
LEAD FRAME, THE MANUFACTURING METHOD, SEMICONDUCTOR DEVICE AND
THE MANUFACTURING METHOD                    BACKGROUND OF THE INVENTION
Field of the Invention         The present invention relates to a lead
frame in which  a metal layer such as a copper layer different in thickness
is formed on both sides of an etching stop layer as an  intermediate layer
and leads are formed by the thinner metal  layer of them, a method of
manufacturing the lead frame, a  semiconductor device using such a lead
frame and a method of  manufacturing the semiconductor device.
Description of the Related Art        There is technique for installing a
semiconductor device  using a lead frame provided with an etching stop
layer in which  a thick metal layer composed of copper for example to be an
outside frame or an outside ring for example is formed on one  side of the
etching stop layer composed of aluminum for example  and a thin metal layer
composed of copper for example or  patterned leads composed of the metal
is/are formed on the  other side, the metal layers are etched using the
etching stop  layer as an etching stopper to pattern the thick metal layer
and the thin metal layer for forming leads and afterward, the  etching stop
layer is etched using the above both metal layers   



-2-  as a mask.         Figs. 10A to 10E and Figs. 11A to 11C show a method
of  manufacturing such a lead frame in the order of processes (A)  to (H).
(A) Lead frame material 1 with three-layer structure  shown in Fig. 10A is
prepared. As for the lead frame 1, an  aluminum film 3 approximately
3[err]m thick for example is formed  on the surface of a substrate 2
approximately 150[err]m thick for  example composed of copper or a copper
alloy by vapor  deposition or sputtering and further, an underplate layer 4
approximately 0.1 to 2[err]m thick for example composed of thin  copper or
nickel is formed. The lead frame material 1 is  finally left as an outside
ring.         (B) Next, a resist film is formed on the above underplate
layer 4, the resist film is exposed and developed for  patterning. The
pattern of the resist film is the negative  pattern of the pattern of leads
to be formed. When the above  patterning is finished, a film composed of
copper or nickel  and others is formed by plating using the resist film as
a mask.  A reference number 5 denotes a lead formed by plating and Fig.
10B shows a state after the resist film is removed after the  lead 5 and
others are formed.        (C) Next, as shown in Fig. 10C, a lead frame in
which  plural film circuits are integrated by selectively etching the  



-3-  lead frame material 1 from both sides so that the selective  etching
pierces a part of the lead frame material is formed.  In the above etching,
etchant such as ferric chloride is used.         (D) Next, as shown in Fig.
10D, an insulating layer (an  insulating film) 6 is selectively formed on
the surface on the  lead formed side of the above lead frame material 1.
Resin  material provided with photosensitivity is used for the  insulating
layer 6 and a desired pattern is formed by applying,  exposing and
developing the insulating layer. A reference  number 7 denotes an opening
for exposing a part in which the  ball electrode 8 of each lead 5 of the
insulating layer 6 is  to be formed and the insulating layer 6 is
selectively etched  so that the openings 7 are provided.         (E) Next,
as shown in Fig. 10E, a solder ball 8 to be  an external terminal is formed
on the surface of the above lead  5 using the insulating layer 6 as a mask.
The solder ball 8  is formed by nickel plate 80 to 110[err]m thick for
example and  solder or gold plate 0.1 to 5[err]m thick for example.
(F) Next, as shown in Fig. 11A, the inside from a part  9 to be an outside
ring of the thick copper layer 2 located  on the rear side of the lead
frame material 1 is selectively  etched from the rear side. In the above
etching, etchant such  as H[err]SO[err] and H[err]O[err] is used for
example. The reason is that the  above etchant erodes copper, however, it
does not erode  



-4-  aluminum and an aluminum layer 3a can function as an etching  stopper.
In this process, the aluminum layer 3a is left except  a part removed in
the selective etching shown in Fig. 10C.         (G) Next, as shown in Fig.
11B, the underplate layer 4  under the leads 5 and the aluminum layer 3a as
an etching stopper  are etched using the above leads 5 and the left thick
copper  layer 2 as a mask. Hereby, each lead 5 is separated and is
released from a state in which each lead is mutually  electrically
short-circuited.         (H) Next, if necessary, as shown in Fig. 11C, a
bump 10  is formed at the end of each lead 5. Therefore, the bump may  be
formed on the side of the semiconductor device and no bump  may be formed.
Fig. 12 is a sectional view showing a semiconductor  device installed using
the lead frame manufactured according  to the method shown in Figs. 10 and
11. A reference number  11 denotes a semiconductor device and each
electrode of it is  connected to the end of the above each lead 5 via the
bump 10.  A reference number 12 denotes sealing resin for sealing the
semiconductor device 11, 13 denotes a thin dish-shaped heat  spreader
connected to each rear of the lead frame and the  semiconductor device 11
and 14 denotes a conductive adhesive  composed of silver paste for example
for bonding the rear of  the semiconductor device 11 to the heat spreader
13. 



-5-         As for the above lead frame with multilayer structure  in which
a thick metal layer composed of copper and others is  formed on one side of
an etching stop layer composed of aluminum  as an intermediate layer and a
thin metal layer or leads  composed of a thin metal layer is/are formed on
the other side  and a method of manufacturing it, various propositions are
made  by a company to which the applicants belong, however, there  are the
following problems in the technique.        First, to form the aluminum
layer 3, vapor deposition  or sputtering is required to be used, a
high-priced device such  as a vapor deposition device or a sputtering
device is required  to be used for vapor deposition or sputtering and there
is a  problem that such a high-priced device is the cause of the high
cost. Second, bonding strength between a metal layer formed  by vapor
deposition or sputtering and a layer under the metal  layer is weak
independent of whether the metal layer is  composed of aluminum or not and
there is a problem that peeling  between the aluminum layer and the copper
film is readily  caused in a process in which the lead frame is
manufactured  by the invasion of a chemical between the aluminum layer 3
and  the copper film 2. The reason is that in case a metal layer  is formed
by vapor deposition or sputtering, bonding strength  between layers depends
upon van der Waals force and the force  



is remarkably weak, compared with adhesive strength in case
-6-   a metal layer is formed by plating and others.         Particularly,
a chemical readily invades between the  copper film 2 of the outside ring 9
and the etching stop layer  3 composed of aluminum and peeling is readily
caused. A  problem that the outside dimension of a package is changed and
resin for sealing, adhesion and others is cracked is caused  by such
delamination.                      SUMMARY OF THE INVENTION        The
present invention is made to solve the above problems  and the object is to
enable the formation of an etching stop  layer in a lead frame provided
with multilayer structure having  the etching stop layer as an intermediate
layer by plating  using a simple device without using a large-scale device,
further, to enhance adhesive strength between the etching stop  layer and
each adjacent metal layer and to prevent  deterioration from being caused
by the invasion of a chemical  between the etching stop layer and the
adjacent metal layer  and the layers from being peeled.        The lead
frame disclosed in Claim 1 is characterized in  that in the lead frame in
which the etching stop layer is  provided between the thick outer lead and
the thin inner lead,  the etching stop layer is formed by nickel or a
nickel alloy. 



Therefore, according to the lead frame disclosed in
-7-  Claim 1, as the etching stop layer is formed by nickel or a  nickel
alloy, it can be formed by plating. Therefore, as a  high- priced vapor
deposition device or sputtering device for  vapor deposition or sputtering
required in a case that aluminum  is used for an etching stop layer is not
required, the cost  of facilities can be reduced and as a result, the cost
of a  lead frame or a semiconductor device using it can be reduced.
As the etching stop layer can be formed by plating,  bonding strength
between the etching stop layer and each  adjacent metal layer can be
enhanced, compared with a case that  the etching stop layer is formed by
vapor deposition or  sputtering. The reason is that as the formation of the
metal  layer by plating is executed, growing a crystal grid,  remarkably
stronger adhesive strength than adhesive strength  depending upon van der
Waals force can be obtained. Therefore,  the occurrence of deterioration
caused by the invasion of a  chemical between the etching stop layer and
each adjacent metal  layer and peeling as a result can be prevented.
The lead frame disclosed in Claim 2 is characterized in  that in the lead
frame provided with leads composed of a thin  wiring layer and the outside
ring or the outside frame composed  of a thick metal layer, the leads and
the outside ring or the  outside frame are connected via the etching stop
layer composed 



of nickel or a nickel alloy as an intermediate layer.
Therefore, according to the lead frame disclosed in  Claim 2, as the
etching stop layer is formed by nickel or a  nickel alloy, it can be formed
by plating. Therefore, as a  high-priced vapor deposition device or
sputtering device for  vapor deposition or sputtering required in a case
that aluminum  is used for an etching stop layer is not required, the cost
of facilities can be reduced and as a result, the cost of a  lead frame or
a semiconductor device using it can be reduced.        As the etching stop
layer can be formed by plating,  bonding strength between the etching stop
layer and each  adjacent metal layer can be enhanced, compared with a case
that  the etching stop layer is formed by vapor deposition or  sputtering
as described above. Therefore, deterioration and  peeling caused by the
invasion of a chemical between the  etching stop layer and each adjacent
metal layer can be  prevented. Particularly, the change of the outside
dimension  of a package and the occurrence of a crack on the resin for
sealing, bonding and others respectively caused by the  invasion of a
chemical between the metal layer of the outside  ring and the etching stop
layer which is caused in a case that  the outside ring is provided and
peeling as a result can be  prevented.  



The method of manufacturing the lead frame disclosed in  Claim 3 is
characterized in that in the method of manufacturing
-9-  the lead frame at least provided with an etching process for
selectively etching metal layers using the etching stop layer  as a mask in
a state in which a thick metal layer is formed  on one side of the etching
stop layer as an intermediate layer  and leads composed of a thin metal
layer are formed on the other  side and a process for etching the etching
stop layer using  the metal layers on both sides as a mask, the etching
stop layer  is formed by nickel or a nickel alloy.        Therefore,
according to the method of manufacturing the  lead frame disclosed in Claim
3, as the etching stop layer is  formed by nickel or a nickel alloy, it can
be formed by plating.  Therefore, as a high-priced vapor deposition device
or  sputtering device for vapor deposition or sputtering required  in a
case that aluminum is used for an etching stop layer is  not required, the
cost of facilities can be reduced and as a  result, the cost of a lead
frame or a semiconductor device using  it can be reduced.        As the
etching stop layer can be formed by plating,  bonding strength between the
etching stop layer and each  adjacent metal layer can be enhanced, compared
with a case that  the etching stop layer is formed by vapor deposition or
sputtering as described above. Therefore, deterioration and  



peeling caused by the invasion of a chemical between the  etching stop
layer and each adjacent metal layer can be
-10-  prevented.        The semiconductor device disclosed in Claim 4 is
characterized in that plural leads are formed on the surface  on the side
of the semiconductor device of the insulating layer  so that the surface of
the leads and the surface of the  insulating layer are located on the same
plane, the end of a  part protruded from the insulating layer of each
lead.functions  as a terminal connected to the electrode of the
semiconductor  device on the side of said semiconductor device, an opening
for exposing each lead is formed in a part on the reverse side  to the
semiconductor device of the insulating layer, an  electrode on the reverse
side to the semiconductor device of  the lead is formed at each opening,
the semiconductor device  is connected to the electrode via the terminal on
the side of  the semiconductor device, and the outside ring composed of a
thicker metal layer than the lead and provided with a layer  composed of
nickel or a nickel alloy on the side of the surface  for surrounding the
semiconductor device is provided on the  side of the surface outside a part
inwhich the leads are formed.        Therefore, according to the
semiconductor device  disclosed in Claim 4, as the etching stop layer of
the lead  frame used for installing the semiconductor device is formed  



by nickel or a nickel alloy, the semiconductor device can  receive the
above advantages with which such a lead frame is            provided.
The method of manufacturing the lead frame disclosed in  Claim 5 is
characterized in that the lead frame is manufactured  according to the
manufacturing method disclosed in Claim 3 and  the semiconductor device is
connected to the lead of the lead  frame via the electrode of the
semiconductor device.        Therefore, according to the method of
manufacturing the  semiconductor device disclosed in Claim 5, as the
semiconductor device is manufactured using the lead frame in  which the
etching stop layer is formed by nickel or a nickel  alloy, the above
advantages with which such a lead frame is  provided can be made the best
use of in the method of  manufacturing the semiconductor device.
BRIEF DESCRIPTION OF THE DRAWINGS        Figs. 1A and 1E are sectional
views showing a first  embodiment of a method of manufacturing a lead frame
according  to the present invention in the order of processes;        Figs.
2A and 2B are perspective drawings showing the  above embodiment in the
order of processes;        Fig. 3 is a sectional view showing the main part
of a  semiconductor device using a lead frame in a transformed  



example of the above method of manufacturing the lead frame;        Figs.
4A to 4E are sectional views showing processes (A)
-12-  to (E) of processes (A) to (H) in order in a second embodiment  of
the method of manufacturing the lead frame according to the  present
invention;        Figs. 5A to 5C are sectional views showing processes (F)
to (H) of the processes (A) to (H) in order in the second  embodiment of
the method of manufacturing the lead frame  according to the present
invention;        Fig. 6 is a sectional view showing a semiconductor device
installed using the lead frame in the second embodiment;        Figs. 7A to
7H are sectional views showing a third  embodiment of the method of
manufacturing the lead frame  according to the present invention in the
order of processes;        Figs. 8A to 8D show the assembly of the lead
frame in  the third embodiment and a semiconductor device in the order  of
processes;        Fig. 9 is a plan showing the semiconductor device
installed using the lead frame in the third embodiment in a  state in which
sealant is removed;        Figs. 10A to 10E are sectional views showing
processes  (A) to (E) of processes (A) to (H) in a conventional type method
of manufacturing a lead frame in order;        Figs. 11A to 11C are
sectional views showing processes 



(F) to (H) of the processes (A) to (H) in the above conventional  type in
order;                                     -13-        Fig. 12 is a
sectional view showing a semiconductor  device installed using the lead
frame in the conventional type  example;        Fig. 13 shows an example of
a mobile telephone out of  electronic equipment; and        Fig. 14 shows a
chip on lead in which a semiconductor  device shown in Fig. 8 is reversed.
DESCRIPTION OF THE PREFERRED EMBODIMENTS        A first lead frame
according to the present invention  is characterized in that an etching
stop layer provided between  an outer lead and an inner lead composed of a
thin wiring layer  is formed by nickel or a nickel alloy and a second lead
frame  is characterized in that an etching stop layer between a lead
composed of a thin metal layer and an outside frame or an outside  ring
composed of thick metal is formed by nickel or a nickel  alloy.        The
thick metal layer constituting the outer lead and  the outside ring or the
outside frame is composed of copper  or a copper alloy for example and
formed so that the thick metal  layer is 50 to 200[err]m thick for example.
The inner lead or  a metal layer constituting leads is composed of copper
or a 



copper alloy for example. The metal layer may be also directly  formed on
the etching stop layer composed of nickel or a nickel
-14-   alloy, however, to enhance adhesion between the metal layer   and
the etching stop layer, thin copper 0.1 to 2.0[err]m thick   for example is
plated on the etching stop layer and the metal   layer may be also formed
on the copper underplate layer.         The etching stop layer may be also
formed by nickel, may  be also formed by the other material such as a
nickel alloy  including phosphorous P for example and it is suitable that
the thickness is set to approximately 0.1 to 5[err]m.        A method of
manufacturing the lead frame according to  the present invention is
characterized in that in the method  of manufacturing the lead frame at
least provided with an  etching process for selectively etching metal
layers using the  etching stop layer as an etching stopper in a state in
which  a thick metal layer is formed on one side of the etching stop  layer
as an intermediate layer and a thin metal layer is formed  on the other
side and a process for etching the etching stop  layer using the metal
layers on both sides as a mask, the etching  stop layer is formed by nickel
or a nickel alloy. In the  etching process for selectively etching the
metal layers using  the etching stop layer as an etching stopper, etchant
the  etching speed to nickel or a nickel alloy of which is slow and  the
etching speed to the metal layers formed on both sides of 



which is remarkably fast is naturally used. Any etchant may  be also used
if it is provided with such a property, however,
-15-  if the metal layer is composed of copper or a copper alloy,  f or
example, the mixed solution of aqueous ammonia the chemical  formula of
which is NH[err]OH NH[err] and the concentration of which  is 15% or more
for example and cupric chloride the chemical  formula of which is CuCl[err]
and the density of which is 20% or  more for example is suitable.        In
the etching process for selectively etching the  etching stop layer using
the metal layers as an etching stopper,  etchant the etching speed to the
metal layers of which is slow  and the etching speed to the etching stop
layer composed of  nickel or a nickel alloy as an intermediate layer of
which is  remarkably fast is naturally used. Any etchant may be also  used
if it is provided with such a property, however, if the  metal layers are
composed of copper or a copper alloy, process  acidic liquid mainly
composed of sulfuric acid of  approximately 25% and hydrogen peroxide of
approximately 6%  for example is suitable.        Referring to the
drawings, embodiments of the present  invention will be described in detail
below.        Figs. 1A to 1E are sectional views showing a first
embodiment of a method of manufacturing a lead frame according  to the
present invention in the order of processes and Figs. 



2A and 2B are perspective drawings showing the embodiment in  the order of
processes.                                     -16-         (A) As shown in
Fig. 1A, a metal plate in which three  layers are laminated is prepared as
lead frame material 21.  The lead frame material 21 is provided with
three-layer  structure in which an etching stop layer 22 with the thickness
of 2 to 30[err]m is held between a thick metal layer 23 composed  of a 42%
alloy or a copper base alloy with the thickness of  approximately 100 to
250[err]m for example and a thin metal layer  24 composed of copper foil
with the thickness of approximately  10 to 50 [err]m. The thick metal layer
23 to be outer leads is  provided to secure mechanical strength, while the
thin metal  layer 24 to be inner leads is formed thin so that a minute
pattern can be formed.        The etching stop layer 22 is composed of
nickel or a  nickel alloy. As nickel or a nickel alloy is metal which is
not etched by etchant for the metal layers 23 and 24, for example  the
mixed solution of aqueous ammonia the chemical formula of  which is
NH[err]OH NH[err] and the concentration of which is 15% or  more for
example and cupric chloride the chemical formula of  which is CuCl[err] and
the density of which is 20% or more for example,  the above metal is
selected for the material of the etching  stop layer 22, and the etching
stop layer 22 plays a part of  preventing one of the metal layers 23 and 24
from being etched 



by etching for the other later.        (B) Next, as shown in Fig. 1B, photo
resist films 25a                                     -17-  and 25b are
respectively selectively formed on each surface  of the metal layers 23 and
24. The photo resist film 25a formed  on the surface of the thick metal
layer 23 is provided with  a pattern constituting a part except the inner
lead of the lead  frame and the photo resist film 25b formed on the surface
of  the thin metal layer 24 is provided with a pattern constituting  a part
to be particularly thick such as the inner lead and the  vicinity of a
guide hole 26. The width of an opening of the  photo resist film25
isnormallyset to 10 to 20[err]m at theminimum,  however, the width of an
opening in a part to be thick such  as the vicinity of the guide hole 26 is
required to be set in  consideration of the quantity of side etching.
(C) Next, the surface of the thick metal layer 23 of the  lead frame
material 1 is etched using for example the mixed  solution of aqueous
ammonia the chemical formula of which is  NH[err]OH NH[err] and the
concentration of which is 15% or more for  example and cupric chloride the
chemical formula of which is  CuCl[err] and the density of which is 20% or
more for example.  Then,  as shown in Fig. 1C, the metal layer 23 is
selectively etched  and an outer lead 27 which is the body of the lead
frame is  formed.        (D) Next, the thin metal layer 24 is etched using
the 



above etchant or sulfate to which fluoride salt and a surface  active agent
are added. Then, as shown in Fig. 1D, the metal             layer 24 is
selectively etched and a thick part 29 in which  the inner lead 28 and the
guide hole 6 are formed is formed.  If the metal layer 24 is copper foil
18[err]m thick, inner leads  28 can be actually formed at the pitch of
approximately 40  [err]m which means remarkable fining and a request for
increasing  the number of pins can be met.        Afterward, the photo
resist films 25a and 25b are removed  by a solvent. Fig. 2A is a
perspective drawing showing the  state after the photo resist films 25a and
25b are removed.         (E) Next, the etching stop layer 22 is removed by
etchant  which is acid solution mainly composed of sulfuric acid of
approximately 25% and hydrogen peroxide of approximately 6%  forexample.
Theetchingspeedoftheetchantisslowtocopper  and is fast to nickel or a
nickel alloy. As shown in Fig. 1E,  after the etching, the etching stop
layer 22 is left only in  the part left after etching of the metal layer 23
and the metal  layer 24, the etching stop layer 22 except that in the above
part is removed and a lead frame is completed. Fig. 2B shows  a state after
the lead frame is completed.        If necessary, tin, gold, solder
composed of lead of 10%  and tin of 90% and others may be also plated
overall or partly  



on the surface of the lead frame.        In the above example, the peeling
of the photo resist  films 25a and 25b and the removal of the etching stop
layer                                    -19-   22 respectively after
selective etching is finished are   separatelydone, however, theymaybe also
simultaneouslydone.   If an ultrasonic wave is applied when the resists are
removed,   the resists can be readily removed.         According to this
method of manufacturing a lead frame,   the metal layer 23 of the lead
frame material 21 can be formed   so that the layer is thick enough to
secure sufficient   mechanical strength as the base metal (outer lead) of
the lead   frame and the metal layer 24 can be formed so that the layer
is thin enough to form minute inner leads 28 by etching.        The reason
is that as the etching stop layer 22 is held  between the metal layers 23
and 24, the metal layers 23 and  24 can be independently etched.
Therefore, a lead frame provided with sufficient  mechanical strength in
which inner leads are minute can be  obtained. Independent etching means
not etching in separate  processes but the etching of the metal layer 23
without having  an effect upon the metal layer 24 or reverse etching. The
etching of the metal layer 23 and the etching of the metal layer  24 can be
also simultaneously executed.        Further, as the etching stop layer 22
is formed by nickel  



or a nickel alloy according to this embodiment, the etching  stop layer 22
can be formed by plating. Therefore, as a high-  priced vapor deposition
device or sputtering device for vapor
-20-  deposition or sputtering required in a case that aluminum is  used
for the etching stop layer 22 is not required, the cost  of facilities can
be reduced and as a result, the cost of a  lead frame or a semiconductor
device using it can be reduced.        As the etching stop layer 22 can be
formed by plating,  the adhesive strength of the etching stop layer 22 to
each  adjacent metal layer 27 and 28 can be enhanced, compared with  a case
that the etching stop layer is formed by vapor deposition  or sputtering.
The reason is that as the formation of a metal  layer by plating is
executed, growing a crystal lattice,  stronger adhesive strength than
adhesive strength by van der  Waals force is remarkably obtained.
Therefore,  deterioration and peeling caused by the invasion of a chemical
between the etching stop layer 22 and each adjacent metal layer  27 and 28
can be prevented.        Fig. 3 shows a semiconductor device using a lead
frame  in which a bump 30 composed of an etching stop layer 22 is formed
at the end of an inner lead 28 by varying a part of the method  shown in
Figs. 1. The lead frame can be formed by masking a  part in which the bump
30 of the etching stop layer 22 is to  be formed with a photo resist film
again after metal layers  



23 and 24 of lead frame material 21 are selectively etched and  photo
resist films 25a and 25b are removed according to the  method of
manufacturing the lead frame shown in Figs. 1 and
-21-  by etching the etching stop layer 22 afterward. Needless to  say, the
above method is not different from the embodiment  shown in Figs. 1 as to
the use of etchant. A reference number  41 in Fig. 3 denotes a
semiconductor devicer 41a denotes an  electrode pad and 42 denotes resin.
Figs. 4A to 4E and Figs-. 5A to 5C are sectional views  showing a second
embodiment of the method of manufacturing the  lead frame according to the
present invention in the order of  processes (A) to (H).         (A) Lead
frame material 31 with three-layer structure  shown in Fig. 4A is prepared.
The lead frame material 31 is  formed by forming a nickel film 33 to be an
etching stop layer  approximately 3[err]m thick for example by plating on
the surface  of a substrate 32 approximately 50 to 200[err]m thick for
example  composed of copper or a copper alloy and further by forming  an
underplate layer 34 approximately 0.1 to 2[err]m thick for  example
composed of thin copper or nickel. The lead frame  material 31 is an
outside ring in a final process. The  underplate layer 34 is formed to
enhance the adhesiveness of  leads described later and is not necessarily
inevitable.        (B) Next, a resist film is formed on the above
underplate  



layer 34 and is patterned by exposure and developing. The  pattern of the
resist film is negative to the pattern of leads  to be formed. When above
patterning is finished, a film                                     -22-
composed of copper is plated using the resist film as a mask.  A reference
number 35 denotes a lead formed by plating and Fig.  4B shows a state after
the resist film is removed after the  lead 35 and others are formed. A
laminate of metal films to  be a lead may be also used for lead frame
material and a lead  may be also formed by etching the metal films.
(C) Next, as shown in Fig. 4C, a lead frame in which plural  film circuits
are integrated by selectively etching the lead  frame material 31 from both
sides so that the selective etching  pierces a predetermined part of the
lead frame material is  formed. In etching, for example, the mixed solution
of aqueous  ammonia the chemical formula of which is NH[err]OH NH[err] and
the  concentration of which is 15% or more for example and cupric  chloride
the chemical formula of which is CuCl2 and the density  of which is 20% or
more for example is used for etchant.        (D) Next, as shown in Fig. 4D,
an insulating layer (an  insulating film) 36 is selectively formed on the
surface of  both sides to form a lead of the above lead frame material 31.
A desired pattern is formed by applying the insulating layer  36 using
resin material provided with photosensitivity,  exposing and developing it.
Reference numbers 37 denote an  



opening of the insulating layer 36 for exposing a part in which  a ball
electrode 38 of each lead 35 is to be formed and the  insulating layer 36
is selectively etched to provide the
-23-  openings 37.         (E) Next, as shown in Fig. 4E, solder balls 38
to be  external terminals are formed on the surface of the above each  lead
35 using the above insulating layer 36 as a mask.  The  solder balls 38 are
formed by nickel plate 80 to 110[err]m thick  for example and solder or
gold plate 0.1 to 5[err]m thick for  example or palladium.         (F)
Next, as shown in Fig. 5A, a part inside a part 39  to be an outside ring
of the thick copper layer 32 located on  the rear side of the lead frame
material 31 is removed by  selectively etching from the rear side. In the
above etching,  the mixed solution of aqueous ammonia the chemical formula
of  which is NH[err]OH NH[err] and the concentration of which is 15% or
more for example and cupric chloride the chemical formula of  which is
CuCl[err] and the densityof which is 20% or more for example  is used for
etchant. The reason is that the above etchant  erodes copper, however, it
does not erode nickel and nickel  or a nickel alloy 33 can function as an
etching stopper. In  this process, nickel or a nickel alloy 33 is left
except the  part removed in the selective etching shown in Fig. 4C.
(G) Next, as shown in Fig. 5B, the underplate layer 34 



under the leads 35 and the etching stop layer 33 which is an  etching
stopper are etched using the leads 35 and the left thick  copper layer 32
as a mask. In the above etching, mixed solution
-24-  mainly composed of sulfuric acid and hydrogen peroxide for  example
is used. Hereby, each lead 35 is separated and is  released from a state in
which each lead is mutually  electrically short-circuited.        (H) Next,
if necessary, as shown in Fig. 5C, a bump 40  is formed at the end of each
lead 35. Therefore, a bump may  be formed on the side of a semiconductor
device 41 and no bump  may be formed.        Fig. 6 is a sectional view
showing a semiconductor device  installed in the lead frame manufactured
according to the  method shown in Figs. 4 and 5. A reference number 41
denotes  a semiconductor device each electrode of which is connected  to
the end of the above each lead 35 via the bump 40. A reference  number 42
denotes resin for sealing the semiconductor device  41, 43 denotes a thin
dish-shaped heat spreader connected to  each rear of the lead frame and the
semiconductor device 41  and 44 denotes a conductive adhesive composed of
silver paste  for example for bonding the rear of the semiconductor device
41 to the heat spreader 43.        According to such a method of
manufacturing the lead  frame, as the etching stop layer 33 is formed by
nickel or a 



nickel alloy, it can be formed by plating. Therefore, a  high-priced vapor
deposition device or a sputtering device  required in a case that aluminum
is used for the etching stop                                   -25-  layer
is not required. The cost of facilities can be reduced  and as a result,
the cost of a lead frame or a semiconductor  device using it can be
reduced.        As the etching stop layer 33 can be formed by plating,
adhesive strength between the etching stop layer 33 and each  adjacent
metal layer 32 and 34 can be enhanced, compared with  a case that the
etching stop layer 33 is formed by vapor  deposition or sputtering.
Therefore, deterioration and  peeling caused by the invasion of a chemical
between the  etching stop layer 3 and each adjacent metal layer can be
prevented. Particularly, the change of the outside dimension  of a package
and the occurrence of a crack on the resin 42 for  sealing, bonding and
others respectively caused by the  invasion of a chemical between the metal
layer of the outside  ring 39 and the etching stop layer 33 which is caused
in a case  that the outside ring 39 is provided and peeling as a result
can be prevented.        Figs. 7A to 7H are sectional views showing a third
embodiment of the method of manufacturing the lead frame  according to the
present invention in the order of processes.        (A) First, as shown in
Fig. 7A, lead frame material 51 



composed of a metal laminated plate with three-layer structure  is
prepared. The lead frame material 51 is formed by  laminating a copper
layer 150[err]m thick for example to be an
-26-  outside ring for surrounding a semiconductor device and  reinforcing
it by adhesion to it, a nickel layer 63 with the  thickness of 3[err]m for
example which functions as an etching  stopper and is formed by plating and
an underplate layer 64  composed of copper or nickel 2[err]m thick for
example.  The  underplate layer 64 may be also provided with multilayer
structure such as a nickel layer 2[err]m thick for example on a  chromium
layer 0.2[err]m thick for example.         (B) Next, as shown in Fig. 7B,
leads 53 and suspending  parts 60 (The suspending parts 60 are not shown in
Figs. 7.  See Fig. 9.) are formed on the above underplate layer 64.
Concretely, the leads and the suspending parts 60 are formed  by applying
resist according to the negative pattern of a  pattern according to which
the leads 53 and the suspending  parts 60 are to be formed and plating
copper or nickel so that  it is 30[err]m thick for example using the resist
as a mask and  using the layer 64 as underplate.        The suspending
parts 60 are provided in the same layer  as the leads 53 to suspend the
outside ring 58 for reinforcement  for surrounding the semiconductor device
41 and therefore, are  composed of copper or nickel for example. In the
meantime, 



the ring 58 is integrated outside the main part of the lead  frame via the
suspending parts 60 though the ring is not formed  yet in this process and
is provided with structure in which                                   -27-
copper, aluminum, nickel and others are laminated.         (C) Next, as
shown in Fig. 7C, a lead frame in which plural  film circuits are
integrated by selectively etching the metal  laminate 51 from both sides so
that selective etching pierces  a predetermined part of the metal laminate
is formed. In the  above etching, for example etchant including ferric
chloride  composed of the mixed solution of aqueous ammonia the chemical
formula of which is NH[err]OH NH[err] and the concentration of which  is
15% or more for example and cupric chloride the chemical  formula of which
is CuCl2 and the density of which is 20% or  more for example is used.
(D) Next, as shown in Fig. 7D, an insulating layer (an  insulating film) 52
is selectively formed on the surface on  the side on which leads are formed
of the above laminate 51.  Resin material provided with photosensitivity is
used for the  insulating layer 52 and a desired pattern is formed by
applying  exposing and developing it. Reference numbers 61 and 62 denote
an opening of the insulating layer 52 for exposing a part in  which ball
electrode 56 of each lead 53 is to be formed and  the insulating layer 52
is selectively etched so that the  opening 61 is provided. 



(E) Next, as shown in Fig. 7E, solder balls 56 to be  external terminals
are formed on the surface of each lead 53  using the insulating layer 52 as
a mask. The solder balls 56                                    -28-  are
formed by nickel plate 80 to 110[err]m thick for example and  solder or
gold plate 0.1 to 5[err]m thick for example or palladium.         (F) Next,
as shown in Fig. 7F, a part inside a part 58  to be an outside ring of the
thick copper layer 62 located on  the rear side of the laminate 51 is
removed by selectively  etching from the rear side. In the above etching,
etchant  including ferric chloride composed of the mixed solution of
aqueous ammonia the chemical formula of which is NH[err]OH NH[err] and  the
concentrationof which is 15% or more for example and cupric  chloride the
chemical formula of which is CuCl[err] and the density  of which is 20% or
more for example is used. The reason is  that the above etchant erodes
copper, however, it does not  erode nickel and a nickel layer 63 can
function as an etching  stopper.        In this process, the nickel layer
63 is left except the  part removed in the selective etching shown in Fig.
7C.        (G) Next, as shown in Fig. 7G, the underplate layer 64  under
the leads 53 and the etching stop layer 63 which is an  etching stopper and
composed of nickel or a nickel alloy are  etched using the leads 53 and the
suspending parts 60 (The  suspending parts 60 are not shown in Figs. 7. See
Fig. 9.) 



as a mask.  In the above etching, the mixed solution of sulfuric  acid and
the solution of hydrogen peroxide for example is used.  Hereby, each lead
53 and each suspending part 60 are separated
-29-  and are released from a state in which they are mutually
electrically short-circuited. A reference number 65 denotes  the main part
of the lead frame 51 and the main part 65 seems  as if it were separated
from the outside ring 58 in Fig. 7G,  however, it is because the suspending
parts 60 are not shown  in the sectional view of Fig. 7G and actually, the
main part  is integrated with the outside ring 58 via the suspending parts
60.         (H) Next, if necessary, as shown in Fig. 7H, a bump 66  is
formed at the end 53a of each lead 53. Therefore, a bump  may be formed on
the side of a semiconductor device 54 and no  bump may be formed.        In
this embodiment, the lead 53 is formed by growing a  plate film using a
resist film selectively formed on a  underplate film as a mask, however,
the lead may be also formed  by forming a layer 64 composed of copper or
nickel so that it  is thick and patterning it by selective etching.
According to this embodiment, the lead frame 51 can be  manufactured by
utilizing a lead frame manufacturing method  in which outer leads are
formed on one side of a metal laminate  provided with three-layer structure
and inner leads are formed 



on the other side as the method is and as the base of the metal  laminate
61 is composed of metal and rigidity is strong, minute  leads 53 can be
formed precisely and with high positioning
-30-  precision.        As the etching stop layer 63 is formed by nickel or
a  nickelalloy, theetchingstoplayer63canbeformedbyplating.  Therefore, a
high-priced vapor deposition device or sputtering  device for vapor
deposition or sputtering required in a case  that aluminum is used for the
etching stop layer is not required.  Therefore, the cost of facilities can
be reduced and as a result,  the cost of a lead frame or a semiconductor
device using it  can be reduced.        As the etching stop layer can be
formed by plating, the  adhesive strength of the etching stop layer 63 to
the metal  layer (outside ring) 58 can be enhanced, compared with a case
that the etching stop layer is formed by vapor deposition or  sputtering.
Therefore, deterioration and peeling by the  invasion of a chemical between
the etching stop layer and the  adjacent metal layer can be prevented.
Figs. 8A to 8D show the assembly of the lead frame 51  the processes shown
in Figs. 7 of which are finished and the  semiconductor device 41 in the
order of processes.        (A) First, as shown in Fig. 8A, the
semiconductor device  41 aligned in the lead frame 51 is positioned and
bonded via 



a buffer adhesive layer 57. As a buffer adhesive 7 bonds the  lead frame 51
and the semiconductor device 54 and further,  protects the surface of the
semiconductor device 41, a property                                    -31-
of cushioning is required.         (B) Next, as shown in Fig. 8B, the bump
66 at the end  3a of each lead 53 is connected to the electrode pad 55 of
the  semiconductor device 41 by single point bonding for example.        In
this case, as the end of a part protruded from the  insulating layer 52 of
the lead 53 functions as a terminal on  the side of the semiconductor
device, the terminal is not  required to be cut for bonding. In this point,
the lead frame  according to this present invention also differs from the
conventional type. Therefore, time required for bonding can  be reduced.
(C) Next, as shown in Fig. 8C, sealant 59 such as epoxy  resin and silicon
resin is injected between the semiconductor  device 41 and the lead frame
51 and between them and the outside  ring 58 by potting, seals and fixes
between the semiconductor  device 54 and the lead frame 51 and between them
and the outside  ring 58.        (D) Next, as shown in Fig. 8D, apart every
semiconductor  device of the lead frame 51 is mutually separated from
another  part by integrating leads for plural semiconductor devices 41  and
cutting a unnecessary part of the lead frame 51. Hereby, 



a semiconductor device provided with the lead frame 51 as an  intermediate
circuit base, provided with external terminals  56 in a ball grid array
respectively connected to each                                 -32-
electrode of the semiconductor device on the intermediate  circuit base and
reinforced by the outside ring 58 can be  obtained. Fig. 9 is a plan
showing the semiconductor device  formed as a result in a state in which
the sealant 59 is removed.        According to this method of manufacturing
the lead frame,  as the etching stop layer 63 is formed by nickel or a
nickel  alloy, it can be formed by plating. Therefore, a high-priced  vapor
deposition device or sputtering device for vapor  deposition or sputtering
required in a case that aluminum is  used for the etching stop layer is not
required. Therefore,  the cost of facilities can be reduced and as a
result, the cost  of a lead frame or a semiconductor device using it can be
reduced.        As the etching stop layer can be formed by plating, the
adhesive strength of the etching stop layer 63 to the metal  layer (outside
ring) 58 can be enhanced, compared with a case  that the etching stop layer
is formed by vapor deposition or  sputtering. Therefore, deterioration and
peeling caused by  the invasion of a chemical between the etching stop
layer and  the adjacent metal layer can be prevented.        In the
embodiment shown in Figs. 4 and 5 and the 



embodiment shown in Figs. 7, the etching stop layer composed  of nickel or
a nickel alloy is formed on the surface of the  metal layer as the base
material of the lead frame and the                                    -33-
underplate layer composed of thin copper is formed on the  etching stop
layer to more enhance the adhesion of the metal  layer composed of copper
to be leads to the etching stop layer  composed of nickel or a nickel
alloy, however, if required  adhesion is obtained without forming the
underplate layer, the  above underplate layer is not necessarily
inevitable. If such  an underplate layer is not formed, it is not required
to be  removed when leads are formed by selectively etching the metal
layer and an advantage that a lead is never chipped due to the  removal is
produced.        As the above each semiconductor device can be
manufactured at a low price as described above and the  reliability is
enhanced by electrically connecting an  electrode on the circuit board and
the external electrode of  the above semiconductor device as shown in Fig.
14, it can be  used for various electronic equipment, particularly, the
above  semiconductor device is used for a mobile telephone requiring
miniaturization and others and greatly contributes to the  miniaturization.
Fig. 13 shows an example A of such electronic  equipment such as a mobile
telephone, the semiconductor device  C according to the present invention
is mounted on a circuit 



board B inside the electronic equipment shown as the example  and functions
at least as a part of the internal circuit of  the electronic equipment.
-34-        According to the lead frame disclosed in Claim 1, as the
etching stop layer is formed by nickel or a nickel alloy, it  can be formed
by plating. Therefore, a high-priced vapor  deposition device or sputtering
device for vapor deposition  or sputtering required in a case that aluminum
is used for the  etching stop layer is not required. Therefore, the cost of
facilities can be reduced and as a result, the cost of a lead  frame or a
semiconductor device using it can be reduced.        As the etching stop
layer can be formed by plating, the  bonding strength of the etching stop
layer to the adjacent  metal layer can be enhanced, compared with a case
that the  etching stop layer is formed by vapor deposition or sputtering.
Therefore, deterioration and peeling caused by the invasion  of a chemical
between the etching stop layer and the adjacent  metal layer can be
prevented.        According to the lead frame disclosed in Claim 2, as the
etching stop layer is formed by nickel or a nickel alloy, it  can be formed
by plating. Therefore, a high-priced vapor  deposition device or sputtering
device for vapor deposition  or sputtering required in a case that aluminum
is used for the  etching stop layer is not required. Therefore, the cost of



facilities can be reduced and as a result, the cost of a lead  frame or a
semiconductor device using it can be reduced.        As the etching stop
layer can be formed by plating, the
-35-  bonding strength of the etching stop layer to the adjacent  metal
layer can be enhanced, compared with a case that the  etching stop layer is
formed by vapor deposition or sputtering.  Therefore, deterioration and
peeling caused by the invasion  of a chemical between the etching stop
layer and the adjacent  metal layer can be prevented. Particularly, the
change of the  outside dimension of a package and the occurrence of a crack
on the resin for sealing, bonding and others respectively  caused by the
invasion of a chemical between the metal layer  of the outside ring and the
etching stop layer which is caused  in a case that the outside ring is
provided and peeling as a  result can be prevented.        According to the
method of manufacturing the lead frame  disclosed in Claim 3, as the
etching stop layer is formed by  nickel or an nickel alloy, it can be
formed by plating.  Therefore, a high-priced vapor deposition device or
sputtering  device for vapor deposition or sputtering required in a case
that aluminum is used for the etching stop layer is not required.
Therefore, the cost of facilities can be reduced and as a result,  the cost
of a lead frame or a semiconductor device using it  can be reduced. 



As the etching stop layer can be formed by plating, the  bonding strength
of the etching stop layer to the adjacent  metal layer can be enhanced,
compared with a case that the                                     -36-
etching stop layer is formed by vapor deposition or sputtering.  Therefore,
deterioration and peeling caused by the invasion  of a chemical between the
etching stop layer and the adjacent  metal layer can be prevented.
According to the semiconductor device disclosed in Claim  4, as the etching
stop layer of the lead frame used for  installing the semiconductor device
is formed by nickel or a  nickel alloy, the semiconductor device can
receive the above  advantages with which such a lead frame is provided.
According to the method of manufacturing the  semiconductor device
disclosed in Claim 5, as the  semiconductor device is manufactured using
the lead frame in  which the etching stop layer is formed by nickel or a
nickel  alloy, the method of manufacturing the semiconductor device  can
receive the above advantages with which such a lead frame  is provided.
-37- 



WHAT IS CLAIMED IS:        1. A method of manufacturing a lead frame,
comprising:        a process for forming an etching stop layer on a first
metal layer by nickel or a nickel alloy;        a process for forming
plural leads by a second metal  layer on said etching stop layer;        a
process for forming an insulating layer, providing  plural openings on said
plural leads;        a process for selectively etching said first metal
layer  using said etching stop layer as a stopper; and        a process for
etching said etching stop layer using said  plural leads and an unetched
part of said first metal layer  as a mask.        2. A method of
manufacturing a lead frame according to  Claim 1, wherein:        said
etching stop layer is formed by plating nickel or  a nickel alloy.
3. A method of manufacturing a lead frame according to  Claim 1, wherein:
said insulating layer embeds said plural leads; and        the surface on
the side on which a semiconductor device  is located of said lead frame is
a plane composed of.said  insulating layer and said plural leads.        4.
A method of manufacturing a lead frame according to
-38- 



Claim 1, wherein:        a process for forming an external electrode at
said  plural openings is further included.        5. A method of
manufacturing a lead frame according to  Claim 1, wherein:        said
plural leads are formed by plating.        6. A method of manufacturing a
lead frame according to  Claim 1, wherein:        an underplate metal layer
is formed on said etching stop  layer.        7. A semiconductor device,
wherein:        plural leads are formed on the surface on the side on
which a semiconductor device is located of an insulating layer  so that the
surface of said each lead and the surface of said  insulating layer are
located on the same plane;        plural openings for respectively exposing
said plural  leads are formed on the surface reverse to said surface of
said  insulating layer;        an external electrode is formed at said each
opening;        the electrode of said semiconductor device is  electrically
connected to said plural leads;        an outside ring composed of a
thicker metal layer than  said lead is provided in the periphery of a part
in which said  plural leads are formed via a suspending part; and



-39-        said outside ring is provided with a metal lamination  in which
a metal layer composed of nickel or a nickel alloy  is formed on the side
of said suspending part.        8. A semiconductor device according to
Claim 7,  wherein:        said metal layer composed of nickel or a nickel
alloy  is formed on the other layer of said metal lamination by  plating.
9. A method of manufacturing a semiconductor device,  comprising:        a
process for forming an etching stop layer on a first  metal layer by nickel
or a nickel alloy;        a process for forming plural leads on said
etching stop  layer by a second metal layer;        a process for forming
an insulating layer, providing  plural openings on said plural leads;
a process for forming an external electrode at said  openings;        a
process for selectively etching said first metal layer  using said etching
stop layer as a stopper;        a process for etching said etching stop
layer using said  plural leads and an unetched part of said first metal
layer  as a mask; and        a process for electrically connecting said
plural leads          



-40-  and each electrode on a semiconductor device.        10. A method of
attaching a semiconductor device to a  circuit board, wherein:        a
semiconductor device is manufactured by:        a process for forming an
etching stop layer on a first  metal layer by nickel or a nickel alloy;
a process for forming plural leads on said etching stop  layer by a second
metal layer;        a process for forming an insulating layer, providing
plural openings on said plural leads;        a process for forming an
external electrode at said  opening;        a process for selectively
etching said first metal layer  using said etching stop layer as a stopper;
a process for etching said etching stop layer using said  plural leads and
an unetched part of said first metal layer  as a mask; and        a process
for electrically connecting said plural leads  and each electrode on said
semiconductor device, wherein:        further, a process for electrically
connecting said  external electrode and an electrode on said circuit board
is  included.        11. A lead frame, wherein:        plural leads are
formed on the surface on the side on         



-41-  which a semiconductor device is located of an insulating layer  so
that the surface of said lead and the surface of said  insulating layer are
located on the same plane;        plural openings for respectively exposing
said plural  leads are formed on the surface reverse to said surface of
said  insulating layer;        an external electrode is formed at said each
opening;        an outside ring composed of a thicker metal layer than
said lead is provided in the periphery of a part in which said  plural
leads are provided via a suspending part; and        said outside ring is
provided with a metal lamination  in which a metal layer composed of nickel
or a nickel alloy  is formed on the side of said suspending part.
12. Electronic equipment, comprising:        a circuit board; and        a
semiconductor device wherein:        plural leads are formed on the surface
on the side on  which said semiconductor device is located of an insulating
layer so that the surface of said lead and the surface of said  insulating
layer are located on the same plane;        plural openings for
respectively exposing said plural  leads are formed on the surface reverse
to said surface of said  insulating layer;        an external electrode is
formed at each opening;        



-42-       the electrode of said semiconductor device is  electrically
connected to said plural leads;        an outside ring composed of a
thicker metal layer than  said lead is provided in the periphery of a part
in which said  plural leads are formed via a suspending part; and
said outside ring is provided with a metal lamination  in which a metal
layer composed of nickel or a nickel alloy  is formed on the side of said
suspending part, wherein:        said semiconductor device is electrically
connected to  an electrode on said circuit board via said external
electrode.    


