Met hod for the manufacture of a |eadless substrate The invention relates to
a.-mmethod for the manufacture of a | eadl ess stubstrate with a basic body made
of copper or copper base alloy, a solder |ayer applied onto at |east one
pertion of the basic body and made of netals belonging to the group of

gol d, gold alloy, silver, silver alloy, palladium and palladiumalloy, as
well as an internedi- ate | ayer arranged between the basic body and the

sol der | ayer and made of nickel or nickel alloy. Usually, the solders or

sol der layers used in soldering are containing lead. In order to be able to
avoid the use of lead with its high toxicity, it is necessary to apply

| eadl ess and sol derable | ayers with a good adhesive strength and resi stance
to oxidation, whose wettability is, for instance, simlarly high as that of
customary tin-lead sol der |layers. Solder |ayers of this type are known from
DE 44 14 729 C2. A basis strip of copper or copper alloy is coated with an

internedi ate | ayefjeflod férdhe Mantifacitire dfliéadiesdsabdlratecct i ve | ayer is

applied using the thin-layer nmethod protecting the basis strip from any
oxi dative attacks. The material is used for the manufacture of a conductor
frame for structural sem conductor elenments, using a protective layer with
a thickness ranging from1l nmto 50 nm This vapor-deposited thin
protective | ayer ensures that the basis strip is well protected from
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of golaf nickgliglay.nust, however, have a th| ckness of several [_err]m i n order
to be able to fulfill the function of a "protective layer” -+is another
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whose wettability is, for instance, similarly high as.that of customary tin-lead solder

layers.

Soider layeré of this type are known from DE 44 14 729 C2. A basis strip of copper or
copper alloy is coated with an intermediate layer of nickel or nickel alloy. Then a
protective layer is applied using the thin-layer method protecting the basis strip from
any oxidative attacks. The material is used for the manufacture of a conductor frame
for structural semiconductor elements, using a protective layer with a thickness
ranging from 1 nm to 50 nm. This vapor-deposited thin protective layer ensures that
the basis strip is well protected from oxidation and that the mechanical stability of a
wire joint or soldered joint which is to be subsequently made between the protective
layer and a structural element or a printed circuit board is satisfactory. The manufac-
ture of a thin protective layer requires a great number of devices. For instance, sput-
ter or vapor deposition systems are expensive, need much maintenance, and are
generally intended for vacuum procedures which must be performed in a clean room
environment.



Test's confl rnmed the di sadvant ages of el ectropl at ed prot ective |l ayers shown
in: DE 44 14 729 C2 (see Table 1). The wetting rate for as manufactured,

| eadf ree sub- strates and | eadfree substrates aged in air at a tenperature
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Lerr] n%ggc:men as’a ; Sult of its reaction withhd q’lquid are measured. The force resulting
from the vertical lifting and wetting forces, which acts upon the immersed specimen -
over a specific time interval, is measured and recorded by means of a measuring
transformer. Evaluation is made whenever the wetting force is equal to the counter-
directed lifting force; this results in the fact that the resulting force acting upon the
specimen is equal to zero. The time elapsing until this condition is achieved is pro-

portional the wetting rate of the respective sample.

The measured values listed in Table 1 were determined in a solder bath with the fol-

lowing parameters:

- temperature: 240 °C

— immersion rate: 5 mm/sec

— immersion depth: 5 mm

- fluxing agent: FSW-31 (600 g pure colophony in 1 1 of isopropyl alcohol), nonacti-
vating

-~ measuring time: 5 sec
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Lmeal stab*ﬂfi/ oft a w%the(:]‘omg1 ora solJereH ?om between the solder layer and a

structural element or a printed circuit board is ensured over a long time.

It has pi‘oven advantageous when the intermediate layer has a thickness ranging
from 0.1 um to 10 uym. This can be achieved by using a commercially available nickel
bath on sulphamate basis in conjunction with a current density ranging from 0.5
A/dm? to 10 A/dm?.

An effective solder layer is made of a first and a second separate layer. The first
separate layer decoupled onto the intermediate layer should have a thickness rang- '
ing from 0.01 ym to 5 uym; the second separate layer should have a thickness ranging
from 0.01 pm to 10 um. Ideally however, the first separate layer is made with a thick-
ness ranging from 0.1 yum to 1.0 ym and the second separate layer with a thickness
ranging from 0.3 um to 2.5 ym. |t is, however, also possible to make the solder layer
of more than two or three separate layers.

A solder layer consisting of a first separate layer of palladium or palladium alioy and
a second separate layef of silver or silver alloy has proved successful. It is, however,
also advantageous if one of the two separate layers is made of goid or gold alloy. In
this case, it is possible to make the first separate layer of gold or gold alloy and the
second separate layer of silver or silver alloy or, as an alternative, the second sepa-
_ rate layer of gold or goid alloy and the first separate layer of silver or silver alloy.
Ammoniacal baths can be used for the manufacture of separate layers of palladium
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An-effective solder layer is made of a first and a second separate | ayer.
The first separate | ayer decoupled onto the internedi ate | ayer should have
a.thickness 5 ranging fromO0.01 Jerrmto 5 [err]m. the second separate
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separate layer of silver or silver alloy is the topmost layer, it is advantageous if it is
coated with a tarnish protection layer which prevents silver from tarnishing, i.e. from
oxidizing. The formation of silver sulphide is particularly unwanted, and is, for in-
stance, effectively prevented by the use of thiols.

All substrates reach a low wetting time, which is even reduced for some substrates
after ageing. After ageing, wetting times of less than one second are measured for all
leadfree substrates: in part, the reference value of 0.5 sec, which is valid for Sb/Pb
solder layers, is even fallen below. The measuring results reached with the following
parameters are listed in Table 2:

— temperature: 240 °C

— immersion rate: 5 mm/sec

—~ immersion depth: 5 mm :

— fluxing agent: FSW-31 (600 g pure colophony in 1 | of isopropyl alcohol), nonacti-
vating o

measuring time: 5 sec
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0.5 [pFHTh B : i AQ d, g0aww pergenpNy [eﬁ% \ %ii err]m
Q_75
Pd .ﬂ 2[pm F}I + 0. % um Pd/Ni (80 w/w percent Pd, 20 w/w percent Ni) 0.45 0.45
+2.0 um Ag '
2umNi+ 0.1 um {0 0.2 um Pd + 0.2 um Ag (with tarnish pre- 0.40 0.60
ventive)
2 ym Ni + 0.2 ym Pd + 0.5 ym Ag (with tarnish preventive) 0.40 0.50
2 ym Ni + 0.5 um Pd + 2.0 ym Ag (with tarish preventive) 0.40 0.50
2 um Ni+ 0.8 ym Au (fine) + 0.5 um Ag 0.40 0.45
2 um Ni + 0.2 ym Au (fine) + 0.5 ym Ag 0.45 0.50
2 ym Ni + 0.2 um Au/Co (hard goid) + 0.5 ym Ag 0.45 0.50
‘2 ym Ni + 0.2 um Au/Co (hard gold) + 2.0 ym Ag 0.45 0.45
2 um Ni + 0.2 um Au (fine) + 2.0 um Ag 0.45 0.50
2 um Ni+ 0.5 ym Ag + 0.5 um Au (fine) 1.00 0.50
2 ym Ni + 0.5 ym Ag + 0.5 ym Au/Co (hard gold) 1.30 0.55
2umNi+ 0.5 um Ag + 0.2 um Au (fine) 0.60 0.40
2 um Ni+ 0.5 um Ag + 0.2 um Au/Co (hard gold) 0.80 0.50
2 umNi+ 0.2 um Pd + 0.5 um Ag + 0.5 um Au (fine) 0.55 0.45
2 pym Ni+ 0.2 ym Pd + 0.5 pym Ag + 0.5 um Au/Co (hard gold) 0.80 0.50
2 uym Ni+ 0.2 ym Pd + 0.2 ym Au (fine) + 0.5 ym Ag 0.50 0.45

2 pm Ni + 0.2 pm Pd + 0.2 um Au/Co (hard goid) + 0.5 um Ag 0.45 0.40

Table 2

The following examples are intended to explain the mventnon-relatmg procedure for
the manufacture of a leadfree substrate in more detail:

Example 1: Procedure for the manufacture of a leadfree substrate with a solder
layer made of Pd/Ni and Ag

Example 2: Procedure for the manufacture of a leadfree :substrate with a solder
layer made of Pd, Au/Co (hard gold) and Ag
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Pr ocedurderisity of M0 Aid? and subseduent iesiliy priaseubstrate with a sol der
— Coating of the Pd layer with 0.2 pm Au/Co (hard gold) in a cyanidic Au/Co bath
with a current density of 1.0 A/dm? and subsequent rinsing phase
— Coating of the Au/Co layer with 0.5 pm Ag in a cyanidic Ag bath with a current
density of 1.0 A/dm? and subsequent rinsing phase

— Drying |
— Ageing in air at a temperature of 155 °C over 16 h
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| ayer “made of Pd, Au/Co (hard gold) and Ag 5 Exanpl e 1: C eaning,
degreasing and rinsing of a basic body made of copper Coating of the copper
with 2.0 [err]mnickel in a comercial electroplating nickel bath on

sul phamat e -basis with a current density of 2.5 Aldnferr] and subsequent

ri nsing phase Coating of the nickel layer with 0.2 pmPd/N in an

ammoni acal Pd/Ni bath with a current- gensity of 1.0 Adnferr] and subsequent

rinsing phase Coating of the Pd/N |ayer with 2-06—pm-Ag-in_a cyanidic Ag
bath with a current den- sity of 1.0 A/dnierr] aqF,ig-ubsequent rinsing phase
- Drying - Ageing in air at a tenperature of 155 i Regackd Exanpl e
2: - Cleaning, degreasing and rinsing of a basic pper -
Coating of the copper with 2.0 [err]mnickel in a ctropl ating
ni ckel bath on sul phamate basis with a current density of 2.5 Aldnferr] and
subsequent rinsing phase - Coating of the nickel layer with 0.2 [err]m Pd

I n an ammoni acal Pd bath with a current density of 1.0 A/d,[err] and
subsequent rinsing phase - Coating of the Pd |layer with 0.2 [err]m Au/Co
(hard gold) in a cyanidic Au/Co bath with a current density of 1.0
Aldnferr] and subsequent rinsing phase - Coating of the Au/Co |layer with
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Patent claims

1. A method for the manufacture of a leadless substrate with a basic body made of
copper or copper base alloy, a solder layer applied to at least one portion of the
basic body and made of metals belonging to the group of gold, gold alloy, silver,
silver alloy, palladium, and palladium alloy, as well as an intermediate layer ar-
ranged between the basic body and the soider layer and made of nickel or nickel
alloy, characterized in that the solder layer consists of at least two separate layers
made of different metals and that the intermediate layer and the separate layers
are deposited by electropiating. :

2. A method for the manufacture of a leadless substrate according to Claim 1, char-
acterized in that the intermediate layer is made with a thickness ranging from 0.1
um to 10 ym. :

3. A method for the manufacture of a leadless substrate according to any one of the
Claims 1 to 2, characterized in that the solder layer is made of a first and a second
separate layer and that the first separate layer deposited onto the intermediate
fayer has a thickness ranging from 0.01 um to 5 ym and the second separate layer
has a thickness ranging from 0.01 ym to 10 ym. '

4. A method for the manufacture of a leadless substrate according to Claim 3, char-
acterized in that the first separate layer has a thickness ranging from 0.1 ym to 1.0
pum and the second separate layer has a thickness ranging from 0.3 um to 25 ym.
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-7-- Patent clains 1. A nethod for the manufacture of a |eadl ess substrate
with a basic body nade of copper or copper base alloy, a solder |ayer
applied to at |east one portion of the basic body and nmade of a netal
selected fromthe group consisting of gold, gold alloy, silver, silver

al l oy, palladium and palladiumalloy, or a conbi TitShes HidBeeieRdplacand a
single.internedi ate | ayer arranged bet8seen the basi sol der

| ayer and nmade of nickel or nickel alloy, wherein Jmmmm#gﬂ ﬂFr consi sts
of at least two separate |ayers nmade of different netals an t he

I nternmedi ate | ayer and the separate |ayers of the solder |ayer are
deposited by electroplating, characterized in that at |east one of the

separate |l ayers of the solder layer is made of silver or silver alloy. 2. A
met hod for the manufacture of a | eadl ess substrate according to daiml,
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to daim?2, characterized in that the first separate |ayer has a thickness
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8. A method for the manufacture of a leadless substrate according to any one of the
Claims 3 to 4 and Claim 6, characterized in that the second separate layer is made
of gold or gold alloy and the first separate layer is made of silver or silver alloy.

9. A method for the manufacture of a leadless substrate according to any one of the
Claims 1 to 2, characterized in that the solder layer is made of a first, a second
and a third separate layer and that the first separate layer deposited onto the in-
termediate layer and the second separate layer each have a thickness ranging
from 0.01 pm'to 5 ym and the third separate layer has a thickness ranging from
0.01 ymto 10 ym.

10. A method for the manufacture of a leadless substrate according to Claim 9,
characterized in that the first separate layer has a thickness ranging from 0.1 ym
to 1 ym and the second separate layer and the third separate layer each have a
thickness ranging from 0.3 mm to 2.5 ym.

11. A method for the manufacture of a leadless substrate according to any one of
the Claims 9 to 10, characterized in that the first separate layer is made of palia-
dium or palladium alloy, the second separate layer of silver or silver alloy, and the
third separate layer of gold or gold alloy.
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August 2000 -9- 11. A nethod for the manufacture of a | eadl ess substrate
according to any one of the Clains 4, 5 or 10, characterized in that a
tam sh protection layer is applied onto the second or third separate |ayer
of ‘silver or silver alloy.
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