
1 SEMI-CONDUCTOR DEVICE AND METHOD OF PRODUCING THE SAME This invention
relates to semi-conductor devices and their production. More particularly,
the invention relates to semi-conductor packages and their production. 5
A conventional semi-conductor device, in which a known wire bonding method
is employed, is shown in figure 6 and figure 7. As shown in these figures,
the semi-conductor device comprises a lead frame 1.  In the centre of the
10     lead frame, a die pad 2 is supported by support arms 3. A plurality
of inner leads 4 project from the lead frame 1 towards the centre, and
their ends are positioned opposite and around the die pad 2 at a prescribed
distance from the die pad 2. A semi-conductor element 5 15     is attached
with an adhesive to the top of the die pad 2, and each of a plurality of
bonding pads of the semi- conductor element 5 is connected to a
corresponding inner lead 4 by a wire. The semi-conductor element 5,
connected to a 20    plurality of the inner leads 4 as described above, is
sealed in a plastics material, comprising an epoxy resin, together with the
inner leads 4 and the die pad 2 to form a package 8, leaving parts of the
outer leads 7 exposed.  The outer leads 7 projecting from the package 25
8 are bent and used as terminals, whereby a wire bonding type of
semi-conductor is produced. Another conventional semi-conductor device, in
which a known TAB method is employed, is shown in figure 8. In this device,
the semi-conductor element 5 is 30    positioned in a hole in a film
carrier 10, and fingers 11 on the film carrier 10 are connected to
respective bonding pads on the semi-conductor element 5. The semi-
conductor element 5 and parts of the fingers 11 are 



2 sealed in a plastics material 12, comprising an epoxy resin, whereby a
TAB type of semi-conductor device is produced. In the prior art wire
bonding and TAB types of semi-conductor device, such as those described
above, the inner leads 4 of the lead frame 1 and of the fingers 11 on the
film carrier 10 are designed and manufactured to conform with the size of
the semi-conductor element, the arrangement of the bonding pads and other
such factors. 10           However, as recent electronic devices become
more compact and thinner, it is necessary, in order to realise packages
with many pins, to make the interval between the inner leads narrower and
to increase the number of inner leads. However, in the prior art while 15
bonding semi-conductor devices, the thickness of the outer leads 7 and
inner leads 4 of the lead frame 1 is the same, and they cannot be made
narrower by etching or pressing.  Currently, the interval between the inner
leads 4 when the lead frame 1 has a plate thickness of 20    150 pm, can
only be as narrow as 250 pm.  Therefore, it is difficult to realise an
increase in the number of pins, by narrowing the pitch interval and
increasing the number of inner leads 4, while the leaving the lead frame 1
the same thickness. Further, in the TAB method, 25    the thickness of the
fingers 11 is 30 [err] to 50 [err] and so they are lacking in strength. In
the wire bonding type of semi-conductor device, the inner leads 4 must be
arranged in a radial pattern with respect to the semi-conductor element 5
in order to 



30    achieve a sufficient pitch interval between the inner leads 4, thus
increasing the distance between the semi- conductor element 5 and the ends
of the inner leads 4 and resulting in longer wires 6 that tend to hang
down.    3 Hence, when the semi-conductor element 5 and the inner leads 4
are sealed in the package 8, the wires tend to move, which increases the
risk of edge short-circuiting between the hanging wires 6. The invention at
least in its preferred form seeks to solve these problems and to realise a
semi-conductor device, with a low cost production method, that is capable
of increasing the number of pins in a package whilst preventing edge
short-circuiting . According to the present invention, there is provided a
semi-conductor device comprising a lead frame having integrally formed
inner and outer leads, wherein the thickness of the depth of the inner
leads is one-fifth to one-third the thickness of the depth of the outer
leads, an insulator substrate to which the inner leads and parts of the
outer leads are adhered, a semi-conductor element connected to the inner
leads, and a package in which the semi-conductor element, the insulator
substrate, the inner leads and parts of the outer leads are sealed.
According to another aspect of the present invention, there is provided a
method of producing a semi-conductor device including the steps of adhering
an insulator substrate on a lead frame plate, half-etching an inner lead
area in an inner region of the lead frame plate so that its thickness
becomes one fifth to one third the thickness of the lead frame plate,
forming outer leads outside the inner lead area, etching the inner lead
area to produce inner leads, the thickness of the depth of the inner leads
thus formed being one fifth to one third the thickness of the depth of the
outer leads, connecting a semiconductor element to the inner leads, and
sealing the semi-conductor element, the insulator substrate, the inner
leads and part of the outer leads    4 



in a package. In a wire bonding type of semi-conductor device according to
the invention, the inner leads of the lead frame are formed with a
thickness one-fifth to one-third the thickness of the outer leads. The
thickness of the outer leads may be maintained, thus preserving their
strength, while the inner leads and their pitch interval can be made
narrower, thus making it possible to increase the number of inner leads.
Further, when during production the thin inner leads attached to the
insulator substrate and the bonding pads of the semi-conductor element
attached to a die pad are connected by wires, the inner leads are
reinforced by the insulator substrate, thus preventing them from becoming
loose during the connection of the wires and facilitating a smooth,
reliable connection of the wires. In a TAB type of semi-conductor device
according to the invention, the inner leads of fingers on a film carrier
are formed so that they are one-fifth to one-third as thick as the outer
leads. The inner leads and their pitch interval can thus be made narrower,
while maintaining the strength of the outer leads, making it possible to
increase the number of inner leads. Also, when the bonding pads of the
semi-conductor element are connected to the thin inner leads adhered to the
insulator substrate during production, the inner leads are reinforced by
the insulator substrate and do not move during the connection step, and
therefore the connections to the semi-conductor chip can be effected
smoothly and reliably. Wire bonding type of semi-conductor devices
according to the invention may conveniently be produced by half-etching an
inner lead area in the centre of the    5 top surface of the lead frame
plate, having a thickness one-fifth to one-third the thickness of the lead
frame plate, then etching the outer leads in the area outside the inner
lead area of the lead frame plate. A die pad in the centre of the inner
lead area and 5      inner leads around the centre, whose thickness is one-
fifth to one-third the thickness of the outer leads, may then be etched
before fixing the semi-conductor element 



on top of the die pad, connecting the bonding pads of the semi-conductor
element and the inner leads by wires, 10    and sealing the semi-conductor
element, the insulator substrate, the inner leads and parts of the outer
leads in a sealing material. A large number of inner leads with a narrow
pitch interval can thus be achieved at a low cost since the 15    strength
of the inner leads, which are thinner than the outer leads, is reinforced
by the insulator substrate, and since it is possible to perform
micro-processing to make the inner leads narrower using conventional
etching processes. 20           In an alternative process, the outer leads
formed in the area outside the inner lead area of the lead frame plate may
be formed by pressing, whereby the production time may be shortened and
lower production costs may be obtained than when using an etching 25
process. The invention is described further, by way of example, with
reference to the accompanying drawings, in which: Figure 1 is a
cross-section through a wire bonding 30    type of semi-conductor device
according to the invention; Figure 2 is a fragmentary perspective view
showing the principle parts of the semi-conductor    6 device; Figures 3a
to 3e are explanatory diagrams illustrating the production process for a
lead frame of the semi-conductor device; 



Figures 4a to 4e are explanatory diagrams illustrating another production
process for the same lead frames; Figure 5 is a cross-section through a TAB
type of semi-conductor device according to the invention; Figure 6 is a
perspective view, partially cut 10    away, of a prior art wire bonding
type of semi-conductor device; Figure 7 is a fragmentary perspective view
of the principle parts of the semi-conductor device of figure 6; and Figure
8 is a cross-section through a prior art TAB type of semi-conductor device.
Figure 1 is a cross-section through a wire bonding type of semi-conductor
device according to the invention, and figure 2 is a fragmentary
perspective 20    view showing the principle parts of the same semi-
conductor device. The semi-conductor device has a lead frame 21, in the
centre of which is a die pad 22 adhered to an insulator substrate 25. A
plurality of inner leads 23 25    project from the lead frame 21 towards
the centre, and their ends are positioned around and opposite the die pad
at a prescribed distance from the die pad 22. Outer leads 24 are integral
with the inner leads 23, but the inner leads 23 are thinner than the outer
leads 24, 50    being the same thickness as the die pad 22. In this
embodiment of the invention, the inner leads 23 are formed to a thickness
of 30 pm to 50 pm, which is much thinner than the 150 pm thickness of the
7 



outer leads.  Therefore, the width of the ends of the inner leads 23 is 30
pm to 50 pm, and their pitch interval is 50 pm to 100 pm. A surface 23a of
the ends of the inner leads 23 is silver plated. The die pad 22, parts of
the outer leads 24, and 5      the inner leads 23 are mounted on the
insulator substrate 25 and adhered thereto. A semi-conductor element 26 is
attached on top of the die pad 22 with adhesive, and bonding pads of the
semi-conductor element 26 and corresponding inner leads 23 are connected
with 10    wires 27.  Since the inner leads 23 are adhered to the insulator
substrate 25, their strength is reinforced, and, when the wires 27 are
connected to the inner leads 23, the inner leads 23 do not move so that the
wiring connection can be performed smoothly and reliably. 15           The
semi-conductor element 26, that has been connected to a plurality of the
inner leads 23 in this manner, is sealed in a plastics package, made from
an epoxy resin, together with the inner leads 23, the die pad 22 and the
insulator substrate 25, so that parts of 20    the outer leads 24 are left
exposed.  Following this, the outer leads 24 projecting from the package 28
are bent and their ends are used as terminals, whereby a wiring bonding
type of semi-conductor device is produced. The number of inner leads 23 of
the semi-conductor device according to the invention can be increased
because the pitch interval of the inner leads 23 is reduced to 50 pm to 100
pm, by comparison with 250 pm in the prior art, even though the outer leads
24 are the 30    same thickness as in the prior art.  Therefore, packages
28, in which the number of pins is increased from 200 in the case of the
prior art to 400, can be realised for the wire bonding type of
semi-conductor device. 



8 Further, since the ends of the inner leads 23 can be brought closer to
the semi-conductor element 26, the wires 27 can be made shorter, thus
preventing them from hanging down and preventing edge short-circuiting
between wires 27 when the semi-conductor element etc. is sealed in the
package 28. Next, the method for the production of the semi- conductor
device will be explained with reference to figures 3a to 3e. Figures 3a to
3e show the production process for 10     the lead frame 21 of the wire
bonding type of semi- conductor device according to the invention. First, a
square, 150 [err] thick, plate 29 is formed from a suitable lead frame
material, such as copper or 4-2 alloy (figure 3a). The insulator substrate
25, which is made from an 15     insulating material, such as polyimide,
glass epoxy and ceramic, is adhered with an adhesive to the centre of a
bottom surface of the plate 29 as shown in figure 3b. Next, as shown in
figure 3c, a 30 pm to 50 pm thick inner lead area 30 is half-etched in the
centre of the 20    top surface of the lead frame plate 29.  The insulator
substrate 25 can alternatively be attached after the inner lead area 30 is
formed in the lead frame plate 29. Next, as shown in figure 3d, the outer
leads 24 are etched in a peripheral area outside the inner lead 25    area
30 of the lead frame plate 29.  Then, as shown in figure 3e, etching is
again performed to form both the die pad 22 in the centre of the inner lead
area 30 and the inner leads 23 around the centre to a thickness of 30 [err]
to 50 [err]. In this way, the lead frame 21 is 



30    formed with both outer leads and inner leads and the insulator plate
25 attached to it and with the inner leads one-fifth to one-third as thick
as the outer leads.    9 By making the inner leads 23 thinner than the
outer leads and by reinforcing the inner leads 23 with the insulator
substrate as described above, it becomes possible to perform
micro-processing using conventional etching processes, in such a way as to
make the inner 5      leads 23 narrower and to achieve a large number of
inner leads 23 without increased cost. The semi-conductor element 26 is
subsequently adhered to the top of the die pad 22 on the lead frame 21, the
bonding pads of the semi-conductor element 26 10     and the inner leads 23
are connected by the wires 27 and the semi-conductor element 26, the
insulator substrate 25, the inner leads 23 and parts of the outer leads 24
are sealed in the package 28 made from a sealing material, which is an
epoxy resin. The outer leads 24 15    projecting from the package 28 are
then bent and used as terminals, whereby the wire bonding type of semi-
conductor device is produced. Figures 4a to 4e show another production
process for the lead frame 21 of the wire bonding type of semi- 20
conductor device, the main difference relative to the production process
shown in figures 3a to 3e being that the outer leads 24 are not etched in
the area outside the inner lead area 30 of the lead frame plate 29, but
rather they are formed by pressing. The pressing 25    process shortens
production time and reduces costs as 



compared with the etching process. Figure 5 is a cross-section through a
TAB type of semi-conductor device according to another embodiment of the
invention. In this embodiment, inner leads 42 of a 30    lead frame 41 are
formed to a thickness of 30 pm to 50 pm, which is much thinner than a 150
[err] thickness of outer leads 43. Therefore, the ends of the inner leads
42 become 30 pm to 50 pm wide, and the pitch interval of    10 the inner
leads 42 is 50 pm to 100 pm.  The inner leads 42 and parts of the outer
leads 43 are mounted on and adhered to an insulator substrate 44. Each of
the inner leads 42 of the lead frame 41 is connected to a corresponding
bonding pad of the semi-conductor element 26.  And the semi-conductor
element 26, the insulator substrate 24, the inner leads 42 and parts of the
outer leads 43 are sealed in a package 45 made from epoxy resin. The outer
leads 43 projecting from the package 45 are bent and used as terminals,
whereby the TAB type 10     of semi-conductor device is produced. In this
semi-conductor device, the pitch interval of the inner leads 42 of the lead
frame 41 is reduced from 250 pm in the case of the prior art to 50 pm to
100 pm, while the thickness of the outer leads 43 15     remains the same
as in the prior art, thus making it possible to increase the number of
inner leads 42 and realise a TAB type of semi-conductor device with an
increased number of pins. As described above, the inner leads of the lead
20     frame in the wire bonding type of semi-conductor device according to
the invention are formed to be one-fifth to 



one-third as thick as the outer leads, while the thickness of the outer
leads is kept the same as in the prior art and their strength is
maintained. Therefore, 25    the inner leads and their pitch interval can
be made narrower and the number of inner leads can be increased for
realising a package with many pins. Further, by bringing the ends of the
inner leads closer to the semi-conductor element, the wires in a 30    wire
bonding type of semi-conductor device can be made shorter, thus preventing
sag in the wires and avoiding edge short-circuiting during sealing. Also,
during connection of the thin inner leads adhered to the    insulator
substrate and the bonding pads of the semi- conductor element adhered on
top of the die pad with wires, the inner leads are reinforced by the
insulator substrate, which prevents them from moving, thus facilitating
smooth and reliable connection of the 5      wires. The semi-conductor
device of the invention may be produced by half etching an inner lead area
in the centre of the top surface of the lead frame plate to have a
thickness one-fifth to one-third the thickness of the 10     lead frame
plate.  This may be effected after adhering the insulator substrate to the
centre of the bottom surface of the lead frame plate, or before adhering
the insulator substrate to the centre of the bottom surface of the lead
frame plate. Next, outer leads are etched 15     in the area outside the
inner lead area of the lead frame plate, and the die pad is etched in the
centre of the inner lead area together with inner leads around the centre
whose thickness is one-fifth to one-third the 



thickness of the outer leads. Therefore, the strength 20     of the inner
leads, which are thinner than the outer leads, can be reinforced by the
insulator substrate, and it becomes possible to perform micro-processing by
a conventional etching process to make the inner leads narrower, whereby a
large number of inner leads can be 25     achieved without great cost.
Further, by forming the outer leads in the area outside the inner lead area
of the lead frame plate by pressing, production time may be shortened and
production costs may be lower than by using an etching process. 30
In the TAB type of semi-conductor device according to the invention, the
inner leads of the fingers on the film carrier are formed to be one-fifth
to one-third as thick as  the outer leads, and therefore the inner leads
12 can be made narrower while keeping the outer leads as thick as in the
case of the prior art and maintaining their strength. Thus, it is possible
to increase the number of inner leads by reducing the pitch interval of the
inner leads and to realise a package with many pins. Also, when the bonding
pads of the semi-conductor element are connected directly to the thin inner
leads adhered to the insulator substrate, the inner leads are reinforced by
the insulator substrate thus preventing them from moving during the
connection and facilitating 10    smooth, reliable connection to the
semi-conductor chip. 15 20 25 30 



13 CLAIMS 1.    A semi-conductor device comprising a lead frame having
integrally formed inner and outer leads, wherein the thickness of the depth
of the inner leads is one-fifth to one- third the thickness of the depth of
the outer leads, an insulator substrate to which the inner leads and parts
of the outer leads are adhered, a semi-conductor element connected to the
inner leads, and a package in which the semi-conductor element, the
insulator substrate, the inner leads and parts of the outer leads are
sealed. 2.    A device as claimed in claim 1 of the wire bonding type
including a die pad, which is adhered to the insulator substrate and on
which the semi-conductor element is fixed, and wires connecting bonding
pads of the semi-conductor element to the inner leads. 3.    A device as
claimed in claim 2 in which the thickness of the die pad is the same as the
thickness of the inner leads. 4.    A device as claimed in claim 1 of the
TAB type in which bonding pads of the semi-conductor element are connected
directly to the inner leads. 5.    A method of producing a semi-conductor
device including the steps of adhering an insulator substrate on a lead
frame plate, half-etching an inner lead area in an inner region of the lead
frame plate, so that its thickness becomes one-fifth to one-third the
thickness of the lead frame plate, forming outer leads outside the inner
lead area, etching the inner lead area to produce inner leads, the
thickness of the depth of the inner leads thus formed being one-fifth to
one-third the thickness of the depth of the outer leads, connecting a
semi-conductor element to the inner leads, and sealing the semi-conductor
element, the insulator substrate, the inner leads and part of the outer
leads in a package.    14 6.    A method as claimed in claim 5 in which the
step of adhering comprises adhering the insulator substrate to the lead
frame plate after the step of half-etching. 7.    A method as claimed in
any of claims 5 to 6 in which the step of forming the 



outer leads comprises an etching step. 8.    A method as claimed in any of
claims 5 to 6 in which the step of forming the outer leads comprises a
pressing step. 9.    A method as claimed in any of claims 5 to 8 further
comprising the step of etching a die pad in the centre of the inner lead
area. 10.   A semi-conductor device substantially as herein particularly
described with reference to and as illustrated in Figures 1 and 2, or
Figures 1 and 2 when modified by Figure 5, of the accompanying drawings.
11.   A method of producing a semi-conductor device substantially as herein
particularly described with reference to and as illustrated in Figure 3 or
Figure 4 of the accompanying drawings. 12.   A semi-conductor device
comprising inner leads whose thickness is one-fifth to one-third the
thickness of the outer leads in a lead frame, a die pad of the same
thickness as the inner leads in the lead frame, an insulator substrate to
which is adhered the die pad, part of the outer leads and the inner leads,
a semi-conductor element fixed on top of the die pad, wires connecting the
bonding pads of the semi-conductor element and the inner leads, and a
package in which is sealed the semi-conductor element, the insulator
substrate, part of the outer leads and the inner leads. 13.   A
semi-conductor device comprising inner leads and outer leads in the fingers
of a film carrier, the thickness of the depth of the inner leads being
one-fifth to one-third the thickness of depth of the outer leads, an
insulator substrate to which is adhered part of the outer leads of the
fingers and the inner leads, a semi-conductor element whose bonding pads
are connected to the inner leads, and a package in which is sealed the
semi- conductor element, the insulator substrate, part of the outer leads
and the inner leads.    15 14.   A semi-conductor device production method
that produces semi-conductor devices by half-etching an inner lead area in
the centre of the top surface of the lead frame material plate whose
thickness is one-fifth to one-third the thickness of the lead frame
material plate after adhering the insulator substrate to the centre of the
bottom surface of the lead frame material plate, or by adhering the
insulator substrate to the centre of the bottom surface of the lead frame
material plate after forming the inner lead 



area in the top surface of the lead frame material plate, then etching
outer leads in the area outside the inner lead area of the lead frame
material plate, etching die pads in the centre of the inner lead area and
inner leads around the centre whose thickness is one- fifth to one-third
the thickness of the outer leads, fixing the semi-conductor element on top
of the die pad, connecting the die pads of the semi-conductor element and
the inner leads with wires, and sealing the semi-conductor element,
insulator substrate, part of the outer leads and the inner leads in a
sealing material. 15.   A semi-conductor device production method that
produces semi-conductor devices by half-etching an inner lead area in the
centre of the top surface of the lead frame material plate whose thickness
is one-fifth to one-third the thickness of the lead frame material plate
after adhering the insulator substrate to the centre of the bottom surface
of the lead frame material plate, then forming outer leads by pressing the
area outside the inner lead area of the lead frame material plate together
with the insulator substrate, etching die pads in the centre of the inner
lead area and inner leads around the centre whose thickness if one-fifth to
one-third the thickness of the outer leads, fixing the semi-conductor
element on top of the die pad, connecting the bonding pads of the semi-
conductor element and the inner leads with wires, and sealing the
semi-conductor element, the insulator substrate, part of the outer leads
and the inner leads in a sealing material.    


