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This invention relates to a semiconductor device, in particular, a
package structure in which a semiconductor integrated circuit (IC) chip is
sealed in resin, the manufacturing method of making same, and a lead

frame.

BACKGRQUND OF THE INVENTION

Conventionally, what is shown in Figures 19-20 is known as the
mounting structure for IC chips, and lead frame material 1 shown in Figure
21 is used in the mounting.

The lead frame material 1 is formed entirely of metal (e.g., 42 alloy,
copper alloy, copper, etc.), and lead frame outer frame 2 and lead frame part
8 having a plurality of inner leads 7 extending radially in four directions in
the inside position are formed as one body by etching, etc.

Namely, in lead frame part 8, outer leads 6 are connected by linear
connection parts {dumb bar) 9 at each side and the connection parts are
integrated to outer frame 2 with each corner part of lead frame part 8.

IC chip 10 is mounted on a square shaped mounting pad (die pad) 11
having a larger area than the area of IC chip 10. Support pins 12 which
support the mounting pad 11 are provided on the mounting pad 11 and are
integrated with outer frame 2 at the corner parts. 4 in the figure is the hole
for positioning the lead frame material.

Semiconductor package 13, which is fixed, wire bonded, and resin-
sealed as shown in Figures 22-24 using the lead frame material 1, is
mounted (fixed) with silver paste 14 on mounting pad 11 as shown in Figures
19-21. Pad 17 is bonded to inner lead 7 with wire 15, and structured to be
totally sealed with resin 16 such as epoxy, etc. In Figure 20, the alternating
long and short dashed line indicates the outer line of sealing resin 16 and
alternating long and two short-dashed line indicates the position of IC chip
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mounting pad 11 from the bottom side during the wire bonding as shown in
Figure 23 so that heat of the heater is conducted to the bonding pad (pad 17)
simultaneous with supporting mounting pad 11.

Wire bonding is executed by coupling wire 15 to bonding pad 17 with
capillary 19 while providing thermal and ultrasonic energy, guiding it to
inner lead 7 as indicated by arrow 20, then cladding it.

As noted above, in the conventional package structure, mounting pad
11 of IC chip 10 was formed to be larger than IC chip 10, but this was mainly
due to the following reasons.

First of all, if mounting pad 11 is made smaller than IC chip 10 as
shown in Figure 24 during the bonding, the peripheral part of mounting pad
11 does not contact heater insert 18, so IC chip 10 slants during the
ultrasonic function based on capillary 19, the support becomes unstable,
ultrasonic energy cannot be used effectively, and the heat from heater insert
18 is not conducted efficiently to IC chip 10. Thus imperfect bonding is
executed. Therefore, making the mounting pad 11 smaller than IC chip 10
was considered by those in the industry to be impractical and undesirable.

Also, when soldering resin sealed package 13 to a circuit pattern 22 on
a printed circuit board 21 as shown in Figures 25 or Figure 26, solder 23 is
fused by solder reflow (e.g., IR reflow by infrared irradiation) then solidified,
but cracks 24 may be created in resin 16 as shown in the figures.

If the overall thickness of package 13 is sufficient, the cracks 24 are
not created, but when thinning and enlargement in the
chip are required as in recent years, separation part 25 is easily created at
the boundary of resin 16 in the mounting pad 11 as shown in Figure 25, and
the phenomenon of cracks 24 being created from edge 11a of pad 11 has been
observed from time to time.

This is due to the peripheral water vapor preserved by the package
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mounted (fixed) with si | ver paste 14 on nounting pad 11 as shown in Figures
19-21. Pad 17 is bonded to inner lead 7 with wre 15, and structured to be
totally sealed with resin 16 such as epoxy, etc. In Figure 20, the
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figure of F'x%ﬂ)rs?on, resulting in the peeling off of the resin from the lead frame.

Assisting in causing the phenomenon of the cracks in the resin,
curvature is created and the package itself is deformed due to warpage
remaining on the inside of the package after the completion of resin molding
and setting due to differences in the thermal expansion coefficient of the
mounting pad, IC chip, and resin.

Also, as another cause for the cracks, it is a fact that silver paste 14 for
fixing IC chip 10 is a material with very high hygroscopicity, such that the
hygroscopic moisture may cause vapor explosion during the heating such as
IR reflow, etc.

Namely, as shown in Figure 26, pad 11 is deformed by the condensed
water causing vapor explosion due to a phenomenon similar to the above-
mentioned in the part with silver paste 14, great stress is applied to resin 16,
and cracks 24 are created in particular from edge 11a of pad 11.

It is an object of the present invention to provide a semiconductor
device package in which the generation of warpage and cracks in the sealing
resin and the lead frame thereof is noticeably reduced or prevented.

It is another object of the present invention to provide a method of
making a semiconductor device package, wherein the bonding of the
semiconductor element and leads can be achieved efficiently and stably.

SUMMARY OF THE INVENTION
The present invention relates to a semiconductor package device in

which a semiconductor element is sealed in resin and fixed to a mounting
part (e.g., a mounting pad and/or an additional mounting part for the support
pins) which is smaller than the semiconductor element, and a lead frame
with the mounting part.

In the semiconductor device package and lead frame of the present
invention, it is preferable for a concave part to be formed on the mount
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22. Next, heater member (heater insert or heater block) 18 is contacted to
nmounting pad 11 fromthe bottom side during the wire bonding as shown in

Figure 23 so that heat of the heater is conducted to the bonding pad (pad
17) si mul t JREAES oMHO nElNROEE pAg andufotrithg doadavel pamitoebebbiled mgth @ fexiaeut ed
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P , IAjsov,vaist iga})peﬁéraﬁg %ocx1 Mee s];(?el ls?l\xl\%arclzg c(fet%seors]apport pin which
supports the mounting pad to be slanted inward from the semiconductor
element mount side toward the opposite surface. Also, it is possible for
additional mounting parts to be provided to the support pin, and to fix
semiconductor elements even on this mounting part. In this case, it is
preferable for the concave part to be formed in the additional mounting part
of the support pin and to fill the concave part with a fixing agent for
semiconductor element fixation.

It is preferable for the semiconductor device package of the present
invention to be manufactured by the method of inserting a mounting pad
and/or support pin in the insertion concave part formed on the heater
member with respect to the lead frame (in particular, a lead frame with a
mounting pad smaller than the semiconductor element), and in this state,
contacting the heater member to the back surface of the semiconductor
element fixed to the mounting pad and/or support pin, and bonding the inner
lead of the lead frame to the semiconductor element.

As the heater member used in the manufacturing method, it is
preferable to also form an insertion concave part for the support pins of the
mounting pad. Also, it is preferable to make the mounting pad insertion

concave part to be larger than the mounting pad.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a cross-sectional view of a semiconductor device package

according to an embodiment of the present invention.

Figure 2 is a top plan view of the lead frame of the package.

Figure 3 is an enlarged perspective view of the mounting pad in the
lead frame part.

Figure 4 is an enlarged cross-sectional view of the mounting pad with
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First of all, if nmounting pad 11 is nmade snaller than IC chip 10 as shown

i n" Figure 24 during the bonding, the peripheral part of nounting pad 11
does not contact heater insert 18, so IC chip 10 slants during the
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26, sol derbaﬁdj'nsgfused by soI der reflow (e.g., IR reflow by infrared
'rradiation) t h%,n e l7&)) is a 'cross-sectional view of the heater insert taken along
line b-b of Figure 7(a).

Figure 7(c) is a cross-sectional view of the heater insert taken along
line c-c of Figure 7(a).

Figure 8 is a top plan view of the main part of the lead frame during
wire bonding.

Figure 9 is a partially broken away perspective view of the mounting
pad in the lead frame based on another embodiment of the present invention.

Figure 10 is a cross-sectional view of the semiconductor device package
using the lead frame during solder flow.

Figure 11(a) is an enlarged cross-sectional view showing a support pin
of the mounting pad in another embodiment of the present invention prior to
insertion into the concave part of the heater insert.

Figure 11(b) is an enlarged cross-sectional view similar to Figure
11(a), but showing the support pin inserted in the concave part of the heater
insert.

Figures 12(a) - 12(d) are top plan views of other embodiments of the
portion of the lead frame in association with the semiconductor element in
accordance with the present invention.

Figure 13 is a top plan view of a heater insert used in the lead frame.

Figure 14 is a top plan view of the lead frame part according to
another embodiment of the present invention.

Figure 15 is a top plan view of the lead frame part according to
another embodiment of the present invention.

Figure 16 is a cross-sectional view showing a mounting pad with an IC
chip mounted thereon, wherein the mounting pad has been inserted in the
concave part of the heater insert according to another embodiment of the
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but cracks 24 may be created in resin 16 as shown in the figures. If the
overal |l thickness of package 13 is sufficient, the cracks 24 are not
created, but when thinning and enlargenent in the chip are required as in
recent years angtion part 25 is easily created at the boundary of resin

16 in the n%’ll?ﬁggﬁbn DAl

_ c'flofl as shown in Figure 25, and the phenonenon a
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invention.

Figure 18 is an enlarged cross-sectional view of a mounting pad with
an IC chip fixed thereon.

Figure 19 is a cross-sectional view of a conventional semiconductor
device package.

Figure 20 is a top plan view of the lead frame part of the
semiconductor device package of Figure 19.

Figure 21 is a top plan view of one part of the lead frame as employed
in conventional semiconductor device package.

Figure 22 is an enlarged perspective view of the mounting pad of the
lead frame.

Figure 23 is a partially sectional view during wire bonding in a
conventional method of making a semiconductor device package.

Figure 24 is a partially sectional view during wire bonding using
another mounting pad in a conventional method of making a semiconductor
device package.

Figure 25 is a cross-sectional view of a conventional semiconductor
package during solder flow.

Figure 26 is a cross-sectional view of a conventional semiconductor

device package during solder flow.

Reference numerals as shown in the drawings:

1, 41..lead frames, 6, 7...leads, 8...lead frame part, 10..IC chip, 11,
31..mounting pads, 13, 53...semiconductor packages, 14, 34...silver paste,
15...wire, 16...sealing resin. 17...bonding pad, 18, 38..heater insert (heater
block), 19...capillary, 21...print wiring plate, 22...circuit pattern, 23...solder,
24..crack, 25..separation part, 30, 51, 52, 63, 64..concave parts,
32...support pin, 39..gradation, 60, 61..slanted surface, 62...additional

mounting part, 70...inner lead clamp.
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3 being sucked into the moldt resin, the water vapor condensing and
becom ng water between the lead franme and the resin, the water converting
to water vapor during the IR reflow which suddenly expands causing
so-cal I ed Vapor explosion, resulting in the peellng off of the resin from
the lead frane. Assisting in cau 1.ng t he cracks in the
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and the description thereof may be omitted.

In the lead frame 41 and semiconductor package 53 of this embodiment,
the fact that the square-shaped mounting pad (die pad) 31 for mounting
(fixing) the IC chip 10, is formed smaller than the IC chip 10, contrary to the
common practice of the industry, is its major characteristic.

Also, other features include a square-shaped concave part 30 formed
on the chip mounting surface of the mounting pad 31, and a fixing agent 34
such as silver paste, etc., filling in the concave part for fixation of the IC chip
10, wherein the fixing agent 34 is not adhered to the junction part 50 of IC
chip 10 and mounting pad 31 (namely, the fixation surface of fixing agent 34
exists within more or less the same plane as the mounting surface of

mounting pad 31).

The area of mounting pad 31 can be 15-40% of the chip size of IC chip
10 but when the stress, influenced by the silver paste quantity, and
displacement in the position of IC chip 10 during handling, which will be
discussed later, are considered, the smaller the better. For example, when
the size of IC chip 10 is 8 mm x 8 mm, a mounting pad 31 of about 4 mm x 4
mm (about 25% of the area of IC chip 10) is considered suitable.

This type of mounting pad 31 is formed as one body by etching, etc., as
part of the lead frame 41 as shown in Figure 5 along with support pins 32
(furthermore, leads 6 and 7, etc.). Concave part 30 of mounting pad 31 can
be formed by partial etching as indicated in Figure 3 and the depth d can be
the thickness (e.g., about 30 um) of silver paste 34 as shown in Figure 4.

In the lead frame 41, one corner part (the corner part at the top left in
Figure 5) of the four corner parts of lead frame part 8 is directly fixed to an
outer frame 2 of the lead frame 41 as in Figure 21 and the other three corner
parts are respectively connected to the outer frame 2 of the lead frame 41
through three snake-shaped bent parts 22, 23, and 24. According to the lead
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fixing ICchip 10 is a material with very high hygroscopicity, such that
the hygroscopi c noi sture may cause vapor explosion during the heating such
as IR reflow, etc. Nanely, as shown in Figure 26, pad 11 is deforned by the

condensed waf or 3(1%%@ y%@&l&,e%ﬁh@ﬂiﬁerm {5QréatRleReweBER Nesd Fdraé phet t he
above- nentionéd in the part wth silver paste 14, great stress s applied
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of the leads, etc.) of lead frame part 8 itself is improved, and warpage of the

lead frame material itself is eliminated so the conveyance becomes favorable

and a smooth conveyance becomes possible.

Moreover, even if a force which pulls leads 6 and 7 is created by
contraction of the resin during resin sealing after mounting of the IC chip, it
is absorbed by the deformation of bending parts 22, 23, and 24. Thus
warpage and deformation of the lead frame material can be prevented and
reliability such as moisture proofing, etc., is improved.

Next, the process of bonding and mounting IC chip 10 will be
explained in connection with the lead frame 41.

First of all, IC chip 10 is fixed (mounted) on mounting pad 31 with
silver paste 34 as shown in Figure 4. Silver paste 34 is filled within concave

part 30 of mounting pad 31.

Next, as shown in Figures 6 and 7(a) - 7(c), heater member (heater
insert) 38 provided with linear concave parts (grooves) 52 arranged radially
and square-shaped concave part 51 for inserting support pins 32 and
mounting pad 31 is prepared. In Figure 7(a), concave parts 51 and 52 are
indicated with slanted lines.

Then, when mounting pad 31 and support pins 32 are inserted into
concave parts 51 and 52, the IC chip back surface contacts heater member 38
as shown in Figure 8. Also, at the periphery of the IC chip, the tip area of
inner lead (7) is provided with gradation 39 of heater member front surface
so definite contact is made with the heater member when pressurized by
inner lead clamp 70 (see Figure 6), contact which is thermally and
mechanically stable is secured as noted above, and stabilized bonding is
executed. At the periphery of the IC chip, it is preferable to provide spacing
of about 500 pm between support pin 32 and mounting pad 31 and between
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maki ng a sem conduct or devi ce package, wherein the bonding of the
sem conduct or el enent and | eads can be achieved efficiently and stably.
SUMVARY OF THE | NVENTI ON The present invention relates to a sem conductor
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At this time, even if mounting pad 31 is formed to be smaller as noted
above, it is supported by heater insert 38 sufficiently so wire bonding can be
executed stably, and moreover, the heat from the heater can be conducted
directly to IC chip 10 from heater insert 38 so thermal efficiency is not lost.

It is possible to provide a through-hole 54, as is indicated with a
broken line in Figure 6, to heater insert 38, and to adsorb IC chip 10 onto
heater insert 38 by vacuum suctioning through the through-hole 54 to hold it
stably. Also, in addition, it is possible to mechanically fix IC chip 10 to
heater insert 38 with a clamper (not shown in the figure), etc.

After the completion of wire bonding, sealing is executed with resin 16
as shown in Figure 1, the unnecessary part of outer lead 6 is cut off, and a

semiconductor device package 53 is created.

As is apparent from the above, in the package and lead frame of this
embodiment, mounting pad 31 is formed to be smaller than IC chip 10 and
silver paste 34 fills in concave part 30 so the following functional effects (1)-
(5) can be obtained.

(1) Mounting pad 31 is small so moisture in the vicinity of pad 31 is
reduced by that much, and moreover, warpage due to the difference in the
thermal expansion and contraction of pad 31 becomes minimal. Separation
between resin 16 and pad 31 caused by vapor explosion, as was explained in
Figure 25, is eliminated during heating (e.g., IR reflow, resin-sealing, etc.),
and cracks are not created in the resin or cracks are reduced considerably.

(2) In this case, resin 16 is directly adhered to IC chip 10 at the
periphery of pad 31, so the interfacial separation of IC chip 10 and resin 16
does not easily occur, since the adhesion between silicon (IC chip 10) and
epoxy resin (sealing resin 16) is very favorable, and the chance for water
collecting at the interface and causing vapor explosion is decreased.

(3) Moreover, silver paste 34 fills the concave part 30 of pad 31, and
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4 surface of the nounting pad and for the concave part to be filled with a
fixing agent for sem conductor elenent, fixation. Also, it is preferable
for the side surface of the nounting pad to be slanted inwardly fromthe

sem CondUCtd%res%(ﬁ;”FFUtrH@@%té??B@ﬁ@n ts%&ﬁgc% sdﬂ%f%o satﬁcf 358 30 SPhei t
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si de towar doshdeappss, ¢dission aeel d{élpaﬁsmntoﬂ BoROSS @h@ é‘rmrssmﬂﬂbl b@cﬂaﬂed

mounti ng p%ratssorﬁé%ng?in%r ﬁvhgeegh;e% pt)ds%e APBRAL nPalll ”ané‘ adi are not created in
resin 16 due to vapor explosion as shown in Figure 26, or cracks are reduced
considerably. Also, it is not necessary to use epoxy resin of low stress like
resin 16. Thus the gas quantity emitted from silver paste can be reduced
further.

(4) Silver paste 34 fills the concave part 30, so the total thickness of IC
chip 10, silver paste 34, and mounting pad 31 becomes smaller by the
thickness of the silver paste (e.g., about 30 pm) compared to the conventional
example in Figure 19 and can reduce the total thickness of the structure
when made into a semiconductor device package.

(6) Mounting pad 31 is small, so the size of IC chip 10 mounted on it
does not depend on the size of mounting pad 31, thus the freedom in selecting
the chip size to be mounted increases.

Also, the manufacturing method of packages according to this
embodiment uses heater insert 38 provided with mounting pad insertion
concave part 51 and executes bonding by directly supporting IC chip 10 at
the periphery so the following functional effects (6)-(7) are manifested.

(6) When wire bonding, mounting pad 31 can be supported reliably on
heater insert 38 even when small, as shown in Figures 6-9, and moreover,
the support is further stabilized since pad 31 and pin 32 are inserted into
concave parts 51 and 52 of heater insert 38. Therefore, wire bonding can be
executed stably.

(7) Also, in this case, IC chip 10 directly contacts heater insert 38 so
heat conduction to the IC chip (particularly, pad 17) from the heater and the
ultrasonic energy are not lost. Therefore, bonding strength is maintained
favorably, and even if the ultrasonic energy of the capillary 19 or the heat of
the heater is made low, sufficient bonding can be executed.

Next, the functional effects of the embodiment, particularly results of
the concrete test regarding crack resistance executed under the conditions

below, are shown in Table I.
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seni conductor el emehts even on this nmounting part. In this case, it is
preferable for the concave part to be fornmed in the additional nounting
part of the support pin and to fill the concave part with a fixing agent
L or sem COEduct oA F%&Eﬂ’g&t tHdt??éd Ben kbt (ct'iueaﬁaﬁ@@tséﬁnfs%iglggvéfah@m@taqag or
evi ce package o present .1 nventiqn to uf act ur o]
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seni conduct orackiserethe fnisidelof the resinvuensi eleperil wnidy an winggoric dsitactoand
bondi ng the innerhe materials, etc., used here are as follows.

QFP (resin part 24 mm x 24 mm x 1.4 mm

Package: 176 pins
thickness)

Mold resin: Biphenol epoxy resin

Silver paste: Low-stress epoxy silver paste

Wire: Au wire, 27 pm diameter

TABLE I

MOUNTING | CHIP SIZE { CHIP CRACK
PAD SIZE (mm) THICKNESS | GENERATION
(mm) (mm) COUNT

24 HR 48HR
10X 10 8.1X8.3 0.28 0/12 12/12
4X4 9.8X9.8 0.38 0/12 0/12
4X4 8.1X8.3 0.28 0/16 0/16

* Crack generation count: crack generated package count/sample
count

From the results, it is apparent that the crack resistance improves
noticeably as compared to a conventional package, due to having made the
size of the mounting pad smaller than the size of the IC chip in accordance
with the present invention (in the above, the area of IC chip is 17% or 24%).

Furthermore, using the sample, the functional effects of the
embodiment, particularly, the results of the temperature cycle test, which is
one test of the temperature resistance properties necessary in semiconductor
products used in the following conditions, are shown in TABLE II.

A package that was set (cured) after resin-sealing was subjected to
moisture absorption for 168 h at 85°C/30% RH. Thereafter, it was passed
through an IR reflow furnace (maximum temperature 245°C/5 sec) three
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| ead of the lead frame to the sem conductor elenent. As the heater nenber
used in the manufacturing nethod, it is preferable to also form an .
i nsertion concave part for the support pins of the nounting pad. Also, it
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| ead frame of | Re,PACKARS o AOWE:a LS Aol Sh5EGBET SPECTi ve view of the

nount i ng pa rane part

TABLE II

MOUNTING | CHIP SIZE | CHIP CRACK

PAD SIZE (mm) THICKNESS | GENERATION

(mm) (mm) COUNT

200 cycle 500 cycle
12X 12 9.8 X9.8 0.38 12/12 12/12
4X4 9.8X9.8 0.38 0/12 0/12
* Crack generation count: Count of packages with cracks

generated/sample

This data also clearly indicates that the crack resistance is noticeably
improved compared to the conventional package.

Also, the curvature of the package was measured. Namely, with the
depth at the back surface (the surface on the bottom side of the IC chip 10 in
Figure 1, for example) of the center position of the package shown in Figure 1
as 0, the depth at the four corner positions of the package was measured (the
thickness of the package was 1.4 mm, the IC chip size was 8.1 mm x 8.3 mm,
and the IC chip thickness was 0.28 mm). The curvature on the package front
surface side was expressed with negative depth and curvature on the back
surface side was expressed with positive depth, and the average value of the
measured depth at the four corners was evaluated as the "curvature of the
package.” The results are shown in Table III (however, the unit of depth is u

m).
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Figure 4 is an enl arged cross-sectional view of the nounting pad with
REPLACENMENT SHEET 5 an attached IC chip. Figure 5is a top plan view of
one part of the lead frame. Figure 6 is a partially sectional view show ng
the wire bonding stage during the ”ETM,}?‘CHI@M ng the sem conductor device

package. krgore-—rta) T3 CORVENTIGONRL, O @ IIMIOIjiMENTﬁu ) the wire

PACKAGE PACKAGE
(MOUNTING PAD 10 ACCORDING TO
mm X 10 mm) INVENTION
(MOUNTING PAD
4mm X 4 mm)
MINIMUM 41.3 -34.8
DEPTH
MAXIMUM 123.3 21.8
DEPTH
AVERAGE 954 -9.3
DEPTH
STANDARD 27.3 22.1
DEVIATION

This result indicates that curvature is reduced considerably in the
package based on the present invention as compared to the conventional

example.
Figures 9-18 show other embodiments of the present invention.

In the example shown in Figure 9, side surface 60 at the four sides of
the mounting pad 31 is slanted inwardly, for example, linearly from chip
mounting surface (front side) towards the opposite surface (back surface). In
conformance therewith, even the side surface of the concave part 51 receiving
heater insert 38 shown in Figure 6 is slanted.

By thus slanting the side surface of mounting pad 31, the insertion of
heater insert 38 into the concave part 51 is made easy and the inserted state
of the heater insert 38 after the insertion is further stabilized. Also, it is
possible to disperse the stress generated between mounting pad 31 and resin
16 by the heat applied during the IR reflow shown in Figure 10 along slanted
surface 60, and to relax the concentration of stress compared to when edge
31a of pad 31 is at a right angle, thereby preventing cracks in the resin 16
even more effectively. The slanted shape of the side surface 60 is not limited
to a linear shape but can be other shapes such as a curved shape, etc.

TI-17134 EU 7
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bonding. Figure 7(b) is a cross-sectional view of the heater insert taken
along line b-b of Figure 7(a). Figure 7(c) is a cross-sectional view of the
heater insert taken along line c-c of Figure 7(a). Figure 8 is a top plan

Lot e TP 31 e, i, s
frane base&id@rﬁlaﬁ@ﬁ%%]f géhﬁwmﬁ MR ?{%zorp%&tag&: iaﬁ@e‘%{rg’ga.gq%p&ﬁgnﬁ s a
cross- sect [OnRlp YhRU thg IR Garirenidstiawdly cavadskhgopsity dide (badd
frame duri 21 eiol'l)der fl ow. :

In conformance therewith, when the side surface of insertion concave
part 52 of heater insert 38 is slanted, insertion of the support pin 32 becomes
simple as indicated in Figures 11(a) and 11(b) when placing the lead frame
into heater insert 38 and the inserted state of the support pin 32 is further
stabilized. The support pin 32 is even more effective when combined with a
mounting pad 31 having a slanted surface 60 as shown in Figure 9. The
slanted shape of the side surface 61 of the support pin 32 is not limited to a
curved shape and can be other shapes such as a linear shape, etc.

In the example of Figure 12(a), the adhesive strength of IC chip 10 on
the lead frame is improved by providing an additional mounting part 62 of a
circular shape on the support pin 32 and fixing IC chip 10 even on the
mounting part 62 when the adhesive strength of the IC chip 10 as secured
with respect to mounting pad 31 is insufficient. In this case, it is preferable
to form a concave part 63 in the mounting part 62 which is to be filled with
the silver paste for chip fixation in mounting part 62 by partial etching, etc.

Furthermore, as additional modifications of the embodiment of Figure
12(a), there are Figures 12(b), 12(c), and 12(d), and when compared to Figure
12(a), there is no mounting pad at the center part. The mounting part 62 is
not limited to circular shape and can be of various shapes such as triangular,
square, other polygonal shapes, or elliptic shapes.

In conformance with support pin 32 attached to the mounting part 62,
a circular shaped mounting part insertion concave part 64 is also formed on
heater insert 38 as in shown Figure 13.

Figure 14 shows an example of providing two support pins 32 on the
diagonal line of mounting pad 31, whereas the previously described examples
are provided with support pins 32 at the four corners (a total of four support
pins 32) of mounting pad 31.

Even if the number of support pins 32 is two, mounting pad 31 can be

TI-17134 EU -14- {as Been Replaced
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Figure 11(a) is an enlarged cross-sectional view showi ng a support pin of
the nmounting pad in another enbodinent of the present invention prior to
insertion into the concave part of the heater insert. Figure 11(b) is an

enl arged CrLOgs= [ |o V£ WrS-FR 0 ¢, Qu {032
support pi ﬁuﬁf\céér?t&cf?ﬁ%%ofﬁdéf concavéerﬁg)%!%t tlg lgzt %%y%ﬁf;???@??@ﬁ%w 2?

12(a) - l2pmyviding themptdhathage come paits ShRMIEH BAGFP 't he portion of the
lead frame in agyRCiaimpl: W tHighhe 1Semiatkenciiet shage efenuntingapadrifanoto wi t h

A e ERE X RN T AT
accordi ng bPnear round shape.

With a round pad shape, it is possible to disperse the stress between
the resin and the mounting pad, to relax the stress concentration, and to
improve the crack resistance. In addition to the above, the pad shape can be
various shapes such as polygonal shape, curved shape, etc.

According to the example shown in Figure 16, mounting pad insertion
concave part 51 of the heater insert 38 used for wire bonding is made larger
than the mounting pad 31 so that the mounting pad 31 may be inserted into
concave part 51 with a margin.

In this way, it is possible to use the heater insert 38 with respect to
various types of mounting pads 31 regardless of the size and shape of
mounting pad 31. Therefore, it is not necessary to change the heater insert
38 for each mounting pad.

Figures 17 and 18 differ from the previous examples in that a concave
part for receiving the silver paste filling is not formed in mounting pad 31.

However, even with the example of Figures 17 and 18, it is possible to
obtain the functional effects similar to the above based on the fact that
mounting pad 31 is made smaller than IC chip 10. The non-concave part
make-up of the example of Figures 17 and 18 can be applied similarly in the
examples shown in Figures 9-16.

It will be understood that certain embodiments of the present
invention have been described, but other modifications based on the
technological concept of the present invention are possible.

For example, it is possible to change the shape and size of the
mounting pad insertion concave part, the heater insert, the concave part to
be filled by the fixing agent, the support pin, and the mounting pad. Also,
even in regard to the materials, the lead frame material can be a metal such
as a 42 alloy, copper alloy, copper, etc., the fixing agent can be an adhesive
other than silver paste, and the heater insert can be stainless steel, etc.
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anot her enbodi ment of the present invention. Figure 15 is a top plan view
of the lead franme part according to another enbodi nent of the present
i nvention. Figure 16 is a cross-sectional view showing a nounting pad with

an 1C chip mount eg 6“?%8@%&\5&?&?'5%15? tORHO TSN Rk BAS b‘?ee&ﬁblhét?%to%Hei n
t he concave part F edter 1nsert according to another epbodi nent of
t he 6 pr &¥ReR ﬁ Aramgs, for example, a tape carrier type. The bonding 1s also not

limited to wire bonding.

The present invention can be applied to dual in-line packages, etc.,
and is not limited to a QFP package in which the terminals (leads) are output
in four directions.

The present invention involves making the mounting part of the
mounting pad, etc., smaller than the semiconductor element so the warpage
of the semiconductor element created by differences in the thermal expansion
and contraction of the mounting part and the resin is minimized, and the
generation of curvature is also reduced. Moreover, due to the adhesion of the
resin with respect to the semiconductor element being very favorable and due
to an increase in the adhesion area, the adhesive strength between the resin
and semiconductor element does not decrease in the vicinity of the mounting
part, separation of the mounting part and the resin due to the condensation
of moisture causing vapor explosion is eliminated, and cracks are not created
in the resin, or at least the number of cracks are reduced considerably.

Furthermore, the mounting part is small so the size of the
semiconductor element which can be mounted on it is not dependent on the
size of the mounting part and the freedom in the semiconductor element size
which can be mounted is increased.

When bonding to the semiconductor leads, even if the mounting part is
small, it can be supported reliably on the heater insert, and moreover, the
mounting part is inserted into the concave part of the heater insert so the
support is stabilized even more. Therefore, bonding can be stably executed.

Moreover, the semiconductor element directly contacts the heater
insert so that heat conduction and ultrasonic energy to the semiconductor
element from the heater are not lost. Thus, the bonding strength is
maintained favorably and even if the heat of the heater and energy needed
for the cladding are made low, sufficient bonding can be executed.

This Shee
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Figure 17 is an enl arged perspective view of a nounting pad in the | ead
frame part according to yet another enbodi nent of the present invention.

Figure 18 is an enl arge cross-sectional n m ad with an IC
chi p fixed %f;&g@ Figure 19 is a cross- samﬂ lﬂ“lmm ﬂﬂlﬁ conventi onal
sem conduct I'ce package. Figure 20 is atdp plah View of the |ead

frame part of the sem conductor device package of Figure 19. Figure 21 is a
top plan view of one part of the lead frame as enpl oyed in conventi onal

sem COI’ldUCtIOI’ de.Xl emi on c%or device in which a semiconductor element is sealed in
a state of being fixed on a mounting pad substantially smaller than

said semiconductor element.

2. A semiconductor device according to claim 1, in which a concave part is
formed on the mount surface of the mounting pad and fixing agent for
semiconductor element fixation substantially fills said concave part.

3. A semiconductor device according to claim 1 or 2, in which the side
surface of the mounting pad is slanted substantially inwardly from the
mount surface towards the opposite surface.

4. A semiconductor device according to claims 1-3, in which the side
surface of a support pin supporting the mounting pad is slanted
substantially inwardly from the semiconductor element mounting side

toward the opposite surface.

5. A semiconductor device according to claim 4, in which an additional
mounting part is provided to the support pin and semiconductor
element is fixed to this mounting part.

6. A semiconductor device according to claim 5, in which the additional
mounting part of the support pin is formed to have a concave part and
in which fixing agent for the semiconductor element fixation is filled in

said concave part.
7. A lead frame with a mounting pad according to any of claims 1-3.

8. A lead frame according to claim 7 and provided with a support pin
according to any of claims 4-6.

Been Replaced
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Figure 22 is an enl'arged perspective view of the nmounting pad of the |ead
frame. Figure 23 is a partially sectional view during wire bonding in a
conventional nmethod of naking a sem conductor device package. Figure 24 is
apartiallyg sect ﬁimho&ioéw;ﬁwﬂ;?ﬂthg% sionitongu e i@ viveaidoerdinguotamgopad
In a conventiona]_.net of making a _sem conduct.or V] C FiQure
25 is a cross-sgic fr}lgsng'?)d%né'ﬁlngfngdg%séﬁ\?/nélﬁt%d‘h‘gﬁlﬁggﬁip%?n%%@g?a g‘ggﬁ%ﬁteb Aduri ng
sol der flow. Fi gfinde2d firamg ascostingdetclaimall ori imtofaminsertientcoppaye part

sen conduct or  deying&d RACK AUetdH hBbeP! d8d fd @Mis state, said heater member
contacting the semiconductor element fixed to said mounting pad
and/or said support pin, and the bonding inner lead part of said lead
frame and said semiconductor element.

10. A method according to claim 9, further comprising forming the
insertion concave part for the support pin according to claims 4-6 to
the heater member along with the insertion concave part for the

mounting pad according to any of claims 1-3.

11. A method according to claim 9 or 10 further comprising forming the
mounting pad insertion concave part attached to the heater member

larger than the mounting pad.

12. A mounting pad for a semiconductor device according to any of claims
1-6, said device including an encapsulated semiconductor element
wherein the mounting pad is substantially smaller than the

semiconductor element.

This Sheet Has Been Replaced
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Reference nunerals as shown in the drawings: 1, 41...l|ead franes, 6,
7...leads, 8...lead franme part, 10...1C chip, 11, 31.. nounting pads, 13,
53...sem conduct or packages, 14, 34...silver paste, 15.. .wre,

16. . .seali nsmcmmcmmnm WIBH SMALnepmerAND(NerHOD

block) 19...capillary, 21.. .pri ...Circuit pattern,
23.. sol der 24. . .crack, 25 QEW‘?W 30, 51 52, 63,

64. .. concave parts, 32. support pin, 39...gradation, 60, 61 ....slanted
surface, 62.. additional nDunting part, 70 ...inner | ead cl anp.
ABSTRACT

Semiconductor device package 53 having a lead frame with a
mounting pad 31 smaller than the IC chip 10 mounted thereon, and a
method of making a semiconductor device package based on wire bonding
using a heater insert 38 with a mounting pad insertion concave part 51.
Separation between the mounting pad and an encapsulating resin is
eliminated, cracks are not created in the resin, or are considerably reduced,
and warpage of the package can be prevented. Also, bonding of wires
between leads and respective bonding pads 17 on the chip 10 can be executed
stably and efficiently.

Figure 1
This Sheet Has Been Repli
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7 -DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fi gures 1-8 show a first

enbodi nent of the present invention. In this enbodi nent, the parts common
to the conventional sem conductor device package explained earlier are
designated with the sane reference nunerabsiand the description thereof may
be omtted. In the lead frame 4 1. and semtiwenductor, package 53 of this
enbodi ment, the fact that the square-shaped nounting pad (die pad) 31 for
nount i ng (frh,xsmg)HasNeeRPlE@hl p 10, is forned smaller than the I Cchip 10,

contrary to \‘“ﬂ\\mm‘l\m ctice of the industry, is its najor

char acterl st r features include a square-shaped concave part
30 f




on the chip nounting surface of the nounting pad 31, and a fixing agent 34
such as silver paste, etc., filling in the concave part for fixation of the
| C chip 10, wherein the fixing agent 34 is not adhered to the junction part
50 of IC chip 10 and nounting pad 31 (nameby,7ithe fixation surface of
fixing agent 34 exists within nore or |ess the sane plane as the nounting
surface of m)unti ng pad 31). The area of nounting pad 31 can be 15-40% of
the chip gjz e | C chip 10 but when the stress, influenced by the silver
past e quantji cepRgdeacenment in the position of I1C chip 10 during

handl i ng, ﬂmf | scussed |l ater, are considered, the smaller the
better. the si ze of ICchlp 10|58mnx8mn a nounting
pad 31 of about 4 mnx

Figure 3




mm (about 25% of the area of IC chip 10) is considered suitable. This type
of nmounting pad 31 is forned as one body by etching, etc., as part of the
| ead frame 41 as ShOV\Q iﬁepﬁicgure 5 along with support pins 32 (furthernore,
| eads 6 and This Has e part 30 ofrigpeuntisng pad 31 can be fornmed by
partial etchi (\% in Figure 3 andid4 he depth d can be the
t hi ckness (e. g rrlm of silver paste 34 as shown in Figure 4.
In the lead frane 41., one corner part (the corner part at the top left in
Figure 5) of the four corner parts of |lead framg part 8 is directly fixed
to an outer frame 2 of the legd frame 41‘s i*h B gufe 21 and the ot her
three corner parts are respeep “ e ‘ er frame 2 of the
ArIeIZ3Y

| ead frame 41 through tﬁ@g 22, }2:3, and 24.
According to the | ead
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REPLACEMENT SHEET 25 JUL 1996 8 frane 41 even if a tenperature reated
difference is created between lead frane part 8 and outer frame 2 during
tile heating process such is wire bonding, the warpage stress which may be
generated in directions such as verticdlij-horkzontal, etc., is effectively
absorbed by the elastic deformati on of bentiparts 22, 23, and 24. As a
result, dinmension and positional precision (spacing

"

Figure 6



of the leads, etc.) of lead frame part 8 itself is inproved, and warpage of
the lead frame material itself is elimnated so the conveyance becones
favorabl e and a snoboth conveyance beconmes possible. Mreover, even if a
force which pulls leads 6 and 7 is created: bysacontraction of the resin
during resin sealing after nounting of the/I:C chip, it is absorbed by the
deformation of bending parts 22, 23, and 24. Thus war page and deformati on

of the lead franp, GRLSLLAlenRMDE Prevented and reliability such as

noi sture proofing, Ijqgpr oved. Next, the process of bondi ng and
nmounting I C chi pjimwnmm \“E‘lH'EI ained in connection with the lead frane 41.
First of all, IC ed (nmounted) on nmounting pad 31 with
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" _+39
b 4 '%"_ Pk
(a) _— "'é’f’f +
2%
.\38
o 2, =
29 5,’4{5’
L _,
w YA o
b—b an® ()
[;;9 r/sa o1
(c) g g ///
c-curd (i
Figure 7/
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silver paste 34 as shown in Figure 4. Silver paste 34 is filled within
concave part 30 of nounting pad 31. Next, as shown in Figures 6 and 7(a) -
7(c), heater menber (heater insert) 38 provided with |inear concave parts
(grooves) 52 arranged radially and squddeishaped concave part 51 for

inserting supggrd, pins, 32 and nounting padt81 is prepared. In Figure 7(a),
concave parts dscuee lagedddi cated with slanted |ines. Then, when
nounting pad 3 H pins 32 are inserted into concave parts 51 and

52, the IC chi contacts heater nenber 38 as shown in Figure
8. Also, at the periphery of the I1C chip, the tip area of inner lead (7) is
provided with gradation 39 of heater nenber front surface

7 39 2
0 T - - 33
=3‘3\4 r ?.1'/‘,
‘\\:f‘(-’.:‘:'
£ 10
7 2778
,;¥{132'}T‘ 7
7
Figure 3
30 32
32 |
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7 s
N3
o % 60
3Ma

Figure 9



so‘definite contact' is nade with the heater nenber when pressurized by
inner lead clanp 70 (see Figure 6), contact which is thermally and
mechani cal ly stable is secured as noted above, and stabilized bonding is
executed. At the periphery of the IC chijp,-it. is preferable to provide
spaci ng of about 500 [err]m between supporti.pin 32 and nounting pad 31 and
bet ween 9 concave parts 51 and 52 of the heater nenber. Wre bonding, is
executed by bonding wire 15 to pad 17 with capillary

This Sheet f1,
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19 -by applying thermal or ultrasonic energy, guiding it to insert lead 7
-like arrow 20, then cladding it in the sane manner as noted earlier. At

. this tinme, even if mounting pad 31 is fornmed to be smaller as noted above,
it is supported by heater insert 38,sufiffigiently so wire bonding call be
executed stably, and noreover, the heat/ikromthe heater can be conducted
directly to IC chip 10 fromheater insert 38 so thernal efficiency is not
lost. It is possible to provide a through-hole 54, as is indicated with a
broken Iine in Figure 6, to heater insert 38, and to adsorb IC chip 10 onto
heater insert 38 by vacuum suctioning through the through-hole 54 to hold

it stably. AlThig Sheetdia ¢d it is possible to mechanically fix IC chip 10
tokmatm‘insﬂl"

i anper (not shown in the figure), etc.

(b}




After the conpletion of wfe bondi-ng, sealing s executed with resin 16 as
shown in Figure 1, the unnecessary part of outer lead 6 is cut off, and a
sem conduct or devi ce package 53 is created. As is apparent fromthe above,
in the package and | ead frame of this enbodi nent, nounting pad 31 is forned
to be smaller than I C chip 10 and sil veryjfpaste 34 fills in concave part 30
so the follow ng functional effects (1)- /3)r can be obtained. (1) Munting
pad 31 is small so noisture in the vicinity of pad 31 is reduced by that

nuch, and noremaut, pWg) page due to the difference in the thermal expansion
and contractio - ecdnmes mni mal . Separation between resin 16 and
pad 31 caused / ” sion, as was explained in

&1 (° 82
1 | {
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64 l i 39
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gz 352

Figure 15



Figure 25, iselinminated during heating (e.g., IR reflow, resin-sealing,
et.c.), and cracks are not created in the resin or cracks are reduced
considerably. (2) In this case, resin 16 is directly adhered to IC chip 10
at. the periphery of pad 31, so the interfacial separation of I1C chip 10 and
resin 16 does not easily occur, sincerthe.atthesi on between silicon (1C chip
10) and epox%_/ resin (sealing resin 16) ucgivery favorable, and the chance
for water colFtigShesthigs Been Répiacédnt er f ace and causi ng vapor explosion is

decr eased. (3)' "ﬂmeﬂ"'ﬁ" ver paste 34 fills the concave part 3() of pad
31, and
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10. does not *pf ot rude onto’junction surface 50 of 1C chip 10 and pad 31
silver paste quantity can be reduced so in addiction to being able to

achi eve a cost decrease, em ssion and di spersion of noisture and em ssion
of occluded gas originating in the silver paste are mnimal, and cracks are
not created in resin 16 due to vapor eXpiogiién as shown in Figure 26, or
cracks are reguciRe HaoB&heenall y Al so, itl4l$ not necessary to use epoxy
resin of |ow l in 1.6. Thus the gas quantity emtted front
silver paste il%ﬂ@al! further. (4) Silver paste 34 fills the concave
part 330, so t ' I Ckness of IC chip 10, silver paste 34, and
nmounti ng pad 31 becones smaller by the
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t hi ckness. of ‘fhe si1 ver past e’ (e. g
conventi onal
structure when made into a sem conductor devi ce package.

ab0u%“§611éi?]) conpafé& fo the

exanple in Figure 19 and can reduce the total

t hi ckness of the
(5) Mounting pad

31 is small, so the size of I1C chip 10 nounted on it does not depend on the
size of mounting pad 31, thus the freedbmli’7h3sel ecting the chip size to be
nmount ed i ncreases. Al so, the manufacturi et hod of packages according to

this enbodi ment uses heater insert 38 provided with nounting pad insertion

concave part 51 and executes bondiag by odigectty supporting I1C chip 10 at
fects (6)-(7) are manifested.
can\be

the periphery so the follomnn f

(6) When w re bondi ng, nognti pad upporte Fllably on
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heafer, i nseft 38 even when small’ -as shown i1 Flgures 6- 9, ~and or eover,

the support is further stabilized since pad 31 and pin 32 are inserted |nto
concave parts 51 and 52 of heater insert 38. Therefore, w re bonding can be
executed stably. (7) Also, in this case, IC chip 10 directly contacts
heater insert 38 so heat conduction tpt-he1sC chip (particularly, pad 17)
fromt he Técghedt HmelﬁﬂU| it rasoni ¢ energylare not |lost. Therefore, bonding

strength | vVorably, and even if the ultrasonic energy of the
capi | | ary m of the heater is made | ow, sufficient bonding can
be execute nctional effects of the enbodinent, particularly

results of the concrete test regarding crack resistance executed under the
condi ti ons
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si,

bePo®, are shown in Table I. A package that had been set (cur ed) “after
resin-sealing was shelved for a prescribed period of tinmed pe ri (refer to
TABLE, | below) at [err] RH Thereafter, it, was placed on a printed wring
board then passed through an IR reflow furnagg.{apyxi num tenperature
245[err] /5 sec) once. Thereafter, the cracksg,pp the inside of the resin
were observed wth an ultrasonic detector. The materials, etc., used here
are as follows. Package:  plfkephdds QFP (resin part 24 mm X 24 min x 1.4

) T

0090). o'..‘.“'.

Figure 26



Qwest-t Ires
t hi ckness) Mol d resin: Bi phenol epoxy resin Silver paste: Low stress epoxy

si | ver ;past-e Wre Auvmre 27.[.err] mdi ameter TABLE | I\/[lJl\ﬂ'I NG , CHP

SIZE CHIP. e CRACK PAD S| ZE Coy (M T THI CKNE’sé
GENERATL,ON (mT) _ e Y/ o COUNT 2 HR+ / j
48HR 10 X 10 : 8. 1 X 8 3 - 0.28 0012 SR "2/ 12 4 x zt
9.8 X 98 o. 38, . ... 012 1 0/ 12 . ’
o -

SEMICONDUCTOR DEVICE WITH SMALL DIE PAD AND METHOD
OF MAKING SAME

This 1nvention relates to a semiconductor device, in particular, a
package structure in which a semiconductor integrated circuit (IC) chip is
sealed in resin, the manufacturing method of making same, and a lead

frame.

BACKGROUND OF THE INVENTION

Conventionally, what is shown in Figures 19-20 is known as the

mounting structure for IC chips, and lead frame material 1 shown in Figure
21 is used in the mounting.

The lead frame material 1 is formed entirely of metal (e.g., 42 alloy,
copper alloy, copper, etc.), and lead frame outer frame 2 and lead frame part
8 having a plurality of inner leads 7 extending radially in four directions in
the inside position are formed as one body by etching, etc.

Namely, in lead frame part 8, outer leads 6 are connected by linear
connection parts (dumb bar) 9 at each side and the connection parts are
integrated to outer frame 2 with each corner part of lead frame part 8.

IC chip 10 is mounted on a square shaped mounting pad (die pad) 11

having a larger area than the area of IC chip 10. Support pins 12 which
support the mounting pad 11 are provided on the mounting pad 11 and are
integrated with outer frame 2 at the corner parts. 4 in the figure is the hole
for positioning the lead frame material.
' Semiconductor package 13, which is fixed, wire bonded, and resin-
sealed as shown in Figures 22-24 using the lead frame material 1, is
mounted (fixed) with silver paste 14 on mounting pad 11 as shown in Figures
19-21. Pad 17 is bonded to inner lead 7 with wire 15, and structured to be
totally sealed with resin 16 such as epoxy, etec. In Figure 20, the alternating
long and short dashed line indicates the outer line of sealing resin 16 and

alternating long and two short-dashed line indicates the position of 1€ chip
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4 X 4 8.1 X8.3 0.28 0/ 16 0/ 16 *
Crack generation count: crack generated package count/sanple count Fromthe
results, it is apparent that the crack resistance i nproves noticeably as
conpared to a conventional package, due to having made the size of the
nmounting pad smaller than the size of the IC chip in accordance with the
present invention (in the above, the area of ICchip is 17%or 24%.
Furthernore, using the sanple, the fundional effects of the enbodi nent,
particularly, the results of the tenperature cycle test, which is one test
of the tengerature resi stance properties necessary in sem conductor
products ¢9ed in the followi ng conditions, are shown in TABLE II. .

When manufacturing the package 13, IC chip 10 is mounted with

silver paste 14 on mounting pad 11 as shown in the enlarged figure of Figure
22.

Next, heater member (heater insert or heater block) 18 is contacted (o
mounting pad 11 from the bottom side during the wire bonding as shown in
Figure 23 so that heat of the heater is conducted to the bonding pad (pad 17)
simultanecous with supporting mounting pad 11.

Wire bonding is executed by coupling wire 15 to bonding pad 17 with
capillary 19 while providing thermal and ultrasonic energy, guiding it to
inner lead 7 as indicated by arrow 20, then cladding it.

As noted above, in the conventional package structure, mounting pad
11 of IC chip 19 was formed to be larger than IC chip 10, but this was mainly
due to the following reasons.

.First of all, if mounting pad 11 is made smaller than IC chip 10 as
shown in Figure 24 during the bonding, the peripheral part of mounting pad
11 does not contact heater inmsert 18, so IC chip 10 slants during the
ultrasonic function based on capillary 19, the support becomes unstable,
ultrasonic energy cannot be used effectively, and the heat from heater insert
18 is not conducted efficiently to IC chip 10. Thus imperfect bonding is
executed. Therefore, making the mounting pad 11 smaller than IC chip 10
was considered by those in the industry to be impractical and undesirable.

Also, when soldering resin sealed package 13 to a circuit pattern 22 on
a printed circuit board 21 as shown in Figures 25 or Figure 26, solder 23 is
fused by solder reflow (e.g., IR reflow by infrared irradiation) then solidified,
but cracks 24 may be created in resin 16 as shown in the figures.

If the overall thickness of package 13 is sufficient, the cracks 24 are
not created, but when thinning and enlargement in the
chip are required as in recent years, separation part 25 is easily created at
the boundary of resin 16 in the mounting pad 11 as shown in Figure 25, and
the phenomenon of cracks 24 being created from edge 11a of pad 11 has been
observed from time to time.

This is due to the peripheral water vapor preserved by the package
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A package that was set (cured) after resin-sealing was subjected to

noi sture absorption for 168 h at 85[err]C/ 30% RH Thereafter, it was passed
through an IR reflow furnace (maxi mum tenperature 245[err]C/5 sec) three
12 times. Thereafter, a tenperature cycle test [err], as the timng, held
for 10 mn at each tenperature)was executed in prescribed frequency.
Thereafter, cracks on tile inside part 8f the resin were observed with an
ultrasoni c detector as above and by external inspection.

being sucked imnto the mold resin, the water vapor condensing and becoming
water between the lead frame and the resin, the water converting to water
vapor during the IR reflow, which suddenly expands causing so-called vapor
explosion, resulting in the peeling off of the resin from the lead frame.

Assisting in causing the phenomenon of the cracks in the resin,
curvature is created and the package itself is deformed due to warpage
remaining on the inside of the package after the completion of resin molding
and setting due to differences in the thermal expansion coefficient of the
mounting pad, [C chip, and resin.

Also, as another cause for the cracks, it is a fact that silver paste 14 for
fixing IC chip 10 is a material with very high hygroscopicity, such that the
hygroscopic moisture may cause vapor explosion during the heating such as
IR reflow, etc.

Namely, as shown in Figure 26, pad 11 is deformed by the condensed
water causing vapor explosion due to a phenomenon similar to the above-
mentioned in the part with silver paste 14, great stress is applied to resin 16,
and cracks 24 are created in particular from edge 11a of pad 11.

It is an object of the present invention to provide a semiconductor
device package in which the generation of warpage and cracks in the sealing
resin and the lead frame thereof is noticeably reduced or prevented.

It is another object of the present invention to provide a method of
making a semiconductor device package, wherein the bonding of the
semiconductor element and leads can be achieved efficiently and stably.

SUMMARY OF THE INVENTION

The present invention relates to a semiconductor package device in
which a semiconductor element is sealed in resin and fixed to a mounting
part (e.g., a mounting pad and/or an additional mounting part for the support
pins) which is smaller than the semiconductor element, and a lead frame

with the mounting part.

In the semiconductor device package and lead frame of the present

invention, it is preferable for a4 concave part to be formed on the mount
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[err] * Crack generation count: Count of packages with cracks
generated/ sanple This data also clearly indicates that the crack resistance
is noticeably inproved conpared to the conventional package. Al so, the
curvature of the package was neasured. Nanely, with the depth at the back
surface (the surface on the bottomside of the IC chip 10 in Figure 1, for
exanpl e) of the center position of the package shown in Figure 1 as 0, the
depth at the four corner positions of the package was neasured (the

t hi ckness of the package was 1.4 mm the IC chip size was 8.1 mmx 8.3 nm

and the I&xﬁmz(pu{‘ m&hﬂﬁﬁﬁu‘{‘{aﬁdgﬁﬁi mpcmlﬁﬁuﬁ‘d{z‘{ﬁtrtl'Ex‘?ert‘iIIJ?_P'N%C;WQ?:);EO”t
agent for semiconductor element fixation. Also, it is preferable for the side
surface of the mounting pad to be slanted inwardly from the semiconductor
element mount surface toward the opposite surface.

Also, it is preferable for the side surface of the support pin which
supports the mounting pad to be slanted inward from the semiconductor
clement mount side toward the opposite surface. Also, it 1s possible for
additional mounting parts to be provided to the support pin, and to fix
semiconductor elements even on this mounting part. In this case, it 1s
preferable for the concave part to be formed in the additional mounting part
of the support pin and to fill the concave part with a fixing agent for
semiconductor element fixation.

It is preferable for the semiconductor device package of the present
invention to be manufactured by the method of inserting a mounting pad
and/or support pin in the insertion concave part formed on the heater
member with respect to the lead frame (in particular, a lead frame with a
mounting pad smaller than the semiconductor element), and in this state,
contacting the heater member to the back surface of the semiconductor
element fixed to the mounting pad and/or support pin, and bonding the inner
lead of the lead frame to the semiconductor element.

As the heater member used in the manufacturing method, it is
preferable to also form an insertion concave part for the support pins of the
mounting pad. Also, it is preferable to make the mounting pad insertion
concave part to be larger than the mounting pad.

BRIET DESCRIPTION QF THE DRAWINGS
Figure 1 is a cross-sectional view of a semiconductor device package

according to an embodiment of the present invention.

FFigure 2 is a top plan view of the lead frame of the package.

Figure 3 is an enlarged perspective view of the mounting pad in the
lead frame part.

Figure 4 is an enlarged cross-sectional view of the mounting pad with
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surface side was expressed with negative depth and curvature on the back
surface side was expressed with positive depth, and the average val ue of
t he neasured depth at the four corners was evaluated as the "curvature of
t he package"” The results are shown in Table Il (however, the unit of depth

is [err] m. 13 [err] This result indicates that curvature is reduced
considerably in the

5

an attached 16 chip.

Figure 5 is a top plan view of one part of the lead frame.

Figure 6 is a partially sectional view showing the wire bonding stage
during the method of making the semiconductor device package.

Figure 7(a) is a top plan view of a heater insert used in the wire
bonding.

Figure 7(b) is a cross-sectional view of the heater insert taken along
line b-b of Figure 7(a).

Figure 7(c) is a cross-sectional view of the heater insert taken along
line c-c of Figure 7(a).

Figure 8 is a top plan view of the main part of the lead frame during
wire bonding.

Figure 9 is a partially broken away perspective view of the mounting
pad in the lead frame based on another embodiment of the present invention.

Figure 10 is a cross-sectional view of the semiconductor device package
using the lead frame during solder flow.

Figure 11(a) is an enlarged cross-sectional view showing a support pin
of the mounting pad in another embodiment of the present invention prior to
insertion into the concave part of the heater insert.

Figure 11(b) is an enlarged cross-sectional view similar to Figure
11(a), but showing the support pin inserted in the concave part of the heater
insert.

Figures 12(a) - 12(d) are top plan views of other embodiments of the
portion of the lead frame in association with the semiconductor element in
accordance with the present invention.

Figure 13 is a top plan view of a heater insert used in the lead frame.

Figure 14 is a top plan view of the lead frame part according to
another embodiment of the present invention.

Figure 15 is a top plan view of the lead frame part according to
another embodiment of the present invention.

Figure 16 is a cross-sectional view showing a mounting pad with an [C
chip mounted thereon, wherein the mounting pad has been inserted in the

concave part of the heater insert according to another embodiment of the
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package based on the present invention as conpared to the conventi onal
exanpl e. Figures 9-18 show ot her enbodi nents of the present invention. In
t he exanple shown in Figure 9, side surface 60 at the four sides of the
mounting pad 31 is slanted inwardly, for exanple, linearly fromchip
nmounting surface (front side) towards the opposite surface (back surface).
In conformance therewith, even the sidebsurface of the concave part 51
receiving heater insert 38 shown in Figure 6 is slanted. By thus slanting
the side surface of nounting pad 31, the insertion of heater insert 38 into
t he concave part 51 is nmade easy and the inserted state of the heater
i nsert 38PAFTEI A& WEertion is further stabilized. Also, it is

Figure 17 is an enlarged perspective view of a mounting pad in the

lead frame part according to yet another embodiment of the present
invention.

Figure 18 is an enlarged cross-sectional view of a mounting pad with
an [C chip fixed thereon.

Figure 19 is a cross-sectional view of a conventional sermniconductor
device package.

Figure 20 is a top plan view of the lead frame part of the
semiconductor device package of FFigure 19.

Figure 21 is a top plan view of one part of the lead frame as employed
in conventional semiconductor device package.

Figure 22 is an enlarged perspective view of the mounting pad of the
lead frame.

Figure 23 is a partially sectional view during wire bonding in a
conventional method of making a semiconductor device package.

Figure 24 is a partially sectional view during wire bonding using
another mounting pad in a conventional method of making a semiconductor
device package.

Figure 25 is a cross-sectional view of a conventional semiconductor
package during solder flow.

Figure 26 is a cross-sectional view of a conventional semiconductor
device package during solder flow.

Reference numerals as shown in the drawings:

1, 41...lead frames, 6, 7...leads, 8...lead frame part, 10...IC chip, 11,
31..mounting pads, 13, 53...semiconductor packages, 14, 34..silver paste,
15...wire, 16...sealing resin. 17..bonding pad, 18, 38...heater insert (heater
block), 19...capillary, 21...print wiring plate, 22...circuit pattern, 23...solder,
24 .. .crack, 2b5...separation part, 30, 51, 52, 63, 64..concave parts,
32...support pin, 39..gradation, 60, 61..slanted surface, 62..additional

mounting part, 70...inncr lead clamp.
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possi ble to disperse the stress generated between nounting pad 31 and resin
16 by the heat applied during the IR reflow shown in Figure 10 al ong

sl anted surface 60, and to relax the concentration of stress conpared to
when edge 3la of pad 31 is at a right angle, thereby preventing cracks in
the resin 16 even nore effectively. The sl anted shape of the side surface
60 is not limted to a |linear shape but ,can be other shapes such as a

curved shape, etc. 14 The exanple shown in Figures 11(a) and 11(b)
illustrates the slanted

DESCRIPTION OF THIS PREFERRED EMBODIMENTS

Figures 1-8 show a first embodiment of the present invention. In this

cmbodiment, the parts common to the convention;;l semiconductor device
package explained earlier are designated with the same reference numerals
and the description thercof may be omitted.

In the lead frame 41 and semiconductor. package 53 of this embodiment,
the fact that the square-shaped mounting pad (die pad) 31 for mounting
(fixing) the IC chip 10, is formed smaller than the IC chip 10, contrary to the
common practice of the industry, is its major characteristic.

Also, other features include a square-shaped concave part 30 formed
on the chip mounting surface of the mounting pad 31, and a fixing agent 34
such as silver paste, etc., filling in the concave part for fixation of the IC chip
10, wherein the fixing agent 34 is not adhered to the junction part 50 of IC
chip 10 and mounting pad 31 (namely, the fixation surface of fixing agent 34
exists within more or less the same plane as the mounting surface of
mounting i)ad 31).

The area of mounting pad 31 can be 15-40% of the chip size of IC chip
10 but when the stress, influenced by the silver paste quantity, and
displacement in the position of IC chip 10 during handling, which will be
discussed later, are considered, the smaller the better. For example, when
the size of IC chip 10 is 8 mm x 8 mm, a mounting pad 31 of about 4 mm x 4
mm (about 25% of the area of IC chip 10) is considered suitable.

This type of mounting pad 31 is formed as one body by etching, etc., as
part of the lead frame 41 as shown in Figure 5 along with support pins 32
(furthermore, leads 6 and 7, etc.). Concave part 30 of mounting pad 31 can
be formed by partial etching as indicated in Figure 3 and the depth d can be
the thickness (e.g., about 30 um) of silver paste 34 as shown in Figure 4.

In the lead frame 41, one corner part (the corner part at the top left in
Figure 5) of the four corner parts of lead frame part 8 is directly fixed to an
outer frame 2 of the lead frame 41 as in Figure 21 and the other three corner
parts are respectively connected to the outer frame 2 of the lead frame 41
through three snake-shaped bent parts 22, 23, and 24. According to the lead
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side surface 61 of the support pin 32, for exanple, as a curved shape from
the 1C chip nmounting side (surface side) inwardly towards the opposite side
(hack side). In conformance therewith, when the side surface of insertion
concave part 52 of heater insert 38 is slanted, insertion of the support
pin 32 becones sinple as indicated in Figures 11(a) arid 11(b) when pl acing
the lead franme into heater insert 38 and the inserted state of the support
pin 32 is further stabilized. The supp8rt pin :32 is even nore effective
when conbined with a nounting pad 31 having a slanted surface 60 as shown

Fi 9. The slanted sh i d 6 1 BURROLL, P N 32
M B R T

apes suc
shape, et®.iand outer frame 2 during the heating process such dS wire bonding, Lh(

warpage stress which may be generated in directions such as vertical,
horizontal, etc., is effectively absorbed by the elastic deformation of bent
parts 22, 23, and 24. As a result, dimension and positional precision (spacing
of the leads, ete.) of lead frame part 8 itself is improved, and warpage of the
lead frame material itself is eliminated so the conveyance becomes favorable
and a smooth conveyance becomes possible.

Moreover, even if a force which pulls leads 6 and 7 is created by
contraction of the resin during resin sealing after mounting of the IC chip, it
is absorbed by the deformation of bending parts 22, 23, and 24. Thus
warpage and deformation of the lead frame material can be prevented and
reliability such as moisture proofing, etc., is improved.

Next, the process of bonding and mounting IC chip 10 will be
explained in connection with the lead frame 41.

First of all, IC chip 10 is fixed (mounted) on mounting pad 31 with
silver paste 34 as shown in Figure 4. Silver paste 34 is filled within concave
part 30 of mounting pad 31.

Next, as shown in Figures 6 and 7(a) - 7(c), heater member (heater
insert) 38 provided with linear concave parts (grooves) 52 arranged radially
and square-shaped concave part 51 for inserting support pins 32 and
mounting pad 31 is prepared. In Figure 7(a), concave parts 51 and 52 are
indicated with slanted lines.

Then, when mounting pad 31 and support pins 32 are inserted into
concave parts 51 and 52, the IC chip back surface contacts heater member 38
as shown in Figure 8. Also, at the periphery of the IC chip, the tip area of
inner lead (7) is provided with gradation 39 of heater member front surface
so definite contact is made with the heater member when pressurized by
inner lead clamp 70 (see Figure 6), contact which is thermally and
mechanically stable is secured as noted above, and stabilized bonding is
executed. At the periphery of the IC chip, it is preferable to provide spacing
of about 500 pm between support pin 32 and mounting pdd 31 and bctween
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In the exanple of Figure 12(a), the adhesive strength of 1C chip 10 on the
|l ead frame is inproved by providing an additional nounting part 62 of a
circul ar shape on the support pin 32 and fixing IC chip 10 even on the
mounting part 62 when the adhesive strength of the IC chip 10 as secured
with respect to mounting pad 31 is insufficient. In this case, it is
preferable to forma concave part 63 in_the nounting part 62 which is to be
filled with the silver paste for chip fPxation in nounting part 62 by
partial etching, etc. Furthernore, as additional nodifications of the

when comps? B TS B 52 A R e E R 88 tinc | g pad &t the cent el part.

The mounting paitresbondingots ¢javiuted byobaidiogl wiresHape padd! cavithbeaof!lvar i ous

shapes suqhy By atpr;ﬂ.l)ai'ﬂggutlf’dnnml or ultrasonic energy, guiding it to msert lead 7 hike
arrow 20, then cladding it in the same manner as noted earlier.

At this time, even if mounting pad 31 is formed to be smaller as noted
above, 1t is supported by heater insert 38 sufficiently so wire bonding can be
executed stably, and moreover, the heat from the heater can be conducted
directly to IC chip 10 from heater insert 38 so thermal efficiency is not lost.

It is possible to provide a through-hole 54, as is indicated with a
broken line in Figure 6, to heater insert 38, and to adsorb IC chip 10 onto
heater insert 38 by vacuum suctioning through the through-hole 54 to hold it
stably. Also, in addition, it is possible to mechanically fix IC chip 10 to
heater insert 38 with a clamper (not shown in the figure), etc.

After the completion of wire bonding, sealing is executed with resin 16
as shown in Figure 1, the unnecessary part of outer lead 6 is cut off, and a
semiconductor device package 53 is created.

As is apparent from the above, in the package and lead frame of this
embodiment, mounting pad 31 is formed to be smaller than IC chip 10 and
silver paste 34 fills in concave part 30 so the following functional effects (1)-
(5) can be obtained.

(1) Mounting pad 31 is small so moisture in the vicinity of pad 31 is
reduced by that much, and moreover, warpage due to the difference in the
thermal expansion and contraction of pad 31 becomes minimal. Separation
between resin 16 and pad 31 caused by vapor explosion, as was explained in
Figure 25, is eliminated during heating (e.g., IR reflow, resin-sealing, etc.),
and cracks are not created in the resin or cracks are reduced considerably.

(2) In this case, resin 16 is directly adhered to IC chip 10 at the
periphery of pad 31, so the interfacial separation of IC chipIIO and resin 16
does not easily occur, since the adhesion between silicon (IC chip 10) and
epoxy resin (sealing resin 16) is very favorable, and the chance for water
collecting at the interface and causing vapor explosion is decreased.

(3) Moreover, silver paste 34 fills the concave part 30 of pad 31, and
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square, other polygonal shapes, or elliptic shapes. In conformance with
support pin 32 attached to the nounting part 62, a circular shaped nounting
.part insertion concave part 64 is also forned on heater insert 38 as in
shown Figure 13. Figure 14 shows an exanple of providing two support pins
32 on the diagonal line of nmounting pad 31, whereas the previously

descri bed exanples are provided with sygport pins 32 at the four corners (a
total of four support pins 32) of nmounting pad 31. Even if the nunber of
support pins 32 is two, nmounting pad 31 can he

does not protrude onto junction surface 50 of 1€ chip 10 and pad 31 "The
silver paste quantity can be reduced so in addition to being able to achieve a
cost decrease, emission and dispersion of moisture and emission of occluded
gas originating in the silver paste are minimal, and cracks are not created in
resin 16 due to vapor explosion as shown in Figure 26, or cracks are reduced
considerably. Also, it is not necessary to use epoxy resin of low stress like
resin 16. Thus the gas quantity emitted from silver paste can be reduced
further.

(4) Silver paste 34 fills the concave part 30, so the total thickness of 1C
chip 10, silver paste 34, and mounting pad 31 becomes smaller by the
thickness of the silver paste (e.g., about 30 pm) compared to the conventional
example in Figure 19 and can reduce the total thickness of the structure
when made into a semiconductor device package.

(6) Mounting pad 31 is small, so the size of IC chip 10 mounted on 1t
does not depend on the size of mounting pad 31, thus the freedom in selecting
the chip size to be mounted increases.

Also, the manufacturing method of packages according to this
embodiment uses heater insert 38 provided with mounting pad insertion
concave part 51 and executes bonding by directly supporting IC chip 10 at
the periphery so the following functional effects (6)-(7) are manifested.

(6) When wire bonding, mounting pad 31 can be supported reliably on
heater insert 38 even when small, as shown in Figures 6-9, and moreover,
the support is further stabilized since pad 31 and pin 32 are inserted into
concave parts 51 and 52 of heater insert 38. Therefore, wire bonding can be
executed stably.

(7) Also, in this case, IC chip 10 directly contacts heater insert 38 so
heat conduction to the IC chip (particularly, pad 17) from the heater and the
ultrasonic energy are not lost. Therefore, bonding strength is maintained
favorably, and even if the ultrasonic energy of the capillary 19 or the heat of
the heater is made low, sufficient bonding can be executed.

Next, the functional effects of the embodiment, particularly results of
the concrete test regarding crack resistance executed under the conditions
below, are shown in Tabhle [
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15 sulfficiently supported. Furthernore, there may be three support pins 32
by providing themat the three corner parts of nounting pad 31. '"I'lle
exanple in Figure 15 nakes the shape of nounting pad 31 into anot her shape
other than the square shape noted above, for exanple, a round or near round
shape. Wth a round pad shape, it is possible to disperse the stress
between.the resin and the mounting pad, 1o rel ax the stress concentration,
and to inprove the crack resistance. In addition to the above, the pad
shape Can he various shapes such as pol ygonal shape, curved shape, etc.
A package that had been set (cured) after resin-sealing was shelved for
a preseribed period of time (refer to TABLE I below) at 85°C/85% RIH.
Thereafter, it was placed on a printed wiring board then passed through an
IR reflow furnace (maximum temperature 245°C/5 gec) once. Thereafter, the
cracks on the inside of the resin were observed with an ultrasonic detector.
The materials, ete., used here are as follows.
Package: 176 pins QFP (resin part 24 mm x 24 mm x 1.4 mm
thickness)
Mold resin: Biphenol epoxy resin
Silver paste: Low-stress epoxy silver paste
Wire: Au wire, 27 pm diameter

TABLE I

MOUNTING CHIP SIZE | CHIP CRACK
PAD SIZE (mm) THICKNESS | GENERATION
(mm) (mm) COUNT

24 HR 48HR
10 X 10 8.1X8.3 0.28 0/12 12/12
4X 4 9.8X9.8 0.38 0/12 0/12
4X 4 8.1X8.3 0.28 0/16 0/16

* Crack generation count: crack generated package count/sample

count

From the results, it is apparent that the crack resistance improves
noticeably as compared to a conventional package, due to having made the
size of the mounting pad smaller than the size of the IC chip in accordance
with the present invention (in the above, the area of IC chip is 17% or 24%).

Furthermore, using the sample, the functional effects of the
embodiment, particularly, the results of the temperature cycle test, which is
one test of the temperature resistance properties necessary in semiconductor
products used in the following conditions, are shown in TABLE II.

A package that was set (cured) after resin-scaling was subjected to
moisture absorption for 168 h at 85°C/30% RH. Thereafier, it was passed

through an IR reflow furnace (maximum temperature 245°C/5 sec) three
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According to the exanple shown in Figure 16, nmounting pad insertion concave
part 51 of the heater insert 38 used for wire bonding is nmade | arger than
the nounting pad 31 so that the nounting pad 31 may be inserted into
concave part 51 with a margin. In this way, it is possible to use the
heater insert 38 with respect to various types of nmounting pads 31

regardl ess of the size and shape of nounting pad 31. Therefore, it is not
necessary to change the heater insert 38 for each nounting pad. Figures 17
and 18 differ fromthe previous exanples in that a concave part for

receiving the 5|{ver aste filling is not for ﬁ, ppunt .

However, evBHSnit ACHH ‘éxdntbl”ép‘df‘g‘ft‘i‘gi}‘r‘ %‘?L“?“gﬁ (11}81(’@ “snlq)“ §§f8 gl
for 10 min at each temperature) was executed in prescribed frequency.
Thereafter, cracks on the inside part of the resin were observed with an

ultrasonic detector as above and by external inspection.

TABLE [I

M()UN I'ING CHIP SIZE | CHIP CRACK

PAD SIZE (mm) THICKNESS | GENERATION

(mm) : (mm) COUNT

| B _ 200 cycle 500 cycle
12X 12 9.8 X9.8 0.38 12/12 12/12
4 X4 9.8X9.8 0.38 0/12 0/12
* Crack generation count: Count of packages with cracks
generated/sample

This data also clearly indicates that the crack resistance is noticeably
improved compared to the conventional package.

Also, the curvature of the package was measured. Namely, with the
depth at the back surface (the surface on the bottom side of the IC chip 10 in
Figure 1, for example) of the center position of the package shown in Figure 1
as 0, the depth at the four corner positions of the package was measured (the
thickness of the package was 1.4 mm, the IC chip size was 8.1 mm x 8.3 mm,
and the IC chip thickness was 0.28 mm). The curvature on the package front
surface side was expressed with negative depth and curvature on the back
surface side was expressed with positive depth, and the average value of the
measured depth at the four corners was evaluated as the "curvature of the
package.” The results are shown in Table [II (however, the unit of depth is p
m).




obtain the functional effects simlar to the above based on the fact that
nmounting pad 31 is made smaller than I C chip 10. The non-concave part
make-up of the exanple of Figures 17 and 18 can be applied simlarly in the
exanpl es shown in Figures 9-16. It will be understood that certain

enbodi nents of the present invention have been described, but other
nodi fi cati ons based on the technologicép concept of the present invention
are possible. For exanple; it is possible to change the shape and si ze of

t he mounting pad insertion concave part t he heater insert, the concave
part to be filled by the fixing agent, the support pin, and the nounting
pad. Also,.even .in regard.to. the. nalb@“&ls :the. lead. frame mterial can be
a nmetal sjuch CONVENTIONAI EMBODIMENT OF

PACKAGE PACKAGE
(MOUNTING PAD 10 ACCORDING TO
mm X 10 mm) INVENTION

(MOUNTING PAD

4mm X 4 mm)

MINIMUM 413 -34.8

DEPTH - o
MAXIMUM 123.3 21.8

DEPTH

AVERAGE 95.4 9.3

DEPTH

STANDARD 27.3 22.1
DEVIATION

This result indicates that curvature is reduced considerably in the
package based on the present invention as compared to the conventional
example.

Figures 9-18 show other embodiments of the present invention.

In the example shown in Figure 9, side surface 60 at the four sides of
the mounting pad 31 is slanted inwardly, for example, linearly from chip
mounting surface (front side) towards the opposite surface (back surface). In
conformance therewith, even the side surface of the concave part 51 receiving
heater insert 38 shown in Figure 6 is slanted.

By thus slanting the side surface of mounting pad 31, the insertion of
heater insert 38 into the concave part 51 is made easy and the inserted state
of the heater insert 38 after the insertion is further stabilized. Also, it 1s
possible to disperse the stress generated between mounting pad 31 and resin
16 by the heat applied during the IR reflow shown in Figure 10 along slanted
surface 60, and to relax the concentration of stress compared to when edge
d1a of pad 31 is at a right angle, thereby preventing cracks in the resin 16
even more effectively. The slanted shape of the side surface 60 is not limited
to a linear shape but can be other shapes such as a curved shape, ete.
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as a 42 alloy, copper alloy, copper, etc., the fixing agent can be an
adhesi ve other than silver paste, and the heater insert can be stainless

steel, etc. 16 Also, a configuration simlar to the |ead frame can
applied in other types of |ead franes, for exanple, a tape carrier type.
The bonding is also not. limted to wire bonding. The present invention can
be applied to dual in-line packages, et¢., and is not limted to a QFP

package in which the termnals (leads) are out put

The example shown in Figures 110a) and 11(h) illustrates the slanted
side surface 61 of the support pin 32, for example, as a curved shape from the
IC chip mounting side (surface side) inwardly towards the opposite side (back
side).

In conformance therewith, when the side surface of insertion concave
part 52 of heater insert 38 is slanted, insertion of the support pin 32 becomes
simple as indicated in Figures 11(a) and 11(b) when placing the lead frame
into heater insert 38 and the inserted state of the support pin 32 is further
stabilized. The support pin 32 is even more effective when combined with a
mounting pad 31 having a slanted surface 60 as shown in Figure 9. The
slanted shape of the side surface 61 of the support pin 32 is not limited to a
curved shape and can be other shapes such as a linear shape, etc.

In the example of Figure 12(a), the adhesive strength of IC chip 10 on
the lead frame is improved by providing an additional mounting part 62 of a
circular shape on the support pin 32 and fixing IC chip 10 even on the
mounting part 62 when the adhesive strength of the IC chip 10 as secured
with respect to mounting pad 31 is insufficient. In this case, it is preferable
to form a concave part 63 in the mounting part 62 which is to be filled with
the silver paste for chip fixation in mounting part 62 by partial etching, etc.

Furthermore, as additional modifications of the embodiment of Figure
12(a), there are Figures 12(b), 12(c), and 12(d), and when compared to Figure
12(a), there is no mounting pad at the center part. The mounting part 62 1s
not limited to circular shape and can be of various shapes such as triangular,
square, other polygonal shapes, or elliptic shapes.

In conformance with support pin 32 attached to the mounting part 62,
a circular shaped mounting part insertion concave part 64 is also formed on
heater insert 38 as in shown Figure 13.

Figure 14 shows an example of providing two support pins 32 on the
diagonal line of mounting pad 31, whereas the previously described examples
are provided with support pins 32 at the four corners (a total of four support
pins 32) of mounting pad 31.

[Even if the number of support pins 32 is two, mounting pad 31 can be
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in four directions. The present invention involves nmaking the nounting part
of the nounting pad, etc., smaller than the sem conductor elenent so the
war page of the sem conductor elenent created by differences in the thernal
expansion and contraction of the nounting part and the resin is mnimzed,
and the generation of curvature is also reduced. Moreover, due to the
adhesion of the resin with respect to ttlg sem conductor el ement being very
favorabl e and due to an increase in the adhesi on area, the adhesive :
strength between the resin and sem conductor el enent does not decrease in
the vici ni‘té_ of 1t.lh'e- rmun_ti ng (parlt, separ at‘i_on gl)f )tehg rrptinti r;gsgargt,igqg, t he
resin duestBidnetizongynssed ol wthaonetardeeausinde/dissr S8RpPosPEl 1§ -

el i m nat ed,,@qgh €LAGKS QL& NotecCd@atLGarts of mounting pad 31.

The example in Figure 15 makes the shape of mounting pad 31 into
another shape other than the square shape noted above, for example, a round
or near round shape.

With a round pad shape, it is possible to disperse the stress between
the resin and the mounting pad, to relax the stress concentration, and to
improve the crack resistance. In addition to the above, the pad shape can be
various shapes such as polygonal shape, curved shape, etc.

According to the example shown in Figure 16, mounting pad insertion
concave part 51 of the heater insert 38 used for wire bonding is made larger
than the mounting pad 31 so that the mounting pad 31 may be inserted into
concave part 51 with a margin.

In this way, it is possible to use the heater insert 38 with respect to
various types of mounting pads 31 regardless of the size and shape of
mounting pad 31. Therefore, it is not necessary to change the heater insert
38 for each mounting pad.

Figures 17 and 18 differ from the previous examples in that a concave
part for receiving the silver paste filling is not formed in mounting pad 31.

However, even with the example of Figures 17 and 18, it is possible to
obtain the functional effects similar to the above based on the fact that
mounting pad 31 is made smaller than IC chip 10. The non-concave part
make-up of the example of Figures 17 and 18 can be applied similarly in the
examples shown in Figures 9-16.

It will be understood that certain embodiments of the present
invention have been described, but other modifications based on the
technological concept of the present invention are possible.

For example, it is possible to change the shape and size of the
mounting pad insertion concave part, the heater insert, the concave part to

« be filled by the fixing agent, the support pin, and the mounting pad. Also,
even in regard to the materials, the lead frame material can be a metal such
as a 42 alloy, copper alloy, copper, etc., the fixing agent can be an adhesive

other than silver paste, and the heater insert can be stainless steel, etc.
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in the resin, or at |east the nunber of cracks are reduced considerably.
Furthernore, the nounting part is small so the size of the sem conductor
el enent which can be nounted on it is not dependent on the size of the
nmounting part and the freedomin the sen conductor el enent size which can
be nounted is increased. Wien bonding to the sem conductor |eads, even if
the mounting part is small, it can be ggipported reliably on the heater

i nsert, and noreover, the nounting part is inserted into the concave part
of the heater insert so the support is stabilized even nore. Therefore,

direct Ty cont ackbot He ML EpEiohsui Faot Hgt MR FTLE AR Br ap Al @R
ener gy to types séihtaabhiducegrfor example, a Ldp(, carrier type. The bonding 1s also not
limited to wire bonding.

The present invention can be applied to dual in-line packages, ctc.,
and is not limited to a QFP package in which the terminals (leads) are output
in four directions.

The present invention involves making the mounting part of the
mounting pad, etc., smaller than the semiconductor element so the warpage
of the semiconductor element created by differences in the thermal expansion
and contraction of the mounting part and the resin is minimized, and the
generation of curvature is also reduced. Moreover, due to the adhesion of the
resin with respect to the semiconductor element being very favorable and due
to an increase in the adhesion area, the adhesive strength between the resin
and semiconductor element does not decrease in the vicinity of the mounting
part, separation of the mounting part and the resin due to the condensation
of moisture causing vapor explosion is eliminated, and cracks are not created
in the resin, or at least the number of cracks are reduced considerably.

Furthermore, the mounting part is small so the size of the
semiconductor element which can be mounted on it is not dependent on the
size of the mounting part and the freedom in the semiconductor element size
which can be mounted is increased.

When bonding to the semiconductor leads, even if the mounting part is
small, it can be supported reliably on the heater insert, and moreover, the
mounting part is inserted into the concave part of the heater insert so the
support is stabilized even more. Therefore, bonding can be stably executed.

Moreover, the semiconductor element directly contacts the heater
insert so that heat conduction and ultrasonic energy to the semiconductor
element from the heater are not lost. Thus, the bonding strength is
maintained favorably and even if the heat of the heater and energy needed
for the cladding are made low, sufficient bonding can be executed.
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element from the heater are not lost. Thus, the bonding strength is

mai nt ai ned favorably and even if the heat of the heater and energy needed

for the cladding are nade IOﬁ!“mffici ent bondi ng can be executed. What
M,

is clainmed is: rL\m“m le\ A seni conduct@r devi ce package
conprising: a serfiksgM aving a top surfa S m BeaitRepiigegur f ace,
and further having a plurality of electronic-functio onponent s
provi ded therein; a plurality of bondi n§7pad on the 7” ﬁm sai d
sem conductor chip

CLAIMS:

1. A semiconductor device in which a semiconductor element is sealed in
a stale of being fixed on a mounting pad substantially smaller than

said semiconductor element.

2. A semiconductor device according to claim 1, in which a concave part 1s
formed on the mount surface of the mounting pad and f{ixing agent for

semiconductor element fixation substantially fills said concave part.

3. A semiconductor device according to claim 1 or 2, in which the side
surface of the mounting pad is slanted substantially inwardly from the
mount surface towards the opposite surface.

4. A semiconductor device according to claims 1-3, in which the side
surface of a support pin supporting the mounting pad is slanted
substantially inwardly from the semiconductor element mounting side
toward the opposite surface.

5. A semiconductor device according to claim 4, in which an additional
mounting part is provided to the support pin and semiconductor
element is fixed to this mounting part.

6. A semiconductor device according to claim 5, in which the additional '
mounting part of the support pin is formed to have a concave part and
in which fixing agent for the semiconductor element fixation is filled in
said concave part.

7. A lead frame with a mounting pad according to any of claims 1-3.

8. A lead frame according to claim 7 and provided with a support pin
according to any of claims 4-6.
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electrically connected to respective el ectronic-function performng
conponents thereof; a lead franme including a plurality of outwardly

ext endi ng conductive | eads having inner and outer integral conductive |ead
portions arranged about the periphery of said sem conductor chip in
outwardly spaced relation thereto; a die pad having upper and | ower
surfaces, said sem conductor chip belnqgﬁnunted on the upper surface of
said die pad; said die pad being connected to said | ead frame and having a
surface area snmaller than the surface area of said sem conductor chip

mount ed t Ij]er €OoR x?\ldgltl]()({ ()thm fu, Atx(xarg/pe{(,l 1}28;1811( Sl g ev(?(q 9(,( ()E&lﬁj’ Lo ALY of

sem conduct or chi peri I'd die
pad; (,Lums 1-6 comprising inserting a rn()untmg pdd dnd/()r a supp()rt pm

of a lead frame according to claim 7 or 8 into an insertion concave part
formed in a heater member, and in this state, said heater member
contacting the semiconductor element fixed to said mounting pad
and/or said support pin, and the bonding inner lead part of said lead

frame and said semiconductor element.

10. A method according to claim 9, further comprising forming the
insertion concave part for the support pin according to claims 4-6 to
the heater member along with the insertion concave part for the
mounting pad according to any of claims 1-3.

11. A method according to claim 9 or 10 further comprising forming the
mounting pad insertion concave part attached to the heater member
larger than the mounting pad.

12. A mounting pad for a semiconductor device according to any of claims
1-6, said device including an encapsulated semiconductor element
wherein the mounting pad is substantially smaller than the

semiconductor element.

This Sheet Has Been Repl
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said die pad having a recess defined in the upper surface thereof opposed
to the bottom surface of said sem conductor chip nounted thereon; an
adherent fixing agent filling the recess in said die pad such that the
upper surface of said fixing agent is disposed at |east substantially in
the plane of the upper surface of said die pad; the bottom surface of said
sem conductor chip being in contact with the upper surface of said fixing
agent so as to be adhered to said die pgd;, a plurality of electrically
conductive connector wires respectively connected to bonding pads on said

d i
conduct i veoPRECUNBLC R Y @e"“ep,n‘%‘igiwgﬁf LAPARD Mt on
encapsul ating sai d seni conduct orO¥HVAKEN(ySAM

ABSTRACT

Semiconductor device package 53 having a lead frame with a
mounting pad 31 smaller than the IC chip 10 mounted thereon, and a
method of making a semiconductor device package based on wire bonding
using a heater insert 38 with a mounting pad insertion concave part 51.
Separation between the mounting pad and an encapsulating resin is
eliminated, cracks are not created in the resin, or are considerably reduced,
and warpage of the package can be prevented. Also, bonding of wires
between leads and respective bonding pads 17 on the chip 10 can be executed
stably and efficiently. '

Figure 1
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di e pad, said connector wres, and the inner |ead portions of said
conductive | eads of said lead frane, the outer |ead portions of said
conductive |l eads of said | ead frame extendi ng outwardly of said body of

insulating material. 2. A sem conduct or devi ce package as set forth in
claim1l, wherein the surface area of said die pad is in the range of 15-40%
of the surface area of said sem conductor chip nounted thereon. -18- 3.

A sem conduct or devi ce package as set forth in claim?2

1714
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wherein the surface area of said die pad is approximtely 25% of the

surface area of said sem conductor chip nmounted thereon. 4. A
sem conduct or devi ce package as set forth in claim1l, Were in the adherent
fixing agent is silver paste. 5. A sem conduct or devi ce package as set

forth in claim1l, Further including a plurality of support pins integral
with the periphery of said die pad and extending outwardly therefromin
integrally connected relationship with said | ead franme. 6. A

sem conduct or devi ce package as set forth in claimb5, wherein said die pad
is configured in a quadril ateral shapegpﬂ/i ng four corners;
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said plurality of support pins conprising four support pins respectively
integrally connected with each of the four corners of the quadrilateral die
pad and integrally connected with said lead frane. 7. A sem conduct or
devi ce package as set forth in claim6, wherein said die pad inits

qgquadril ateral configuration includes four side surfaces extending between
the upper and | ower surfaces thereof, said four side surfaces of said
guadrilateral die pad being respectively slanted inwardly toward the | ower
surface of said die pad; and the inner éVéémall surfaces bounding the
recess defined in the upper surface of said die pad being |ikew se sl anted
inwardly fromthe upper surface of said die pad toward the | ower surface
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8. A sem conduct or devi ce package as set forth in claimb5, wherein each
of said support pins is provided with a respective recess therein at a

| ocation di sposed beneath and in registration with the bottom surface of
sai d sem conductor chip; an adherent fixing agent filling the recess in
each of said plurality of support pins so as to be disposed in contact with
the bottom surface of said sem conductor chip so as to adhere said

sem conductor chip to each of said plurality of support pins.

4/14

Figure 6

REPLACEMENT SHEET

25 JUL 0%




-19- 9. A sem conduct or devi ce package conprising: a sem conductor chip
having a top surface and a bottom surface, and further having a plurality
of electronic-function perform ng conponents provided therein; a plurality
of bondi ng pads on the top surface of said sem conductor chip electrically
connected to respective electronic-function performng conponents thereof;
a lead franme including a plurality of outwardly extendi ng conductive | eads
havi ng i nner and outer integral conductive |ead portions arranged about the
peri phery of said sem conductor chip in outwardly spaced relation thereto;
a sem conductor chip nount on which t hé Aeim conductor chip is di sposed,

8 {OJ 52\ ‘/
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sai d sem conductor chip mount including a plurality of support pins
underlying the bottom surface of said sem conductor chip and in engagenent
therewith; each of said support pins having a recess defined in the upper
surface thereof opposed to the bottom surface of said sem conductor chip;
an adherent fixing agent filling the recess in each of said plurality of
support pins such that the upper surface of said fixing agent is disposed
at | east substantially in the plane of the upper surface of said support
pin corresponding thereto; the bottom surface of said sem conductor chip
bei ng adhered to the fixing agent disposed in the recess of each of said
plurality of support pins so as to ad%%ﬁi sai d sem conductor chip to said
support pins;
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a plurality of electrically conductive connector wires respectively
connected to bondi ng pads on said sem conductor chip and the inner
conductive |l ead portions of said conductive |eads of said | ead franme; said
plurality of support pins being connected to said |ead frane; and a body of
insulating material encapsul ating said sem conductor chip, said plurality
of support pins, said connector wires, and the inner |ead portions of said
conductive |l eads of said |ead frame, the outer |ead portions of said
conductive | eads of said |ead frane extendi ng outwardly of said body of
insulating material. 10. A sem conduftliér device package as set forth in
claim9, whérein said plurality of support pins conprises four support pins
intersecting with each other at a conmon center so as to define an X-shaped

Figure 10

(a) {b?

Figure 11
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configuration of support pins as the sem conductor chip nount disposed
beneath said sem conductor chip with the fixing agent disposed in the
recess of each of said plurality of support pins being in adherent relation
with respect to the bottom surface of said sem conductor chip. 20- 11

A sem conduct or devi ce package as set forth in claim9, wherein said

sem conduct or chip nount further includes a quadrilateral inner frane
havi ng four corners;

8/14
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said plurality of support pins conprising four support pins having their
respective inner ends integrally connected to a respective corner of said
gquadrilateral inner frane and extending outwardly thereof; the recess
defined in each of said support pins being |ocated at the juncture thereof
wi th the corresponding corner of said inner franme and having the adherent
fixing agent therein in adherent relation with respect to the bottom
surface of said sem conductor chip. 12. A sem conduct or devi ce package as
set forth in claim9, wherein said sem conductor chip nount conprises
separ ate individual support pins undeP/fidng portions of the bottom surface
of said sem conductor chip and in spaced relation with respect to each

ot her;
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the recess defined in the upper surface of each of said support pins being
| ocated at the inner end thereof and having the adherent fixing agent
therein in adherent relation with respect to the bottom surface of said

sem conductor chip. 13. A nmet hod of making a sem conductor device package
conprising the steps of: providing a die pad of a lead frane including a
plurality of outwardly extending conductive |eads, wherein a recess is
defined in the upper surface of the die pad; filling the recess in said die
pad with an adherent fixing agent such 6??& t he upper surface of said
fixing agent is disposed at | east subs%an rally in the plane of the upper
surface of said die pad;
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di sposing a sem conductor chip having a plurality of bonding pads on the
upper surface thereof on the die pad so as to overlie the die pad wth the
bottom surface of said sem conductor chip in contact with the adherent
fixing agent in the recess of said die pad; securing the sem conductor chip
to the die pad via the adherent fixing agent to provide a sem conductor
chip assenbly; providing a heater nmenber having an upper surface with a
recess defined therein conplenentary to the shape of the die pad of said
sem conductor chip assenbly; REPLACEN%T;lﬁHEET 2 0 AUG 1999
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positioning the sem conductor chip assenbly on the heater nenber so as to
| ocate the die pad within the conplenentary recess defined in the upper
surface of said heater nenber; supporting the die pad of the sem conduct or
chip assenbly within the conplenmentary recess in the upper surface of said
heat er nenber whil e supporting the remai nder of the sem conductor chip
assenbly on the upper surface of saidibgauer nenber; bonding a respective
end of a connector wire to a correspondi ng bondi ng
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pad on the upper surface of the sem conductor chip while applying heat to
the sem conductor chip assenbly fromthe heater nenber; and bonding the
opposite end of the connector wire to a conductive |l ead of the |ead franme
whi | e applying heat to the sem conductor chip assenbly fromthe heater
menber. 14. A nmet hod of making a sem conductor device package as set
forth in claim13, wherein the surface area of said die pad is snmaller than
~the surface area of said sem conductor chip nounted thereon such that the

outer peripheral portion of said senicgnductor chip extends outwardly of

t he margi nal periphery of said dieléd&, and the step of supporting the die
pad of the sem conductor chip assenbly within the conplenentary recess in
t he upper surface of said heater nenber while

2P
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supporting the remai nder of the sem conductor chip assenbly on the upper
surface of said heater nenber includes supporting the sem conductor chip
vi a engagenent of the portion of the bottom surface of said sem conductor
chip extending outwardly of the die pad with the upper surface of said
heat er nenber; and the bonding of a respective end of a connector wire to a
correspondi ng bondi ng pad on the upperl®si¥4 ace of said sem conductor chip
and the bondi ng of the opposite end of the connector wire to a conductive
| ead of the |lead frane being conducted while heat is applied to said

sem conductor chip and to said |lead frane of the sem conductor or chip
assenbly fromthe heater nenber. 15. A nmet hod of making a sem conduct or
devi ce package as set forth in claim13,
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wherein the |l ead frane a plurality of support pins |ntegral v_\nth
the periphery of said f |ng outwargdl y therefrom and '

provi di ng the recess def"i surface of the heater mémber” vvlth“

out wardly pves for accsommdatl ng the plurality of su port pi'ns
i ntegral vvle?v‘n pg«&g@%%hery of said-diépad in a sﬁpportl ng rel at IEJOI‘IShI p. *

16. A nethod O/& ?ﬁl&)ﬂ&h r%mc8§9%5 mgﬁ%/hée package as set forth in

cl aim 15, 'erein the sur ace ar pad is snaller t han *4/#@f
surface area of .asemiconductor chip having a top surface and a bottom surface, and further

having a plurality of electronic-function performing components provided therein;

a plurality of bonding pad on the top surface of said semiconductor chip
electrically connected to respective electronic-function performing components
thereof;

a lead frame including a plurality of outwardly extending conductive leads
having inner and outer integral conductive lead portions arranged about the
periphery of said semiconductor chip in outwardly spaced relation thereto;

_ a d|e pad having upper and lower surfaces, said semiconductor chip being
| mounted on the upper surface of said die pad;

said die pad being connected to said lead frame and having a surface area
smaller than the surface area of said semiconductor chip mounted thereon such
that the outer peripheral portion of said semiconductor chip extends outwardly of
the marginal periphery of said die pad;

said die pad having a recess defined in the upper surface thereof opposed
to the bottom surface of said semiconductor chip mounted thereon;

an adherent fixing agent filling the recess in said die pad such that the upper
surface of said fixing agent is disposed at least substantially in the plane of the
upper surface of said die pad;

the bottom surface of said semiconductor chip being in contact with the
upper surface of said ﬂxiné agent so as to be adhered to said die pad;

- a plurality of electrically conductive connector wires respectively connected
to bondin_g pads on said semiconductor chip and the inner conductive lead portions
of said conductive leads of said lead frame; and

a body of insulating material encapsulating said semiconductor chip, said
die pad,.said connector wires, and the inner lead portions of said conductive leads
of said lead frame, the outer lead portions of said conductive leads of said lead
frame extending outwardly of said body of insulating material.

2. A semiconductor device package as set forth in claim 1,
wherein the surface area of said die pad is in the range of 15-40% of the
. surface area of said semiconductor chip mounted thereon.
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sai d sem conductor chip nounted thereon such f ri pheral
portion of said sem conductor chip extends oummylmmﬂuﬂﬂi”mrgl nal

peri phery of said die pad, and the step of suppording esdi € pad of the
sem conductor chip assenbly within thel&onpl enentary recess in the upper

surface of %aid heemisondudierelevishipbekagemsaet fony it pleim @nai nder of the
sem conduct or chiierdhseablurRa 48 dfpéb?{].o?é”pfa@cignﬁg)réﬁvhgteﬂﬁgﬁ%r of TRiEDer

i ncl udes supporting the sem conductor chip via e genment "of the portion
t he bot t om $Hiface eeagsf saigh senieanduetatchip srouptedphergerndi ng outwardly of the
die pad with the upper surface of said heater nenber; and the bondi ng of
respective end of a connector wire to a correspondi ng bondi ng pad on the
upper surfate ofAsamitosautergieyicerarkagsias sehtprthtivclendi ng of the opposite

end of the connegigfe WithadHréht FiRAY 4gbrtiS sivePpagtl. the | ead frame being

5. A semiconductor device package as set forth in claim 1,

Further including a plurality of support pins integral with the periphery of said
die pad and extending outwardly therefrom in integrally connected relationship with
said lead frame.

6. A semiconductor device package as set forth in claim 5,

wherein said die pad is configured in a quadrilateral shape having four
corners;

said plurality of support pins comprising four support pins respectively
integrally connected with each of the four corners of the quadrilateral die pad and
integrally connected with said lead frame.

7. A semiconductor device package as set forth in claim 6,

wherein said die pad in its quadrilateral configuration includes four side
surfaces extending between the upper and lower surfaces thereof, said four side
surfaces of said quadrilateral die pad being respectively slanted inwardly toward the
lower surface of said die pad; and

the inner sidewall surfaces bounding the recess defined in the upper surface
of said die pad being likewise slanted inwardly from the upper surface of said die
pad toward the lower surface thereof.

8. A semiconductor device package as set forth in claim 5,

wherein each of said support pins is provided with a respective recess
therein at a location disposed beneath and in registration with the bottom surface of
said semiconductor chip;

an adherent fixing agent filling the recess in each of said plurality of support
pins so as to be disposed in contact with the bottom surface of said semiconductor

chip so as to adhere said semiconductor chip to each of said plurality of support
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WEBINEE L

REPLACEMENT SHEEY

‘ [2 0 AUG 1999]

pins.

of



conducted while hjm” led to said sem conductor chip and to said | ead
frame of the sem ,ﬁﬂ’ﬁz ﬂlluh{njsenbl y fromthe heater nenber. 17. A
met hod of maki ng a“sefi co d evi ce package as set forth in claiml6,

further including applying a vactumthreudgR at |east one hole in the heater

menber in r@gi stAsempondictdr deveegpackageebmyrisingchi p assenbly for hol ding the
Egmjfﬁ”d“c‘ or chj Be.ﬂ&%ﬁ&%% cihga rP:{vﬁ@ea f&ﬁ s‘uFr?cé‘gﬁc} &bo Bitadh & EirfhidF
g of the opposite ends of connector wre to a bonding pad on the
upper sur f abayvingf a plaralitysef elentmodigdumtioo pegorariag camponsotsdurovidedthessint of t he
lead frame respeg tpilu\@lty of bonding pads on the top surface of said semiconductor chip
electrically connected to respective electronic-function performing components
thereof;

a lead frame including a plurality of outwardly extending conductive leads
having inner and outer integral conductive lead portions arranged about the
periphery of said semiconductor chip in outwardly spaced relation thereto;

a semiconductor chip mount on which the semiconductor chip is disposed,
said semiconductor chip mount including a plurality of support pins underlying the
bottom surface of said semiconductor chip and in engagement therewith;

each of said support pins having a recess defined in the upper surface
thereof opposed to the bottom surface of said semiconductor chip;

an adherent fixing agent filling the recess in each of said plurality of support
pins such that the upper surface of said fixing agent is disposed at least
substantially in the plane of the upper surface of said support pin corresponding
thereto;

the bottom surface of said semiconductor chip being adhered to the fixing
agent disposed in the recess of each of said plurality of support pins so as to
adhere said semiconductor chip to said support pins;

a plurality of electrically conductive connector wires respectively connected
to bonding pads on said semiconductor chip and the.inner conductive lead portions
of said conductive leads of said lead frame;

said plurality of support pins being connected to said lead frame; and

a body of insulating material encapsulating said semiconductor chip, said
plurality of support pins, said connector wires, and the inner lead portions of said
conductive leads of said lead frame, the outer lead portions of said conductive
leads of said lead frame extending outwardly of said body of insulating material.

10. A semiconductor device package as set forth in claim 9,

wherein said plurality of support pins comprises four support pins
intersecting with each other at a common center so as to define an X-shaped
configuration of support pins as th.e semiconductor chip mount disposed beneath
said semiconductor chip with the fixing agent disposed in the recess of each of said

plurality of support pins being in adherent relation with respect to the bottom
. - . Yy ITY ! 7"!-‘
surface of said semiconductor chip. \REFLACEWQ” NT %r’ {‘.ET\
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11. A semiconductor device package as set forth in claim 9,

wherein said semiconductor chip mount further includes a quadrilateral inner
frame having four corners;

said plurality of support pins comprising four support pins having their
respective inner ends integrally connected to a respective corner of said
quadrilateral inner frame and extending outwardly thereof;

the recess defined in each of said support pins being located at the juncture
thereof with the corresponding corner of said inner frame and having the adherent
fixing agent therein in adherent relation with respect to the bottom surface of said
semiconductor chip.

12. A semiconductor device package as set forth in claim 9,

wherein said semiconductor chip mount comprises separate individual
support pins underlying portions of the bottom surface of said semiconductor chip
and in spaced relation with respect to each other;

the recess defined in the upper surface of each of said support pins being
located at the inner end thereof and having the adherent fixing agent therein in
adherent relation with respect to the bottom surface of said semiconductor chip.

13. A method of making a semiconductor device package comprising the steps
of:

providing a die pad of a lead frame including a plurality of outwardly
extending conductive leads, wherein a recess is defined in the upper surface of the
die pad;

filling the recess in said die pad with an adherent fixing agent such that the
upper surface of said fixing agent is disposed at least substantially in the plane of
the upper surface of said die pad;

disposing a semiconductor chip having a plurality of bonding pads on the
upper surface thereof on the die pad so as to overlie the die pad with the bottom
surface of said semiconductor chip in contact with the adherent fixing agent in the
recess of said die pad;

securing the semiconductor chip to the die pad via the adherent fixing agent
to provide a semiconductor chip assembly;

providing a heater member having an upper surface with a recess defined
therein complementary to the shape of the die pad of said semiconductor chip
assembily;
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positioning the semiconductor chip assembly on the heater member so as to

*

[«

locate the die pad within the complementary recess defined in the upper surface of
said heater member;

supporting the die pad of the semiconductor chip assembly within the
complementary recess in the upper surface of said heater member while supporting
the remainder of the semiconductor chip assembly on the upper surface of said
heater member;

bonding a respective end of a connector wire to a corresponding bonding
pad on the upper surface of the semiconductor chip while applying heat to the
semiconductor chip assembly from the heater member; and bonding the opposite
end of the connector wire to a conductive lead of the lead frame while applying heat
to the semiconductor chip assembly from the heater member.

14. A method of making a semiconductor device package as set forth in claim

13,

wherein the surface area of said die pad is smaller than the surface area of
said semiconductor chip mounted thereon such that the outer peripheral portion of
said semiconductor chip extends outwardly of the marginal periphery of said die
pad, and the step of supporting the die pad of the semiconductor chip assembly
within the complementary recess in the upper surface of said heater member while
supporting the remainder of the semiconductor chip assembly on the upper surface
of said heater member includes supporting the semiconductor chip via engagement
of the portion of the bottom surface of said semiconductor chip extending outwardly
of the die pad with the upper surface of said heater member; and

the bonding of a respective end of a connector wire to a corresponding
bonding pad on the upper surface of said semiconductor chip and the bonding of
the opposite end of the connector wire to a conductive lead of the lead frame being
conducted while heat is applied to said semiconductor chip and to said lead frame
of the semiconductor or chip assembly from the heater member.

15. A method of making a semiconductor device package as set forth in claim

13,

wherein the lead frame includes a plurality of support pins integral with the
periphery of said die pad and extending outwardly therefrom; and

providing the recess defined in the upper surface of the heater member with
outwardly extending grooves for accommodating the plurality of support pins

integral with the periphery of said die pad in a supporting relationship. REPLACEMEN'I SHEET
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16. A method of making a semiconductor device package as set forth in claim
15,
wherein the surface area of said die pad is smaller than the surface area of

- 22 -

said semiconductor chip mounted thereon such that the outer peripheral portion of
said semiconductor chip extends outwardly of the marginal periphery of said die
pad, and the step of supporting the die pad of the semiconductor chip assembly
within the complementary recess in the upper surface of said heater member while
supporting the remainder of the semiconductor chip assembly on the upper surface
of said heater member includes supporting the semiconductor chip via engagement
of the portion of the bottom surface of said semiconductor chip extending outwardly
of the die pad with the upper surface of said heater member; and

the bonding of a respective end of a connector wire to a corresponding
bonding pad on the upper surface of said semiconductor chip and the bonding of
the opposite end of the connector wire to a conductive lead of the lead frame being
conducted while heat is applied to said semiconductor chip and to said lead frame
of the semiconductor chip assembly from the heater member.

17. A method of making a semiconductor device package as set forth in claim
16,
further including applying a vacuum through at least one hole in the heater
member in registration with the semiconductor chip assembly for holding the
semiconductor chip assembly in place on the heater member during the bonding of
the opposite ends of the connector wire to a bonding pad on the upper surface of
said semiconductor chip and to a conductive lead of the lead frame respectively.
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SEMICONDUCTOR DEVICE WITH SMALL DIE PAD AND METHOD
OF MAKING SAME

ABSTRACT

Semiconductor device package 53 having a lead frame with a
mounting pad 31 smaller than the IC chip 10 mounted thereon, and a
method of making a semiconductor device package based on wire bonding
using a heater insert 38 with a mounting pad insertion concave part 51.
Separation between the mounting pad and an encapsulating resin is
eliminated, cracks are not created in the resin, or are considerably reduced,
and warpage of the package can be prevented. Also, bonding of wires
between leads and respective bonding pads 17 on the chip 10 can be executed
stably and efficiently.

Figure 1
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