-1- LEADFRAVME COVPRI 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 ranmes conprising nultiple |layers of plated material. 10 Background and
Prior Art In the manufacture of sem condjctor devices, |eadframes are
commonly used as supports for mounting and processing a plurality of

sem conductor dice or chips concurrently during what is generally referred
to as sem conductor pagiERDRFRAMBE COMPRISING TINI PLAPINGQRON a | eadf rane,

el ectrical connectlons'ﬁF@'ﬁﬁH@‘betmeen the cméaznmltne | eadf rane. The
chip and part of theANdN 2 TALLIC RAYEREQRMEDVHEREFROMDI di ng
conpound, such as epoxy nnldlng conpound (EN(D to form an electronic
package. The nol ded el ectroni c package may then be nounted to electrically
connect t hejch@ B fHRBNEhGGn Chip to an external circuitry. 20 FIG 1 is an

el evation View of a leadfrane device 100 that has been partially nol ded
with adSepoxy nmol di ng conmpound (EMC). The | eadfrane device 100 conprlses a
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surrounded by t i nt er nal eas The wire-bonded frame is then
packaged bpagicolasdaleadimmes comprsing multiple layeisofytatad materiakl | y nol ded onto
the | eadf rane device 100. The encapsul ati on should seal off the plurality of

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.
20
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



internal | 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 may be forned into different shapes as required for
connection to external 5 devices. As the sem conductor device conprises
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| eadf r anmes formof these |eadfranes is conmonly referred to as

pre-pl a®eddeviegdframes (PPF). In a typical enbodinent, PPFs conprise a base
material 15 such as copper (Cu) or a copper all oy, whi chis plated with a
nunber of layers of different netals, such as nickel (N), and noble netals

such as paIAIsacthyms(eﬁddonc&rmbrgcdealnde%domﬁnwsa Varue | conpamdrite wadseinbisd f or
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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 plated with a number of layers of
different metals, such as nickel (Ni), and noble metals such as palladium (Pd)

and gold (Au).

Since there is a worldwide trend for the elimination of lead (Pb) from
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. #f the leadframe. -3- FIG 2 is a
schematic sectional view of a three-layered pre-plated | eadfrane of the
prior art. It shows a typical three-layered PPF or |eadfrane 120 conpri sing
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A | ayer of nickel 124 is plated over the substrate 122 for inpeding
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sequence to act as facilitators of wire bonding and soldering. They provide
protection for the underlying nickel |ayer from oxidation and pronote
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of the | epgdhdgORINMAtEe graterial defects such as inherent porosity in the
formof pin- holes and grain boundaries. In FIG 2, the mgration of copper
fromthe substrate 122 to the surface of the three-|layered | eadframe 120 is

shown. We h  f . CO r e t I me
120 1 i nPeopvgfs sotREREORBEk, hererhy Bict e Attt “f4 ToubEe 2 Eb
degr adeg i on28f avé rtaeROPIERIY lin taeqaBece stol det abi facllitatefrc of swied BdRlisgirdnce of
the | eadframe 120. Despite its favorable properties, the use of nickel

i ncreases toldespgt Tdtey 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 EMC to the |eadfranme. However, if the use of nickel is reduced,
reliability issues arise because of degjadation of bondability and

sol derability due to increased diffusion 30 of copper to the surface of the
| eadf rane. Accordingly, the invention seeks to reduce at |east the use of
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Summary of the Invention 5 It is an object of the invention to seek to
provide a pre-plated |l eadframe conprising one of nore |ayers of tin-bearing
i nter met al IgygnianehetheIAvéRtidre | mpede  m gration of the base material of the
| eadf rane 0 an outer surface thereof. 10 According to a first aspect of the
i nventidn, the invention provides a nethod of producing a Ieadfrane,

corrprisingthe ste f [ ovi di a . substr ting th u rate with
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15 According to a second aspect of the invention, the invention provi des a

| eadf rame cogiationi sfghe Hasamraterakof the legdfrarae to\aplcstercsufacetberadfst r at e a

| ayer of tin between the substrate and the | ayer of nickel; and one or nore
protective layers over the |ayer of nickel. 20 It will be conveni ent to
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acconpanyi ng draw nq particularity of the draw ngs and
producing a eadframe 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.

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. 1 is a top 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
device that has been partially nolded wigh an epoxy nolding conpound (EM);
-5- FIG 2 is a schematic sectional view of a three-|layered pre-plated

| eadf rane 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 between a copper base material and a nickel |ayer

accor di ng Gt Bdspr schematic septienaledew affa threetlayeredi e-platedreadframesob
schemati c %$ctLonaI_viem10f the pre-plated leadframe of FIG 3 with
internetalli%ppg&ﬁqs 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 | eadfranme with a single 15 internetallic

| ayer formEdGbeat ween schemalibs sectianahndewhef laapeg-platedhilerdirameetsed eas a

description, pf, the preferr odi nent Ref.erri to the draw i n.which
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sectional vbpperbase pistefhlcams al maﬁélrlagér accorging testhe preRsitédiembddihent
sem conduct or packaging with a layer of tin plated between a copper base

materi al affithg Enentioniyer according to the preferred enbodi nent of the
invention. The pre-plated | eadfrane 10 conprises a substrate 12 on which
multiple layers 25 of nmaterial are plated. The substrate 12 conprises a base

materi @, mpEe4 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 A layer 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,_gbould be plated over the |ayer of
nickel 16. In the illustrated enbodinent, a |ayer conprised of a first
noble metal, such as palladium 18, is plated over the | ayer of nickel 16

and it has cantdmscr@ﬁsbleometmsefsﬁmblbelpﬁtwmeinnetlayéoaﬁmdk@sﬂey IratHeay er
conpri sed of second noble 5 netal, such as gold 20, is then plated over
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FIG 4 is a schematic sectional view of a pre-plated |eadframe 10 with a
first mterrretalllc | ayer 22 formed between the layer of tin 14 and the
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the second internetallic layer 24 primarily .

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

20 compounds, such as CuzSn and CusSns, formed between the substrate 12 and
the layer of tin 14. On the other hand, the second intermetallic layer 24 primarily
comprises nickel-tin compounds, such as NizSn4, 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 wmay conprise a |am nated structure
consisting of tin and separate layers of internetallic conpounds of

di fferent conpositions. Neverthel ess, ong_should note that this would

| i kely occur only where the layer of tin 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

| eadfranme 10 with a single internetallic |ayer 26 formed between the
substrat e E¥GaRdstahechematic csecmraadéuevz@ a preeplated leadfeame dO withra sipgle

conpri ses
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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
less 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 intermetallic 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 formed. Alternatively, if the tin plating is sufficiently thin,
such as less than 5nmthick, a single internetallic |ayer 26 may be forned
directly without the formation of separate interfacial internetallic |ayers
22, 24. The resultant 20 internetallic layer is variable in thickness
depending on the heating tenperature and tine, but is generally thicker
than the layer of tin that was initiallygplated. Heating of the plated
substrate or |leadframe nay either be a separate process incorporated during
| eadf rane manufacturing or inherent with one or nore of the 25 packaging
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reduced.  he jeadframe 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
the 15 preferred enbodi nent of the invention, an industry adopted porosity
test was performed on it and the result was conpared with that of a control
| eadf ranme 120 of the prior art. The | eadfranes were heated at a tenperature
of 450C for 5 mnutes to pronote the diffusion of copper in the tested

| eadf rames. The |eadframes that were sogheated were then imrersed into

sul furic acid and the 20 anmount of copper dissolved in the acid was
thereafter nmeasured. Hi gher |evels of copper dissolved in the sulfuric acid
inply a greater anmount of copper diffusing to the surface of the |eadfrane.
Using a first set of substrates (referred to as "Type-A Leadfranes"), a

| ayer of tMablgbdwith | ess than 5nmthickness was formed on the substrates
in accordance with the preferred enbodinent of the invention. A leadfrane

of the pri teadframeas as.:2,.con and Lt, bhas corrp S in
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shows the r[g?éu;{ of porosity tests|conducted Tfor poth Teadfranes. 30 -P9-
ba
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(control)

The experiment was repeated on another 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 Nickel | Palladium | Gold | Amount of Cu dissolved

Type-B <5nm | 251nm | 12.4nm | 2.5nm | 5.3ug/cm?

Leadframes

Prior art 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 Anmount of Cu dissolved Type-B <5nm 251nm 12. 4nm
2.5nm 5. 3g/cn2 Leadfranmes Prior art Nl 265nm 14.2nm 2. 5nm 18. 0g/ cn®
Leadfrane (control) 10 The thicknesses of the substrates shown in Table I
and Table 2 were obtained froman average of a total of six neasurenents
made at three typical locations for eagf._Leadframe. The mass of copper
dissolved in the sulfuric acid fromthe type-A and type-B 15 | eadfranes
amounts to less than one third of that for the control |eadfrane 120,

i ndi cat i ngaghiavabledy theediéd introefuctitre offtthinnhger GIMBT andthdrBaftdr PrmirR] ©e
Leadframe 10 is remarkably enhanced as conpared to the prior art

count er par tesuitanktin-bearning intermetallis layery inhetwesnretheneorpprandoticks! layarsi n
| ayer of tin and thereafter formng the resultant tin-bearing internetallic
| ayers in-between the copper and nickel layers. In other tests conducted on

the respecfn wiheraadfs' edmfuctéd ontthe’ Ridpiecive Idrdfrarhés Sit Was Peafied thatager ames
10 according to the invention can pass bondability and solderability

criteri% upedpliated IradimmesdOuaecadingr to heainvgntieadiampess hongability@ngh t hey

That the CROCRRERLY YorhEhs redtap 18p Aenleblierof PleBiaRE  Banrimh: aBhm i n
typical | egbughnBey MRk 8ignifibantly iredlliced amouhedf pickeraFas exhplE St widgan
250nm 10 si rrpln%evmth additional of the layer of tin that is adagted to form

one or ror undrthat the Hicknessfdhe nigtel dattng errpbadedycesh fione abeus50@nmi on of
the copper in%bf%%l le3dframes 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

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 eagier to achieve by plating a thinner
| ayer of nickel, so as to pronote adhesion of EMC to the |leadframe. Wth
its obvious cost and other advantages, pre-plated | eadfranes 10 accordi ng
to the pretepigd: enbodi mrent 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

t han t hose? spec&ei‘hﬁﬂ Pﬁ/p@@%ﬂgb%l?a\ﬁiﬁémﬂ cogprisingethendePs 06od that the

i nvention include su riations, nodifications and/or additions which
25 fall within gﬁ@‘ﬁ Pﬁ?&gﬁaﬁ§cope of the above description. -11- CLAIMS:

1. Method of prglgﬂﬁ?rﬂgegubwgr\,ﬁmea |SRIFFkiARI Ng the steps of:  providing a
substrate; plating the substrate wth a layer of tin; 5 plating a |ayer of

ni ckel ®ver t heplatipgma Iayettmfrnlcleeid)vehﬁ'realaﬁleeoftunlasttdthgremfteror nore protective
| ayers over the |ayer of nickel. 2. Method as clained in claimi1, further
conprising the BI?EBQ@I"'ef%rrﬁp'f?gpr@ﬁ%c'“vérlaYﬁfﬁé’VPﬁﬂ@ \ayeaet 'i“@k‘P'ayers conpri sing
tin between the substrate and the layer of 10 nickel. 3. Method as cl ai ned
in claim2, wherein the step of formng one or nore internetallic |ayers

conpri ses Rhe sMethadf abestdimeyl inhelaiph dt éuitlribimprisingtheustepe b fartinlg one
t t
enperatur gr more intermetallic layers comprising tin between the substrate and the layer of

10 nickel.

3. Method as claimed in claim 2, wherein the step of forming one or more
intermetallic layers comprises the step of heating the plated substrate at an
elevated temperature.

15
4. Method as claimed in claim 3, wherein the step of heating the plated
substrate to form one or more intermetallic layers is conducted during a

semiconductor packaging process which involves heating of a leadframe.

20 5. Method as claimed in any one of claims 2 to 4, wherein the intermetallic
layers comprise compounds selected from the group consisting of: CusSn,
Cu58n5, Ni3Sn4 and (CU,Ni)eSﬂs.

6. Method as claimed in any one of the preceding claims, wherein the layer

25 of tin is formed with a thickness of less than 20nm.

7. Method as claimed in claim 6, wherein the layer of tin is formed with a

thickness of less than 5nm.



15 4. Method as clained in claim3, wherein the step of heating the plated
substrate to formone or nore internetallic layers is conducted during a
sem conduct or packagi ng process which involves heating of a | eadfrane. 20 5.
Met hod as clainmed in any one of clainms 2 to 4, wherein the internetallic

| ayers conprise conpounds sel ected fromthe group consisting of: Cu3Sn,
Cu6Sn5, Ni 3Sn4 and (Cu, Ni)6Sn5. 6. Methgqd-as clained in any one of the
precedi ng clains, wherein the layer 25 of tinis forned with a thickness of
| ess than 20nm 7. Method as clained in claim6, wherein the layer of tinis
formed wth. a Metiobchassclaimddemsanhane ofrthe pt@eceding Iddiimsd wiereinagheddyem any

one of the precedi ng ¢l ains, erein e | ay of nickel has a thickness of
bet ween SOHﬁ’l“Pbe&B?ﬁﬁrfh'&n% t\’{geﬁﬁgﬂﬂ’e@ f‘ﬂ{Pf}my one of the preceding
clainms, wherein the one or 5 nore protective |layers conprises a |ayer of
pal | adi um having a thickness of between 1 nmto 50nm 10. Method as cl ai ned

in clai m99. wheMetimod be ctaimedrinranyene of thetpreeeding @lamsf whehein thempei ares a

| ayer of gold over the |ayer of palladium havin t hi ckness of = 10 between
1 nm t(£5omﬂrelar9tq\9&/ﬁolay $ EPEIPHERS i % |AYRF eﬁeaﬂﬁyﬁb hgviEge i &!@Ck@leéﬁn%f,

wher ei n t hganddsihRts sORRPr i ses copper or a copper alloy. 15 12. A
| eadf rane conprising: a substrate; a layer of nickel over the substrate; a

| ayer of tin between the substrate and the |ayer of nickel; and
10. Method as claimed in claim 9, wherein the one or more protective layers
further comprises a layer of gold over the layer of palladium having a thickness of
10  between 1nm to 50nm.

11. Method as claimed in any one of the preceding claims, wherein the

substrate comprises copper or a copper alloy.

15 12. 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.
20
13. Leadframe as claimed in claim 12, further comprising one or more
intermetallic layers formed between the substrate and the layer of nickel by

reaction between the tin and the substrate and the layer of nickel respectively.

25 14. Leadframe as claimed in claim 13, wherein the one or more intermetallic
layers comprise compounds selected from the group consisting of: CusSn,
CugSns, NizSn, and (Cu,Ni)sSns.

15. Leadframe as claimed in any one of claims 12 to 14, wherein the layer of

30 tin has a thickness of less than 20nm.



one or nore protective |ayers over the layer of nickel. 20 13. Leadfranme as
claimed in claim12, further conprising one or nore internetallic |ayers
formed between the substrate and the | ayer of nickel by reaction between
the tin and the substrate and the | ayer of nickel respectively. 25 14.
Leadfrane as clainmed in claim13, wherein the one or nore internetallic

| ayers conprise conpounds sel ected fro_rq he group consisting of: Cu3Sn,
Cu6Sn5, Ni 3Sn4 and (Cu, Ni)6Sn5. 15. Le rane as clainmed in any one of
claims 12 to 14, wherein the layer of 30 tin has a thickness of |ess than
20nm - 13-44l6. Lé’a%ﬁ' ey i i i il | \R4 Rt I tin
has a thic 6rliessL 0 H esssﬁﬁaalﬁ{egjr{%w1f’e\gggﬂeién%h%?gfgr%I(it?%isr?gﬁf/kn%%g of

cl ai rs 12 dfdedsSthantenmei n t he | ayer of 5 nickel has a thickness of between
50nmto 750nm 18. Leadfrane as clainmed in any one of clainms 12 to 17,
wherein the one or nore protective |layers conprises a |ayer of palladium
having a tfy Cknassiftime BE'Rfdlindhy Bne M Baikd P10 kEHHEAIR RS Ijefigred 1 n
claim 18, wherein the one or nore protective layers further conprises a

| ayer &f gutkeldwasra tHieknesygef befweert banmum 28wnwimg a t hi ckness of between 1nm
to 50nm 15 20. Leadfranme as clained in any one of clains 12 to 19, wherein
the substrate conprises copper or a copper alloy.

18. Leadframe as claimed in any one of claims 12 to 17, wherein the one or
more protective layers comprises a layer of palladium having a thickness of
between 1nm to 50nm.

10
19. Leadframe as claimed in claim 18, wherein the one or more protective
layers further comprises a layer of gold over the layer of palladium having a

thickness of between 1nm to 50nm.

15 20. Leadframe as claimed in any one of claims 12 to 19, wherein the substrate

comprises copper or a copper alloy.





