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(57) ABSTRACT 

Providing a method of producing a semiconductor device 
Wherein semiconductor element are sealed With a resin by 
using the same lead and other means regardless of the 
speci?cations of the semiconductor elements, and a semi 
conductor device Which can be reduced in siZe and Weight 
and has good heat dissipation performance and high-fre 
quency performance. 

The semiconductor devices can be produced by mounting a 
plurality of the semiconductor elements on the lead frame 
having leads disposed substantially parallel to each other, 
sealing the Whole With a resin, and cutting off the individual 
semiconductor devices. 
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Fig. 1A (Cross section view) 
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Fig.2A 
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Fig. 6A 
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Fig. 15A Fig. 158 
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Fig. 16 
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Fig. 17 
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METHOD OF PRODUCING SEMICONDUCTOR 
DEVICE AND CONFIGURATION THEREOF, AND 

LEAD FRAME USED IN SAID METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of pro 
ducing a semiconductor device and a con?guration thereof. 
More particularly, it relates to a method of producing a 
resin-sealed semiconductor device and a con?guration 
thereof Which make it possible to decrease the siZe, thick 
ness, Weight and cost of the device. 

[0003] 2. Description of the Related Art 

[0004] FIGS. 15A and 15B shoW a gull-Wing type semi 
conductor device With the con?guration of the prior art, 
FIG. 15A being a cross sectional vieW thereof and FIG. 15B 
being a top vieW thereof. 

[0005] A semiconductor device of this con?guration is 
generally produced in such steps as shoWn in FIG. 16, in a 
procedure described beloW. A semiconductor element 3 is 
bonded by means of a die bonding material 2 on an island 
24 of a lead frame 6 Which has the islands 24 and leads 1 as 
shoWn in FIG. 17. Then after connecting an inner lead 
section of the lead 1 surrounding the island 24 to an 
electrode pad located on the semiconductor element 3 by 
Wire bonding using a Wire 4 such as gold Wire, the elements 
are sealed individually on both sides of the lead frame 6 by 
using a sealing resin 5. FIG. 18 is a top vieW of the 
semiconductor device With the con?guration of the prior art 
after being sealed With resin. In a last stage, an outer lead 
section of the lead 1 is plated With tin or the like, cut off from 
the lead frame 6 and formed in gull Wing shape, thereby to 
obtain the semiconductor device as shoWn in FIGS. 15A 
and 15B. 

[0006] In the production method of the prior art, it is 
necessary to prepare the lead frame 6 having the islands 24 
matched to the siZe of the semiconductor elements 3 and 
molding dies (not shoWn) for sealing the individual semi 
conductor elements With a resin. Therefore, When semicon 
ductor elements 3 of different speci?cations are used, it is 
necessary to prepare different lead frames 6 and different 
molding dies for the various speci?cations. 

[0007] In the semiconductor device of the prior art shoWn 
in FIGS. 15A and 15B, there has been a limitation on the 
reduction of the siZe and Weight because the resin covers 
both sides of the lead frame 6. 

[0008] Moreover, because heat generated by the semicon 
ductor element 3 is dissipated through the lead 6, it is 
dif?cult to apply the device to high-output poWer transistors 
Which generated much heat. Because of the relatively long 
connection betWeen the semiconductor element 3 and a 
mother board, it is also difficult to apply the device to 
high-frequency transistors or the like. 

[0009] To counter such problems as described above, a 
molded transistor having only one side of a lead being 
molded With a resin is disclosed, for eXample, in Japanese 
Patent Kokai Publication No. 62-134945. HoWever, since 
production of such a molded transistor requires different 
lead frames for different speci?cations as in the prior art and 
molding With the resin is carried out individually for each 
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semiconductor element, different molding dies must be 
prepared according to different speci?cations and therefore 
the above problems are not solved. 

[0010] Also the devices are mounted on the mother board 
by using ?at leads according to this prior art technology, but 
it cannot be applied to devices Which generate much heat 
because of relatively small lead area. 

SUMMARY OF THE INVENTION 

[0011] An object of the present invention is to provide a 
method of producing the semiconductor device Wherein 
semiconductor element are sealed With resin by using the 
same lead and independent of the speci?cations of the 
semiconductor elements, and a semiconductor device Which 
can be reduced in siZe and Weight and has good heat 
dissipation performance and high-frequency performance. 
[0012] The present inventors have intensively studied. As 
a result, they found that semiconductor devices can be 
produced With a same lead frame regardless of the speci? 
cations of semiconductor elements When a plurality of the 
semiconductor elements are mounted on the lead frame 
having leads disposed substantially parallel to each other 
and, after sealing the Whole With a resin, the individual 
semiconductor devices are cut off, and that the semiconduc 
tor device has improved heat dissipation performance and 
high-frequency performance. Thus, the present invention 
has been accomplished. 

[0013] The present invention provides a method of pro 
ducing a semiconductor device comprising a die bond pad, 
a Wire bond pad, a semiconductor element mounted on the 
die bond pad, and a sealing resin for molding the semicon 
ductor element, Which comprises preparing a lead frame 
having a plurality of leads disposed substantially in parallel 
to each other at intervals in the longitudinal direction in the 
same plane; bonding a plurality of semiconductor elements 
in parallel on at least one lead surface of the lead frame; 
electrically connecting an electrode of each semiconductor 
element and another lead adjacent thereWith in the longitu 
dinal direction; molding the plurality of semiconductor 
elements together by means of the sealing resin applied from 
above the lead surface so that the back side of the lead is 
eXposed; and cutting the lead and the sealing resin in the 
longitudinal direction betWeen the semiconductor elements, 
thereby to take the lead With the semiconductor element 
being mounted thereon as a die bond pad, and to take the 
lead connected to the electrode of the semiconductor ele 
ment as a Wire bond pad. 

[0014] With this method of producing the semiconductor 
element, because it is not necessary to prepare a plurality of 
lead frames for different siZes of the semiconductor elements 
to be mounted, the lead frame can be used in common, and 
therefore it becomes possible to simplify the production 
process and reduce the production cost. 

[0015] Particularly With this method, since the semicon 
ductor devices are made by cutting off the lead frame 
Whereon the semiconductor elements are bonded consecu 
tively, no part of the lead frame Will be Wasted, so that 
product yield per unit area of the lead frame is improved and 
the production cost can be reduced. 

[0016] The present invention also provides a method of 
producing the semiconductor device, Wherein the back sur 
face of the lead is covered With a resin sheet thereby to mold 
With the sealing resin. 
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[0017] By providing such a step, the sealing resin is 
prevented from seeping through the space betWeen the leads 
to the back surface of the lead during the sealing step, thus 
making it possible to prevent connection failure from occur 
ring When connecting the semiconductor device to the 
mother board. 

[0018] The resin sheet may be applied either to the entire 
back surface of the lead or to a part thereof. 

[0019] Alternatively, the space betWeen the leads may be 
?lled With a masking material before applying the sealing 
resin. 

[0020] Seeping of the sealing resin to the back of the leads 
can be prevented by ?lling the space betWeen the leads With 
the masking material. 

[0021] The present invention also provides a method of 
producing the semiconductor device, Wherein the sealing 
resin Which has seeped to the back surface of the lead is 
removed after applying the sealing resin. 

[0022] By providing such a step, connection failure due to 
the sealing resin seeping to the back surface of the lead can 
be prevented. 

[0023] The present invention also provides a method of 
producing the semiconductor device, Wherein the leads are 
supplied in the form of a lead frame having electrically 
conductive leads fastened onto a frame substantially in 
parallel to each other at intervals in the same plane. 

[0024] By using the lead frame having leads disposed 
parallel to each other, handling of the leads during the 
production process is made easier. 

[0025] The siZe of the lead in the longitudinal direction 
Whereon the semiconductor element is mounted is prefer 
ably equal to or less than the siZe of the semiconductor 
element in the longitudinal direction. 

[0026] When the space betWeen the leads is made equal to 
or less than the Width of the semiconductor element, distance 
betWeen the leads can be made larger even When the 
semiconductor device is made smaller, thus making it pos 
sible to prevent short circuit betWeen the leads When con 
necting the semiconductor device to the mother board. 

[0027] The semiconductor element may also be bonded on 
the lead surface by means of an electrically conductive or 
adhesive insulator. 

[0028] When an electrically conductive resin is used, the 
semiconductor element and the die bond pad can be elec 
trically connected. 

[0029] The present invention also provides a method of 
producing the semiconductor device, Wherein the sealing 
resin is cut off outside a plurality of semiconductor elements 
so that the plurality of semiconductor elements bonded on 
the different leads Which are arranged in a direction perpen 
dicular to the leads are molded in the same sealing resin. 

[0030] By employing this method, it is made possible to 
easily produce the arrayed semiconductor device Where the 
plurality of semiconductor elements are molded together in 
the sealing resin. 

[0031] The present invention also provides a lead frame 
comprising a plurality of leads arranged substantially in 
parallel to each other in the longitudinal direction at inter 
vals in the same plane. 
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[0032] The present invention also provides a semiconduc 
tor device comprising a die bond pad With a semiconductor 
element mounted on the top surface thereof; a Wire bond pad 
arranged substantially in parallel to each other in the longi 
tudinal direction While interposing the die bond pads ther 
ebetWeen; and a sealing resin for molding the semiconductor 
elements; Wherein the sealing resin is applied from above 
the die bond pads and the Wire bond pads so that the back 
surfaces of the die bond pads and the Wire bond pads are 
eXposed, While the space betWeen the die bond pads and the 
Wire bond pads is also ?lled With the sealing resin. 

[0033] In a semiconductor device of such a con?guration 
as described above, only the surface of the semiconductor 
device is sealed With the resin While the die bond pads and 
the Wire bond pads formed by cutting off the leads are 
eXposed on the back surface, and therefore it is made 
possible to connect the semiconductor device directly to the 
mother board by using the back surface of the semiconduc 
tor device, thus contributing to the reduction in the mounting 
area and height, siZe and Weight of the device. 

[0034] Also because the die bond pads and the Wire bond 
pads are directly connected to the mother board, heat dis 
sipation from the semiconductor element is improved so that 
the present invention can be applied to high output poWer 
elements, Which generate much heat, as Well. 

[0035] Also because the distance of connecting the mother 
board and the semiconductor element can be reduced, good 
high-frequency characteristics can be obtained even When a 
high-frequency element is used for the semiconductor ele 
ment. 

[0036] Also bonding area for bonding the semiconductor 
device onto the mother board With solder or the like by using 
the die bond pads and the Wire bond pads is increased, thus 
making it possible to increase the bonding strength. 

[0037] The die bond pads and the Wire bond pads are 
preferably provided to lie across both sides of the semicon 
ductor device in the lateral direction of the semiconductor 
device. 

[0038] By employing this con?guration, areas of the die 
bond pads and the Wire bond pads on back of the semicon 
ductor device can be increased, thus making it possible to 
improve the heat dissipation and increase the bonding 
strength. 
[0039] The space betWeen the die bond pads and the Wire 
bond pads may also be ?lled With a masking material instead 
of the sealing resin. 

[0040] By using the masking material, it is made possible 
to prevent the sealing resin from seeping to the back of the 
leads. 

[0041] The die bond pads and/or the Wire bond pads 
preferably have a plurality of recesses on the top and/or the 
bottom surfaces. 

[0042] By making recesses in the leads, contact area With 
the sealing resin applied thereon or With the solder used for 
connection to the mother board is increased, thus increasing 
the bonding strength and improving the reliability of the 
semiconductor device. 

[0043] Also because the section area of the lead can be 
decreased With this con?guration, cutting area during dicing 
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is decreased leading to less load of cutting off and less Wear 
experienced by the dicing blade. 

[0044] The die bond pads and/or the Wire bond pads 
preferably have a plurality of recesses provided on the side 
faces thereof. 

[0045] This is because the contact area betWeen the lead 
and the sealing resin can also be increased With this struc 
ture. 

[0046] The recesses are preferably provided in such a Way 
as the longitudinal cutting face of the die bond pad or the 
Wire bond pad With the recess crosses either of the recesses. 

[0047] The die bond pads and/or the Wire bond pads 
preferably have longitudinal cross sections having trapeZoi 
dal shape With the top side greater than the bottom side. 

[0048] SiZe of the die bond pad in the longitudinal direc 
tion is preferably equal to or less than the longitudinal siZe 
of the semiconductor element mounted on the die bond pad. 

[0049] This is because a suf?cient distance betWeen the 
die bond pads and the Wire bond pads can be maintained thus 
preventing the occurrence of solder bridge, even When the 
semiconductor device is made smaller thus reducing the 
distance betWeen the die bond pads and the Wire bond pads. 

[0050] The present invention also provides a semiconduc 
tor device Wherein the semiconductor element and other 
semiconductor element mounted on the other die bond pads 
arranged in a longitudinal array With the die bond pads, 
Whereon the semiconductor elements are mounted, 
described above are molded together by means of the sealing 
resin. 

[0051] This is because, by molding the plurality of semi 
conductor elements together as described above, the semi 
conductor device can be made smaller. 

[0052] As Will be clear from the above description, 
according to the method of producing the semiconductor 
element of the present invention, because it is not necessary 
to prepare lead frames suitable for the individual semicon 
ductor elements to be mounted thereon and the lead frame 
can be used in common, the production process can be 
simpli?ed and the production cost can be reduced. 

[0053] Also because the lead frame With the semiconduc 
tor elements mounted thereon is sealed With the resin as a 
Whole, it is not necessary to prepare different molding dies 
for various siZes of the semiconductor devices, thus the 
production process can be simpli?ed and the production cost 
can be reduced. 

[0054] Particularly because the lead frame With the semi 
conductor elements mounted thereon consecutively is cut off 
to make the semiconductor devices in the mass production, 
there is no part of the lead frame 6 Wasted, so that product 
yield per unit area of the lead frame 6 is improved and the 
production cost can be reduced. 

[0055] Also as the lead is provided With the recess, bond 
ing strength With the sealing resin applied thereon or With 
the mother board can be increased thereby improving the 
reliability of the semiconductor device. 

[0056] Also it is made possible to decrease the cut face 
area of the lead 1, reduce the load applied to the semicon 
ductor device during cutting off and reduce the Wear of the 
dicing blade. 
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[0057] Even When the distance betWeen the die bond pad 
and the Wire bond pad decreases as the siZe of the semicon 
ductor device is made smaller, the distance therebetWeen can 
be maintained to a suf?cient level, thereby preventing solder 
bridge from being formed. 

[0058] Also in the semiconductor device of the present 
invention, only the front surface of the semiconductor 
device is sealed With the resin While the die bond pad and the 
Wire bond pad formed on the back surface by cutting off the 
leads are eXposed, the semiconductor device can be con 
nected directly onto the mother board by using the back 
surface of the semiconductor device, thus making it possible 
to reduce the mounting area and height, thereby contributing 
to the reduction of siZe and Weight. 

[0059] Also because the die bond pad and the Wire bond 
pad are connected directly to the mother board, heat dissi 
pation from the semiconductor element can be improved, 
and the present invention can be applied to high-output 
poWer elements Which generate much heat. 

[0060] Also because the distance of connecting the mother 
board and the semiconductor element can be reduced, good 
high-frequency characteristics can be obtained When high 
frequency element is used for the semiconductor element. 

[0061] Also the bonding area for fastening the semicon 
ductor device onto the mother board With solder or the like 
by using the die bond pads and the Wire bond pads increases, 
thus making it possible to increase the bonding strength. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] FIGS. 1A-1C shoW a semiconductor device 
according to the ?rst embodiment of the present invention. 

[0063] FIGS. 2A-2C shoW a production ?oW chart of the 
semiconductor device according to the ?rst embodiment of 
the present invention. 

[0064] FIGS. 3A-3C shoW a production ?oW chart of the 
semiconductor device according to the ?rst embodiment of 
the present invention. 

[0065] FIGS. 4A and 4B shoW a semiconductor device 
according to the second embodiment of the present inven 
tion. 

[0066] FIGS. 5A and SB shoW the semiconductor device 
according to the second embodiment of the present inven 
tion. 

[0067] FIGS. 6A and 6B shoW the semiconductor device 
according to the second embodiment of the present inven 
tion. 

[0068] FIGS. 7A and 7B shoW a semiconductor device 
according to the third embodiment of the present invention. 

[0069] FIGS. 8A-8D shoW the semiconductor device 
according to the third embodiment of the present invention. 

[0070] FIG. 9 shoWs a production ?oW chart of the 
semiconductor device according to the fourth embodiment 
of the present invention. 

[0071] FIG. 10 shoWs a production ?oW chart of the 
semiconductor device according to the ?fth embodiment of 
the present invention. 



US 2001/0041384 A1 

[0072] FIG. 11 shows a production ?oW chart of the 
semiconductor device according to the sixth embodiment of 
the present invention. 

[0073] FIGS. 12A-12C shoW a production ?oW chart of 
the semiconductor device according to the seventh embodi 
ment of the present invention. 

[0074] FIGS. 13A-13C shoW a production ?oW chart of 
the semiconductor device according to the eighth embodi 
ment of the present invention. 

[0075] FIGS. 14A-14C shoW a production ?oW chart of 
the semiconductor device according to the eighth embodi 
ment of the present invention. 

[0076] FIGS. 15A and 15B shoW a semiconductor device 
With the con?guration of prior art. 

[0077] FIG. 16 shoWs a production ?oW chart of the 
semiconductor device With the con?guration of the prior art. 

[0078] FIG. 17 shoWs a lead frame used in the production 
of the semiconductor device With the con?guration of the 
prior art. 

[0079] FIG. 18 shoWs a production ?oW chart of the 
semiconductor device With the con?guration of the prior art. 

[0080] FIGS. 19A-19C shoW another semiconductor 
device With the con?guration of the prior art. 

[0081] FIGS. 20A-20D shoW a production ?oW chart of 
another semiconductor device With the con?guration of the 
prior art. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0082] Embodiment 1 

[0083] First embodiment of the present invention Will noW 
be described beloW With reference to FIG. 1A through FIG. 
3D. 

[0084] FIGS. 1A-1C shoW a semiconductor device 
according to the present invention, With FIG. 1A shoWing a 
cross sectional vieW taken along lines A-A‘, FIG. 1B shoW 
ing a top vieW and FIG. 1C shoWing a bottom vieW. In the 
draWing, numeral 1 denotes an external electrode (Wire bond 
pad), 2 denotes a die bonding material, 3 denotes a semi 
conductor element, 4 denotes a Wire such as gold Wire and 
5 denotes sealing resin. 

[0085] A method of producing the semiconductor device 
shoWn in FIGS. 1A-1C Will be described beloW With refer 
ence to FIGS. 2A-3D. 

[0086] First, such a lead frame 6 is prepared as shoWn in 
FIG. 2A Where a plurality of leads are arranged parallel to 
each other at intervals. The lead frame 6 is shoWn in FIG. 
2A as a top vieW on the right and cross sectional vieW taken 
along lines B-B‘ on the left. FIG. 2A-3D shoW the top vieW 
on the right and cross sectional vieW of that portion taken 
along lines B-B‘ on the left. The lead frame 6 is preferably 
made of copper, 4-2 alloy or the like. 

[0087] Then as shoWn in the die bonding step of FIG. 2B, 
a plurality of the semiconductor elements 3 are bonded onto 
the lead frame 6 by means of a die bonding material 2 such 
as epoxy resin. 
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[0088] Then as shoWn in the Wire bonding step of FIG. 
2C, electrodes (not shoWn) of the individual semiconductor 
elements 3 and the lead frame 6 adjacent to the lead frame 
Whereon the semiconductor elements 3 are bonded are 
connected by means of the Wire 4 such as gold Wire, thereby 
making the Wiring. 

[0089] Then as shoWn in the resin sealing step of FIG. 3A, 
one side of the lead frame 6 Whereon the plurality of 
semiconductor elements 3 are mounted and Wired is sealed 
With the sealing resin 5 such as thermosetting epoxy resin. 
In this step, all of the plurality of semiconductor elements 3 
are sealed together by using a single molding die, instead of 
sealing the individual semiconductor elements 3 by using 
different molding dies. 

[0090] Then as shoWn in the marking step of FIG. 3B, a 
marking 7 is made at a predetermined position of the sealing 
resin 5 by using laser or the like. The marking is made by 
changing the property of the predetermined portion of the 
sealing resin 5 by using, for example, YAG laser. 

[0091] Then as shoWn in the separation step of FIG. 3C, 
the semiconductor elements 11 sealed With the same sealing 
resin 5 are separated to make the individual semiconductor 
devices. Separation of the semiconductor devices is carried 
out by means of a dicing apparatus. 

[0092] In this step, the semiconductor elements Which 
have been sealed With the resin are attached onto an adhesive 
tape 9 such as vinyl chloride Which is ?xed onto a securing 
frame 10. This prevents the semiconductor devices from 
going to pieces When separated. 

[0093] Then the semiconductor elements are separated by 
cutting along a cutting line 8 by means of the dicing 
apparatus (not shoWn). In the dicing step, the leads of the 
lead frame 6 are cut off at the same time the sealing resin 5 
is cut off. Thus the lead Whereon the semiconductor element 
3 is bonded becomes the die bond pad and the lead con 
nected to the semiconductor element 3 With the Wire 4 
becomes the Wire bond pad. The semiconductor devices 
Which have been separated are tested electrically character 
istics While being attached onto the adhesive tape 9. 

[0094] The semiconductor devices are completed When 
detached from the adhesive tape 9. 

[0095] The semiconductor devices may also be tested for 
electric characteristics after being removed from the adhe 
sive tape 9. 

[0096] Last, as shoWn in packaging step of FIG. 3D, the 
semiconductor devices are placed on an embossed tape 12 
made of paper or the like or a tray and packaged, to be ready 
for shipment as products. 

[0097] As described above, the semiconductor devices of 
this embodiment are sealed With the resin only on the top 
surface thereof, While the die bond pads and the Wire bond 
pads formed on the back surface by cutting off the leads are 
exposed. 

[0098] Therefore, the semiconductor devices of this 
embodiment are connected directly to the mother board by 
using the back surface of the semiconductor device, not by 
using the outer lead lb as in the case of the semiconductor 
device of the prior art shoWn in FIGS. 12A-12C, thus 
making it possible to reduce the semiconductor device 










