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This invention relates to a semiconductor device and a structure

‘including a semiconductor device, more particularly to a semiconductor

device and a stfuctu.re including a semiconductor device employable for a
microwave circuit. More specifically, this invention relates to a
semiconductor device representing a microwave circuit composed of field
effect transistors, high electron mobility transistors (HEMTs), diodes, bipolar
transistors, resistors,. capacitors and/or the like, produced in a
semiconductor substrate e.g. a GaAs substrate, and a structure mduamg a
semiconductor device defined as a structure in which the foregoing

semiconductor device is arranged on a dielectric substrate.

BACKGROUNb OF THE INVENTION

AND
PRIOR ART STATEMENT

A monolithic microwave circuit is available in the prior art. The
monolithic microwave circuit composed of a plurality of active and passive
elements connected to each other, is produced in the surface region of a
semiconduc'tor substrate e.g. a GaAs substrate. Since GaAs has a large
amount of electron mobility and hole mobility, GaAs transistors have a large
amount of switching speed, resultantly employable for a microwave circuit.

The foregoing monolithic microwave circuit is usually arranged on a
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are bonded to the terminal pads of wirings laid on the dielectric substrate,
usually by employing gold wires. The monolithic microwave circuit
arranged on a dielectric substrate which monolithic microwave circuit is
defined as a structure including a semiconductor device in this specification,
is confined in a package, resultantly causing a drawback in which the
inductance component of the gold wire notably increases.

It is known in the prior art that the foregoing drawback can be removed

| by employing ﬁle idea of monolithic microwave integrated circuit (MMIC)
(See Fig. 3.1 on page 29 of “MMIC Design GaAs FETs and HEMTs”, Peter H.
Ladbrooke, Artech House, 1988).

In addition, it is known in the prior art that the foregoing drawback can
be removed by employing the flip chip system (“Proceeding of 1994 Asia
Pacific Microwave Conference, P.291-294).

However, the MMIC is involved with the other drawback in which the
production cost is increased, because it requires an expensive GaAs
substrate.

Although the flip chip system allows to use a less expensive dielectric
substrate, the flip chip system is involved with another drawback in which
the strength of adhesion between a semiconductor device and a dielectric
substrate is not large. As a result, a light setting resin adhesive is required to
adhere the semiconductor device to the dielectric substrate (See Fig. 1 of |
“Proceeding of 1994 Asia Pacific Micfowave Conference, P.291-294). This

causes a drawback in which an air bridge, if any, is covered by a hardened
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which the semiconductor device is adhered to the dielectric substrate is less,
resulting in an insufficient capacity to disperse heat. |
OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, a first object of this invention is to provide a semiconductor
device which is appropriate for a microwave circuit. |

A second object of this invention is to provide a structure iﬁdudjng a
semiconductor device in which the area by which a semiconductor device is
adhered to a dielectric substrate is sufficiently large and the strength of
adheéion between a semiconductor device and a dielectric substrate is

sufficiently large.

To achieve the first object of this invention, a semiconductor device in
accordance with the first embodiment of this invention comprises :
a semiconductor substrate further comprising :
at least one active element produced in the upper region of the
semiconductor substrate,
a 'plurality of wires connected with the ferminal of the active element, the .
wires being arranged on the top surface of the semiconductor substrate,
a plurality of rear electrodes arrangéd on the rear surface of the
semiconductor substrate, and.
a plurality of via hole wirings for connecting the wires and the rear
electrodes, the via hole wirings being arranged in a via hole penetrating the
semiconductor substrate.

A GaAs substrate is appropriate for this embodiment.
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transistor, a HEMT, a diode or a bipolar transistor.

To achieve the second object of this invention, a structure including a
semiconductor device in accordance with the second embodiment of this
.i'nvention comprises : |
a semiconductor device comprising :

a semiconductor substrate further comprising :

at least one active element produced in the upper region of the
semiconductor substrate, |

a plurality of wires connected with the terminal of the active element, the
wires being arranged on the top surface of the semiconductor substrate,

a plurality of rear electrodes arranged on the rear surface of the
semiconductor substrate, and

a plurality of via hole wirings for connecting the wires and the rear
electrodes, the via hole wirings being arranged in a via hole penetrating the
semiconductor substrate, and

a dielectric substrate comprising :

a f)lurality of wirings produced on the top surface of the dielectric substrate,
the wirings being connected with the rear electrodes of the semiconductor
device.

A GaAs substrate is appropriate for this embodiment.

The active elements employed in this embodiment can be a field effect

transistor, a HEMT, a diode or a bipolar transistor.
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In this invention, the rear electrodes produced on the rear surface of a
semiconductor device are directly connected to the wirings produced on the
dielectric substrate, without employing a lead wire, a metal layer produced
on the dielectric substrate, or the like. Therefore, the rear electrodes
produced on the rear surface of a semiconductor device and the wirings of
the dielectric substrate are connected to each other to a satisfactory extent

- both from the electrical and mechanical viewpoints.

The area by which the conductive parts produced on the semiconductor
device are connected to the conductive parts produced on the dielectric
substrate is large for this embodiment in comparison with the corresponding
area in the case of the flip chip system in which a bump produced on the top

- surface of a semiconductor substrate is connected in face down with the
wirings produced on a dielectric substrate. As a result, the strength of
adhesion between the conductive parts produced on the semiconductor
device and the conductive parts produced on the dielectric substrate is larger
in this embodiment than in the prior art. Since the wiring produced on the
top surface of the semiconductor device is connected with the wiring
produced on the dielectric substrate through a via hole wiring whose length
is identical to the thickness of the semiconductor substrate, the connection
length of the conductive parts produced on the semiconductor device and

the conductive parts produced on the dielectric substrate is remarkably

short.
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dielectric substrate is large, a light setting resin adhesive is not required to
adhere the semiconductor substrate to the dielectric substrate, femoving the |
drawback in which the eléch'omagneﬁc capacity increases in the
neighborhood of an air bridge. Incidentally, since the area by which the
conductive parts produced on the semiconductor device are connected to
the conductive parts produced on the dielectric substrate is large, the heat
generated in the semiconductor device is readily dispersed to the dielectric
substrate. In addition, since the connection length of the conductive parts
produced on the semiconductor device and the conductive parts produced
on the dielectric substrate is short, the amount of the stray capacity caused

by the inductance of the connection length is small.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention, together with its various features and advantages, can be
readily understood from the following more detailed description presented
in conjunction with the following drawings, in which :

. Fig. 1 is a schematic cross section of a structure ihcludjng a semiconductor
device in accordance with one embodiment of this invention,

Fig. 2(A) is a perspective view of a semiconductor device in accordance
with one embodiment on this invention,

Fig. 2(B) is a bottom plan view of a semiconductor device in accordance
with one embodiment on this invention,

Fig. 3(A) is a schematic cross section of a field effect transistor constituting

a semiconductor device in accordance with one embodiment of this
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shownin Fig. 2(A),

Fig. 3(B) is a schematic cross section of a field effect transistor constituting
a semiconductor device in accordance with one embodiment of this
invention, under
production, the cross section being séen in the I-I direction shown in Fig.
2(A),

Fig. 3(C) is a schematic cross section of a field effect transistor constituting
a semiconductor device in accordance with one embodiment of this
invention, under production, the cross section being seen in the II direction
shown in Fig. 2(A),

Fig. 4(A) is a schematic cross section of a field effect transistor constituting
a semiconductor device in accordance with one embodiment of this
invention, under production, the cross section being seen in the I-I direction

- shown in Fig. 2(A),

Fig. 4(B) is a schematic cross section of a field effect transistor constituting
a semiconductor device in accordance with one embodiment of this
invention, under production, the cross section being seen in the I-I direction
shown in Fig. 2(A),

Fig. 4(C) is a schematic cross section of a field effect transistor constituting
a semiconductor device in accordance with | one embodiment of this
invention, under production, the cross section being seen in the I-I direction
shown in Fig. 2(A),

Fig. 5(A) is a schematic cross section ofé field effect transistor constituting

a semiconductor device in accordance with one embodiment of this
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Fig. 5(B) is a schematic cross section of a field effect transistor constituting
a semiconductor device in accordance with one embodiment of this
invention, under production, the cross section being seen in the I-I direction
shown in Fig. 2(A),

Fig. 6(A) is a schematic cross-section of a semiconductor device in
accordance with one embodiment of this invention, under production, the
cross section being seen in the I-I direction shown in Fig. 2(A),

Fig. 6(B) is a schematic cross-section of a semiconductor device in
accordance with one embodiment of this invention, under production, the
cross section being seen in the I-I direction shown in Fig. 2(A), and

Fig. 7 is a partial plan view of a dielectric substrate constituting a
structure inciuding a semiconductor device in accordance with one
embodiment of this invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THIS INVENTION
'Referring to Fig. 1, a structure including a semiconductor device 100 in
accordance Wlth one embodiment of this invention consists of a
semiconductor device iO and a dielectric substrate 12. The semiconductor
device 10 has a semiconductor substrate 16 in which an active element 14 is
produced and on which three connecting wires 18 each of which is
connected with the terminai of the active element 14, are arranged. The top
surface of the semiconductor substrate 16 is marked 16a. On the rear surface

16b of the semiconductor substrate 16, three rear electrodes 20 are arranged.
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producing a bump. The semiconductor substrate 16 further has three via

holes 22 penetrating the semiconductor substrate 16. A via hole wiring 24 is

é arranged in each of the via holes 22 to connect the connecting wire 18 and
the rear electrode 20 produced of a material usually employed for producing
a bump, e.g. a piled layer of an Sn layer and an Au layer. One of the three
via holes 22 is illustrated in dotted lines, because this is located at a location
remote from the page of Fig. 1. Some selections are available for the manner
to arrange the via hole wiring 24 in the vial hole 22. Namely, the via hole 22
can be lined or buried by a via hole wiring 24 produced of a material
usually employed for producing a bump, e.g. a piled layer of an Sn layer and
an Au layer.

The dielectric substrate 12 is a ceramic plate produced by calcining an
aluminum oxide green s]:'leet, the ceramic plate being backed by a metal
layer. Three wirings 26 are arranged on the top surface of the dielectric
substrate 12.

The rear electrodes 20 are connected to the wirings 26 arranged in the top
surface of the dielectric substrate 12.

The active elements 14 which actually is a field effect transistor, a HEMT,
a diode or a bipolar transistor is produced in the surface region which
downward extends from the top surface 16a of the semiconductor substrate
16 which is a GaAs substrate in this embodiment. The connecting wire 18
arranged on the top surface 16a of the GaAs substfate 16 is connected to the
pad of the active element 14. The rear electrode 20 is arranged on the rear

surface of the GaAs substrate 16 at a location corresponding to the
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The active el errents]% EE Iéemkaﬁmc§, enbodi nent can be a field effect

transi stor, a HEM, pol ar transi stor. To achieve the
second obj ect of thi i structure including a semn conductor
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conprises: a sem conductor device conprising: a sem conductor substrate

further conpricehiBcting wire 18 arranged on the top surface 16a of the GaAs substrate 16.
| .At the location corresponding to the connecting wire 18 and the rear
electrode 20, a via hole 22 is produced to penetrate the GaAs substrate 16.
The via hole wiring 24 is arranged in the via hole 22 to connect the

connecting wire 18 and the rear electrode 20. |
The semiconductor device 10 is firmly fixed with the dielectric substrate
12 by.directly connecting the rear electrode 20 arranged on the rear surface
16b of the semiconductor substrate 16 and the wiring 26 arranged on the
dielectric substrate 12. It is noted that the area with which the
semiconductor device 10 is connected with the dielectric substrate 12 is
much larger than the corresponding area in the case of flip chip system.
Therefore, the heat generated in the semiconductor device 10 is readily
dispersed into the dielectric substrate 12, resultantly causing stable
operation for the active element 14 produced in the semiconductor substrate
16. Further, the foregoing large magnitude of the contact area connecting the
semiconductor device 10 and the dielectric substrate 12 causes a firm
mechanical connection between the semiconductor device 10 and the
dielectric substrate 12. Since the connecting wire 18 and the wiring 26 are
connected through the via hole wiring 24 and the rear electrode 20, the
connection length is approximately same to the thickness of the dielectric
substrate 12. As a result, the magnitude of the stray inductance is

ramarkably less.

Referring to Fig. 2(A), six field effect transistors 32 are arranged on the

semiconductor substrate 16, specifically the GaAs substrate in this

embodiment. The field effect transistors 32 are illﬁstrated by six

10
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substrate, anxqgid line is prepared commonly for the six field effect transistors 32. The

common gate electrode 36 is fed by three feeders, of which two are
connected by air bridges 53 which are connected to a gate electrode pad 34,
which is further connécted to a via hole wiring 46 arranged in a via hole 40
penetrating the semiconductor substrate 16 (See Fig. 2(B)). The drain
electrdde 36 is commonly prei)ared for the six field effect transistors 32. The
drain electrode 36 extends to a drain electrode pad (no mark is given), which
is further connected to a via hole wiring 48 arranged in a via hole 42
penetrating the semiconductor substrate 16. Two independent source
electrodes 38 are prepared for the six field effect transistors 32. The one
which is illustrated in the left side of the drawing is alloted to the three field
effect transistors 32 illustrated in the left side of the drawing. The other
which s illustrated in the right side of the drawing is alloted to the three
field effect transistors 32 illustrated in the right side of the drawing. Each of
these source electrodes 38 is connected to a via hole wiring 50 produced in a
via hole 44 penetrating the semicﬁnductor substgate 16. The reason why the
via holes 40, 42 and 44 are produced at locations remote from the location at
which a field effect transistor 32 is produced, is to protect the field effect
transistor 32 form potential adverse influences caused by the etching process
employed for producing via holes. In Fig. 2(A), the via holes 40, 42 and 44
are shown by hatching. The function of the air bridge 53 is to reduce the
amount of ‘electrostatic capacity of crossed lines having a dielectric layer

therebetween.

Il
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the rear electrodes of th devi ce. A GaAs substrate is

appropriate for this enbodi mant The active elenents enployed in this
embodi ment can be a field effect transistor, a HEMT, a di ode or a bipolar
t rganS| stor. Referring to Fig. 2(B), rear electrodes 20 made of a material usually

'employed for producing a bump, are arranged on the rear surface 16b of the
semiconductor substrate 16. The rear electrodes 20 include a rear gate
electrode 52 connected to the gate electrode 34, a rear drain electrode 54
connected to the drain electrode 36 and a rear source electrode 56 connected
to the source electrode 38. The rear gate electrode 52 connected to the gate
electrode 34, the rear drain electrode 54 connected to .the drain electrode 36
and the rear source electrode 56 connected to tile source electrode 38 are
arranged to face, respectively, the gate electrode pad 34, the drain electrode.
pad and the source electrode pads. Although the drain electrode 36 extends
in one plate to reach the via hole wiring 48, the source electrodes 38 are
made in two plates placed side by side. The rear gate electrode 52 connected
to the gate electrode 34, the rear drain electrode 54 connected to the drain
electrode 36 and the rear source electrode 56 connected to the source
electrode 38 are connected respectively to the gate electrode pad 34, the
drain electrode pad and the source electrode pads respectively through the
via hole wiring 46, 48 and 50 respectively arranged in the via hole 40, 42 and
44. In Fig. 2(B), the via holes 40, 42 and 44 are shown by hatching. |

Referring to Figs. 3(A) through Fig. 6(B), steps for producing a
semiconductor device, specifically a GaAs field effect transistor of this
embodiment of this invention, will be described below.

Referring to Fig. 3(A), a molecular beam epitaxy process is employed to
deposit a non-doped GaAs buffer layer 60 having an approximate thickness
of 700nm and an n-GaAs layer 62 having an approximate thichness of 300nm

in this order on a semi insulating GaAs substrate 58. The pile of the n-GaAs

12
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in this specification.

Referring to Fig. 3(B), an ion implantation process is employed to implant
oxygen ions info the region where a semiconductor element e.g. a field effect
transistor, a HEMT, a diode, a bipolar transistor or the like is not produced,
for the purpose to produce element separation regions 64.

Referring to Fig. 3(C), a lift off process is employed to produce piled
layers 36 and 38 each of which consists of a Au-Ge alloy layer, a Ni layer and
a Au layer piled upward in this order on the area on which a drain electrode
and a source electrode are scheduled to be produced. The piled layers 36
and 38 are scheduled to act as a drain electrode and a source electrode.

Referring to Fig. 4(A), a photoresist layer is produced on the surface of the
semiconductor substrate 16, before the photoresist layer is removed from the
area at which a recess for a gate electrode is scheduled to be produced, for
the purpose to produce an etching mask 66 employable for prodﬁcing the
recess for a gate electrode.

| Referring to Fig. 4(B), the etching mask 66 is employed to produce a recess
62a for a gate electrode 62 a having an approximate depth of 200nm at the
area at which the recess for the gate electrode is scheduled to the produced.

Referring to Fig. 4(C), an evaporation lift off process is employed to
produce a Schottky gate electrode 34 in the recess 62a. Namely, a photoresist
layer (not shown) having an opening at an area at which a gate electrode is
scheduled to be produced, is produced. Then, a pile of a Ti layer and an Al

layer piled upward in this order is produced, before the photoresist layer

13
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produced.

Referring to Fig. 5(A), a chexﬁical vapor deposition process is employed to
produce an SiN layer 68 having an approximate thickness of 500nm on the
entire surface of the semiconductor substrate 16, and the SiN layer 68 is
removed from the top of the drain electrode 36 and the source electrode 38.
The exposed surface of the drain electrode 36 and the source electrode 38 is
defined as a contact surface 70. The SiN layer 68 is removed also from the
area on which a gate contact pad is scheduled to be produced (not shown,
because the area is remote from the page of the drawing).

Referring to Fig. 5(B), a lift-off process is employed to produce a drain
wiring 36a and a source wiring 38a for connecting respectively the drain
.electrode 36 and the source electrode 38 to the external circuits. The source
wiring 38a and the drain wiring 36a are made of a piled layer of Ti / Pt / Au.
A gate wiring (not shown) is also produced during the foregoing étep for
producing the drain wiring 36a and the source wiring 38a.

Thereafter, an air bridge (not shown) is produced, and an SiN passivation
layer (not shown) is produced to cover the entire surface of the produced
device.

The produced field effect transistor is adhered in face down on a sapphire
substrate (not shown) with a wax, and the rear surface of the GaAs substrate
58 is polished to reduce the thickness of the GaAs substrate 58 to

approximately 50 4 m. The function of the sapphire substrate (not shown) is

14
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| producing via holes, the process being conducted in the next step.

I Referring to Fig. 6(A), a via hole 42 is produced to penetrate the GaAs
substrate 58, the element separation region 64 and the SiN layer 68. The via
hole 42 reaches the rear surface of the drain wiring 36a.

Referring to Figs. (2)A and (2)B, a via hole 40 for the gate connection and
four via holes 44 for the source connection are produced in the similar
maﬁner._ All the via holes are produced simultaneously.

‘Referring to Fig. 6(B), an electrolytic plating process is employed to
produce an Au layer of 10 4 m thick énd an Sn layer of 200nm thick on the
entire rear surface 16b of the GaAs substrate 58 and on the surface of the via
hole 40,42 and 44. The piled layer which lines the via holes 40, 42 and 44
produces a via hole wiring for gate connection 46, a via hole wirings for
drain connection 48 and via hole wirings for source connection 50 (See Fig.
2(B)). The piled layer produced on the rear surface 16b of the GaAs substrate
58 produces a gate electrode 52 (See Fig. 2(B)), a drain electrode 54 and a
source electrode 56 (See Fig. 2(B)). |

‘Thereafter, the semiconductor substrate 16 is removed from the sapphire
substrate (not shown), and the wax is washed away.

The finished GaAs wafer is diced to field effect transistor tips having a
dimension of 500 u m X 580 u« m.

Referring to Fig. 7, a dielectric substrate in accordance with one
embodiment of this invention will be described below. Fig. 7 illustrates a

partial plan view of the dielectric substrate made of an alumina based

ceramic substrate of 100 4 m thick made by Kyosera Corporation of Japan.

15
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allowed to be employed as a ground line.

Referring to Fig. 7, the dielectric substrate 12 is provided with an input
microstrip line 74 having 50Q of impedance, an output microstrip line 76
havihg 50 Q of impedance and a ground line 78 connected to wirings
arranged on the other surface of the dielectric substrate 12 through
conductors 72 penetrating the dielectric substrate 12 (shown by circles
having a hatching therein). These lines 74, 76 and 78 are made of a patterned
Au layer. These lines 74, 76 and 78 are arranged at the location
corresponding to the rear gate electrode 52, the rear drain electrode 54 and
the rear source electrode 56 referred to in the above referring to Figs. 2(A)
and 2(B).

A structure including a semiconductor device in accordance with one
embodiment of this invention is produced by placing a semiconductor
device 30 (See Fig. 2(A)) on the dielectric substrate 12 in the manner that the
rear gate electrode 52 (See Fig. 2(B)) contacts the input microstrip line 74 (See
Fig. 7), the rear drain electrode 54 (See Fig. 2(B)) contacts the output
micréstrip line 76 (See Fig. 7) and the rear source electrode 56 (See Fig. 2(B))
contacts the ground line 78 (See fig. 7), and by heating them at an
approximate temperature of 300°C, while they are pressed to each other.
This process causes Sn of the rear electrode 20 (See Fig. 1) and Au of the Au

layer (See Fig. 7) to make an alloy. As a result, the rear gate electrode 52, the
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produced on the seni condl the-conductive parts produced
the 'dielectric substrate | anount of the stray capacity caused
by the inductance of the gth is small. _ _ BRI EF

on

DESCRI PTI ON OF THE DRAW NGS Th| S | nventlon together with its various
f eat ures and advant ages, can be readily understood fromthe foll ow ng

detailed desc
|n whi ch:
sen1conductor

e8! LSS 8 o) SRR S0LRP JE LOhb s

to Clﬁé’ iSpul MiGOSHp e 74, the otipat sicrostiip Line 76 andl the 2¥§J‘ﬁc'1
line 78.

In the structure including a semiconductor device in accordance with one
embodiment of this invention, the contact area with which the rear gate
electrode 52, the rear d.ram electrode 54 and the rear source électrode 56 are
fitted respectively to the input microstrip line 74, the output microstrip line
76 and the ground line 78 is notably large in comparison with the flip chips
available in the prior art. This is effective to readily disperse heat generated
in the semiconductor device, resultantly allowing the semiconductor device
to work under stable conditions.

As was described above, the contact area with which the rear gate
electrode 52, the rear drain electrode 54 and the rear source electrode 56 are
fitted respectively to the input microstrip line 74, the output microstrip line
76 and the ground line 78 is notably large, resultantly causing a large
magnitude of the adhesion between the rear gate electrode 52, the rear drain
electrode 54 aﬁd the rear source electrode 56 and the input microstrip line 74,
the oﬁtput microstrip line 76 and the ground line 78. This is effective to
release the requirement to employ a light setting resin adhesive for fitting a
semiconductor device to a dielectﬁc substrate. As a result, a drawback in
which the stray capacity is large in the neighborhood of an air bridge is
removed. |

Since the surface wirings and the rear wirings are connected to each other
by employing via hole wirings or conductors penetrating the via holes, the

length of the connection is equivalent to the thickness of the semiconductor
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Fig. 2(A) is a perspecThiv$heatiHayBeas Réplas@imi conduct or device in accordance

W th one enbodi nent on Fig. 2(B) is a bottom plan view
of a sem conductor devi I

i nvention, Fig. 3(A) I1Is as cross section of a field effect

e Wwth one enbodinent on this
trans! st or constituti ng a sem conductor device in accordance with one
enbodi ment  of ghBigate. As a result, the stray impedance of the field effect transistor is

sizably small.

The foregoing description has clarified that a semiconductor device
appropriate for a microwave circﬁit and a structure including a
semiconductor device in which the area by which a semiconductor device is
adhered to a dielectric substrate is | large and the strength of adhesion
between a semiconductor device and a dielectric substrate is large, are
successfully provided by this invention.

Although this invention has been described with reference to specific
embodiments, in which the semiconductor device is limited to a GaAs field
effect transistor, and the structure including a semiconductor device is
limited to a structure including a semiconductor device in which a GaAs
field effect transistor alone is arranged therein, this description is not meant
to be construed in a limiting sense. In other words, a semiconductor device
in accordance with this invention can be a HEMT, a diode, a bipolar
transistor or the like. A structure including a semiconductor device in
accordance with this invention can be a structure including a semiconductor
device in which a DC bias circuit which is connected with a DC power
supply by employing a wire bonding system, a matching circuit or the like is
arranged in the neighborhood of a GaAs field effect transistor. An alumina
based ceramic substrate as the material of a dielectric substrate, can be
replaced by a silicon substrate, a quartz substrate or the like. Further,
microstrip lines can be replaced by coplaner circuits. Various modifications
of the disclosed embodiments, as well as other embodiments of this

inventions, will be apparent to persons skilled in the art upon reference to
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i nvention, under production, the cross section being seen in the I-I
diirection shown in Fig. 2(A, Fig. 3(B) is a schematic cross section
of a field effect transistor constituting a sen conductor device in
accordance with one enbodi nent of this invention, under production, the
cross section being seen in the |I-I direction shown in Fig. 2(A), Fig.
3¢(C) is a sch td s ) : iel,d efifect transistor constituting
acseniconductgggdg§F§Eg?§'ggg%%d%ﬁ%éh§P%h %n@ gﬁ%ﬂ%?ﬁéﬁpagppﬁﬁFé 2t 'the

i nvention, under_ production, .the cross section being seen in the |-I
direction appe%deg Jaings cover any such modlhcatiorgw or embodiments as fall

within the true scope of this invention.

‘This Sheet Has Been R,
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shown in Fig. 2(A), Fig. 4(A) is a schematic cross section of a field

effect transistor constituting —a sem (,unuuct or devi cw%ee—w*t‘h

ohe enbodi nent of this inventio %g\ t he cross sec \
bei ng seen in the I-1 direction ), g“m i m
%hematlc cross section of a fleld mli g stor Jmm “MH

sém conduct or WlﬁvA CﬂA"i rdance di ment of this I nvention,
under product sction being seen in‘the I-1 direction- shown

|n Fig. 2(A),

1. A semiconductor device comprising :

a semiconductor substrate further comprising :

at least one active element produced in the upper region of said

semiconductor substrate, |

a plurality of wires connected with the terminal of said active element, said

wires being arranged on the top surface of said semiconductor substrate,

a plurality of rear electrodes arranged on the rear surface of said

semiconductor substrate, and

a plurality of via hole wirings for connecting said wires and said rear

electordes, said via hole wirings being arranged in a via hole penetrating

said semiconductor substrate.

2. A semiconductor device in accordance with claim 1, wherein said
semiconductor substrate is a GaAs substrate.

3. A semiconductor device in accordance with claim 1 or 2, wherein said
active element is a field effect transistor, a HEMT, a diode or a bipolar
transistor.

4. A structure including a semiconductor device comprising :

a semiconductor device comprising :

a semiconductor substrate further comprising :

‘at least one active element produced in the upper region of said

semiconductor substrate, |

a plurality of wires connected with the terminal of said active element, said

wires being arranged on the top surface of said semiconductor substrate,

20



Fig. 4(C) is a schematic cross section ofTH~e+d~eiLeMnsi st or
constituting a sem conductor device in ac;a,lgﬂnce w th one enbodi nent of

this invention, under production, the cro !Lm[m,seen inthe |-I
di.rection shovvn in Fig. 2(A, Fig. 5(A Icross section of

afield effect transistor const ituting a sem conductor’ dévice in

gccor dance w th ORCIRIOY! FBR oflenloles arranged on the rear surface of said

semiconductor substrate, and

a plurality of via hole wirings for connecting said wires and said rear
electordes, said via hole wirings being arranged in a via hole penetrating
said semiconductor substrate, énd

a dielectric substrate comprising :

a plurality of wirings produced on the top surface of said dielectric substrate,
said wirings being connected with said rear electrodes of said semiconductor
device.

5. A structure including a semiconductor device in accordance with

claim 4, wherein said semiconductor substrate is a GaAs substrate.

6. A structure including a semiconductor device in accordance with claim 4
or 5, wherein said active element is a field effect transistor, a HEMT, a diode
or a bipolar transistor.

7. A structure including a semiconductor device in accordance with claim
4, 5 or 6, wherein said dielectric substrate is a piled substrate of an alumina

substrate backed by a metal layer.

_—
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I nvention, under production, the cross section being seen in the |-1
direction shown in Fig. 2(A), Fig. 5(B) is a schematic cross section of
a field effect transistor constituting a sem conductor device in
accordance with one enbodi nent of this invention, under production, the
cross section being seen in the I-1 direction shown in Fig. 2(A), Fig.

6(A) is a schematic cross-section of muctor device in accordance
; t he

wi th one enbodinent of this invention oducti on, Cross section
being seen in the I-1 direction shown in Fig. 2(A), Fig. 6(B) is a.
schemati c cross-Aetamisanductorsdetieo which ds appropeiate for a microwave circuit

and which is produced in a semiconductor substrate, the semiconductor
device having surface wirings on the semiconductor substrate, the
semiconductor substrate having rear wirings connected with the surface
wirings by employing via hole wirings. A structure including a
semiconductor device consisting of a semiconductor device which is
appropriate for a microwave circuit and which is produced in a
semiconductor substrate,- the semiconductor device having surface wirings
on the semiconductor substrate, the semiconductor substrate having rear
wirings connected with the surface wirings by means of via hole wirings and
a dielectric substrate having surface wirings thereon, the surface wirings

being adhered to the rear wirings of the foregoing semiconductor device.

This Shee
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accordance with one enbodi nent of this invention, under production, the
cross section being seen in the I-I direction shown in Fig. 2(A), and
Fig. 7 is a partial plan view of a dielectric substrate constituting a
structure including a sem conductor device in accordance with one

enbodi nent of this invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED ' EMBODI MENTS OF THI S | NVENTI ON Referring to
Fi'lg. .1, a structure including a sem conductor device 100 in accordance
wi th one enbodi nent of this invention consists of a

FI1G.1
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sem conductor device 10 and a dielectric substrate 12. The sem conduct or
device 10 has a sem conductor substrate 16 in which an active elenent 14 is
produced and on which three connecting wires 18 each of which is connected
with the termnal of the active elenent 14, are arranged. The top surface
of the sem conductor substrate 16 is marked 16a. On the rear surface 16b
ofi the sem conductor substrate 16, three rear el ectrodes 20 are arranged.

FI1G.2(A)
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The rear electrodes 20 are nmade of a material which is usually enployed for
produci ng a bunp. The sem conductor substrate 16 further has three via

hol es 22 penetrating the sem conductor substrate 16. A via hole wiring 24
is arranged in each of the via holes 22 to connect the connecting wire 18
and the rear electrode 20 produced of a material usually enployed for
producing a bunp, e.g. a piled layer of an Sn layer and an Au | ayer. (One

of the three via holes 22 is illustrated in dotted |lines, because this is
| ocated at a |location renote fromthe page of Fig. 1. Sone selections are
avai l able for the manner to arrangF’tEeC¥| §gp rlng 24 in the via
hole 22. Nanely, the via hole 22 can f or ‘buried by a via hole

Wi ring 24 produced of a naterial
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usual | y enpl oyed for producing a bunp, e.g.
The dielectric substrate 12 is a ceramc plate

and - an Au | ayer.

produced by cal cining an

a piled tayer of an Sn | ayer

al um num oxi de green sheet, the ceranm c plate

bei ng backed by a netal |ayer. Three wirings 26 are arranged on the top
surface of the dielectric substrate 12. The rear electrodes 20 are
connected to the wirings 26 arranged in the top surface of the dielectric

substrate 12.

transi st or,

The active elenments 14 which actually is a field effect

e F1G.4 (A)
661 38 5\8 E?OJS;\—EL N\ N\ +66
64~>\\\ NN
/ / S S
FIG.4(B)
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a diode or a bipolar transistor is produced in the surface regi on which
dowmward extends fromthe top surface 16a of the sem conductor substrate

16 which is a GaAs substrate in this enbodi ment. The connecting wire 18
arranged on the top surface 16a of the GaAs substrate 16 is connected to
the pad of the active elenent 14. The rear electrode 20 is arranged on the
rear surface of the GaAs substrate 16 at a | ocation corresponding to the
10

FIG.5(A)
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connecting wire 18 arranged on the top surface 16a of the GaAs substrate
16. At .the location corresponding to the connecting wire 18 and the rear
ehectrode 20, a via hole 22 is produced to penetrate the GaAs substrate 16.
The via hole wiring 24 is arranged in the via hole 22 to connect the
cdnnecting wire 18 and the rear el ectrode 20. The sem conduct or device
10 is firmy fixed with the dielectric substrate 12 by directly connecting
the rear electrode 20 arranged on the rear surface 16b of the

sem conduct or substrate 16 and the wiring 26 arranged on the dielectric
substrate 12. It is noted that the area with which the sem conductor
device 10 is connected with the dielectric substrate 12 is

FI1G.6(A)
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much | arger than the corresponding area in the case of flip chip system
Therefor.e, the heat generated in the sem conductor ‘device 10 is readily
dispersed into the dielectric substrate 12, resultantly causing stable
operation for the active elenent 14 produced in the sem conductor substrate
16. Further, the foregoing |arge magnitude of the contact area connecting
tme sem conductor device 10 and the dielectric substrate 12 causes a firm
nechani cal connecti on between the seni conductor device 10 and the
dielectric substrate 12. Since the connecting wire 18 and the wiring 26 are’
connected through the via hole wiring 24 and the rear el ectrode 20, the

FIG. 7
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AND DATE OF RECEPT.ZT7......
STRUCTURE INCLUDING SEMICONDUCTOR DEVICE Tep 3
TECHNICAL FIELD

This invention relates to a semiconductor device and a structure
includihg a .semiconductor device, more particularly to a semiconductor
device and a structure including a semiconductor device employable for a
microwave circuit. More specifically, this invention relates to a
semiconductor device representing a microwave circuit composed of field
effect transistors, high electron mobility transistors (HEMTs), diodes, bipolar
transistors, resistors, capacitors and/or the like, produced in a
semiconductor substrate e.g. a GaAs substrate, and a structure including a
semiconductor device defined as a structure in which the foregoing

semiconductor device is arranged on a dielectric substrate.

. i
BACKGROUND OF THE INVENTION | REELACEMENT SHEET
AND ' 073UL 199?

PRIOR_ART STATEMENT

A monolithic microwave circuit is available in the prior art. The -
monolithic microwave circuit composed of a plurality of active and passive
elements,connected to each other, is produced in the surface region of a
semiconductor substrate e.g. a GaAs substrate. Since GaAs has a large
amount of electron mobility and hole mobility, GaAs transistors have a large
amount of switching speed, resultantly emploYable for a microwave circuit.

The foregoing monolithic microwave circuit is usually arranged on a



r ect ang

riged
The

|.esshown in dotted lines. A gate electrode 34 shown in a straight

ine is prepared commonly for the six field effect transistors 32.
common gate electrode 36 is fed by three feeders, of which two are

connected by air bridges 53 which are connected to a gate el ectrode pad 34,
which is further connected to a via holeﬁulng 46 arranged in a via hole
40  penetr atdielgctrice subsimate)d resultarstiyo s tomdtitutifig( Seestrugtur® ( Bdludifige alr ai n
el ectrode 36 is conmonly prepared for the six fleld effect transistors 32.

drai n ebRftsRUEtSP dR¥RNUPhé Gednitialy Bf B BlSIIRNRAFhitdWVARY Kirdifit

The
gi ven),

whi ch

is further connected to a via hole wiring 48 arranged in a

via hole 42 pgRekialth e \binaRT A Wikingy Bl O Bnd BretdNBCIABERETN

source

usually by employing gold wires. The monolithic microwave circuit
arranged on a dielectric substrate which monolithic microwave circuit is
defined as a structure including a semiconductor device in this specification,
is confined in a package, resultantly causing a drawback in which the
inductance component of the gold wire notably increases.

It is known in the prior art that the foregoing drawback can be removed
by employing the idea of monolithic microwave integrated circuit (MMIC)
(See Fig. 3.1 on page 29 of “MMIC Design GaAs FETs and HEM'Ifs’i Peter H.
Ladbrooke, Artech House, 1988).

. In addition, it is known in the prior art that the foregoing drawback can
be removed by employing the flip cl'up system (“Proceeding of 1994 Asia
Pacific Microwave Conference, P.291-294).

However, the MMIC is involved with the other drawback in which the
production cost is increased, because it requires an expensive GaAs
substrate.

Although the flip chip system allows to use a less expensive dielectric
substrate, the flip ch1p system is involved with another drawback in which
the strength of adhesion between a semiconductor device and a dielectric
substrate is not large. Asaresult, a ligh-t setting resin adhesive is required to
adhere the semiconductor device to the dielectric substrate (See Fig. 1 of
“Proceeding of 1994 Asia Pacific Microwave Conference, P.291-294). This
causes a drawback in which an air bridge, if any, is covered by a hardened

[REPLACEMENT SHEET
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el ectrodes 38 are prepared for the six field effect transistors 32. The one
which is illustrated in the left side of the drawing is alloted to the
three field effect transistors 32 illustrated in the .left side of the
drawi ng. The ot her which is illustrated_in the right side of the draw ng
is alloted to the three field effect tra&nsistors 32 illustrated in the
right side ofresifeadiesivegesiiing of a latgecamosmitirafecledteodtatic eapadty n the
connected to a via hole wiring 50 produced in a via hole 44 penetrating

the sem condymjréibnsddvetédby the. hatdens@2edn adhesthe Ind&@ntgﬂkﬁ&cﬁgreadf and
44 are produced at |ocations renote fromthe | ocation at ich a field

effect transighph thé sbaudRiEs dedite ICa i ALAGH th Qidib&ld SlbsBSle is less,

resulting in an insufficient capacity to disperse heat.
OBIECTS AND SUMMARY OF THE INVENTION

Accordingly, a first object of this invention is to provide a semiconductor
de_vice'which is appropriate for'a microwave circuit.

A second object of this invention is to provide a structure including a
semiconductor device in which the area by which a semiconductor device is
adhered to a dielectric substrate is sufficiently large and the strength of
adhesion between a semiconductor device and a dielectric substrate is
sufficiently large.

To achieve the first object of this invention, a semiconductor device in
accordance with the first embodiment of this invention comprises :

a semiconductor substrate further comprising :

at least one active element produced in the upper region of the
semiconductor substrate,

a plurality of wires connected with the terminal of the active element, the
wires being arranged on the top surface of the semiconductor substrate,

a plurality of rear electrodes arranged on the rear surface of the
semiconductor substrate, and

a plurality of via hole wirings for éonnecting the wires and the rear
electrodes, the via hole wirings being arranged in a via hole penetrating the

semiconductor substrate. REPLACEMENT SHEET .

A GaAs substrate is appropriate for this embodiment. 0 7 JUL 897




transistor 32 form potential adverse influences caused by the etching
process enpl oyed for producing via holes. In Fig. 2(A), the via holes 40,
42 and 44 are shown by hatching. The function of the air bridge 53 is to
reduce the anobunt of electrostatic capacity of crossed lines having a
dielectric |ayer 4 12

Referring to FiGhe actiye elemetils| amployedsircthisredeaddinentaner bah fisdadffact
enpl oyed for producing a bunp, are arranged on the rear surface 16b of the
transistor, a HEMT, a diode or a bipolar transistor.

To achieve the second object.of this invention, a structure including a
semiconductor device in accordance with the second embodiment of this
invention compﬁses :

a semiconductor device comprising :
a semiconductor substrate further comprising :
at least one active element produced in the upper region of the
semiconductor substrate, |
a plurality of wires connected with the terminal of the active element, the
wires being arranged on the top surface of the semiconductor substrate,
a plurality of rear electrodes arranged on the rear surface of the
semiconductor substrate, and
a plurality of via hole wirings for connecting the wires and the rear
electrodes, the via hole wirings being arranged in a via hole penetrating the
semiconductor substrate, and
a dielectric substrate comprising :

- a plurality of wirings produced on the top surface of the dielectric substrate,
the wirings being connected with the rear electrodes of the semiconductor
device.

A GaAs substrate is appropriate for this embodiment.

The active elements employed in this embodiment can be a field effect

transistor, a HEMT, a diode or a bipolar transistor.
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sem conductor substrate 16. The rear el ectrodes 20 include a rear gate

el ectrode 52 connected to the gate electrode 34, a rear drain electrode 54
connected to the drain electrode 36 and a rear source el ectrode 56
connected to the source electrode 38. The rear gate el ectrode 52 connected
to the gate electrode 34, the rear drainflectrode 54 connected to the
drain el ectrodellsboutput temminalarof deuwitngs peodmckel 6 thendielettrit substiute
source electrode 38 are arranged to face, respectively, the gate el ectrode

pad 34, the draisevedt tPdR Badeded Wit 5195&55&&, Afles0q8teP A SnichdHAPEIN

the drain electrode 36 extends in one plate to reach the via hole wring

48, the sour . made in two plates placed side by side.
SPafRgRbEEE Bt

The rear gate e ed

In this invention, the rear electrodes produced on the rear surface of a
semiconductor device are directly connected to the Wiri.ngs produced on the
dielectric substrate, without employing a lead wire, a metal layer produced
on the dielectric substrate, or the like. Therefore, the rear electrodes
produced on the rear surface of a semiconductor device and the wirings of
the dielectric substrate are connected to each other to a satisfactory extent
both from the electrical and mechanical viewpoints.

The area by which the conductive parts produced on the semiconductor
device are connected to the conductive parts produced on the dielectric
substrate is large for this embodiment in comparison with the corresponding
area in the case of the flip chip system in which a bump produced on the top
surface of a semiconductor substrate is connected in face down with the
wirings produced on a dielectric substrate. As a result, the strength of
adhesion between the conductive parts produced on the semiconductor
device and the conductive parts produced on the dielectric substrate is larger
in this embodiment than in the prior art. Since the wiring produced on the
top surface of the semiconductor device is connected with the wiring
produced on the dielectric substrate through a via hole wiring whose length
is identical to the thickness of the semiconductor substrate, the connection
length of the conductive parts produced on the semiconductor device and

the conductive parts produced on the dielectric substrate is remarkably

short | REPLACEMENT SHEET|
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to the gate electrode 34, the rear drain electrode 54 connected to the
drai‘n electrode 36 and the rear source el.ectrode 56 connected to the
source electrode 38 are connected respectively to the gate el ectrode pad
34, the drain electrode pad and the source el ectrode pads respectively |
through the via hole wiring 46,48 and 5Q&espectively arranged in the via
hol e 40,42 and Siage thestrengthaif)dheston betadenl the cofddetivngartd produsdben by
hat chi ng. Referring to Figs. 3(A) through Fig. 6(B), steps for producing
a| sem conducther selgidorlucthie devicland ahEadsndi@ivd g&f@cpﬁm P the'

this enbodinent of this invention, will be described be
| dielectric substrate is large, a light setting resin adhesive is not required to
adhere the semiconductor substrate to the dielectric substrate, removing the
drawback in which the electromagnetic capacity increases in the
neighborhood of an air bridge. Incidentally, since the areé by which the
conductive parts produced on the semiconductor device are connected to
the conductive parts produced on the dielectric substrate is large, the heat
generated in- the semiconductor device is readily dispersed to the dielectric
substrate. -In addition, since the connection length of the conductive parts
produced on the semiconductor device and the conductive parts produced
on the dielectric substrate is short, the amount of the stray capacity caused

by the inductance of the connection length is small.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention, together with its various features and advantages, can be
readily understood from the following more detailed description pfesented
in conjunction with the foﬂoﬁng drawings, in which :

Fig. 1is a schematic cross section of a structure including a semiconductor
device in accordance with one embodiment of this invention,

Fig. 2(A) is a perspective view of a semiconductor device in accordance
with one embodiment on this invention,

Fig. 2(B) is a bottom plan view of a semiconductor device in accordance
with one embodiment on this invention, -

Fig. 3(A) is a schematic cross section of a field effect transistor constituting
a semiconductor device in accordance with one embodiment of this

[REPLACEMENT SHEET|
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Referring to Fig. 3(A), a nolecul ar beam epitaxy process is enployed to
deposit a non-doped GaAs buffer |ayer 60 having an approxi mate thickness
of 700nm and an n-GaAs | ayer 62 having an approxi mate thichness of 300nm
in this order on a sem insulating GaAs substrate 58. The pile of the

n- GaAs | ayer 62 produced on the nda-doped GaAs buffer |ayer 60
produced on tlﬁléen%‘é‘i‘n undes predugtotathe aosssackion ing seetein tedl-hdiraction

sem conductor substrate 16

shown in Fig. 2(A),

Fig. 3(B) is a schematic cross section of a field effect transistor constituting
a semi'conductor device in accordance with one embodiment of this
invention, under
production, the cross section being seen in the I-I direction shown in Fig.
2(A),

Fig. 3(C) is a schematic cross section of a field effect transistor constituting
a semiconductor device in accordance with one embodiment of this
invention,-under production, the cross section being seen in the I-I direction
shown in Fig. 2(A),

Fig. 4(A) is a schematic cross section of a field effect transistor constituting
a semiconductor device in accordance with one embodiment of this
invention, under production, the cross section being seen in the I-I direction
shown in Fig. 2(A),

Fig. 4(B) is a schematic cross section of a field effect transistor constituting
a semiconductor device in accordance with one embodiment of this
invention, under production, the cross section beirllg seen in the I-I direction
shownin Fig. 2(A),

Fig. 4(C) is a schematic cross section of a field effect transistor constituting
a semiconductor device in accordance with one embodiment of this
invention, under production, the cross section being seen in the I-I direction
shown in Fig. 2(A),

Fig. 5(A) is a schematic cross section of a field effect transistor constituting
a semiconductor device in accordance with one embodiment of - this

[REPLACEMENT SHEET
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In this specification. Referring to Fig. 3(B), an ion inplantation
process is enployed to inplant oxygen ions into the region where a

sem conductor elenment e.g. a field effect transistor, a HEMI, a diode, a
bi pol ar transistor or the like is not produced, for the purpose to produce
el enent separation regions. 64. Refercfng to Fig. 3(Q, alift off
process is eimrentian usnder pioduction,dhie cresssestion being sendadhed! dineation
consists of a Au-Ge alloy layer, a N layer and a Au layer piled upward in
this order oshowa iar Bgg. @0A)hi ch a drain electrode and a source el ectrode
are schedul ed to be produced. The piled layers 36 and 38 are scheduled to

act as a drain pet enpy RALsHRth LSS SechbRTfaTd effect transistor constituting

a semiconductor device in accordance with one embodiment of this
invention, under produétion, the cross séction being seen in the I-I direction
shown in Fig. 2(A),

Fig. 6(A) is a schematic cross-section of a semiconductor device in

- accordance with one embodiment of this invention, under production, the
cross section being seen in the I-I direction shown in Fig. 2(A),

Fig. 6(B) is a schematic cross-section of a semiconductor device in
accordance with one embodiment of this invention, under production, the
cross section being seen in the I-I direction shown in Fig. 2(A), and

Fig. 7 is a partial plan view of a dielectric substrate constituting a
structure including a semiconductor device in accordance with one
embodiment of this invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THIS INVENTION

Referring to Fig. 1, a structure including a semiconductor device 100 in
accordance with one embodiment of this invention consists of;. a
semiconductor device 10 and a dielectric substrate 12. The semiconductor
device 10 has a semiconductor substrate 16 in which an active element 14 is
produced and on which three connecting wires 18 each of which is
connected with the terminal of the active element 14, are arranged. The top
surface of the semiconductor substrate 16 is marked 16a. On the rear surface
16b of the semiconductor substrate 16, three rear electrodes 20 are arranged.
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Referring to

the. sem conductor substrate 16, before the photoresist |ayer is renoved
fromthe area at which a recess for a gate electrode is scheduled to be

produced, fo

Fig. 4(A), a photoresist layer is produced on the surface of

r the purpose to produce an etching nask 66 enpl oyabl e for

producing the recess for a_gate el ectrogd- Referring_to Fig

et chi ng mask

rear elgpiredesi29 aremade e asmatarial svhishds ugnally Q&'ﬂé‘)ﬁ?‘ég‘?fr od
62 a having an approxi mate depth of 200nm at the

t he
e

area at which the recess

for the gat e pebdutingde bumps c Tusemicondubtior mpubdtratsl16 furtRef dvasithged widi g.
4(C), an evaporation |ift off process is enployed to

holes 22 penetrating the semiconductor substrate 16. A via hole wiring 24 is
arranged in each of the via holes 22 to connect the connecting wire 18 and

the rear electrode 20 produced of a material usually employed for producing

. a bump, e.g. a piled layer of an Sn layer and an Au layer. One of the three

via holes 22 is ﬂlus&ated in dotted lines, because this is located at a location
remote from the page of Fig. 1. Some selections are available for the manner
to arrange the via hole wiring 24 in the vial hole 22. Namely, the via hole 22
can be lined or buried by a via hole wiring 24 produced of a material
usually employed for producing a bump, e.g. a piled layer of an Sn layer and
an Au layer.

The dielectric substrate 12 is a ceramic plate produced by calcining an
aluminum oxide green sheet, the ceramic plate being backed by a metal
layer. Three wirings 26 are arranged on the top su.rfa'ce of the dielectric
substrate 12.

The rear electrodes 20 are connected to the wirings 26 arranged in the top
surface of the dielectric substrate 12.

The active elements 14 which actually is a field effect transistor, a HEMT,
a diode or a bipolar transistor is produced in the surface region Wlﬁich
downward extends from the top surface 16a of the semiconductor substrate
16 which is a GaAs substrate in this embodiment. The cohnecting wire 18
arranged on the top surface 16a of the GaAs substrate 16 is connected to the
pad of the active element 14. The rear electrode 20 is arranged on the rear

surface of the GaAs substrate 16 at a location corresponding to the
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produce a Schottky gate electrode 34 in the recess 62a. Nanely, a
phot-oresi st |ayer (not shown) having an opening at an area at which a gate
el ectrode is scheduled to be produced, is produced. Then, a pile of a Ti

| ayer and an Al layer piled upward in this order is produced before t he
phot oresi st |ayer A0 (not

shown) is refedeReting wisediSrarrangesl o the top Surface/ka ofithe Srale smbs,tm’ce abl ed
uﬂ)vvard in this order at an area at which a gate electrode is scheduled to
be At the location corresponding to the connecting wire 18 and the rear
electrode 20, a via hole 22 is produced to penetrate the GaAs substrate 16.
The via hole wiring 24 is arranged in the via hole 22 to connect the
connecting wire 18 and the rear electrode 20.
The semiconductor device 10 is firmly fixed with the dieiectric substrate
12 by directly connecting the rear electrode 20 arranged on the rear surface
16b of the semiconductor substrate 16 and the wiring 26 arrahged on the
dielectric substrete 12. It is noted that the area with which the
semiconductor device 10 is connected with the dielectric substrate 12 is
much larger than the corresponding area in the case of flip chip system.
Therefore, the heat generated in the semiconductor device 10 is readily
dispersed into the dielectric substrate 12, resultantly causing stable
operation for the active element 14 produced in the semiconductor substrate
16. Further, the foregoing large magnitude of the contact area connecting the
semiconductor device 10 and the dielectric substrate 12 causes a firm
mechanical connection between the semiconductor device 10 and the
dielectric substrate 12. Since the connecting wire 18 and the wiring 26 are
connected through the via hole wiring 24 and the rear electrode 20, the
connection length is approximately same to the thickness of the dielectric
substrate 12. As a result, the magnitude of the stray inductance is
ramarkably less.
Referring to Fig. 2(A), six field effect transistors 32 are arranged on the

semiconductor substrate 16, specifically the GaAs substrate in this

embodiment. The field effect transistors 32 are illustrated by six
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pr oduced. Referring to Fig. 5(A), a chem cal vapor deposition process
I's enployed to produce an SiN |ayer 68 having an approxi mate thickness of
500nmon the entire surface of the sem conductor substrate 16, and the Si N
| ayer 68 is renmoved fromthe top of the drain electrode 36 and the source
el ectrode 38. The e>ipose_d surface of theldrain electrode 36 and the source

el ectrode 38rectangless a8 dotteshiines. Argade elentrodendd shommairea Seaight
renoved also fromthe area on which a gate contact pad is schedul ed to be

produced (norigithdime, is preparsb cotrenavilyafor the siwifield effsct fansiswes 2. tTie

drawi ng). Referring to Fig. 5(B), alift-off process is enployed to

produce a dr gbfhmon gate electrode 36 is fed by three feeders, of which two are

connected by air bridges 53 whicﬁ are connected to a gate electrode pad 34,

~ which is further connected to a via hole wiring 46 arranged in a via hole 40

penetrating the semiconductor substrate 16 (See Fig. 2(3)). The drain

electrode 36 is commonly prepared for the six field effect transistors 32. The

drain electrode 36 extends to a drain electrode pad (no. mark is given), which

is further connected to a via hole wiring 48 arranged in a via hole 42

penetrating the semiconductor substrate 16. Two independent source

electrodes 38 are prepared for the six field effect transistors 32. The one

which is illustrated in the left side of the drawing is alloted to thé three field

effect transistors 32 illustrated in the left side of the drawing. The other

which is illustrated in the right side of the drawing is alloted to the three

field effect transistors 32 illustrated in the right side of the drawing. Each of

these source electrodes 38 is connected to a via hole wiring 50 produced in a

via hole 44 penetrating the semiconductor substr_ate 16. The reason why the

via'holes 40, 42 and 44 are produced at locations remote from the location at

which a field effect transistor 32 is produced, is to protect the field effect

transistor 32 form potential adverse influences caused by the etching process

employed for producing via holes. In Fig. 2(A), the via holes 40, 42 and 44

are shown by hatching. The function of the air bridge 53 is to reduce the

amount of electrostatic capacity of crossed lines having a dielectric layer

therebetween. REPLACEMENT SHEET
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wiring 36a and a source wiring 38a for connecting respectively the drain

el ectrode 36 and the source electrode 38 to the external circuits. The .
source wring 38a and the drain wiring 36a are made of a piled layer of Ti
/ Pt [ Au. A gate wiring (not shown) is also produced during the foregoing
step for producing the drain wiring 36a 48d the source wiri ng 38a. _
Thereafter, an BEETing dgeFignA(B) heean)elpetrodesd 30 smadanef anm@itetiglassiuallyt i on

| ayer (not shown) is produced to cover the entire surface of the produced
devi ce. Tleenploydd deripfodiiding hftegip) drenfrr@iged bis telhei 8trfate 185 ©f @ on

a sapphire
semiconductor substrate 16. The rear electrodes 20 include a rear gate
electrode 52 connected to the gate electrode 34, a rear drain electrode 54
~connected to thé drain electrode 36 and a rear source electrode 56 connected
to the source electrode 38. The rear gate electrode 52 connected to the gate
electrode 34, the rear drain electrode 54 connected to the drain electrode 36
and the rear source electrode 56 connected to the source electrode 38.are
arranged to face, respectively, the gate electrode pad 34, the drain electrode
pad and the source electrode pads. Although the drain electrode 36 extends
in one plate to rea& the via hole wiring 48, the source electrodes 38 are
made in two plates placed side by side. The rear gate electrode 52 connected
to the gate electrode 34, the rear drain electrode 54 connected to the drain
electrode 36 and the rear source electrode 56 connected to the source
electrode 38 are connected respectively to the gate electrode pad 34, the
drain electrode pad and the source electrode pads respectively through the
via hole wiring 46, 48 and 50 respectively arranged in the via hole 40, 42 and
44. In Fig. 2(B), the via holes 40, 42 and 44 are shown by hatching.

Referring to Figs. 3(A) through Fig. 6(B), steps for producing a
semiconductor device, specifically a GaAs field effect transistor of this
embodimént of this invention, will be described below.

Referring to Fig. 3(A), a molecular beam epitaxy process is employed to
deposit a non-doped GaAs buffer léyer 60 having an approximate thickness

of 700nm and an n-GaAs layer 62 having an approximate thichness of 300nm

in this order on a semi insulating GaAs substrate 58. The pile of the n-GaAs
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substrate (not shown) with a wax, and the rear surface of the GaAs
substrate 58 is polished to reduce the thickness of the GaAs substrate 58
to approximately 50 pm The function of the sapphire substrate (not shown)
S to act as a supporter of the sem conductor substrate 16 during
t he process for producing via holes, theldrocess being conducted in the
next step. layeRéiZepradugetiort-tiye néf-Aoped GaAs balffer42ydrsoPpestiiced 6® the
penetrate the GaAs

semi insulating GaAs substrate 58 is defined as a semiconductor substrate 16

in this specification.

Referring to Fig. 3(B), an ion implantation process is employed to implaﬁt
oxygen ions into the region where a semiconductor element e.g. a field effect
transistor, a HEMT, a diode, a Bipolar transistor or the like is not produced,
for the .purpose to produce element separation regions 64.

Referring to Fig. 3(C), a lift off process 1s employed to produce piled
layers 36 and 38 each of which consists of a Au-Ge alloy layer, a Ni layer and
a Au layerpiled upward in this order on the area on which a drain electrode
and a source electrode are scheduled to be produced. The piled layers 36
and 38 are scheduled to act as a drain electrode and a source electrode.

Referring to Fig. 4(A), a photoresist layer is produced on the surface of the
semiconductor substrate 16, before the photoresist layer is removed from the
area at which a recess for a gate electrode is scheduled to be produced, for
the purpose to produce an etching mask 66 employable for producing the
recess for a gate electrode.

Referring to Fig. 4(B), the etching mask 66 is employed to produce a recess
62a for a gate electrode 62 a having an approximate depth of 200nm at the
area at which the recess for the gate electrode 1s scheduled to the produced.

Referring to Fig. 4(C), an evaporation lift off process is employed to
produce a Schottky gate electrode 34 in the recess 62a. Namely, a photoresist
layer (not shown) having an opening at an area at which a gate electrode is

scheduled to be produced, is produced. Then, a pile of a Ti layer and an Al

layer piled upward in this order is produced, before the photoresist layer -
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substrate 58, the el enent separation region 64 and the SiN |ayer 68. The
via- hole 42 reaches the rear surface of the drain wiring 36a.

Referring to Figs. (2)A and (2)B, a via hole 40 for the gate connection and
four via holes 44 for the source connection are produced in the simlar
manner. All the via holes are produced siid#ltaneously. Referring to
Fig. 6(B), ar(netskewo) isiecnqiest fowpnmaindhe pilesofaifi layerdand anphbldyer piad Au

| ayer of 10 pmthick and an Sn layer of 200nmthick on the entire rear

surface 16b Qiq_ﬁ/hﬁi e s Drdlet aPdieandh AWhith 4 BatSelet@68e 34 sdluléd to Bel ©
40,42 and 44. The piled layer which lines the“via holes 40, 42 and 44

produces a Viﬁroﬁ‘&k@d."“ ring for gate connection 46, a via hole wirings for

Referring to Fig. 5(A), a chemical vapor deposition process is employed to
produce an SiN layer 68 having an approximate thickness of 500nm on the
entire surface of the semiconductor substrate 16, and the SiN layer 68 is
removed from the top of the drain electrode 36 and the source electrode 38.
The exposed surface of the drain electrode 36 and the source electrode 38 is
defined as a contact surface 70. The SiN layer 68 is removed also from the
area on which a gate contact pad is scheduled to be produced (not shown,
because the area is remote from the page of the drawing).

Referring to Fig. 5(B), a lift-off process is employed to produce a drain
wiring 36a and a source wiring 38a for connecting respectively the drain
electrode 36 and the source electrode 38 to the external circuits. The source
wiring 38a and the drain wiring 36a are made of a piled layer of Ti / Pt / Au.
A gate wiring (not shown) is also produced during the foregoing step for
producing the drain wiring 36a and the source wiring 38a.

Thereafter, an air bridge (not shown) is produced, and an SiN passivatioﬁ
layer (not shown) is produced to cover the entire surface of the produced
device.

The produced field effect transistor is adhered in face doﬁ on a sapphire
substrate (not shown) with a wax, and the rear surface of the GaAs substrate
58 is polished to reduce the thickness of the GaAs substrate 58 to

approximately 50 u m. The function of the sapphire substrate (not shown) is
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drain connection 48 and via hole wiri ngs for source connection 50 (See Fig.
2(B)). The pil-ed | ayer produced on the rear surface 16b of the GAs

substrate

58 produces a gate electrode 52 (See Fig. 2(B)), a drain

el ectrode 54 and a source electrode 56 (See Fig. 2(B)). Thereafter,
sem conductor substrate 16 is renoved fraqibthe sapphire substrate (not

shown), and tteachaxaisyppasteedf thespmicondinzof substiwtd 1

filel d effect transistor ti ps having a dinension of 500 p mx 580 p m
Referring to progucihg diaticles; thé pfoceydbéinglc@dniduchid i Hangékttdg) one
!

Referring to Fig. 6(A), a via hole 42 is prbduced to penetrate the GaAs
substrate 58, the element separation region 64 and the SiN layer 68. The via
hole 42 reaches &e rear surface of the drain wiring 36a.

Referring to Figs. (2)A and (2)B, a via f\ole 40 for the gate connection and
four via holes 44 for the source connection are produced in the similar
manner. All the via hoies are produced simultaneously.

Referring to Fig. 6(B),. an electrolytic plating process is employed to
produce an Au layer of 10 # m thick and an Sn layer of 200nm thick on the
entire rear surface 16b of the GaAs substrate 58 and on the surface of the via
hole 40,42 and 44. The piled layer which lines the via holes-40, 42 and 44
produces a via hole wiring for gate connection 46, a via hole wirings for
drain connectioﬁ 48 and via hole wirings for source connection 50 (See Fig.
2(B)). The piled Iéyer produced on the rear surface 16b of the GaAs substrate
58 produces a gate electrode 52 (See Fig. 2(B)), a drain electrode 54 and a
source electrode 56 (See Fig. 2(B)).

Thereafter, the semiconductor substrate 16 is removed from the sapphire
substrate (not shown), and the wax is washed away.

The finished GaAs wafer is diced to field effect transistor tips having a
dimension of 500 4 m X 580 u m.

Referring to Fig. 7, a dielectric substrate in accordance with one
embodiment of this invention will be described below. Fig. 7 illustrates a
partial plan view of the dielectric substrate made of an alumina based

ceramic substrate of 100 # m thick made by Kyosera Corporation of Japan.
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enbodi ment of this invention will be descri bed bel ow. Fi g. 7 illustrates a
partial plan view of the dielectric substrate nade of an al um na based
ceram c substrate of 100 pmthick nade by Kyosera Corporation of Japan.
The dielectric substrate allows an Au | ayer of an arbitrary shape to be
arranged on the top surface thereof and aléetal |ayer to be arranged on the
?Etel re rear Hiefdistedtiiersubistrate ptlodscannAQr et idf ahnabitriis shapeustber, if
arranged on the top surface thereof and a metal layer to be arranged on the
entire rear surface thereof to produce microstrip lines theron. Further, if the
Au layer and the metal layer are connected to each other, the Au layer is
allowed to be employed as a ground line.
| Referring to Fig. 7, the dielectric substrate 12 is provided with an input
m.icrosfrip line 74 having 50Q of impedance, an output microstrip line 76
having 50Q of impedance and a ground line 78 connected to wirings
arranged on the other surface of the dielectric substrate 12 through
conductors 72 penetrating the dielectric substrate 12 (shown by circles
having a hatching therein). These lines 74, 76 and 78 are made of a patterned
Au layer. These lines 74, 76 and 78 are arranged at the location
corresponding to the rear gate electrode 52, the rear drain electrode 54 and
the rear source electrode 56 referred to in the above referring to Figs. 2(A)
and 2(B).

A structure including a semiconductor device in accordance with one
embodiment of this invention is produced by placing a semiconductor
device 30 (See Fig. 2(A)) on the dielectric substrate 12 in the manner that the

_ rear gate electrode 52 (See Fig. 2(B)) contacts the input microstrip line 74 (See
Fig. 7), the rear drain electrode 54 (See Fig. 2(B)) contacts the output
microstrip line 76 (See Fig. 7) and the rear source electrode 56 (See Fig. 2(B))
contacts the ground line 78 (See Fig. 7), and by heating them at an
approximate température of 300°C, while they are pressed to each other.

This process causes Sn of the rear electrode 20 (See Fig. 1) and Au of the Au

layer (See Fig. 7) to make an alloy. As a result, the rear gate electrode 52, the
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Au | ayer and the netal |ayer are connected to each other, the Au | ayer is
all owed to be enployed as a ground |ine. Referring to Fig. 7, the
dielectric substrate 12 is provided with an input mcrostrip line 74
having 50 [err] of inpedance, an output mcrostrip line 76 having 50 [err]
of inpedance and a ground |line 78 connect®d to wirings arranged on the

ot her surf acetegt draia eleetrede Sitarslithet reat souetdlednyite 56 aulitece pespedi@vely
penetrating the dielectric substrate 12 (shown by circles having a

hat chi ng thergi m)é.mghemcfds&ep life, 74/ the@Bdtpift ricRodBieliné 78 abdl hergi8dnd AU -
| ayer. These lines 74, 76 and 78 are arranged at the |ocation
correspondi ng;to7g he rear gate el ectrode 52, the rear drain el ectrode 54

and

In the structure including a semiconductor device in accordance with one
embodiment of this invention, the contact area with which the rear gate
electrode 52, the rear_arain electrode 54 and the rear source eiectrode 56 are
fitted respectively to the input microstrip line 74, the output microstﬁp line
76 and the ground line 78 is notably large in comparison with the flip chips
available in the prior art. This is effective to readily disperse heat generated
in the semiconducfor device, resultantly allowing the semiconductor device
to work under stable conditions.

As was described above, the contact area with which the rear gate
electrode 52, the rear drain electrode 54 and the rear source electrode 56 are
fitted respectively to the input microstrip line 74, the output microstrip line
76 and the ground line 78 is notably large, resultantly causing a large
magnitude of the adhesion between the rear gate electrode 52, the rear drain
electrode 54 and the rear source electrode 56 and the input microstrip line 74,
the output microstrip line 76 and the ground line 78. This is effective to
release the requirement to employ a light setting resin adhesive for fitting a
semiconductor device to a dielectric substrate. As a result, a drawback in
which the stray capacity is large in the neighborhood of an air bridge is
removed. |

Since the surface wirings and the rear wirings are connected to each other
by employing via hole wirings or conductors penetrating the via holes, the

length of the connection is equivalent to the thickness of the semiconductor
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the rear source electrode 56 referred to in the above referring to Figs.
2(A and 2(B). A structure including a sem conductor device in
accordance with one enbodinent of this invention is produced by placing a
sem conductor device 30 (See Fig. 2(A)) on the dielectric substrate 12 in
the manner that the rear gate electrode.58 (See Fig. 2(B)) contacts the

i nput i cr ostsubstrRfe e Apa reudt, thegtrdy) impedanceaof thefiald ket brdnsiStor (iSee
Fig. 2(B)) contacts the output mcrostrip line 76 (See Fig. 7) and the
rear source olizatllyetalb6 (See Fig. 2(B)) contacts the ground line 78 (See
Fig. 7), and by heating themat an

The foregoing description has clarified that a semiconductor device
appropriate for a microwave circuit and a structure including a
semiconductor device in which the area by which a semiconductor device is
adhered to a dielectric substrate is large and the strength of adhesion
between a semiconductor device and a dielectric substrate is large, are
successfully provided by this invention.

Although this invention has been described with reference to specific
embodiments, in which the semiconductor device is limited to a GaAs field
effect transistor, and the structure including a semiconductor device is
limited to a structure including a semiconductor device in which a GaAs
field effect transistor alone is arranged therein, this description is not meant
to be construed in a limiting sense. In other words, a semiconductor device
in accordance with this invention can be a HEM‘I‘, a diode, a bipolar
transistor or the like. A structure including a semiconductor device in
accordance with this invention can be a structure including a sezﬁiconductor
device in which a DC bias circuit which is connected with a DC power
supply by employing a wire bonding system, a matching circuit or the like is
arranged in the neighborhood of a GaAs field effect transistor. An alumina
based ceramic substrate as the material of a dielectric substrate, can be
replaced by a silicoﬁ substrate, a quartz substrate or the like. Further,
microstrip lines can be replaced by éoplaner circuits. Various modifications
of the disclosed embodiments, as well as other embodiments of this
inventions, will be apparent to persons skilled in the art upon reference to
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approxi mate tenperature of 300[err]C, while they are pressed to each other.
This process causes Sn of the rear electrode 20 (See Fig. 1) and Au of the
Au |layer (See Fig. 7) to nake an alloy. As a result, the rear gate
el ectrode 52, the 17 rear
drain el ectrode 54 and the rear source el®2irode 56 adhere respectively to
the input ni cheslestriptioneof7thistinwentioput [hiisrtherefore lconteniplatedi thak the ound
line 78.
’ appended claims will cover any such modifications or embodiments as fall

within the true scope of this invention.
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In the structu ' j m conduct or device in 'accordance with one
enbadi nent of mumﬂ”f ﬂlmmﬂhe contact area with which the rear gate
el ectrode 52, aisn el ectrode 54 and the rear source el ectrode 56

are fitted respectively to the input mcrostrip line 74, the output

mcrostrip line 76 and the ground line 780is notably large in conparison
wi'th the fli MWHADHE CRAMEDI:e in the prior art. This is effective to

readi |y di sperse heat generated in the sem conductor device, resultantly

alil owi ng thelsgrﬁémadmﬁgbrd@vi&etongmgk under stable conditions. - As
was descri bed above, the contact area with which the rear gate electrode

52, the rear odealiBorf bt Bi¥titte MfinEPEomBRiPUT e ©l ectrode 56 are

at least one active element produced in the upper region of said

semiconductor substrate,

a plurality of wires connected with the terminal of said active element, said

wires béi.ng arranged on the top surface of said semiconductor subs&ate,

a plurality of rear electrodes arranged on the rear surface of said

semiconductor substrate, and

a plurality” of via hole wirings for connecting said wires and said rear

electordes, said via hole wirings being arranged in a via hole penetrating

said semiconductor substrate. |

2. A semiconductor device in accordance with claim 1, wherein said
semiconductor substrate is a GaAs substrate. |

3. A semiconductor device in accordance with claim 1 or 2, wherein said
active element is a field effect transistor, a HEMT, a diode or a bipolar
transistor.

4. A structure including a semiconductor device comprising :

a semiconductor device comprising :

a semiconductor substrate further comprising :

at least one active element produced in the upper region of said

semiconductor subs. tréte,

a plurality of wires connected with the terminal of said active element, said

wires being arranged on the top surface of said semiconductor substrate,

REPLACEMENT SHEET

— 0 7 JuL 1997




fitted respecti\{mﬁto t he i'nput_mm' crostrip line 74, the output mcrostrip

ling 76 and th ,H 'uummnm, s notably large, resultantly causing a
A \ ' between the rear gate el ectrode 52, the

| arge nmagnitud

rear drain electrode 54 and’tHe rear source el ectrode 56 and the input
mcrostrip line 74, the output microstri2iline 76 and the ground line 78.
This is effeatipherdlily oél smseeldatrodesiuarrenged don ¢l war ashufale cfetsaidg
resin adhesive for fitting a sem conductor device to a dielectric
substrate. Agemiddifdtctor subbt@dPaglg in which the stray capacity is large in
t he nei ghborhood of an air bridge is renpved.

a plurality of via hole wirings for connecting said wires and said rear

electordes, said via hole wirings being arranged in a via hole penetrating
said semiconductor substrate, and
a dielectric substrate comprising :
a plurality of wirings produced on the top surface of said dielectric substrate,
said wirings being connected with said rear electrodes of said semiconductor
device.
5. A struéture including a semiconductor device in accordance with
claim 4, wherein said semiconductor substrate is a GaAs substrate.
6. A structureincludinga semiconductor device in accordance with claim 4
or 5, wherein said active element is a field effect transistor, a HEMT, a diode
or a bipolar transistor.
7. A structure including a semiconductor device in accordance with claim
4, 5 or 6, wherein said dielectric substrate is a piled substrate of an alumina

substrate backed by a metal layer.
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Since the surface wirings and the rear wirings are connected.to each other .
by enploying via hole wirings or conductors penetrating the via holes, the
| ength of the connection is equivalent to the thickness of the '

sem conduct or 18 substrate. As

a result, the stray inpedance of the field effect transistor is sizably

smal | . The foregoing description has clearified that a sem conduct or

devi ce
ABSTRACT
SEMICONDUCTOR DEVICE AND STRUCTURE INCLUDING SEMICONDUCTOR
DEVICE :

A semiconductor device which is appropriate for a microwave circuit
and which is produced in a semiconductor substrate, the semiconductor
device having surface wirings on the semiconductor substrate, the
semiconductor substrate having rear wirings connected with the surface
wirings by employing via ‘hole wirings. A structure including a
semiconductor device consisting of a semiconductor device which is
appropriate for a microwave circuit and which is produced in a
semiconductor substrate,. the semicondu'c.tor device having surface wirings
onthese&mxnmhmhn'mﬂwhaﬁzthesenﬁdnuhmkn'mﬂ#ﬂa&:hwwmglear
mﬁﬁngsaxummhatwﬁhthésuﬁbmemddngsbynumnsofvﬁﬂﬁﬂevﬁm&gﬁand
acﬁekmhi:subshaﬁzhavhu;suﬂhcethﬁqp ﬂuueon,ﬁhe:nuﬁum wirings

" being adhered to the rear wirings of the foregoing semiconductor device.

7 Fig. 1
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appropriate for a mcrowave circuit and a structure including a
sem-conduct or device in which the area by which a sem conductor device is
adhered to a dielectric substrate is large and the strength of adhesion

bet ween a sem conduct or device and a dielectric substrate is large, are
successfully. provided by this invention. 1 Although this invention has
been described with reference to specific enbodinents, in which the

sem conductor device is limted to a GaAs field effect transistor, and the:
structure including a sem conductor device is |imted to a structure
including a sem conductor device in which a GaAs field effect transistor
alone is arranged therein, this description is not neant
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to be construed in alimting sense. In other words, a sem conductor device
I n accordance with this invention can be a HEMI, a di ode, a bipolar
transistor or the like. A structure including a sem conductor device in
accordance with this invention can be a structure including a sem conductor
device in whi.ch a DC bias circuit which i 2 connected with a DC power

supply by enploying a wire bonding system a matching circuit or the like
is arranged in the nei ghborhood of a GaAs field effect transistor. An '
alum na based ceram c substrate as the material of a dielectric substrate,

can be replaced by a silicon substrate qu zasybstrate or the |ike.
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mcrostrip lines can be replaced by coplaner circuits. Various
nodifications of the disclosed enbodi nents, as well as other enbodi nents

of this inventions, will be apparent to persons skilled in the art upon
reference to 19 the description
of this inventions. It is therefore contenplated that the appended cl ains
w Il cover any such nodifications or enbodinents as fall wthin the true
scope of this invention.
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1. A structure including a sem conductor device conprising: a
sem conduct or device conprising a sem conductor substrate further

conpri si ng
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at | east one active el enent produced in the upper region of said
sem:conductor substrate, a plurality of wires connected with the term nal
of said active elenment, said w res being arranged on the top surface of
sai d sem conductor substrate, a plurality of rear el ectrodes arranged on
the rear surface of said sem conductor suigbstrate, and a plurality of via
hole wirings for connecting said wires and said rear electrodes, said via

hol e wirings being arranged in a via hole penetrating said sem conductor
substrate, and a dielectric substrate conprising
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a pIuréIity of wirings produced on the top surface of said dielectric
substrate, said wirings being connected with said rear electrodes of said

sem conductor device. 2. A structure including a sem conductor device
in accordance with claim 1, wherein said active elenent is a field effect
transistor, a HEMI, a diode or 6
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3. A structure including a sem conductor device in accordance with claim
1 or 2, wherein said dielectric substrate is a piled substrate .of an

al um na substrate backed by a netal |ayer. 4. A sem conduct or device
conprising a sem conductor substrate, at_|east one active el enent having
a plurality of terminals |located on a top—ZLsurface of said seniconductor
substrate, said active elenent being a field effect transistor, a HEMI, a
di ode or a bipolar transistor, a plurality of wres respectively connect ed
with the plurality of termnals of
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samaCtive el enent, said plurality of wires being arrang g top
surfage of said sem conductor substrate, a plurality of 943? %rbe‘cﬁ-odes

arranged on a rear surface of said sem conductor —substrate.—and
plurality of via hole wirings for connecting said wi B@?LMWS%ETS 5G

el ectrodes, each Wi rings: bgi ng dr FhBgsatiption apeged -hoteepaged ...
enetrating sai d| mmmmnm“ﬁmbst r at g. 26' 19 & Claim(s) :paged 2. to paged ).
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1. A structure including a semiconductor device comprising :

a semiconductor device comprising :

a semiconductor substrate further comprising :
at least one active element produced in the upper region of said semiconductor
substrate,

a plurality of wires connected w1th the terminal of said active el_emént, said
wires being arranéed on the top surface of said semiconductor substrate,

a plurality of rear electrodes arranggd on the rear surface of said
semiconductorﬁ substrate, and

a plurality of via hole wirings for .con'necﬁng said wires and said rear
electrodes, said via hole wirings being arranged in a via hole penetrating said
semiconductor substrate, and

a dielectric substrate comprising :

a plurality of wirings produced on the top surface of said dielectric substrate,
said wirings being connected with said rear electrodes of said semiconductor
device.

2. A structure including a semiconductor device in accordance with claim
1, wherein said active element is a field effect transistor, a HEMT, a diode or
a bipolar transistor. REPLACEMENT SHEET
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3. A structure including a'semiconductor device in accordance with claim
1 or 2, wherein said dielectric substrate is a piled substrate of an alumina
‘substrate backed by a metal layer.

4. A semiconductor device comprising :

a semiconductor substrate,

at least one active element having a plurality of terminals located on a top
surface of said semiconductor substrate, said acﬁvé element being a field
effect transistor, a HEMT, a diode or a bipolar transistor,

a plurality of wires respectively connected with the plurality of terminals of
said active element, said pluraiity of wires being arranged on the top surface
of said semiconductor substrate,

a plurality of rear electrodes arranged on a rear surface of said semiconductor
substrate, and |

a plurality of via hole wirings for connecting said wires and said rear
electrodes, each of said via hole wirings being arranged in a via hole

penetrating said semiconductor substrate.
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