-1- LEADFRAVME COWVPRI SI NG TI' N PLATI NG OR AN | NTERVETALLI C LAYER FORMED
THEREFROM Field of the Invention 5 The invention relates to | eadfranes
commonly used as carriers of sem conductor or integrated circuit chips
during the production of sem conductor devices, and in particular to

| eadf ranes conprising nultiple |ayers of plated material. 10 Background and
Prior Art In the manufacture of sem conductor devices, |eadfranes are
commonly used as supports for mountingqand processing a plurality of

sem conductor dice or chips concurrently during what is generally referred
to as sem conductor packaging. 15 After a chip is nounted on a | eadfrane,

el ectrical connecti ons BADFRAMECOMPRISINGTINPLATING OR | eadf rane. The
chip and part of the |I'éadirane are then encased by plastic nol ding
conpound, such as cAMNINTERR : HoAYER FORMER THEREFROM) ect r oni ¢
package. The nol ded el ectroni c package may then be nounted to electrically
connect the sem conductor chip to an external circuitry. 20 FIG 1 is an

el evat i on Fjglgwfokhe epdidhr ane devi ce 100 that has been partially nol ded

wi th an epoxy nolding conpound (EMC). The | eadfrane device 100 conprises a
substr@te, in the formof a leadframe 102, having a plurality of internal
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10 Background and Prior Art

In the manufacture of semiconductor devices, leadframes are commonly used as
supports for mounting and processing a plurality of semiconductor dice or chips
concurrently during what is generally referred to as semiconductor packaging.
15  After a chip is mounted on a leadframe, electrical connections are made between
the chip and the leadframe. The chip and part of the leadframe are then encased
by plastic molding compound, such as epoxy molding compound (EMC) to form
an electronic package. The molded electronic package may then be mounted to

electrically connect the semiconductor chip to an external circuitry.

FIG. 1 is an elevation view of a leadframe device 100 that has been partially
molded with an epoxy molding compound (EMC). The leadframe device 100
comprises a substrate, in the form of a leadframe 102, having a plurality of
internal leads 104 for bonding a plurality of wires 106 to a chip 108. The chip
25 108 is mounted on a die pad 110, which is usually centrally located and
surrounded by the internal leads 104. The wire-bonded leadframe is then
packaged by encapsulation with EMC 112, which is shown partially molded onto
the leadframe device 100. The encapsulation should seal off the plurality of
internal leads 104, bonded wires 106, the chip 108 and the die pad 110 to protect
30 the encapsulated material from environmental interference such as

electromagnetic waves, contamination, and mechanical, thermal and electrical



i nternal |eads 104, bonded wires 106, the chip 108 and the die pad 110 to
protect 30 the encapsul ated material fromenvironnental interference such as
el ectromagneti ¢ waves, contam nation, and mechanical, thernmal and el ectrical
-2- shock. The leadframe 102 further conprises a plurality of external |eads
114 which are not sealed by EMC 112. After each unit of the encapsul ated

| eadframe is separated froma carrier rail 116 by cutting, the plurality of
external leads 114 nmay be fornmed into-@ifferent shapes as required for
connection to external 5 devices. As the sem conductor device conprises

vari ous conponents assenbled together, the quality and reliability of the
| eadf r ame shoeki npbe tlaadframeatld dutherceomatises: i plorality of exteraal feads 114
bondabi | it
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reliability, multiple coatings of matérial are typically plated onto

| eadf r amegnayke flormedfintthdifterenhdhapeesas seqguirerbioy coshectian to oexternal

pre- pl gt ed Ieadfrarres (PPF). In a typical enbodinment, PPFs conprise a base
mat er i as copper (Cu) or a copper alloy, whichis plated with a
nunber of Iayers of different netals, such as nickel (N ), and noble netals
such as palladium (Pd) and gold (Au). Since there is a worldwi de trend for
the elim nksithe cderhicaddiétby fevne 20mpeisesovddousr comploagntsy, asdiémbled

technology I s gaipin crea ularity a envj ro tal l frlendly
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t he underlying plating layers and serves to pronote bondability Tand
sol der&bi |1G6y. thﬁheotnieaatmhtg ohyextenai leads etitd vitH extdémahelavidfes; earchdhe
adhesion of EMC 112 with the surfaces of the leadframe 102. To enhance
quality and reliability, multiple coatings of material are typically plated onto
leadframes. One form of these leadframes is commonly referred to as pre-plated
leadframes (PPF). In a typical embodiment, PPFs comprise a base material
15  such as copper (Cu) or a copper alloy, which is piated with a number of layers of
different metals, such as nickel (Ni), and noble metals such as palladium (Pd)

and goid (Au).

Since there is a worldwide trend for the elimination of lead (Pb) from
i 20 semiconductor packaging, PPF technology is gaining increasing popularity as an
environmentally-friendly technology. This is because PPF leadframes are plated
with palladium (Pd) instead of silver (Ag) and tin/lead (Sn/Pb). Palladium is
useful to protect the underlying plating layers and serves to promote bondability
and solderability. The plating may cover the entire leadframe before the
25 packaging process so that an automated packaging process could be carried out
easily. A layer of nickel or nickel alloy is plated between the copper base
material and the palladium layer to provide the leadframe with corrosion
resistance by impeding the diffusion of copper to the surface of the leadframe.
Copper reacts with air to form copper oxide, which adversely affects the quality

30  and reliability of the leadframe.



25 packagi ng process so that an automated packagi ng process could be carried
out easily. A layer of nickel or nickel alloy is plated between the copper
base material and the palladiumlayer to provide the |leadframe with
corrosion resistance by inpeding the diffusion of copper to the surface of
the | eadfranme. Copper reacts with air to form copper oxide, which adversely
affects the quality 30 and reliability of the |leadfrane. -3- FIG 2 is a
schematic sectional view of a three-|laygred pre-plated | eadfrane of the
prior art. It shows a typical three-layered PPF or |eadfrane 120 conpri sing
a substrate 122 made of a base material such as copper or a copper alloy. 5
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protection for the underlying nickel Iayer from oxidation and pronote
solderability owing to their fast diffusion into solders. As manufacturers
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of the rang thro nmater | al S 'suc rent porosity 1n the
f or m of plb@ndellﬁﬁaWadhalen boundaries. In FIG 2, the mgration of copper
fromthe substrate 122 to the surface of the three-|layered | eadframe 120 is
shown. Wien the diffused copper 130 reaches the surface of the | eadfrane
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soldering. They provide protection for the underlying nickel layer from oxidation

and promote solderability owing to their fast diffusion into solders.

As manufacturers seek to make the plating layers ever-thinner to save costs, it is

15  inevitably easier for the copper base material to out-diffuse to the surface of the

leadframe through material defects such as inherent porosity in the form of pin-

holes and grain boundaries. In FIG. 2, the migration of copper from the substrate

122 to the surface of the three-layered leadframe 120 is shown. When the

diffused copper 130 reaches the surface of the leadframe 120, it will oxidize upon

: 20 contact with the ambient air. As a result, degradation of wire bondability and
solderability occurs on the surface of the leadframe 120.

Despite its favorable properties, the use of nickel increases the cost of
manufacturing such leadframes in terms of both raw materials and production
25 cycle time. Another benefit from reducing nickel thickness is that a thinner nickel
layer tends to promote increased surface roughness of the base leadframe,
which is usually deliberately introduced to enhance the adhesion of EMC to the
leadframe. However, if the use of nickel is reduced, reliability issues arise
because of degradation of bondability and solderability due to increased diffusion
30 of copper to the surface of the leadframe. Accordingly, the invention seeks to
reduce at least the use of nickel in the plating layers by introducing an additional



manuf acturing such leadfranes in terns of both raw materials and production
25 cycle tinme. Another benefit fromreducing nickel thickness is that a

t hi nner nickel |ayer tends to pronote increased surface roughness of the
base | eadframe, which is usually deliberately introduced to enhance the
adhesion of EMCto the |eadfranme. However, if the use of nickel is reduced,
reliability issues arise because of degradation of bondability and
solderability due to increased diffusiog-30 of copper to the surface of the
| eadf rane. Accordingly, the invention seeks to reduce at |east the use of
nickel in the plating |ayers by introducing an additional -4- obstacle

separ at i n@bsteciéasaparating ithe base mateeial |amge nidkel ilapadéo timpedet thadidut-usi on
of copper om t he base t hrou he | tiple plating, |ayers.
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provide a pre-plated |l eadframe conprising one of nore |ayers of tin-bearing
internetallic |ayers, so as to inpede mgration of the base material of the
| eadf r ane Sumararpof the Iwehtiere t hereof. 10 According to a first aspect of the
i nvention, the invention provides a nethod of producing a | eadfrane,
conpri§ing the steps of: providing a substrate; plating the substrate with
a | ayer of tLin..p n a c e | ayer, | L
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| eadf ranme co rls a substrgﬁ a | ayer of nickel over the substrate; a

| ayer of M Qar’i"@ ogies Qfﬁ‘edﬁﬁdftrﬂ'@eltﬂ)?é\mﬂ?r pudaes theseef- one or nore
protective Iayers over the layer of nickel. 20 It will be conveni ent to
herei nafter describe the invention in greater detail by reference to the
acconyany i Accotdiag togs firsthaspeat of ¢hid anvdntionf thdinvenhtion ngevided a method of

producing a leadframe, comprising the steps of: providing a substrate; plating the

substrate with a layer of tin; plating a layer of nickel over the layer of tin; and

thereafter plating one or more protective layers over the layer of nickel.

15 According to a second aspect of the invention, the invention provides a
leadframe comprising: a substrate; a layer of nickel over the substrate; a layer of
tin between the substrate and the layer of nickel; and one or more protective

layers over the layer of nickel.

l 20 It will be convenient to hereinafter describe the invention in greater detail by
reference to the accompanying drawings. The particularity of the drawings and
the related description is not to be understood as superseding the generality of
the broad identification of the invention as defined by the claims.

25 Brief description of the Drawings

An example of a leadframe in accordance with the invention will now be

described with reference to the accompanying drawings, in which:

30 FIG. 1is atop view of a leadframe device that has been partially molded with an
epoxy molding compound (EMC);



the rel ated description is not to be understood as superseding the
generality of the broad identification of the invention as defined by the
claims. 25 Brief description of the Drawi ngs An exanple of a leadfranme in
accordance with the invention will now be described with reference to the
acconpanying drawings, in which: 30 FIG 1 is a top view of a | eadfrane

devi ce that has been partially nolded with an epoxy nol ding conpound (EMO);
-5- FIG 2 is a schematic sectional vie&-of a three-layered pre-plated

| eadfrane of the prior art; 5 FIG 3 is a schematic sectional view of a
pre-plated | eadfrane used as a substrate for sem conductor packaging with a
| ayer of tin plated betvveen a copper base material and a nickel |ayer
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I nt er met a'thé‘br?o?%ﬁrs formed between the |ayer of tin and the substrate, and
bet ween the er 0f tin and the layer of nickel; and FIG 5 is a schematic

sectional view of the pre-plated leadframe with a single 15 internetallic
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i nvent i on.Of thRYGNEOP] at ed | eadframe 10 conprises a substrate 12 on which

Itiple layers 25 of material are plated. The substrate 12 conprises a base
materi al, made

10 FIG. 4 is a schematic sectional view of the pre-plated leadframe of FIG. 3 with
intermetallic layers formed between the layer of tin and the substrate, and

between the layer of tin and the layer of nickel; and

FIG. 5 is a schematic sectional view of the pre-plated leadframe with a single
15  intermetallic layer formed between the substrate and the layer of nickel.

Detailed description of the preferred embodiment

Referring to the drawings in which like parts are referred to by like numerals, FIG.
€ 20 3 is a schematic sectional view of a pre-plated leadframe 10 used as a substrate
for semiconductor packaging with a layer of tin plated between a copper base

material and nickel layer according to the preferred embodiment of the invention.

The pre-plated leadframe 10 comprises a substrate 12 on which multiple layers

25 of material are plated. The substrate 12 comprises a base material, made
preferable of copper or a copper alloy. A layer of tin 14 is plated over the
substrate 12 and it has a thickness of preferably less than 20nm. More
preferably, the thickness of the layer of tin is less than 5nm.

30 Alayer of nickel 16 is then plated over the layer of tin 14 and it has a thickness of
preferably between 50nm to 250nm. One or more protective layers, preferably



preferable of copper or a copper alloy. Alayer of tin 14 is plated over the
substrate 12 and it has a thickness of preferably |less than 20nm More
preferably, the thickness of the layer of tinis less than 5nm 30 A | ayer
of nickel 16 is then plated over the layer of tin 14 and it has a thickness
of preferably between 50nmto 250nm One or nore protective |ayers,
preferably -6- conprising noble netals, should be plated over the |ayer of
nickel 16. In the illustrated enbodi negt., a | ayer conprised of a first
noble metal, such as palladium 18, is plated over the |ayer of nickel 16
and it has a thickness of preferably between 1 nmto 50nm Lastly, a |ayer

conpri sed cmprisitg ewtle oldtalsd stetld be splatedasvegroihg lé?er io$ ricler 18. atedhever
the |l ayer of palladium18 and it has a thickness_ of preferably between 1 nm
to 50nm Busieded ngmbreingrr ehdayelosemnrissds Phnd firet tokie j metad, sugheaswi th
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the layer of tin 14 and the substrate 12, and between the |ayer of tin 14

and t hé | apetal.cfuchi akgeld1d0.ris dhe plajed pver thenayer of paliadiumghid ane iwsed ur e

woul d speegd. ' nore internmetallic layers. 15
FIG 4 isqgmgﬁﬁéﬂgté@ﬁéﬁaﬂﬁﬁ%ﬁﬂéebpﬁ“ﬁgf5§BB¥e-pIated | eadf rame 10 with a
first internetallic layer 22 forned between the layer of tin 14 and the
substrate 12 and a second internmetallic |ayer 24 fornmed between the |ayer

of tin 14 %mbeaimg theaglorementionad leadiramend0 thatss sorplatasewiih the respestive 2
Lo LY ARG s BB Y, BB SRR Y I e
t he segondhdtiveen thé Aubstrated Y2 randfithes iayer bf Yicke! 16 starts to form one or more
intermetallic layers at the interfaces between the layer of tin 14 and the substrate
12, and between the layer of tin 14 and the layer of nickel 16 respectively.
Generally, a higher temperature would speed up the formation of the one or more
intermetallic layers.
15
FIG. 4 is a schematic sectional view of a pre-plated leadframe 10 with a first
intermetallic layer 22 formed between the layer of tin 14 and the substrate 12,
and a second intermetallic layer 24 formed between the layer of tin 14 and the
layer of nickel 16. The first intermetallic layer 22 primarily comprises copper-tin
t 20 compounds, such as CuzSn and CugSns, formed between the substrate 12 and
the layer of tin 14. On the other hand, the second intermetaliic layer 24 primarily
comprises nickel-tin compounds, such as NizSny, formed between the layer of tin
14 and the layer of nickel 16. In between, there may be a layer of tin 14 that
remains unreacted.
25
As a result, the interlayer between the substrate 12 and the layer of nickel 16
may comprise a laminated structure consisting of tin and separate layers of
intermetallic compounds of different compositions. Nevertheless, one should
note that this would likely occur only where the layer of tin 14 is sufficiently thick
30 to be able to accommodate separately identifiable first and second intermetallic
layers 22, 24.



conprises nickel-tin conpounds, such as N 3Sn4, fornmed between the | ayer of
tin 14 and the layer of nickel 16. In between, there may be a layer of tin
14 that renmains unreacted. 25 As a result, the interlayer between the
substrate 12 and the | ayer of nickel 16 may conprise a |am nated structure
consisting of tin and separate layers of internetallic conpounds of

di fferent conpositions. Nevertheless, one should note that this would

i kely occur only where the |ayer of tid-14 is sufficiently thick 30 to be
able to acconmodate separately identifiable first and second internetallic
| ayers 22, 24. -7- FIG 5 is a schematic sectional view of a pre-plated
leadframe 10 with a single internetallic layer 26 forned between the
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10
In practice, a single layer of tin-bearing intermetallic compounds may be
deliberately formed between the substrate 12 and layer of nickel 16 with a proper
combination of parameters such as controlling the thickness of the tin layer,
process temperature and time. Referring to FIG. 4, the intermetallic layers 22, 24
15  will typically grow when the leadframe is further heated, and they will tend to
engulf the layer of tin 14. Finally, a single layer of a tin-bearing intermetallic
compound is formed. Alternatively, if the tin plating is sufficiently thin, such as
tess than 5nm thick, a single intermetallic layer 26 may be formed directly without
the formation of separate interfacial intermetallic layers 22, 24. The resultant
{ 20 intermetallic layer is variable in thickness depending on the heating temperature

and time, but is generally thicker than the layer of tin that was initially plated.

Heating of the plated substrate or leadframe may either be a separate process
incorporated during leadframe manufacturing or inherent with one or more of the
25 packaging processes. For example, heating of the leadframe is almost inevitably
performed during die bonding, wire bonding and molding processes, and the
heating processes therein may be sufficient to result in formation of the one or
more intermetaliic layers herein described. Therefore, in the production and use
of these |leadframes according to the preferred embodiment of the invention, it is
30 not necessary to first create the one or more intermetallic layers with heat

treatment before shipment and use of the leadframes. The formation of one or



compound is fornmed. Alternatively, if the tin plating is sufficiently thin,
such as less than 5nmthick, a single internetallic |ayer 26 may be forned
directly without the fornmation of separate interfacial internetallic |ayers
22, 24. The resultant 20 internetallic layer is variable in thickness
depending on the heating tenperature and tinme, but is generally thicker
than the layer of tin that was initially plated. Heating of the plated
substrate or |eadfrane may either be a_geparate process incorporated during
| eadf rane manufacturing or inherent with one or nore of the 25 packaging
processes. For exanple, heating of the leadframe is alnost inevitably
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the | eadfranes. The formation of one or -8- nore internetallic |ayers can
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such, diffusion of copper to the surface o eadfrane woul d be | argely
reduced. nickel, palladium and gold layers. As such, diffusion of copper to the surface of

the leadframe would be largely reduced.

To verify the benefits of the pre-plated leadframe 10 produced according to the

15 preferred embodiment of the invention, an industry adopted porosity test was
performed on it and the result was compared with that of a control leadframe 120

of the prior art. The leadframes were heated at a temperature of 450°C for 5

minutes to promote the diffusion of copper in the tested leadframes. The
leadframes that were so heated were then immersed into sulfuric acid and the

{ 20 amount of copper dissolved in the acid was thereafter measured. Higher levels
of copper dissolved in the sulfuric acid imply a greater amount of copper diffusing

to the surface of the leadframe.

Using a first set of substrates (referred to as “Type-A Leadframes™}, a layer of tin
25 with less than 5nm thickness was formed on the substrates in accordance with
the preferred embodiment of the invention. A leadframe of the prior art was used
as a control, and it has comparable thickness in relation to the respective nickel,
palladium, and gold layers. Table 1 shows the result of porosity tests conducted
for both leadframes.
30



To verify the benefits of the pre-plated | eadfrane 10 produced according to
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The | eadf ranmes were heated at a tenperature
of 450C for 5 mnutes to pronote the diffusion of copper
| eadf r anes.

Using a first set of substrates (referred to as "Type-A Leadfranes"), a
| ayer of tin 25 with | ess than 5nmthickness was forned on the substrates
in accordahiablevtt h the preferred enbodi ment of the invention. A |eadfrane
of the prior art was_used s acontrol and it has conparable thickness in
rel ati on |tlkeadfeamespe ni ly, adi u nd gold | S .Ta e 1
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Table I L d.Anme Tih N cke] Palladi um Gol df Amount] of Cu d| ssol ved Type- A
<5nm 207nm°10. Onm 2. 1<hAm6. P0EM | Ea8nmanes 2. MMdre.2epg/chi®l  232nm 10. 5pm
2. 3nm 22.|dadimmaseadf r anes (control) The experinent was repeated on
anot her s':‘—];iof substrates(feferre—to—as—Fype—5§-Bteadirares)—that{were
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Leadframes
( (control)

The experiment was repeated on ancther set of substrates (referred to as “Type-

5 B Leadframes”) that were similarly plated according to the preferred embodiment
of the invention, the test result is given in Table 2.
Table 2
Leadframe . . . .

Tin Nicke! | Palladium | Gold | Amount of Cu dissolved
Type-B <5nm | 251nm | 12.4nm | 2.5nm | 5.3ug/em?
Leadframes
Prior art , 2
1‘ Nil 265nm | 14.2nm 2.5nm | 18.0ug/cm

Leadframe
{control)

10 The thicknesses of the substrates shown in Table 1 and Table 2 were obtained
from an average of a total of six measurements made at three typical locations
for each leadframe.

The mass of copper dissolved in the sulfuric acid from the type-A and type-B

15 leadframes amounts to less than one third of that for the control leadframe 120,

indicating that the integrity of the multiple layers on the pre-plated leadframe 10

is remarkably enhanced as compared to the prior art counterpart. This is



of the invention, the test result is given in Table 2. Table 2 Leadfrane
Tin N ckel Palladium Gold Anmobunt of Cu dissolved Type-B <5nm 251 nm 12.4nm
2.5nm 5. 3g/cn2 Leadfranmes Prior art Nl 265nm 14.2nm 2. 5nm 18. 0g/ cn®
Leadfranme (control) 10 The thicknesses of the substrates shown in Table 1
and Table 2 were obtained froman average of a total of six neasurenents
made at three typical locations for each | eadfranme. The nass of copper
dissolved in the sulfuric acid fromthegype-A and type-B 15 | eadfranes
amounts to | ess than one third of that for the control |eadfrane 120,

I ndicating that the integrity of the multiple |ayers on the pre-plated

| eadf r ame atfievable pyrtveksdik inteodastioacofasthim lgyer efitih @antitheymafier femnting the
counterpart. This is -10- achi evabg{ptﬁ%i the sole introduction of a thin

| ayer of te$ultaRg ipthaasingiatermeiatic, n-behweendhe copRebhaRd Nigkel lyefsret al | i ¢

| ayers in-between the copper and nickel layers. In other tests conducted on
the respective leadfranes, it was verified that the 5 pre-plated | eadfranes

10 accor dilngther tdats icondottednorn dhe paspediivedabdframesantdwas oletifiedbinkt thye
criteria used in the manufacture of pre-RI ated | eadfranes, even . though they
have adsi gePiatadleadiramgsctd assardingto inekieventiasy can passebondakilily andund

t hat the thi : wLhe nickel | f t nm in
typi cal | esng@r?gﬁ@@ ?Tétgh‘h:'nblgléér}lgﬁ&% ﬁ%@?@gﬁ? %gdﬁ%?gﬁg%r ééﬁﬂai#?%sg ‘%ﬁan
250nm 10 théugh they hdveaddiignificantiyofedueed | aavieuntadf ditkell Medr &xaraplepitadag o form

one or nore Intermetallic |ayers. Al though depending on the constitution of
t he copperfound iatithe thickness 0%/ the nickel plating can be reduced from about 500nm
{ in typical leadframes meeting industrially-required standards, to less than 250nm,
10  simply with additional of the layer of tin that is adapted to form one or more
intermetallic layers. Although depending on the constitution of the copper alloy in
the base material, the thickness of the layer of nickel may vary from 50nm to
750nm, the layer of nickel can be substantially reduced by using the method
according to the preferred embodiment of the invention, as compared to the prior
15 art methods. Savings can therefore be made both in terms of the cost of plating
material used as well as cycle time. Higher surface conformity to base
roughness is also easier to achieve by plating a thinner layer of nickel, so as to
promote adhesion of EMC to the leadframe. With its obvious cost and other
advantages, pre-plated leadframes 10 according to the preferred embodiment of

i 20 the invention may replace prior art leadframes 120 that are now generally in use.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that
the invention includes all such variations, modifications and/or additions which

25 fall within the spirit and scope of the above description.



the base material, the thickness of the |ayer of nickel may vary from 50nm
to 750nm the layer of nickel can be substantially reduced by using the

met hod according to the preferred enbodi ment of the invention, as conpared
to the prior 15 art nethods. Savings can therefore be nade both in terns of
the cost of plating material used as well|l as cycle tinme. H gher surface
conformty to base roughness is also easier to achieve by plating a thinner
| ayer of nickel, so as to pronote adhesion of EMC to the |eadframe. Wth
its obvious cost and other advantages, pre-plated | eadfranes 10 according
to the prefleqme enbodi nent of 20 the invention may replace prior art

| eadf ranmes 120 that are now generally in use. The invention described

herein is susceptible to variations, nodifications and/or additions other
than t hosd- spedi Methad of piedygingadeadfiame, qomprisingstherfieksebod that the

i nvention incl al | LAt Lf} i nd/ or additions which
25 fall wthi nﬁmdlg%iarﬂbggﬁﬁ%o Ii‘aéagfseft ﬂng@g&ﬁ%@ll ition. -11- CLAIMS:

1. A nethod of piatingddbé sgbstrdte adfivatayer obtimpri si ng the steps of: providing a

substrate conprised of copper, or co r alloy; plating the substrate with a

| ayer 8f tin; Qf'az'lnﬂtq Iﬁﬁe'égﬂoréwlg'ﬁ%?rﬁgﬁﬂﬁr%&ér the layer of tin; plating one

or nore protec !dfﬁng'cﬁ?é%rﬁn?’r‘é%roﬁé&ﬂvé%s 8erthé kler ofRftkek: gﬁﬁeafter, form ng
tallic lay

one or nore inter l'ayers conprised of tin between the substrate and
the layer of nithereafter] foeminghenaeohddoras intermetalici layersaicomprisedheofetin t he

step of fqormn ne. or pnternetal.lic | ayers conprises the step of
heati ng tf?&“ﬁ?%@ﬁ%ﬁﬁ&?@%’id Lﬂe Ig}ﬁer éfﬁ'g?}%?ﬁ;'ed tenperature. 3. The nethod as
claimed in claim?2, wherein the heating of the plated

10 2 The method as claimed in claim 1, wherein the step of forming one or

more intermetallic layers comprises the step of heating the plated substrate at an
elevated temperature.

3. The method as claimed in claim 2, wherein the heating of the plated
15 substrate is conducted during a semiconductor packaging process including
heating the leadframe.

4. The method as claimed in any one of the preceding claims, wherein the
intermetallic layers comprise compounds selected from a group consisting of:
20 CU3SI’I, CusSns, NisSns and (CU,Ni)eSﬂs.

5. The method as claimed in any one of the preceding claims, wherein the

layer of tin is plated to a thickness of less than 20 nm.

25 6. The method as claimed in claim 5, wherein the layer of tin is plated to a
thickness of less than 5 nm.

7. The method as claimed in any one of the preceding claims, wherein the
layer of nickel is plated to a thickness of between 50 nm to 750 nm.
30



15 substrate is conducted during a sem conductor packagi ng process including
heating the | eadfrane. 4. The nethod as claimed in any one of the preceding
clainms, wherein the internetallic |ayers conprise conpounds selected froma
group consisting of: 20 Cu3Sn, Cu6Sn5, Ni 3Sn4 and (Cu, Ni)6Sn5. 5. The

met hod as clainmed in any one of the preceding clains, wherein the |ayer of
tinis plated to a thickness of |ess t4gan 20 nm 25 6. The nethod as cl ai med
inclaimb5, wherein the layer of tinis plated to a thickness of |ess than
5 nm 7. The nethod as clained in any one of the preceding clains, wherein
the |aye. of Mhekaethos g elaéred in any linekofethe prbcb@hg&ﬁmn&()w‘rmréin th80 nm 30

-12- 8. The nethod as clained in any one of he pr.ece i s, wherein
the ome GRenBF dNGIeOPEIERINS | aHP OBRTIRaSS 8s IAeT HfopatAdII PRGLHPpAat o ¢ 0
a thi cknegiskidssstivaredent 1 m tPs@AnM S 9. The nmethod as clained in claim
8, wherein the one or nore protective |ayers further conprises a |ayer of

gol d over the layer of palladiumand the gold I|ayer having a thickness of

bet wee mtq, 50 n 10. .| eqdf rane GONpri si 10 a substrate. .conprised
of copBer br capBamemiadoss climed i agf B WherSle di B TR BBISEEE By er o
tin bet “Bﬂ?éyér@%méisdohﬁjr%eérdﬂlaybﬁof gdlﬁrov@f‘ tivd fyel of palleligin AT thePgslect i ve

| ayers over the |ayer of nickel one or nore internetallic |ayers

bet ween t Hayes higytngaa tickness I@ébﬁwe@ln orm te0Hikel forned by reaction between
the tin in the substrate and the | ayer of nickel.

10. A leadframe comprising:
10 a substrate comprised of copper or copper alloy;
a layer of nickel over the substrate;
a layer of tin between the substrate and the layer of nickel;
one or more protective layers over the layer of nickel; and
one or more intermetallic layers between the substrate and the layer of

15 nickel formed by reaction between the tin in the substrate and the layer of nickel.

11. The leadframe as claimed in claim 10, wherein the one or more
intermetallic layers comprise compounds selected from a group consisting of;
CuzSn, CugSns, NizSns and (Cu,Ni)eSns.

20
12.  The leadframe as claimed in claim 10 or claim 11, wherein the layer of tin
has a thickness of less than 20 nm.

13. The leadframe as claimed in claim 12, wherein the layer of tin has a

25 thickness of less than 5 nm.

14. The leadframe as claimed in any one of claims 10 to 13, wherein the layer
of nickel has a thickness of between 50 to 750 nm.



11. The leadframe as clainmed in claim 10, wherein the one or nore
internetallic | ayers conprise conpounds sel ected froma group consisting of:
Cu3Sn, Cu6Sn5, Ni 3Sn4 and (Cu, Ni)6Sn5. 20 12. The leadframe as clainmed in
claim 10 or claim 11, wherein the layer of tin has a thickness of |ess than
20 nm 13. The leadfranme as clained in claim12, wherein the layer of tin
has a 25 thickness of less than 5 nm144. The | eadfrane as clainmed in any
one of clainms 10 to 13, wherein the layer of nickel has a thickness of
between 50 to 750 nm -13- 15. The | eadfrane as clainmed in any one of clains
10 to 14, Mt&her dihe leadframe asoclaimadeinparyt ent iof elairay d Odociehwheseis the lomger of
pal | adi um having a.thickness of between 1 nmto 50 nm.5 16.. The | eadfrane
as cl ai med"iMC§ Bﬁ%c?%’?lﬁ%%’ﬁe?‘%ﬁ"?fﬁ&soﬁzaw 93092@'3%8? g@f"i"gea %I“ﬁ%% cﬁﬁrt her
conpri ses pRivédien i tosh dnpver the |ayer of palladiumand the gold |ayer
having a thickness of between 1 nmto 50 nm

5 16. The leadframe as claimed in claim 15, wherein the one or more protective
layers further comprises a layer of gold over the layer of palladium and the gold
layer having a thickness of between 1 nm to 50 nm.



