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(57) ABSTRACT

The present invention discloses an integration structure of a
semiconductor circuit and microprobe sensing elements and a
method for fabricating the same. In the method of the present
invention, a semiconductor circuit is fabricated on one sur-
face of a semiconductor substrate, and the other surface of the
semiconductor substrate is etched to form a microprobe struc-
ture for detect physiological signals. Next, a deposition
method is used to sequentially form an electrical isolated
layer and an electrical conductive layer on the microprobes.
Then, an electrical conductive material is used to electrically
connect the electrical conductive layer with the electrical
pads of the semiconductor circuit. Thus is achieved the inte-
gration of a semiconductor circuit and microprobe sensing
elements in an identical semiconductor substrate with the
problem of electric electrical isolated being solved simulta-
neously. Thereby, the voltage level detected by the micro-
probes will not interfere with the operation of the semicon-
ductor circuit.
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INTEGRATION STRUCTURE OF
SEMICONDUCTOR CIRCUIT AND
MICROPROBE SENSING ELEMENTS AND
METHOD FOR FABRICATING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] Thepresent invention relates to an integration struc-
ture of semiconductor elements and microelectromechanical
elements, particularly to an integration structure of a semi-
conductor circuit and microprobe sensing elements and a
method for fabricating the same.

[0003] 2. Description of the Related Art

[0004] The conventional CMOS-MEMS (MicroElectro-
Mechanical System) integration technology includes the
semiconductor process and the microelectromechanical pro-
cess. The semiconductor process fabricates integrated cir-
cuits on the front surface of a silicon wafer. The microelec-
tromechanical process fabricates floating sensing elements
via etching or joins sensing elements and actuating elements
via deposition.

[0005] ATU.S.Pat. No. 7,208,809 discloses a “Semiconduc-
tor Device Having MEMS”, wherein micromirrors, drivers
and sensors are fabricated on the rear side of a semiconductor
circuit. The sensors are fabricated with an elaborate and com-
plicated surface micromachining method, which needs extra
deposition films and photolithographic processes.

[0006] A U.S. Pat. No. 7,160,752 discloses a “Fabrication
Method of Advanced Silicon-Based MEMS Device”, which
uses a joining technology to fabricate microelectromechani-
cal actuators and sensors beside a semiconductor circuit. The
method needs an alignment technology additionally. Further,
the method needs high-precision fabrication processes and
expensive apparatuses, but the reliability there of the method
is poor.

SUMMARY OF THE INVENTION

[0007] The primary objective of the present invention is to
provide an integration structure of a semiconductor circuit
and microprobe sensing elements and a method for fabricat-
ing the same, wherein a semiconductor circuit and micro-
probe physiological sensors respectively fabricated on two
sides of a semiconductor substrate are integrated to promote
the integration and reliability of the heterogeneous systems.
[0008] Another objective of the present invention is to pro-
vide an integration structure of a semiconductor circuit and
microprobe sensing elements and a method for fabricating the
same, which can solve the problem of electric insulation
without using any additional packaging technology when a
semiconductor circuit and microelectromechanical sensing
elements are fabricated on an identical semiconductor sub-
strate.

[0009] To achieve the abovementioned objectives, the
present invention proposes an integration structure of a semi-
conductor circuit and microprobe sensing elements and a
method for fabricating the same. In the method of the present
invention, a semiconductor circuit and a microprobe structure
are respectively fabricated on two surfaces of a semiconduc-
tor substrate. The semiconductor circuit has a plurality of
electrical pads. The microprobe structure is directly fabri-
cated on the semiconductor substrate with an etching method
without using any additional substrate, and the semiconduc-
tor substrate is also etched to form through holes penetrating
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two surfaces thereof. An insulation layer and an electrical
conductive layer are sequentially formed on the microprobes
with a deposition method. Then, an electrical conductive
material is used to connect the electrical pads of the semicon-
ductor circuit and the electrical conductive layers inside the
through holes to achieve the integration of the semiconductor
circuit and the microprobe sensing elements.

[0010] V iaapackaging method, the present invention may
alternatively fabricate the electrical conductive material into
electrical conductive wires or another electrical conductive
layer to electrically connect the electrical conductive layer
and the electrical pads respectively on two surfaces of the
semiconductor substrate. In this embodiment, none through
hole is formed in the semiconductor substrate.

[0011] Below, the embodiments are described in detail in
cooperation with the drawings to make easily understood the
objectives, characteristics and functions of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIGS. 1A-1G are sectional views schematically
showing the method for fabricating an integration structure of
a semiconductor circuit and microprobe sensing elements
according to one embodiment of the present invention;
[0013] FIG. 2 a sectional view schematically showing an
integration structure of a semiconductor circuit and micro-
probe sensing elements according to another embodiment of
the present invention; and

[0014] FIG. 3 is a perspective view of an integration struc-
ture of a semiconductor circuit and microprobe sensing ele-
ments with the electrical conductive material in form of a
plurality of wires according to a further embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Refer to FIGS. 1A-1G sectional views schemati-
cally showing the method for fabricating an integration struc-
ture of a semiconductor circuit and microprobe sensing ele-
ments according to one embodiment of the present invention.
[0016] As shown in FIG. 1A, a semiconductor substrate 1s
provided. The semiconductor substrate is a substrate made of
a material for an IC substrate, such as a silicon chip 10 from
a silicon wafer or a substrate made of an III-V group semi-
conductor material.

[0017] As shown in FIG. 1B, a circuit 20 is formed on the
silicon chip 10. The circuit 20 includes a plurality of electrical
pads 21. A silicon chip usually has a silicon layer with a
thickness of 300-500 pm on the opposite surface thereof.
Herein, the surface having the circuit 20 is defined to be the
first surface, and the opposite surface is defined to be the
second surface.

[0018] As shown in FIG. 1C, a photolithographic method
and an etching method are used to fabricate a microprobe
structure 30 on the second surface of the silicon chip 10
having the completed circuit 20. The microprobe structure 30
is used to detect physiological signals and includes a single
microprobe or a plurality of microprobes. If the microprobe
structure 30 has a plurality of microprobes, the microprobes
are arranged into an array. In this embodiment, the etching
method may be a wet etching method, a dry gas etching
method, an ion reaction etching method, or an electrochemi-
cal etching method.
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[0019] Alternatively, the steps of F1G. 1C can be performed
before the step of FIG. 1B. In other words, the microprobe
structure 30 is fabricated before the fabrication of the circuit
20.

[0020] As shown in FIG. 1D, a photolithographic method
and an etching method are used to fabricate at least one
through hole 11, which penetrates the first and second sur-
faces of the silicon chip 10 and is used for electric conduction.
The silicon chip 10 may have a single through hole 11 or a
plurality of through holes 11.

[0021] As shown in FIG. 1E, a film deposition method is
used to deposit an insulation layer 40 on the second surface.
The through hole 11 penetrating the first and second surfaces
of the silicon chip 10 is also coated with the insulation layer
40. The insulation layer 40 may be made of any electric-
insulation material.

[0022] As shown in FIG. 1F, an electrical conductive layer
50 is deposited on the insulation layer 40, and the electrical
conductive layer 50 is also deposited on the insulation layer
40 inside the through hole 11. Thereby, the through hole 11
has an electric conduction function.

[0023] Theinsulationlayer 40 and the electrical conductive
layer 50 are fabricated with a chemical vapor deposition
method, a physical vapor deposition method, a chemical lig-
uid deposition method, a physical liquid deposition method,
an electroplating method, an electro-forming method, or an
ALD (Atomic Layer Deposition) method.

[0024] As shown inFIG. 1G, an electrical conductive mate-
rial 60, such as a silver paste or a solder bump, is used to
connect the electrical pad 21 with the electrical conductive
layer 50 inside the through hole 11 to complete the integration
structure of the present invention.

[0025] In this embodiment, the through hole is used to
electrically connect two surfaces of the silicon chip, and an
insulation layer is deposited beforehand to prevent the physi-
ological signal voltage level from affecting the operation of
the circuit. In the conventional technology, an additional sub-
strate is usually used to electrically separate and connect the
circuit and MEMS elements both fabricated on semiconduc-
tor substrates. However, the present invention can realize the
circuit and MEMS elements on an identical semiconductor
substrate.

[0026] Refer to FIG. 2 for an integration structure of a
semiconductor circuit and microprobe sensing elements
according to another-embodiment of the present invention.
After the circuit and the microprobe sensing elements are
respectively fabricated in the steps of FIG. 1B and FIG. 1C,
none through hole is fabricated, but an insulation layer and an
electrical conductive layer are directly formed on the second
surface of the silicon chip. Then, a packaging method is used
to electrically connect the electrical pads on the first surface
and the electrical conductive layer on the second surface with
an electrical conductive material. The electrical conductive
material used to electrically connecting the two surfaces of
the silicon substrate may be in form of a single wire, a plu-
rality of wires or a coating to electrically connect a single
microprobe, a group of microprobes or the total microprobe
structure to the corresponding electrical pads. Refer to FIG. 3
a perspective view of an integration structure of a semicon-
ductor circuit and microprobe sensing elements according to
a further embodiment of the present invention, wherein two
microprobe groups 31 and 32 are electrically connected to the
corresponding electrical pad groups 22 and 23 with an elec-
trical conductive material in form of wires 61 and 62.
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[0027] In conclusion, the present invention discloses an
integration structure of a semiconductor circuit and micro-
probe sensing elements and a method for fabricating the
same, wherein a semiconductor substrate is used as the bulk
of a semiconductor circuit and microprobe sensing elements,
and a bulk micromachining method is used to fabricate the
semiconductor circuit and microprobe sensing elements on
the same semiconductor chip and integrate them on the same
semiconductor chip with the problem of electric insulation
being solved simultaneously. Thus, the present invention is an
approach to achieve an SOC (System on Chip) design.
[0028] The embodiments described above are only to
exemplify the present invention but not to limit the scope of
the present invention. Any equivalent modification or varia-
tion according to the spirit of the present invention is to be
also included within the scope of the present invention, which
is based on the claims stated below.

What is claimed is:

1. An integration structure of a semiconductor circuit and
microprobe sensing elements, comprising

a semiconductor substrate having a first surface and a sec-

ond surface, wherein said first surface has a circuit con-
taining a plurality of electrical pads, and said second
surface is etched to form at least one microprobe;

an electrical isolated layer formed on said microprobe;

an electrical conductive layer formed on said electrical

isolated layer; and

an electrical conductive material connecting said electrical

conductive layer and said electrical pads.

2. The integration structure of a semiconductor circuit and
microprobe sensing elements of claim 1, wherein said semi-
conductor substrate is made of a II[-V group material.

3. The integration structure of a semiconductor circuit and
microprobe sensing elements of claim 1, wherein said elec-
trical conductive material is arranged on a periphery of said
semiconductor substrate and fabricated into a single electrical
conductive wire, a plurality of electrical conductive wires, or
another electrical conductive layer.

4. The integration structure of a semiconductor circuit and
microprobe sensing elements of claim 1, wherein said semi-
conductor substrate further comprises a through hole pen-
etrating said first surface and said second surface; said elec-
trical isolated layer is formed on an inner surface of said
through hole; said electrical conductive layer is formed on a
surface of said electrical isolated layer on said inner surface of
said through hole to enable said through hole to perform an
electrical conductive function.

5. The integration structure of a semiconductor circuit and
microprobe sensing elements of claim 4, wherein said elec-
trical conductive material is a silver paste or a solder bump.

6. The integration structure of a semiconductor circuit and
microprobe sensing elements of claim 1, wherein said elec-
trical pads are solder bumps or made of a silver paste.

7. The integration structure of a semiconductor circuit and
microprobe sensing elements of claim 1, wherein said second
surface is etched to form a plurality of said microprobes.

8. The integration structure of a semiconductor circuit and
microprobe sensing elements of claim 7, wherein said micro-
probes are arranged into a microprobe array.

9. The integration structure of a semiconductor circuit and
microprobe sensing elements of claim 7, wherein said micro-
probes are divided into several groups; each said group is
electrically connected to corresponding said electrical pads
via said electrical conductive material.
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10. A method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements,
comprising steps:

providing a semiconductor substrate having a first surface

and a second surface;

forming a circuit on said first surface of said semiconductor

substrate, wherein said circuit has a plurality of electri-
cal pads; and forming at least one microprobe on said
second surface of said semiconductor substrate with an
etching method,

sequentially forming an electrical isolated layer on said

microprobe and an electrical conductive layer on said

electrical isolated layer with a deposition method; and
using an electrical conductive material to connect said

electrical conductive layer and said electrical pads.

11. The method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements of
claim 10, wherein said semiconductor substrate is made ofan
1I-V group material.

12. The method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements of
claim 10, wherein said etching method is a wet etching
method, a dry gas etching method, an ion reaction etching
method, or an electrochemical etching method.

13. The method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements of
claim 10, herein said electrical conductive material is
arranged on a periphery of said semiconductor substrate and
fabricated into a single electrical conductive wire, a plurality
of electrical conductive wires, or another electrical conduc-
tive layer.

14. The method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements of
claim 10 further comprising a step ofusing an etching method
to form at least one through hole penetrating said first surface
and said second surface after said circuit and said microprobe
have been formed.

15. The method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements of
claim 14, wherein said etching method is a wet etching
method, a dry gas etching method, an ion reaction etching
method, or an electrochemical etching method.
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16. The method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements of
claim 14, wherein during forming said electrical isolated
layer on said microprobe and said electrical conductive layer
onsaid electrical isolated layer, said electrical isolated layer is
formed on an inner surface of said through hole, and said
electric-conductor layer is formed on a surface of said elec-
trical isolated layer on said inner surface of said through hole
to enable said through hole to perform an electrical conduc-
tive function.

17. The method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements of
claim 16, wherein said electrical conductive material is a
silver paste or a solder bump.

18. The method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements of
claim 10, wherein said electrical pads are solder bumps or
made of a silver paste.

19. The method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements of
claim 10, wherein said deposition method is a chemical vapor
deposition method, a physical vapor deposition method, a
chemical liquid deposition method, a physical liquid deposi-
tion method, an electroplating method, an electro-forming
method, or an ALD (Atomic Layer Deposition) method.

20. The method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements of
claim 10, wherein said second surface is etched to form a
plurality of said microprobes.

21. The method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements of
claim 20, wherein said microprobes are arranged into a
microprobe array.

22. The method for fabricating an integration structure of a
semiconductor circuit and microprobe sensing elements of
claim 20, wherein during connecting said electrical conduc-
tive layer and said electrical pads, said microprobes are
divided into several groups; each said group is electrically
connected to corresponding said electrical pads via said elec-
trical conductive material.
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