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ISOLATION PROCESS FOR SURFACE '
MICROMACHINED SENSORS AND ACTUATORS

5
BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a process for fabricating integrated circuit (IC) sensors
and/or actuators and, more particularly, to a process for fabricating electrically isolated silicon
J "islands" which interface with silicon "beams". The islands and beams are constructed in a
manner which completely electrically isolates the islands and beams from the IC substrate, has
a low parasitic capacitance, and may be compatible with a complementary metal oxide
semiconductor (CMOS) process. _ |
Discussion of Related Art
5 Currently, integrated circuit (IC) sensors and actuators, such as accelerometers, pressure

sensors, and gyroscopes are manufactured using either a bulk micromachining process or a
surface micromachining process. "Bulk" micromachining refers to structures formed by deep
anisotropic etching. "Surface" micromachining refers to structures formed from thin film layers
deposited or grown on the surface of a substrate. Surface mi{:romachining has advantages over
0 the previous bulk micromachining process of fabricating IC sensors and actuators because it

permits smaller devices and may by integrated with other circuits on an IC.
Surface micromachining typically involves etching in a silicon substrate deep trenches
~ between 10 microns and 100 microns deep. The resulting silicon structures (called "beams")
are partially released (i.e., detached) from the silicon sﬁbstrate by known prbcesses such as wet
5 or dry etching. This deep tre;gga égﬁhnolg%y_irs) described, for example, in Klaassen, et al.
"Fusion Bonding and Deelszmﬁm::\a’: Etc}?ing:_ A New Technology for Microstructures, "
| Transducers *95, Stockholm, Sweden, 1995. The contents of this article are incorporated herein

by reference.

Fig. 1 is a top view of a typical micromachined sensor or actuator structure 50, (Fig.
0 1 shows four thermal actuators). The sensor/actuator 50 includes a substrate 52 from which a
number of beams 54 are cantilevered via deep trenches 56 formed in the substrate 52. The

beams 34 are connected to the substrate 52 at anchor portions 58.

(\
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by deep the device and the beams, which are electrically isolated by the surrounding silicon dioxide film,

act only as a mechanical structure. One drawback of this technique is that the metalization
* causes metal particles to "creep", thus the sensor or actuator is vulnerable to degraded
performance due to time and temperature. This structure is also subject to a high parasitic

0 capacitance to the IC substrate.

A second technique for electrically isolating sensor/actuator beams from an IC substrate
is to isolate the beams from the substrate by leaving a cavity beneath the beams using a silicon
bonding technique, as described in the Klaassen, et al. article referred to above. The beam
anchors (where one end of beams are connected to the substrate) are electricdlly isolated from

5 the substrate with an intermediate oxide layer grown during silicon wafer bonding.

A third technique for electrically isolating sensor/actuator beams from an IC substrate
is to use impurity difﬁxsiqn to isolate the beams. This technique is prone to parasitic capac_itance
and leakage current.

A fourth technique for electrically isolating sensor/actuator beams from an IC substrate

0 is to fusion bond the beams to a layer of electrically isolating oxide which separates the beams
from the substrate. Although this provides effective electrical isolation, it is difficuit to provide
Planar surfaces for further processing. This is because the beams extend above the [C substrate
by tens of microns. Running metalization to connect them to the IC may be difficult due to the
"steps” in the surface. The beams are surrounded by trenches and diffusion isolation for planar
5 leadouts may cause electrical leakagelat the trench/diffused junction interface. '

r ‘Therefore, it is an object of the present invention to provide a process for manufacturing

IC sensors and/or actuators that completely electrically isolates the sensor’s beams from the
substrate.

It is another object of the present invention to provide a process for manufacturing IC

0 sensors and/or actuators that has low parasitic capacitance.
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deep trench tech I S describe I n aassen, et a

"Fusi on” BSHHPH? TR&EW 13 9%‘“?‘5“’& é‘ﬁ Cﬂ{}% S/pIRERASeSechnol ogy f or

M crostructures,” Transducers 95, Stockholm Sweden, 1995. The contents of
this article are incorporated herein by reference.

SUMMARY OF THE INVENTION
These and other objects of the present invention are provided by a novel process for
fabricating integrated circuit sensor/actuators. In a preferred embodiment of the present
invention, silicon islands are formed in the substrate. These islands are preferably created by
forming deep trenches in the substrate and lining the trenches with oxide. This forms silicon
islands substantially surrounded by electrically insulating oxide. The anchor portion of the
sensor/actuator beams is connected to the islands and is released from the substrate and therefore
the entire beam -- including the anchor portion -- is also electrically isolated from the substrate.
In a preferred embodiment, the IC sensor/actuator is manufactured according to the
following process:
1. forming deep trenches in a substrate, these trenches preferably surround substrate
material on three sides and bottom, thus creating "islands" of substrate material

surrounded by trenches, and leave one side of the island uncovered by the

trenches;

2. lining the trenches with electrically insulating material, such as an oxide, thus
surrounding the substrate material island with an electrical insulator:

3. forming sensor/actuator beams in the substrate material such that the beams

contact the uncovered portion of the islands;
4. using release etching, isolating the sensor/actuator beams from the substrate.
In a preferred embodiment, the island/beam structure may be connected to a CMOS or other IC

structure using conventional metalization processes.
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Fig. 1is atop viewof a typical mcromachi ned sensor or aSM,

st?ucture 50. (Fig. 1 shows four thermal actualersk: THT sepsar+act uat or 50
i ncl udes a substrate 52 from whi ch a nunber Of'bﬂaﬂﬁl—@& at/s BREN il ever ed g
via deep trenches 56 forned in the substrate 52. TherbearE:H4 ar gl connect e

to the wili BESCRIPTION OF THRChRAAVINGS:

The present invention is described with reference to the following figures:

Fig. 1 is a top view of a conventional IC sensor/actuator;

Fig. 2A is a top plan view of an interface between substrate material "islands" and
j sensor/actuator beams according to a preferred embodiment of the present invention;

Fig. 2B is a cross-sectional isometric view of the interface of Fig. 2A taken along line 2B-2B;

Figs. 3A - 3E are cross-sectional views of the interface of Fig. 2 along line 2B-2B illustrating

a preferred process for forming the substrate material islands;

Figs. 4A - 4C are cross-sectional views of the interface of Fig. 2A taken along line 4-4
) illustrating a preferred process for forming the sensor/actuator beams; and

Figs. 5A and 5B are top plan views illustrating metalization of an interface according to a
preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

j Figs. 2A and 2B illustrate a preferred interface 100 between substrate material "1slands "
and sensor or actuator beams (hereinafter occasionally referred to collectively as sensor beams)
according to the present invention. Fig. 2A is a top view and Fig. 2B is a cross-sectional
isometric view taken along line 2B-2B of Fig. 2A. This preferred embodiment includes a
substrate material 102, such as silicon, in which a number of trenches 104 are formed. The

) trenches 104 are preferably U-shaped and line'd on all sides and on the bottom with a layer of
thermal oxide 106 and filled with a trench filling oxide 108, such as a low pressure chemical
vapor deposition of TEOS (tetraethylorthosilicate) or BPSG (borophosphosilicate). (An unfilled
tubular volume 109 may be defined towards the bottom of the trench.) An area of substrate
material 110 is enclosed within each trench 104. These areas 110 are referred to herein as

) "islands”. These islands 110 are surrounded on three sides and on the bottom by the thermal
oxide 106 and trench fill oxide 108 defined in the trenches 104. Thus, the islands are
electrically isolated from the substrate 102 on these sides.

One side 111 of the islands is not covered by the insulating 6xides 106, 108 of the
trenches. The sensor beams 112 connect to the islands at this uncovered side 111. This

) connection is the anchor portion of the beam, such as described with reference to Fig. 1.

4
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i sol at eds igpsoribed swith tefersneeytos Figsc dA d#Gxi Aeprdefdrred metalization of a sensor/actuator
according to the present invention is described with reference to Figs SA and 5B.

Forming The Substrate Material Islands

A preferred process for forming the substrate material islands 110 is described with
reference to Figs. 3A - 3E, which are cross-sectional views of the interface 100 along line iB-
2B. InFig. 3A, a p-type silicon wafer substrate 102 is covered with photoresist 302. (Although
Fig. 3A shows a p-type silicon substrate 102, a person skilled in the art readily understands that
) an n-type substrate could also be used.) The photoresist is removed from selected areas and the

exposed portion of the substrate is heavily doped with boron at a dopant concentration of

10" - 10® cm? to create a p++ region. The p++ region may be used to reduce series

L4}

* resistance. Preferably, if the sensor/actuator being fabricated is being used with CMOS devices

on the same substrate, the doping may occur at the same time as the source and drain formation

Al

during the CMOS fabrication process. After the doping process, the photoresist is removed.

The substrate 102 is then patterned using any suitable pattenﬁng method and etched
using deep trench etching technology to form deep trenches 104. The manner in which the deep
trenches are formed is conventional. The trenches 104 are preferably U-shaped, as seen in Fig.
1. The bottom of the trench 104 is preferably undercut in the following manner. A protective
) layer, such as silicon dioxide, lines the trench walls. An anisotropic etching process using wet
silicon etchants such as' tetra methyl ammonium hydroxide is performed to form a tubular
undercut 306 of silicon at the bottom of the trench. The trench is preferably about 1 to 3
microns wide and 15 microns deep. The result of these processes is seen in Fig. 3B.

Next, all protective layers are stripped from the top and sidewalls of the trench using a
silicon dioxide etchant such as HF. Then, thermal oxidation is performed. This results in a
thermal oxide layer 106 preferably between 0.5 and 1 micron wide. The thermal oxide layer
106 lines the inner walls of the trenches and the top of the substrate 102. This thermal oxide
layer 106 completely. surrounds the silicon islands 110 on three sides and the bottom. The
trench is then filled with trench filling oxide 108, such as TEOS (tetraethylorthosilicate) or
) BPSG (borophosphosilicate) applied using, for example, low pressure chemical vapor deposition

wt
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impurity diffusion to isolate the beans. This techni ue is
par asi t Preferabliideavingoelayerfisevaraldhousand Angstroms (i.e., 2000 Angstroms) Alternatively,
all of the thermal oxide may be etched off using, for example, a wet or dry etching or a
- chemical mechanical poIish. The result of these steps is seen in Fig. 3D.
At this point in the fabrication process, CMOS circuitry may be fabricated on other areas
of the substrate using any suitable CMOS fabrication method. After the CMOS fabrication
process, the sensor/actuator beams may be formed. A metalization layer, preferably about 6000
Angstroms thick, is depoéited over desired portions of the structure using, for example, sputter
deposition. The result of this step is seen in Fig. 3E. The completed silicon islands 110 are
electrically isolated from the substrate material 102. |
Forming the Sensor/Actuator Beams
A preferred process for forming the sensor/actuator beams 112 is described with
reference to Figs. 4A - 4C, which are cross-sectional views of the interface 100 of Fig. 2A taken
along line 4-4. Fig. 4A shows photoresist 402 or other mask on the substrate surface. Asseen
in Fig. 4B, using deep trench etching technology, deep trenches 404 are formed in the substrate
102 to define a number of silicon beams 112. Thése silicon beams 112 are connected to the
silicon islands 110 at the uncovered side 111 of the islands.
As seen in Fig. 4C, the sensor beams 112 are completely released from the substrate
using release etching techniques, such as those described in Shaw, et al. , "A Single Mask
Lateral Accelerometer”, 7th Annual Conference on Solid-State Sensors and Actuators. The
contents of this article are incorporated herein by reference. Because the sensor beams 112 do
not contact the substrate 102, the beams 112 are electrically isolated from the substrate 102.
Metalization
Figs. 5A and 5B illustrate preferred metalization patterns for a sensor/actuator according
to the present invention. Figs. 5A and 5B are top views and show areas where a metalization

layer 502 (preferably aluminum) is located on the substrate in order to contact the silicon islands

6
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fromthe subftrat?
n conclusion, a process for forming an IC sensor/actuator having complete electrical

isolation for the substrate and a low parasitic capacitance is described. The process is

compatible with CMOS processes and thus may be conveniently fabricated with CMOS devices.

The above described embodiments of the invention are intended to be illustratiw.le only.

) Numerous alternative embodiments may be devised by those skilled in the art without departing
from the spirit and scope of the following claims.
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1. A method for connecting beams of an integrated circuit sensor or actuator to a substrate,

the method comprising the steps of:

a. forming trenches in a substrate, the trenches substantially surrounding islands of
substrate material and leaving one side of the island uncovered by the trench;

b. lining the trenches with electrically insulating material; and

c. forming sensor beams in the substrate material such that the beams contact the

open portion of the islands and are released from the substrate.

2. The method of claim 1, wherein the step of forming the sensor beams further includes
using release etching to release the beams from the substrate.

3. The method of claim 1, wherein the step of forming the trenches further comprises the
step of:
etching deep trenches in the substrate;
b. undercutting the trenches; and

c. performing thermal oxidation on the undercut trenches to form an oxide layer on
the walls and bottom of the trench.

4. The method of claim 4, wherein the step of undercutting comprises the steps of:

a. lining walls of the trenches with a protective layer; and

b. performing an anisotropic etch on the trenches.
5. The method of claim 1, wherein the step of forming the sensor beam further comprises
the steps of:

a. forming deep-trenches in the substrate, the deep trenches defining sensor beams

contacting the open portion of the islands; and
b. using release etching to release the beams from the substrate.
8
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substrate prior to the step of forming the trenches.

7. The method of claim 6, wherein the step of forming the heavily doped region occurs

during formation of a source region and a drain region of a CMOS device on the substrate.

8. The method of claim 1, wherein the integrated sensor or actuator is integrated on the
substrate with a CMOS device.

9. An- integrated circuit sensor or actuator, comprisihg:
a, a substrate having a first conductivity type;
b. at least one trench formed in the substrate and filled with an insulator substance,
the trench substantially surrounding an island, the island having an exposed side;

and

c. a sensor or actuator beam connected to the exposed side of the island and released
from the substrate.

10.  The integrated circuit sensor or actuator of claim 9, further comprising a heavily doped
region of the first conductivity type formed in the substrate.

11.  The integrated circuit sensor or actuator of claim 9, wherein the trench further comprises

a layer of thermal oxide lining walls of the trench.

12.  The integrated circuit sensor or actuator of claim 9, wherein the trench further comprises
an unfilled volume defined at a bottom of the trench.

13.  The integrated circuit sensor or actuator of claim 9, wherein the insulator substance is
tetracthylorthosilicate.
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention is described
with reference to the following figures: Fig. 1is atop viewof a
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preferred embodi nent of the present invention.  DETAI LED DESCRI PTI ON OF
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tubul,ar volume 109 may be defined towards the bottomof the trench.) An
area of substrate material 110 is enclosed within gasg ench 104. These
areas 110 are referred to herein as_Zislands". Thegerysl =
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5 .. A preferred process for formng the islands 110 to which the

beams 112 are connected is described with reference to Figs. 3A - 3E. A
f d f f the b 112

preferred process for formng e beans THIS SHEET HAS BEEN
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is described with reference to Figs. 4A - 4C. A preferred netalization of a
.sensor/actuator according to the present inve described with
reference to Figs 5A and 5B. Forming T Tﬁfé) | Islands
A preferred process for forning the substrate %%Nl Ois
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1. forming deep trenches in a substrate, these trenches preferably surrounding

substrate material on three sides and bottom, thus creating "islands" of substrate
) material surrounded by trenches and leaving one side of the island uncovered by
the trench;
2. lining the trenches with electrically insulating material, such as an oxide, thus
' surrounding the substrate material island with an electrical insulator;
3.  forming sensor/actuator beams in the substrate material such that the beams
; contact the uncovered portion of the islands.
4. using release etching, isolating the sensor/actuator beams from the substrate.
The island/beam structure may be connected to a CMOS or other IC structure using conventional

metalization processes.
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duting the CMOS fabrication process. After the dopi ng<E .y

- .phet or'esi st is renoved. The substrate 102. ieRJ REM SHEEW i ng
any suitable patterning nethod and etched using deep tnench et chi ng
technol ogy to form deep trenches 104. The manner in whilc iﬁ fenches
are fornmed is conventional. The trenchgs 104 are preflejab shaped S
seen in Fig. 1. The bottomof the trench 104 is prefercm)runucu ctut—f n{t he
foll owi ng manner. A protective layer, such as silicod dioxide, |ines the
trench walls. An ani sot roISQLbTriiﬂlWESSzEQRJSUREA X silicon etchants
such as tetra nmethyl MIGROMACHINED SENSORDANDOACEUATE RS$rm a tubul ar

undercut 306 of silicon at the bottom of the trenc The trench is
preferably about 1 to 3 mcrons wide and 15 microns deep. The result of

these pr oBACKEGROUNDPeOF THE INVENIBZON Next, all protective layers are
stripped frc')mih& }og End si dewal | s of the trench using a silicon dioxide
et chant such rmal oxidation is performed. This results in a
E Eg: g: gi: gg T{hg?gse&%eﬁﬁ&{ RIAG t¥ DRbUBETOr QabRicARY idtefratet Qitcit d€) sehsts -
and/or actuators and, more particularly, to a process for fabricating electrically isolated silicon
"islands" which interface with silicon "beams". The islands and beams are constructed in a
manner which completely electrically isolates the islands and beams from the IC substrate, has
a low parasitic capacitance, and may be compatible with a complementary metal oxide
} semiconductor (CMOS) process. '
Discussion of Related Art
Curren_tly, integrated circuit (IC) sensors and actuators, such as accelerometers, pressure
sensors, and gyroscopes are manufactured using either a bulk micromachining process or a
surface micromachining process. "Bulk" micromachining refers to structures formed by deep
anisotropic etching. "Surface" micromachining refers to structures formed from thin film layers
deposited or grown on the surface of a substrate. Surface micromachining has advantages over
the previous bulk micromachining process of fabricating IC sensors and actuators because it
permits smaller devices and may by integrated with other circuits on an IC.
Surface micromachining typically involves etching in a silicon substrate deep trenches
" between 10 microns and 100 microns deep. The resulting silicon structures (called "beams")
are partially released (i.e., detached) from the silicon substrate by known processes such as wet .
or dry etching. This deep trench technology is described, for example, in Klaassen, et al.
"Fusion Bonding and Deep Reactive Ion Etching: A Nev} Tecl:mologir for

Microstructures," Transducers ‘95, Stockholm, Sweden, 1995. The
contents of this article are incorporated herein by reference.

Fig. 1 is a top view of a typical micromachined sensor or actuator structure 50, (Fig.
1 shows four thermal actuators). The sensor/actuator 50 includes a substrate 52 from \;vhich a
number of beams 54 are cantilevered via deep trenches 56 formed in the substrate 52. The

beams 54 are connected to the substrate 52 at anchor portions 58.



106 lines the inner walls of the trenches and the top of ‘the substrate 102.
.Thi-s thermal oxide |ayer 106 conpletely surrounds the S]RF- CEh m@fﬁ“}ﬁﬁ )
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on three sides and the bottom The trench is then fille

filling oxide 108, such as.TEGCS (tetraethylorthosilicatp)}or BPSG
(borophosphosi licate) applied using, fgr exanple, |ow pfeps2@F&BmMFal|
vapor deposition ; 6

One problem associated with the beams is electrically isolating them from the substrate.
Several known techniques are used to address this problem. A first technique for electrically
isolating sensor/actuator beams from an IC substrate is to cover the beams with an electrical
insulator such as a silicon dioxide film. A thin film of aluminum (Al) or other suitable metal
is then deposited on the insulator. The metal operates as an electrically conductive portion of
the device and the beams, which are electrically isolated by the surrounding silicon dioxide film,
act onfy as a mechanical structure. One drawback of this technique is that the metalization
causes metal particles to "creep", thus the sensor or actuator is vulperable to degraded
performance due to time and temperature. This structure is also subject to a high parasitic
capacitance to the IC substrate.

A second technique for electrically isolating sensor/actuator beams from an IC substrate
is to isolate the beams from the substrate by leaving a cavity beneath the beams using a silicon
bonding technique, as described in the Klaassen, et al. article referred to above. The beam
‘anchors (where one end of beams are connected to the substrate) are electrically isolated from
the substrate with an intermediate oxide layer grown during silicon wafer bonding.

A third technique for electrically isolating sensor/actuator beams from an IC substrate
is to use impurity diffusion to isolate the beams. This technique is prone to parasitic capacitance
and leakage current.

A fourth technique for electrically isolating sensor/actuator beams from an IC substrate
is to fusion bond the beams to a layer of electrically isolating oxide which separates the beams
from the substrate. Although this provides effective electrical isolation, it is difficult to provide
planar surfaces for further processing. This is because the beams extend above the IC substrate
by tens of microns. Running metalization to connect them to the IC may be difficult due to the
"steps” in the surface. The beams are surrounded by trenches and diffusion isolation for planar

leadouts may cause electrical leakage and high parasitic capacitance
at the trench/diffused junction interface.

Therefore, it is an object of the present invention to provide
a process for manufacturing IC sensors and/or actuators that
completely electrically isolates the sensor’s beams from the
substrate.

It is another object of the present invention to provide a
process for manufacturing IC sensors and/or actuators that has low

parasitic capacitance.



(LPCVD). Part of the tubular portions 306 of the trenches 104 may renain

-.unfilled by the trench filling oxide 108 to defing an unfllled t ubul ar
volume 109 in the trench 104. The result of the$RLEst gRSISs~seen in Fig. 3C
The trench filling oxide 108 on top of the subsfrately gt enoved
and the thernal. oxi de 106 on the top ofy the substyrate is Pe gd and.
et ched using, for exanple, wet etchl tgr—pr ef er gblj 9119?2/ gr of
several thousand Angstrons (i.e., 2000 Angstrofs). AIterna e all of
t he thernmal oxide may be etched of f using, for]f dry

etching or a

It is another object of the present invention to provide a process for manufacturing IC
sensors and/or actuators that has low parasitic capacitance. _

It is yet another object of the present invention to provide a process for manufacﬁxri_ng
IC sensors and/or actuators that is compatible with CMOS processes.

SUMMARY OF THE INVENTION

These and other objects of the present invention are provided by a novel process for
fabricating integrated circuit sensor/actuators. In a preferred embodiment of the present
invention, silicon islands are formed in the substrate. These islands are preferably created by
forming deep trenches in the substrate and lining the trenches with oxide. This forms silicon
islands substantially surrounded by electrically insulating oxide. The anchor portion of the
sensor/actuator beams is connected to the islands and is released from the substrate and therefore
the entire beam - including the anchor portion -- is also electrically isolated from the substrate.

In a preferred embodiment, the IC sensor/actuator is manufactured according to the
following process:

1. forming deep trenches in a substrate, these trenches preferably surround substrate
material on three sides and bottom, thus creating "islands” of substrate material
surrounded by trenches, and leave one side of the island uncovered by the
trenches; |

2. lining the trenches with electrically insulating material, such as an oxide, thus
surrounding the substrate material island with an electrical insulator; '

3. forming sensor/actuator beams in the substrate material such that the beams
contact the uncovered portion of the islands; _

4, using release etching, isolating the sensor/actuator beams from the substrate.

In a preferred embodiment, the island/beam structure may be connected to a CMOS or other IC

structure using conventional metalization processes.



chem cal nechani cal polish. The result of these step

s seen in Fig. 3D

- At .this point in the fabrication process, CMOS circ bgat ed
‘on other areas of the substrate using any suitable ; hod.
After the CMOS fabrication process, the sensor/actudtgr y
formed. A netalization |ayer, preferabhy"abdut. 6000 Al gsﬂrzqrﬁgtjb s
deposited over desired porti'ons of the=structure us{ng,  for. exa
sputter deposition. .The result of - this step is seenfin e i
conpleted silicon islands 110 are electrically isolatec itrate
material 102. Form ng the' Sensor/ Act uat or Beans “€rred

process for formng the sensor/actuator beans 112 is described with
reference to Figs. 4A - 4C, which are cross-sectional views of the
interface 100 of Fig. 2A taken along line 4-4. Fig. 4A shows photoresi st

402 or other mask on the substrate surface. As seen in Fig. 4B, using deep

trench eBREEF DESERIRTION\OF TEFODRAWINGS 404 are forned in the substrate

The present invention is described with reference to the following figures:
Fig. 1 is a top view of a conventional IC sensor/actuator;
Fig. .2A, is a top plan view of an interface between substrate material "islands" and
sensor/actuator beams according to a preferred embodiment of the present invention;
Fig. 2B is a cross-sectional isometric view of the interface of Fig. 2A taken along line 2B-2B;
Figs. 3A - 3E are cross-sectional views of the interface of Fig. 2 along line 2B-2B illustrating
a preferred process for forming the substrate material islands;
Figs. 4A - 4C are cross-sectional views of the interface of Fig. 2A taken along line 4-4
illustrating a preferred process for forming the sensor/actuator beams; and
Figs. 5A and 5B are top plan views illustrating metalization of an interface according to a

preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figs. 2A and 2B illustrate a preferred interface 100 between substrate material “islands”
and sensor or actuator beams (hereinafter occasionally referred té collectively as sensor beains)
according to the present invention. Fig. 2A is a top view and Fig. 2B is a cross-sectional
isometric view taken along line 2B-2B of Fig. 2A. This preferred embodiment includes a
substrate material 102, such as silicon, in which a number of trenches 104 are formed. The
trenches 104 are preferably U-shaped and lined on all sides and on the bottom with a layer of
thermal oxide 106 and filled with a trench filling oxide 108, such as a low pressure chemical
vapor deposition of TEOS (tetraethylorthosilicate) or BPSG (borophosphosilicate). (An unfilled
tubular volume 109 may be defined towards the bottom of the trench.) An area of substrate
material 110 is enclosed within each trench 104, These areas 110 are referred to herein as
"islands". These islands 110 are surrounded on three sides and on the bottom by the thermal
oxide 106 and trench fill oxide 108 defined in the trenches 104. Thus, the islands are
electrically isolated from the substrate 102 on these sides. _

One side 111 of the islands is not covered by the insulating oxides 106, 108 of the
trenches. The sensor beams 112 connect to the islands at this uncovered side 111. This

connection is the anchor portion of the beam, such as described with reference to Fig. 1.



102 to define a nunber of silicon beans 112. These silicon beans 112 are

- conneeted to the silicon islands 110 at the uncovered side 111 of the

i sl ands. As seen in Fig. 4C, the sensor bea ti2-are—conpletel y
rel eased fromthe substrate using rel ease etching .M(HIMSI‘ITSSIEEEES t hose
described in Shaw -et al. , "A Single Mask Lateral| Accel'ero 1 qth.

Annual Conference on Solid-State Sensors-and Actuaf ofs. UgEEPC@Qe tq of
this article are incorporated herein by reference. Becg h ensqr beans
112 do not contact the substrate 102, the beans 11p ‘are—eteetricalll y
I solated fromthe substrate 102. Met al i zatijon Figs. 54 and 5B
illustrate preferred netalization patterns for a sensor/actuatur—actcordi ng
to the present invention. Figs. 5A and 5B are top views and show areas
where a net al A pedférced proagess fos @@n(ing the dslads \ 16 kauwhichithe beamb dt2aaredonmectetie

substrat % cic:?cncr)xr:cfI With trgfcx%?x&t t%(\};igst. @?\ 3 5]!'2' %Ogrefe%rleg rfa%scess for forming the beams 112

is described with reference to Figs. 4A - 4C, A preferred metalization of a sensor/actuator

according to the present invention is described with reference to Figs SA and 5B.

Forming The Substrate Material Islands

A preferred process for forming the substrate material islands 110 is described with
reference to Figs. 3A - 3E, which are cross-sectional views of the interface 100 along line 2B-
2B. InFig. 3A, a p-type silicon wafer substrate 102 is covered with photoresist 302. (Although
Fig. 3A shows a p-type silicon substrate 102, a person skilled in the art readily understands that
an n-type substrate could also be used.) The photoresist is removed from selected areas and the
exposed portion of the substrate is heavily doped with boron at a dopant concentration of
10" - 10* cm? to create a p++ region. The p++ region may be used to reduce series
resistance. Preferably, if the sensor/actuator being fabricated is being used with CMQS devices
on the same Substrate, the doping may occur at the same time as the source and drain formation
during the CMOS fabrication process. After the doping process, the photoresist is removed.

The substrate 102 is then patterned using any suitable patterriing method and etched
using deep trench etching technology to form deep trenches 104. The manner in which the deep
trenches are formed is conventional. The trenches 104 are preferably U-shaped, as seen in Fig.
1. The bottom of the trench 104 is preferably undercut in the following manner. A protective
layer, such as silicon dioxide, lines the trench walls. An anisotropic etching process using wet
silicon etchants such as tetra methyl ammonium hydroxide is performed to form a tubular
undercut 306 of silicon at the bottom of the trench. The trench is preferably about 1 to 3
microns wide and 15 microns deep. The result of these processes is seen in Fig. 3B.

Next, all protective layers are stripped from the top and sidewalls of the trench using a
silicon dioxide etchant such as HF. Then, thermal oxidation i_s performed. This results in a
thermal oxide layer 106 preferably between 0.5 and 1 micron wide. The thermal oxide layer
106 lines the inner walls of the trenches and the top of the substrate 102. This thermal oxide
layer 106 complctely'surrounds the silicon islands 110 on three sides and the bottom. The
trench is then filled with trench filling oxide 108, such as TEOS (tetraethylorthosilicate) or

BPSG (borophosphosilicate) applied using, for example, low pressure chemical vapor deposition



(LPCVD). Part of the tubular portions 306 of the trenches 104 may remain unfilled by the
trench filling oxide 108 to define an unfilled tubular volume 109 in the trench 104. The result
of these steps is seen in Fig. 3C. .

The trench filling oxide 108 on top of the substrate (if any) is removed and the thermal
oxide 106 on the top of the substrate is patterned and etched using, for example, wet etching, |
preferably leaving a layer of several thousand Angstroms (i.e., 2000 Angstroms). Alternatively,
all of the thermal oxide may be etched off using, for example, a wet or dry etching or a
' _chemical mechanical poiish. The result of these steps is seen in Fig. 3D.

At this point in fhe fabrication process, CMOS circuitry may be fabricated on other areas
of the substrate using any suitable CMOS fabrication method. After the CMOS fabrication
process, the sensor/actuator beams may be formed. A metalization layer, preferably about 6000
Angstroms thick, is deposited over desired portions of the structure using, for example, sputter
deposition. The result of this step is seen in Fig. 3E. The.completed silicon islands 110 are
electrically isolated from the substrate material 102.

Forming the 'Sensor/Actuator Beams

- A preferred process for forming the sensor/actuator beams 112 is described with
| reference to Figs. 4A - 4C, which are cross-sectional views of the interface 100 of Fig. 2A taken
along-line 4-4. Fig. 4A shows photoresist 402 or other mask on the substrate surface. As seen
in Fig. 4B, using deep trench etching technology, deep trenches 404 are formed in the substrate
102 to define a number of silicon beams 112. These silicon beams 112 are connected to the -
silicon islands 110 at the uncovered side 111 of the islands.

As seen in Fig. 4C, the sensor beams 112 are completely released from the substrate
using release etching techniques, such as those described in Shaw, et al. , "A Single Mask
Lateral Accelerometer”, 7th Annual Conference on Solid-State Sensors and Actuators. The
contents of this article are incorporated herein by reference. Because the sensor beams 112 do
not contact the substrate 102, the beams 112 are electrically isolated from the substrate 102.

Metalization

Figs. 5A and 5B illustrate preferred metalization patterns for a sensor/actuator according
to the present invention. Figs. 5A and 5B are top views and show areas where a metalization

layer 502 (preferably aluminum) is located on the substrate in order to contact the silicon islands



110, which are electrically connected to the beans. ‘112 Fig. 5A al so shows
~where-a contact cut out and a via cut out are | ogated- Preferably,
the metalization steps described above are perfo BLA{’E@E\FDN;\
sensor/act uator beam form.ng process. Thus, the be§ ‘m-'ha—-ae-#ﬁii. E s is the
final process in whi ¢h 1ithographic pat;ternl ng y 9%2?__%53 I'n
concl usion, a process for form ng an TCT3ensor/agt lat |99§ cionpl et e
electrical isolation for the substrate and a | oW parasitic capagitlance is
described. The process is conpatible with CMOS
conveniently fabricated with CMOS devi ces.
enbodi ne of. 1he i on are ded b |IIu rative only. Nunerous
al t er nat {]‘\L}g’ gﬁﬁ%&fengﬁ “ﬁ}ﬁ \5‘?@'@ ewsﬁﬁt)sglgslér“l dS?\OW Weagl‘fmﬁf’ft hout

depart i nguf owtrind AeisQitrout a@n&a&aope of the follow ng clains.

~ Preferably, the metalization .steps described above are performed prior to the
sensor/actuator beam forming process. Thus, the beam forming process is the final process in
which lithographic patterning may be needed.

In conclusion, a process for forming an IC sensor/actuator having complete electncal
isolation for the substrate and a low parasitic capacitance is described. The process is
compatible with CMOS processes and thus may be conveniently fabricated with CMOS devices.

The above described embodiments of the invention are intended to be illustrative only.
Numerous alternative embodiments may be devised by those skilled in the art without departing
from the spirit and scope of the following claims.
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We claim:

1. A method for connecting beams of an integrated circuit sensor or actuator to a substrate,
the method comprising the steps of: |
a. forming trenches in a substrate, the trenches substantially surrounding islands of
substrate material and leaving one side of the islan& uncovered by the trench;
b. lining the trenches with electrically insulating material; and
c. forming sensor beams in the substrate material such that the beams contact the

open portion of the islands and are released from the substrate.

2. The method of claim 1, wherein the step of forming the sensor beams further includes

using release etching to release the beams from the substrate.

3. The method of claim 1, wherein the step of forming the trenches'further comprises the

step of:.
a. etching deep trenches in the substrate;
b. undercutting the trenches; and
c. performing thermal oxidation on the undercut trenches to form an oxide layer on
the walls and bottom of the trench.
4. The method of claim 4, wherein the step of undércutting comprises the steps of:
a. lining walls of the trenches with a protective layer; and
b. performing an anisotropic etch on the trenches.
S. The method of claim 1, wherein the step of forming the sensor beam further comprises -
the steps of: |

a. forming deep trenches in the substrate, the deep trenches defining sensor beams
contacting the open portion of the islands; and
b. using release etching to release the beams from the substrate.



- _s‘ensor or actuator to a substrate, the nethod conptfi

W claim 1. A nmet hod for connecting beans of

Lntegrated circuit
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formng trenches in a substrate, the trenche

surroundl ng i slands of substrate _mat erifal and [eavi ne
si de- of - uiﬂm'lm& H”m"ered by the-trgnchi.. * - b 22'95'@ ?@;ng
trenche ly insulati ng“ﬁm‘erl aI a ior m ng

sensor béamt ih the *substrate material such that tthe beW»acﬂ tthe
open portion of the islands and are rel eased from uhstrat e. {

6. The method of claim 1, further comprising fonmng a heavily doped region in the

substrate pnor to the step of forming the trenches.

7. The method of claim 6, wherein the step of forming the heavily doped region occurs
during formation of a source region and a drain region of a CMOS device on the substrate.

8. The method of claim 1, wherein the integrated semsor or actuator is integrated on the
substrate with a CMOS device.

9. An integrated circuit sensor or actuator, comprising:
a. a substrate having a first conductivity type;
b. at least one trench formed in the substrate and filled with an insulator substance,
the trench substantially surrounding an island, the island having an exposed side;
and _ .
c. a sensor or actuator beam connected to the exposed side of the island and released
from the substrate.

10.  The integrated circuit sensor or actuator of claim 9, further comprising a heavily doped

region of .the first conductivity type formed in the substrate.

11.  The integrated circuit sensor or actuator of claim 9, wherein the trench further comprises

a layer of thermal oxide lining walls of the trench.

12.  The integrated circuit sensor or actuator of claim 9, wherein the trench further comprises
an unfilled volume defined at a bottom of the trench.

13.  The integrated circuit sensor or actuator of claim 9, wherein the insulator substance is
tetracthylorthosilicate.



2. The nethod of claim1, wherein the step of form ng the sensor beans
further incl udes using rel ease etching to relegse the beans fromthe
substrate. The nethod of claim1, wher m ng the
trenches er rises the step of:. p trenches

further co i
in the s jﬂﬂ‘ll I'i t) " Underf cutiy ng the an
perform IJ IH|| on on-the unggﬁcut tfe crﬁegF@g f]gwm n oxr de

| ayer on t he vvalls and bottom of t e tr’ench

14.  The integrated circuit sensor or actuator of claim 9, wherein the insulator substance is
borophosphos111cate



4.~ .The nethod of claim4, wherein the step ¢ crerenttn ri sest
steps -of : a. lining walls of the tlroe k K&.EM;: tEE@?{Ji ve i
| ayer; and b. perform ng an anisotro | etch on tne renches.
5. The method of claim.1l, wherein the step 1.:‘ H?@ 5n>or beam -~
further conprises the steps of: eep enth,as in the
substrate, the deep- trenches defi ni ng sen sensor , jcontacting
t he open portion of ‘the islands; and b. u5| ng reI ease ptching-to
rel ease the beams fromthe substrate '
ISOLATION PROCESS FOR SURFACE MICROMACHINED SENSORS AND
ACTUATORS

ABSTRACT
A novel process for fabricating an integrated circuit sensor/actuator is described. Silicon
islands are created by forming deep trenches in a substrate and lining the trenches with oxide.
This forms silicon islands substantially surrounded by electrically isolating oxide. The anchor
portion of the sensor/actuator beams is connected to the islands and is released from the
substrate and therefore is also electrically isolated from the substrate. The IC sensor/actuator
is manufactured according to the following process:

1. forming deep trenches in a substrate, these trenches preferably surroundmg
substrate material on three sides and bottom, thus creating "islands" of substrate
material surrounded by trenches and leaving one side of the island uncovered by
the trench;

2. lining the trenches with electrically insulating material, such as an oxide, thus
surrounding the substrate material island with an electrical insulator;

3. forming sensor/actuator beams in the substrate material such that the beams
contact the uncovered portion of the islands.

4, using release etching, isolatixig the sensor/actuator beams from the substrate.

The island/beam structure may be connected to a CMOS or other IC structure using conventional

metalization processes.
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6. . The nmethod of claiml, further conprising formng a heavily doped
Fegion'in the substrate prior to the step of forming the trenches. 7.

The nethod of claim®6, wherein the step of form ng the heavily doped region
occurs during formation of a source region and a drain regi
device on the substrate. 8. The nethod of claim1, wheREp
I ntegrated sensor or actuator is integrated on the substrate
device. 2
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11. The integrated circuit sensor or actuator of claim9, wherein the
trench further conprises a |layer of thermal oxide lining walls of the

trench. 12.

wherein the trench further conprises an unfilled volum gef-ned—at-
The-integrated cireuit sensor QﬁREEﬁA@Rﬁﬁ%@fSHEET

of the trench. 13. .

The integrated circuit sensor or actuator of claim9,
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14. The integrated circuit sensor or actuator of claim9, wherein the
insul ator substance is borophosphosilicate.
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