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(57) Abstract: The present invention relates to a sensor system (10). The sensor system comprises at least two contact pads (11), a
read out integrated circuit (12), and a sensor device (13). The read out integrated circuit (12) is stacked on top of the sensor device
(13), and it (12) is connected to the sensor device (13) through a plurality of vias (16). The at least two contact pads (11) are connec-

O ted to the read out integrated circuit (12) and the sensor device (13) through a plurality of vias (16) and metal lines (15).
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A SENSOR SYSTEM AND A METHOD FOR FABRICATING THEREOF

FIELD OF INVENTION
The present invention relates to a sensor system and a method for fabricating

the sensor system.

BACKGROUND OF THE INVENTION

Field Effect Transistor (FET) based chemical or biological sensor devices
are widely used in different field such as medical diagnosis, water treatment
system, food processing and the like for detecting chemical and biological

compounds.

These sensor devices often require data processing devices such as read
out circuit (ROIC) devices in order to produce a useful signal. However, the data
processing devices pose challenges to integrate with the sensor devices especially
in producing a miniaturized sensor system. Manufacturers typically obviate this
problem by arranging a data processing device externally side by side with the
sensor device on a planar. The data processing device is connected with the
sensor device via wire bonding or through planar integration via metal contact line.

Such integration causes signal losses and leakages as it requires long
electrical connection path. Moreover, such integration is dictated by the reduction
of the lithography technology when space is limited. In addition, the integration
requires packaging to protect the connection and the devices from environment.
Separate packaging technologies need to be used for each discrete device due to
the differences in the device height, materials, surface treatment and protection

requirement.

Hence, in order to address the aforementioned issues, there is a need to
provide a sensor system having an integrated sensor device with data processing

device.

SUMMARY OF INVENTION
The present invention relates to a sensor system (10). The sensor system
comprises at least two contact pads (11), a read out integrated circuit (12), and a
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sensor device (13). The read out integrated circuit (12) is stacked on top of the
sensor device (13), and it (12) is connected to the sensor device (13) through a
plurality of vias (16). The at least two contact pads (11) are connected to the read out
integrated circuit (12) and the sensor device (13) through a plurality of vias (16) and

metal lines (15).

Preferably, the sensor system (10) is enclosed while having the at least two
contact pads (11) and a sensing membrane (14) of the sensor device (13) exposed.

Preferably, the sensor device (13) includes a substrate (20) on which is

provided with a sensing membrane (14).

Preferably, the sensor device (13) is a Field Effect Transistor (FET) based

sensor device.

Preferably, the read out integrated circuit (41) is bonded to the sensor device
(42) through a substrate (43).

A method of fabricating a sensor system (10) is also provided. The method
comprises the steps of fabricating a sensor device (13), fabricating a read out
integrated circuit (12) on top of the sensor device (13); and fabricating at least two
contact pads (11) on top of the read out integrated circuit (12).

Preferably, the steps of fabricating the sensor device (13) includes the steps
of depositing a first silicon nitride layer (21) on a substrate (20); depositing a silicon
dioxide layer (22) onto the silicon nitride layer (21); depositing a polysilicon layer (23)
onto the silicon dioxide layer (22); depositing a first sacrificial silicon dioxide layer
(24) onto the polysilicon layer (23); depositing a first sacrificial silicon nitride layer
(25) onto the first sacrificial silicon dioxide layer (24); coating and patterning a first
resist layer (26) onto the first sacrificial silicon nitride layer (25); removing a portion of
the polysilicon layer (23) to produce source/drain implant; removing the first resist
layer (26); producing a channel implant; removing the first sacrificial layers of silicon
dioxide (24) and silicon nitride (25); depositing a first protective silicon dioxide layer
(27); coating and patterning a second resist layer (28) onto the first protective silicon
dioxide layer (27); removing exposed portions (27a) of the first protective silicon
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dioxide layer (27); plugging the removed first protective silicon dioxide layer (16) with
tungsten material (29); and removing the second resist layer (28).

Preferably, the steps of fabricating the read out integrated circuit (12) includes
the steps of depositing a first sacrificial silicon dioxide layer onto the sensor device
(13); depositing a first sacrificial silicon nitride layer (25) onto the first sacrificial
silicon dioxide layer (24); coating and patterning a first resist layer (26) onto the first
sacrificial silicon nitride layer (25); removing a portion of the polysilicon layer (23) to
produce source/drain implant; removing the first resist layer (26); producing a
channel implant; removing the first sacrificial layers of silicon dioxide (24) and silicon
nitride (25); depositing a first protective silicon dioxide layer (27); coating and
patterning a second resist layer (28) onto the first protective silicon dioxide layer (27);
removing exposed portions (27a) of the first protective silicon dioxide layer (27);
plugging the removed first protective silicon dioxide layer (16) with tungsten material

(29); and removing the second resist layer (28).

Preferably, the steps of fabricating the at least two contact pads (11) includes
the steps of. depositing and patterning a second protective silicon dioxide layer (30)
on top of the read out integrated circuit (12); depositing a first metal layer (31) onto
the patterned second protective silicon dioxide layer (30); depositing and patterning a
third protective silicon dioxide layer (32); depositing a second metal layer (33) onto
the patterned third protective silicon dioxide layer (32); coating and patterning a third
resist layer (34) onto the second metal layer (33); etching exposed portion of the
second metal layer (33); removing the third resist layer (34); and back etching the
substrate (20) until the first silicon nitride layer (21).

Advantageously, the present invention prevents a sensor system from fluid

leakage, electrical shortage, and minimize noise signal.

Advantageously, the present invention increases reliability and response
time of a sensor system due to shorter interconnections between the read out

circuit and sensor device.
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BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and constitute a part
of the specification, illustrate embodiments of the invention and, together with the

description, serve to explain the principles of the invention.

FIG. 1 shows a vertical sectional view of a sensor system (10) according to an

embodiment of the present invention.
FIGS. 2(a-s) show a method for fabricating the sensor system (10) of FIG. 1.

FIG. 3 shows a vertical sectional view of a sensor system (40) according to another

embodiment of the present invention.

DESCRIPTION OF THE PREFFERED EMBODIMENT

A preferred embodiment of the present invention will be described herein
below with reference to the accompanying drawings. In the following description, well
know functions or constructions are not described in detail since they would obscure

the description with unnecessary detail.

Referring now to FIG. 1, there is shown a vertical sectional view of a sensor
system (10) according to an embodiment of the present invention. The sensor
system (10) comprises of at least two contact pads (11), a read-out circuit integrated
circuit or ROIC (12), and a sensor device (13). Preferably, the sensor system (10) is
packaged and enclosed with a reliable and leak-free material while having the
contact pads (11) and a sensing membrane (14) of the sensor device (13) exposed.

The contact pads (11) are provided on top of the ROIC (12). The contact pads
(11) allow electrical connectivity of the ROIC (12) and sensor device (13) to an
external circuit. The contact pads (11) are suitably made out of any conductive
material such as copper, alloy and the like. The contact pads (11) are connected to
the ROIC (12) and sensor device (13) through metal lines (15) and vias (16). The
contact pads (11) are configured in accordance with the input/output and power
requirements of the ROIC (12) and sensor device (13).
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The ROIC (12) is stacked on top of the sensor device (13) and it is connected
to the sensor device (12) through a plurality of vias (16). The ROIC (12) is configured
to receive input signals from the sensor device (13) and thereon, process this input
signals to provide a suitable output. The ROIC (12) is an integrated circuit which
includes semiconductor devices such as analog to digital converter, amplifiers,

transistors, capacitors, resistors and the like.

The sensor device (13) includes a substrate (20) on which is provided the
sensing membrane (14) capable for chemical and/or biological sensing. Preferably,
the sensor device (13) is a Field Effect Transistor (FET) based sensor device. The
sensing membrane (14) of the sensor device (13) is provided at the opposing surface
of the ROIC (12) and it is exposed for contact with a sample fluid for sensing
chemical and/or biological properties. In this regard, the contact pads (11) and ROIC
(12) are not exposed to a fluid region and thus, preventing electrical shortage to

occur.

Referring now to FIGS. 2, a method of fabricating the sensor system (10) of
FIG. 1 is provided. The method of fabricating a sensor system (10) generally includes
fabricating a sensor device (13) which includes the steps as shown in FIGS. 2a to 2j;
fabricating a ROIC (12) on top of the sensor device (13) which includes the steps
similar to steps as shown in FIGS. 2b to 2k; and fabricating at least two contact pads
(11) on top of the ROIC (12) which includes the steps as shown in FIGS. 2l to 2s. it
should be understood that the method provided include more or less steps or may be
performed in the context of a larger processing scheme. Furthermore, the method
should not be construed as limiting the order in which the individual steps may be

performed.

Firstly, a silicon nitride layer (21) is deposited on a substrate (20) and
thereon, a silicon dioxide layer (22) is deposited onto the silicon nitride layer (21) as

shown in FIG. 2a.

Next, a doped polysilicon layer (23) is deposited onto the silicon dioxide layer
(22) as shown in FIG. 2b.
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In FIG. 2¢, a first sacrificial silicon dioxide layer (24) is deposited onto the
doped polysilicon layer (23). Thereon, a first sacrificial silicon nitride layer (25) is
deposited onto the first sacrificial silicon dioxide layer (24).

Next, as shown in FIG. 2d, a first resist layer (26) is coated and patterned
onto the first sacrificial silicon nitride layer (25) for selective removal of the doped

polysilicon layer (23).

The doped polysilicon layer (23) is selectively removed by means of plasma
etching or wet chemical etching using hydrofluoric acid (HF), nitric acid (HNO3) and
water (H,O) as shown in FIG. 2e. The selective removal of the doped polysilicon
layer (23) produces source/drain implant. Thereon, the first resist layer (26) is
removed by means of resist stripping using solvents such as acetone, NMP (1-
Methyl-2-pyrrolidon) or DMSO (Dimethyl sulfoxide).

Next, as shown in FIG. 2f, a channel implant is produced by means of ion
implantation of Boron (B), Phosphorus (P) or Arsenic (As).

In FIG. 2g, the first sacrificial layers of silicon dioxide (24) and silicon nitride
(25) are removed. The first sacrificial layers of silicon dioxide (24) and silicon nitride
(25) are removed by means of plasma etching with tetrafluoromethane (CF,),

trifluoromethane (CHF;) or a combination thereof.

Thereon, a first protective silicon dioxide layer (27) is deposited as shown in
FIG. 2h. The first protective silicon dioxide layer (27) is then coated with a second
resist layer (28). The second resist layer (28) is patterned and thus, exposing a
portion of the first protective silicon dioxide layer (27). The exposed portion of the first
protective silicon dioxide layer (27) is then removed to produce vias (16) as shown in
FIG. 2i.

Next, as shown in FIG. 2j, the removed first protective silicon dioxide layer
are plugged with tungsten (29) and thus, producing the vias (16) for the connections
of the sensor device (13). The second resist layer (28) is removed by means of resist
stripping using solvents such as acetone, NMP (1-Methyl-2-pyrrolidon) or DMSO
(Dimethyl sulfoxide).
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The steps as shown in FIG. 2b to FIG. 2j produce the sensor device and the
steps are repeated accordingly for fabricating the ROIC (12). FIG. 2k shows the
fabricated ROIC (12) on top of the sensor device (13).

After the ROIC (12) has been fabricated, a second protective silicon dioxide
layer (30) is deposited and patterned on top of the ROIC (12) as shown in FIG. 2I.

Next, as shown in FIG. 2m, a first metal layer (31) is deposited onto the
patterned second protective silicon dioxide layer (30). The first metal layer (31) is
patterned to produce the metal lines (15) for connectivity of the vias (16) to the
contact pads (11).

Thereon, a third protective silicon dioxide layer (32) is deposited and
patterned to form the contact pads (11) as shown in FIG. 2n. A second metal layer
(33) is then deposited onto the patterned third protective silicon dioxide layer (32) as

shown in FIG. 20.

A third resist layer (34) is then coated and patterned onto the second metal
layer (33) for selective removal of the second metal layer (33) as shown in FIG. 2p.
The exposed portion of the second metal layer (33) is etched by means of plasma
etching using boron trichloride (BCl;) or wet chemical etching of potassium hydroxide
(KOH), sodium hydroxide (NaOH) or phosphoric acid (H3PO4) with nitric acid
(HNOB3), acetic acid (HAc) and water (H20), as shown in FIG. 2q.

in FIG. 2r, the third resist layer (34) is removed by means of resist stripping
using solvents such as acetone, NMP (1-Methyl-2-pyrrolidon) or DMSO (Dimethy!

sulfoxide).

Lastly, the substrate (20) is back etched until it reaches the first silicon nitride
layer (21) and thus, exposing a portion of the first silicon nitride layer (21) as shown
in FIG. 2s. The substrate (20) is back etched by means of wet etching or deep

reactive-ion etching (DRIE).



10

15

WO 2012/118364 PCT/MY2012/000027

8

Referring now to FIG. 3, there is provided a vertical sectional view of a sensor
system (40) in accordance with another embodiment of the present invention. The
sensor system (40) includes a read-out circuit integrated circuit or ROIC (41) stacked
onto a sensor device (42). The ROIC (41) is bonded to the sensor device (42)
through a substrate (43). Preferably, the substrate (43) to bond the ROIC with the

sensor device is made out of silicon.

While embodiments of the invention have been illustrated and described, it is
not intended that these embodiments illustrated and describe all possible forms of
the invention. Rather, the words used in the specifications are words of description
rather than limitation and various changes may be made without departing from the

scope of the invention.
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CLAIMS

1.

A sensor system (10) comprising:
a) at least two contact pads (11),
b) read out integrated circuit (12), and

c) a sensor device (13);

characterized in that the read out integrated circuit (12) is stacked on top of
the sensor device (13), and wherein the read out integrated circuit (12) is
connected to the sensor device (13) through a plurality of vias (16), and
wherein the at least two contact pads (11) are connected to the read out
integrated circuit (12) and the sensor device (13) through a plurality of vias
(16) and metal lines (15).

A sensor system (10) as claimed in claim 1, wherein the sensor system (10)
is enclosed while having the at least two contact pads (11) and a sensing
membrane (14) of the sensor device (13) exposed.

A sensor system (10) as claimed in claim 1, wherein the sensor device (13)
includes a substrate (20) on which is provided with a sensing membrane (14)

A sensor system (10) as claimed in claim 3, wherein the sensor device (13) is

a Field Effect Transistor (FET) based sensor device.

A sensor system (40) as claimed in claim 1, wherein the read out integrated
circuit (41) is bonded to the sensor device (42) through a substrate (43).

A method of fabricating a sensor system (10) as claimed in claim 1,

comprising the steps of:

a) fabricating a sensor device (13);

b) fabricating a read out integrated circuit (12) on top of the sensor
device (13); and

c) fabricating at least two contact pads (11) on top of the read out
integrated circuit (12).

PCT/MY2012/000027
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7. A method as claimed in claim 6, wherein fabricating the sensor device (13)

comprising the steps of:

a) depositing a silicon nitride layer (21) on a substrate (20),

b) depositing a silicon dioxide layer (22) onto the silicon nitride layer (21),

c) depositing a polysilicon layer (23) onto the silicon dioxide layer (22),

d) depositing a first sacrificial silicon dioxide layer (24) onto the
polysilicon layer (23),

e) depositing a first sacrificial silicon nitride layer (25) onto the first
sacrificial silicon dioxide layer (24);

f) coating and patterning a first resist layer (26) onto the first sacrificial
silicon nitride layer (25);

g) removing a portion of the polysilicon layer (23) to produce
source/drain implant;

h) removing the first resist layer (26),

i) producing a channel implant;

j) removing the first sacrificial layers of silicon dioxide (24) and silicon
nitride (25);

k) depositing a first protective silicon dioxide layer (27);

I) coating and patterning a second resist layer (28) onto the first
protective silicon dioxide layer (27),

m) removing exposed portions (27a) of the first protective silicon dioxide
layer (27);

n) plugging the removed first protective silicon dioxide layer (16) with
tungsten material (29); and

o) removing the second resist layer (28).

8. A method as claimed in claim 6, wherein fabricating the read out integrated

circuit (12) comprising the steps of:

a)

b)

c)

depositing a first sacrificial silicon dioxide layer onto the sensor device
(13);

depositing a first sacrificial silicon nitride layer (25) onto the first
sacrificial silicon dioxide layer (24);

coating and patterning a first resist layer (26) onto the first sacrificial

silicon nitride layer (25);

PCT/MY2012/000027
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removing a portion of the polysilicon layer (23) to produce

source/drain implant;

e) removing the first resist layer (26);

f) producing a channel implant;

g) removing the first sacrificial layers of silicon dioxide (24) and silicon
nitride (25);

h) depositing a first protective silicon dioxide layer (27);

i) coating and patterning a second resist layer (28) onto the first
protective silicon dioxide layer (27);

j) removing exposed portions (27a) of the first protective silicon dioxide
layer (27),

k) plugging the removed first protective silicon dioxide layer (16) with
tungsten material (29); and

I) removing the second resist layer (28).

9. A method as claimed in claim 6, wherein fabricating the at least two contact

pads (11) comprising the steps of:

a)

b)

c)
d)

e)

9)
h)

depositing and patterning a second protective silicon dioxide layer (30)
on top of the read out integrated circuit (12),

depositing a first metal layer (31) onto the patterned second protective
silicon dioxide layer (30);

depositing and patterning a third protective silicon dioxide layer (32);
depositing a second metal layer (33) onto the patterned third
protective silicon dioxide layer (32);

coating and patterning a third resist layer (34) onto the second metal
layer (33);

etching exposed portion of the second metal layer (33);

removing the third resist layer (34); and

back etching the substrate (20) until the first silicon nitride layer (21).
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