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Technical Field .
The invention is concemed with electroplated palladium alloys,

as

especially eleccroplated as stripe-on-strip, for use.in the fabrication of contacts in

electrical devices.

Background of the Invention -

Palladium and palladium alloys are used in a number of applications
because of their chemical inertness, hardness, excellent wearability, bright finish and
high electrical conductivity. In addition, they do not form oxide surface coatings
that might increase surface contact resistance. Particularly attractive is the use of

palladium alloys as electrical contact surfaces in the electrical arts such as in-

electrical connectors, relay contacts, switches, etc.

Electrical contact manufacture advantageously employs a "stripe-on-
strip™ processing. A metal strip, typically a copper bronze material, is coated with a
stripe of a metal. To reduce an expense of precious metals the stripe is produced
only on those portions of the strip which when subsequently formed into an electrical
connector will be subjected to extended wear and requires superior electrical
connection characteristics. Following the coating application, the metal strip is
subjected to stamping and forming operations.

The process of coating the strip with a stripe of contact material can be
performed in several ways including an inlaying method and an electroplating
method. The inlaying method calls for metal cladding of a metal substrate with an
inlay of a noble metal or alloy. In the inlaying method a strip of a substrate metal is
inlayed with a stripe of an alloy followed by capping with gold. For example, a strip
of copper-bronze alloy is inlayed with 40/60 Ag/Pd alloy about 90 microinches thick
followed by a 10 microinch thick Au capping. The inlayed swrip is then stamped and
formed into a connector. The alloy material is expensive and, unfortunately, the
inlayed stripe wears out faster than is desirable. The electroplating method consists
of electroplating a strip of the copper bronze substrate with a stripe of protective
coating, including electrodeposition of Pd alloyed with Ni or Co, followed by Au
capping, typically in'a reel-to-reel operation. A suitable process for electroplating
palladium and palladium alloys from an aqueous solution is described in a number of
U.S. patents granted to J. A. Abys and mcludmg US. Patent 4, 468 296 issued on
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Summary of the Invention

15 This invention is concemned with production of electrical devices
comprising an electrodeposited conductive region free from cracking defects. In the
production of a contact portion of the device from a metal strip electroplated with a
conductive stripe of an alloy, the stripe exhibited, upon stamping and forming
operation, cracked areas. Typically, the stripe coating on the metal strip, such as a

20 copper bronze material, includes a layer of nickel, a layer of palladium alloyed with
nickel, cobalt, arsenic or silver, and a flash coating of hard goid. The cracking
defects were eliminated by subjecting the plated strip to an annealing treatment prior
to the stamping and forming operation. After the heat-treatment, the stripe was free
from cracks and separations between the successive layers.

25 Brief Description of the Drawing
FIG. 1 is a schematic representation of a connector and a mating pin in

which mating contact surfaces are electroplated with a metal comprising palladium
alloy; |

FIG. 2 is a schematic representation of a connector pin, the inside of one
30 end of which is coated with electroplated metal comprising palladium alloy;
FIG. 3 is a chart of PdNi plating crystallinity transition in terms of time
in seconds on a log scale versus temperature in degrees centigrade for a 300 to 1000
°C zone; '
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(E)eaglnl-,c%(a versus umg in secor?dGS for a RTA of PdNi alloy at 625 °C;

FIG. 7 is a chart of an operating window in terms of -temperature in
degrees C versus time in seconds for a RTA of PdNi alloy at 650 °C; '

FIG. 8 is a chart of an operating window in terms of temperature in
degrees C versus time in seconds for a RTA of PdNi alloy at 725 °C;

FIG. 9 is a chart of an operating window in terms of temperature in
degrees C versus time in seconds for a RTA of PdNi alloy at 800 °C. |

E{&ailed Description .

! In FIG. 1 is shown a schematic representation of an electrical connector,
1, having a connector body, 2, and a mating pin, 3. Surfaces, 4, of the connector
bodymating with the pin are electroplated with metal, comprising a palladium alloy
and an overlay of hard gold.

In FIG. 2 is shown a schematic representation of a connector pin, 6, one
portion of which is formed into a cylindrical configuration, 7, an inside surface of
end portion of which is coated with electroplated metal, 8, comprising a palladium
alloy and an overlay of hard gold.

In the production of electrical connectors, a strip base metal, such as a
copper-nickel-tin alloy No. 725 (88.2 Cu, 9.5 Ni, 2.3 Sn; ASTM Spec. No. B122)
provided with a 50-70 micro-inch thick layer of nickel, typically electroplated from a
nickel sulfamate bath, is coated with a 20-30 micro-inch thick layer of palladium
alloy followed by a 3-5 micro-inch thick flash coating of hard gold, such as a
cobalt-hardened gold typically electroplated from a slightly acidic solution
comprising gold cyanide, cobalt citride and a citric buffer. The palladium alloy is
electroplated from the bath and under conditions described in the Abys patents
(supra.), especially U.S. Patent 4,911,799. Typically, palladium alloys for this use
are made up from 20 to 80 mole percent palladium, remainder being nickel, cobalt,
arsenic or silver, with nickel and cobalt being a preferred and nickel being the most
preferred alloying metal.
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10 of the bath are between 5 and 14, with pH from 7 to 12 being more preferred and 7.5
to 10 being most preferred. Plating at current densities as high as 200, 500 or even
2900 ASF for high-speed plating yield excellent results as do lower plating current
Tnsities of 0.01 to 50 or even 100 to 200 ASF typically used for low-speed plating,

ources: of palladium may be selected from PdCl,,PdBr;,Pdl;,PdSO,,

15 Pd(NF3),Cl2,Pd(NH3),Br;, Pd(NH3)zI;, and tetrachloropallades (e.g.
K, PdCly), with PdCly being preferred. The complexing agents may be selected
form’ ammonia and alkyl diamines, including alkyl hydroxyamines with up to 50
carbon atoms, with up to 25 carbon atoms being preferred and up to 10 carbon atoms
being most preferred.  Alkyl hydroxyamines selected from  bis-

20 (hydroxymethyl)aminomethane, tris-(hydroxymethyl)aminomethane, bis-
(hydroxyethyl)aminomethane and. tris-(hydroxyethyl)aminomethane are among the
most preferred alkyl hydroxyamines.

Normally, the electroplated deposits are well adhering and ductile.
However, it was discovered that under certain forming operation conditions the

25 electroplated PdNi alloy coating unexpectedly exhibited cracks. The forming
operation conditions include bending the electroplated strip such that the elongation
of the electroplated coating on the outer surface of the contact, e.g. surface 4 (FIG.
1), is in excess of 10% or such that the inside diameter of the formed contact portion
(FIG. 2) is less than 2 mm. '

30 This problem has been mitigated in accordance with the present
invention by subjecting the electroplated strip, prior to the forming operation, to an
annealing treatment, as described hereinbelow. During the annealing, the
electroplated PdNi alloy undergoes a recrystallization process. While crystallites in
the coating as electroplated are of the order of 5-10 nanometers in size, the

35 crystallites in the thermally treated material increase to several micrometers in size
with resultant increase in the ductility of the electroplated material without any
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5 its spring characteristics, will not be affected by the anneal.

Annealing may be accomphshed in numerous ways. One could be by
placing a reel or reels of the electroplated metal into an annealing furnace for a time
sufficient to anneal the stripe. However, in this procedure the annealing may not be
effectively controlled since inner layers of the reel may take longer period to heat-up

10 to a desired temperature than the outer layers of the reel thus leading to a possible
loss of spring in the substrate material in the outer layers. A more effective way
vyould be to advance the strip through a furnace in a reel-to-reel operation wherein

jch portion would successively enter the furnace, the temperature of the strip would
e raised to a desired annealing temperature, held there for a period of time sufficient

15 tb complete the annealing of the electroplated deposit and upon exiting the furnace,
cooled down to the room temperature. More advantageously, thermal treatment of
the plated strip may be conducted in a furnace positiohed at the exit from the plating
line so that the plating and annealing steps are conducted in a continuous fashion. An
elongated tubular furnace with a heating zone several feet long, proportioned to

20 enable the thermal processing of the plated strip during the passage of the strip
through the furnace, could be used for this purpose. The speed of advance of the
strip through the fumace as well as the annealing process are programmed to
coincide with the speed of advance of the strip through the plating operation. After
the annealing step, the strip exits the furnace and is permitted to cool down to an

25 ambient temperature. '

The annealing includes a preheating or rise step during which the
temperature rises from the environment or plating bath temperature to an optimum
annealing temperature level and a holding step during which the preheated strip is
held at the optimum annealing temperature level for a preselected period of time.

30 The annealed is followed by a cooling step during which the anncaled sample is
permitted to cool down to room temperature. The annealing and the cooling are
conducted in an inert gas atmosphere such as nitrogen, argon, helium. Of essence is
the total time of the annealin, which consists of rise time to raise the temperature of
the plated deposit from an environment of plamg bath temperature to a hold

35 temperature, and hold time during which the article is held at the hold temperature to
complete the anneal of the deposit. Inadequate annealing shall result in stripe
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microinch thick layer of nickel, a 20-30 microinch thick layer of palladium-nickel
alloy (20-80 Pd, preferably 80 Pd, remainder Ni) and a 3-5 microinch flash coating
'éf hard gold. Formation of electrical connectors from this material leads to an
tlongation in the outer coatings of the device shown in FIG. 1 exceeding 10%;
15 however, PdNi alloy as plated typically can sustain elongation in the range of from 6
to 10% and cannot sustain elongations of 10% or more without cracking. Applicants
have discovered that unexpectedly cracking defects in this material may be
eliminated by annealing of the plated deposit at or above the temperature of 380 °.
Differential calorimetry performed at this temperature produces recrystallization and
20 annealing which can be detected by its exothermal reaction. Here, the typical rate of
temperature rise is 5 °C per minute, thus amounting to a total anneal time of about
70 minutes. However, this rate of processing is not suitable for plating processes
conducted at a platixig velocity of typically 6-12 m/min. (0.1-0.2 m/sec.) Therefore,
the annealing may be conducted most expeditiously by a Rapid Thermal Anneal
25 (RTA) treatment in which a total heat treatment time, including rise and hold times,
is typically limited to one minute or less. Utilizing this process, the optimum
annealing temperature can be reached within a period of seconds, such as from 1 w0
30 seconds or more, depending on the rate at which the temperature rises from the
initial to the optimum annealing temperature and holding of the deposit at that
30 temperature for a period of from 1 to 30 seconds or more. The most efficient
annealing of the coating is achieved if RTA is performed with a rapid rise
temperature, that is a rise in degrees per interval of time from the temperature of the
plated strip to the optimum annealing temperature. Typically, shorter rise times
involving sharp rise to the annealing temperature, are more successful in achieving
35 the appropriate annealing of PdNi coating than longer rise times.
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tmient represented by a point of intersection on the boundary defined by the
curve, shall be crack free. Above this boundary the ailoy shall remain crack free;
10 however, the material of the substrate when heated beyond the limits of temperature
and time representing an operating window for the material, may begin to loose its
syﬁng. .
¥ Below 500 °C, the time needed to achieve any annealing of the PdNi
loy coating exceeds several minutes. While this time of processing could be
15 dcceptable for batch operations, these conditions may be unacceptable for in-line
plating and annealing of plated articles. The annealing involves ris¢ from a room
temperature to a hold temperature, e.g. 500 °C and then holding the body at that
‘temperature. For example, the total time requirement at 500 °C is about 120
seconds; if it takes 10 seconds to raise the temperature of the body to 500 °C, then
20 another 110 seconds at that temperature are needed to fully anneal the PdNi deposit.
It is seen that at 400 °C, the total treatment time may add-up to about 3000 seconds
before the plated deposit shall become crack-free.
Within a range of from 575 °C up to 725 °C lies a zone of exposure
times (rise time and hold time combined) exceptionally well suited for the RTA. At
25 600 °C the total exposure temperature time is. between 25 1o 30 seconds, while at
higher temperatures it drops down to a few seconds at 725 deg C. At temperatures
above 725° C the process becomes almost impractical due to the short time involved
in processing. Thermal treatment at these higher témperatures may quickly lead to
annealing of both, the substrate and the coating, and may make the product
30 unacceptable due to the loss of spring in the substrate.
-FIGs. 5-9 are graphic representations of operating windows for the
copper-nickel-tin alloy 725 substrate at 600, 625, 650, 725 and 800 °C, respectively.
Upper limits of time in these charts suggest the permissible time of annealing the
device at these select temperatures beyond the boundary curve of FIG. 3, before the
35 onset of loss of spring in the substrate material. Similar windows may be developed
for other temperatures as well as for other substrate materials by simple trial-and-
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800 1 l no lost/slight
1 2 ‘no lost
1 3 no lost

L gy
- "
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- beTﬁ@s&a‘ﬁ&ﬁeeﬁ‘RQp ed-anneal i ng tenperature, held there for a period of
,_ ﬁ o conplete the annealing of the el ectropl ated deposit

angjmmujm wu he furnace, cool ed down to the room tenperature.

y, thermal treatnent of ~ the plated strip may be
conducted in a furnace positioned at the exit fromthe plating line so
that the plating and annealing steps are_ggnducted in a continuous fashion.
An el ongated tubul ar furnace with a heating zone several feet |ong,
proportioned t enabl e the thermal processing of the plated strip
during the pas égsof the strip t hrough the furnace, could be used for

t h: Is pur pﬁse The speéd Tie pbeesscsf fabritdting an elegtridap dbﬁpeuggintghg lﬁmg@ﬁe as
well as the a coincide with the
speed of adva%gég#%&gf&@g% g‘%%{oﬁmg} gt‘:%mf 3f)ér ation. After t he
?nneal |Zgg s;gp, ;hge,g,rsrtgggﬁmm orhat feastrmpertmncbf&n'pwdrhascl adayep oomplnd sthgwn
0 an aghbi e e ”EPH! a
preheating or Fg ste Bdu%angor%n%ﬁ? }Plated bas? J;Qal rg é‘i@gg% rom %?lﬁl
envi r onment orpah PM@PWMR@W%M@ aldoyed with iahl?ﬁft one metalseinc
tenper at ure | aNegroapdomsistilgBfRilved ﬂeexﬂyrma&xwius&bawﬁx wﬁieheat ed Strl pis

hel d at the opti mum anneal in erature | eve prese] ec ed eriod of
time. 30 The anneal edP? |%”Pcﬁg'}‘{) SteP, A d ?arshg‘esﬁ‘éﬁscﬂﬁ’ﬂ‘%ls tedife an

annea: ed sarrplaﬂncadmg proqess fortal psﬂxoucofm sﬂgmemtt@ dilﬁeﬂlmeplﬁ&ﬂaiepéﬁt sr?Tiseto ]
anneal i ng 3§ cted in ner t at.nosphere suc
. as nit rogen ar 8‘@%&9%2@&“&*’ g%%"éﬁ Léﬁ‘% sult fﬁ&” ’t" ﬁq?"nﬁ Ut dpsifhgent to
_anneal i n, whi gesultdnghe toss of sprimgeint thenmettal tase, aad theredfeerpermitting-the fsample tohe

pl at ed dep03| teobi 8 nt of platng bath tenperature to a hold 35
tenmperature, and hr%‘gartnﬁgrreébéﬁﬁ{l}%g which the article is held at the hold

t enperat ure toFI conpl ete the anneal of the deposit. I|nadequate annealing
shal | result Stri P2, The process of claim 1 in which said alloy is a palladium nickel alloy

with from 20 to 80 percent palladium, remainder being nickel.

15 ’ 3. The process of claim 2, in which said annealing tempertue is within a
range of from 380 to 1000 °C.

4. The process of claim 2 in which said palladium nickel alloy is plated
on a surface of a layer of nickel on the metal base.

S. The process of claim 2 in which the conductive region comprises,
20 sequentially from the metal base, a layer of nickel, a layer of palladium nickel alloy
and a flash coating comprising gold.

6. The process of claim 5, in which said metal base is of copper-nickel-
tin alloy, said nickel layer is 50-70 micro-inch thick, said palladium nickel alloy
layer is 20-30 micro-inch thick, and said flash coating comprising gold is 3-5 micro-

25 inch thick.

7. The process of claim 2, in which said annealing is a Rapid Thermal

~Anneal (RTA) heat treatment which comprises raising the plated portion from the
plating temperature to a temperature within a range from 575 to 800°C within a -
period of time ranging from 1 second to 30 seconds, maintaining the plated portion

30 at said holding temperature for a period of from 1 to 30 seconds, and permitting the

A




-6-———deposits which are insufficiently ductile and, thus, shall exhibit
Craleﬁﬁg?xfe&t@TasBd&ﬁReplacedstarrpl ng and form ng operation.” On the other hand,

exces may | ead to the loss of spring in the substrat e.
Ther ef wm l'ing shoul d be conduct ed so as to fully anneal the
stripe e avoi ding such annealing of the netal of 5 the
substrate as to unf avorably affect its sprijgg characteristics. Spring in

t he connector is needed to keep a tight contact- with the other part of-
t he connect or nezﬁe&'gofy Oghta cont.act between contact portion 4 and pin

3 (FIG 1). IR IPPRE A el ary enbodi nent
heat-treatment was performed = of stripe-on-strip coated material

G105 N, 2.3 s, Aoty e prpdeerdr CBRACD i R, b P OBty it

thick |ayer of micksk-¢in, alley20- 30 microi nch thick layer of pall ad| um ni ckel
alloy (20-80 Pd, preferably 80 Pd, remainder Ni) and a 3-5 mcroinch flash

coatin :
J 9. The process of claim 1, in which said forming includes bending of the -

5 plated portion of the metal base so as to result in an elongation of the palladium alloy
deposit of at least ten percent. '

10. The process of claim 1, in which said forming includes rolling of the
plated portion about a mandrel with a diameter of less than 2 mm, the plated
palladium alloy being on the inside of the rolled portion. |

1
10 ,F 11. The process of claim 1, in which said annealing and cooling steps are
tonducted in an inert atmosphere.

12. The process of claim 11, in which said atmosphere comprises at least
one gas selected from the group consisting of nitrogen, argon, helium and xenon.

I



ar.lgns%’cl)l d. For ITB.tI ation of electrical connectors fromthis material |eads-to
ageth t he outer coatings of the device shown in FIG 1

exce ﬁ WW however, PdNi alloy as plated typically can sustain -

el o range of. from®6 "to 10% and cannot sustain el ongations

of 10% or more without cracki ng. Applicants have di scovered that

unexpectedl'y cracking defects in this matejial may be el i mnated by
anneal ing of the plated deposit at or above the tenperature of 380 [err].

Diff tial I
r ecrggtegl : ;fjlzatcflo(rjlr ;ﬁﬁﬁﬁfﬂ%%ﬁm@@fmﬁ@m&fﬂﬁ ts exot her nal
reaction. Her &bstraet t ypi cal rate of tenperature rise is 5[err]C per .
inute, th t |t of i o
owever, this race of BBl i YihRndd Wiy orpiin of sibofal debfes
conduct ed at. aompasmggnwbcuodegosnéd tondiuctind regivn feeenfromrcrackingidefiec?s. ninsthe . )
Th f d
Ther mal - AnribaP Shegah S colidel B i of BT cE IrafB 3 g electopietiifh 10

i ncl udi ng ri s€oBgUStING|SEFiRg pEan alloy, j the tsymipec axhibited, napoadstampisgeand forming

lless. Utilizi ogefalibs, dicke@Sfeas! M§pRANY, nEHénsm ec%aﬂﬁg?lbhreﬂe HRED SHY, uﬁ& gap be
reached withi n E?E%EI od of a((icon S, suc 30 se s or

to
nore, dependi 8P PhEe mglen %atliﬁ’éf?éﬂ‘ﬁg loa laver pf palladiyrg ?
i EI ti gg tot hmdkpl,ldﬂib?lltamaﬁd: Idﬁ@xl&/mﬂ&i fiash aﬁéhnfgoD bﬁhﬂél géldt I‘Bxed@acﬁmng
t hat t ture 0 seconds ,or nore e nost
efficient %‘rp«a ﬁi&a‘ﬁ’ﬁgf‘%‘if‘%ﬁe"’%%? %éﬁﬁ&é?%‘%ﬂ ABRSalng ERARERAL PHIGT i ¢
arapidrise t thetmmpmgtandéomhhgbpmnmrAﬁerﬂxahéagummemelhelsmlxwwaifmé
time fromthe Syels r d strip, Lo the optinum annealing
t enper at ur e. ‘Ptopl caf@;#d%ﬁgﬁé&% e%e% gccessxve PETi ng sharp rise to the
anneal ing tenpgrature, are nore successful in achieving 35 the appropriate
anneal i ng of PUN coating than longer rise tines.




- T . G aphi cal presentation of the infofnation directed to

j time and tenperature relation in the PANi alloy thermal annealing is
“'shown. kn FIGs. 3 and 4 of the drawings. The solid curve line represents
a boundary between the fine - crystallites of ‘the PANi el ectropl ated

‘alloy, as electroplated with 6-10% el ongal/bn 5 capability, to the left of -

(or bel ow) the boundary and enlarged crystallinities with greater ‘than
10% e.g. 10-20% elongation capabilities, to the right of (or above) the
boundary. A PdNi alloy heat-treated at a selected tenperature for total

time of heat- treatnment represented by a point of intersection on the
boundary defined by the curve, shall be crack free. Above this boundary
the alloy shall remain crack free; 10 however, the material of the
substrate when heated beyond the Iinitz;?f t erature and tine
representing an operating w ndow for t ‘%t rial, may begin to loose its
spring. { 9

Q
\S

N
s
\\\ /*h\\)k\\\’l""lj

f Iy
o\ /
et

LA
i

EPRRP




—

BeIom1500[err]C t

al L'oy coating exceeds several

-be 15 acceptable
unaccept abl e *f i
anneal i ng i-nv

" e.g. 500[err]C and then hol di-ng the body at that

exanple the tota
i f
‘then 20 anot her
t he PdNi depO?

time may add- gbpc
becone crack-free.
725[err]C lies a 2
conbi ned) excepti ¢
exposure tenpeq@gg
tenperatures it

above 725[eT

tinme |nvolve

-
it takes 10 seq
1%

E:tri%

he tinme needed to achi eve any anneallng of the PdN

mnutes. Wiile this time m ac
'ju The

for batch operations, these condition
i pl ati ng andyghnealing of p

rmaaUnetoahddtmmaaUne

t enperature. For

@il d

| froma room

the total treatnent
onds ‘betore the plated deposit shall

Wthin a range of from575[err]Cup to
times (rise tinme and hold tine

the RTA. At 25 600[err]C the total

0 30 seconds.-while at hi gher

at 725 deg C. At tenperatures
ractical due to the short

i -at these higher

n that at 400[err]C,

e of exposure

1y well suited f
e tine s _hetween 2
reps down to a few secon
process becones al nost

in processing. Thermal trea

>

t enper at ur eqd$ qui ckly lead to anneal i ng®ON _bot h, the substrate and
the coating, an 0r
spring in the subgtrate. FIGs. 5-9 gr aphic
represent ati ons of--operating wi ndows for the coppe ickel-tin alloy
725 substrate at 00, 625, 650, 725 and 800[err]C, respecNvely. Upper
dimts of time ipjthese charts suggest the perm ssible tine anneal i ng
t he device\a. FEhese select Tenperatures beyond the boundar WCurve of
FIG 3, beforeathe=35 onset of loss of spring in the substrate erial.
Simlar wi ndOV\P nﬁg be devel oped
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for other tenperatures as well as for other substrate materi al s by si npl e
trial-and- -8

error *technique.: In Table |, below, are shown some of the
RTA treat nent effec;s on the perforgﬁnce of PdNi alloy (80 Pd-20Ni)
el ectropl ated deposit on the 725 copper al l oy substrate. 5
TABLEI RTA TREATMENT EFFECT ON PdNi PLATE PERFORVMANCE
FIG.5
700
600f -
500 H
TEMP. 4001
() 300
200
100
0 ' 1 I ] ] | 1 ]
?;_0 § 10 15 20 25 30 35 40 45 50
: TOTAL TIME (sec)
’ @ RT = Isec, HOLD=45 + RT = 20sec, HOLD=20

FIG. 6

700

600 B 4 s ¢ l

.
C

300

200

100

0 ] L i ] I 1

0 5 10 15 20 25 30 35
TOTAL TIME (sec)
a RT = fsec, HOLD=30 s RT = 10sec, HOLD=5
+RT = 5sec, HOLD=10  x RT = 10sec, HOLD=10
* RT = §sec, HOLD=15




Tenp. Rise Tine Hold Tine Cr acks Spring

. % EL (deg.
0.7 - (9) (s) yes/ no OK/ | ost 500 10
.20 o0& yes ’ - OK 10 _ . 20 20 ' yes -
oK 30 10 4/5 yes K
30 30 yes oK 5.1-9.3 600 10
20 ' 20 20 : XK
15 625 " HG‘ 7 10 yes/slight K " 1
20 'yes/slight O 1 30 no
K 10. 7- 16790 ) 5 W8Sy K
5 10 O—5— X 15
XK XK 650
10 I o 10
yes/slight K 500
TEMP.
(c) 400
300
200 j
100
0 | | | ]
‘ 0 o] 10 15 20 25
L TOTAL TIME(sec)

; a RT = {1sec, HOLD=15§ x RT = fsec, HOLD=20

o RT = 10sec, HOLD=5 = RT = 10sec, HOLD=10

o RT = 5sec, HOLD=15

FIG.8

800
600
TEMP.
(¢) 400 4
200 f
{ |
- oa 5 10 15

TOTAL TIME (sec)
s RT = {1sec, HOLD = &



1 & . 15 no X 25 1 20

no* - S 12.7-20. 2 5 5

oK -9-

10 yes/slight K 5 15 no
K 700 1 5 5/5 no | ost/slight

1 10 no | ost 5 10 10
no | ost 800 1 1 no

| ost/slight 1 2 no | ost

FIG.9
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f &bri cat is ng an el ect ri cal device having at 0| bastiptioie: pagEdatito 32 Jsi ngog

a conductive region, which conpri ses, lelgﬁ;;ﬁ@pl at lpa&dq_a_—‘atpa &St Ja

portion of a netal base a pl ated deposit Pravifi(D)y | phddd . ENo D (80

nol e percent pal | adi um remai nder ni ckel S@Aﬁ&lﬂc g aE egasttotlﬁ )bat ed

portion to an annealing process, pernit{4ng anneal ed %6t dol
ek ro_gq red

to roomtenperature, and formng the plated .
bt moSpher o, “wher ei THERMAL ANNEALING G PALT LA‘%%%A
at nosphere, wherein =
Abstract
This invention is concemed with production of electrical devices
comprising an electrodeposited conductive region free from cracking defects. In the
5 productdon of a contact portion of the device from a metal strip elecmoplated with a
conductive stipe of an alloy, the suipe exhibited, upon stamping and forming
operaton, cracked areas. Typically, the swipe coating on the merl swip, such as a
copper bronze material, includes a layer of nickel, a layer of paﬂadiu;n alloyed with
nickel, cobalt, arsenic or silver, and a flash coating of hard gold. The cracking
10 defects were eliminated by subjecting the plated strip to an annealing treatment prior
to the stamping and forming operation. After the heat-treatment, the stripe was free
from cracks and separations between the successive layers.

FIGURE 3.
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prior=to said.formng step, at Ie@sf,the pl ated portion is subject to

arfieal i ng process, said annealing is a Rapid Thermal Anneal (RTA) .
heat . ~ treatment which conprises raising the plated portion from =~ the
plating tenperature to a tenperature within a range fromb575[err] to
800[err]C. within a period of time ranging from1l second to 30 seconds
and nmai ntaining the_plated portion at said holding tenperature for a
period of from 1 tg&g ,§econds the total tinme of heat-treatnent being -
sufficient e plated deposit so as to elininate cracking of

t he deposit as the res Bt —Rsubicionit o
result in the | oss of base.. 2. The process of
claiml1l in which said i ckel all oy is plated on a surface jof
a layer of nickel o base 3 The process of claiml in
whi ch the conductive T i on co I'ses, sequentially fromthe netal
base, a | ayer of niftkel , a | ayer pal | adi um ni ckel alloy and a flagh
100%
TIME -
(s
10
!
H ! ! 1
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coatj ng conprising gold. _ 4. The process o

Pése-is -ni ckel -tin alloy, said

i.-nch th’llm"“mnﬂﬁg WE}yLum ni ckel alloy |aye
[

m ero-inth.% hitc id flash coating co s ' =
m cro-inch thick. 5. The process. of 10 a m{1 i Rrawrng(s) fIPég"ﬁ’etéP-R?&%‘b:-

‘conpri seg_a_; o jpcOPPEr-nickel -tin alloy. 0 Abstract  : paged....to paged ..

CE

' DATE OF RECEIPT.. 23[9/

ngcke er 1s nP ro
B i ggn : paged..... to page =
r p%g:g | g ipaged '_9 tg_paged ...

1. The process of fabricating an electrical device having at
- least one contact comprising.a conductive region, which
comprises, - _
electroplating on at least a'pertion of a metal base a
_ plated deposit layer comprising from 20 to 80 mole percent
palladium remainder nickel, subjecting at least the plated
- portion to an annealing process, permitting the annealed
sample to cool to room temperature, and forming the plated-
metal base into a desired form, said annealing and cooling
steps being conducted in an inert atmosphere, wherein,
prior to said forming step, at least the plated portion is
‘subject to annealing process,
said annealing is a Rapid Thermal Anneal (RTA) heat
treatment which comprises raising the plated portion from
the plating temperature to a temperature within a range
from 575° to 800°C. within a period of time ranging from 1
second to 30 seconds and maintaining the'plated portion at
said holding temperature for a period of from 1. to 30
seconds, the total time of heat-treatment being sufficient

to anneal the plated depbsit so as to eliminate'cracking of

the deposit as the result of the forming step but
insufficient to result in the loss of spring in the metal
base. -

2. The process of claim 1 in which said palladium nickel alloy
is plaﬁed on a surface of a layer ofenicke1'0n the metal

base.

3. The process of claim 1 in which the conductive region

comprises, sequentially”from the metal base, a layer of

nickel, a layer of palladium nickel alloy and a flash
coating comprising gold.

4. The process of claim 3, in which said metal base is of
copper-nickel-tin alloy, said nickel layer is 50-70 micro-
inch thick, said palladium nickel alloy layer is 20-30

_qéoo&ol,q -

(P03
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. = The process in which said form ng includes . bendi ng of
‘f’he pl a':J “ bmm netal base so as to . result in an elongation
of the posit of at | east ten percent. 7. The
process of cIa|n11 in which said form ng includes rolling of the

pl ated portion about a mandrel wth a 11 ~dianeter of less than 2 nm the
pl at ed pal | adi um al | oy being on the inside of the rolled portion. 8.
The process of claim1, in which said atnosphere conprises at | east one

gas sel ect ednmccm-uthtbupkcoaBdssan@ Dfash ccmttlrmgmmpemgnmg lgellidursand
xenon. 3-5 micro-inch thick.

5. The process of claim 1 in which the metal base comprises a
copper-nickel-tin alloy. '

6. The process of claim 1, in which said forming includes
bending of the plated portion of the metal base so as to
result in an elongation of the palladium alloy deposit.of
at leést teh percent. |

7. The process of claim 1, in which said forming includes
rolling of the plated portion about a mandrel with a
diameter of less than 2 mm, the plated palladium alloy
being on the inside of the rolled portion.

8. The process of claim 1, in which said atmosphere comprises

at least one gas selected from the group con51st1ng of
n1trogen, argon, hellum and xenon.
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