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(57) ABSTRACT 
In the semiconductor device, an opening 3 having a high 
aspect ratio is made from the back surface of a GaAs 
substrate 1 by anisotropic dry etching. After an Au ?lm 4 is 
deposited on the entire back surface of the Gabs substrate 
inclusive of the inside of the opening 3, the entire back 
surface is subjected to Ni alloy non-electrolytic plating so 
that an Ni ?lm 9a can be also deposited on the inner Wall and 
bottom of the opening 3 can be obtained. An IC substrate or 
FET With the Ni ?lm 9a left only at the area corresponding 
to a via hole. The back surface of the IC substrate or PET and 
the front surface of a package substrate are bonded to 
each-other by AuSn solder having poor Wetting for the Ni 
?lm 9a. 
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METHOD OF MANUFACTURING 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device using compound semiconductor, and more particu 
larly to a structure of a via hole (through-hole) formed in 
said semiconductor device and its manufacturing method 
and an etchant used for the process of manufacturing. 

[0003] 2. Disription of the Related Art 

[0004] Where an IC (integrated Circuit) is to be designed 
at a frequency higher than quasi-microwave band, since a 
behavior of electrons as a Wave cannot be disregarded, the 
IC must be designed as a distributed constant line. As this 
distributed constant line, a microstrip circuit line is Widely 
used. 

[0005] Where the microstrip line is used, as schematically 
shoWn in FIG. 17, 21 via hole 104 must be formed in order 
to electrically connect an electrode pad 102 on the front 
surface of a GaAs substrate 101 to a ground conductor Which 
is metal on the back surface thereof, and a strip conductor 
105 is formed on the front surface of the GaAs substrate 101. 

[0006] FIG. 18 shoWs a sectional vieW When a semicon 
ductor chip (hereinafter referred to as “IC substrate”) is 
die-bonded to a package substrate 106 using AuSn solder 
107. As shoWn in FIG. 18, in order to prevent “solder 
upheaval or permeance ”, a barrier metal 108 of eg Ni Was 
formed in only a region constituting the via hole 104a on the 
surface of the conductive Au ?lm 104b. 

[0007] Further, as shoWn in FIG. 18, the region occupied 
by the via hole 104a corresponds to a region Whose diameter 
is tWice or more as large as the thickness of the GaAs 
substrate 101. 

[0008] The semiconductor device having the same struc 
ture as the via hole structure is disclosed in JP-A-2-162735. 

[0009] Referring noW to FIG. 19, an explanation Will be 
given of a method of forming a via hole described in the 
reference. 

[0010] First, as shoWn in FIG. 19(a), an electrode pad 102 
is patterned on the front surface of a GaAs substrate 101. As 
shoWn in FIG. 19(b), on the back surface of the GaAs 
substrate 101, an etching mask 109a having an opening 
pattern is patterned at the area corresponding to the electrode 
pad 102. Further, as shoWn in FIG. 19(c), the back surface 
of the GaAs substrate 101 is subjected to Wet-etching to 
form an opening 109. In this case, the diameter of the 
opening 109 at the back surface of the GaAs substrate 101 
is tWice or so as large as the thickness of the GaAs substrate 
101. As shoWn in FIG. 19(a), the etching mask 109a is 
removed. 

[0011] As shoWn in FIG. 19(e), a conductive Au ?lm 104b 
is plated onto the entire back surface of the GaAs substrate 
101. 

[0012] Thereafter, as shoWn in FIG. 19(1‘), a resist pattern 
110 is formed at an area eXcept the region constituting the 
via hole 104a on the back surface of the GaAs substrate 101. 

Oct. 11, 2001 

[0013] The resist pattern 110 has an opening pattern at the 
area corresponding to the via hole 104a. 

[0014] As shoWn in FIG. 19(g), the GaAs substrate 101 is 
subjected to electrolytic or non-electrolytic Ni plating to 
form a barrier metal 108 of Ni on the surface of the via hole 
104a. 

[0015] As shoWn in FIG. 19(h), the resist pattern 110 is 
etched aWay to complete an IC substrate. 

[0016] The back surface of the IC substrate shoWn in FIG. 
19(h) is bonded to the front surface of the package substrate 
106 to provide a semiconductor device having a sectional 
structure as shoWn in FIG. 18. 

[0017] HoWever, the semiconductor device thus manufac 
tured has the folloWing defects. In the via hole 104 included 
in the semiconductor device shoWn in FIG. 18 (via hole 
104a in FIG. 19) is opened by Wet etching it reaches the 
front surface of the GaAs substrate 101 from the back 
surface thereof. 

[0018] HoWever, When the via hole is opened by the Wet 
etching as described above, the diameter of the opening 109 
formed on the back surface of the GaAs substrate 101 Was 
tWice or more as large as the thickness of the GaAs substrate 
101. With development of miniaturiZation of the semicon 
ductor device, reduction of the via hole 104a is a critical 
problem to facilitate device miniaturiZation. 

[0019] In order to solve this problem, one of the inventors 
of the present invention has already accomplished a semi 
conductor device in Which an opening With a high aspect 
ratio is made by RIE (Reactive Ion Etching) and an via hole 
is formed in the opening. 

[0020] FIG. 20(a) shoWs a sectional structure of the via 
hole disclosed in JP-A-7-193214. 

[0021] In FIG. 20(a), reference numeral 111 denotes an 
underlying-Wiring 111 applied to the back surface of the 
GaAs substrate 101; 112 denotes a ?lm stacked on the front 
surface of the GaAs substrate 101 Which is an insulating ?lm 
serving as an etching mask When the opening 109 for 
making a via hole is formed; 113 denotes a sputter layer 
having a tWo-layer structure of a layer of any material of Ti, 
Cr and Ni, and Au, Which is stacked on the internal Wall of 
the opening 109; 114 denotes an non-electrolytic Ni plating 
layer stacked in the opening 109 Where the sputter layer 113 
is stacked; 115 denotes an Au plating layer stacked on the 
surface of the non-electrolytic plating layer 114; and 116 
denotes a poWer supply layer consisting of the sputter layer 
113, non-electrolytic Ni plating 114 and Au plating layer 
115. 

[0022] In the semiconductor device described above, 
because the internal Wall of the opening does not become ?at 
When the sputter layer 113 serving as a catalyst for ?lm 
deposition by plating, the non-electrolytic Ni plating layer 
114 is further deposited on the internal Wall and bottom of 
the opening 109a constituting the via hole 104a Within the 
GaAs substrate 101 so that their surface becomes ?at. Thus, 
the Au plating layer 115 Which is a main part of the poWer 
supply layer 116 could be formed to have a uniform thick 
ness along the front surface of the GaAs substrate 1 and the 
shape of the internal Wall of the opening constituting the via 
hole 104a. 
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[0023] The above reference describes that the via hole 10a 
shown in FIG. 20(a) is made as follows. The insulating ?lm 
112 is patterned as an etching mask pattern on the surface of 
the GaAs substrate 101. Using it as the etching mask, the 
opening 109 (not penetrating through the GaAs substrate 
101) having a high aspect ratio is formed. After the poWer 
supply layer 116 is formed Within the opening, the back 
surface of the substrate 101 is etched back until part of the 
poWer supply layer 116 is exposed. Finally, the underlying 
Wiring 111 is formed on the back surface of the GaAs 
substrate 101. 

[0024] By forming the via hole 104a Within the opening 
With a high aspect ratio having a structure as shoWn in FIG. 
20(a), it can have an occupying area that is a factor of a feW 
When the opening Was made by Wet etching. 

[0025] The present invention has been accomplished in 
order to solve the above problem, and intends to provide a 
semiconductor device having a stable structure Which has a 
via hole With a small occupying area, does not generate 
“solder upheaval” phenomenon and makes no crack, a 
method of manufacturing it and an etchant suitable for the 
method. 

SUMMARY OF THE INVENTION 

[0026] A?rst aspect of a semiconductor device is a device 
of the prevent invention, Which comprises: a semiconductor 
substrate; an electrode pad formed on the front surface of 
said semiconductor substrate; an Au ?lm formed on the 
entire back surface of said semiconductor substrate inclusive 
of the inner Wall and bottom of a cylindrical opening made 
from the back surface of said semiconductor substrate to the 
front surface thereof; and a Ni alloy non-electrolytic plating 
?lm deposited at a region constituting the via hole including 
the opening on said Au ?lm. 

[0027] A second aspect of the semiconductor device is a 
device of the present invention, Which comprises: a semi 
conductor substrate; an electrode pad formed on the front 
surface of said semiconductor substrate; a ?rst Au ?lm and 
a Ni alloy non-electrolytic plating ?lm Which are succes 
sively stacked on the entire back surface of said semicon 
ductor substrate inclusive of the inner Wall and bottom of a 
cylindrical opening made from the back surface of said 
semiconductor substrate to the front surface thereof; and a 
second Au ?lm deposited at an area eXcept a region consti 
tuting the via hole including the opening on the said Au ?lm. 

[0028] A third aspect of the semiconductor device is a 
device according to the second aspect, Wherein said second 
Au ?lm is a ?lm deposited by plating or evaporation. 

[0029] A fourth aspect of the semiconductor device is a 
device of the present invention: a semiconductor substrate; 
an electrode pad formed on the front surface of said semi 
conductor substrate; a ?rst Au ?lm on the back surface of 
said semiconductor substrate inclusive of the inner Wall and 
bottom of a composite stepped opening of a ?rst opening 
having a large diameter made from the back surface of said 
semiconductor substrate and a second opening Which is a 
cylinder having a small diameter made from the bottom of 
said ?rst opening to the front surface of said semiconductor 
substrate; and an Ni alloy non-electrolytic plating ?lm 
deposited on said Au ?lm at the area eXcept the said second 
opening in the region constituting a via hole including said 
openings. 
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[0030] A ?fth aspect of the semiconductor device is a 
device of the present invention, Which comprises: a semi 
conductor substrate; an electrode pad formed on the front 
surface of said semiconductor substrate; a ?rst Au ?lm and 
Ni plating ?lm successively stacked on the back surface of 
said semiconductor substrate inclusive of the inner Wall and 
bottom of a composite opening of a ?rst opening having a 
large diameter made from the back surface of said semicon 
ductor substrate and a second opening Which is a cylinder 
having a small diameter made from the bottom of said ?rst 
opening to the front surface of said semiconductor substrate; 
and a second Au ?lm deposited on said Ni plating ?lm at the 
area eXcept the said second opening in the region constitut 
ing a via hole including said composite opening, said Ni 
plating ?lm being a Ni alloy non-electrolytic plating ?lm. 

[0031] A siXth aspect of the semiconductor device is a 
device according to the fourth or ?fth aspect, Wherein said 
?rst opening having a large diameter is a cylindrical opening 
formed by anisotropic dry etching, or an opening Which is 
formed by Wet isotropic etching and has a diameter in the 
back surface of said semiconductor substrate being equal to 
said large diameter and decreasing-With the depth of said 
semiconductor substrate. 

[0032] A seventh aspect of the semiconductor device is a 
device according to any one of the ?rst to ?fth aspect, further 
comprising a package substrate bonded to the surface of said 
Au ?lm or said second Au ?lm through solder, Wherein, of 
said Au ?lm or said second Au ?lm, said Au ?lm or said 
second Au ?lm located at the region eXcept a region con 
stituting said via hole is bonded to said package substrate 
through said solder. 

[0033] A eighth aspect of the semiconductor device is a 
device according to any one of the ?rst and the second 
aspect, Wherein the aspect ratio of said opening is Within a 
range from 1 to 10/3. 

[0034] A ninth aspect of the semiconductor device is a 
device according to any one of the fourth and ?fth aspect, 
Wherein said second opening has a diameter from 25 pm to 
60 pm. 

[0035] A tenth aspect of the method of manufacturing a 
semiconductor device, Which comprises the steps of: form 
ing an electrode pad on the front surface of a semiconductor 
substrate; forming a cylindrical opening extending from the 
back surface of said semiconductor substrate to the front 
surface thereof; by anisotropic dry etching; depositing an Au 
?lm on said entire back surface inclusive of the inner Wall 
and bottom of said cylindrical opening by plating; deposit 
ing a Ni alloy non-electrolytic plating ?lm on the entire back 
surface by plating; forming a mask covering a region 
constituting a via hole including the opening; etching said Ni 
alloy non-electrolytic plating ?lm using said mask as an 
etching mask so that said Ni alloy non-electrolytic plating 
?lm is selectively left at a region corresponding to said via 
hole; and removing said mask. 

[0036] An eleventh aspect of the method of manufacturing 
a semiconductor device is a method according to the tenth 
aspectWherein said Ni alloy non-electrolytic plating ?lm is 
etched using, as an etchant, sulfuric/nitric acid containing 
sulfuric acid of 96 Wt %, nitric acid of 70 Wt % and 
Water=1:1:3, or ion milling 

[0037] A tWelfth aspect of a method of manufacturing a 
semiconductor device of the present invention, Which com 
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prises; forming an electrode pad on the front surface of a 
semiconductor substrate; forming a cylindrical opening 
extending from the back surface of said semiconductor 
substrate to the front surface thereof by anisotropic dry 
etching; depositing a ?rst Au ?lm on the entire back surface 
inclusive of the inner Wall and bottom of said cylindrical 
opening by plating; depositing a Ni alloy non-electrolytic 
plating ?lm on the ?rst Au ?lm on the entire back surface by 
plating; depositing a second Au ?lm on the entire back 
surface by plating; forming a mask covering a region 
constituting a via hole including the opening; etching said 
Au ?lm using said mask as an etching mask so that said Ni 
alloy non-electrolytic plating ?lm is selectively left at a 
region corresponding to said via hole; and removing said 
mask. 

[0038] A thirteenth aspect of the method of manufacturing 
a semiconductor device is a method of the present invention, 
Which comprises the steps of: forming an electrode pad on 
the front surface of a semiconductor substrate; forming 
a-cylindrical opening extending from the back surface of 
said semiconductor substrate to the front surface thereof by 
anisotropic dry etching; 

[0039] depositing a ?rst Au ?lm on the entire back surface 
inclusive of the inner Wall and bottom of said cylindrical 
opening by plating; depositing a Ni alloy non-electrolytic 
plating ?lm on the ?rst Au ?lm on the entire back surface by 
plating; and depositing a second Au ?lm at the region eXcept 
said opening on the surface of said Ni alloy non-electrolytic 
plating ?lm by evaporation so that said Ni alloy non 
electrolytic plating ?lm on the surface of said opening 
constituting a via hole is selectively eXposed. 

[0040] A fourteenth aspect of the method of manufactur 
ing a semiconductor device is a method of the present 
invention, Which comprises the steps of: forming an elec 
trode pad on the front surface of a semiconductor substrate; 
etching said semiconductor substrate from its back surface 
to form a ?rst opening having a large diameter; subjecting 
said semiconductor substrate to anisotropic dry etching from 
the bottom of said ?rst opening to the front surface of said 
semiconductor substrate to form a second opening having a 
small diameter, thereby forming a composite opening of said 
?rst and second openings; depositing an Au ?lm on said 
entire back surface inclusive of the inner Wall and bottom of 
said composite opening by plating; forming a mask on the 
back surface of said semiconductor substrate eXcept a region 
constituting a via hole including the composite opening; 
plating the back surface of said semiconductor substrate 
With Ni to form a Ni ?lm deposited on the inner Wall and 
bottom of said ?rst opening; and removing said mask. 

[0041] A ?fteenth aspect of the method of manufacturing 
a semiconductor device is a method of the present invention, 
Which comprises the steps of: forming an electrode pad on 
the front surface of a semiconductor substrate; etching said 
semiconductor substrate from its back surface to form a ?rst 
opening having a large diameter; subjecting said semicon 
ductor substrate to anisotropic dry etching from the bottom 
of said ?rst opening to the front surface of said semicon 
ductor substrate to form a second opening having a small 
diameter, thereby forming a composite opening of said ?rst 
and second openings; depositing a ?rst Au ?lm on said entire 
back surface inclusive of the inner Wall and bottom of said 
composite opening by plating; plating an Ni ?lm on said ?rst 
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Au ?lm; selectively forming a second Au ?lm on said Ni 
?lm at the region eXpect a region constituting a via hole 
including said composite opening so that said Ni ?lm at an 
area corresponding to at least the inner Wall and bottom of 
said ?rst opening in a region corresponding to said via hole 
is eXposed, Wherein said Ni ?lm is an Ni alloy non 
electrolytic plating ?lm. 

[0042] A siXteenth aspect of the method of manufacturing 
a semiconductor device is a method according to any one of 
the fourteenth and ?fteenth aspect, Wherein said ?rst open 
ing is made by Wet isotropic etching or anisotropic dry 
etching. 

[0043] A seventeenth aspect of the method of manufac 
turing a semiconductor device is a method according to the 
siXth aspect, Wherein said ?rst opening is made by the Wet 
isotropic etching, the ?rst and second openings are formed 
by etching using the same etching mask, and said etching 
mask has an opening pattern equal to the diameter of said 
second opening. 

[0044] An eighteenth aspect of the method of manufac 
turing a semiconductor device is a method according to any 
one of the tenth, tWelfth to ?fteenth aspects, Wherein the Au 
?lm eXposed to the back surface of said semiconductor 
substrate or said second Au ?lm are bonded to the surface of 
a package substrate through AuSn solder Which is a solder 
ing material. 

[0045] A nineteenth aspect of the etchant for an Ni alloy 
is an etchant of the nineteenth aspect, Which is sulfuric/nitric 
acid containing sulfuric acid of 96 Wt %, nitric acid of 70 Wt 
% and Water=1:1:3. 

[0046] A tWelfth aspect of the semiconductor device is a 
device according to the ?rst aspect, Wherein said semicon 
ductor substrate is made of GaAs substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] FIG. 1 is a vieW necessary to eXplain the ?rst 
embodiment of the present invention. FIG. 2 is a vieW 
shoWing a related art for eXplaining the ?rst embodiment of 
the present invention. 

[0048] FIG. 3 is a vieW shoWing a related art for eXplain 
ing the ?rst embodiment of the present invention. 

[0049] FIG. 4 is a vieW shoWing a related art for eXplain 
ing the ?rst embodiment of the present invention. 

[0050] FIG. 5 is a cross sectional vieW shoWing a semi 
conductor device according to the ?rst embodiment of the 
present invention. 

[0051] FIG. 6 is a vieW shoWing a method of manufac 
turing the ?rst embodiment according to the present inven 
tion. 

[0052] FIG. 7 is a vieW shoWing a semiconductor device 
according to the second embodiment of the present inven 
tion. 

[0053] FIG. 8 is a vieW shoWing a method of manufac 
turing the second embodiment according to the present 
invention. 

[0054] FIG. 9 is a vieW shoWing a semiconductor device 
according to the third embodiment of the present invention. 
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[0055] FIG. 10 is a vieW showing a method of manufac 
turing the third embodiment according to the present inven 
tion. 

[0056] FIG. 11 is a vieW showing a semiconductor device 
according to the fourth embodiment of the present invention. 

[0057] FIG. 12 is a vieW shoWing a method of manufac 
turing the fourth embodiment according to the present 
invention. 

[0058] FIG. 13 is a vieW shoWing a semiconductor device 
according to the ?fth embodiment. 

[0059] FIG. 14 is a vieW shoWing a semiconductor device 
according to the sixth embodiment. 

[0060] FIG. 15 is a vieW shoWing a method of manufac 
turing the sixth embodiment according to the present inven 
tion. 

[0061] FIG. 16 is a vieW shoWing a semiconductor device 
according to the seventh embodiment. 

[0062] 
[0063] 
[0064] 
[0065] 

FIG. 17 is a vieW shoWing a prior art. 

FIG. 18 is a vieW shoWing a prior art. 

FIG. 19 is a vieW shoWing a prior art. 

FIG. 20 is a vieW shoWing a prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

[0066] First, prior to explaining a ?rst embodiment of the 
present invention, referring to FIGS. 1 (a)-4, We Will explain 
related arts. In order to form a via hole With a small 
occupying area, a technique is adopted for a GaAs substrate 
With an electrode pad patterned on its front surface, Which 
forms an opening With a high aspect ratio from the back 
surface thereof by anisotropic dry etching and deposits an 
Au ?lm on the internal Wall of the opening. 

[0067] FIG. 1 shoWs an example of an IC substrate in 
Which an opening 3 having a high aspect ratio (1.0 or more) 
is formed to penetrate through a GaAs substrate 1 from the 
front surface to the back surface and a conductive Au ?lm 4 
is stacked Within the opening 3 to form via hole 361. 

[0068] As shoWn in FIG. 1 (a), on the front surface of the 
GaAs substrate 1 having a thickness of 100 pm, a Ti ?lm and 
an Au ?lm are deposited successively and patterned to make 
an electrode pad 2 having a siZe of about 90 pm in a 
horiZontal direction in the sectional vieW. The electrode pad 
is connected to eg GND. Next, on the back surface of the 
GaAs substrate 1 With the electrode pad 2 formed, a resist 
pattern of a negative-type photoresist is formed Which has an 
opening pattern corresponding to an opening 3 in Which a 
via hole 361 is to be formed. Using this resist pattern as an 
etching mask, the GaAs substrate 1 is subjected to aniso 
tropic dry etching until the bottom of the electrode pad 2 is 
exposed thus making the opening 3. Subsequently, the resist 
pattern used as the etching mask is removed. When the 
opening 3 is made so as to have a diameter of 60 pm, the 
aspect ratio of the opening 3 is about 1:7. In the case that the 
opening constituting the via hole is formed by Wet etching 
as in the prior art, the opening having a diameter about tWice 
as large as the thickness of the GaAs substrate 1 is formed 
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on the back surface of the GaAs substrate 1. On the other 
hand, in accordance With this technology (anisotropic dry 
etching) used in the ?rst embodiment, the opening 3 having 
a high aspect ratio is formed so that the occupying area can 
be reduced to a factor of a feW of that in the prior art. In the 
present invention, the high aspect ratio refers to a value of 
1 or more and the upper limit is about 10/3. The aspect ratio 
is determined depending on the processing technique for 
forming the opening constituting the via hole. 

[0069] As shoWn in FIG. 1 (b), the back surface of the 
GaAs substrate 1 is Au-plated and the back surface of the 
electrode pad 2 located at the inner Wall and bottom of the 
opening 3 is also Au-plated, thus providing the via hole 361. 

[0070] By forming the opening 3 having a high aspect 
ratio, the resultant siZe of the via hole 361 in a horiZontal 
direction can be reduced to a factor of a feW of that in the 
prior art. 

[0071] HoWever, When the IC substrate having the via hole 
361 as shoWn in FIG. 1 (b) is subjected to die bonding, the 
folloWing problem occurs. As shoWn in FIG. 2, Where the 
inner Wall of the via hole 361 is not covered With Ni, in a die 
bonding process of bonding the IC substrate to the package 
substrate 5, AuSn solder is ?lled Within the via hole 361. 
Then, heating at 300° C. or so leads to “solder upheaval” that 
the AuSn solder 6 is also precipitated on the surface of the 
electrode pad 2 (the solder upheaval area is indicated by 
reference numeral 7). 

[0072] Although the conductive Au ?lm 4 is able to be 
plated to the inner Wall of the opening 3 having a high aspect 
ratio into Which the via hole 361 is formed, the Ni ?lm could 
not be selectively plated by the conventional Ni plating 
technique. 

[0073] It is premised in the conventional technique that 
application of a condition of a loW electrolytic current 
density is required for the plating Within a blind hole (the 
one end closed) Which is an opening With a high aspect ratio. 
HoWever, in the case of the electrolytic Ni plating, the 
standard hydrogen potential in the electrode reaction of Ni, 
UH=—0.250 V and that of hydrogen UH=:0 V, and Ni is 
located at a more base side than H. For this reason, in a range 
of a loW electrolytic current density and voltage, the latter 
reduction reaction occurs preferentially so that the Ni ?lm 
could not be groWn. 

[0074] This is problematic in the case of the Ni alloy 
non-electrolytic plating in vieW of the folloWing fact. First, 
as shoWn in FIG. 3 (a), for the substrate to be processed 
(hereinafter, the IC substrate in the process of manufacture 
is referred to as the substrate), the resist pattern 8 of a 
negative-type photoresist is formed so as to cover the other 
area than the via hole 361. Subsequently, as shoWn in FIG. 
3(b), a Ni ?lm 9 is formed on the back surface of the GaAs 
substrate 1 by a common Ni-alloy non-electrolytic plating 
technique. In this case, the Ni ?lm 9 is deposited at only the 
open end of the opening 3, but not deposited in the inner Wall 
of the opening 3. 

[0075] The plating at this time Will be described beloW in 
more detail. 

[0076] FIG. 4 shoWs Equations (1) to (5) in the Ni alloy 
non-electrolytic plating (containing phosphorus). 
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[0077] The substrate is immersed in a Ni plating solution 
and is placed under a condition of loW electrolytic current 
density. 
[0078] As understood from Equation (1), hypophosphite 
ions are resolved under the presence of Pd catalyst so that 
the phosphoric acid ions and atomic hydrogen are generated. 
The phosphoric acid ions are combined With Water as 
expressed by Equation 

[0079] As expressed by Equation (3), the atomic hydrogen 
generated as expressed by Equation (1) is adsorbed to Pd and 
activated so that the Ni ions existing in the plating solution 
as nickel sulfate are reduced. The metallic Ni thus created 
groWs on Pd Which is catalyst. Then, sulfuric acid is created 
as a by-product in the plating solution. 

[0080] As expressed by Equation (4), hypophosphite ions 
are reduced by the activated atomic hydrogen and are 
combined With Ni to provide a Ni—P alloy plating ?lm. 

[0081] OtherWise, as expressed by Equation (5), the hypo 
phosphite ions are resolved by an catalytic operation to 
create molecular hydrogen. By the generation of the molecu 
lar hydrogen, the liquid is stirred in the vicinity of the 
surface of deposits. 

[0082] The reactions expressed in Equations (1) to (5) are 
carried out normally in the portion Where the plating solu 
tion is suf?ciently stirred. On the other hand, in the portion 
Where the plating solution is not sufficiently stirred, the 
value of pH of the plating solution Within the sulfuric acid, 
Which is created simultaneously When reduction of Ni is 
performed in the reaction expressed in Equation (3), 
becomes small. Thus, as expressed by Equation (6), Ni is 
ioniZed to create molecular hydrogen so that the Ni ?lm 9 
does not further groW. 

[0083] Where the ?at entire back surface of the GaAs 
substrate 1 except the via hole is subjected to the non 
electrolytic Ni plating, the micro-stream Which is caused by 
generation of molecular hydrogen by the reaction of Equa 
tion (5) provides a suf?cient stirring effect for the plating 
solution. HoWever, if less molecular hydrogen is generated, 
the interior of the opening (blind hole) having a high aspect 
ratio like the opening 3 formed by dry etching is susceptible 
to suffer from the adverse effect by shortage of stirring. 

[0084] As shoWn in FIG. 3(a), if in the area of the back 
surface of the GaAs substrate 1 except the via hole 3a, With 
a resist pattern 9 deposited on the Au ?lm 4, the non 
electrolytic plating is carried out, the area Where the plating 
reaction occurs becomes small and hence the stirring of the 
plating solution based on the creation of the molecular 
hydrogen does not occur suf?ciently. As a result, as shoWn 
in FIG. 3(b), Ni Will not be created Within the opening, but 
the Ni ?lm 9 Will be formed slightly in the opening in the 
vicinity of the back surface of the GaAs substrate 1. 

[0085] In order to obviate such a inconvenience, in accor 
dance With this embodiment, a suf?cient amount of hydro 
gen is generated by plating the entire back surface of the 
GaAs substrate 1 so that the stirring effect of the plating 
solution is provided, thereby depositing the Ni ?lm having 
a uniform thickness on the entire inner Wall and bottom of 
the opening 3 on Which the via hole 3a is formed. 

[0086] FIG. 5 is a sectional vieW of the main part of the 
semiconductor device according to the ?rst embodiment of 
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the present invention. In FIG. 5, like reference numerals 
refer to like or corresponding parts described previously. 

[0087] The semiconductor device shoWn in FIG. 5 is in a 
stage Where the IC substrate has been die-bonded to the 
package substrate 5 using the AuSn solder 6. Since an Ni 
?lm 9a (properly speaking, Ni alloy non-electrolytic plating 
?lm) has been deposited on the inner Wall of the opening 
constituting the via hole 3a, the AuSn solder 6 is not ?lled 
in the via hole 3a so that the IC substrate and the package 
substrate 5 can be preferably bonded to each other. 

[0088] An explanation Will be given of the process of 
manufacturing the semiconductor device having a structure 
shoWn in FIG. 5. 

[0089] As shoWn in FIG. 1 described previously, an 
electrode pad 2 is formed on the front surface of a GaAs 
substrate 1 having a thickness of about 100 pm. The GaAs 
substrate 1 is subjected to the anisotropic dry etching from 
the back surface thereof at the area corresponding the 
electrode pad 2 until the bottom face of the electrode pad 2 
is revealed, thereby making a cylindrical opening 3 having 
a diameter of about 60 pm. 

[0090] As shoWn in FIG. 1 (b) described previously, an 
Au ?lm 4 having a thickness of about 0.5 pm is plated on the 
entire back surface inclusive of the inner Wall and bottom of 
the opening 3 of the GaAs substrate 1. The portion located 
Within the opening 3 of the deposited Au ?lm 4 substantially 
serves as the via hole 3a. 

[0091] As shoWn in FIG. 6(a), the Ni alloy non-electro 
lytic plating is carried for the entire back surface of the GaAs 
substrate 1 so that the Ni ?lm 9a having a thickness of about 
0.5 pm. 

[0092] Then, With no mask on the back surface of the 
GaAs substrate 1, plating is performed for the entire back 
surface thereof. Therefore, as understood from Equation (5) 
of FIG. 4, a larger amount of molecular hydrogen gas is 
generated than in the case Where the plating is selectively 
performed for only the vicinity of the via hole 3a. The 
micro-stream thus created can be introduced into the open 
ing 3 constituting the via hole 3a so that the plating solution 
can be stirred sufficiently. Thus, the Ni ?lm 9a can be 
deposited as a ?lm having a uniform thickness on the entire 
surface of the GaAs substrate 1 inclusive of the inner Wall 
and bottom of the opening 3 on Which the via hole 3a is 
formed. 

[0093] The Ni ?lm 9a thus deposited, more properly, Ni 
alloy non-electrolytic plating ?lm, may be an Ni—P ?lm 
containing phosphorous, Ni—B ?lm containing boron, 
Ni—B—W ?lm further containing W, etc. 

[0094] In their Ni alloy non-electrolytic plating solutions 
Which are commercially available, sodium hypophosphite is 
used for deposition of the Ni—P ?lm as a reducing agent, 
and boric acid is used for deposition of the Ni—B ?lm as the 
reducing agent. Where the Ni alloy ?lm containing W is to 
be deposited, the plating solution containing a tungsten 
compound is used to facilitate-inductive eutectic reaction, 
thus providing the Ni it alloy non-electrolytic ?lm contain 
ing W. 

[0095] Incidentally, the front surface of the GaAs substrate 
1 With the electrode pad 2 formed is covered With a mask in 
a previous state prior to the plating processing so that the Ni 
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?lm 9a is not deposited like the back surface. After depo 
sition of the Ni ?lm 9a, the mask is removed. 

[0096] As shown in FIG. 6(b), a resist pattern 10 of 
positive photoresist is formed on the Ni ?lm 9a located at the 
area Where the via hole 3a is to be formed in the back surface 
of the GaAs substrate 1. The resist pattern 10 has a diameter 
of about 90 pm in the horiZontal direction, and can mask the 
opening having a diameter of 60 pm. 

[0097] As shoWn in FIG. 6(c), using the resist pattern 10 
as an etching mask, the Ni ?lm 9a except the via hole 3a is 
etched aWay by sulfuric/nitric acid (sulfuric acid of 96 Wt %, 
nitric acid of 70 Wt % and Water=1:1:3). Thus, the Ni ?lm 
9 is selectively left on only the surface of the via hole 3a. By 
using, as an etchant, the sulfuric/nitric acid having the ratio 
of 1:1:3 composed of the sulfuric acid (96 Wt %) serving as 
an oxidation agent, nitric acid (70 Wt %) serving as solvent 
for stably solving Ni and pure Water serving as diluent, at a 
room temperature, the solution-retarded Ni alloy non-elec 
trolytic plating ?lm such as Ni—P, Ni—B. etc,. can be 
etched at the rate of 2500 A/min. 

[0098] Thereafter, as shoWn in FIG. 6(a), the resist pattern 
10 is removed-to provide the IC substrate. 

[0099] In the above explanation, at the processing stages 
of FIGS. 6(c) to 6(a), using the resist pattern 10 as the 
etching mask, the sulfuric/nitric acid Was used as an etchant 
to etch the Ni ?lm 9a selectively. HoWever, the Ni ?lm 9a 
can be also etched selectively by the ion milling technique. 

[0100] The IC substrate, on the surface of Which elements 
required for the IC have been formed, is bonded to the 
package substrate 5 using the AuSn solder 6 to complete the 
semiconductor device having a sectional structure as shoWn 
in FIG. 5. 

[0101] In this case, the AuSn solder 6 and the Ni ?lm 9 
having poor Wetting therefor are not in contact With each 
other, and the Au ?lm 4 of the GaAs substrate 1 and the 
AuSn solder 6 are in an intimate contact With each other. 
Therefore, the AuSn solder 6 is not ?lled into the via hole 3a 
so that the “solder upheaval” phenomenon does not occur. 

[0102] Since the via hole 3a is previously formed in the 
cylindrical opening 3 formed by the anisotropic etching, the 
thickness of the GaAs substrate 1 does not become locally 
small as compared With the prior art case Where the via hole 
is formed in the opening by the Wet etching. This permits the 
problem of occurrence of cracks to be solved, thus complet 
ing a semiconductor device having an improved structure. 

[0103] In this Way, by depositing the Ni alloy non-elec 
trolytic plating ?lm (Ni ?lm 9a) on the entire back surface 
of the GaAs substrate 1 after the Au ?lm 4 has been 
deposited in the via hole 3a, it can be deposited in a 
preferable state in the opening 3a having a high aspect ratio. 
The Ni ?lm 9a at an unnecessary area except the via hole 3a 
can be etched aWay using the sulfuric/nitric acid (etchant) 
described above, or ion milling. 

[0104] Thus, also in the die bonding of the IC substrate 
With the via hole 3a thus formed, the solder upheaval 
phenomenon can be suppressed and no crack is generated so 
that the semiconductor device having a preferable shape can 
be provided. 

[0105] As described above, in making the opening 3 
having a high aspect ratio, With the electrode pad 2 formed 
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in advance on the GaAs substrate 1 at the area Where the via 
hole 3a is located, the GaAs substrate 1 is dug from the back 
surface to the front surface thereof at a stretch by etching. 
For this reason, as compared With the prior art explained 
referring to FIGS. 20(a ) and 20 (b), the number of steps for 
manufacturing the semiconductor device (eg the number of 
times of etching for the GaAs substrate 1 such as etching the 
entire surface of the GaAs substrate 1) can be reduced. 

[0106] Since the opening 3 Where the via hole 3a is formed 
by the anisotropic dry etching is opened, the via hole having 
a small occupying area can be formed. 

[0107] Further, in the ?rst embodiment, Where the thick 
ness of the GaAs substrate 1 is 100 pm, the opening having 
a diameter of 60 pm has been formed by anisotropic dry 
etching. HoWever, Where the thickness of the GaAs substrate 
is 100 pm, the opening may have a diameter of 30 pm or so 
in order to form a suf?ciently improved via hole. 

[0108] Accordingly, it can be seen that all of the occupy 
ing area, shape and electric characteristic of the via hole are 
preferable With the aspect ratio of the opening in Which the 
via hole is to be formed is Within a range from 1 to 10/3. 

[0109] With the opening diameter of 30 pm, the range of 
the aspect ratio can be adopted Which permits the same 
shape as the via hole 3a shoWn in FIG. 5 to be physically 
formed. 

[0110] In the above explanation, the shape of the opening 
3 Was mainly cylindrical. But the opening shape in the 
horiZontal direction may not be completely circular, but may 
be elliptical or cylindrical-column-shaped. 

[0111] There are typical ?lm thicknesses of 350 pm, 150 
pm, 100 pm and 30 pm of the GaAs substrate. Among them, 
the thicknesses of the GaAs substrate suitable to form the via 
hole are 150 pm, 100 pm and 30 pm. HoWever, from the 
point of vieW of actually forming the opening by anisotropic 
dry etching, only the GaAs substrate having a thickness of 
100 pm or 30 pm can be applied to the technique of the ?rst 
embodiment. The GaAs substrate having a thickness of 30 
pm can be also processed in the same manner as in the case 
Where the via hole is formed for the GaAs substrate having 
a thickness of 100 pm, thereby manufacturing a semicon 
ductor substrate having a small occupying area and a good 
shape and electric characteristic. 

[0112] The structure of the via hole according to the 
present invention can be applied to not only to the IC 
substrate (inclusive of the structures explained With refer 
ence to the second embodiment et seq.) but also an FET 

(Field Effect Transistor). 

Embodiment 2 

[0113] In the ?rst embodiment, the via hole 3a Was formed 
in the opening 3 formed by anisotropic dry etching provid 
ing a high aspect ratio, the Au ?lm 4 Was deposited on the 
entire back surface of the GaAs substrate 1, and the Ni ?lm 
9a Was formed at only the area of the via hole 3a. 

[0114] In the second embodiment, an explanation Will be 
given of a semiconductor device having a via hole formed in 
the opening With a high aspect ratio, in Which the Ni ?lm 
constituting the via hole is deposited on not only the area of 
the via hole but also the entire back surface of the GaAs 
substrate. 
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[0115] FIG. 7 is a sectional vieW of the main part of the 
semiconductor device according to the second embodiment. 
In FIG. 7, reference numeral 11 denotes an Au ?lm depos 
ited on the surface of the area of the Ni ?lm 9 except the 
region Where the via hole 3a is formed. Like reference 
numerals refer to like or corresponding parts described 
previously. 

[0116] As shoWn in FIG. 7, the semiconductor device 
according to the second embodiment is characteriZed in that 
a via hole 3a is formed from the front surface of the GaAs 
substrate 1 to reach the back surface thereof; at the area 
Where the via hole 3a is formed, a tWo- layer structure is 
taken Which is composed of the Au ?lm having a thickness 
of 0.5 pm and an Ni ?lm 9b having a thickness of about 0.5 
pm stacked thereon as in the ?rst embodiment; and at the 
back surface of the GaAs substrate 1 except the area of the 
via hole 3a, a three-layer structure including another Au ?lm 
11 in addition to the Au ?lm 4 and Ni ?lm 9b is taken. The 
Au ?lm 11 has a thickness of 2.0 pm. 

[0117] An explanation Will be given of a method of 
manufacturing a semiconductor device as shoWn in FIG. 7. 

[0118] First, the GaAs substrate 1 is processed in the same 
manner until the step of FIG. 6(a ) explained in connection 
With the ?rst embodiment. Subsequently, an Au ?lm 4 
constituting a via hole 3a and an Ni ?lm 9b (Ni ?lm 9a in 
FIG. 6(a)) Which is an Ni alloy non-electrolytic plating ?lm 
are deposited on the entire back surface of the GaAs 
substrate 1 inclusive of the internal Wall and bottom of the 
opening 3 thereof. 

[0119] As shoWn in FIG. 8(a), the Au ?lm 11 is stacked on 
the surface of the Ni ?lm 9b by plating so that it has a 
thickness of about 2.0 pm. 

[0120] As shoWn in FIG. 8(b), a resist pattern 12 of 
positive type photoresist having an opening pattern corre 
sponding to an area occupied by the via hole 3a is patterned 
on the back surface of the GaAs substrate 1. 

[0121] As shoWn in FIG. 8(c), using the resist pattern 12 
as an. etching mask, the Au ?lm 11 is selectively etched to 
remove the Au ?lm 11 located at the area Where the via hole 
3a is formed. 

[0122] As shoWn in FIG. 8(a'), the resist pattern 12 used 
as the etching mask is removed to provide an IC substrate. 

[0123] Thus, the via hole 3a can be formed Within the IC 
substrate. 

[0124] Thereafter, by bonding the back surface of the IC 
substrate to the front surface of the package substrate 5 by 
using the AuSn solder 6, the semiconductor device as shoWn 
in FIG. 7 can be provided. 

[0125] In this Way, in die bonding, With the Ni ?lm 9b 
exposed to the surface layer of the via hole 3a, the IC 
substrate can be bonded to the package substrate 5. There 
fore, the AuSn solder 6 is not ?lled into the via hole 3a, 
thereby providing a semiconductor device having an 
improved shape With no “solder upheaval”. 

[0126] Since the opening 3 into Which the via hole 3a is to 
be formed is formed by anisotropic dry etching, the thick 
ness of the GaAs substrate 1 Will not become small, thus 
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suppressing the occurrence of cracks. It is needless to say 
that the via hole 3a With a small occupying area can be 
formed. 

[0127] In the above explanation, although the GaAs sub 
strate 1 having a thickness of 100 pm Was used, the GaAs 
substrate having a thickness of 30 pm may be processed in 
the same manner so that the semiconductor device With a via 
hole having a small occupying area. 

Embodiment 3 

[0128] FIG. 9 is a sectional vieW of the main part of the 
semiconductor device according to the third embodiment. In 
FIG. 9, reference numeral 11a denotes an Au ?lm deposited 
by evaporation. The Au ?lm is mainly deposited on the ?at 
portion of the back surface of the GaAs substrate 1 and not 
almost deposited in the via hole 3a. In FIG. 9, like reference 
numerals refer to like or corresponding parts explained 
previously. 

[0129] In order to obtain the semiconductor device as 
shoWn in FIG. 9, the GaAs substrate is processed in the 
same manner as the method of manufacturing the semicon 
ductor device as shoWn in FIG. 6(a) in connection With the 
?rst embodiment. The via hole 3a is formed by plating the 
Au ?lm 4 and the Ni ?lm 9b (FIG. 6(a)) on the entire back 
surface of the GaAs substrate 1 having a thickness of 100 pm 
so that they have a thickness of 0.5 pm, respectively. 

[0130] Thereafter, as shoWn in FIG. 10, an Au ?lm 11a is 
deposited on the entire back surface of the GaAs substrate 1 
so that a three-layer structure composed of the Au ?lm 4, Ni 
?lm 9b and Au ?lm la Which have been successively stacked 
is provided on the back surface of the GaAs substrate 1. On 
the other hand, in the inner Wall and bottom of the opening 
3 made from the back surface of the GaAs substrate 1, a 
tWo-layer structure composed of the Au ?lm 4 and the Ni 
?lm 9b successively stacked is formed. 

[0131] The Au ?lm 11a deposited by evaporation method 
is formed to be thin only on the back surface of the GaAs 
substrate 1 and in the vicinity of the opened end of the 
opening 3, and is not deposited Within the opening 3. The IC 
substrate With the Ni ?lm 9b exposed Within the opening 3 
can be obtained. 

[0132] Thereafter, in die bonding, the AuSn solder 6 is not 
?lled in the opening 3. Thus, the semiconductor device 
having an improved shape With no fear of “solder upheaval” 
can be obtained. 

[0133] Since the opening 3 is made by anisotropic dry 
etching, the via hole 3a having a small occupying area can 
be obtained. Since the thickness of the GaAs substrate Will 
not be locally small, occurrence of cracks can be suppressed. 

[0134] In the above explanation, although the Gabs sub 
strate 1 having a thickness of 100 pm Was used, the GaAs 
substrate having a thickness of 30 pm may be processed in 
the same manner so that the semiconductor device With a via 
hole having a small occupying area can be obtained. 

Embodiment 4 

[0135] In the ?rst to third embodiments, the opening 3 in 
Which the via hole 3a is formed a cylindrical shape With a 
high aspect ratio. 
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[0136] In the semiconductor device according to this 
embodiment, the via hole is not formed in the opening 
formed in a cylindrical shape, but is formed in the opening 
With the diameter changing in at least tWo stages so that the 
diameter is relatively large in the vicinity of the back surface 
of the GaAs substrate 1 and is relatively small in the vicinity 
of the front surface thereof. 

[0137] The main part of the semiconductor device accord 
ing to the fourth embodiment is shoWn in FIG. 11. 

[0138] In FIG. 11, the opening 3 in the GaAs substrate 1 
having a thickness in Which the via hole 3a is formed has a 
diameter changing in tWo stages composed of a ?rst cylin 
drical shape having a diameter of 100 pm (large diameter) 
from the back surface of the GaAs substrate to the depth of 
about 50 pm thereof, and a second cylindrical shape having 
a diameter of 60 pm (small diameter) from the depth of 50 
pm, Which corresponds to the bottom of the ?rst cylindrical 
shape having the large diameter, to the front surface of the 
GaAs substrate 1. 

[0139] In FIG. 11, reference numeral 4a denotes an Au 
?lm stacked With a uniform thickness on the inner Wall and 
bottom of the opening 3 having the tWo-stage diameters and 
the back surface of the GaAs substrate 1. Reference numeral 
9c denotes a Ni ?lm selectively deposited on the inner Wall 
and bottom of the opening 3 having a larger diameter of 
about 100 pm on the surface of the Au ?lm 4a and area (in 
the vicinity of the outer periphery of the opening 3) included 
in the via hole 3a on the back surface of the GaAs substrate 
1. Other like reference numerals refer to like or correspond 
ing parts. 

[0140] The semiconductor device shoWn in FIG. 11 is 
characteriZed in that in the area With the opening 3 With a 
diameter of 60 pmin Which the via hole 3a is formed, the via 
hole 3a is constructed by only the Au ?lm, and Within the 
opening 3 having a diameter of 100 pm and on the periphery 
of the opening 3 on the back surface of the GaAs substrate 
1 (range included in a circle having a diameter of 130 pm 
draWn at the center of the same point as for the other opening 
diameter), the via hole 3a is constructed by a tWo-layer 
structure of the Au ?lm 4a and the Ni ?lm 9c stacked on the 
surface. 

[0141] An explanation Will be given of a method of 
manufacturing a semiconductor device as shoWn in FIG. 11. 

[0142] First, as shoWn in FIG. 12 (a), a Ti ?lm and an Au 
?lm are successively stacked on the surface of the GaAs 
substrate 1 constituting the IC substrate, and these ?lms are 
patterned into a shape of an electrode pad 2 having a square 
With one side of about 90 pm. On the back surface of the 
GaAs substrate 1 With the electrode pad 2 thus formed, a 
resist pattern 13 of a positive type photo-resist Which is an 
opening pattern having a diameter of 100 pm is formed. 

[0143] As shoWn in-Fig. 12(b), the GaAs substrate 1 is 
subjected to anisotropic dry etching using the resist pattern 
13 as an etching mask so that an opening 3 is formed Which 
has a shape dug from the back surface of the GaAs substrate 
1 to the depth of about 50 pm (about half of the thickness of 
the GaAs substrate 1). 
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[0144] Thereafter, the resist pattern 13 is removed as 
shoWn in FIG. 12(c). 

[0145] As shoWn in FIG. 12(a), a resist pattern 14 Which 
is an opening pattern having a thickness of 60 pm is formed 
at the center the electrode pad 2 and opening 3 on the back 
surface of the GaAs substrate 1. 

[0146] Therefore, as shoWn in FIG. 12(e), the GaAs 
substrate 1 is subjected to anisotropic dry etching using the 
resist pattern as an etching mask so that a cylindrical 
opening having a diameter of 60 pm is neWly formed, thus 
forming the opening 3 penetrating through the GaAs sub 
strate 1 and having a diameter changing in tWo stages. 

[0147] As shoWn in FIG. 12(1‘), the etching pattern 14 used 
as the etching mask is etched aWay. 

[0148] As shoWn in FIG. 12 (g), the bottom of the GaAs 
substrate 1 is plated With Au to form an Au ?lm 4a having 
a thickness of about 0.5 pm. 

[0149] Therefore, as shoWn in FIG. 12(h), a resist pattern 
15 Which is an opening pattern corresponding to an area 
having a diameter of 130 pm including the opening 3 is 
formed. The area Where the resist pattern 15 is formed 
constitutes a via hole 3a. 

[0150] As shoWn in FIG. 12(i), an Ni ?lm 9a is formed on 
the bottom of the GaAs substrate 1 by general Ni plating 
techniques. This Ni ?lm 9c may be deposited by electrolytic 
plating techniques. Further, the Ni ?lm 9c can be formed by 
Ni alloy non-electrolytic plating. In this case also, as 
described above, since the area not corresponding to the via 
hole 3a on the back surface of the GaAs substrate 1, the Ni 
?lm 9b is not plated Within the small opening having a 
diameter of about 60 pm, and it is selectively plated Within 
the large opening having a diameter of about 100 pm and on 
the back surface of the Gabs substrate 1 corresponding to the 
via hole 3a. 

[0151] Thereafter, as shoWn in FIG. 12 the resist 
pattern 15 is removed, thus completing the IC substrate. 

[0152] After having undergone the die bonding step, the 
semiconductor device as shoWn in FIG. 11 can be obtained. 

[0153] In the semiconductor device formed as shoWn in 
FIG. 11, the Ni ?lm 9c can be deposited at the area having 
a diameter of 100 pm or more in close vicinity to the back 
surface of the GaAs substrate 1 in the opening 3 at the region 
corresponding to the via hole 3a. 

[0154] Therefore, after formation of the Ni ?lm 9c, only 
undergoing the step of removing the resist pattern formed on 
the back surface of the GaAs substrate 1, the manufacturing 
process can proceed to the step of die bonding. 

[0155] In the die bonding also, as in the embodiments 
described above, the phenomenon of “solder upheaval” and 
occurrence of cracks can be suppressed. As for the occupy 
ing area, the siZe of the via hole 3a in the horiZontal direction 
can be made 130 pm at most, and the maximum diameter of 
the opening 3 can be made relatively as small as 100 pm. 

[0156] In the above explanation, the shape of the opening 
3 Was mainly cylindrical. But the opening shape in the 
horiZontal direction may not be completely circular, but may 
be elliptical or cylindrical-column-shaped. 

[0157] In the above explanation, although the small diam 
eter of the opening 3 in Which the via hole 3a is formed Was 
60 pm, the diameter of 25-60 pm can be adopted to obtain 












