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LEADFRAME FOR INTEGRATED CIRCUIT PACKAGE AND METHOD OF
MANUFACTURING THE SAME”

BACKGROUND OF THE INVENTION

5 1. Field of the Invention:
This invention relates to leadframes for integrated circuit (IC) packages, and more
. particularly, to‘? leadframe which is plated with silver (Ag) and palladium (Pd) in distinc-
tive manners so as to provide suitable bondability, molding compound characteristic, and
solderability for the packaging of a chip in the IC package. This invention also relates to a

10 method for manufacturing the leadframe.

2. Description of Related Art:

In the manufacture of semiconductor devices on integrated circuits (IC), the final
step is to mount the chip on a leadframe and then enclose the chip and part of the leadframe
in a plastic casing to form the so-called IC package. The IC package can be easily mounted

15  on a printed circuit board for interconnection of the electronic devices on the chip with
external circuitry. A leadframe should be manufactured in such a manner as to pr;vide
good bondability, molding compound characteristic, and solderability, so that it can facili-
tate the packaging process. To provide these characteristics, various coatings are formed on
the leadframe.

20 A conventional method for providing suitable bondability for the interconnection
between gold wires and leads of a leadframe is to plate silver (Ag) on the bonding area of
the leadframe. After the chip is sealed in a plastic casing, the external leads of the IC pack-
age are plated with a layer of the alloy of tin/lead (Sn/Pb) so as to provide suitable solder-
ability for the external leads of the IC package to be easily mounted on a printed circuit

25  board by soldering.

One drawback to the process of plating the Sn/Pb alloy on th¢ external leads, how-

ever, is that the high-temperature condition of the plating process can cause damage to the
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provi de good bon di ng conpound characteristic, and

sol derability, so that it can facili- tate the packagi ng process. To
provi de these characteristics, various coatings are formed on t he

| eadf rame. 20 A conventional nethod for providing suitable
bondability for the interconnection bet ween gold wires and | eads of a
| eadfrane is to plate silver (Ag) on the bonding area of t he

| eadframe. After the chip is sealed in% plastic casing, the external |eads
of the IC pac}& package and the chip. Moreover, the use of the tin/lead (Sn/Pb) alloy can cause the
problem of heavy metal pollution to the environment.
Further, since the plating of silver (Ag) on the bonding area is carried out prior to
the packaging of the chip in a plastic casing and the plating of the tin/lead (Sn/Pb) alloy on
5 the external leads is carried out after the chip is packaged, the automation of the overall
packaging process is difficult to implement. To solve this problem, the so-called pre-plated
frame (PPF) technology is developed.
The PPF technology involves the plating of palladium (Pd) instead of silver (Ag)
and tin/lead (Sn/Pb) on the leadframe. Conventional PPF methods include U.S. Applica-
10  tion No. 874,916 filed on June 16, 1986, and U.S. Application No. 174,060 filed on March
28, 1988 by Texas Instruments (TI) Incorporated, to name a few. Since the palladium (Pd)
metal is good both in bondability and solderability, it can be plated over the entire lead-
frame prior to the packaging process so that the ensuring packaging process can be carried

out easily by automation. In this case, the plating of the Sn/Pb alloy in the prior art is

o,

15  eliminated. Therefore, the PPF technology is quite an environmentally friendly solution.
By the PPF technology, however, in order to allow the leadframe to be erosion-
resistant, a film of nickel (Ni) and a film of the alloy of palladium/nickel (Pd/Ni) are plated
on the leadframe before plating the palladium (Pd) inetal. Since palladium (Pd) is a pre-
cious metal which is quite costly to use, the platings are usually very thin, typically from
20 0.075 pm to 0.1 pm (micrometer) only. Due to such a small thickness, the thin nickel (Ni)
and palladium/nickel (Pd/Ni) platings can be easily ruined during the packaging procéss,
which causes the forming of undesired pin holes in these platings. The forming of these pin
holes will significantly degrade the bondability and solderability of the leadframe.

25 SUMMARY OF THE INVENTION

It is therefore a pn'maiy objective of the present invention to provide a leadframe

and a method of manufacturing the same, which allows the prevention of the occurrence of
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pin holes in the platings so that the bondability and solderability of the leadframe can be
assured.

In accordance with the foregoing and other objectives of the present invention, an
improved leadframe and a method of manufacturing the same are provided.

5 In the method of the invention, the first step is to provide a base structure of the
leadframe from a conductive material. Functionally, the base structure is divided into one
external-lead area and one package area including one bonding area having one die pad
therein.

There are vanous ways to form a copper layer, a nickel plating, a silver layer, a

10  palladium/nickel (Pd/Ni) plating, a palladium (Pd) plating, and a gold layer on the lead-
frame, either over the entire leadframe or selectively only over specific portions of the
leadframe. These variations will be described in full detail in the detailed description sec-
tion later in this speciﬁcétion. In particular, the method of the invention provides a lead-
frame on which a silver plating is formed beneath a palladium plating.

15 On the leadframe, the silver plating is formed over the base structure of't.}.ié lead-
frame, and the palladium plating is formed over the silver plating. Depending on actual
requirements, a copper layer and a nickel plating can be formed between the silver plating
and the base structure of the leadframe, and a palladium/micke] plating can be formed be-
tween the silver and palladium platings.

20 Further, a gold layer can be formed over the palladium plating. The palladium plat-
ing and the palladium/nickel plating can be formed all over the leadframe or selectively
formed only in the external-lead area of the leadframe.

The distinguishing feature of the leadframe of the invention is the forming of one
palladium plating over one silver layer in the extemnal-lead area of the leadframe. This

25 __featur? allows the prevention of the occurrence of pin holes in the platings so that the

bondability and solderability of the leadframe can be assured.
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BRIEF DESCRIPTION OF DRAWINGS

The invention can be more fully understood by reading the following detailed de-
scription of the preferred embodiments, with reference made to the accompanying draw-
ings, wherein:

5 ~ FIG.1 is a schematic top view of a leadframe;

FIG. 2A is 2 schematic sectional diagram of a first preferred embodiment of the
leadframe of the invention;

FIG. 2B is a schematic sectional diagram showing the leadframe of FIG. 2A when
a ring plating process is used instead to form the silver (Ag) layers in the leadframe;

10 "~ FIG. 3A is a schematic sectional diagram showing a first variation of the leadframe
of FIG. 2A;

FIG. 3B is a schematic sectional diagram showing the leadframe of FIG. 3A when
a ring plating process to used to form the silver (Ag) layers;

FIG. 4A is a schematic sectional diagram showing a second variation of the lead-

15 frame of FIG. 2A;

ey
*e

FIG. 4B is a schematic sectional diagram showing the leadframe of FIG. 4A when
a ring plating process to used to form the silver (Ag) layers;
FIG. 5A is a schematic sectional diagram showing a third variation of the lead-
frame of FIG. 2A;
20 FIG. 5B is a schematic sectional diagram showing the leadframe of FIG. 5A when
aring plating process to used to form the silver (Ag) layers;
FIG. 6A is a schematic sectional diagram of a second preferred embodiment of the
leadframe of the invention;
FIG. 6B is a schematic sectional diagram showing a first variation of the leadframe
25 ofFIG. 6A; and
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FIG. 6C is a schematic sectional diagram showing a second variation of the lead-

frame of FIG. 6A.

DETAJLED DESCRIPTION OF PREFERRED EMBODIMENT

5. FIG. 1 is a schematic top view of a common leadframe, which includes a flat por-
tion 2 customarily referred to as a "bar pad” or "die pad” in the terminology of
semiconductor fabrications (hereinafter referred to as "die pad” in this specification) on
which a chip (not shown) is to be mounted. The die pad 2 is supported by a tie bar 20 on a
pair of paralle] side rails 16. Further, the leadframe includes a lead portion including a

10  number of internal leads 4 that are to be connected directly to the chip (not shown) that is to
be mounted on the leadframe, a number of corresponding lead shoulders 6 connected to the
internal leads 4, and a number of corresponding external leads 8 that are connected to the
lead shoulders 6 for connection to external circuitry on a printed circuit board (not shown).

Functionally, the leadframe is divided into a package area, as the area enclosed by a

15 dashed box pointed out by the reference numeral 12, which includes a bonding “Irea (or
called a coin area), as the area enclosed by a dashed box pointed out by the reference nu-
meral 10, therein and the internal leads 4. The bonding area 10 includes the die pad 2 and
the free end (referred to as coin-lead tip) 14 of the intemal Ieads 4. The area beyond the
package area 12 on the leadframe includes the lead shoulders 6 and the external leads 8 and

20  is hereinafter referred to as the external-lead area of the leadframe.

The leadframe is manufactured in multiple on a single piece of metal apd each
leadframe is connected to the neighboring ones through the side rails 16. In order to facili-
tate automation to the manufacturing process, a plurality of pilot holes 18 are formed in the
side rails 16 which can assist the alignment of the leadframe. The tie bar 20 is oriented

25 lengthwise across the center of the package area 12 so as to support the die pad 2 on the side
}ails 16. A plurality of dam bars 22 can prevent the melted plastic to flow to the outside

during the packaging process.
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First Preferred Embodiment -6~

FIG. 2A shows a schematic sectional view of a first preferred embodiment of the
leadframe according to the invention. In this sectional diagram, the package area is indi-
cated by the reference numeral 120 on top of the drawing; the bonding area is indicated by

5 the reference numeral 100; the die pad is indicated by the reference numeral 200; and the
area beyond the package area, referred to as an external-lead area of the leadframe, is indi-
cated by the reference numeral 121.
In the manufacturing process, the first step is to form a base structure 30 from a
conductive material which is molded into a form as shown in FIG. 1. The base structure 30
10 of the leadframe can be made from various conductive materials such as copper alloys
including Alloy 194, C7025, KCF125, EFTEC, or nickel/ferrite alloys such as the Ni-Fe 42
alloy. This base structure 30 is then subjected to a series of pre-plating processes, including
degreasing, activating, etching, neutralizing, forming a copper layer 32 by striking over the
entire base structure 30, and forming a nickel plating 34 over the copper layer 32. The
15  copper layer 32 is used to improve the surface quality of the base structure 30 of t.i‘x.é lead-
frame, and the nickel plating 34 is used to prevent erosion to the leadframe. If the base
structure 30 is made from a conductive material of high surface quality, the step of forming
the copper layer 32 can be eliminated. The step of forming the nickel plating 34 can be
replaced by a subsequent step of forming a corrosion-resistant layer later over the lead-
20 frame.

Subsequently, a first silver (Ag) layer 36 is formed by striking over the entire sur-
face of the nickel plating 34; and then a second silver (Ag) layer 39 is formed by spotting
selectively only on the top side of the leadframe within the bonding area 100. Next, a
palladium (Pd) plating 38 is formed selectively only over one part of the first silver (Ag)

25 _l_ayer 36 that is formed in the external-lead area 121 of the leagﬁame. After this, those
portions of the first silver (Ag) layer 36 in the package area 120 ihat are uncovered by the

second silver (Ag) layer 39 are removed so as to expose the underlying portions of the
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nickel plating 34. This completes the manufacture of the first preferred embodiment of the

leadframe of the invention.

In conclusion, the leadframe is made from a base structure of a conductive nature,
such as a copper alloy, which is then formed successively with the copper layer 32, the
nickel plating 34 over the copper layer 32, the first silver (Ag) layer 36 selectively formed
only over the portions of the nickel plating 34 that are settled in the bonding area 100 and
the external-lead area 121 of the leadframe, the palladium (Pd) plating 38 selectively
formed only over the portions of the first silver (Ag) layer 36 that are settled in the extef-
nal-lead area 121 of the leadframe, and the second silver (Ag) layer 39 selectively formed
only over the portions of the first silver (Ag) layer 36 that are settled in the bonding area
100 on the top side of the leadframe. In the foregoing structure, the copper layer 32 and
nickel plating 34 are not mandatory and can be eliminated in accordance with actual re-
quirements. In the case of not forming the copper layer 32 and nickel plating 34, the first
silver (Ag) layer 36 is formed directly over the surface of the base structure 30 of the lead-
frame. 7

g
*e

In the subsequent packaging process, a chip 40 is mounted on the die pad 200 of the
leadframe by using a gluing agent 42, such as silver epoxy. In the bonding process, a
plurality of gold wires 44, each having one end bonded to one bonding pad (not shown) on
the chip 40 and the other end bonded to the second silver (Ag) layer 39 on the internal
leads, are used to interconnect the chip 40 and the second silver (Ag) layer 39 on the
coin-lead tip 14 of the internal leads 4 (shown in FIG. 1). A plastic casing 46 is then molded
to enclose the chip 40, gold wires 44, and internal leads 4 therein, with the external-lead
area 121 being exposed to the outside of the plastic casing 46.

One distingnishing feature of the foregoing embodiment is the forming of the pal-
lgdium (Pd) plating 38 in the external-lead area 121 of the leadframe and the underlying
portions of the first silver (Ag) layer 36 beneath .the palladium (Pd) plating 38. The step of
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forming the palladium (Pd) plating 38 can be carried out in three various manners, as re-
spectiQely described in the following with reference to FIGs. 3A, 4A and 5A.
Referring to FIG. 3A, in the first variation of the first embodiment, after the first
silver (Ag) layer 36 is formed over the nickel plating 34 and a second silver (Ag) layer 39 is
5 formed selectively only in the bonding area 100, a plating of the alloy of palladium/nickel
(Pd/Ni) 48 is formed selectively only over the first silver (Ag) layer 36 in the external-lead
area 121 of the leadframe. Next, a palladium (Pd) plating 38 is formed over the palla-
dium/nickel (Pd/Ni) alloy layer 48. After this, those portions of the first silver (Ag) layer 36
in the package area 120 that are uncovered by the second silver (Ag) layer 39 are removed
10  so as to expose the underlying portions of the nickel plating 34. As a result of the foregoing
process, this leadframe differs from the leadframe of FIG. 2A in that one palladium/nickel
(Pd/Ni) alloy layer 48 is additionally formed between the first silver (Ag) layer 36 and the
palladium (Pd) plating 38 in the external-lead area 121.
Referring to FIG. 4A, in the second variation of the first embodiment, aﬁer the first
15  silver (Ag) layer 36 is formed over the nickel plating 34 and a second silver (Ag) layer 39is
formed selectively only in the bonding area 100, 2 palladium (Pd) plating 38 is formed
selectively only over those portions of the first silver (Ag) layer 36 that are settled in the
external-lead area 121 of the leadframe. Next, a gold layer 50 is formed by flashing selec-
ﬁvely only over the palladium (Pd) plating 38 in the external-lead area 121. After this,
20 those portions of the first silver (Ag) layer 36 in the package area 120 that are uncovered by
the second silver (Ag) layer 39 are removed so as to expose the underlying portions of the
nickel plating 34. As a result of the foregoing process, this leadframe differs from the lead-
frame of FIG. 2A in that one gold layer 50 is formed over the palladium (Pd) plating 38
formed over the first silver (Ag) layer 36 in the external-lead area 121 of the leadframe.
25 . Referring to FIG. 5A, in the third variation of the first embodiment, after the first
éilver (Ag) layer 36 is formed over the entire surface of the nickel plating 34, a plating of
the alloy of palladium/nickel (Pd/Ni) 48 is formed selectively only over those portions of
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the first silver (Ag) layer 36 that are settled in the external-lead area 121 of the leadframe.

Next, a palladium (Pd) plating 38 is formed over the palladium/nicke] (Pd/Ni) plating 48,

and then a gold layer 50 is formed over the palladium (Pd) plating 38 in the external-lead

area 121 of the leadframe. Subsequently, a second silver (Ag) layer 39 is formed selectively

5 only over the first silver (Ag) layer 36 in the bonding area 100. After this, those portions of

the first silver (Ag) layer 36 in the package area 120 that are uncovered by the second silver

(Ag) layer 39 are removed so as to expose the underlying portions of the nickel plating 34.

As aresult of the foregoing process, this leadframe differs from the leadframe of FIG. 2A in

that the surface of the Jeadframe in the external-lead area 121 of the leadframe is formed

10  with a stacked layer including the first silver (Ag) layer 36, the palladinm/nickel (Pd/Ni)

plating 48 over the first silver (Ag) layer 36, the palladium (Pd) plating 38 over the palla-
dium/nickel (Pd/Ni) plating 48, and the gold layer 50 over the palladium (Pd) plating 38.

The foregoing description discloses the manufacture of four va:iatiox;s of the lead-

frame of the invention. In these four variations, the first silver (Ag) layer 36 is at first

15  formed over the entire leadframe and the second silver (Ag) layer 39 is at first fonned inthe

bonding area 100 of the leadframe. Altematively, the first silver (Ag) layer 36 and second

silver (Ag) layer 39 can be formed by a ring plating method. In this method, the first silver

(Ag) layer 36 is formed selectively only over the nickel plating.34 in the bonding area 100

excluding the die pad 200 (corresponding to the coin-lead tip 14 of the internal leads 4

20 shown in FIG. 1); and the second silver (Ag) layer 39 is formed also by a ring plating

process over the first silver (Ag) layer 36. Through the ring plating process, those portions

of the first silver (Ag) layer 36 and second silver (Ag) layer 39 that are laid on the die pad

200 in the embodiments of FIGs. 2A, 3A, 4A, and 5A are not formed. The resultant struc-

tures are respectively illustrated in FIGs. 2B, 3B, 4B, and 5B. The structures of FIGs. 2B,

25 3B, 4B, and 5B differ from that of FIGs. 2A, 34, 4A, and 5A only in that the structures of

f;‘IGs. 2B, 3B, 4B, and 5B include no silver (Ag) layers on the die pad 200 as the structures
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of FIGs. 24, 3A, 4A, and 5A in which the die pad 200 is formed with two silver layers, the

first silver (Ag) layer 36 and second silver (Ag) layer 39, thereon.
From the foregoing description, it is apparent that the leadframe of the invention
has the following several benefits. First, the use of palladium (Pd) platings instead of the
5 conventional tin/lead (S1/Pb) platings in the external-lead area 121 of the leadframe is
environmentally friendly. Second, the forming of the palladium (Pd) platings only at se-
lected areas instead on the entire leadframe allows for a reduction in the manufacturing cost
of the leadframe. Third, since the bonding area is still plated with silver (Ag), this process
can be carried out by existing equipment with the same parameter settings. The silver (Ag)
10  platings have good bondability with gold wires and silver epoxy. Fourth, since a silver
plating is formed beneath the palladium (Pd) plating, the problem of the occurrence of pin
holes in the palladium (Pd) platings is here not experienced. Fifth, the plating process for
the leadframe is completely done before carrying out the packaging process, which is a
feature provided by the PPF technology that allows the packaging process to be carried out
15 by automation. Sixth, the exposed areas of the nickel plating or copper in the non-bonding

areas in the package area provide molding compound characteristic for the leadframe.

Second Preferred Embodiment

FIG. 6A shows a schematic sectional view of a second preferred embodiment of the

20  leadframe according to the invention. The elements in this emb_t?diment that are identical in

structure to those in the first embodiment shown in FIG. 2A :'—1re labeled with the same
reference numerals.

In the manufacturing process for the second prfaferred embodiment of the lead-

frame, the first step is to form a base structure 30 from a conductive material which is

25 molded into a form as shown in FIG. 1. The base structure 30 of the leadframe can be made

from various conductive materials -such as copper alloys including Alloy 194,.C7025,

KCF125, EFTEC, or nickel/ferrite alloys such as the Ni-Fe 42 alloy. This base structure 30
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is then subjected to a series of pre-plating processes, including degreasing, activating, etch-

ing, neutralizing, forming a copper layer 32 by striking over the entire base structure 30,
and forming a nickel plating 34 over the copper layer 32. The copper layer 32 is used to
improve the surface quality of the base structure 30 of the leadframe, and the nickel plating
5 34 isused to prevent erosion to the leadframe. If the base structure 30 is made from a con-
ductive matenial of high surface quality, the step of forming the copper layer 32 can be
eliminated. The step of forming the nickel plating 34 can be replaced by a subsequent step
of forming a corrosion-resistant layer later over the leadframe.
Subsequently, a silver (Ag) layer 36 is formed by striking over the nickel plating 34
10 over the entire leadframe. Next, a plating of the alloy of palladium/nickel (Pd/Ni) 52 is
formed over the silver (Ag) layer 36 over the entire leadframe, and then a palladium (Pd)
plating 54 is formed over the palladium/nickel (Pd/Ni) plating 52 over the entire leadframe.
This completes the manufacture of the second preferred embodiment of the leadframe of
the invention. In this embodiment, the forming of the palladium/nickel (Pd/Ni) plating 52
15  is not mandatory but dependent on actual requirements. If the palladlumlmckel (Pd/Nl)
plating 52 is not formed, the palladium (Pd) plating 54 is formed directly over the silver
(Ag) layer 36.
In conclusion, the second preferred embodiment provides a leadframe made from a
base structure 30 of a conductive nature, such as a copper alloy, which is then formed suc-
20  cessively with the copper layer 32 over the entire base structure 30 of the leadframe, the
nickel plating 34 over the copper layer 32, the silver (Ag) layer 36 over the nickel plating
34, the palladium/nickel (Pd/Ni) plating 52 over the silver (Ag) layer 36, and the palladium
{(Pd) plating 54 over the palladium/nickel (Pd/Ni) plating 52. In this structure, the copper
layer 32 and nickel plating 34 are not mandatory and can be eliminated in accordance with
25  actual requirements. If this is the case, the silver (Ag) layer 36 is formed directly over the
.surface of the base structure 30 of the leadframe. One di;tinguislﬁng feature of this lead-
ﬁ‘ame is the forming of the silver (Ag) layer 36 beneath the palladiu-m (Pd) plating 38.



15 frame of FIG 2A; FIG 4B is a schematic sectional

di agram showi ng the | eadfranme of FIG 4A when a ring plating process
to used to formthe silver (Ag) |ayers; FIG BAis a
schematic sectional diagramshowing a third variation of the |ead-

franme of FIG 2A; 20 ~ FIG 5B is a schematic sectional diagram
showi ng the | eadf rarm"of' FI'G 5A when a ring plating process to used
to formthe silver ( eatliﬁEﬁeenReplaced Fl Gy

sectional diagram of
of the invention;
showing a first vari at
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In the subsequent packaging process, a chip 40 is mounted securely by using a glu-

ing agent 42 on the die pad 200 of the leadframe 30. In the bonding process, a plurality of
gold wires 44, each having one end bonded to one bonding pad (not shown) on the chip 40
and the other end bonded to the coin-lead tip 14 of the corresponding one of the internal
5 leads 4 (shown in FIG. 1), are used to interconnect the chip 40 and the palladium (Pd)
plating 54 on the coin-lead tip 14 of the internal leads 4 (shown in FIG. 1). A plastic casing
46 is then molded to enclose the chip 40, gold wires 44, and internal leads 4 therein, with
the external-lead area 121 being exposed to the outside of the plastic casing 46.
The step of forming the silver (Ag) layer 36 can be carried out in two various man-
10  ners, as respectively described in the following with reference to FIGs. 6B and 6C.
Referring to FIG. 6B, in the first variation of the second embodiment, the silver
(Ag) layer 36 is formed by striking selectively only over the nickel plating 34 in the bond~
ing area 100. Subsequently, the palladivm/nickel (Pd/Ni) plating 52 is formed all over the
exposed surfaces of the silver (Ag) layer 36 and the nickel plating 34. Further, the palla-
15 dium (Pd) plating 54 is formed all over the palladium/nickel (Pd/Ni) plating 52. Tl‘xfa resul-
tant structure of the leadframe is as that shown in FIG. 6B. This variation has the b;e;l‘eﬁt of
saving manufacturing cost.
Referring to FIG. 6C, in the second variation of the second embodiment, the silver
{Ag) layer 36 is formed by striking selectively only over the nickel plating 34 both in the
20 bonding area 100 and in the external-lead area 121 of the leadframe. Subsequently, the
palladium/nickel (Pd/Ni) plating 52 is formed all over the exposed surface of the silver
+(Ag) layer 36 and the nickel plating 34. Further, the palladium (Pd) platfng 54 is formed all
over the surface of the palladium/nickel (Pd/Ni) plating 52. The resultant structure of the
leadframe is as that shown in FIG. 6C.
25 In the second preferred embodiment, the forming of the silver (Ag) layer 36 beneath
-the palladium (Pd.) plating 38 can prevent the occurrence of pin holes that expose the base

structure and thus cause degradation to the bondability of the bonding area and the solder-



25 of FIG 6A; and
FIG 6Cis a schematic sectional diagramshow ng a second variation of
| ead- frame of FIG 6A.

L
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ability of the external-lead area. Moreover, the forming of gold layers by flashing is elimi-

nated so that manufacturing cost is reduced.
The invention has been described using exemplary preferred embodiments. How-
ever, it is 10 be understood that the scope of the invention is not limited to the disclosed
5 embodiments. On the contrary, it is intended to cover various modifications and similar
arrangements. The scope of the claims, therefore, should be accorded the broadest interpre-

tation so as to encompass all such modifications and similar arrangements.

e,

5
t he



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT 5 FIG 1lis a
schematic top view of a common | eadfrane, which includes a flat por-
tion 2 customarily referred to as a "bar pad" or "die pad" in the

t ermi nol ogy of sem conductor fabrications (hereinafter referred to as
“die pad" in this specification) on which a chip (not shown) is to be
nmount ed. The ]e ad 2 is supported by a th__;“_hgo on a pair of

paral | el S|de %F$WMﬂnm' t he Ieadfg afg ol JCI portion
including a 1 ﬂ nternal Ieadsﬁ4 tﬁ ”hfévﬁ%sbaw nnect ed
dlrectlytoth vvn) t hat |sti§r\\_“ﬁe ‘fdint ed jon t he

| eadf rame, a nunber of correspondlng | ead shoul ders & ed to the

internal |eads 4, and a nunber of corresponding external |eads 8 that are
connected to the | ead shoul ders 6 for connection to external
circuitry on a printed circuit board (not shown).
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CLAIMS

‘What is claimed is:

1. A method for manufacturing a leadframe, comprising the steps of:

(1) forming a base structure of the leadframe from a conductive material, the base
5  structure including an external-lead area and a package area including a bonding area;

(2) performing a series of pre-plating processes on the base structure of the lead-
frame;

(3) forming a first silver layer over the entire base structure of the leadframe by
striking;

10 {4) forming a second silver layer selectively only over the first silver layer in the

bonding area;

(5) forming a palladium plating selectively only over the first silver layer in the
external-lead area of the leadframe; and

(6) removing those portions of the first silver layer that are uncovered by the second

15  silverlayer. Ty

2. The method of claim 1, wherein the pre-plating processes include:
performing a degreasing process on the base structure of the leadframe;

performing an activating process on the base structure of the leadframe;

20 performing an etching and neutralizing process on the base structure of the lead-
frame;
forming a copper layer by striking over the entire base structure of the leadframe;
and
25 forming a nickel plating over the copper layer.
3. The method of claim 1, wherein the pre-plating processes include;

performing a degreasing process on the base structure of the leadframe;

performing an activating process on the base structure of the leadframe; and

* c L M S *



Functionally, the leadfranme is divided into a package area, as the area
encl osed by a 15 dashed box pointed out by the reference nuneral 12,

whi ch includes a bonding area (or called a coin area), as the area
encl osed by a dashed box pointed out by the reference nu- meral 10,
therein and the internal |eads 4. The bondi ng area 10 includes the die pad
2 and th efer ed to as coi 14 of the interna
| eads 4. The arghics ﬁgﬂﬁgg k ced package affe@HE2s -ane

i ncl udes the Iea nd the external{ | eadsg ﬁ3BEﬂV gs

her ei naft er refer external-lead héi:%adfr'ne.

The leadfrane is nanufactured in nmultiple on a S|ngle pi ece tal and
each | eadf rane is connected to the neighboring ones through the side
rails 16. In order to facili- tate automation to the manufacturing
process, a plurality of pilot holes 18 are formed in the side rails

16 which can assist the alignnment of the |eadfrane. The tie bar 20 is
oriented

-15-
performing an etching and neutralizing process on the base structure of the lead-
frame
4. The method of claim 1, wherein the pre-plating processes include:
5 performing a degreasing process on the base structure of the leadframe;

performing an activating process on the base structure of the leadframe;

performing an etching and neutralizing process on the base structure of the lead-

frame; and
10 forming a copper layer over the entire base structure of the leadframe by striking.
5. The method of claim 1, wherein the pre-plating processes include:
performing a degreasing process on the base structure of the leadframe;
performing an activating process on the base structure of the leadframe;
performing an etching and neutralizing process on the base structure of the lead-
15 frame; and
forming a nickel plating over the base structure of the leadframe.
6. The method of claim 1, wherein the base structure of the leadframe is mad;"from an
alloy of copper. ~
20 Y of copp
7. The method of claim 1, wherein the base structure of the leadframe is made from an
alloy of nickel/ferrite.
8. The method of claim 1, wherein said step (5) further includes the substep of:
25 forming a palladium/nickel plating selectively only over the first silver layer in the
external-lead area of the leadframe; and
forming a palladium plating over the palladinm/nickel plating.
9, The method of claim 1, further includes the step of:
30 forming a gold layer by flashing selectively only over the palladium pliting in the

“external-lead area of the leadframe.

Iy



25 lengthwi se across the center ofthe package area 12 so as to support
rails 16. A plurality of dam bars 22 can
during the

die pad 2 on the side
prevent the nelted plastlc to flow to the outside

packagi ng process.
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10.  The method of claim 8, wherein further includes the step of:

forming a gold layer by flashing selectively only over the palladium plating in the

external-lead area of the leadframe.

11. The method of claim 1, wherein

the first silver layer is formed by a first ring plating process selectively only in the
bonding area excluding the die pad; and

the second silver layer is formed by a second ring plating process over the first

silver layer in the bonding area excluding the die pad.

12.  The method of claim 1, wherein
the first silver layer is formed by striking over the entire leadframe; and
the second silver layer is formed by spotting selectively only over the first silver

layer in the bonding area.

13. A method for manufacturing a leadframe, comprising the steps of:
(1) forming a base structure of the leadframe from a conductive material, the base
structure including an external-lead area and a package area including a bonding a;eh,
(2) performing a series of pre-plating processes on the base structure of the lead-
frame, which include
performing a degreasing process on the base structure of the leadframe;
performing an activating process on the base structure of the leadframe;
performing an etching and neutralizing process on the base structure of the
leadframe;
(3) forming a copper layer by striking over the base structure of the leadframe;
(4) forming a nickel plating over the copper layer;
(5) forming a first silver layer over the nickel plating;
(6) forming a second silver lgyer selectively only over the first silver layer in the

bonding area;

Rt e

t he

L



FIG 2A shows a schematic sectional view of a first preferred enbodi nent of
t he | eadf rame according to the invention. In this sectional

di agram the package area is indi- cated by the reference nunera
120 on top of the draw ng; the bonding area is indicated by 5 t he

ref erence nuneral 100 the die pad is indicate

200; and the . eg gheyeiReptabd package ar;aTFF%ﬁ%ﬁﬁkmhggeéﬁ an
external -1 ead area , 1s indi- b ﬁe%&&mrmy th [reference
nuneral 121. M!\“m manuf act uri ng process~tihe=first step is
to forma base struc conducti ve naterlal which is

nol ded into a formas shown in FIG 1. The base structure 30 10 of the
| eadf ranme can be made from vari ous conductive nmaterials such as copper

al | oys including Alloy 194, Cr7025, KCF125, EFTEC, or nickel/ferrite
al l oys such as the Ni-Fe 42
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(7) forming a palladium plating selectively only over the first silver layer in the

external-lead area of the leadframe;
{8) removing those portions of the first silver layer that are uncovered by the second
silver layer in the package area; and
5 (9) forming a gold layer by flashing selectively only over the palladium plating in

the external-lead area of the leadframe.

14. A method for manufacturing a leadframe, comprising the steps of:
(1) forming a base structure of the leadframe from a conductive material, the base
10 structure includiné an external-lead area and a package area including a bonding area;
(2) performing a series of pre-plating processes on the base structure of the lead-
frame;
(3) forming a silver layer by striking over the base structure of the leadframe;

15 {4) forming a palladium plating over the silver layer.

15.  The method of claim 14, wherein the base structure of the leadframe is made from

T,

an alloy of copper. I

16.  The method of claim 14, wherein the base structure of the leadframe is made from

20  analloy of nickel/ferrite.

17.  The method of claim 14, wherein the pre-plating procésses include:
performing a degreasing process on the base structure of the leadframe;
performing an activating process on the base structure of the leadframe;
25 performing an etching and neutralizing process on the base struc.ture of the lead-
frame;
forming a copper layer by striking over the entire base structure of the leadframe;
and

30 forming a nickel plating over the copper layer.

* c L M 1 *



alloy. This base structure 30 is then subjected to a series of pre-plating
processes, including degreasing, activating, etching, neutralizing,
form ng a copper |ayer 32 by striking over the entire base structure
30, and formng a nickel plating 34 over the copper layer 32. The 15
copper layer 32 is used to inprove the surface quality of the base

structure 30 of the |ead- 1m£5ane and t hjp=m=ckel—plating 34 is used
to prevent erOSIOﬁmkGhEﬁ@“ If the baseFﬂSSHE:T$MQQﬁ##Uq 30 is
made from a conduct hlgh surfaq@ qualitary acisae stef of

form ng the can be el i mated—Fe:s " formng
the nickel plating can be repl aced by a subsequent step of

form ng a corrosion- re5|stant | ayer | ater over the lead- 20 frame.
Subsequently, a first silver (Ag) layer 36 is forned by striking over the
entire sur-

18.  The method of claim 14, wherein the ;ri-plating processes include:
performing a degreasing process on the base structure of the leadframe;
performing an activating process on the base structure of the leadframe; and
performing an etching and neutralizing process on the base structure of the lead-

5 frame.

19.  The method of claim 14, wherein the pre-plating processes include:
performing a degreasing process on the base structure of the leadframe;
performing an activating process on the base structure of the leadframe;
10 performing an etching and neutralizing process on the base structure of the lead-
frame; and

forming a copper layer by striking over the entire base structure of the leadframe.

20.  The method of claim 14, wherein the pre-plating processes include:

15 performing a degreasing process on the base structure of the leadframe;
performing an activating process on the base structure of the leadframe;
performing an etching and neutralizing process on the base structure of i lead-

frame; and

20 forming a nickel plating over the base structure of the leadframe.

21.  Themethod of claim 14, wherein said step (4) further includes the substep of:
forming a palladium/nicke] plating over the silver layer; and
forming a palladium plating over the palladinm/nickel plating.
25 22. The method of claim 14, wherein the silver layer is formed by striking’ select.ively

only in the bonding area of the leadframe.

23.  The method of claim 14, wherein the silver layer is formed by striking selectively

30 only in the bonding area and external-lead area of the leadframe.

24. A method for manufacturing a leadframe, comprising the steps of:



face of the nickel plating 34; and then a second silver (Ag) layer 39 is
formed by spotting selectively only on the top side of the | eadfrane
wi thin the bonding area 100. Next, a pal | adium (Pd) plating 38 is

formed selectively only over one part of the first silver (Ag) 25 | ayer
36 that is fornmed in the external-lead area 1 |Leadfrane. After
this, those __por Bareflackdie first sil vErmHdg) @ . ¥ t he
package area 120 {1 ered by the | &,gqg%é%{@[(ﬁg) | ayer
39 are renpoved so “\g%‘%“ he under|l vyi ng%@ﬂs—- ‘1\.

I
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(1) forming a base structure of the leadframe from a conductive material, the base

structure including an external-lead area and a package area including a bonding area;
(2) performing a series of pre-plating processes on the base structure of the lead-
frame, which include
5 _ performing a degreasing process on the base structure of the leadframe;
performing an activating process on the base structure of the leadframe;
performing an etching and neutralizing process on the base structure of the
leadframe;

(3) forming a copper layer by striking over the base structure of the leadframe;

10 (4) forming a nickel plating over the copper layer;
(5) forming a silver layer by striking selectively only over the nickel plating in the
bonding area; and
(6) forming a palladium plating over the silver layer.
15 25. Aleadframe for an IC package to mount a semiconductor chip thereon, comprising:
a base structure of a conductive material, the base structure including an".é'xtemal-
lead area and a package area including a bonding area, said bonding area further including
a die pad therein for mounting a semiconductor chip thereon;
a first silver layer formed over the entire base structure of the leadframe; and
20 a palladium plating formed over the first silver layer. .
26.  The leadframe of claim 25, wherein said base structure is made from an alloy of
copper.
25 27. The leadframe of claim 25, wherein said base structure is made from an alloy of
nickel/ferite.
28.  The leadframe of claim 25, further including:
30 - a nickel layer formed between said base structure and said first silver layer.

UL



ni ckel plating 34. This conpletes the manufacture of the first preferred
enbodi nent of the | eadf rane of the invention. I n
conclusion, the leadfrane is nade froma base structure of a conductive

nat ur e, such as a copper alloy, which is then forned successively
with the copper layer 32, the 5  nickel plating 34 over the copper |ayer
32, the first silver (Ag) layer 36 selectively for med onIy over the

portions of the nickel Ia 'n§m§4x Jhat are settl o] E area 100
and t he exﬂ@smu ﬁl 121 of the | eddTr@RHETTH DEF E hum ( Pd)

plating 38 selectiv med only over qhe ponthg' first
silver (Ag) |layer 3 led in the exter-

-20-
29.  The leadframe of claim 25, further including:

a copper layer formed between said base structure and said first silver layer.

30.  The leadframe of claim 25, further including:
5 a copper layer formed over said base structure; and

a nicke) layer formed between said copper layer and said first silver layer.

31.  The leadframe of claim 25, further including:
a palladium/nickel plating formed between said first silver layer and said palladium

10 plating.

32.  The leadframe of claim 25, wherein
said first silver layer is formed selectively only in tixe bonding area and external-
lead area;
15 said leadframe further includes a second silver layer formed over the first silver
layer in the bonding area; and
said palladium plating is formed selectively only over the first silver layétsin the

external-lead area.

20 33.  The leadframe of claim 32, further including:
a palladium/nickel plating formed selectively only over the first silver layer in the

external-lead area.

34.  The leadframe of claim 32, further including:
25 a gold layer formed selectively only over the palladium plating in the external-lead

area.

35. Theleadframe of claim 32, further including:
a palladium/nickel plating formed selectively only over the first silver layer in the
30 ‘external-lead area such that said palladium/nickel plating is layered bétween said first sil-

ver layer and said palladium plating; and

N



nal -l ead area 121 of the |eadframe, and the second silver (Ag) |ayer 39
selectively fornmed 10 only over the portions of the first silver (Ag)

| ayer 36 that are settled in the bonding area 100 on the top side of
the leadfranme. In the foregoing structure, the copper |ayer 32 and
ni ckel plating 34 are not nmandatory and can be eli i
with actual re- qui renents. In the case of
|l ayer 32 and ni ckelypdned: HagBeadReptabed f i r St

NEARGFCEL ‘
formed directly ove f the base structure 30 of tf ad- 15
fiame. jmum‘!m uent packagi ng process, a chip 40 is
nmounted on the die he | eadf rame by using a gl uing agent
42, such as silver epoxy. In the bonding process, a plurality of

gold wires 44, each having one end bonded to one bonding pad (not shown) on

-21-
a gold layer formed selectively only over the palladium plating in the external-lead

area.

36. The leadframe of claim 25, wherein
5 said first silver layer is formed sefectively only over the base structure in the bond-
ing area excluding the die pad;
said leadframe further includes a second silver layer formed over the first silver
layer in the bonding area; and
said palladium plating is formed selectively only over the first silver layer in the

10  exteral-lead area.

37.  Theleadframe of claim 36, further including:
a palladium/nickel plating formed selectively only over the first silver layer in the

external-lead area.
15

38.  The leadframe of claim 36, further including:
a gold layer formed selectively only over the palladium plating in the external-lead -

area.

20 39, The leadframe of claim 36, further including:

a palladium/nickel plating formed selectively only over the first silver layer in the
external-lead area such that said palladium/nickel plating is layered between said first sil-
ver layer and said palladium plating; and

a gold layer formed selectively only over the palladium plating in the external-lead

25 area.

40.  The leadframe of claim 25, wherein
said first silver layer is formed selectively ohlsv over the base structure in the bond-
ing area and the external-lead area; and

30 7 said palladium plating is formed over the entire base structure of the leadframe.

T



the chip 40 and the other end bonded to the second silver (Ag) |ayer 39 on

the internal 20 |eads, are used to interconnect the chip 40 and the
second silver (Ag) layer 39 on the coin-lead tip 14 of the internal
| eads 4 (shown in FIG 1). A plastic casing 46 is then nol ded to

encl ose the chip 40, gold wires 44, and internal leads 4 therein _wth the

ext ernal -1 ead rhis SAERs BéA RBRicaly exposed to the nuteige ok ady Bl astic

casing 46. i ngui shing feat re()qé¢e§5§5egoi|g
enbodi nent is the fﬂm‘\\j‘“@mn\m&\pal - 25 | adi —-platd in the
external -1 ead area df rane and t he underlying portions

of the first silver (Ag) |ayer 36 beneath the palladium (Pd) plating 38.
The step of

~22-
41.  The leadframe of claim 25, wherein
said first silver layer is formed selectively only over the base structure in the bond-
ing area; and

said palladium plating is formed over the entire base structure of the leadframe.

42, A leadframe for an IC package to mount a semiconductor chip thereon, comprising:
a base structure of a conductive material, the base structure including an external-
lead area and a package area including a bonding area, said bonding area further including
a die pad therein for mounting a semiconductor chip thereon;
10 a copper layer formed over said base structure;
a nickel plating formed over said copper layer;
a silver layer formed over the nickel plating in the bonding area; and
a palladium plating formed over the silver layer and those portions of the nickel

15 plating that are uncovered by the silver layer.

43.  Aleadframe for an IC package to mount a semiconductor chip thereon,-cp‘{npris'ing:
a base structure of a conductive material, the base structure including an external-
lead area and a package area including a bonding area, said bonding area further including
a die pad therein for mounting a semiconductor chip thereon;
20 a copper layer formed over said base structure;
a nickel plating formed over said copper layer;
a first silver layer formed selectively only over the nickel plating in the bonding
area and the external-lead area;
a second silver layer selectively only over the first silver layer in the bonding area;
25 a palladium plating formed selectively only over the first silver layer in the exter-
nal-lead area; and

¥ agold layer formed selectively only over the palladium plating in the external-lead

area.
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formng the palladium (Pd) plating 38 can be carried out in three various

manners, as re- spectlvely described in the followwng with reference
to FIGs. 3A, 4A and 5A . Referring to FIG 3A, in the first
variation of the first enbodlnent after the first S|Iver (Ag) | ayer
36 is fornmed over the n| hw - er 39

Tf t he

S 5 fornmed selis
al I oy of paIIadlunin
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LEADFRAME FOR INTEGRATED CIRCUIT PACKAGE AND METHOD OF
MANUFACTURING THE SAME”

ABSTRACT OF THE DISCLOSURE

5 A leadframe for an IC package and a method of manufacturing the same are pro-
vided. The leadframe can be manufactured in such a manner as to provide suitable
bondability, molding compound characteristic, and solderability. The leadframe includes a
base structure made from a conductive material. A silver plating is formed over the base
structure of the leadframe, and a palladium plating is formed over the silver plating. De-

10 pending on actual requirements, a copper layer and a nickel plating can be formed between
the silver plating and the base structure of the leadframe, and a palladium/nickel plating can
be formed between the silver and palladium platings. Further, a gold layer can be formed
over the palladium plating. The palladium plating and the palladium/nickel plating can be
formed all over the leadframe or selectively formed only in the external-lead area of the

15 leadframe. The structure of the layering of one silver layer beneath the palladium plating
allows the prevention of the occurrence of pin holes in the platings so that thé'f)'ondability

and solderability of the leadframe can be assured.

* * * * %*
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(Pd/Ni) 48 is fornmed selectively only over the first silver (Ag) |ayer 36
In the external -1 ead area 121 of the leadfrane. Next, a palladium
(Pd) plating 38 is formed over the pall a- di uni ni ckel (Pd/N) alloy
| ayer 48. After this, those portions ofthe first _silver (Ag) |ayer 36

in the package area 120 that are uncovered by the Qhad_siTver_(Ag) |ayer
39 are renoved 10 so as to expose the underlygﬁ%ﬁgqﬁﬁfgﬁéﬁ%ﬁtéwui ni ckel
plating 34. As a result of the foregoing @L@cesélL&Jﬂﬁfl eadf'r ane

differs fromthe leadframe of FIG 2A in that one pall adi unf ni cke
(Pd/N) alloy layer 48 is additionally formed between the first silver (AQ)
| ayer 36 and the pal I adium (Pd) platjng 38 in the external -lead area
121. Referring to FIG 4A, in the second variation of the

first enbodi nenti8after the first 15 silver1 Ag) layer 36 is fornmed over
t he nickel plating | '
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formed selectively only in the bonding area 100, a palladium (Pd) plating
38 is forned sel ectively only over those portions of the first
silver (Ag) layer 36 that are settled in the external -l ead area 121
of the | eadfrane. Next, a gold layer 50 is formed by flashing sel ec-
tively only over the palladium (Pd) plating 38 iﬁ‘%_p XLEral=ieady-area
121. After this, 20 those portions of the firq* hﬁ?gﬁiﬁ%ﬁézEﬁgwe 36 in
t he package area 120 that are uncovered by SRR | ver |l (Ag)

| ayer 39 are renoved so as to expose the underlying portions of the

ni ckel plati.ng 34. As a result of the foregoing process, this |eadfrane
differs fromthe | ead- frame of FIG22A in_that one gold layer 50 is

formed over the palladium (Pd) plating 38 over the first
silver (Ag) layer 36 in the external- frgoge. 25

the first
(7 =

S

——Xy

FIG. 2A

120—=—>

\/—\-/__\/

This Sheet Has Been Replaced

A0




silver (Ag) layer 36 is forned over the entire surface of the nickel

pl ating 34, a plating of the alloy of palladiumnickel (Pd/N) 48 is
formed selectively only over those portions of N
9 e
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the first silver (Ag)

| ayer 36 that are settled in the external-lead area

121 of the | eadfrane. Next, a palladium (Pd) plating 38 is forned

over the palladiumnickel (Pd/N) plating 48,
50 is formed over the palladium (Pd) plating 38
area 121 of the | eadfrane. Subsequently, a second

formed sel ectively

bondi ng area 100. After this, those portions of Il
(AQ)

silver

process,

(Ag)

| ayer 36,

. (A9)
portions of the nickel plating 34.
this leadfrane differs fro
that the surface of the |leadfra :
| eadfrane is Phtmed 10 with

he

5 only over the first silv

| ayer 36 in the package area 120 that are uncover ed by tﬁ“‘second

and then a gold | ayer
the external -1 ead

39 is
the

| ayer 39 are renoved so as to expose the underlying

pal | adi um

120>

As a reaylt of t he fqbe90|ng

A I~
t he
silver
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plating 48 over the first silver (Ag) |ayer 36, the palladium (Pd) plating

38 over the palla- di um ni ckel (Pd/N) plating 48, and the gold

| ayer 50 over the palladium (Pd) plating 38. The f oregoing
description discloses the manufacture of four varjiatiers—o df-
frame of the invention. In these four variations, g)

| ayer 36 is at first 15 formed over the entirel{l eadfREREA slsecond

silver (Ag) layer 39 is at first fornmed in the ! oo’o|ng’5755~100 of
the |l eadfranme. Alternatively, the first silver (Ag) |ayer 36 and second
silver (Ag): | ayer 39 can be fornmed by a ripg plating nmethod. In this

met hod, the first silver (Ag) layer~36 is pd sel ectiggel y only
over the nickel plating 34 in the bording—ares =

| e@ds 4 20

pad 200 (corrgﬁ onding to the coj
shown in FIG ; and the secon/z2 d &Pso by a
ring plating l' o

: 5
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process over the first silver (Ag) layer 36. Through the ring plating

process, those portions of the first silver (Ag) layer 36 and second
silver (Ag) layer 39 that are laid on the die pad 200 in the

enbodi nents of FIGs. 2A, 3A, 4A, and 5A are not fo ul t ant

struc- tures are respectively illustrated i THISSHEZB A i and

5B. The structures of FIGs. 2B, 25 3B, 4B, and diffHﬂpﬂNﬁ@@ iof

FI Gs. 2A, 3A, 4A, and 5A only in that the structur . 2B,

3B, 4B, and 5B include no silver (Ag) layers on the die pad 200 as the
structures _6- 10
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of FIGs. 2A, 3A, 4A, and 5A in which the die pad 200 is fornmed with two

silver |ayers, the first silver (Ag) |layer 36 and second silver (AQ)
| ayer 39, thereon. From the for ing description, it is
apparent that the | eadfrane of the invention S

several benefits. First, the use of palladiu qu%%HﬁagEEHsﬁead of the
5 conventional tin/lead (Sn/ Pb) platings i _;ﬁalm__ | eadll area 121 of
the leadfranme is environnentally friendly. Second, the forming of
the palladium (Pd) platings only at se- | ected areas instead on the
entire |l eadframe: allows for a reduction in the manufacturing cost of
the leadframe. Third, since the bonding afea is stid ated w g silver

(Ag), this process can be carri
sanme paraneter §pttings. The silve

mP with th
ment w e
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10 pl ati ngs have good bondability with gold wires and silver epoxy.
Fourth, since a silver plating is fornmed beneath the palladi um (Pd)
plating, the problemof the occurrence of pin holes.in the pall adi um

(Pd) platings is here not experienced. Fifth, -uhecpl Iggggu?ocess for
rﬂ?gﬁ?ﬂg{ﬁme pa ;ikagi ng process,

the leadfrane is conpletely done before c

which is a feature provided by the ] , "allows the
packagi ng process to be carried out 15 by automation. Sixth, the exposed
areas of the nickel plating or copper in the non-bonding areas in
t he package area provide nol ding conmpound characﬁBristﬁ§ for the | endfrane.

Second Preferred Enbodi nent -B}+
sectional view of a second prefered—enbodir
according to.the invention. z
identical in¥

G 6B6Alshows a schematic
ent—of— Fadf r anme

N—100
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structure to those in the first enbodi nrent shown in FIG 2A are | abel ed
with the sane ref erence nunerals. In the manufacturing
process for the second preferred enbodi nent of the | =

first step is to forma base structure 30 from: @b | which
is 25 nolded into a formas shown in FIG 1. \The @§9L30Egctur '30 of
the | eadf rane can be made fromvarious c iral s such as
copper alloys including Alloy 194,- Cr7025, KCF125, EFTEC, or
nickel/fTrrite all oys such as the Ni-Fe 42 alloy. This base structure 30
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I's then subjected to a series of pre-plating processes, including
degreasing, activating, etch- ing, neutralizing, formng a copper
| ayer 32 by striking over the entire base structure ‘or m ng

a nickel plating 34 over the copper |ayer 32. The Q&EEHV§%5@%EN used
to I nprove the surface quality of the basejs ucgaPEA@@?gifﬂ_
| eadf rame, and the nickel plating 5 34 is use €Nt _er osion to
the leadfranme. If the base structure 30 is nade froma con- ductive
mat eri al, of high surface quality, the step of form ng the copper |ayer 32
can be = - elininated. The step of forn1ng the nickel plating 34 can be
repl aced by a subsequent step <
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of formng a corrosion-resistant |ayer |ater over the |eadfrane.
Subsequently, a silver (Ag) layer 36 is forned by striking over the nickel

plating 34 10 over the entire |leadframe. Next,..a plating of the alloy of
pal | adi um ni ckel (Pd/Ni) 52 is formed oy WPT*“?§Ft#e£=£~hm | ayer 36
over the entire |eadfrane, and then a palladiu (ﬁ@?“”rﬂrf %f g 54 is
formed over the palladiumnickel (Pd/N) plati .5£,§v8#“6he en

| eadf r ane. This conpl etes the nmanufacture of the see ferred
enbodi nent of the | eadfrane of the invention. In this enbodi ment,

the formng of the palladiunm nickel (Pd/N) plating 52 15 is not

mandat ory but dependent on actual requirenments. If the palladiug{nickel

(Pd/ N) plating 52 is not f “the ' ng 54 is
NN

formed directly over the silver -
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In conclusion, the second preferred enbodi ment provides a | eadfranme nade
froma base structure 30 of a conductive nature, such as a copper
all oy, which is then formed suc- 20 cessively with the copper | ayer 32
over the entire base structure 30 of the | eadfrane, thdrE=
pl ating 34 over the copper layer 32, the silver (Ag) | &éH”%%H@NEHASmEEN
ni ckel plating 34, the palladiuninickel (Pd/ N) platlﬁ&PBQxEDer th
silver (Ag) l|ayer 36, and the palladium (Pd) platlng B
pal | adi um nickel (Pd/Ni) plating 52. In this structure, the copper

| ayer 32 and ni,ckel plating 34 are not mandatory and can be elimnated in
accordance with 25 actual requirenents. 4% this i@ the case, the silver
(Ag) layer 36 is forned directly over the suf?ace of the Rase
structure 30 of the |eadfrane. - e—of3Thi ¥ | ead-
franme is the formng of the sil pa E?dIUﬁ](Pd)

pl ati ng 38. i;//,—
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‘12 - gzgzﬂ@a agin rocess a chip 40 is
nmounted securely by u5| g ag hc !

the |l eadframe 30. In the bonding process, a pIurallty
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44, each having one end bonded to one bonding pad (not]s omn) on the
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and the other end bonded tolthe coin-lead tip {404 diehergg7
correspondi ng one of the internal
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LEADFRAME FOR INTEGRATED CIRCUIT PACKAGE AND METHOD OF
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention:

This invention relates to leadframes for integrated circuit (IC) packages, and more
particularly, toa leadframe which is plated with silver (Ag) and palladium (Pd) in distinc-
tive manners s<; as to provide suitable bondability, molding compound characteristic, and
solderability for the packaging of a chip in the IC package. This invention also relates to a

method for manufacturing the leadframe.

2. Description of Related Art:

In the manufacture of semiconductor devices on integrated circuits (IC), the final
step is to mount the chip on a leadframe and then enclose the chip and part of the leadframe
in a plastic casing to form the so-called IC package. The IC package can be easily mounted
on a printed circuit board for interconnection of the electronic devices on the chip with
external circuitry. A leadframe should be manufactured in such a manner as to provide
good bondability, molding compound characteristic, and solderability, so that it can facili-
tate the packaging process. To provide these characteristics, various coatings are formed on
the leadframe.

A conventional method for providing suitable bondability for the interconnection

between gold wires and leads of a leadframe is to plate silver (Ag) on the bonding area of

" the leadframe. After the chip is sealed in a plastic casing, the external leads of the IC pack-

age are plated with a layer of the alloy of tin/lead (Sn/Pb) so as to provide suitable solder-
ability for the external leads of the IC package to be easily mounted on a printed circuit

board by soldering.

One drawback to the process of plating the Sn/Pb alloy on the external leads, how-

. ever, is that the high-temperature condition of the plating process can cause damage to the



- 5 | éads - 4 (shown in FIG 1), are used to interconnect the chip 40 and the

pal | adi um ( Pd) plating 54 on the coin-lead tip 14 of the internal

| eads 4 (shown in FIG 1). Aplastic casing gng§hkhegnmpy.ggm o]

encl ose the chip 40, gold wires 44, and internal |d&ds 4 tHendi aftiuilg h

the external -1ead area 121 bei ng expoged to the outlsiide of the plastic

casi ng 46. The step of formng the siIQerEQAnghgggr 36 can
be carried out in two various man- 10 ners, as re%pective[y des¢riibed in
the followwng with reference to FIGs. 6B and 6C. e Referding to

FIG 6B, in.the first variation of the second enbodi nent, the silver
(Ag) layer 36 is fornmed by striking selectively only over the nickel
plating 34 in the bond- i ng area 100. Subsequently, the

pal | adi um nilGlpaetkag@dnd\ihe gbipatMorgovss, the useoofrthel tindldad (9ndPb)tahley can cause ¢heposed

surfaces of the silver (Ag? | ayer 36 and the nickel plating 34. Further,
the pall a- problem of heavy metal pollution to the environment.

Further, since the plating of silver (Ag) on the bonding area is carried out prior to
the packaging of the chip in a plastic casing and the plating of the tin/lead (Sn/Pb) alloy on
S the external leads is carried out after the chip is packaged, the automation of the overall
packaging process is difficult to implement. To solve this problem, the so-called pre-plated
frame (PPF) technology is developed.
The PPF technology involves the plating of palladium (Pd) instead of silver (Ag)
_ and tin/lead (Sn/Pb) -on the leadframe. Conventional PPF methods include U.S. Applica-
10  tion No. 874,916 filed on June 16, 1986, and U.S. Application No. 174,060 filed on March
28, 1988 by Texas Instruments (TI) Incorporated, to name a few. Since the palladium (Pd)
metal is good both in bondability and solderability, it can be plated over the entire lead-
frame prior to the packaging process so that the ensuring packaging process can be carried
out easily b.y automation. In this case, the plating of the Sn/Pb alloy in the prior art is
15  eliminated. Therefore, the PPF technology is quite an cnvironmehtally friendly solﬁ.tion.
By the PPF technology, however, in order to allow the leadframe to be erosion- #
resistant, a film of nickel (Ni) and a film of the alloy of palladium/nicke] (Pd/Ni) are plated
on the leadframe before plating the palladium (Pd) imetal. Since palladium (Pd) is a pre-

cious metal which is quite costly to use, the platings are usually very thin, typically from

h

20 0.075 pmto 0.1 um (micrometer) only. Due to such a small thickness, the thin nickel (Ni)
and palladium/nickel (Pd/Ni) platings can be easily ruined during the packaging procéss,
which causes the forming of undesired pin holes in these platings. The forming of these pin

holes will significantly degrade the bondability and solderability of the leadframe.

25 SUMMARY OF THE INVENTION

It is therefore a primai;y objective of the present invention to provide a leadframe

and a method of manufacturing the same, which allows the prevention of the occurrence of



15 dium (Pd) plating 54 is fornmed all over the palladiunfnickel (Pd/N)

pl ati ng 52. The resul - tant structure of the leadfrane is as that
shown in FIG 6B. This variation has the benefit_of ~ saving
manuf act uri ng cost. Ref erring tc)ﬁ§§3 ”““TQ,.;_ cond

PAS

variation of the second enbodi nent, the silver | ; AG)I1 ay
formed by striking selectively only over the nidgkgl plating 34 Bogh in the
20 bonding area 100 and in the external-|ead r%S‘ZZﬂSQP'QQ? i eadf r ane.
Subsequently, the pal | adi um ni ckel (Pd/ Nif) {plating 52 is{fornmed al
over the exposed surface of the silver (Ag) layer 3o—amd 't
plating 34. Further, the palladium (Pd) plating 54.is._formed all

over the surface. of G nak LAl BoRBli B MokrsBht) 410 RRgeaHBdigl t ant
Fel PEssf oy, 4 sglderaBi} of 1o Radia

structure O]pnt raneg 1's as (0]
assured.

In accordance with the foregoing and other objectives of the present invention, an
improved leadframe and a method of manufacturing the same are provided.

5 In the method of the invention, the first step is to provide a base structure of the
leadframe from a conductive material. Functionally, the base structure is divided into one
external-lead area and one package area including one bonding area having one die pad
therein.

There are various ways to form a copper layer, a nickel plating, a silver layer, a

10 palladium/nickel (Pd/Ni) plating, a palladium (Pd) plating, and a gold layer on the lead-
frame, either over the entire leadframe or selectively only over spéciﬁc portions of the
Jeadframe. These variations will be described in full detail in the detailed description sec-
tion later in this speciﬁcétion. In particular, the method of the invention provides a lead-
frame on which a silver plating is formed beneath a palladium plating.

15 On the leadframe, the silver plating is formed over the base structure of the lead-
frame, and the palladium plating is formed over the silver plating. Depending on actual
requirements, a copper layer and a nickel plating can be formed between the silver plating
and the base structure of the leadframe, and a palladium/nickel plating can be formed be-
tween the silver and palladium platings.

20 Further, a gold layer can be formed over the palladium plating. The palladium plat-
ing and the palladium/nickel plating can be formed all over the leadframe or selectively
formed only in the external-lead area of the leadframe.

The distinguishing feature of the leadframe of the invention is the forming of one
palladium plating over one silver layer in the external-lead area of the leadframe. This

25 featm*g allows the prevention of the occurrence of pin holes in the platings so that the

bondability and solderability of the leadframe can be assured.



25 - In the second preferred enbodi nent, the form ng of the silver
(Ag) layer 36 beneath t he pal | adi um ( Pd) platlﬁ -38--can..prevent the
occurrence of pin holes that expose the base - st

baresand - thos

cause degradation to the bondability of the bonding qrea“and t-he soldeq-
13 ability of the external -l1ead &rea. Moreover, ithe Iq{p;ng of gold
| ayers by flashing is elim- %[_ 257 7

j
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BRIEF DESCRIPTION OF DRAWINGS

The invention can be more fully understood by reading the following detailed de-
scription of the preferred embodiments, with reference made to the accompanying draw-
ings, wherein:

5 ~ FIG. 1 is a schematic top view of a leadframe;

FIG. 2A is a schematic sectional diagram of a first preferred embodiment of the
leadframe of the invention;

FIG. 2B is a schematic sectional diagram showing the leadframe of FIG. 2A when
aring plating process is used instead to form the silver (Ag) layers in the leadframe;

10 FIG. 3A is a schematic sectional diagram showing a first variation of the leadframe
of FIG. 2A;

FIG. 3B is a schematic sectional diagram showing the leadframe of FIG. 3A when
a ring plating process to used to form the silver (Ag) layers;

FIG. 4A is a schematic sectional diagram showing a second variation of the lead-

15  frame of FIG. 2A;

FIG. 4B is a schematic sectional diagram showing the leadframe of FIG. 4A when ;
aring plating process to used to form the silver (Ag) layers;

FIG. 5A is a schematic sectional diagram showing a third variation of the lead-
frame of FIG. 2A;

20 FIG. 5B is a schematic sectional diagram showing the leadframe of FIG. 5A when : &

a ring plating process to used to form the silver (Ag) layers; |

FIG. 6A is a schematic sectional diagram of a second preferred embodiment of the
leadframe of the invention;

FIG. 6B is a schematic sectional diagram showing a first variation of the leadframe
25 of FIG. 6A; and



nated so that manufacturing cost is reduced. .The. |nvent|on has been

descri bed using exenplary preferred enbodi nents.
understood that the scope of the invention is not
enbodi nent s.
and simlar
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On the contrary, it is intended to coye varlous modi § i

FIG. 6C is a schematic sectional diagram showing a second vanation of the lead-

frame of FIG. 6A.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

FIG. 1 is a schematic top view of a common leadframe, which incll{des a flat por-
tion 2 customarily referred to as a "bar pad" or "die pad" in the terminology of
semiconductor fabrications (hereinafter referred to as “die pad” in this specification) on
which a chip (not shown) is to be mounted. The die pad 2 is supported by a tie bar 20 on a
pair of parallel side rails 16. Further, the leadframe includes a lead portion including a
number of internal leads 4 that are to be connected directly to the chip (not shown) that is to
be mounted on the leadframe, a number of corresponding lead shoulders 6 connected to the
internal leads 4, and a number of corresponding external leads 8 that are connected to the
lead shoulders 6 for connection to external circuitry on a printed circuit board (not shown).

Functionally, the leadframe is divided into a package area, as the area enclosed by a
dashed box pointed out by the reference numeral 12, which includes a bonding ‘area (or
called a coin area), as the area enclosed by a dashed box pointed out by the reference nu-
meral 10, therein and the internal leads 4.. The bonding area 10 includes the die pad 2 and
the free end (referred to as coin-lead tip) 14 of the internal leads 4. The area beyond the
package area 12 on the leadframe includes the lead shoulders 6 z;nd the external leads 8 and
is hereinafter referred to as the external-lead area of the leadframe.

The leadframe is manufactured in multiple on a single piece of -metal and each
leadframe is connected to the neighboring ones through the side rails 16. In order to facili-
tate automation to the manufacturing process, a plurality of pilot holes 18 are formed in the
side rails 16 which can assist the alignment of the leadframe. The tie bar 20 is oriented
lengthwise across the center of the package area 12 so as to support the die pad 2 on the side

rails 16. A plurality of dam bars 22 can prevent the melted plastic to flow to the outside

' during the packaging process.

cl osed
cations
arrangenents. The scope %f the clai ns, ﬁheZéﬁ&rE‘“%hoﬁ )|
accorded the broadest interpre- tation so as to ehcénpass all suc
nodi fications and sim | ar arrangenents. =

be
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14 - CLAI V5 What is
clained is: 1. A nethod for manufacturing g teadirame, conprising
the steps of: (1) form ng a base struct tof the bea ame
froma conductive material, the base 5 structure includi-ng -ah =
extenal -1 ead area and a package area bncluding a bondj ng gr&a; {
(2) performing a series of pre-plating processes on; the’*b”s‘é”-*"stf‘ﬁt‘]ctfur
t he | ead- frane; bt
]

deanersan,

of

B L CE

e mearan, .

First Preferred Embodiment

FIG. 2A shows a schematic sectional view of a first preferred embodiment of the
leadframe according to the invention. In this sectional diagram, the package area is indi-
cated by the reference numeral 120 on top of the drawing; the bonding area is indicated by

5  the reference numeral 100; the die pad is indicated by the reference numeral 200; and the
area beyond the package area, referred to as an external-lead area of the leadframe, is indi-
cated by the reference numeral 121.
In the manufacturing process, the first step is to form a base structure 30 from a
conductive material which is molded into a form as shown in FIG. 1. The base structure 30
10 of the leadframe can be made from various conductive materials such as copper alloys
including Alloy 194, C7025, KCF125, EFTEC, or nickel/ferrite alloys such as the Ni—Fe 42
alloy. This base structure 30 is then subjected to a series of pre-plating processes, including
degreasing, activating, etching, neutralizing, forming a copper layer 32 by striking over the
entire base structure 30, and forming a nickel plating 34 over the copper layer 32. The
15  copper layer 32 is used to improve the surface quality of the base structure 30 of the lead-
frame, and the nickel plating 34 is used to prevent erosion to the leadframe. If the base
structure 30 is made from a conductive material of high surface quality, the step of forming
the copper layer 32 can be eliminated. The step of forming the nickel plating 34 can be

replaced by a subsequent step of forming a corrosion-resistant layer later over the lead-

20 frame.

i

Subsequently, a first silver (Ag) layer 36 is formed by striking over the entire sur-
face of the nickel plating 34; and then a second silver (Ag) layer 39 is formed by spotting
selectively only on the top side of the leadframe within the bonding area 100. Next, a
palladium (Pd) plating 38 is formed selectively only over one part of the first silver (Ap)

25 layer 36 that is formed in the external-lead area 121 of the leadframe. After this, those
portidns of the first silver (Ag) layer 36 in the package area 120 ihat are uncovered by the

second silver (Ag) layer 39 are removed so as to expose the underlying portions of the



(3) forming a first silver |layer over the entire_base structure of the

| eadf rane by striking; 10 (4) {homym Ng; & 560 Il ver

| ayer selectively only over the first silver |ayer.inti : »iiipondi ng
ar ea; (5) formng a palladium pl at |ng selectlvely nly over
the first silver layer in the 7ext ernal -1 eaf & 8L 13dve ) eadf r ane;
and (6) renoving those portions of he first silvier{ | ayer
that are uncovered by the second 15 silver Iayer T The

met hod of claim11, wherein the pre-plating processes.include: ,

perform ng a degreasing process on the base structure of the |eadfrane;

10
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20
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nickel plating 34. This completes the manufacture of the first preferred embodiment of the
leadframe of the invention.

In conclusion, the leadframe is made from a base structure of a conductive nature,
such as a copper alloy, which is then formed successively with the copper layer 32, the
nickel plating 34 over the copper layer 32, the first silver (Ag) layer 36 selectively formed
only over the portions of the nickel plating 34 that are settled in the bonding area 100 and
the external-lead area 121 of the leadframe, the palladium (Pd) plating 38 selectively
formed only over the portions of the first silver (Ag) layer 36 that are settled in the extez;-
nal-lead area 121 of the leadframe, and the second silver (Ag) layer 39 selectively formed
only over the portions of the first silver (Ag) layer 36 that are settled in the bonding area
100 on the top side of the leadframe. In the foregoing structure, the copper layer 32 and
nickel plating 34 are not mandatory and can be eliminated in accordance with actual re-
quirements. In the case of not forming the copper layer 32 and nickel plating 34, the first
silver (Ag) layer 36 is formed directly over the surface of the base structure 30 of the lead-
frame. ' o

In the subsequent packaging process, a chip 40 is mounted on the die pad 200 of the
leadframe by using a gluing agent 42, such as silver epoxy. In the bonding process, a
plurality of gold wires 44, each having one end bonded to one bonding pad (not shown) on
the chip 40 and the other end bonded to the second silver (Ag) layer 39 on the internal
leads, are used to interconnect the chip 40 and the second silver (Ag) layer 39 on the
coin-lead tip 14 of the internal leads 4 (shown in FIG. 1). A plastic casing 46 is then molded
to enclose the chip 40, gold wires 44, and internal leads 4 therein, with the external-lead
area 121 being exposed to the outside of the plastic casing 46.

One distinguishing feature of the foregoing embodiment is the forming of the pal-
lgdium (Pd) plating 38 in the external-lead area 121 of the leadframe and the underlying
portions of the first silver (Ag) layer 36 beneath .the palladium (Pd) plating 38. The step of

h



perform ng an activating process on the base structure of the |eadfrane;

20 perform ng an etching and neutralizing process on t he base
structure of the |ead- framne, E‘{g‘-f'_-z‘pﬁém & BQRPET |ayer

by striking over the entire base structure of the feldi A “lt‘},f' and 25
formi ng a nickel plating over the copper |ayer. j 3. The; net hod of
claim1, wherein the pre-plating processes inclugde: 29 S8EP 1557

perform ng a degreasing process on the base strugt pL_e__mgj_ t he | eadfir ane;
perform ng an activating process on the base structure of tThée Teadfrane;

and

forming the palladium (Pd) plating 38 can be carried out in three various manners, as re-
spectively described in the following with reference to FIGs. 3A, 4A and SA.
Referring to FIG. 3A, in the first variation of the first embodiment, after the first
silver (Ag) layer 36 is formed over the nickel plating 34 and a second silver (Ag) layer 39 is
5 formed selectively only in the bonding area 100, a plating of the alloy of palladium/nickel
(Pd/Ni) 48 is formed selectively only over the first silver (Ag) layer 36 in the external-lead
area 121 of the leadframe. Next, 2 palladium (Pd) plating 38 is formed over the palla-
dium/nickel (Pd/Ni) alloy layer 48. After this, those portions of the first silver (Ag) layer 36
in the package area 120 that are uncovered by the second silver (Ag) layer 39 are removed
10 soasto expose the underlying portions of the nickel plating 34. As a result of the foregoing
process, this leadframe differs from the leadframe of FIG. 2A in that one palladium/nickel
(Pd/Ni) alloy layer 48 is additionally formed between the first silver (Ag) layer 36 and the
palladium (Pd) plating 38 in the external-lead area 121.
Referring to FIG. 4A, in the second variation of the first embodiment, after the first
15  silver (Ag) layer 36 is formed over the nickel plating 34 and a second silver (Ag) la)'fé} 39is
formed selectively only in the bonding area 100, a palladium (Pd) plating 38 is formed
selectively only over those portions of the first silver (Ag) layer 36 that are settled in the
external-lead area 121 of the leadframe. Next, a gold layer 50 is formed by flashing selec-
tively only over the palladium (Pd) plating 38 in the external-lead area 121. After this,
20  those portions of the first silver (Ag) layer 36 in the package area 120 that are uncovered by
the second silver (Ag) layer 39 are removed so as to expose the underlying portions of the
nickel plating 34. As a result of the foregoing process, this leadframe differs from the lead-
frame of FIG. 2A in that one gold layer 50 is formed over the palladium (Pd) plating 38
formed over the first silver (Ag) layer 36 in the external-lead area 121 of the leadframe.
25 Referring to FIG. 5A, in the third variation of the first embodiment, after the first
s;ilver (Ag) layer 36 is formed over the entire surface of the nickel plating 34, a plating of

the alloy of palladium/nickel (Pd/Ni) 48 is formed selectively only over those portions of

t



15 perform ng an etching and neutralizing process on the

base structure of the |ead- frame 4. . The rret hod of claim

1, wherein the pre-plating processes include: 5 " Yo o

degreasi ng process on the base structure of the Ieadff‘r'ama 1

perform ng an activating process on tohe base struct uref of the | eadf r;ar[ﬁa
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the first silver (Ag) layer 36 that are settled in the external-lead area 121 of the leadframe.

Next, a palladium (Pd) plating 38 is formed over the palladium/nickel (Pd/Ni) plating 48,

and then a gold layer 50 is formed over the palladium (Pd) plating 38 in the exiemal-lcad

area 121 of the leadframe. Subsequently, a second silver (Ag) layer 39 is fonped selectively

5 only over the first silver (Ag) layer 36 in the bonding area 100. After this, those portions of

the first silver (Ag) layer 36 in the package area 120 that are uncovered by the second silver

(Ag) layer 39 are removed so as to expose the underlying portions of the nickel plating 34.

As aresult of the foregoing process, this leadframe Qitfem from the leadframe of FIG. 2A in

that the surface of the leadframe in the extemal-leaa area 121 of the leadframe is formed

10  with a stacked layer including the first silver (Ag) layer 36, the palladium/nickel (Pd/Ni)

plating 48 over the first silver (Ag) layer 36, the palladium (Pd) plating 38 over the palla-
dium/nickel (P4d/Ni) plating 48, and the gold layer S50 over the palladium (Pd) plating 38.

The foregoing description discloses the manufacture of four van'atioﬁs of the lead-

frame of the invention. In these four variations, the first silver (Ag) layer 36 is at first

15  formed over the entire leadframe and the second silver (Ag) layer 39 is at first formed in the

bonding area 100 of the leadframe. Alternatively, the first silver (Ag) layer 36 and second

silver (Ag) layer 39 can be formed by a ring plating method. In this method, the first silver

(Ag) layer 36 is formed selectively only over the nickel plating.34 in the bonding area 100

excluding the die pad 200 (corresponding to the coin-lead tip 14 of the internal leads 4

20 shown in FIG. 1); and the second silver (Ag) layer 39 is formed also by a ring plating

process over the first silver (Ag) layer 36. Through the ring plating process, those portions

of the first silver (Ag) layer 36 and second silver (Ag) layer 39 that are laid on the die pad

200 in the embodiments of FIGs. 2A, 3A, 4A, and 5A are not formed. The resultant struc-

tures are respectively illustrated in FIGs. 2B, 3B, 4B, and 5B. The structures of FIGs. 2B,

25 3B, 4B, and 5B differ from that of FIGs. 2A, 3A, 4A, and 5A only in that the structures of

I;‘IGS. 2B, 3B, 4B, and 5B iﬁcludc no silver (Ag) layers on the die pad 200 as the structures

i



perfornrng an etching and neutralizing process onI'he-bage—struc
| ead- frame; and 10 formng a copper Iayera VBN
entire base structure of the leadfrane by striking.: L M
of claim1, wherein the pre-plating processes |ncludeq-\gww r
perform ng a degreasing process on thé® base structure of" *theFabt ane;
perform ng an activating process on the base structure -of--the leadfrane;
perform ng an etching and neutralizing process on the base structure of the
| ead- 15 frame; and formng a nrckel plrating-ove the base

structure of tf}ﬁg ?ﬁ\gg?\gggf mé\m wl};rcﬁhdhe? Tgaed Brmcc{wﬁ:h R\}o srlgfer 1¥Y,h cry, § en the

base structure o]
first silver (Ag) layer 36 and second silver (Ag) layer 39, thereon.

From the foregoing description, it is apparent that the leadframe of the invention

has the following several benefits. First, the use of palladium (Pd) platings in;tcad of the

S conventional tin/lead (Sn/Pb) platings rn the extemnal-lead area 121 of the leadframe is
environmentally friendly. Second, the forming of the palladium (Pd) platings only at se-
lected areas instead on the entire leadframe allows for a reduction in the manufacturing cost

of the leadframe. Third, since the bonding area is still plated with silver (Ag), this process

can be carried out by existing equipment with the same parameter settings. The silver (Ag)

10  platings have good bondability with gold wires and silver epoxy. Fourth, since a silver
plating is formed beneath the palladium (Pd) plating, the problem of the occurrence of pin
holes in the palladium (Pd) platings is here not experienced. Fifth, the plating process for

the leadframe is completely done before carrying out the packaging process, which is a
feature provided by the PPF technology that allows the packaging process to be carried out

15 by automation. Sixth, the exposed areas of the nickel plating or copper in the non-bonding

areas in the package area provide molding compound characteristic for the leadframe.

Second Preferred Embodiment

FIG. 6A shows a schematic sectional view of a second preferred embodiment of the

20  leadframe according to the invention. The elements in this embodiment that are identical in
structure to those in the first embodiment shown in FIG. 2A .are labeled with the same
reference numerals. =

In the manufacturing process for the second preferred embodiment of the lead-

frame, the first step is to form a base structure 30 from a conductive material which is

25  molded into a form as shown in FIG. 1. The base structure 30 of the leadframe can be made
from various conductive materials such as copper alloys including Alloy 194,- C7025,

KCF125, EFTEC, or nickel/ferrite alloys such as the Ni-Fe 42 alloy. This base structure 30



20 ° alloy of copper. 7. The method of -clai m-1 hj t he base
structure of the leadframe is made from an -al't oy of - Tif” Ckgl ferrite.
8. The nethod of claim1, wherein said step (5) furtheg ,,l,,. des t he
substep of: 25 form ng a pal |l adi um nilckel #pi aFi n electively
only over the first silver layer in tlHe dxtier.nal-l.ead-aréalof 't he

| eadf ranme; and formng a pall adi ug1 pl ati ng over the- !

pal | adi um ni ckel pl ating. 9. The net hog—of—~ctarm-1;furt her

i ncludes the step of: 30 formng a gold | ayer by flashing
selectively only over the palladiumplating in the external -| ead

area of the hstheh subjested to a series of pre-plating processes, including degreasing, activating, etch-
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ing, neutralizing, forming a copper layer 32 by striking over the entire base structure 30,
and forming a nickel plating 34 over the copper layer 32. The copper layer 32 is used to
improve the surface quality of the base structure 30 of the leadframe, and the nickel plating
34 is used to prevent erosion to the leadframe. If the base structure 30 is made from a con-
ductive material of high surface quality, the step of forming the copper layer 32 can be
eliminated. The step of forming the nickel plating 34 can be replaced by a subsequent step
of forming a corrosion-resistant layer later over the leadframe.

Subsequently, a silver (Ag) layer 36 is formed by striking over the nickel plating 34
over the entire leadframe. Next, a plating of the alloy of palladium/nicke} (Pd/Ni) 52 is
formed over the silver (Ag) layer 36 over the entire leadframe, and then a palladium (Pd)
plating 54 is formed over the palladium/nickel (Pd/Ni) plating 52 over the entire leadframe.
This completes the manufacture of the second preferred embodiment of the leadframe of
the invention. In this embodiment, the forming of the palladium/nickel (Pd/Ni) plating 52
is not mandatory but dependent on actual requirements. If the palladium/nickel (Pd/Ni)
plating 52 is not formed, the palladium (Pd) plating 54 is formed directly over ﬁ;;'silver
(Ag) layer 36.

In conclusion, the second preferred embodiment provides a leadframe made from a
base structure 30 of a conductive nature, such as a copper alloy, which is then formed suc-
cessively with the copper layer 32 over the entire base structure 30 of the leadframe, the
nickel plating 34 over the copper layer 32, the silver (Ag) layer 36 over the nickel plating ,
34, the palladium/nickel (Pd/Ni) plating 52 over the silver (Ag) layer 36, and the palladium
(Pd) plating 54 over the palladium/nickel (Pd/Ni) plating 52. In this structure, the copper
layer 32 and nickel plating 34 are not mandatory and can be eliminated in accordance with

actual requirements. If this is the case, the silver (Ag) layer 36 is formed directly over the

surface of the base structure 30 of the leadframe. One distinguishing feature of this lead-

frame is the forming of the silver (Ag) layer 36 beneath the palladium (Pd) plating 38.
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step of: forn1ng a gold layer by flashing: selectlveLyﬁQ
over the palladiumplating in the external-lead;area of the ]
| eadf r ane. 5 11. The method of claim1l, wherein ; 29 SEP 1597 i
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10. The method of claim8, wherein further. inctudes-t
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In the subsequent packaginé process, a chip 40 is mounted securely by using a glu-
ing agent 42 on the die pad 200 of the leadframe 30. In the bonding process, a plurality of
gold wires 44, each having one end bonded to one bonding pad (not shown) on the chip 40
and the other end bonded to the coin-lead tip 14 of the corresponding one of the internal
leads 4 (shown in FIG. 1), are used to interconnect the chip 40 and the palladium (Pd)
plating 54 on the coin-lead tip 14 of the internal leads 4 (shown in FIG. 1). A plastic casing
46 is then molded to enclose the chip 40, gold wires 44, and internal leads 4 therein, with
the external-lead area 121 being exposed to the outside of the plastic casing 46.

The step of forming the silver (Ag) layer 36 can be cammed out in two various man-
ners, as respectively described in the following with reference to FIGs. 6B and 6C.

Referring to FIG. 6B, in the first variation of the second embodiment, the silver
(Ag) layer 36 is formed by striking selectively only over the nickel plating 34 in the bond-
ing area 100. Subsequently, the palladium/nickel (Pd/Ni) plating 52 is formed all over the
exposed surfaces of the silver (Ag) layer 36 and the nickel plating 34. Further, the palla-

" dium (Pd) plating 54 is formed all over the palladium/nickel (PA/Ni) plating 52. The resul- '

tant structure of the leadframe is as that shown in FIG. 6B. This variation has the ber;eﬁt of
saving manufacturing cost.

Referring to FIG. 6C, in the second variation of the second embodiment, the silver
(Ag) layer 36 is formed by striking selectively only over the nickel plating 34 both in the
bonding area 100 and in the external-lead area 121 of the leadframe. Subsequently, the
palladium/nickel (Pd/Ni) plating 52 is formed all over the exposed surface of the silver

+(Ag) layer 36 and the nickel plating 34. Further, the palladium (Pd) plati'ng 54 is formed all

over the surface of the palladium/nickel (Pd/Ni) plating 52. The resultant structure of the
leadframe is as that shown in FIG. 6C.

In the second preferred embodiment, the forming of the silver (Ag) layer 36 beneath
the palladium ('de plating 38 can prevent the occurrence of pin holes that expose the base

structure and thus cause degradation to the bondability of the bonding area and the solder-
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the flrst silver layer is formed by a first ring platlng process :
selectively only in the bondi ng area excl udi ng t he di-e- pad “hn
the second silver layer is forned by a second ring platlng process over {th
first silver layer in the bonding area excl uding ; it he di%e Sp&d1e920
12. The nmethod of claim1, wherein3 the ifiirst _silver |ayer
is formed by striking over the entire |eadframe; and : thé”
second silver layer is formed by spotting selectively omby-over_the first
silver 15 | ayer in the bonding area. 13. A nethod for

manuf acturing a | eadfrane, conprising the steps of: (1)
formng a base structure of the | eadframe froma conductive material, the
base ability of the external-lead area. Moreover, the forming of gold layers by flashing is elimi-

nated so that manufacturing cost is reduced.
The invention has been described using exemplary preferred embodiments. How-
ever, it is to be understood that the scope of the invention is not limited to the disclosed
5 embodiments. On the contrary, it is intended to cover various modifications and similar
arrangements. The scope of the claims, therefore, should be accorded the broadest interpre-

tation so as to encompass all such modifications and similar arrangements.



structure including an external -l ead area and a package,
bondi ng area; (2) performng a series offpru_p 1
processes on the base structure of the lead- 20 franh whi ch |ncIud
perform ng a degreasing process on the base structure qf' he ¢ eadf ? Ze i
perform ng an activating process on thé base structure jof] the Iead né
perform ng an etching and neutralizing process on the 3as§”§f?ucture~e ﬂhe
| eadf rane; 25 (3) form ng a copper layer by.strjking over thé

base structure of the |eadfraneg; (4) formng a nickel™™
plating over the copper |ayer, (5) formng a first silver
| ayer over the nickel plating; CLAIMS

What is claimed is:

1. A method for manufacturing a leadframe, comprising the steps of:

(1) forming a base structure of the leadframe from a conductive material, the base
5  structure inchiding an external-lead area and a package area including a bonding area;

(2) performing a series of pre-plating processes on the base structure of the lead-
frame;

(3) forming a first silver layer over the entire base structure of the leadframe by
striking;

10 (4) forming a second silver layer selectively only over the first silver layer in the

bonding area;

(5) forming a palladium plating selectively only over the first silver layer in the .
external-lead area of the leadframe; and

(6) removing those portions of the first silver layer that are uncovered by the second

15  silver layer. ..

2. The method of claim 1, wherein the pre-plating processes include:
performing a degreasing process on the base structure of the leadframe;

performing an activating process on the base structure of the leadframe;

20 performing an etching and neutralizing process on the base structure of the lead-
frame; -
forming a copper layer by striking over the entire base structure of the leadframt:;
and
25 forming a nickel plating over the copper layer.
3. The method of claim 1, wherein the pre-plating processes include:

performing a degreasing process on the base structure of the leadframe;

performing an activating process on the base structure of the leadframe; and

UL



(6) form ng a second silver |ayer selectively onIy over the flrst silver

| ayer in the
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n ctivels
the first silver layer in the external-leqd;area of the

bondi ng area;

(7) formngapalladlumplatln ’yover

‘dadlf rane;
15 F | 2osErEy |

!

performing an etching and neutralizing process on the base structure of the lead-

)
k

frame

4, The method of claim 1, wherein the pre-plating processes include:
performing a degreasing process on the base structure of the leadframe;
performing an activating process on the base structure of the leadframe;
performing an etching and neutralizing process on the base structure of the lead-
frame; and

forming a copper layer over the entire base structure of the leadframe by striking.

5. The method of claim 1, wherein the pre-plating processes include:
performing a degreasing process on the base structure of the leadframe;
performing an activating process on the base structure of the leadframe;
performing an etching and neutralizing process on the base structure of the lead-
frame; and

forming a nickel plating over the base structure of the leadframe.

6. The method of claim 1, wherein the base structure of the leadframe is made Fom an

alloy of copper.

'
7. The method of claim 1, wherein the base structure of the leadframe is made from an

alloy of nickel/ferrite.

8. The method of claim 1, wherein said step (5) further includes the substep of:

forming a palladium/nickel plating selectively only over the first silver layer in the
external-lead area of the leadframe; and

forming a palladium plating over the palladium/nickel plating.

9. The method of claim 1, further includes the step of:

forming a gold layer by flashing selectively only over the palladium pléting in the ~ ~

external-lead area of the leadframe.

A



(8) reaning those portions of the first silver

8 vered by
t he second silver layer in the package area;. 3 (9)
forming a gold | ayer by flashing selectively only; ovér the pal jm
plating in the external -1ead area of the Iea,df?t fm ﬁ97 k4. A
met hod for manufacturing a Ieadfranechonpr|5|ng4tHe eps
(1) formng a base structure of the | eadfrane frq -eaduek; eri al
t he base 10 structure including an external -1dad area and a package area
i ncludi ng a bonding area; (2) performmnga series—of
pre-plating processes on the base structure of the |ead- frame;

3 ;);?e Ng a1 | VEle haKSS ofaisld, WhkRE AR idcdiReDRSQeSbE UCt Ure of the

forming a gold layer by flashing selectively only over the palladium plating in the

external-lead area of the leadframe.

S 11.  The method of claim 1, wherein
the first silver layer is formed by a first ring plating process selectively only in the
bonding area excluding the die pad; and .
the second silver layer is formed by a second ring plating process over the first

silver layer in the bonding area excluding the die pad.

10
12.  The method of claim 1, wherein
 the first silver layer is formed by striking over the entire leadframe; and
the second silver layer is formed by spotting selectively only over the first silver
s layer in the bonding area.

13. A method for manufacturing a leadframe, comprising the steps of:
(1) forming a base structure of the leadframe from a conductive material, the base
structure including an extemnal-lead area and a package area including a bonding z;;éﬁ;
(2) performing a series of pre-plating processes on the base structure of the lead- .
20 frame, which include
performing a degreasing process on the base structure of the leadframe;

performing an activating process on the base structure of the leadframe;

f

perfoﬁning an etching and neutralizing process on the base structure of the ;
leadframe;
25 (3) forming a copper layer by striking over the base structure of the leadframe;
(4) forming a nickel plating over the copper layer;
(5) forming a first silver layer over the nickel plating;
(6) forming a second silver lgyer selectively only over the first silver layer in the

bonding area;

\\ll\ll\ \\\l\\ Ill\\ \\I\I \\ \ll\



st amanny

15~ (4) formng a palladiumplating over Eipef sllver.

-} ayetoni
15. The nmet hod of claim 14, wherein the base st r’uqture SOf7 hg}t_,_éa frame
is made from an all oy of copper. 16. The net hod of | ai m
14, wherein the base structure of the |eadfrane i d2ofgemisgd | An alloy
of nickel/ferrite. 17. The et hod of claimjl4, wherein the
pre-plating processes include: perfprm ng a degreaS‘l N
process on the base structure of the leadframe; ‘.. .. ... __performng an

activating process on the base structure of the | eadf rarre 25
perform ng an etching and neutralizing process on the base structure of the
| ead- f rame; (7) forming a palladiunh plating) selectiecp pely dvay tie foyt sSived daydign @yeer
the entire base structure of the |eadfrane;
external-lead area of the leadframe;
(8) removing those portions of the first silver layer that are uncovered by the second
silver layer in the package area; and
S (9) forming a gold layer by flashing selectively only over the palladium plating in

the external-lead area of the leadframe.

14. A method for manufacturing a leadframe, comprising the steps of:
(1) forming a base structure of the leadframe from a conductive material, the base
10 structure includiné an external-lead area and a package area including 2 bonding area; -
(2) performing a series of pre-plating processes c:m the base structure of the lead-
frame;
(3) forming a silver layer by striking over the base structure of the leadframe;

15 (4) forming a palladium plating over the silver layer.

15. The method of claim 14, wherein the base structure of the leadframe is made from

',

an alloy of copper. Te.

16. The method of claim 14, wherein the base structure of the leadframe is made from

.

20  an alloy of nickel/fermite.

17. The method of claim 14, wherein the pre-plating procésses include:

performing a degreasing process on the base structure of the leadframe;

performing an activating process on the base structure of the leadframe; U
25 performing an.ctching and neutralizing process on the base structure of the lead-
frame;
forming a copper layer by striking over the entire base structure of the leadframe;
and

forming a nickel plating over the copper layer.

30
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18.
processes incl ude:
base structure of the |eadfrane; .

18.

frame.

19.

frame;

20.

frame;

21.

22.

form ng a nickel plating over the copper |ayer.
The net hod of claim 14, wherein Lhe_pre-platlng
performng a degreas‘ 1 o

18
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The method of claim 14, wherein the pre-plating processes include:
performing a degreasing process on the base structure of the leadframe;
performing an activating process on the base structure of the leadframe; and

performing an etching and neutralizing process on the base structure of the lead-

The method of claim 14, wherein the pre-plating processes include:

performing a degreasing process on the base structure of the leadframe;

performing an activating process on the base structure of the leadframe;

performing an etching and neutralizing process on the base structure of the lead- -
and

forming a copper layer by striking over the entire base structure of the leadframe.

The method of claim 14, wherein the pre-plating processes include:

performing a degreasing process on the base structure of the leadframe;
performing an activating process on the base structure of the leadframe;
performing an etching and neutralizing process on the base structure of the lead-
and

forming a nickel plating over the base structure of the leadframe.

The method of claim 14, wherein said step (4) further includes the substep of:
forming a palladium/nickel plating over the silver layer; and

forming a palladium plating over the palladium/nickel plating.

ke

$

The method of claim 14, wherein the silver layer is formed by striking' selectively

only in the bonding area of the leadframe.

23.

The method of claim 14, wherein the silver layer is formed by striking selectively

only in the bonding area and external-lead area of the leadframe.

24.

A method for manufacturing a leadframe, comprising the steps of:

UL



perform ng an activating process on the base structure of

t he | eadfr ame;

and perform ng an etching and neutralizing process on the

base structure of the | ead- 5 frane. 19. The

14, wherein the pre-plating processes include: dehﬂ ]

degrea5|ng process on the base structi®e of the Ieadfrane
perform ng an activating process on the base structure @f
10 perform ng an etching and neutralizing proces$
structure of the |ead- frane; and f ol

nethod of clalm

t he Ieadfraneg %
bs D §he Base, ‘

et - ANt

| ayer hy striking over the entire base structure of theileadfrane. f
20. The nmethod of claim 14, wherein the pre-plating preeessesanclude

(1) forming a base structure of the leadframe from a conductive material, the base

structure including an extemal-lead area and a package area includi

ng a bonding area;

(2) performing a series of pre-plating processes on the base structure of the lead-

frame, which include

5 _ performing a degreasing process on the base structure of the leadframe;

performing an activating process on the base structure of the leadframe;

performing an etching and neutralizing process on the base structure of the

leadframe;

(3) forming a copper layer by striking over the base structure of the leadframe;

10 (4) forming a nickel plating over the copper layer;

(5) forming a silver layer by striking selectively only over the nickel plating in the .

bonding area; and

(6) forming a palladium plating over the silver layer.

15 25.  Aleadframe for an IC package to mount a semiconductor chip thereon, comprising:

a base structure of a conductive material, the base structure including an external-

lead area and a package area including a bonding area, said bonding area further including"

a die pad therein for mounting a semiconductor chip thereon;

a first silver layer formed over the entire base structure of the leadframe; and

20 a palladium plating formed over the first silver layer.

¥

26. The leadframe of claim 25, wherein said base structure is made from an alloy of

copper.

25 27.  The leadframe of claim 25, wherein said base structure is made from an alloy of

nickel/ferrite.

28.  The leadframe of claim 25, further including:

30

a nickel layer formed between said base structure and said first silver layer.

* [ L " S *



15 perform ng a degreasing process on the base structure of the

| eadf r ane; perform ng an activating process on the base
structure of the |eadfrane; perform ng an etchi ng apd
neutralizing process on the base structure of the Iead- ffane; and
20 form ng a nickel platingOover the SRt fl t he

| eadf r ane. 21. The nmethod of claim 14, IeLTi sarcL (4)
further includes the substep of: formng a pall a;dliurﬂ ni ckel
pl ati ng over the silver layer, and i f O A G é?%hlﬂadlum

pl ati ng over the palladiunm nickel plating. 25 g22_ The met hosd of- claim
14, wherein the silver layer is formed by striking selectivel y é only
in the bonding area of the |eadfrane. et et s s

29.  The leadframe of claim 25, further mcludmg

a copper layer formed between said base structure and said first silver layer.

30.  The leadframe of claim 25, further including:
h) a copper layer formed over said base structure; and

a nickel layer formed between said copper layer and said first silver layer. -

31.  Theleadframe of claim 25, further including:
a palladium/nickel plating formed between said first silver layer and said palladium

10  plating.

32.  The leadframe of claim 25, wherein
said first silver layer is formed sclpctively only in ti)e bonding area and external-
lead area;
15 said leadframe further includes a second silver layer formed over the first silver
layer in the bonding area; and
said palladium plating is formed selectively only over the first silver layer-in the

external-lead area. ’

20 33.  The leadframe of claim 32, further including:
' a palladium/nickel plating formed selectively only over the first silver layer in the

external-lead area.

34.  The leadframe of claim 32, further including:
25 a gold layer formed selectively only over the palladium plating in the external-lead

arca.

35.  The leadframe of claim 32, further including:
a palladium/nickel plating formed selectively only over the first silver layer in the
30  external-lead area such that said palladium/nickel plating is layered bétween said first sil-

ver layer and said palladium plating; and

RO 0 R



23. The nethod of claim 14, wherein the silver |ayefpis ] _
striking selectively 30 onI y in the bonding area a,ndN exremaf}m ar ea
of the | eadfrane. 24. A et hod for manuf act url ng ale

conprising the steps of: !

19

(1) formng a base Zkructure of thp leadfraif"r‘eﬁ’?%ma

conductive material, the base e —

10

15

20

25

30

‘ "'M;

e

ey,

e ——

a gold layer formed selectively only over the palladium plating in the external-lead

area.

36. The leadframe of claim 25, wherein

said first silver layer is formed selectively only over the base structure in the bond-
ing area excluding the die pad;

said leadframe further includes a second silver layer formed over the first silver
layer in the bonding area; and

said palladium plating is formed selectively only over the first silver layer in the

extemnal-lead area.

37.  The leadframe of claim 36, further including:
a palladium/nickel plating formed selectively only over the first silver layer in the

external-lead area.

38.  The leadframe of claim 36, further including:
a gold layer formed selectively only over the palladium plating in the external-lead .

e
e

arca.

39.  The leadframe of claim 36, further including:

a palladium/nickel plating formed selectively only over the first silver layer in the
external-lead area such that said palladium/nickel plating is layei'é'd between said first sil-
ver layer and said palladium plating; and

a gold layer for{ned selectively only over the palladium plating in the external-lead

area.

40.  The leadframe of claim 25, wherein
said first silver layer is formed selectively on1'y over the base structure in the bond-
ing area and the external-lead area; and

said palladium plating is formed over the entire base structure of the leadframe.

19
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structure including an external -l ead area and a package area |nclud|ng a

bondi ng area; (2) performng a serles[eLMpLﬁ;QLQLIng
processes on the base structure of the |ead- ﬂEﬁﬁﬁﬁ“"ﬂ; N olpctude

5 perform ng a degreasi ng process onjthe~baselsryticture of
t he | eadf r ane; performng an a?tquglqg process pn the
base structure of the | eadfrang; pe#%own?ﬂ@jan e&chlng
and neutralizing process on the base structure of thei—._____|eadfriare;

(3) forming a copper layer by striking over the base structure 6fthe

| eadf ranme; 10 (4) formng a nickel platlng~ﬁve+»Lhe*gwgper

| ayer; - ' (5) forming a silver layer by striking selectively

only over the nickel plating in the
41.  The leadframe of claim 25, wherein

said first silver layer is formed selectively only over the base structure in the bond-
ing area; and

said palladium plating is formed over the entire base structure of the leadframe.

42.  Aleadframe foranIC paciége to mount 2 semiconductor chip thereon, comprising:
a base structure of a conductive material, the base structure including an external-
lead area and a package area including a bonding area, said bonding area further including
a die pad therein for mounting a semiconductor chip thereon;
10 a copper layer formed over said base stmcﬁxre;
a nickel plating formed over said copper layer;
a silver layer formed over the nickel plating in the bonding area; and
a palladium plating formed over the silver layer and those portions of the nickel

15 plating that are uncovered by the silver layer.

43. A leadframe for an IC package to mount a semiconductor chip thereon, c'_o‘xppris'ing:
a base structure of a conductive material, the base structure including an external-
lead area and a package area including a bonding area, said bonding area further including
a die pad therein for mounting a semiconductor chip thereon;
20 a copper layer formed over said base structure; -
a nickel plating formed over said copper layer; P
a first silver layer formed selectively only over the nickel plating in the bonding
area and the external-lead area;
a second silver layer selectively only over the first silver layer in the bonding area;
25 a palladium plating formed selectively only over the first silver layer in the exter-
nal-lead area; and
* a gold layer formed selectively only over the palladium plating in the external-lead

area.
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bondlng area; and (6) formng a pati-aei-dm-plat -kng.cvef'the
silver |ayer.
sem conductor chip thereon, conprising:

15 25. Aleadframe for an IC ckage [t SHERT| a

~a-base~strt ucture of a

conductive material, the base structure |nclud|mg an, xi.emal | ead
area and a package area including a Zbndi ng area,.sa1"bondf%@ brea further

I ncl udi ng a die pad therein for nounting;a: sem.conduct.ori chi p
t her eon; a first silver |layer forned over the entirje base
structure of the leadfranme; and 20 a paltadrun1pkatrﬁg f ormed
over the first silver |ayer. 26. - The | eadfrane of claim 25,

wherein said bapg SFREME FoRINTEERATED G ¥ACkaGE AND METHOD OF

10

15

20

MANUFACTURING THE SAME

ABSTRACT OF THE DISCLOSURE

A leadframe for an IC package and a method of manufacturing the same are pro-
vided. The leadframe can be manufactured in such a manner as tq provide suitable
bondability, molding compound characteristic, and solderability. The leadframe includes a
base structure made from a conductive material. A silver plating is formed over the base
structure of the leadframe, and a palladium plating is formed over the silver plating. De-
pending on actual requirements, a copper layer and a nickel plating can be formed between -
the silver plating and the base structure of the leadframe, and a palladium/nickel plating can
be formed between the silver and palladium platings. Further, a gold layer can be formed -
over the palladium plating. The palladium plating and the palladium/nickel plating can be
formed all over the leadframe or selectively formed only in the external-lead area of the
leadframe. The structure of the Jayering of one silver layer beneath the palladium plating
allows the prevention of the occurrence of pin holes in the platings so that the bondability

and solderability of the leadframe can be assured.

* * % * *

Fig. 5A



'copp'er. 25 27. The | eadf rame of claim 25, wherein said base structure

Is made froman all oy of ni ckel /ferrite. 28.......The. Leadfrane
of claim 25, further including: a ni %ﬁp}ﬁ(}&y@ﬁﬁf‘_;f ibet ween
said base structure and said first silver layer. 30— :
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29. The | eadframe of claim25, further including: a copper
| ayer forned between said base structure and said first si I ver | ayer.

30. The | eadf rame of claim25, further including: (:’ —_ a copper
| ayer forned over said base structure; and R el -
formed between said copper |ayer and said first si vaer ayer = ‘“‘“.‘

The | eadfrane of claim25, further including: ;
pal | adi um ni ckel plating formed bet weéd13aid first gsnl ver *aye&%mlj
pal | adi um

121
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10 pl ati ng. 32. The | eadfranme of claim 235, wherein

said first silver layer is fornmed selectively only n“thg 5 I and
ext ernal - | ead area; 15 sai d IeadIranE_tuPthér des a
second silver layer formed over the first silver . [ layer Tn

bondi ng area; and sai d paIIadlun1pIat nb I2sofqr pqqé
selectlvely only over the first silver layer in tha alj- ljead

ar ea. 33. The | eadf rame of cIé/ﬁ?SZ furthér

a paII?dluninlckeI pl ati ng formed selectlvely onlyiguenmLhe first S|Ever

| ayer i'n.the
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external -1 ead area. 34. The | eadframe of claim 32, further

I ncl udi ng: 25 a gold layer forned selectlvely onIy over the
pal |l adium plating in the external -1ead are?;
| eadf rame of claim 32, further including: ("

ni ckel

vaann e vun ) ' .i‘:-' t 3
pl ating forned selectively only over the first si VEr | ayer” e thp 0
external -1 ead area such that said palladi um ni cke pﬁlaigqyni hol-ayerjed
between said first sil- ver |%% and sai al | adi um ’étnnq and
L i
foe)
TN 2
~ A\ ——_©
o M
YN
30}
0
S LD
?“\\
\ b
o T
M

44

36T
3
FIG. 3A

36

=
(
I

\
A\

~t
M

42




" 21 a gold layer formed selectl r
pal l adium plating in the external -1l ead Rﬁ?@?fyﬁ,

| eadf rame of claim 25, wherein 5 sal | ‘ S
formed selectively only over the base structure | e f i ing
area excludi ng the die pad; sai d he dfrane“fuP%her uncludes a
second silver |ayer forned over the Ev st S|Ive B ;
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| ayer in the bonding area; and sai d paILadLun1pIat|ng
formed selectively only over the first silver layer in;

external -1 ead ar ea. 37. The | eadf rane of cIaunnSG%m 1er;

i ncl udi ng: a pal | adi um ni ckel plating f@rded sel ectivet
over the first silver layer in the ext ernal -1 ead ar@@zciﬁﬁnﬂ
The | eadfrane of claim 36, further including:

a goI

area. 20: 39.  The |eadfrane of claim 36, further

fornmed sel ectively only over the pallaé b%1p|at|ng inithe @ ““T@fift:tﬁﬁ7
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a pall adi um nickel plating forned selectively only over the first silver

| ayer in the external -1 ead area such that said pall adi um ni cke
plating is |ayered between said first sil- m-vermlayer and said
pal | adi um pl ati ng; and a gold Iayer” X d;se# -!ply only
over the palladiumplating in the external -lead 25m--area . 40.
The | eadfrane of claim 25, wherein | sa id first sil | ayer is
formed sel ectively only over the base7¢ﬂ2ucturea|ﬁ t BV BERAID97 ing area
and the external-lead area; and 30 ipaJLadlgg1£L£gi1g IS
fornmed over the entire base structure of the Ie%dfrane.
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22 41.  The leadframe of claim 25, wharein. e sai d
first silver layer is formed selectively only over; theéiba t rua '

t he bond- ing area; and sai d jpajl | adi um platitig i s
formed over the entire base structure of the |ead if r}arrﬁ.c) SEp 997 141
L

| eadf ranme for an | C package to nount a sem conducnjor.chi p tﬁereon,_:i -
conpri si ng: { Tme——
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a base structure of a conductive nmaterial, the base structure including an
ext ernal - | ead area and a package area |nckudlng a. bondlgg ar ea,
7 fr

sai d bondi ng area further including -ﬂﬁﬁuntlng a
sem conductor chip thereon; 10 ay - B4

base structure; a nickel plating for ed_over sald 30 per

| ayer; a silver layer formed over th n?é&éﬁfbﬁa?l giin the
bondi ng area; and a paﬁﬁéélunlplatlngwiarned over fhj silver

| ayer and those portions of the nickel 5 pl ati ng that are uncoyered by
the silver |ayer. 43. A |l eadfranme for ahm%@wﬁaekageuha_ngint a

sem conduct or chip thereon, conprising: u) aS@ase structure of a

conductive material, the base structure including dn\ext?rnal
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| ead area and a package area including a bonding area,
further including
chip thereon; 20 a copper |ayer forned oy
a ni ckel platlng formed over said copper |ayer, i
silver |ayer fornmed selectively only over the ni ckel
area and the external -1ead area,; a second?sqFVEW ggay?
selectively only over the first S|Iver0V&§er in the bondlng area; |28

sai d bondi ng area
a die pad therein for mounting a sem conductor

"asé?§:rpmture
u;dd&

pl ating in th Rondi ng

1]
er in
bd

a pal l adiuum plating forned selectively only over tqe first sitver-
t he exter- nal -1 ead area; and : la—gol.d. |l ayer qum
sel ectively only over the palladiumplating in the extenal-|ead <
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