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SINGLE-MASK FABRICATION PROCESS
FOR LINEAR AND ANGULAR
PIEZORESISTIVE ACCELEROMETERS

What is needed is a fabrication process that de?nes all

components simultaneously in a Silicon-on-Insulator (SOI)
Wafer using a single mask. Further, What is needed is a fab

rication technique Which reduces the complexity of the fab
rication and to alloW for higher operational temperatures than
traditional pieZoresistive accelerometers by elimination of

RELATED APPLICATIONS

The present application is related to US. Provisional
Patent Application, Ser. No. 60/726,684, ?led on Oct. 13,
2005, and Ser. No. 60/726,723, ?led on Oct. 13, 2005, Which
are incorporated herein by reference and to Which priority is

any pn-junction.

claimed pursuant to 35 USC 119.

fabricating pieZoresistive accelerometers. Normally multiple

BRIEF SUMMARY OF THE INVENTION

The illustrated embodiment of the invention is a method for

masks are required When fabricating pieZoresistive acceler
ometers. By utiliZing silicon-on-insulator (SOI) Wafers With a
selected resistivity, the fabrication process of the illustrated
requires only one mask, thus reducing both the complexity

BACKGROUND OF THE INVENTION

1. Field of the Invention
The invention relates to the ?eld of the methods for fabri

and cost. Furthermore, the use of SOI Wafers eliminates the

cating pieZoresistive accelerometers.
2. Description of the Prior Art
The fabrication of pieZoresistive accelerometers is Well
knoWn. While silicon-on-insulator (SOI) Wafers have previ

need for a pn-junction normally required in pieZoresistive
sensors, alloWing for less temperature sensitive sensors.
20

ously been utiliZed to fabricate pieZoelectric accelerometers,
these prior art processes use comparatively complex fabrica

The invention is to be used for acceleration measurements,

tion steps that require multiple masks and additional doping
of the Wafers. Examples of such processes are disclosed in

Partridge et. al. “A High-Performance Planar PieZoresistive
Accelerometer”, Journal of Microelectromechanical Sys
tems, Vol. 9, No. 1, pp. 58-66, 2000; and S. Huang et. al. “A
PieZoresistive Accelerometer With Axially Stressed Tiny
Beams forboth Much Increased Sensitivity and Much Broad
ened Frequency Bandwidth”, IEEE Transducers Conference

25

including, but not limited to, the folloWing applications: air
bag deployment systems, car crash testing, munitions testing,
inertial measurements, etc.
No prior art is knoWn to exist Where Wafers With a selected

30

2003, pp. 91-94, 2003.
The manufacture of pieZoresistive angular accelerometers

resistivity are utiliZed to accomplish pieZoresistive acceler
ometers Without any additional doping fabrication steps. Fur
thermore, pieZoresistive accelerometers have never previ
ously been fabricated using a single mask.
More particularly the illustrated embodiment of the inven
tion is an accelerometer and a method of fabricating an inte

grated accelerometer comprising the steps of: providing an

is also previously knoWn. HoWever, their fabrication is com

paratively complex and requires additional doping of the

Since only one mask is required, the fabrication complex
ity is greatly reduced. In addition the accelerometers Will be
able to operate at higher temperatures.

35

SOI Wafer With a selected resistivity to eliminate any need for

Wafers. Examples such disclosures can be found in N.
FurukaWa et. al., “A structure of angular acceleration sensor

additional doping of the SOI Wafer; providing a single-mask
on the SOI Wafer; and simultaneously de?ning all compo

using silicon cantilevered beam With pieZoresistors”, IEEE

nents of the accelerometer in the SOI Wafer Without using any
pn-junctions to de?ne any pieZoresistive components and to

Conference on Industrial Electronics, Control, Instrumenta
SOI fabrication processes have been used in the past to
achieve less temperature sensitive pressure sensors. HoWever,

provide the same resistivity of all components.
The step of simultaneously de?ning all components of the
accelerometer in the SOI Wafer comprises de?ning all com

pressure sensors are very different from accelerometers and

ponents of a linear or angular accelerometer.

tion, and Automation, 1992, pp. 1524-1529, 1992.

40

do not require a free-standing proof mass. Also, While utiliZ

ing SOI Wafers, these prior art methods still require multiple

45

fabrication steps and masks. Disclosures are to be found in

The illustrated embodiment can also be characterized as an
improvement in a fabrication process for an accelerometer or
an accelerometer fabricated by an improvement in a method

“Dielectrically Isolated Transducer Employing Single Crys

comprising de?ning all components in a Wafer simulta

tal Strain Gages”, US. Pat. No. 4,510,671.

neously using a single mask.

PieZoresistive accelerometers are traditionally fabricated
by doping selected areas of a Wafer to create isolated pn

The step of de?ning all components in a Wafer simulta
50

neously using a single mask comprises the step of dry etching

junctions. Often, tWo separate doping steps are employed to

SOI Wafers that have a selected resistivity to de?ne pieZore

obtain both highly-doped conductors as Well as lightly-doped

sistors Which are isolated from each other Without the use of
a pn-junction.

pieZoresistors. Once the pieZoresistors and conductors have
been de?ned, additional fabrication steps are required to etch
the suspension system as Well as the free-standing proof
mass, Which normally de?ects in the out-of-plan direction.
Typical disclosures are published in L. Roylance et. al., “A
batch fabricated silicon accelerometer”, IEEE Transactions
on Electron Devices, ED-26, pp. 1911-1917, 1979; and I.
Pavelescu et. al., “Uniaxial silicon pieZoresistive accelerom

55

step of de?ning loW resistance conductors by de?ning the
conductors to be much Wider than the pieZoresistors.

The step of de?ning all components simultaneously using
60

eter”, IEEE International Semiconductor Conference, 2000,

The step of de?ning all components simultaneously using

complex and costly manufacturing. In addition, pn-junctions
sensors.

a single mask comprises the step of de?ning on the silicon
chip reference resistors to provide components for a second
half of a Wheatstone bridge to eliminate the need for external
resistors.

vol. 2, pp. 479-482, October 2000. Normally four or more
masks are used in the prior art fabrication process making for

have high leakage currents at temperatures above 1500 C.,
Which is therefore the highest operational temperature of the

In another embodiment the step of de?ning all components
in a Wafer simultaneously using a single mask comprises the

65

a single mask comprises the step of de?ning linear and angu
lar accelerometers With linear output characteristics.

The step of de?ning all components simultaneously using
a single mask comprises the step of simultaneously de?ning a

US 7,939,355 B2
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proof mass, suspension, narrow pieZoresistors, narrow refer

placement is proportional to the applied force or acceleration.
The pieZoresistive effect causes a change in resistance, AR,

ence resistors, and Wide conductors in a device layer on a

When a conductive material With initial electrical resistance

silicon-on-insulator (SOI) Wafer.
The step of de?ning a proof mass comprises the step of

RO is subjected to stress.Assuming that the stress in a pieZore

sistor is mainly in the longitudinal direction, the change in

removing a silicon oxide layer in the silicon-on-insulator
(SOI) Wafer underneath the proof mass except for areas in the
silicon oxide layer Without release holes Which de?ne anchor
points for the proof mass.

resistance AR due to a change in beam length AL is

(1)

While the apparatus and method has or Will be described

for the sake of grammatical ?uidity With functional explana
tions, it is to be expressly understood that the claims, unless
expressly formulated under 35 USC 112, are not to be con

Where RO is the initial resistance, L0 is the initial length, and

strued as necessarily limited in any Way by the construction of

GF is the gage factor. The gage factor can be calculated as

“means” or “steps” limitations, but are to be accorded the full

Young’s modulus multiplied by the pieZoresistive coe?icient,

scope of the meaning and equivalents of the de?nition pro
vided by the claims under the judicial doctrine of equivalents,

Which are both determined by the material used.

Accelerometer Principles

and in the case Where the claims are expressly formulated
under 35 USC 112 are to be accorded full statutory equiva
lents under 35 USC 112. The invention can be better visual

iZed by turning noW to the folloWing draWings Wherein like

For a quasi-static accelerometer, the de?ection at the center

of its proof mass is given by
20

elements are referenced by like numerals.

x = _“

FIG. 1 is a diagram Which illustrates the principle of simul
taneous extension and compression of pieZoresistive compo

(2)

emf

BRIEF DESCRIPTION OF THE DRAWINGS
25

Where x is the de?ection, a the acceleration, and f”, the

natural frequency. For example, the conceptual illustration in

nents couple to a proofmass.
FIG. 2 is a circuit diagram of a conventional Wheatstone

FIG. 1 shoWs hoW a proof mass 10 de?ects due to applied
acceleration, a. The de?ection leads to bending around the

bridge used in accelerometers.

centrally located suspension beam 12 extending betWeen

FIGS. 3a-3c are side cross sectional vieWs of a Wafer in 30 mass 10 and a support 16, in turn stretching one of the

pieZoresistors 1411 by AL and compressing the other pieZore

Which the process of the invention is practiced as seen through
the section lines 3-3 ofFIG. 3d. FIG. 3d is a top plan vieW of

sistor 14b by AL. This leads to increased resistance in the
stretched pieZoresistor 14a and decreased resistance in the

the completed accelerometer fabricated by the steps of FIGS.
311-30.
FIG. 4 is a top plan vieW of a linear accelerometer fabri

cated according to the invention.
FIG. 5 is a top plan vieW of an angular accelerometer
fabricated according to the invention.
FIG. 6 is a microphotograph of a pieZoresistor fabricated
according to the invention.

35

compressed pieZoresistor 14b, in accordance With equation
(1). Thus, by detecting the change in resistance of pieZoresis
tors 14a and 14b, the acceleration can be measured.

Simple Readout Circuitry
40

In order to obtain an output voltage a Wheatstone bridge 18
With a voltage source 22 connected betWeen contacts 31a and
31b as shoWn in the circuit diagram of FIG. 2 can be used.

The invention and its various embodiments can noW be

Half of the bridge is comprised of the pieZoresistors 14a and

better understood by turning to the folloWing detailed

14b of FIG. 1 and the other tWo resistors 20a and 20b are
reference resistors, Which are ideally included on the chip or

description of the preferred embodiments Which are pre
sented as illustrated examples of the invention de?ned in the
claims. It is expressly understood that the invention as de?ned
by the claims may be broader than the illustrated embodi

Wafer (not shoWn in FIG. 1) With the accelerometer and have
45

the same temperature coef?cients as the pieZoresistors 14a

and 14b. Assuming the initial resistances are all equal, the
output voltage 21 betWeen contacts 32a and 320 is VoutIV1n><

ments described beloW.

AR/(2R).
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The illustrated embodiment is a method for fabricating
pieZoresistive accelerometers based on using Silicon-on-In
sulator (SOI) Wafers. By choosing Wafers With a certain resis
tivity, the need for doping steps can be eliminated from the

Fabrication Process
50

In addition to decreasing the number of fabrication steps,
the single-mask process depicted in side cross sectional vieWs
of FIGS. 3a-3c as seen through the section lines 3-3 of the top

plan vieW of FIG. 3d alloWs for higher operational tempera
tures than sensors Where pn-junctions are used to insulate the
55

fabrication process and the devices can be fabricated using

pieZoresistors due to large leakage currents in pn-junctions
above 1500 C. As shoWn in FIG. 3a the process utiliZes

only a single photomask. BeloW We provide a description of

Silicon-on-Insulator (SOI) Wafers 24 and the proof mass 10,

pieZoresistivity and the operation of pieZoresistive acceler

suspension 12, thin pieZoresistors 14a, 14b, reference resis

ometers and then the illustrated embodiment of the invention
is described in detail.

tors 20a, 20b and Wide conductors 28 are de?ned in the device
60

PieZoresistivity

substrate 24a, a silicon dioxide layer 24b and a silicon device
layer 240 in Which the components are to be de?ned. Wafer 24
is photolithographically patterned With a photoresist 26 in a
conventional manner. The components are selectively de?ned

Assume that a force is applied to the end of a long isotropic
bar. The stress, (I, is then de?ned as F/A, Where F is the
applied force, and A the cross-sectional area. The resulting

strain, E, is the change in length divided by the initial length,
AL/LO. As long as the strain is not too large, many solid

materials behave like linear springs, meaning that the dis

layer simultaneously. The Wafer 24 is comprised of a silicon

65

or etched using deep reactive ion etching (DRIE) in layer 240
as shoWn in the step of FIG. 3b. The photoresist 26 is stripped
and the silicon oxide layer 24b underneath the silicon device

US 7,939,355 B2
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layer 240 is then selectively removed With hydro?uoric (HF)
FIG. 30 and a free-standing proof mass 10 is obtained as

10d Will also increase by an equal amount, the differential
output voltage betWeen pads 32d and 32b Will not change and
the Wheatstone bridge 18 Will still be balanced. Similar argu

shoWn in the top plan vieW of FIG. 3d. Areas Without release
holes de?ne anchor points 30.

ments can be made for linear accelerations in the other direc
tions.

The accelerometers are designed to emulate a Wheatstone
bridge 18 as diagrammed in FIG. 2. In a linear accelerometer
fabricated as shoWn in FIG. 4, a half-bridge con?guration is
used With both the pieZoresistors 14a and 14b and reference
resistors 20a and 20b included on the chip. A bias voltage is

HoWever, When an angular acceleration is applied there
Will be a change in output voltage. For example, assume

applied betWeen bonding pads 31a and 31b. Applied accel

14a corresponding to mass 10b, pieZoresistor 20a corre

acid that penetrates through the etch holes 11 as shoWn in

clockWise acceleration, Which Will lead to compression (de

creased resistance) of the trailing pieZoresistors, namely
pieZoresistor 14b corresponding to mass 10a, pieZoresistor
sponding to mass 100, and pieZoresistor 20b corresponding to

eration Will cause bending around the centrally located sus
pension hinge or ?exure 12, and Will stretch one of the

mass 10d, and stretching (increased resistance) of the leading
pieZoresistors, namely pieZoresistor 14a corresponding to

pieZoresistors 1411 or 14b (increased resistance) and compress
the other one of the pieZoresistors 1411 or 14b (decreased
resistance). This in turn leads to an unbalanced bridge and the

5

pieZoresistor 20b corresponding to mass 100, and pieZoresis

output voltage betWeen bonding pads 32a and 320 is

tor 20a corresponding to mass 10d. Since the resistance of
pieZoresistor 14a corresponding to mass 10a is increased and
pieZoresistor 14b corresponding to mass 10a is decreased, the

increased or decreased depending on the direction of the

acceleration. While the pieZoresistors 14a and 14b in FIG. 4
are attached betWeen the proof mass 10 and support 16, the

20

mass 100 is decreased and the resistance of pieZoresistor 20b
corresponding to mass 100 is increased. The voltage betWeen
25

30

in each of the Wheatstone bridges 18 are noW pieZoresistors.

and Will only measure angular accelerations.
For example, assume that acceleration is applied doWn
Ward in the device of FIG. 5. Since pieZoresistors 14a, 14b,

35

40

suspension beam 12, Which is the stiffer of the tWo.
An SOl-chip accelerometer Was placed in a DIP-package
and Wire bonded. For proof of concept, aluminum Wires Were

bonded straight onto the silicon, Without using metal bonding
pads, making this truly a single-mask fabrication process.
45

is kTIEhW3/4L3, yielding a stiffness ratio of kL/kT:4L2/W2,
Where L is the length and W the Width of the beams 12a and
120, Which are identically siZed and L>>W. Due to this large
difference in stiffness in this stimulus direction, it can be

eration by reversing the bias voltage of one of the tWo full
bridges 18 in FIG. 5.
A pieZoresistor 14a fabricated according to the invention is
depicted in FIG. 6. Note that the suspension beam 12 in FIG.
1 is preferably much Wider than the pieZoresistor 14a to
assure that most of the bending occurs around the center of the

20a and 20b corresponding to masses 10a and 100 all are noW

parallel to the axis of acceleration, they are much stiffer than
pieZoresistors 14a, 14b, 20a and 20b corresponding to masses
10b and 10d, Which are aligned perpendicularly to the axis of
acceleration in this example. The longitudinal stiffness of
beams 12a and 120 is kLIEhW/L and the transverse stiffness

ing to masses 10b and 10d.
Similar arguments can be made for counter-clockwise
acceleration. Note that the increase/decrease of the output

voltages depends on the bias voltage. If desired, both outputs
can be designed to have the same sign during angular accel

By properly connecting the bonding pads, the accelerometer
can be con?gured to detect differential accelerations betWeen
tWo opposite masses 10a and 100 or opposite masses 10b and
10d. Thus, this device can be made immune to linear stimuli

pads 32c and 3211 Will therefore increase. Similarly, the volt
age betWeen pads 32b and 32d Will decrease due to the

changes in pieZoresistors 14a, 14b, 20a and 20b correspond

An angular accelerometer is fabricated as shoWn in FIG. 5

and is con?gured as tWo separate full-bridges 18, one bridge
comprised of masses 10a and 100 With ?exures 12a and 120,
and the other bridge comprised of masses 10b and 10d With
?exures 12b and 12d. All four resistors 14a, 14b, 20a and 20b

voltage at pad 32a Will decrease (assuming positive bias
voltage). At the same time, the voltage at pad 320 Will increase
since the resistance of pieZoresistor 20a corresponding to

reference resistors 20a and 20b in FIG. 4 are attached
betWeen tWo supports 16. In conventional pieZoresistive sen
sors, off-chip reference resistors are often used. Since the
reference resistors 20a and 20b are here included on the chip

and fabricated to have equal electrical parameters With to the
pieZoresistors 14a and 14b, they Will have the same tempera
ture properties as the pieZoresistors 14a and 14b.

mass 10a, pieZoresistor 14b corresponding to mass 10b,

50

HoWever, ohmic contacts can readily be added to the process
if desired and may improve the quality of the sensor.
In summary, it can noW be appreciated that the illustrated
embodiment of the invention provides for a:

Single-mask fabrication process for pieZoresistive acceler
ometers;
PieZoresistive accelerometers free from pn-junctions;

assumed that the length of pieZoresistors 14a, 14b, 20a and

Method for fabricating pieZoresistive accelerometers,

20b corresponding to masses 10a and 100 Will not change
When acceleration is applied doWnWard. The differential out

Where Wafers With a selected resistivity are utiliZed,

eliminating the need for additional doping steps;
PieZoresistive design concept Where the pieZoresistors and

put is taken from the bonding pads 32a-32d connected to the

suspension beams 12a-12d. Since pieZoresistors 14a, 14b,

55

20a and 20b corresponding to masses 10a and 100 do not

the conductors have the same resistivity, but the pieZore
sistors are much narroWer;

change their resistance, the differential output signal betWeen

Process that applies to linear and angular pieZoresistive

pad 32a and 320 in FIG. 5 Will not change.
Continuing With our example When acceleration is applied

The illustrated embodiment is a fabrication process that

doWnWard, pieZoresistors 14a, and 20a corresponding to
masses 10b and 10d Will be compressed and therefore
decrease their resistance. At the same time, pieZoresistors
14b, and 20b corresponding to masses 10b and 10d Will
stretch and increase their resistance. Since the resistance of
pieZoresistors 14a, and 20a corresponding to masses 10b and
10d Will decrease by an equal amount and the resistance of
pieZoresistors 14b, and 20b corresponding to masses 10b and

accelerometers.
60

de?nes all components of the accelerometer simultaneously
using a single mask. By dry etching SOI Wafers that have a
selected resistivity, pieZoresistors can be de?ned and insu
lated from each other and the bulk silicon Without the pn

junction normally required in prior art pieZoresistive acceler
65

ometers. LoW resistance conductors are designed to be much

Wider than the pieZoresistors and a free-standing proof mass

10 is obtained by selectively removing the silicon oxide layer.

US 7,939,355 B2
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Furthermore, reference resistors that provide the second half

We claim:

of a Wheatstone bridge 18 are included on the silicon chip,

1. A method of fabricating an integrated pieZoresistive

eliminating the need for external resistors. Both single-axis
and angular accelerometers have been fabricated and linear

accelerometer comprising:
providing an $01 Wafer With a $01 device layer of a

output characteristics have been demonstrated When the
single-axis devices are subjected to accelerations.
Many alterations and modi?cations may be made by those

selected resistivity to eliminate any need for additional

doping of the SOI Wafer;
providing a single mask on the SOI Wafer to de?ne all

having ordinary skill in the art Without departing from the
spirit and scope of the invention. Therefore, it must be under
stood that the illustrated embodiment has been set forth only
for the purposes of example and that it should not be taken as

mechanical and electrical elements in the integrated
pieZoresistive accelerometer in the SOI device With the
10

limiting the invention as de?ned by the folloWing invention
and its various embodiments.
Therefore, it must be understood that the illustrated
embodiment has been set forth only for the purposes of
example and that it should not be taken as limiting the inven
tion as de?ned by the folloWing claims. For example, not
Withstanding the fact that the elements of a claim are set forth
beloW in a certain combination, it must be expressly under
stood that the invention includes other combinations of feWer,

tive accelerometer in the SOI Wafer by selective etching
of the SOI device layer Without using any pn-junctions
to de?ne any pieZoresistive components and to provide
the same resistivity of all components,
Where each of the pieZoresistive components de?ned in the
SOI device layer are released and isolated from a sup

porting layer and interconnected With selected ones of
20

more or different elements, Which are disclosed in above even

When not initially claimed in such combinations. A teaching
that tWo elements are combined in a claimed combination is
further to be understood as also alloWing for a claimed com
bination in Which the tWo elements are not combined With

each other, but may be used alone or combined in other
combinations. The excision of any disclosed element of the
invention is explicitly contemplated as Within the scope of the
invention.
The Words used in this speci?cation to describe the inven

25

de?ning all components of a linear accelerometer in a single
30

only in the sense of their commonly de?ned meanings, but to
include by special de?nition in this speci?cation structure,
material or acts beyond the scope of the commonly de?ned
35

3. The method of claim 1 Where simultaneously de?ning all
components of the pieZoresistive accelerometer in the SOI

Wafer comprises de?ning all components of an angular
pieZoresistive accelerometer in a single photolithographic
step.
4. The method of claim 1, Where de?ning all components in
a Wafer simultaneously using a single mask in a single pho

tolithographic step comprises dry etching SOI Wafers, having
a device layer and a bulk silicon substrate separated by a

possible meanings supported by the speci?cation and by the
Word itself.
The de?nitions of the Words or elements of the folloWing
claims are, therefore, de?ned in this speci?cation to include
not only the combination of elements Which are literally set
forth, but all equivalent structure, material or acts for per

the electrical elements of the integrated pieZoresistive
accelerometer by corresponding loW-resistance inter
connects de?ned in the SOI device layer and having
increased Width relative to the corresponding pieZore
sistive component.
2. The method of claim 1 Where simultaneously de?ning all
components of the accelerometer in the SOI Wafer comprises

photolitho graphic step.

tion and its various embodiments are to be understood not

meanings. Thus if an element can be understood in the context
of this speci?cation as including more than one meaning, then
its use in a claim must be understood as being generic to all

selected resistivity; and
simultaneously de?ning all components of the pieZoresis

silicon oxide layer, Where the device layer in Which pieZore
40

forming substantially the same function in substantially the
same Way to obtain substantially the same result. In this sense 45

sistors are de?ned has a selected resistivity and the pieZore
sistors are isolated from each other and from the bulk silicon

substrate by the silicon oxide layer, thus eliminating the need
for any pry-junction.
5. The method of claim 1 Where de?ning all components
simultaneously using a single mask in a single photolitho

it is therefore contemplated that an equivalent substitution of

graphic step comprises de?ning linear and angular acceler

tWo or more elements may be made for any one of the ele

ometers With linear output characteristics.
6. The method of claim 1 Where de?ning all components

ments in the claims beloW or that a single element may be
substituted for tWo or more elements in a claim. Although
elements may be described above as acting in certain combi

50

nations and even initially claimed as such, it is to be expressly

simultaneously using a single mask comprises simulta
neously de?ning a proof mass, suspension, narroW pieZore

understood that one or more elements from a claimed com

sistors, narroW reference resistors and Wide conductors in a
device layer on a silicon-on-insulator (SOI) Wafer in a single

bination can in some cases be excised from the combination

photolitho graphic step.
7. The method of claim 6 Where de?ning a proof mass

and that the claimed combination may be directed to a sub
combination or variation of a subcombination.

55

lnsubstantial changes from the claimed subject matter as
vieWed by a person With ordinary skill in the art, noW knoWn

areas in the silicon oxide layer Without release holes Which
de?ne anchor points for the proof mass.

or later devised, are expressly contemplated as being equiva
lently Within the scope of the claims. Therefore, obvious
substitutions noW or later knoWn to one With ordinary skill in
the art are de?ned to be Within the scope of the de?ned

8. An integrated pieZoresistive accelerometer fabricated
60

selected resistivity to eliminate any need for additional

doping of the SOI Wafer;

The claims are thus to be understood to include What is

invention.

by:
providing an $01 Wafer With a $01 device layer of a

elements.

speci?cally illustrated and described above, What is concep
tionally equivalent, What can be obviously substituted and
also What essentially incorporates the essential idea of the

comprises removing a silicon oxide layer in the silicon-on
insulator (SOI) Wafer underneath the proof mass except for
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providing a single-mask on the SOI Wafer; and
simultaneously de?ning all mechanical and electrical com
ponents of the pieZoresistive accelerometer in the in the

SOI device layer With the selected resistivity Without

US 7,939,355 B2
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using any pn-junctions to de?ne any pieZoresistive com
ponents and to provide the same resistivity of all com

ponents,
Where each of the pieZoresistive components de?ned in the
SOI device layer are released and isolated from a sup

porting layer and interconnected With selected ones of

the electrical elements of the integrated pieZoresistive
accelerometer by corresponding loW-resistance inter
connects de?ned in the SOI device layer and haying
increased Width relative to the corresponding pieZore
sistive component.

9. The accelerometer of claim 8 Where simultaneously
de?ning all components of the accelerometer in the SOI Wafer
comprises de?ning all components of a linear accelerometer

in a single photolithographic step.
10. The accelerometer of claim 8 Where simultaneously

de?ning all components of the pieZoresistive accelerometer
in the SOI Wafer comprises de?ning all components of an

angular pieZoresistive accelerometer in a single photolitho

graphic step.

