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(57) ABSTRACT 

A Semiconductor device having a structure miniaturizable 
through simple fabrication StepS and a method of fabricating 
a Semiconductor device capable of remarkably improving 
production efficiency are obtained. The Semiconductor 
device comprises a Semiconductor chip including a Semi 
conductor circuit having a prescribed function and an elec 
trode on one main Surface, a wire having a first end 
connected with the electrode and a Second end having a 
connecting terminal connected to an external device and an 
insulator Sealing at least the main Surface of the Semicon 
ductor chip. The connecting terminal provided on the Second 
end of the wire is a part formed while keeping a State 
integrated with the remaining part of the wire, and exposed 
on a bottom Surface opposite to the upper Surface of the 
insulator closer to the main Surface. 
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SEMCONDUCTOR DEVICE AND METHOD OF 
FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
device and a method of fabricating the same, and more 
particularly, it relates to a miniaturized Semiconductor 
device capable of remarkably improving production effi 
ciency and a method of fabricating the Same. 
0003 2. Description of the Prior Art 
0004 FIG. 95 is a sectional block diagram showing an 
exemplary conventional Semiconductor device. A Semicon 
ductor chip 101 a formed on a wafer is mounted on a die pad 
105b of a lead frame. Electrode pads 103 of the semicon 
ductor chip 101a are connected with external leads 105a 
Serving as external connecting terminals by wires 102. The 
wires 102 form wire connecting terminals 102b on portions 
con connected with the electrode pads 103, while forming 
wire connecting terminals 102a on portions connected with 
the external leads 105.a. Portions excluding external termi 
nals of the external leads 105a are sealed with insulating 
resin 104, as shown in FIG. 95. 
0005 FIGS. 96 to 100 show a method of fabricating the 
aforementioned semiconductor device. As shown in FIG. 
96, a plurality of Semiconductor circuit areas (semiconduc 
tor chip regions) 101a are arranged and formed on the wafer 
101, for providing the electrode pads 103 on the Surface of 
each semiconductor chip 101a. As shown in FIG. 97, the 
wafer 101 is cut in units of the Semiconductor chip regions 
101a, for obtaining each fragmented Semiconductor chip 
101a. Thereafter the fragmented semiconductor chip 101a is 
fixed to the die pad 105b of the lead frame, as shown in FIG. 
98. Then, the electrode pads 103 arranged on the upper 
surface of the semiconductor chip 101a and the external 
leads 105 a are connected with each other by the wires 102, 
as shown in FIG. 99. Thereafter the portions excluding the 
terminals of the external leads 105a are sealed with the resin 
104, as shown in FIG. 100. Finally, portions of the external 
leads 105a exposed from the sealing resin 104 are bent 
inward for reducing the size, thereby fabricating the Semi 
conductor device shown in FIG. 95. 

0006 A semiconductor device such as a DRAM 
(dynamic random access memory), for example, having 
excellent reliability can be obtained by the aforementioned 
fabrication method. 

0007. However, the aforementioned semiconductor 
device employs the lead frame, and hence the external leads 
105a are inevitably located outside the semiconductor chip 
101a in a planar view. In order to eliminate such a factor 
inhibiting the Semiconductor device from miniaturization, 
Some proposals have heretofore been made. For example, 
FIG. 101 shows a structure proposed in Japanese Patent 
Laying-Open No. 9-162348 (1997). Referring to FIG. 101, 
resin projections 104a covered with metal films 115a are 
provided on the bottom of a semiconductor chip 101 a for 
connecting the metal films 115a with electrode pads 103 of 
the semiconductor chip 101a with wires 102. According to 
this Structure, no terminals for external connection are 
provided outside Sealing resin, and hence this Semiconductor 
device can be miniaturized. 
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0008 FIG. 102 shows another structure proposed in 
Japanese Patent Laying-Open No. 10-98133 (1998). Refer 
ring to FIG. 102, external connection means 125a is 
arranged in proximity to a Semiconductor chip 101 a without 
employing a lead frame. In this Semiconductor device, the 
Semiconductor chip 101a and the external connection means 
125a are sealed with resin 104 and exposed on the back 
Surface. This Semiconductor device can also be miniaturized 
due to the external connection means 125a located inside the 
Sealing resin 104 in a planar view. 
0009. However, the structure according to Japanese 
Patent Laying-Open No. 9-162348 shown in FIG. 101 
requires pattern formation for the metal films 115a covering 
the resin projections 104a. Therefore, the number of fabri 
cation StepS is complicatedly increased. Thus, the fabrication 
cost is increased, and the yield may be reduced. 
0010. In the structure according to Japanese Patent Lay 
ing-Open No. 10-98133 shown in FIG. 102, an additional 
member, i.e., the external connection means 125a must be 
arranged during fabrication Steps. Therefore, the fabrication 
StepS are complicated to increase the fabrication cost, and 
the yield may be reduced. 

0011. In addition, each of the aforementioned semicon 
ductor devices is generally fabricated by cutting a wafer 
provided with Semiconductor chips through prescribed pro 
cessing Steps along Sections of the wafer for obtaining 
fragmented individual Semiconductor chips. According to a 
general fabrication method, each of the Semiconductor 
devices shown in FIGS. 96 to 100 is fabricated through a 
Step of fragmenting the Semiconductor chip in advance of a 
Step of Sealing portions of the wafer with resin. 

0012. When electrode pads of the semiconductor chip 
and connecting terminals are wire-bonded and Sealed with 
resin through the Step of fragmenting the Semiconductor 
chip, alignment etc. must be performed in each fragmented 
Semiconductor chip, leading to limitation of the production 
efficiency. While the price of a semiconductor device is 
reduced by mass production for facilitating popularization of 
the Semiconductor device, the aforementioned System fab 
ricating a Semiconductor package for each fragmented Semi 
conductor chip is problematic in View of mass productivity. 

0013 In the aforementioned method fabricating the semi 
conductor package for each fragmented Semiconductor 
device, it is difficult to handle the semiconductor device 
when the same is miniaturized. It is obviously difficult to 
handle the aforementioned Semiconductor device shown in 
FIG. 101 or 102 when the same is miniaturized. 

0014 Further, complicated processing steps are required 
for fabricating a Semiconductor device Such as the afore 
mentioned miniaturized Semiconductor device shown in 
FIG. 101 or 102 by stacking a plurality of individual 
fragmented Semiconductor chips, and the finished Semicon 
ductor device is also complicated in structure. FIG. 103 
shows a multilayer Structure employing a lead frame. Refer 
ring to FIG. 103, the sizes of stacked semiconductor chips 
101 a must be gradually reduced in ascending order, and 
hence the number of Stackable layers of the Semiconductor 
chips 101a is limited. FIG. 104 shows a multilayer structure 
formed by Stacking Semiconductor chips 101a of the same 
size. It is understood from FIG. 104 that the semiconductor 
chipS 101a of the same Size must be Stacked through a Spacer 
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111. When the spacer 111 is employed, not only the structure 
is complicated but also a connecting Step is required for each 
layer. Therefore, fabrication efficiency is disadvantageously 
reduced. 

SUMMARY OF THE INVENTION 

0.015. An object of the present invention is to provide a 
miniaturized Semiconductor device capable of remarkably 
improving production efficiency and a method of fabricating 
this Semiconductor device. 

0016. The semiconductor device according to the present 
invention comprises a Semiconductor chip including a Semi 
conductor circuit having a prescribed function and an elec 
trode on a main Surface, a metal wire having a first end 
connected with the electrode and a Second end having a 
connecting terminal connected with an external device and 
an insulator covering at least the main Surface of the 
Semiconductor chip. In this Semiconductor device, the con 
necting terminal provided on the Second end of the metal 
wire is a part formed while keeping a State integrated with 
the remaining part of the metal wire, and exposed on a 
bottom Surface opposite to the upper Surface of the insulator. 
0.017. According to the aforementioned structure, the 
connecting terminal integrally formed with the metal wire is 
exposed from the bottom. When the semiconductor device is 
fabricated, therefore, the part of the connecting terminal 
continuous with the metal wire connects the aforementioned 
electrode, a tentative conductive or Support plate, for 
example, and the connecting terminal integrally formed with 
the metal wire with each other. The aforementioned con 
necting terminal and the terminal part provided on the 
electrode are integrally formed with the metal wire. The 
connecting terminal and the terminal part provided on the 
electrode may be formed in a step of arranging the metal 
wire while keeping the State integrated with the remaining 
part of the metal wire. At this time, the part for defining the 
connecting terminal may be deformed by working. There 
fore, (1) no Seam is present between the connecting terminal 
and the remaining part of the metal wire, and (2) the 
connecting terminal and the remaining part of the metal wire 
are Substantially identical in composition to each other. The 
connecting terminal and the terminal part provided on the 
electrode may allowedly be different in shape from the metal 
wire. When the metal wire is prepared from a wire, for 
example, the connecting terminal is brought into the form of 
a ball bond or a stitch bond by working the wire in a wire 
connection Step. When the metal wire is formed by gas 
deposition or plating, the connecting terminal can be 
brought into an arbitrary form Suitable for Serving as a 
connecting part. The aforementioned tentative conductive or 
Support plate can be removed in a later Step. 
0018 When forming the metal wire by a wire, for 
example, the following working can be performed in a wire 
bonding Step: 

0019 (a) The forward end of the wire is connected 
to the electrode of the aforementioned Semiconduc 
tor chip, for forming a first pressure contact part. 
Then, a Second pressure contact part is similarly 
formed also on the aforementioned tentative conduc 
tive plate, So that the wire continuous to a Supply 
Source in a bonding tool can be cut. When the Second 
preSSure contact part is formed on the tentative 
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conductive plate, the wire is crushed to be increased 
in width. Therefore, the wire can be employed as the 
connecting terminal. Wire bonding conditions can be 
adjusted for increasing the width of the wire beyond 
those of the pressure contact parts formed under 
general pressure contact conditions. In ultraSonic 
wire bonding of an aluminum wire, further, Similar 
preSSure contact parts are formed on both of alumi 
num wire connecting portions of the electrode pro 
Vided on the Semiconductor chip and the Support 
plate respectively. Also in this case, the pressure 
contact parts of the aluminum wire, merely con 
nected onto the tentative conductive plate, are 
increased in width. Therefore, the aluminum wire 
can be readily employed as the connecting terminal. 
Further, the pressure contact parts can be worked in 
a larger width than those of general pressure contact 
parts by adjusting conditions for the ultrasonic wire 
bonding. 

0020 (b) It is also possible to melt the forward end 
portion of the wire for forming a bulk part and 
forming a ball bond on the tentative conductive plate 
and thereafter form a stitch bond on the electrode of 
the Semiconductor chip. 

0021 (c) It is also possible to melt the forward end 
portion of the wire for forming a bulk part and 
forming a ball bond on the electrode of the semi 
conductor chip and thereafter form a Stitch bond on 
the tentative conductive plate. 

0022. Through any of the steps (a), (b) and (c), the 
connecting terminal can be formed by the end of the metal 
wire worked and connected to the conductive plate by 
removing the tentative conductive plate in a later Step. 
0023 Consequently, a semiconductor device miniatur 
ized by employing no lead frame can be fabricated through 
extremely simple fabrication Steps. As a result, a miniatur 
ized Semiconductor device having high reliability can be 
obtained at a low cost. 

0024. A method of fabricating semiconductor devices 
according to the present invention is a method of fabricating 
at least two Semiconductor devices from a Semiconductor 
Substrate including at least two Semiconductor circuit areas 
provided with electrodes having prescribed functions for 
attaining electrical connection with an external device 
arranged on a first main Surface. This fabrication method 
comprises Steps of bonding a Support plate to a Second main 
Surface of the Semiconductor SubStrate opposite to the first 
main Surface, forming a trench for Separating at least two 
Semiconductor circuit areas into individual Semiconductor 
circuit areas to expose the Support plate around the Semi 
conductor circuit areas, connecting the electrodes and the 
Support plate exposed in the trench with each other by a 
metal wire, and removing the Support plate. 
0025. According to this method, semiconductor chips 
(the Semiconductor circuit areas) are not fragmented but 
connected to the Support plate on the bottom of the trench in 
the State Supported by the Support plate in the Step of 
connecting the electrodes and the Support plate with each 
other by the metal wire. When the aforementioned connect 
ing Step is carried out through wire bonding, for example, 
the electrodes of the Semiconductor chips and connecting 
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terminals are wire-bonded to each other. Therefore, no 
alignment may be performed every conductor element but 
production efficiency can be remarkably improved. Thus, 
the fabrication method is remarkably excellent in view of 
mass productivity. 
0026. The fabrication method is also excellent in handle 
ability coming into question when performing miniaturiza 
tion in a method of fabricating a Semiconductor package 
every fragmented Semiconductor device. 
0027) Further, a semiconductor device having a multi 
layer Structure can be obtained by Stacking Semiconductor 
devices of the same size with no requirement for a compli 
cated processing Step. In addition, neither a Spacer nor a 
Specific circuit board may be employed at this time. Thus, 
the Semiconductor device having a multilayer Structure can 
be obtained without limiting the number of the stacked 
layers. 

0028. A method of fabricating semiconductor devices 
according to another aspect of the present invention is a 
method of fabricating at least two Semiconductor devices 
from a Semiconductor Substrate having at least two Semi 
conductor circuit areas provided with electrodes having 
prescribed functions for attaining electrical connection with 
an external device arranged on a first main Surface. This 
method of fabricating Semiconductor devices comprises 
Steps of cutting the Semiconductor Substrate into individual 
Semiconductor circuit areas, bonding a Support plate to a 
Second main Surface of the Semiconductor Substrate opposite 
to the first main Surface, connecting the electrodes with the 
Support plate exposed in a trench by a metal wire, and 
removing the Support plate. 
0029. According to this method, electrodes of fragmented 
Semiconductor chipS and the Support plate can be connected 
with each other by the metal wire. Therefore, the semicon 
ductor devices can generally be fabricated by employing a 
conventional fabrication line as Such. 

0030 The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.031 FIG. 1 is a sectional block diagram showing a 
Semiconductor device according to a first embodiment of the 
present invention; 
0.032 FIG. 2 is a sectional block diagram showing a 
Semiconductor device according to a Second embodiment of 
the present invention; 
0.033 FIG. 3 is a sectional block diagram showing a 
Semiconductor device according to a third embodiment of 
the present invention; 
0034 FIG. 4 is a sectional block diagram showing a 
Semiconductor device according to a fourth embodiment of 
the present invention; 
0.035 FIG. 5 is a sectional view showing a stage after 
forming a plurality of circuit patterns for Semiconductor 
chips on a wafer in a method of fabricating Semiconductor 
devices according to a fifth embodiment of the present 
invention; 
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0036 FIG. 6 is a sectional view showing a stage after 
bonding a Support plate to the back Surface of the wafer 
shown in FIG. 5; 
0037 FIG. 7 is a sectional view showing a stage after 
forming a trench between circuit areas of the Semiconductor 
chips shown in FIG. 6 by dicing; 
0038 FIG. 8 is a sectional view showing a stage after 
forming bulk connecting terminals on Support plate con 
necting parts for connecting the Support plate shown in FIG. 
7 with electrodes of the semiconductor chips; 
0039 FIG. 9 illustrates a situation of forming a ball bond 
by wire bonding as each connecting terminal shown in FIG. 
8; 
0040 FIG. 10 is a sectional view showing semiconductor 
devices in a Stage after forming resin patterns covering the 
semiconductor chips and the wires shown in FIG. 8 with a 
Space, 

0041 FIG. 11 is a sectional view showing the semicon 
ductor devices in a Stage after removing the Support plate 
shown in FIG. 10 by wet etching; 
0042 FIG. 12 is a sectional view of one of the semicon 
ductor devices fragmented from the state shown in FIG. 11; 
0043 FIG. 13 is a sectional view showing a stage after 
mounting the semiconductor device of FIG. 12 on a circuit 
board; 
0044 FIG. 14 is a sectional view showing an example 
removing the Support plate shown in FIG. 10 by polishing; 
004.5 FIG. 15 is a sectional view showing another 
example removing the Support plate shown in FIG. 10 by 
polishing, 

0046 FIG. 16 is a plan view, corresponding to FIG. 6, 
showing the State of bonding the Support plate to the back 
Surface of the wafer after forming the circuits of the Semi 
conductor chips, 
0047 FIG. 17 is a plan view showing a stage after 
providing trenches between the circuit areas of the wafer 
shown in FIG. 16 by dicing; 
0048 FIG. 18 is a plan view showing a stage after 
connecting electrodes of the Semiconductor chips shown in 
FIG. 17 and the Support plate with each other by wires; 
0049 FIG. 19 is a sectional vie showing a stage after 
Sealing the Semiconductor chips and the wires shown in 
FIG. 18 with resin at intervals by arranging the resin on 
interSections between the trenches, 
0050 FIG. 20 is a sectional view showing a stage after 
removing the support plate shown in FIG. 19, 
0051 FIG. 21 is a plan view of a semiconductor device, 
fragmented from the state shown in FIG. 20, as viewed from 
the back Side; 
0052 FIG. 22 is a sectional view showing a stage after 
arranging a Support plate on the upper Surfaces of Semicon 
ductor devices Sealed with resin in a method of fabricating 
Semiconductor devices according to a sixth embodiment of 
the present invention; 
0053 FIG. 23 is a sectional view showing a stage after 
removing the support plate shown in FIG. 22; 
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0.054 FIG. 24 is a sectional view showing a stage after 
applying probes to exposed connecting terminals shown in 
FIG. 23 for testing the electrical characteristics of the 
Semiconductor devices, 

0.055 FIG. 25 is a sectional view showing a stage after 
forming connecting terminals, connecting the same by wires 
and thereafter forming upper connecting terminals on the 
connecting terminals in a method of fabricating Semicon 
ductor devices according to a Seventh embodiment of the 
present invention; 
0056 FIG. 26 is a sectional view showing a stage after 
forming resin patterns by Screen printing to cover Semicon 
ductor chips, the wires and the connecting terminals shown 
in FIG. 25; 
0057 FIG. 27 is a sectional view showing a stage after 
removing a support plate shown in FIG. 26; 
0.058 FIG. 28 illustrates a semiconductor device frag 
mented by removing resin from an interSection between 
trenches shown in FIG. 27; 

0059 FIG. 29 is a sectional view showing a semicon 
ductor device formed by Successively Stacking two Semi 
conductor devices shown in FIG. 28; 

0060 FIG. 30 is a sectional view showing a stage after 
forming connecting terminals, connecting the same by wires 
and thereafter forming upper connecting terminals on elec 
trodes of Semiconductor chips in a method of fabricating 
Semiconductor devices according to an eighth embodiment 
of the present invention; 
0061 FIG. 31 is a sectional view showing a stage after 
forming resin patterns for exposing the upper connecting 
terminals from the upper Surfaces when covering the Semi 
conductor chips, the wires and the connecting terminals 
shown in FIG. 30 with resin; 

0.062 FIG. 32 is a sectional view showing a stage after 
removing a support plate shown in FIG. 31; 

0.063 FIG. 33 illustrates a semiconductor device frag 
mented by removing resin from an interSection between 
trenches shown in FIG. 32; 

0.064 FIG. 34 is a sectional view of a semiconductor 
device having a two-layer Structure formed by butt-jointing 
the bottom Surfaces of the semiconductor device show in 
FIG. 33 and a semiconductor device face-symmetrical 
thereto (the Semiconductor device itself may correspond 
thereto) with each other; 
0065 FIG. 35 is a sectional view of a semiconductor 
device having a two-layer Structure formed by butt-jointing 
the upper Surfaces of the Semiconductor device show in 
FIG. 33 and a semiconductor device face-symmetrical 
thereto (the Semiconductor device itself may correspond 
thereto) with each other; 
0.066 FIG. 36 is a sectional view showing a semicon 
ductor device having a four-layer Structure formed by Suc 
cessively Stacking two Semiconductor devices having the 
two-layer structure shown in FIG. 35; 

0067 FIG. 37 is a sectional view of a semiconductor 
device having a three-layer Structure according to the eighth 
embodiment of the present invention; 
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0068 FIG. 38 is a sectional view showing a stage after 
forming Sealing resin patterns to expose side portions of 
connecting terminals in a method of fabricating Semicon 
ductor devices according to a ninth embodiment of the 
present invention; 

0069 FIG.39 is a plan view of the semiconductor device 
shown in FIG. 38; 

0070 FIG. 40 is a sectional view showing a stage after 
removing a Support plate sown in FIG. 38; 

0071 FIG. 41 is a plan view of a semiconductor device, 
fragmented by removing resin from the interSection between 
the trenches shown in FIG. 40, as viewed from the back 
Side, 

0072 FIG. 42 is a sectional view showing a stage after 
mounting the semiconductor device shown in FIG. 41 on a 
circuit board; 

0073 FIG. 43 is a sectional view showing a multilayer 
Semiconductor device formed by mounting the Semiconduc 
tor devices shown in FIG. 41 on wall circuit boards; 

0074 FIG. 44 is a sectional view showing a semicon 
ductor device of a multilayer Structure formed by arranging 
the semiconductor devices shown in FIG. 41 on a wall 
circuit board while arranging no wall circuit board on at least 
Single sides but arranging planar circuit boards to project 
outward from the Single sides, 

0075 FIG. 45 is a sectional view showing a semicon 
ductor device of a multilayer Structure formed by arranging 
the semiconductor device shown in FIG. 41 on a wall circuit 
board while arranging no wall circuit board on at least Single 
Sides but arranging heat Slingers to project outward from the 
Single Sides, 

0076 FIG. 46 is a sectional view showing a stage after 
covering a wafer with resin to cover Semiconductor chips 
and wires without employing resin pattern forming means in 
a method of fabricating Semiconductor devices according to 
a tenth embodiment of the present invention; 
0077 FIG. 47 is a sectional view showing a stage after 
forming an isolation trench with a dicing saw to expose side 
portions of connecting terminals shown in FIG. 46; 

0078 FIG. 48 is a sectional view showing a semicon 
ductor device fragmented by removing a Support plate 
shown in FIG. 47; 

007.9 FIG. 49 illustrates two semiconductor devices 
according to an eleventh embodiment of the present inven 
tion holding a trench therebetween immediately after 
removal of a Support plate; 

0080 FIG. 50 illustrates a state after polishing a wafer 
and forming electrodes in fabrication of the Semiconductor 
devices shown in FIG. 49; 

0081 FIG. 51 illustrates a state after bonding the Support 
plate to the back Surface of the wafer; 

0082 FIG. 52 illustrates a state after providing the trench 
reaching the Support plate through the wafer; 

0083) 
patterns, 

FIG. 53 illustrates a state after providing resist 
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0084 FIG. 54 illustrates a state after forming metal wires 
by gas deposition; 

0085 FIG.55 illustrates a state after removing the resist 
patterns, 

0086) 
0087 FIG. 57 illustrates a modification of the semicon 
ductor device according to the eleventh embodiment of the 
present invention; 

0088 FIG. 58 illustrates another modification of the 
Semiconductor device according to the eleventh embodi 
ment of the present invention; 
0089 FIG. 59 illustrates two semiconductor devices 
according to a twelfth embodiment of the present invention 
holding a trench therebetween immediately after removal of 
a Support plate; 

0090 FIG. 60 illustrates a state after mounding connect 
ing terminals upward on the Support plate by gas deposition 
in fabrication of the semiconductor devices shown in FIG. 
59; 

0091) 
patterns, 

FIG. 56 illustrates a state sealed with sealing resin; 

FIG. 61 illustrates a state after removing resist 

0092 FIG. 62 illustrates a state sealed with sealing resin; 
0093 FIG. 63 illustrates two semiconductor devices 
according to a modification of the twelfth embodiment of the 
present invention holding a trench therebetween immedi 
ately after removal of a Support plate; 
0094 FIG. 64 illustrates a gas deposition apparatus 
employed for a method of fabricating Semiconductor devices 
according to a thirteenth embodiment of the present inven 
tion; 

0.095 FIG. 65 illustrates a method of forming a metal 
wire with the apparatus shown in FIG. 64; 
0.096 FIG. 66 illustrates a method of forming a connect 
ing terminal of the metal wires with the apparatus shown in 
FIG. 64; 

0097 FIG. 67 illustrates two semiconductor devices 
according to a fourteenth embodiment of the present inven 
tion holding a trench therebetween immediately after 
removal of a Support plate; 
0.098 FIG. 68 illustrates a state after forming insulator 
film patterns of polyimide or the like in fabrication of the 
semiconductor devices shown in FIG. 67; 

0099 FIG. 69 illustrates a state after forming metal wires 
by gas deposition; 

01.00 
0101 FIG. 71 illustrates two semiconductor devices 
according to a fifteenth embodiment of the present invention 
holding a trench therebetween immediately after removal of 
a Support plate; 

FIG. 70 illustrates a state sealed with sealing resin; 

0102 FIG. 72 illustrates a state after forming patterns of 
Sealing resin by Screen printing, for example, in fabrication 
of the semiconductor devices shown in FIG. 71, 

0103 FIG. 73 illustrates a state after forming metal wires 
by gas deposition; 
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0104 FIG. 74 illustrates a semiconductor device having 
a two-layer Structure according to a sixteenth embodiment of 
the present invention; 

0105 FIG. 75 illustrates two semiconductor devices 
according to a Seventeenth embodiment of the present 
invention holding a trench therebetween immediately after 
removal of a Support plate; 

0106 FIG. 76 illustrates a state after forming a metal film 
by vapor deposition or the like in fabrication of the Semi 
conductor devices shown in FIG. 75; 

0107 FIG. 77 illustrates a state after forming resist 
patterns, 

0108 FIG. 78 illustrates a state after forming metal wires 
by electroplating, 

01.09) 
patterns, 

0110 FIG.80 illustrates a state after removing the metal 
film by etching through masks of the metal wires, 

0111 
0112 FIG. 82 illustrates two semiconductor devices 
according to an eighteenth embodiment of the present inven 
tion holding a trench therebetween immediately after 
removal of a Support plate; 

0113 FIG. 83 illustrates a state after forming a second 
resist pattern in fabrication of the semiconductor devices 
shown in FIG. 82; 

0114 FIG. 84 illustrates a state after forming on-elec 
trode terminals on openings of the Second resist pattern by 
Second electroplating, 

FIG. 79 illustrates a state after removing the resist 

FIG. 81 illustrates a state sealed with sealing resin; 

0115 FIG. 85 illustrates a state after removing the resist 
pattern; 

0116 
0117 FIG. 87 illustrates a modification of the semicon 
ductor devices according to the eighteenth embodiment of 
the present invention; 

0118 FIG. 88 illustrates a semiconductor device accord 
ing to a nineteenth embodiment of the present invention; 

0119 FIG. 89 illustrates a first modification of the semi 
conductor device according to the nineteenth embodiment of 
the present invention; 

0120 FIG. 90 illustrates a second modification of the 
Semiconductor device according to the nineteenth embodi 
ment of the present invention; 

0121 FIG. 91 illustrates a third modification of the 
Semiconductor device according to the nineteenth embodi 
ment of the present invention; 

0122 FIG. 92 illustrates a fourth modification of the 
Semiconductor device according to the nineteenth embodi 
ment of the present invention; 

0123 FIG. 93 illustrates a fourth modification of the 
Semiconductor device according to the nineteenth embodi 
ment of the present invention; 

FIG. 86 illustrates a state sealed with sealing resin; 
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0.124 FIG. 94 illustrates a method of fabricating semi 
conductor devices according to a twentieth embodiment of 
the present invention; 

0.125 FIG.95 is a sectional view showing a conventional 
Semiconductor device employing a lead frame; 

0.126 FIG. 96 is a sectional view showing a stage after 
forming circuit areas of a plurality of Semiconductor chips 
on a wafer in fabrication of the conventional Semiconductor 
device shown in FIG. 95; 

0127 FIG. 97 is a sectional view showing a stage after 
separating the wafer shown in FIG. 96 into the respective 
Semiconductor chips, 

0128 FIG. 98 is a sectional view showing a stage after 
loading one of the fragmented Semiconductor chips shown 
in FIG. 97 on a lead frame; 

0129 FIG. 99 is a sectional view showing a stage after 
coupling electrodes of the Semiconductor chip shown in 
FIG. 98 with external lead parts; 

0130 FIG. 100 is a sectional view showing a stage after 
sealing a semiconductor device shown in FIG. 99 with resin; 

0131 FIG. 101 illustrates a conventional miniaturized 
Semiconductor device; 

0132 FIG. 102 illustrates another conventional minia 
turized Semiconductor device; 

0133 FIG. 103 illustrates a multilayer structure of a 
conventional Semiconductor device; and 

0134 FIG. 104 illustrates another multilayer structure of 
a conventional Semiconductor device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0135 Embodiments of the present invention are now 
described with reference to the drawings. 

0136 First Embodiment 
0.137 Referring to FIG. 1, a semiconductor chip 1a and 
a wire 2 are Sealed with insulating resin 4 in a Semiconductor 
device according to a first embodiment of the present 
invention. A first end 2b of the wire 2 is connected to an 
electrode 3 of the semiconductor chip 1a, to form the 
So-called Stitch bond. A second end of the wire 2 defines a 
worked and bulked connecting terminal 2a exposed from the 
Sealing resin 4. The exposed Surface of the connecting 
terminal 2a projects outward beyond the Semiconductor chip 
1a. 

0138 According to this structure, the connecting terminal 
2a can be formed by Simply melting the Second end of the 
wire 2. Thus, (a) the Semiconductor device can be readily 
miniaturized, and (b) the production efficiency is remarkably 
improved and the fabrication cost can be reduced due to the 
extremely simplified Structure. Further, the connecting ter 
minal 2a projecting outward beyond the Semiconductor chip 
1a can be readily and reliably connected with another 
terminal without much improving the dimensional accuracy 
of this Semiconductor device. 
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0139) Second Embodiment 
0140 Referring to FIG. 2, the feature of a semiconductor 
device according to a Second embodiment of the present 
invention resides in that a plate member 6 is arranged on the 
back Surface of a Semiconductor chip 1a. A metal plate can 
be generally employed for this plate member 6. The plate 
member 6 can be readily formed by partially changing a 
method of fabricating a Semiconductor device described 
later. 

0.141. The mechanical strength such as rigidity of the 
Semiconductor device can be improved by arranging the 
aforementioned plate member 6. When the plate member 6 
is made of a heat conductive member Such as a metal plate, 
heat radiation from the Semiconductor chip 1a can be 
improved. 

0142. Third Embodiment 
0.143 Referring to FIG. 3, the feature of a semiconductor 
device according to a third embodiment of the present 
invention resides in that a Solder coat 7 is formed on a 
Surface of a connecting terminal 2a exposed on the back 
Surface of the Semiconductor device. The connecting termi 
nal 2a can be readily and reliably connected to a terminal of 
a circuit board or the like due to the formation of the Solder 
coat 7, for attaining high connection Strength. 
0144) Fourth Embodiment 
0145 Referring to FIG. 4, the feature of a semiconductor 
device according to a fourth embodiment of the present 
invention resides in that a plate member is formed by a metal 
plate 6 arranged on the back Surface of a Semiconductor 
chip, and this metal plate 6 is also covered with a Solder coat 
8 in addition to a connecting terminal 2a. When the semi 
conductor device is loaded on a circuit board, adhesion 
Strength and heat radiation can be improved due to the 
formation of the Solder coat 8. 

0146 Fifth Embodiment 
0147 FIGS. 5 to 20 illustrate a method of fabricating 
Semiconductor devices according to a fifth embodiment of 
the present invention. Any of the Semiconductor devices 
according to the aforementioned first to fourth embodiments 
can be fabricated by this method. First, patterns provided 
with circuit areas are formed on regions of respective 
Semiconductor chips 1a on the main Surface of a wafer 
(semiconductor substrate) 1, as shown in FIG. 5. The circuit 
areas have prescribed functions, and include electrodes 3 for 
attaining electrical connection with an external device. The 
back Surface of the wafer 1 may be ground and adjusted to 
a prescribed thickness, or may not be ground. 
0.148. Then, a support plate 5 is bonded to the back 
surface of the wafer 1, as shown in FIG. 6. A metal plate of 
aluminum or the like can be employed for the Support plate 
5. The Support plate 5 is preferably bonded by anode 
connection. Alternatively, the Support plate 5 can be bonded 
with an adhesive. Thereafter a trench 11 is so formed that a 
peripheral part of the circuit area of each Semiconductor chip 
1a reaches the support plate 5. This trench 11 can be formed 
with a dicing Saw, for example. The trench 11 passes through 
the wafer 1 to reach the support plate 5 and form a shallow 
groove also in the Support plate 5. 
0149 Etching, plating or combination of etching and 
plating may be carried out on the exposed Surface of the 
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Support plate 5, in order to facilitate connection of wires 2 
in a Subsequent wire bonding Step. Such etching, plating or 
combination of etching and plating can be readily performed 
on the exposed part of the Support plate 5 by general 
processing. This processing is also effective for improving 
the Strength of the connected portions, in addition to the 
effect of implementing Simple and reliable connection of the 
wires 2. 

0150. Then, an electrode 3 of each semiconductor chip 1 a 
is connected with the Support plate 5 located on the bottom 
portion of the trench 11 by the so-called wire bonding (FIG. 
8). A part of the wire 2 in contact with the bottom of the 
trench 11 is melted into a spherical form, for forming the 
so-called ball bond. In wire bonding, the forward end of the 
wire 2 is discharged and melted in a wire bonding apparatus, 
for forming a bulk part (ball) 2a. Then, the ball 2a is 
properly grown and connected to the Support plate 5, as 
shown in FIG. 9. Then, the wire 2 is supplied from a torch 
15 and connected to the electrode 3 of the semiconductor 
chip 1a for forming a stitch bond. Alternatively, wire bond 
ing conditions can be adjusted for forming the Stitch bond on 
the electrode 3 first and thereafter forming the ball bond on 
the Support plate 5. 
0151. Further, a dent or a through hole can be previously 
arranged on the Support plate 5 for pressing an end of the 
wire 2 with a torch and fitting/connecting the end in/to the 
dent or the through hole when connecting the end of the 
wire. Alternatively, the end of the wire can be Strongly 
pressed with a torch to be fitted/connected with the support 
plate, without previously providing a dent or a through hole 
in the Support plate. When the aforementioned connecting 
method is employed and etching is employed for removing 
the Support plate in the later Step, the end of the wire further 
projects outward. Consequently, the aforementioned con 
necting terminal can be further readily connected with 
another terminal. 

0152 Then, the semiconductor chips 1a and the wires 2 
are covered with resin, which is an insulator, as shown in 
FIG. 10. At this time, a thermosetting polymeric material 
having flowability is Screen-printed So that no resin is 
arranged in a Space S between adjacent Semiconductor chips 
1a. Depending on the Situation, however, resin is arranged 
on interSections between trenches or the like So that Semi 
conductor devices are not fragmented immediately after the 
Support plate 5 is removed. Alternatively, resin may be 
arranged in the Space S in response to the situation. There 
after post-heat treatment is performed for hardening the 
thermosetting polymeric material. 

0153. Then, the support plate 5 is removed from the back 
Surfaces of the Semiconductor devices by wet etching, as 
shown in FIG. 11. The Support plate 5 can be removed by 
mechanical polishing or chemical mechanical polishing 
(CMP), in place of wet etching. When mechanical polishing 
or CMP is employed, however, exposed surfaces of the 
connecting terminals 2a and the back Surfaces of the Semi 
conductor chips 1a are flush with each other and no con 
necting terminals 2a can project outward beyond the Semi 
conductor chips 1a. 
0154) Then, the resin arranged on the intersections of the 
trenches etc. is removed for forming fragmented Semicon 
ductor devices. When no resin is arranged in the Space S 
including the interSections of the trenches, however, the 
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Semiconductor devices are fragmented by removing the 
Support plate 5 and hence the resin arranged on the inter 
Sections of the trenches may not be removed. 
O155 Then, a solder coat 7 is formed on the connecting 
terminal 2a exposed on the back Surface of each Semicon 
ductor device, as shown in FIG. 12. The Solder coat 7 can 
be employed as a jointing material. A method of forming this 
solder coat 7 may not be limited to plating but another 
covering method can be employed. Then, the Solder coat 7 
is connected with an electrode 13 provided on a circuit board 
12 (FIG. 13). 
0156 Each of FIGS. 14 and 15 is a sectional view 
showing a State after removing the Support plate 5 not by wet 
etching but by mechanical polishing or CMP. In this case, 
the exposed Surfaces of the connecting terminals 2a are flush 
with the back Surfaces of the Semiconductor chips 1a as 
shown in FIG. 14, or parts 5a of the Support plate 5 may be 
left on the back Surfaces of the Semiconductor chips 1a as 
shown in FIG. 15 to be employed as the plate member 6 
shown in FIG. 2. 

O157 FIG. 16 is a plan view showing a stage correspond 
ing to the sectional view shown in FIG. 6. Circuit areas 
(semiconductor chips) 1a provided with circuits including 
electrodes 3 and having prescribed functions are formed on 
the wafer 1. The support plate 5 is bonded to the back 
surface of the wafer 1 by anodic oxidation. Thereafter 
trenches 11 are vertically and transversely formed to pass 
through the wafer 1 from the upper surface thereof, while 
defining an interSection 1a of the trenches 11 etc. The 
trenches 11 can be formed with a dicing Saw. 
0158. Then, the electrodes 3 and the support plate 5 are 
connected with each other by the wires 2, as shown in FIG. 
18. At this time, the wire bonding conditions are adjusted to 
form the bulk connecting terminals 2a on the portions 
connected with the Support plate 5. Then, portions excluding 
Spaces S between the connecting terminals 2a of adjacent 
Semiconductor devices are covered with resin 4,a S Shown in 
FIG. 19. Resin 4a is also arranged on positions correspond 
ing to the intersections 11a of the trenches 11. 
0159. Then, the support plate 5 is removed, thereby 
obtaining Semiconductor devices Sealed with the resin 4 as 
shown in FIG. 20. The semiconductor devices are connected 
with each other by the resin 4a arranged on the interSections 
11a of the trenches 11. FIG. 21 is a plan view showing each 
Semiconductor device fragmented by removing the resin 4a 
as viewed from the back Surface. The connecting terminals 
2a formed from the wires 2 are arranged along edges of the 
Semiconductor chip 1a. 
0160 According to the aforementioned fabrication 
method, a miniaturized Semiconductor device having a 
Simple structure can be obtained through extremely simpli 
fied fabrication Steps. Therefore, a Semiconductor device 
improved in degree of integration can be fabricated at a low 
COSt. 

0161 Sixth Embodiment 
0162 FIGS. 22 to 24 illustrate a method of fabricating 
Semiconductor devices according to a sixth embodiment of 
the present invention. The feature of this embodiment 
resides in the Structure of the Semiconductor device Sub 
jected to determination of effectiveness/defectiveness. After 
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a Support plate 5 and electrodes 3 of Semiconductor chips 1 a 
are connected with each other by wires 2 and sealed with 
resin 4 (see FIG. 10), an inspection support plate 25 is 
arranged on Surfaces opposite to the Support plate 5, as 
shown in FIG. 22. The second support plate 25 may be a 
film. 

0163 Then, the Support plate 5 is removed by wet 
etching, as shown in FIG. 23. This wet etching may be 
replaced with mechanical polishing or CMP. Then, probes 
16 are applied to exposed connecting terminals 2a for 
determining effectiveneSS/defectiveness of circuit functions 
of semiconductor devices, as shown in FIG. 24. 

0164. According to the aforementioned method, the 
respective Semiconductor chips 1a can keep positions on a 
wafer also after the support plate 5 is removed. Therefore, 
the Semiconductor chips 1a may not be individually trans 
ported for inspection but can be inspected in the State 
arranged on the wafer, Similarly to the prior art. Thus, it is 
possible to efficiently inspect miniaturized Semiconductor 
devices fabricated through extremely simplified fabrication 
Steps with probes in a State integrally arranged Similarly to 
the prior art. 

0165. Seventh Embodiment 
0166 FIGS. 25 to 28 illustrate a method of fabricating 
Semiconductor devices according to a Seventh embodiment 
of the present invention. First, electrodes 3 of semiconductor 
chips 1a and a Support plate 5 are connected with each other 
by wires 2 followed by formation of connecting terminals2a 
on the Support plate 5 (FIG. 8), and thereafter upper 
terminals 22 are formed in contact with the upper portions 
of the connecting terminals 2a, as shown in FIG. 25. The 
upper terminals 22 can be readily formed by wire bonding. 
Then, resin 4 is arranged on portions excluding a Space S, for 
Sealing the Semiconductor chips 1a and the wires 2. Resin is 
arranged also on interSections of trenches, for connecting 
respective Semiconductor devices with each other. The 
upper portions of the upper terminals 22 are exposed from 
the Sealing resin 4. 
0167 Then, the support plate 5 is removed for obtaining 
Semiconductor devices Sealed with the resin 4, as shown in 
FIG. 27. Thereafter corner portions provided with the resin 
4 are cut for obtaining each fragmented Semiconductor 
device, as shown in FIG. 28. 

0.168. This semiconductor device is a semiconductor 
device 52 provided with terminals on the same upper and 
lower positions. A miniaturized Successively Stacked Semi 
conductor device, capable of high-density packaging, hav 
ing a multilayer structure shown in FIG. 29 can be obtained 
by Successively Stacking Such Semiconductor devices 52 
provided with terminals on the same upper and lower 
positions. When such a semiconductor device of the multi 
layer Structure is employed, the density of integration can be 
remarkably improved as compared with the prior art. 

0169. Eighth Embodiment 
0170 FIGS. 30 to 32 illustrate a method of fabricating 
Semiconductor devices according to an eighth embodiment 
of the present invention. First, electrodes 3 of semiconductor 
chips 1a and a Support plate 5 are connected with each other 
by wires 2 followed by formation of connecting terminals2a 
on the support plate 5 (FIG. 8), and thereafter on-electrode 
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terminals 23 are formed in contact with the upper portions 
of the electrodes 3, as shown in FIG. 30. The on-electrode 
terminals 23 can also be readily formed by wire bonding. 
0171 Then, resin 4 is arranged on portions including 
corner portions for Sealing the Semiconductor chips 1a and 
the wires 2 with the resin, as shown in FIG. 31. At this time, 
the upper Surfaces of the aforementioned on-electrode ter 
minals 23 are exposed from the resin 4. Then, the Support 
plate 5 is removed for obtaining Semiconductor devices 
sealed with the resin 4, as shown in FIG. 32. A fragmented 
Semiconductor device can be obtained by removing the resin 
4 from intersections of trenches (FIG. 33). This semicon 
ductor device is provided on upper and lower portions with 
the connecting terminals 2a and 23, which are different in 
planar position from each other. Such a Semiconductor 
device is referred to as a semiconductor device 53 provided 
with terminals on different upper and lower positions. This 
Semiconductor device 53 has face-symmetrical arrangement 
as to a plane parallel to the main Surface of the Semicon 
ductor chip 1a. 
0172 FIG. 34 is a sectional block diagram showing a 
Semiconductor device having a two-layer Structure 
assembled by butting the bottom surfaces of two semicon 
ductor devices 53 provided with terminals on different upper 
and lower positions against each other. In the case of 
face-symmetrical arrangement, it follows that the connect 
ing terminals 2a are connected with each other when the 
bottom Surfaces the semiconductor devices 53 are butted 
against each other. When the semiconductor device 53 
provided with terminals on different upper and lower posi 
tions shown in FIG. 33 has no face symmetry, the semi 
conductor device having the two-layer Structure shown in 
FIG. 34 cannot be obtained by employing two such semi 
conductor devices 53 provided with terminals on different 
upper and lower positions. When the Semiconductor device 
53 has no face Symmetry, another Semiconductor device 
having face Symmetry with respect to the Semiconductor 
device 53 shown in FIG.33 must be prepared for butting the 
same against the semiconductor device 53 shown in FIG.33 
thereby attaining a two-layer Structure. In the Semiconductor 
device having a two-layer structure shown in FIG. 34, 
therefore, the semiconductor device 53 shown in FIG. 33 
preferably has face Symmetry. 

0173 FIG. 35 is a sectional block diagram showing a 
Semiconductor device having a two-layer Structure 
assembled by butting the upper Surfaces of two Semicon 
ductor devices 53 provided with terminals on different upper 
and lower positions against each other. In the case of the 
aforementioned face Symmetry, it follows that upper con 
necting terminals 23 are connected with each other when the 
upper surfaces of the semiconductor devices 53 are butted 
against each other. Also in the two-layer Structure shown in 
FIG. 35, the semiconductor device 53 provided with termi 
nals on different upper and lower positions shown in FIG. 
33 must have face symmetry. 

0.174. The semiconductor device of the two-layer struc 
ture shown in each of FIGS. 34 and 35, external connecting 
terminals are flush with each other in a planar View as a 
Single integrated Semiconductor device. Therefore, it is 
possible to fabricate a Semiconductor device having an even 
layer Structure of at least four layers by Successively Stack 
ing Such Semiconductor devices having a two-layer Struc 
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ture. For example, FIG. 36 is a sectional block diagram 
showing a Semiconductor device having a four-layer Struc 
ture assembled by Successively Stacking two Semiconductor 
devices having a two-layer structure shown in FIG. 35. 
0175 FIG. 37 is a sectional block diagram showing a 
Semiconductor device having a three-layer Structure as an 
exemplary Semiconductor device having an odd layer Struc 
ture. The semiconductor device shown in FIG. 37 can be 
viewed as a semiconductor device formed by (a) connecting 
the Semiconductor device having a one-layer Structure 
shown in FIG.33 to the lower connecting terminal 23 of the 
Semiconductor device having a two-layer Structure shown in 
FIG.34, or (b) connecting the semiconductor device having 
a one-layer structure shown in FIG. 33 to the upper con 
necting terminal 2a of the Semiconductor device having a 
two-layer structure shown in FIG. 35. 
0176 When the connecting terminal 2a exposed on the 
upper Surface is provided on the electrode 3 of the Semi 
conductor chip 1a as described above, (A) an inverted 
multilayer Semiconductor device having a multilayer Struc 
ture can be obtained by connecting an inverted Semiconduc 
tor device and the semiconductor device with each other if 
the Semiconductor device has the aforementioned face Sym 
metry. (B) If the Semiconductor device has no face Symme 
try, an inverted multilayer Semiconductor device having a 
multilayer Structure can be obtained by preparing a face 
Symmetrical Semiconductor device and connecting the face 
Symmetrical counter Semiconductor device and the Semi 
conductor device with each other in inverted arrangement. 
0177. The aforementioned semiconductor device, having 
an extremely simplified miniature Structure, can be readily 
fabricated at a low cost. 

0178 Ninth Embodiment 
0179 FIGS.38 and 39 illustrate a method of fabricating 
Semiconductor devices according to a ninth embodiment of 
the present invention. According to this embodiment, resin 
4 is molded in resin Sealing So that Side portions of con 
necting terminals 2a are exposed from the Sealing resin 4 at 
the time of or after resin sealing (FIG. 38). In other words, 
resin patterns may be So Set as to expose the Side portions of 
the connecting terminals 2a, or set as shown in FIG. 10 
illustrating the fifth embodiment so that the side portions of 
the connecting terminals 2a are partially polished with a 
dicing Saw and exposed after resin Sealing. Further alterna 
tively, the overall surface of a wafer may be covered with 
resin 4 without employing resin patterns, for exposing the 
Side portions of the connecting terminals 2a when cutting 
the wafer to Separate the connecting terminals 2a of adjacent 
Semiconductor devices from each other. 

0180 FIG. 39 is a plan view in the stage shown in FIG. 
38. It is understood that the side portions of the connecting 
terminals 2a are exposed in this embodiment while the 
connecting terminals are covered with the resin 4 in the fifth 
embodiment as shown in FIG. 19. According to this struc 
ture, the bottom Surfaces and the Side portions of the 
connecting terminals 2a are exposed from the Sealing resin 
4 after a support plate 5 is removed, as shown in FIG. 40. 
FIG. 41 is a plan view showing a semiconductor device 
fragmented by Segmenting corner potions covered with the 
resin 4 or the like as viewed from the back Surface. As 
compared with the plan view shown in FIG. 21, it is 
understood that the Side potions of the connecting terminals 
2a are exposed. 
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0181 FIG. 42 is a sectional view of the fragmented 
Semiconductor device mounted on a circuit board 12. The 
connecting terminal 2a of the Semiconductor device is 
connected to a connecting terminal 13 of the circuit board 12 
through solder 7. 
0182 FIG. 43 is a sectional view showing a stage after 
fragmenting the semiconductor devices shown in FIG. 40 
and mounting the fragmented Semiconductor devices on 
wall circuit boards 32. The wall circuit boards 32 are 
provided with wired terminals 33, to which the side portions 
of the connecting terminals 2a are connected through Solder 
37. The wall circuit boards 32 can be arranged on four sides 
to enclose the peripheries of the Semiconductor devices. The 
wall circuit boards 32 may not be arranged on Some sides at 
need. 

0183 In each of the aforementioned semiconductor 
devices having a multilayer Structure, the Side portion of a 
Single connecting terminal 2a is utilized for connection with 
each wall circuit board 32 without newly arranging a con 
necting terminal exposed on the upper portion of the Semi 
conductor device. According to this embodiment, therefore, 
it is possible to obtain a miniaturized Semiconductor device 
having a simple structure by an extremely simple fabrication 
method. 

0.184 FIG. 44 is a sectional block diagram showing 
another Semiconductor device according to the ninth 
embodiment of the present invention. When having at least 
one side provided with no wall circuit board, this Semicon 
ductor device having a multilayer Structure comprises circuit 
boards 34 arranged to project outward from the side. In 
general, no connecting terminals are arranged on the afore 
mentioned Side. In the Semiconductor device having a mul 
tilayer Structure, wired connecting terminals 35 of the circuit 
boards 34 and the bottom Surfaces of connecting terminals 
2a are connected with each other through solder 37. The side 
portions of the connecting terminals 2a are employed for 
connecting terminals 33 to a terminal 33 of a wall circuit 
board 32. 

0185. According to this structure, it is possible to obtain 
a miniaturized multilayer Semiconductor device having a 
simplified structure without further providing terminals for 
external connection. This structure is Superior in heat radia 
tion to the structure shown in FIG. 43, and can ensure highly 
reliable operations following high-density packaging. In 
combination with the Structure of the Semiconductor device 
shown in FIG. 43, various connection with an external 
circuit can be attained. 

0186 FIG. 45 is a sectional block diagram showing still 
another Semiconductor device according to the ninth 
embodiment of the present invention. In this Semiconductor 
device, heat Slingers 39 are connected to plate members 6 
provided on the back Surfaces of Semiconductor chips 1 a 
without arranging circuit boards planarly placed in the 
semiconductor device shown in FIG. 44. In general, heat 
conductors are preferably arranged on the back Surfaces of 
the Semiconductor chips 1a in View of relaxation of working 
accuracy or the like, Such heat conductors are not necessarily 
required but the back Surfaces of the Semiconductor chips 1 a 
may be in contact with the heat slingers 39. 
0187. A high heat radiation effect can be attained accord 
ing to this structure, whereby highly reliable operations can 
be ensured while ensuring extremely high packaging den 
sity. 
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0188 Tenth Embodiment 
0189 According to a tenth embodiment of the present 
invention, the overall Surface is covered with resin 4 as 
shown in FIG. 46 in resin sealing similar to that in the fifth 
embodiment (FIG. 10) without employing pattern formation 
means Such as Screen printing. In other words, electrodes 3 
of Semiconductor chips 1a and a Support plate 5 are con 
nected with each other by wires 2, and thereafter the 
Semiconductor chips 1a and the wires 2 are filled up with the 
resin 4 along with a space between Semiconductor devices. 
Thereafter an isolation trench having a width for exposing 
the Side portions of connecting terminals 2a is formed with 
a dicing saw as shown in FIG. 47 before the support plate 
5 is removed. At this time, the connecting terminals 2a may 
be partially cut. This isolation trench, formed on the bound 
ary between the Semiconductor devices for isolating the 
Same from each other, has a depth reaching the Support plate 
5. Such isolation trenches are vertically and transversely 
formed to intersect with each other. Thereafter the support 
plate 5 is removed for fragmenting each Semiconductor 
device as shown in FIG. 48. Thereafter a semiconductor 
device having a multilayer Structure can be formed by 
employing wall circuit boards. Thus, a miniaturized Semi 
conductor device having a simple structure can be obtained. 
0190. When the width of the trenches formed with the 
dicing Saw is reduced in the aforementioned fabrication 
method, any of the Semiconductor devices according to the 
first to fourth embodiments can be obtained. 

0191) When the aforementioned fabrication is employed, 
the aforementioned semiconductor device can be fabricated 
by a various fabrication method at a low cost without 
employing pattern formation method Such as Screen printing 
for resin Sealing. When a conductive plate Such as a metal 
plate is employed for the Support plate 5, all electrodes are 
shorted in the stages shown in FIGS. 46 and 47. Therefore, 
it is possible to prevent electroStatic discharge damage 
possibly caused by cutting when forming trenches having a 
width for exposing the Side portions of the electrodes. 
0192 Eleventh Embodiment 
0193 FIG. 49 illustrates semiconductor devices accord 
ing to an eleventh embodiment of the present invention. 
Referring to FIG. 49 showing a state immediately after 
removing a Support plate 5, the two Semiconductor devices 
are opposed to each other. While the wire is formed by wire 
bonding in each of the first to tenth embodiments, the feature 
of this embodiment resides in that metal wires 18 formed by 
gas deposition connect electrodes 3 of Semiconductor chips 
1a and external connecting portions 18a with each other. 
0.194. A fabrication method in the case of performing the 
aforementioned connection by gas deposition is now 
described. First, a wafer 1 is polished to a prescribed 
thickness, followed by formation of the electrodes 3 on 
prescribed portions of the Surface of the wafer 1, as shown 
in FIG. 50. Thereafter the support pate 5 is bonded to the 
back surface of the semiconductor wafer 1 (FIG. 51). The 
Support plate 5 can be formed by an aluminum plate. A 
trench 11 reaching the Support plate 5 is provided in the 
wafer 1 by dicing, to Separate the Semiconductor wafer 1 
into the semiconductor chips 1a (FIG. 52). Then, resist 
patterns 17 are formed to expose prescribed portions of the 
electrodes 3 and the trench 11 while covering the upper and 
Side Surfaces of the Semiconductor chips 1a and the center 
of the trench 11 (FIG. 53). 
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0.195 Generally, the method may comprise a step of 
covering the first main Surface of the Semiconductor Sub 
Strate with an insulator film (resist pattern) before the Step of 
connecting the electrodes and the Support plate with each 
other by the metal wire, and can form a metal film coming 
into contact with upper portions of the insulator film (resist 
pattern), the electrodes and the Support plate by either gas 
deposition or plating in the Step of connecting the electrodes 
and the Support plate with each other by the metal wire. 
0196. This insulator film is formed not to cover the 
electrodes of the Semiconductor chips, as a matter of course. 
This insulator film (resist pattern) may be removed after 
formation of the metal film by gas deposition or plating for 
newly forming another insulator film, or may be employed 
as the protective insulator film for the Semiconductor chips 
as Such. According to the aforementioned method, the 
connecting terminal can be readily brought into an arbitrary 
shape. 

0197) Thereafter the metal wires 18 are formed over the 
exposed portions of the electrodes 3 and the trench 11 by gas 
deposition (FIG. 54). First ends 18b of the metal wires 18 
formed by gas deposition are connected to the electrodes 3 
in a shape responsive to the Shape of the electrodes 3. 
Second ends 18a of the metal wires 18 connected to external 
devices are in contact with the Support plate 5 through flat 
contact potions, to define connecting terminals 18a having a 
shape preferable for connection. It is to be noted that the 
metal wires 18 are So formed that the connecting terminals 
18a are different in shape from the remaining parts of the 
metal wires 18 also in the case of gas deposition, Similarly 
to the case of wire bonding. 
0198 Thereafter the resist patterns 17 are removed, as 
shown in FIG. 55. Then, the semiconductor chips 1a are 
sealed with insulating resin 4 (FIG. 56). Thereafter the 
Support plate 5 is removed for exposing the connecting 
terminals 18a of the metal wires 18, thereby obtaining the 
Semiconductor devices shown in FIG. 49. While FIG. 49 
shows the two semiconductor chips 1a holding the trench 11 
therebetween, the number of Such Semiconductor chips 1a is 
not restricted to two but a large number of Semiconductor 
chips 1a are separated from each other and formed in the 
Stage after removing the aforementioned Support plate 5, as 
a matter of course. 

0199 Astructure of a semiconductor device fabricated by 
wire bonding can be fabricated by gas deposition. For 
example, FIG. 57 shows the structure of a semiconductor 
device having a thermal conductor arranged on the back 
Surface of a Semiconductor chip 1a for the purpose of heat 
radiation. Both of a metal wire 18 and a connecting terminal 
18a are formed by gas deposition. FIG. 58 shows the 
Structure of a Semiconductor device having a metal wire 18, 
formed by gas deposition, including a connecting terminal 
18a having a Side Surface exposed from Sealing resin 4. 
Thus, the semiconductor device provided with the metal 
wire 18 including the connecting terminal 18a having the 
exposed side Surface can also be formed by gas deposition. 

0200. As shown in each of the first to tenth embodiments, 
only a Section of the wire forming the metal wire can be 
obtained when the metal wire is formed by wire bonding. 
Also as to the connecting terminal, only the bulk shape of the 
Size obtainable by heating and deforming the wire in the 
wire bonding Step can be obtained. When gas deposition is 
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employed in place of the wire bonding as in this embodi 
ment, however, the size of the connecting terminal 18a and 
the sectional area of the electric circuit of the metal wire 18 
can be readily changed in response to the bonding Strength 
and the current density. 
0201 When employing either gas deposition or plating, 
the connecting terminal may not be worked dissimilarly to 
the case of employing a wire. Both of the connecting 
terminal and the terminal part provided on the electrode can 
be formed into arbitrary shapes. When gas deposition or 
plating is employed, however, the metal wire, which cannot 
be extended in the air dissimilarly to a wire, is formed on a 
Support layer covering at least the main Surface of the 
Semiconductor chip. A durable insulator film may be 
employed as this Support layer, for defining a protective 
layer for the Semiconductor chip as Such. Alternatively, a 
resist film may be arranged as the Support layer for forming 
the metal wire by the aforementioned gas deposition or 
plating and thereafter removed, for thereafter newly forming 
a durable insulator. 

0202) When the metal wire is formed by plating, elec 
troplating is employed in general and hence a metal film for 
defining a cathode is formed on the aforementioned Support 
layer. 

0203 Twelfth Embodiment 
0204 Referring to FIG. 59, two semiconductor devices 
according to a twelfth embodiment of the present invention 
are opposed to each other immediately after removing a 
support plate 5. The feature of this embodiment resides in 
that connecting terminals 18c of metal wires 18 formed by 
gas deposition are exposed from Sealing resin 4 not only on 
bottom portions but also on upper portions. 

0205 The aforementioned semiconductor devices are 
fabricated identically to those of the eleventh embodiment 
up to a step similar to that shown in FIG. 53. In other words, 
the Steps of fabricating the Semiconductor devices according 
to the twelfth embodiment are identical to those of the 
eleventh embodiment up to a step of exposing prescribed 
portions of electrodes 3 and a trench 11 and forming resist 
patterns 17 to cover the upper and Side Surfaces of Semi 
conductor chips 1a and the center of the trench 11 (see FIG. 
53). Thereafter the metal wires 18 are formed by gas 
deposition. The connecting terminals 18c of the metal wires 
18 are mounded to project upward (FIG. 60). The method of 
forming the metal wires 18 including the connecting termi 
nals 18c is described later with reference to a thirteenth 
embodiment of the present invention. 

0206. Thereafter the resist patterns 17 are removed (FIG. 
61), and the Semiconductor chips 1a are Sealed with the 
sealing resin 4 (FIG. 62). At this time, the upwardly 
projecting portions of the connecting terminals 18c are 
rendered to project from the Sealing resin 4. Thereafter the 
Support plate 5 is removed, thereby obtaining the frag 
mented semiconductor devices as shown in FIG. 59. 

0207. A forwardly layered semiconductor device can be 
obtained by forwardly Stacking the Semiconductor devices 
shown in FIG. 59, provided with terminals on the same 
upper and lower positions, as Such. Alternatively, the 
upwardly projecting connecting terminals 18c can be pro 
vided on the positions of the electrodes 3. 
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0208 FIG. 63 illustrates semiconductor devices having 
upwardly projecting connecting terminals 18d provided on 
the positions of electrodes 3. The semiconductor devices 
shown in FIG. 63 are provided with terminals on different 
upper and lower positions. A Semiconductor device having 
a two-layer Structure can be formed by combining Such 
semiconductor devices provided with terminals on different 
upper and lower positions shown in FIG. 63 while butting 
the upper Surfaces of the Semiconductor devices against each 
other as shown in FIG. 35. The semiconductor device 
having Such a two-layer Structure is provided with terminals 
on different upper and lower positions when observed as a 
Single Semiconductor device. Therefore, a forwardly layered 
Semiconductor device can be obtained by forwardly Stacking 
an intended number of Such Semiconductor devices as Such. 
In other words, an even number of the Semiconductor 
devices shown in FIG. 63 are stacked. 

0209 When upwardly projecting connecting terminals 
are formed by gas deposition as described above, fabrication 
StepS can be more simplified as compared with the case of 
forming two bulk terminals by wire bonding. 
0210. Thirteenth Embodiment 
0211 Referring to FIG. 64 showing a gas deposition 
apparatus employed for fabricating Semiconductor devices 
according to the thirteenth embodiment of the present inven 
tion, a deposition Source 56 consisting of raw material Stored 
in a crucible 61 and heated and melted by a heater is 
arranged in a deposition Source chamber 66. The deposition 
Source chamber 66 is filled with helium, So that the raw 
material is vaporized into extremely fine particles, which in 
turn are guided to an evacuated Sample chamber 64 through 
a transport tube 63. The fine particles are spouted from a 
nozzle 67 mounted on an end of the transport tube 63 closer 
to the sample chamber 64 and sprayed on a sample 55 
arranged on an X-y-0 Stage 65. 
0212 FIG. 65 shows a step of spouting the deposition 
Source 56 from the nozzle 67 against the sample 55 for 
forming a metal wire 18. In order to form the metal wire 18 
by gas deposition, the nozzle 67 and the sample 55 as well 
as the Stage 65 may be relatively moved along parallel 
planes. 

0213. In order to form an upwardly projecting connecting 
terminal 18c, the deposition source 56 is spouted while 
stopping the nozzle 67 and the stage 65 as shown in FIG. 66. 
Consequently, the upwardly projecting connecting terminal 
18c can be readily formed. 

0214) Fourteenth Embodiment 
0215 FIG. 67 shows two semiconductor devices accord 
ing to a fourteenth embodiment of the present invention 
holding a trench 11 therebetween immediately after removal 
of a support plate 5. The feature of this embodiment resides 
in that insulator films 27 exposing electrodes 3 of Semicon 
ductor chips 1a while covering the remaining parts are left 
in the semiconductor devices when forming metal wires 18 
by gas deposition. In each of the eleventh to thirteenth 
embodiments, the resist patterns 17 functioning Similarly to 
the insulator films 27 are entirely removed, followed by 
Sealing with the Sealing resin 4. 

0216) The aforementioned semiconductor devices are 
fabricated Similarly to those according to the eleventh 
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embodiment up to a step similar to that shown in FIG. 52. 
In other words, the Semiconductor devices according to the 
fourteenth embodiment are fabricated similarly to those 
according to the eleventh embodiment up to a stage of 
providing the trench 11 reaching the Support plate 5 in a 
wafer by dicing to the Separate Semiconductor chips la from 
each other (see FIG. 52). Thereafter the semiconductor 
chips 1a are covered with insulating patterns 27 of polyim 
ide, for example, while exposing the electrodes 3 and the 
center of the trench 11 along the width, as shown in FIG. 68. 
Then, the metal wires 18 are formed by gas deposition, to 
connect the electrodes 3 with portions of the support plate 5 
located on the bottom of the trench 11. Thereafter the 
Semiconductor chips la are Sealed with Sealing resin 4 while 
leaving the insulating patterns 27 intact. The fragmented 
Semiconductor devices can be obtained by removing the 
support plate 5, as shown in FIG. 67. 
0217. According to this embodiment, the metal wires 18 
are formed by gas deposition as shown in FIG. 69 after 
forming the patterns of the insulator films 27 such as 
polyimide films or Silicon oxide films having excellent 
physical Stability and chemical Stability in place of the 
photoresist patterns 17. Thereafter the semiconductor chips 
1a are sealed with the sealing resin 4, as shown in FIG. 70. 
According to this method, no Step of removing resist pat 
terns is required as compared with the method employing 
the photoresist patterns 17. Portions around the wires 18 are 
not hollowed before the Semiconductor chips 1a are Sealed 
with the resin 4, and hence the metal wires 18 are supported 
by polyimide or the like forming the insulating patterns 27. 
Therefore, the Semiconductor devices can be stably pro 
duced with a high yield. Further, fine and precise connection 
is enabled due to the formation of the aforementioned 
insulating patterns 27. 
0218 Fifteenth Embodiment 
0219 FIG. 71 illustrates two semiconductor devices 
according to a fifteenth embodiment of the present invention 
holding a trench 11 therebetween immediately after removal 
of a support plate 5. The feature of this embodiment resides 
in that Sealing resin films 28 exposing electrodes 3 of 
Semiconductor chips 1a while covering the remaining parts 
are left in the Semiconductor devices when forming metal 
wires 18 by gas deposition. 
0220. The aforementioned semiconductor devices are 
fabricated Similarly to those according to the eleventh 
embodiment up to a step similar to that shown in FIG. 52. 
In other words, the Semiconductor devices according to the 
fifteenth embodiment are fabricated similarly to those 
according to the eleventh embodiment up to a stage of 
providing the trench 11 reaching the Support plate 5 in a 
wafer by dicing to Separate the Semiconductor chips 1a from 
each other (see FIG. 52). Thereafter the semiconductor 
chips 1a are covered with Sealing resin patterns 28 by Screen 
printing, for example, while exposing the electrodes 3 and 
the center of the trench 11 along the width, as shown in FIG. 
72. Then, the metal wires 18 are formed by gas deposition, 
to connect the electrodes 3 with portions of the Support plate 
5 located on the bottom of the trench 11 (FIG. 73). There 
after the fragmented Semiconductor devices can be obtained 
by removing the Support plate 5 while allowedly leaving the 
sealing resin patterns 28 intact, as shown in FIG. 71. 
0221 According to this embodiment, the Sealing resin 
patterns 28 are employed in place of the photoresist patterns 
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17 or the insulator film patterns 27 of polyimide or the like. 
When the Sealing resin patterns 28 are employed, the Semi 
conductor devices can be fabricated through Steps shorter 
than those employing the remaining patterns 17 or 27. At 
present, however, the Sealing resin patterns 28 can be formed 
by only Screen printing relatively inferior in dimensional 
accuracy. Therefore, the method according to the fifteenth 
embodiment cannot deal with refinement of the electrodes 3 
at present. Further, only the metal wires 18 formed by gas 
deposition are located on the electrodes 3, and hence the 
Semiconductor devices according to the fifteenth embodi 
ment are inferior in reliability and durability to those accord 
ing to the remaining embodiments. 
0222 Sixteenth Embodiment 
0223 Referring to FIG. 74 showing a sixteenth embodi 
ment of the present invention, the upper Surfaces of Semi 
conductor devices identical to those shown in FIG. 71 are 
opposed to each other for forming a multilayer Structure by 
connecting eXposed metal wires with each other by Solder 
37. When a semiconductor device of this two-layer structure 
is observed as a single Semiconductor device, connecting 
terminals are provided on the same upper and lower posi 
tions. Therefore, a multilayer Semiconductor device having 
even layerS can be readily obtained by Successively Stacking 
Such Semiconductor devices as Such. The Semiconductor 
device can also be improved in reliability and durability due 
to the solder 37 covering the metal wires. 
0224 Seventeenth Embodiment 
0225 FIG. 75 illustrates two semiconductor devices 
according to a Seventeenth embodiment of the present 
invention holding a trench 11 therebetween immediately 
after removal of a support plate. The feature of this embodi 
ment resides in that metal wires are formed by electroplat 
Ing. 

0226. The aforementioned semiconductor devices are 
fabricated identically to those according to the fifteenth 
embodiment up to a step similar to that shown in FIG. 72. 
In other words, the Semiconductor devices according to the 
seventeenth embodiment are fabricated similarly to those 
according to the fifteenth embodiment up to a stage of 
forming insulator film patterns 28 of polyimide, for 
example, while exposing electrodes 3 and the center of the 
trench 11 along the width (see FIG. 72). Then, a metal film 
31 or the like defining cathodes for electroplating is formed 
by vapor deposition (FIG. 76). Then, resist patterns 17 are 
formed on portions other than those for forming the metal 
wires by electroplating and connecting the same (FIG. 77). 
0227. Thereafter portions of the metal film 31 not cov 
ered with the resist patterns 17 are employed as cathodes for 
forming connection patterns of the metal wires by electro 
plating (FIG. 78). Then, the resist patterns 17 are removed 
(FIG. 79). Further, connection patterns of metal films 38 
formed by electroplating are employed as masks for remov 
ing the metal film 31 employed as the cathodes for electro 
plating by etching (FIG. 80). The fragmented semiconduc 
tor devices can be obtained by Sealing Semiconductor chips 
1a with sealing resin 4 (FIG. 81) and removing the Support 
plate 5, as shown in FIG. 75. 
0228. When the metal wires are formed by electroplating 
as described above, the number of fabrication Steps is 
increased. However, finer working can be performed as 
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compared with wire bonding or gas deposition due to 
employment of photolithography. 

0229. Eighteenth Embodiment 
0230 FIG. 82 illustrates two semiconductor devices 
according to an eighteenth embodiment of the present inven 
tion holding a trench therebetween immediately after 
removal of a Support plate 5. The feature of this embodiment 
resides in that metal wires are formed by electroplating. 
0231. The aforementioned semiconductor devices are 
fabricated identically to those according to the Seventeenth 
embodiment up to a step similar to that shown in FIG. 79. 
In other words, the Semiconductor devices according to the 
eighteenth embodiment are fabricated Similarly to those 
according to the Seventeenth embodiment up to a Stage of 
forming connection patterns of metal wires by electroplating 
while employing portions of a metal film 31 not covered 
with resist patterns 17 as cathodes and thereafter removing 
the resist patterns 17. Thereafter a second resist pattern 57 
having openings above electrodes 3 of Semiconductor chips 
1a is formed as shown in FIG. 83. Then, on-electrode 
terminals 41 are formed in the openings by Second electro 
plating (FIG. 84). 
0232 Thereafter the second resist pattern 57 is removed, 
as shown in FIG. 85. Then, the semiconductor chips 1a are 
Sealed with Sealing resin 4 while exposing the on-electrode 
terminals 41 (FIG. 86). The fragmented semiconductor 
devices can be obtained by thereafter removing the Support 
plate 5, as shown in FIG. 82. The fragmented semiconductor 
devices shown in FIG. 82 are provided with terminals on 
different upper and lower positions. 

0233 FIG. 87 shows a modification of the semiconduc 
tor devices shown in FIG. 82. Referring to FIG. 87, upper 
connecting terminals 58 are formed on connecting terminals 
38a formed on portions of a Support plate located on the 
bottom of a trench. The semiconductor devices shown in 
FIG. 87 can be formed by providing a second resist pattern 
57 to have openings above the connecting terminals 38a. 

0234. The semiconductor devices shown in each of 
FIGS. 82 and 87 can be basically formed by performing 
photolithography twice and electroplating twice. When 
forming multilayer connecting terminals by electroplating, 
not only Superior fine working can be performed as com 
pared with wire bonding or gas deposition but also the size 
of connecting terminals exposed on the upper Surfaces can 
be readily controlled. Wire bonding is limited by the wire 
diameter, while the diameter of deposition material 
employed for forming connecting terminals by gas deposi 
tion is gradually reduced upward. In the gas deposition, 
therefore, the portions of the connecting terminals exposed 
on the upper Surface of the Sealing resin 4 are limited in size. 
According to electroplating, the connecting terminals 38a 
can be formed with no fluctuation in size by increasing the 
resolution of the resist pattern 57, regardless of the height of 
the on-electrode terminals 41. 

0235 Nineteenth Embodiment 
0236 FIGS. 88 to 93 illustrate a semiconductor device 
according to a nineteenth embodiment of the present inven 
tion and first to fifth modifications thereof respectively. 
According to this embodiment, a structure formable by wire 
bonding or gas deposition is formed by electroplating. 
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0237. In the semiconductor device according to the nine 
teenth embodiment shown in FIG. 88, a metal wire is 
formed by electroplating by arranging a photoresist pattern 
in place of an insulator film pattern 17 consisting of poly 
imide, for example. The photoresist pattern is removed after 
etching and removing a part of a metal film 31 employed as 
a cathode through a mask of a metal wire 38 formed by 
electroplating before Sealing a Semiconductor chip 1a with 
Sealing resin 4. The Semiconductor chip 1a is Sealed with the 
Sealing resin 4 after removal of the photoresist pattern. 
0238 When arranging the same sealing resin 4 on the 
Surface and the back Surface of the metal wire 38 as 
described above, a possibility of disconnecting the metal 
wire 38 by stress resulting from thermal strain can be 
reduced. 

0239). In the semiconductor device according to the first 
modification of the nineteenth embodiment shown in FIG. 
89, a connecting terminal 38a is partially exposed on the 
Side Surface of the Semiconductor device. According to this 
Structure, bonding Strength can be improved similarly to the 
case of wire bonding or gas deposition. 

0240 The feature of the semiconductor device including 
a metal wire formed by electroplating according to the 
Second modification of the nineteenth embodiment shown in 
FIG. 90 resides in that a step is provided between a 
Semiconductor chip 1a and an insulator film pattern 27 of 
polyimide or the like on the back Surface of the Semicon 
ductor device. The connecting terminal 38a projects due to 
the presence of Such a Step, thereby Simplifying connection. 
Such simplification of connection attained by the projecting 
structure of the connecting terminal 38a is not restrictive but 
can be obtained in any method of forming the metal wire. 
0241. In the semiconductor device including a metal wire 
formed by electroplating according to the third modification 
of the nineteenth embodiment shown in FIG. 91, a plate 6 
having excellent thermal conductivity is arranged on the 
back Surface of a Semiconductor chip 1a for the purpose of 
heat radiation. The heat radiation property of the Semicon 
ductor chip 1a can be improved due to the arrangement of 
the plate 6. Such improvement of the heat radiation property 
due to the arrangement of the aforementioned plate 6 is not 
restrictive either but can be obtained in any method of 
forming the metal wire. 
0242. The feature the semiconductor device including a 
metal wire 38 formed by electroplating according to the 
fourth modification of the nineteenth embodiment shown in 
FIG. 92 resides in that the upper, side and lower surfaces of 
an upper connecting terminal 58 provided on a connecting 
terminal 38a are exposed from sealing resin 4. When the 
upper connecting terminal 58 is exposed in the aforemen 
tioned manner, connection is enabled on a number of por 
tions of the upper connecting terminal 58 So that the Semi 
conductor device can be loaded on any circuit board. This 
function is not restrictive either but can be obtained in any 
method of forming the metal wire. 
0243 In the semiconductor device according to the fifth 
modification of the nineteenth embodiment shown in FIG. 
93, an opening of a Second resist pattern can be displaced 
outward beyond a first electroplating pattern in fabrication 
of a semiconductor device similar to that shown in FIG. 87. 
In the semiconductor device shown in FIG. 93, the side 
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Surface of an upper connecting terminal 58 is not entirely 
exposed, dissimilarly to the Semiconductor device shown in 
FIG. 92. An upper portion of the side surface of the upper 
connecting terminal 58 is covered with Sealing resin 4. 
0244. According to the semiconductor device shown in 
FIG. 93, a bonding agent such as solder can be prevented 
from creeping up toward the upper Surface of the upper 
connecting terminal 58 while obtaining high bonding 
Strength and excellent bondability on exposed portions of 
the Side and lower Surfaces of the upper connecting terminal 
58. 

0245. Twentieth Embodiment 
0246 Referring to FIG. 94, the feature of a twentieth 
embodiment of the present invention resides in that positions 
of metal wires 2, 18 and 38 connecting electrodes of 
Semiconductor chips and a Support plate are displaced 
between adjacent Semiconductor chips for alternately con 
necting the bottoms of trenches to the Support plate. The 
trenches can be reduced in width due to the aforementioned 
arrangement of the metal wires 2, 18 and 38. 
0247 A method of fabricating semiconductor devices 
according to this embodiment can allowedly be carried out 
by any of wire bonding, gas deposition and plating. Particu 
larly plating employing photolithography is So excellent in 
fine workability that the semiconductor devices can be 
fabricated without widening electrode pitches of Semicon 
ductor chips as compared with wire bonding and gas depo 
Sition. Wire bonding and gas deposition are relatively infe 
rior in fine workability as compared with plating, and hence 
electrode pitches must be widened when trenches are 
reduced in width, relatively disadvantageously for Semicon 
ductor chips having numbers of electrodes. 
0248 Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. A Semiconductor device comprising: 
a Semiconductor chip including a Semiconductor circuit 

having a prescribed function and an electrode on a main 
Surface; 

a metal wire having a first end connected with Said 
electrode and a Second end having a connecting termi 
nal connected with an external device; and 

an insulator covering at least Said main Surface of Said 
Semiconductor chip, wherein 

Said connecting terminal provided on Said Second end of 
Said metal wire is a part formed while keeping a State 
integrated with the remaining part of Said metal wire, 
and exposed on a bottom Surface opposite to the upper 
Surface of Said insulator. 

2. The Semiconductor device according to claim 1, 
wherein Said metal wire is a wire formed by wire bonding, 
and Said connecting terminal is a bulk connecting terminal 
formed by working and bulking a part of Said wire in 
continuation with Said wire. 
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3. The Semiconductor device according to claim 1, 
wherein Said metal wire and Said connecting terminal are 
formed by either gas deposition or plating. 

4. The Semiconductor device according to claim 1, 
wherein an exposed Surface of Said connecting terminal is 
located on a position projecting outward beyond the back 
main Surface of Said Semiconductor chip opposite to Said 
main Surface. 

5. The Semiconductor device according to claim 1, 
wherein a plate member is arranged in contact with the back 
main Surface of Said Semiconductor chip opposite to Said 
main Surface, and exposed from Said bottom Surface. 

6. The Semiconductor device according to claim 1, 
wherein an exposed part of Said connecting terminal is clad 
with Solder. 

7. The Semiconductor device according to claim 1, further 
comprising an upper connecting terminal in contact with the 
upper portion of Said connecting terminal. 

8. A Semiconductor device formed by Stacking at least two 
Semiconductor devices according to claim 7 employed as 
unit Semiconductor devices, So that Said connecting terminal 
of first Said unit Semiconductor device is connected to Said 
upper connecting terminal of Second Said unit Semiconduc 
tor device. 

9. The semiconductor device according to claim 1, further 
comprising an on-electrode terminal on Said electrode. 

10. A Semiconductor device, employing a unit Semicon 
ductor device formed by the Semiconductor device accord 
ing to claim 9, comprising a face-symmetrical Semiconduc 
tor device having face-symmetrical arrangement with 
respect to Said unit Semiconductor device in relation to a 
plane parallel to Said main Surface and Said unit Semicon 
ductor device, having either an upper Surface butt joint 
Structure formed by connecting and Stacking an on-electrode 
terminal of Said face-symmetrical Semiconductor device to 
and on Said on-electrode terminal of Said unit Semiconductor 
device or a bottom surface butt joint structure formed by 
connecting and Stacking a connecting terminal of Said face 
Symmetrical Semiconductor device to and on Said connect 
ing terminal of Said unit Semiconductor device. 

11. The Semiconductor device according to claim 1, 
wherein an outer end of Said connecting terminal is further 
exposed from the Side Surface of Said insulator. 

12. A Semiconductor device comprising at least two 
Semiconductor devices according to claim 11 and a wall 
circuit board including a circuit wire therein and Standing to 
interSect with the Surfaces of Said Semiconductor chips. So 
that exposed side Surfaces of Said connecting terminals of 
Said Semiconductor devices are connected to Said wall 
circuit board and Said Semiconductor devices are mounted in 
a layered manner. 

13. A method of fabricating semiconductor devices for 
fabricating at least two Semiconductor devices from a Semi 
conductor Substrate including at least two Semiconductor 
circuit areas provided with electrodes having prescribed 
functions for attaining electrical connection with an external 
device arranged on a first main Surface, comprising Steps of. 

bonding a Support plate to a Second main Surface of Said 
Semiconductor Substrate opposite to Said first main 
Surface; 

forming a trench for Separating Said at least two Semi 
conductor circuit areas into individual Said Semicon 
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ductor circuit areas to expose Said Support plate around 
Said Semiconductor circuit areas, 

connecting Said electrodes and Said Support plate exposed 
in Said trench with each other by a metal wire, and 

removing Said Support plate. 
14. The method of fabricating semiconductor devices 

according to claim 13, connecting a bulk wire formed by 
partially melting and bulking a wire around a part to be 
connected to Said Support plate by wire bonding in Said Step 
of connecting Said electrodes and Said Support plate with 
each other by Said metal wire. 

15. The method of fabricating semiconductor devices 
according to claim 13, further comprising a step of covering 
Said first main Surface of Said Semiconductor Substrate with 
an insulator film before Said Step of connecting Said elec 
trodes and Said Support plate with each other by Said metal 
wire, and forming a metal film coming into contact with 
upper portions of Said insulator film, Said electrodes and Said 
Support plate by either gas deposition or plating in Said Step 
of connecting Said electrodes and Said Support plate with 
each other by Said metal wire. 

16. The method of fabricating semiconductor devices 
according to claim 13, bonding Said Support plate by anode 
coupling in Said Step of bonding Said Support plate to Said 
Second main Surface of Said Semiconductor Substrate oppo 
Site to Said first main Surface. 

17. The method of fabricating semiconductor devices 
according to claim 13, forming Said trench with a dicing Saw 
in Said Step of forming Said trench. 

18. The method of fabricating semiconductor devices 
according to claim 13, further comprising a step of Sealing 
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Said metal wire and Said Semiconductor circuit areas with an 
insulator, for applying flowable polymer resin to prescribed 
areas by Screen printing and covering Said prescribed areas 
with Said polymer resin in Said Sealing Step. 

19. The method of fabricating semiconductor devices 
according to claim 13, further comprising a step of Sealing 
Said metal wire and Said Semiconductor circuit areas with an 
insulator, for covering the overall Surface of Said Semicon 
ductor Substrate with Said insulator in Said Step of Sealing 
Said metal wire and Said Semiconductor circuit areas with 
Said insulator and removing a prescribed part of Said insu 
lator with a dicing Saw in any Subsequent Step for Separating 
Said at least two Semiconductor circuit areas into individual 
Said Semiconductor circuit areas. 

20. A method of fabricating semiconductor devices for 
fabricating at least two Semiconductor devices from a Semi 
conductor Substrate including at least two Semiconductor 
circuit areas provided with electrodes having prescribed 
functions for attaining electrical connection with an external 
device arranged on a first main Surface, comprising Steps of: 

Separating Said Semiconductor Substrate into individual 
Said Semiconductor circuit areas by cutting; 

bonding a Support plate to a Second main Surface of Said 
Semiconductor Substrate opposite to Said first main 
Surface; 

connecting Said electrodes and Said Support plate exposed 
in a-trench with each other by a metal wire, and 

removing Said Support plate. 


