh
S
g™
g
S,
““;hnr.
.,
|2
et
Py

. . s - S
Using this equation gnd the densilias and alomic W ights of Ag, Sn, amd Aglan,

the wolume fraction of Agadn in the refiowsd leyer of g G773 EnAg plating {wag

=0,03) would be pigas = 00304 With the caloulated volume faction of Agabn iy

A

{ : o sinesriee BV A $hoemped RELTYY
tha 0773 Srag layer, PPH and J are comparad o sampies PR A through PRID IR
Table 4. The saniples in this takde are groupsd by thinkress fo account far its afiack,

and they are sorted in ascending order of RIN within gach group. Table maxas

svident the effect of the volume fraction of AgsSn. Tha low volume fraction BnAg

11
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samples had the highest RIN within sach group. In both groups of sampley, the
N incresses with decresaing volume fraction of Agsn.

00461 A Rey sssumption in the caloulation of the volume fraction of Aga8n
was that the Ag layer would be completely dissolved in the Sn with reflowing.
Thiz sssumotion is borme out by the sroas sections of the refiowsd surfaces of
samples A and B, which show that the undetlayer of Ag had completely dissolvad
with reficwing.

[0047]  Crosy seotions of the eilowed surfaces of PREA and PPLE ware
made by focusad lon beam (FIB) miling and examined by fransmission electron
microscope {TEM), Orass sectioning by FIR had the advantage that negligible
deformation and heat would be introduted to the samples, and axgmination by
TEM allowad high resolution magrdfication to accurstely delern g of the

worphology, somposition, and thickness of the individual fayers and phases
Figs. 8 and § show TEM images and ED3 maps fram the FIB cross sestions. The
Ag maps show there was no Ag layer refnaining in either sampls, furthey
Jatidating the assumplion of the AgsSr caleculation that the Ag layar is completaly
alved in the Sn with reflowing,

048] Distinct layers of Ni, Ou, CuaBn, CusBns, and Bn ware saen i the
TEM irages of both PPLA and BPLE, and amas of AgadSn were sean atths
surtscs of BRER The FIB lamalla of PRUA did not contaln any Agedn phase
which the inventors believe is attribulable 1o the lowey volurme fraction of AgaSn

i this sample which may have caused the lamedis 10 not goniain any of this

phase by ohanes,

CA 03238563 2024-5-17
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048] The Gu maps show thal eseh s sample contalned a significant
thickness of Cu layer after reflowing, This vabile hecause axlzting fin coalings
such as STAR and ATH ware meant to have no Qu ayer-—or vary little Cu
iayer—after reflowing so that Guwol uld not be avallable for uninhibiiad
intermetaiiic compound growth with heat aging.

[0S0 Flg. 10 presens a lne soan analysis on PREA The stomis
compositions of CusSns (54,8 al% Cu 48 5 at% Sn) and CusSn (78 ath Cu, 25
1% Qnyd are claarly sseftin this line scan. This scan shows that hare was 8 layer
of pure 8n at the surface. The &8ns phase is seen adjacent to the pure sn
taver as 3 single large grain, The CiaSn phase s seern 88 8 By nf vary fine
grains—with @ grain size of approximal iy 130nm—looated betwasn the LusSns
and the Cu layer

DGB1]  Fig. 11 presents a fing soan an alysis on PP B The alormic

somposition of AgsSn (75 at% Ag, 2b & % &n) s clearly seen in thiz soan in the

large Ag-containing phase atthe surfane. The EDR map for this sample, inFig. ¢

shows that just below the AgsSn phase through which the fine soan was made

thers jo a small ragion of pure S in the line scan, this region is detected starting
at approximately 0.88um. The scan throu gh thiz small region of pure Bn was
sositionsd such that it passed just along the x, clogse enough to the adiacent
Cuelng that Cu x-rays ware detected, This axplains why the Bn ine I the grap 1p
f about Tum stained only 80 at% 8o and why the Sn content steadily

decroased as the soan prograssed throtigh this re gicn, and i would explain w Ay

Cuwas detected in this area. The ling scan shows hat henesth this small region

CA 03238563 2024-5-17
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of Sn, at appraximately 1.80 o 1.38um slong the scan, the somposition of Gu

.,

and 8n is approximately conatant and is consistent with CusSins {84 .5 a1% Gy,

48.% at¥% Sn). The area along the ne soan betwaean the CusBne and the Gy layer

srmall iayer o Bne-as sean by the fing-grained mo srphiology

i zize as PPLA, and as sean in the EDS map in Fig. 8 which

RS fiar oqra
)\«\ TN e

showed 5 higher level of Cu and lower feve] of So in thig laver, The line scan,

nowsver, passed slong the very edge of this thin layer of fine grains so thatthe

EDS could ot resolve the compasiion of the Cusan.

.

[DOBR]  The thicknesses ofthe as-plated layers of Ni, Ou, Ag, and Sn

pefore refiowing, as measured by XRY and regorisd by PR ame gven in Talke §

&

for samples A fheough B

Table & Layeg* Thicknesses bafore Reflowing

Layer Thicknsss (uin}”
| ?;ﬁ:m’}piee N olt Ag &n
PRA 17797 .3 18.7-17.0 8§ 3.573 B Oa7A
e Fery Tieasy 14587 | 367373
PPIC 16,7-160 | 18.0-18,3 Exga T 75 7
PPID 177473 | 153180 | 177177 | 753763
“Meaaswed values reporied by PRL

218, Thess imayes

tha outer plated s

The thicknessas of {]

e favers ardd phases of the

14

as-reflowed samples of PREA

and PPE were measured from the TEM inages ang EDS maps given in Fig

urface In He samo mags, The thickness MagsursSmanis wWare

made saquentially at 10 squally spased oamtions across sach mage, as

and maps show the full thickness of the Mi layer along with
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would he consumed i the eaction, and vice versa for the ‘b oratio for a given
thicknaas consumad of slement B,
_‘?ab e § Parmmeters for Layer and MG Thickness

L AgsEn \h,\,swn ‘ &.Hm\?n» 77777777

i s S
184727 1 A3384 | 278873
R e

3. .38858

YWith thase parameters, the thicknesses of e f&iéts&{% tmyers of Ag, Gu, and Bn
bafore refiowing can be back-caleulated from the measwramsnts in Tables € and
7. The results of thees calculations are shown in Table § and are comparad o the
rrsuits reported by sample pumber.

Tabla$® Back-calculated As-Plated Layer Thicknesses (hefors Rafiowzm;}

. As-plajed Thickness {uin
Sample | Methed o i Rg 1 Bn
Bt A | Back-caloulat s,;'i fram Table B 23.5 - 31.3
“Repartad by PPLARF) 87570 B3E3 | 380373
SIS ok-o :‘u‘at@d fom Table T U AT 4 32
“Repotied by FPLXER CHE 8T 143437 | 387-37.3

The hack-caloulatad results are in good agreament with thuse repurted by ¢ sample
given that the back-valcidated wailves ars b asad on an extemely smadl stetistical
sample of o single cross section from a FIB cut covering 8 very small area of the
plated surface.

[0083]  The ides of existing tn-coating systems with bariars, siich as ATB
and STAR is that the O barrier slows the growth of Cu-8n IMC by slowing the

diffusion of Ou from the base material, However, if the thickness of plated Cu
18
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Becomes Brgs, sxoess Du could exist after reflowing for which there woid id beno
arnier o difusion with heat aging, therefors, a high rate of growth of Cu-Sr MG
would cosur until the exaess Gu ware sensumsd, i the plated Cu were fo he too
farge, § could consume alt of the 8n ina shota amaunt of time of hest aging.
Calouiation of the amount of 8n consumed affer short-ime heat aging, such as at
1RO°DHwK, for given thicknesses of Ag and Cu can be made strad ightiorwardhy

using the ¢ and & parameters in Table 8 The Han for the amount of Sn

ponsumed s

wherae $S1,  Cong, = thickness of Snoon sumed as MO and tshe and t0u = plated

wicknasses of Ay and Cu, respactively, which would be fully consumed as MO
aftar shorttime heat aging. Fram Teble 8, b/t Azd8n = 0.53088 ared {5/ Cubdng
1 B18ub

{0841 Tabls 10 shows the resulis of caloufations mads for PP samples &
through D, The results of the caloulations for sampies Acand 8 show that very
tide or no free Snowould be emalning for these sample PA wollid have

23 of free Snand PP R would have no free Sn, PP 2 and 0 would each

have approximataly 40uin of frae B,

Takle 18 Eg {5 Thickness of $n Conwned 3% E?x‘% ?N‘ F‘:“" 3 Mi“(sm}h B

\.1‘3 o Prea Sn

S

Lm,m Thft %n

-
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IDGBET  Table 11 shows values for the caloulated amount of Bn that would
Ne consumed ss D iy short-time aging for various combinations of Ag and Gy
thinknesses. Far standard ATS, the Cu spedification is ¥ to 18uin. The minimum
A thiskness for standard ATR is 40uln and there is no Ag plating. Table 11
shows that a minimian of § 5 of fas Sn would axist for standand ATB sfter
shart-ime aging, L8, al the maxmum Cu thickness of 18pin thera would be

34 Buin of 81 consumed as MG, leaving 54pin of fres Sn.

Table 11 Bq. (5 Thickness of 8n Consumed as IMC with Ag and Ly

Calculated Thickness of Sn Consumed as IMC {uirg
Fo (UL Ep = 0 ag T SR fae 10uin Tag = 15000
7 3.4 18,1 187 21.4
8 1H.4 18.0 207 233
140 182 21.8 24 5 74
14 211 238 2564 2R
12 2343 257 383 310
"""" 35,0 278 30.3 338
15 28 51,4 341 287 ]
16 354 36,0 187
17 35 3 37.9 40 8
18 L 348 372 RRY 425

[GOB8]  To apply the addition of silver according to the principles of this
discingre fo conventional ATB, sither the specified maximum Gu would nead to
e decroased of the specified minimurm 8a would nead o be increased relative

o standard AT i order o g 5 piny of fres Sn would be avallalle after
short-time aging — i.e., to ensure the same armount of free Sn ag standard ATE.

For example, as shown in Takle 18, for 18 yin of Ag and 18 pin of Cu there

would be 42.5 pin of 8n acnsumad as IMC after shorttime aging: foenswra & pin

CA 03238563 2024-5-17



WO 2023/102181 PCT/US2022/051654

of free Br at thase Ag and Cu thicknesses, the minimim specification for &n
wotild nesd o he 48 uin

[H057]  Qonsiderad another way, foraw nimuin Sn thickness of 40 pin and
a mavimum Ag fhickness of 15 pin, the maximum Cu thickness would need to he
lass thar or egual in 14 pin ensurs 5 din of froe Sn after shed-lime aging. Other
combinations of thicknesses would be possible as well. The point here is that for

ke

siver to be applisd 1o ATR, the CGu andfor the Sn speciiit sationg would nesd o b

Sifarant than standard ATH In order ensure Tee 8n would be avaiable after
hori-time aging.
in a particularly preferred smbordiment, 1o nelp sngure the prasence of Agsin

intermeatatic compounds i the reflowed surfze g, the thickness of the Cu layer is
caducad, andfor the thickness of the 8n layer iIncreased to enaure 2 that free S0
remains avallable sfer short-time heat aging. I this pantio wilarly preferred
embndiment, there is preferably between shout & and 15 pin of Ag with CuiNi
tioknesses that would snsure at Jesst 5 pin of free Sn after short-tima aging.

) s

One possible configuration focusing on the reduction of Cu thickness is 4380 pin
of Sn over 515 uin Ag aver 7-14 pin Gu over 530 win of Ni Another possible
sonfiguration foousing on e ing Saix 5080 pin of Snover 518 ul Ag oy

TR pirn Ol over 520 pin of N
0058]  Table 12 shows addifional data, with Sample 7 Hustrationg the low

coppet preferred ambadiment,

CA 03238563 2024-5-17
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Chxde REARY sl
R TR R asls
Gide & Shte B Bides §

BB ool TEEINE: Vi 224 i a5 &4 £
3 Pk‘i I fri Ni .33 38 1.8 1R e
3P e 433 3% 8 i 144
8 vover Suln M (OB EA IR bR PR 188 LEA
. waver Ban N 613 §.8 0.8 335 33

fin Gov 88 ¢3 74 23

; S Sduin Hefion Sniover Wl Ag 8 & 1.1 a7 a3 28

LR Rt end 700958 Byl Reflow Do vesr Gl Ag oy SR 5 88 a8 gy

3, Fo {mghamg) e

(DO58]  Vhile the presanne of the Ag i the tin layer
contributes 1o reduned friotian, the nvertors have discoversd that silver lgyers
totafing 5-10 win oan vistd sufficient Agadn interm wtallics to provide an
advantaneous raduction in Fetion (RIN) with reduced mietals onst compared @
nther praferrad embodiments of this disclosure, in particular thess ambodiments
can achieve a frictior (RAG of lese than or sgual o 83 and more praferably lpgs

&

than ar egqual to 018, with silver lavers fotaling 10 win,

¥

[B080]  Thase embodiments 3iso regult In 8 free tin layer of at least 5 pin

after heal aging at 150°C according to the &AE UBDARDS {2022) (e antire
sortent of which Is norporated herein by referance}, indicaling the desirabile
friction and electrical properties of the connactors with the eoatings will remain
during the ssrvice iife of the connactar,

[0084]  The forsguing descrintion of the embudimants has been provided
for purposes of Huatration and deseriplion, s not Intended 1o be exhaushve of
elosuse, Individual elements or features of a particular embodimant
are generally not limited o that patticular smbodiment, but, whers appiicable, ais

imtarchangeahle and can b used in 8 selecied ambadiment, evan 1 not

- desanbed, The same may /lso be variad in many ways.

o
Puf
o

£
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< & § ook . i Fpe bin e o igeeshengt . @ it
Sush varstions are not 1o be regardad as 3 departurs from the disclosure, and ail

such rmodifications are tended o be included within the scope of the disclosurs.

27
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CLARE

SWhat s olabmes

1. A copper alloy electrical contactar comparant having a cosling thereon
cormprizing a nicke! layer of between about & yin ancl shout 20 uin over the copper
alioy, applying a copper layer of betwsen about 7 uin and about 18 pin over the
nicke! layer, & total of betwsen about § pin and about 15 yin of ane or maore siver
lavers and a totsl of betwasn ahout 40 pin and about BO pin of one or mwore tin
lavers over the coppet iayer, whersin subsequant reflow healing of the connecior
will sause mixing of the sitver and tin layers and formation of bhatwean about 8

vists and about A5 val¥h of an Ags&n intenmelalic.

2 The oopper alloy elsctrical conngctor sampanent according tn olalrm 1
whersin e one or mors silver layers are applied as & single layar over the coppar
fayer, anud the one of Mo tn layer are applied as a single layer over the & gy

layer.

¢

The copper alloy electrical connector component asparding o olgim 1
wharein the ane or more siver layers and the one of more in fayars are applied

az a plurality of sitemating lyers of siver and of tin,

4, The coppar alloy electrical connectir ampanant socording to claim 1
wherain after refiow heating the ooaling giv & sonhastor component an RN of

Batwean about 320 and about 813,

CA 03238563 2024-5-17
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8. The copper afioy slectrdeal conneolor companant sooording o cialm 4
wherain sfter reflow hegting the soating gives the connector component an RN of

hebwean about 0,18 and about 0.135,

8, The copper alloy slectical CotnSTorn CONY vonent aceording fo claim 1
wherain thers fs 2 total of between about § pin and about 10 yin of one or more
wilvar layars

g

7. A copper alloy slentical sonneciarn compe gnant having & ncaling therson
formad by applying 8 nickel layer of betwsen about B pin arid aholt 20 pin oeer
the sopper atiey; applying a coppar layer of hetween shout 7 uin and about 18 n
ey the ricket laver; appiving & sitver layer of between about § win and about 18
i and applying between about 40 pin and abaut 80 win of ting and heating the
saated coppsr afloy electrical connedtor com porant fo cause mixing of the siver
N

e I avird o o arn Ao S
and tin layers and formation of between abaul 8 volt and about 458%0f an AgsSi

intanmetaliic

B The cospar siov slectrical connector component according to claim H
3 o PN 7 e PR A TATE: &% Y v
wharein the soating giv o connentsr component an RN of balwesn about 820

and abow 913,

Tok
f
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8, The coppar alioy slectinal conpector compon ent according to clalm 8
wharein afier refiow heating the coating gives the connector componert an RIN of

hetwaen about 018 and about §.135,

10, The copper aliny slecttical conneeior comporent aggording {o claim ¢
whersin thars s # total of between about § win and about 10 pin of one or more

sitver layers applisd before refiow heating.

$1. A coaling over a coppsr alloy electrical connecioln compong e
enating formed by applying & nivkel layer of belwaen ahout & win and sbout 20 LD
aver the coppar alioy, applying 8 oopper layst of netvesn about 7 un and aboud
18 pin aver the nicke! layer, applying a total tof betwaen shout B gy and abowt 18
Lin silver layers and shout 40 pin and ahout 80 uin of Hn jayers over the sopper

<

fayer, and haating the cosled coppey rafioy electdos! connector component 1o cauge
rrixing of the sifver and tn layers and formation of hetweaen & vol% and 48 vol¥ of
an AgaSn intermetaliic,

12, The caating on & copper slloy elecirval cannector componen nt annording

ey laim 11 whersin the coating gives the connecior somponett an RIN of betwean

N A
shout 0,20 and sbhout 83,

CA 03238563 2024-5-17
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13, The poaling o0 & coppsr alloy electical sonnector componant
apnading to claim 12 whereln after reflow heating the coating gives the connector

mponant at RIK of between about 019 and about §.135,

14, The costing on & oapper alioy elesirical connedior sorpponant
according to claim 1 wherein there B8 5 total of hatwae about § pin and about 10
pin of ane or mors silver layers applind befors reflow haating.

15 A method of forming a coating on a copper alloy electrical gonnactor
corponant, the mathod compriging! spplyving a nickel layer of between abowt § win
and about 20 uin over the copper alloy, applying s copper layer of betwean about
7 uir angd about 18 pin over the nickst laye applying & total of between about &
pin and about 15 pin of silver layers & and about 40 win ard about 80 win oftin layers
over the soppar layer; and reffow heating the poating to cause rixing of the silver

and tin layes and formation of hetwaen § vol% and about 45 vol% of an AgsSn

infermetaliic it e resulting silver tin layer,

15 The method according to olabm 15 whersin the silver layers am appiied

a ainglw

as @ single layer over the cupper fayer, and the tin layers are applisd ag

e

fyar over the silvar ayer

The method acsording to claim 18 wherein the siver layers and the tin

layvers are applied as a plurality of alternating laysrs of siiver and of tin.

iy
%

CA 03238563 2024-5-17
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18, The methad according o claim 18 whersin the coating ghves the

connector companant an RIN of detween sboul D20 an about §.12,

10 The method according to olaim 18 whaveln aftey reflow neaung the

f»9

anating gives the connector companant an AN of hetwean about .18 and abou

013

_<53

A The method according o daim 18 wherain thera s & total of bolwesn

ahout B win and about 10 yin of one or more stver avers applied before reftow
hsatig,

29 Aomethod of forming & coaling on 8 COPRRSY alloy slectrival connector

o svar A habwaar ang PR
componant, the method comprising: applying a nickal layer o hetwear about § win

Y

1 % s AF Ratises it
and akout 20 pin over the copper alloy) appiying & coppet tayer of betwaern about

7 pin and about 18 pin over the nickel layer applying & siiver layer of betwesn
ghout 5 din and abuut 18 pin and applying batween about 40 pin and about 80 (in
of Hin and hesting the coated nopper alioy slectrioal connector componant 1o cause
mixing of the shver and iin layars and fopmation of betwsen abowt 25 vol% and

ahout 45 voi% of an AgsSn intermetaliie.
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32 & copner alioy elesirical ponngeior sompanant having & coating therson
formed by applying a rdokel layer of belween about & (n and ahout 20 wn over
the copper alloy, spplying & copper layer of between about 7 uin and about 18 un
aver the nicke! layer, appling & otal of betwesn about § pin and ahout 15 pin
siver lgyers and about 40 pin and about 80 win of tin tmyvars over the coppey layer

whersin the Cu and Ni thickness are furthey selecter to ansure at sast & wiry of

fren S remains after short-time sging so that there is sufficlert tin to form at least
8§ volts of an AqsSn intermetaliic upon reflow heatling of the fayers

25, The copper alloy slecirical connsctor QU ding claim 22 whavein

.t

the coppat fayer is hetween 7 and 14 pin,

The copper alloy electrical connecior ag cording to olaim 22 wherain

the tin layers tolal ot least 80 win

25 & methad of forming a coaling on s coppey & oy aiectrical cormactor
component, he mathod comp rising: applying a nickel laye of batwean about & win
and about 20 win over the oopper alioy, apphing @ coppsy tayer of betwsan ahowt

7 win and aboul 18 uin over the nickel layen applying & siiver layer of behvess
apout & uin and about 18 uin snd soplying betwaen about 43 yin and sbout 80 yin
of tin, whete the Cu and Ni thickness are further selentad to snsure & least B gin

of fres Sn remaing after shot-dime aging accerding to SAE LSCARE-8.
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