WO 2006/047156 A2 |00 00 000 O 00 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

e,

2
&

(19) World Intellectual Property Organization (3
International Bureau

2B
)

(43) International Publication Date
4 May 2006 (04.05.2006)

) I OO0 O

(10) International Publication Number

WO 2006/047156 A2

(51) International Patent Classification:
HOIL 41/04 (2006.01)

(21) International Application Number:
PCT/US2005/037515

(22) International Filing Date: 20 October 2005 (20.10.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
60/621,170 21 October 2004 (21.10.2004) US
(71) Applicant (for all designated States except US): THE
REGENTS OF THE UNIVERSITY OF CALIFOR-
NIA [US/US]; 1111 Franklin Street, 12th Floor, Oakland,

California 94607-5200 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LIM, Si-hyung
[US/US]; 137 Wilson Street, #67, Albany, California
94710 (US). CHOI, Jongeum [US/US]; 2299 Pied-
mont Avenue #520, Berkeley, California 94720 (US).
HOROWITZ, Roberto [US/US]; 406 Balra Drive, El
Cerrito, California 94530 (US). MAJUMDAR, Arun
[US/US]; 151 Ardith Drive, Orinda, California 94563
(US).

(74) Agent: HECKADON, David R.; Buchanan Ingersoll,
Llp, Po. Box 1404, Alexandria, Virginia 22313-1404
(US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: BI-MATERIAL CANTILEVERS WITH FLIPPED OVER MATERIAL SECTIONS AND STRUCTURES FORMED

THEREFROM
(57) Abstract: A structure formed from one or
&Q 10 'A more bi-material cantilevers, having a first portion
/ and a second portion positioned end-to-end,
/ N ¥ ““ &a wherein the first portion comprises a first material
/ r—\/{:,/# positioned on top of a second material, and wherein
/, TN I I T 37 2 \3 the second portion comprises the second material
\ Y é /\ J7 7777 7 7] 4/ positioned on top of the first material.
AR J
YN a0



WO 2006/047156 PCT/US2005/037515
1

BI-MATERIAL CANTILEVERS WITH FLIPPED OVER MATERIAL SECTIONS
AND STRUCTURES FORMED THEREFROM

RELATED APPLICATION

This patent application claims the benefit of the filing date of U.S. Provisional Patent
Application Serial No. 60/621,170, filed October 21, 2004 entitled "Design and Fabrication
of a Novel Bimorph Micro-Opto-Mechanical Sensor", the entire contents of which is hereby

expressly incorporated by reference.

TECHNICAL FIELD
The present invention relates to microcantilevers in general and to microcantilever

sensor systems in particular.

BACKGROUND OF THE INVENTION

Microcanilever temperature sensors have been formed from two layer bi-material
cantilevers in the past. In such systems, a first material layer is placed on top of a second
material layer. The first and second materials have different thermal expansion coefficients.
As a result, when the temperature of the cantilever is increased, the first and second Layers
will expand at different rates. As a result, the top portion of the cantilever will expard at a
rate different from the rate at which the bottom of the cantilever expands. This diffexrence in
expansion rates between the two layers causes the cantilever to deflect. By measuring the
amount of deflection at the free end of the cantilever, it is possible to accurately determine
the temperature of the cantilever.

Unfortunately, in such existing bi-material thermal sensing cantilever systems, the
free end of the cantilever becomes angled with respect to the fixed end of the cantilever as the
cantilever deflects. As will be explained herein, this limits the degree to which it is possible
to build multi-cantilever sensor systems. In addition, light reflected from the free end of the
cantilever will be reflected at di fferent angles as the cantilever deflects. Thus, detection of
cantilever deflection requires monitoring of the location of a changing path of reflected laser

light. As will be shown herein, the present invention overcomes both of these disadvantages.
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SUMMARY OF THE INVENTION

The present invention provides a bi-material cantilever, having: a first portion and a
second portion positioned end-to-end, wherein the first portion comprises a first material
positioned on top of a second material, and wherein the second portion comprises the sec ond
material positioned on top of the first material.

The first and second materials have different thermal expansion coefficients. As a
result, the opposite ends of the cantilever remain parallel to one another during deflectiora of
the cantilever. Therefore, the present invention can be assembled into a variety of sensoxr
systems, offering unique advantages as will be shown.

In one optional embodiment, the first material is nitride and the second material is
aluminum. However, other materials may equally be used. In preferred embodiments, thie
first material is optionally deposited on the second material by plasma enhanced chemical
vapor deposition or by electron beam evaporation. Again, however, the present inventiom is
again not so limited. Other methods of fabrication may also be used.

In optional structures encompassed by the present invention, a reflective panel m ay be
connected to one end of the cantilever. In optional embodiments, an infra-red radiation
absorbing pad may be connected to the reflective panel, or to one of the cantilevers.

In various embodiments of the invention, an electrical path may be disposed alon.g a
surface of the bi-material cantilever. In such embodiments, the present invention may be
used in a voltage sensor with the current flow through the electrical path varying the
temperature of the cantilever.

In various other optional embodiments, a surface of the first material of the bi-
material cantilever may be functionalized with one or more probe substances such that when
a target substance binds thereto, a change in surface stress occurs on the surface, thereby”
causing the cantilever to deflect. In such embodiments, the present invention may be us ed as
a chemical or bio-chemical sensor.

The present invention also encompasses a structure formed from a pair of bi-material
cantilevers, wherein each bi-material cantilever includes: a first portion and a second poxtion
positioned end-to-end, wherein the first portion of each bi-material cantilever comprises a
first material positioned on top of a second material, and wherein the second portion of ach
bi-material cantilever comprises the second material positioned on top of the first material,

and wherein the pair of bi-material cantilevers are connected together.
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In various embodiments of the structure, the cantilevers may be connected together
end-to-end, or through an intermediate member. Such intermediate member may comprise a
small block of material, or it may optionally comprise a device such as a reflective parael. In
various embodiments of the invention, the movement of the reflective panel (caused by
deflection of the cantilever(s)) can be used to optically measure temperature or voltage
changes, or to sense the presence or concentration of a chemical or bio-chemical subst ance.

When the first and second cantilevers are connected together, they may optionally be
connected such that the first portion of one cantilever is connected to the second portion of
the other cantilever. In other words, successive cantilevers may be "flipped over" with
respect to one another. Itis to be understood, however, the present invention is not so limited.

The present invention also provides a variety of sensor systems build from series of
bi-material cantilevers assembled together into different structures. In various embodiment,
the bi-material cantilevers are connected together at right angles to one another. Altermnately,

however, they may be positioned parallel to one another.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side elevation view of a first embodiment of the present bi-material
cantilever prior to cantilever deflection.

Fig. 2 is a view corresponding to Fig. 1 after cantilever deflection.

Fig. 3 is a side elevation view of a second embodiment of the present bi-mater-ial
cantilever prior to cantilever deflection.

Fig. 4 is a view corresponding to Fig. 3 after cantilever deflection.

Fig. 5 is a side elevation view of a third embodiment of the present bi-material
cantilever prior to cantilever deflection.

Fig. 6 is a view corresponding to Fig. 5 after cantilever deflection.

Fig. 7 is a side elevation view of a pre-existing bi-material cantilever prior to
cantilever deflection with a laser beam directed at the free end of the cantilever.

Fig. 8 is a view corresponding to Fig. 7 after cantilever deflection showing the laser
beam reflected off of the free end of the cantilever.

Fig. 9 is a side elevation view of the present bi-material cantilever prior to canatilever
deflection with a laser beam directed at the free end of the cantilever.

Fig. 10 is a view corresponding to Fig. 9 after cantilever deflection showing the laser

beam reflected off of the free end of the cantilever.
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Fig. 11 is a perspective view of a structure in which two parallel bi-material
cantilevers are connected to gether.

Fig. 12 is a perspective view of a structure in which three parallel bi-material
cantilevers are connected to gether.

Fig. 13 is a perspective view of a structure comprising a series of bi-material
cantilevers, an infra-red radiation absorbing pad and a reflective panel prior to cantilever
deflection.

Fig. 14 is a perspective view of the structure of Fig. 13 after cantilever deflection.

Fig. 15 is a perspective view of a structure comprising a series of bi-material
cantilevers and a reflective panel prior to cantilever deflection.

Fig. 16 is a perspective view of the structure of Fig. 15 after cantilever deflection.

Fig. 17 is a top plan view of a structure for sensing infra-red radiation comprising a
series of bi-material cantilevers and a reflective panel prior to cantilever deflection.

Fig. 18 is a side elevation view of the structure of Fig. 17, prior to cantilever
deflection.

Fig. 19 is a view corresponding to Fig. 18, after cantilever deflection.

Fig. 20 is a top plan view of a structure comprising a series of bi-material cantilevers
and a reflective panel, wherein the reflective panel has three degrees of freedom of movement.

Fig. 21 is a side elevation view similar to Fig. 1, but with a surface of a first material
functionalized with a probe substance, prior to cantilever deflection.

Fig. 22 is a view corresponding to Fig. 21 with a target substance binding to the probe
substance, causing a change in surface stresses in the cantilever, resulting in cantilever

deflection.

DETAILED DESCRIPTION OF THE DRAWINGS

Figs. 1, 3 and 5 show side elevation views of three embodiments of the present bi-
material cantilever prior to deflection. Figs. 2, 4, and 6 show corresponding side elevation
views after cantilever deflection, revealing unique properties of the present invention.

First, as shown in Fig. 1, a bi-material cantilever 10A is provided. Cantilever 10A has
a first portion 12 and a second portion 14 positioned end-to-end. First portion 12 comprises a
first material 20 positioned on top of a second material 22. Second portion 14 comprises the

second material 22 positioned on top of the first material 20.
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In accordance with the present invention, first material 20 and second material 22
have different thermal expansion co-efficients. As illustrated, first material 20 has a greater
thermal expansion co-efficient than second material 22. As a result, when cantilever 10A is
heated, first material 20 will expand more than second material 22, causing the cantilever to
deflect to the position as shown in Fig. 2.

As can be seen by comparing Figs. 1 and 2, a unique property of the presext invention
is that its opposite ends 11 and 13 remain parallel to one another regardless of the degree of
cantilever deflection. IE: free end 13 reamains parallel to fixed end 11. This particular
advantage of the present invention will be explained fully in various embodiments of the
invention described herein.

As show in Fig. 1, first material 20 in first portion 12 of cantilever 10A abuts second
material 22 in second portion 14 of cantilever 10A. In preferred embodiments of the present
invention, the first and second portions 12 and 14 of cantilever 10A are of equal length. In
addition, as shown in Figs. 1 and 2, first and second portions 12 and 14 may each comprises
one half of the length of cantilever 10A.

In optional preferred embodiments, first material 20 is nitride, and second material 22
is aluminum. It is to be understood that the present invention is not so limited and that other
suitable materials be readily substituted.

As shown in Fig. 3, second material 22 may alternately comprise a continuous strip of
material through the entire length of cantilever 10B. Thus, second material 22 in first portion
12 of cantilever 10B is continuous with second material 22 in second portion 14 ©f cantilever
10B. First material 20 is then deposited or otherwise fabricated onto top and bottom portions
of the continuous sheet of second material 22, as shown.

In one embodiment, first material 20 may be deposited on second material 22 by
plasma enhanced chemic al vapor deposition or by electron beam evaporation. However, the
present invention is not so limited. Other fabrication techniques may be used.

As shown in Fig. 4, the deflection of cantilever 10B also results in opposite ends 11
and 13 remaining parallel to one another regardless of the degree of cantilever deflection.
(Similar to Fig. 2).

As shown in Fig. 5, cantilever 10C may alternately comprise a continuous first
material 20 with portions of the cantilever formed from second material 22, as smown. In this

embodiment, the two sections of second material 22 are spaced apart by a portior of first
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material 20, as shown. In this embodiment, the length/amount of second rmaterial 22 in first
portion 12 is the sarme as in second portion 14.

As shown in Fig. 6, deflection of cantilever 10C also results in opposite ends 11 and
13 remaining parallel to one another regardless of the degree of cantilever deflection.
(Similar to Figs. 2 and 4).

Figs. 7 and 8 show deflection of a standard pre-existing bi-material cantilever. As
seen in Fig. 7, cantilever 30 has a top layer 32 made from a first material and a bottom layer
34 made from a second material. Top layer 32 has a greater thermal coefficient of expansion
than bottom layer 34. As a result, when cantilever 30 is heated, it deflects from the position
shown in Fig. 7 to the position shown in Fig. 8. A laser 40 directs a laser beam 42 at the free
end of cantilever.

As shown in Fig. 7, laser beam 42 is reflected back toward laser 40 when cantilever
30 is not deflected. As shown in Fig. 8, laser beam 42 is reflected away from laser 40 when
cantilever 30 is deflected.

In contrast, Figs. 9 and 10 show deflection of the present bi-material cantilever. As
seen in Fig. 9, laser 40 directs a laser beam 42 at the free end of cantilever 10A, with laser
beam 42 being reflected back toward laser 40. As shown in Fig. 9, laser beam 42 is still
reflected back toward laser 40 when cantilever 10A deflects.

Fig. 11 shows an exemplary sensor structure formed from two par-allel bi-material
cantilevers 10B1 and 10B2. Cantilevers 10B1 and 10B2 are connected together through an
intermediate member 15A. One first end of cantilever 10B1 is fixed and one end of cantilever
10B2 is free. As can be seen, when cantilevers 10B1 and 10B2 each deflect by an identical
distance D, the free end of cantilever 10B2 moves a distance 2D.

Fig. 12 shows a similar exemplary sensor structure formed from three parallel bi-
material cantilevers 10B1, 10B2 and 10B3. Cantilevers 10B1 and 10B2 are connected
together through an intermediate member 15A. Cantilevers 10B2 and 10B3 are connected
together through an intermediate member 15B. One first end of cantilever 10Bl1 is fixed and
one end of cantilever 10B3 is free. As can be seen, when cantilevers 10B1, 10B2 and 10B3
each deflect by an identical distance D, the free end of cantilever 10B2 moves a distance 3D.

Figs. 13 and 14 show actuation of a first embodiment of a voltage sensor 5 0, as
follows. In Fig. 13, a plurality of cantilevers 10 are positioned parallel to one another, with

successive cantilevers 10 connected through intermediate portions 15. A reflective panel 52
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is positioned at the center of the structure, as shown. Electrical contacts 54 and 56 are
positioned at opposite ends of the sensor 50.

Consequently, as shown in Fig. 14, when a voltage is applied to contacts 54 and 56, a
current passes throuigh cantilevers 10, warming the cantilevers and causing them to deflect.
As a result of the cumulative deflections of all the cantilevers 10, the reflective panel 52
moves to the position shown. As can be seen, the various positions to which reflective panel
52 moves when cantilevers 10 deflect are all parallel to one another. In operation, the amount
of voltage passing through sensor 50 is proportional to the vertical movement of reflective
panel 52. Thus, by sensing the movement of reflective panel 52, the voltage passing through
sensor 50 can be determined.

Figs. 15 and 16 show another embodiment of a voltage sensor, as follows. Voltage
sensor 60 comprises reflective panel 52 connected to a series of cantilevers 10. Cantilevers
10 are in turn connected together by intermediate members 15. Electrical contacts 54 and 56
are also provided. In sensor 60, each of cantilevers 10 has a strip of electrically isolating
material 17 running therealong. As a result, electrical contacts 54 and 56 can be connected to
cantilevers 10 as shown with current passing along paths through opposite sides of the
individual cantilevers. An advantage of this design is that the amount of vertical movement
of reflective panel 52 will equal the cumulative deflection of all of the individual cantilevers
10. In an alternate embodiment, the current does not pass along through opposite sides of the
individual cantilevers. Instead, current is conducted in paths along the top and bottom
surfaces of the cantilevers.

Figs. 17 to 19 show an embodiment of an infra-red sensor, as follows. Infra-red
sensor 70 comprises a series of cantilevers 10 connected together by intermediate portions 15.
An infra-red radiation absorbing pad 72 is positioned above reflective panel 52. Laser 40 is
positioned below reflective panel 52, directing laser beam 42 toward reflective panel 52, as
shown.

As also seen in Fig. 17, a pair of thermal isolation elements 75 are connected to
opposite ends of the series of cantilevers 10. At the ends of thermal isolation elements 75 are
contact pads 76. Contact pads 76 are used for mounting sensor 70 to a support or frame (not
shown). Thermal isolation elements 75 minimize heat transfer between cantilevers 10 and
the support or frame (not shown).

Operation of sensor 70 is shown in Figs. 18 and 19 as follows. In Fig. 18, infra-red

radiation is directed down onto infra-red radiation absorbing pad 72. This heat is then
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conducted through reflective panel 52 and into cantilevers 10. As a result, cantilevers 10
deflect to the position shown in Fig. 18. As can be seen, such deflection moves reflective
panel 52 upwardly. The distance reflective panel 52 moves is proportional to the degree of
cantilever deflection (which is in turn proportional to the temperature of the cantilevers). As
a result, by sensing the movement of reflective panel 52, the amount of infra-red radiation
contacting absorbing pad 72 can be determined.

Fig. 20 shows an embodiment of a voltage sensor 80 in which a reflective panel 52 is
supported by three cantilever structures 81, 82 and 83. Each cantilever structure 81, 82 and
83 is formed from a plurality of cantilevers arranged in a geometry similar to that shown in
Figs. 13 and 14, but using a strip of electrical isolation material 17 onn cantilevers 10 similar
to the arrangement shown in Figs. 15 and 16. Each cantilever structure 81,82 and 83 hasa
pair of electrical contacts 54 and 56 connected thereto. As aresult, when a voltage is applied
across any particular pair of electrical contacts 54 and 56, the cantilevers in cantilever
structure 81, 82 or 83 will deflect. A particular advantage of sensor 80 is that different
voltages may be applied to each of cantilever structures 81, 82 and 83, causing them to
deflect to different degrees. As a result, reflective panel 52 is moveable in three degrees of
freedom. As a result, a laser beam (not shown) reflected off of reflective panel 52 can be
reflected in various directions depending upon the particular orientation of reflective panel 52
in space. Relative deflection of each of cantilever structures 81, 82 and 83 with respect to
one another with cause tilting of reflective panel 52, thus moving the path of a reflected laser
beam in two dimensions. Moreover, when all three cantilever structures 81, 82 and 83 deflect
by the same amount, such deflection can be measured by determinin g the movement of
reflective panel 52. Therefore, by determining the particular path of a laser beam reflected
off of reflective panel 52, it is possible to determine the various voltages across each of the
three pairs of electrical contacts 54 and 56 for each of the respective cantilever structures 81,
82 and 83.

In any of the above described embodiments of the present invention, a surface of the
first (or second) material of the bi-material cantilever may be functionalized with a probe
substance such that when a target substance binds thereto, a change in surface stress occurs
on the surface, thereby causing the cantilever to deflect. For example, referring to Fig. 1, first
material 20 may be functionalized with probe molecules. Thus, when cantilever 10A is
exposed to target molecules, the cantilever will deflect to the position shown in Fig. 2. Figs.

21 and 22 show a cantilever 10 made from a single block of material in which a top surface
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of first portion 12 and a bottom surface of a second portion 14 have been functionalized with
a probe substance P. As shown in Fig. 22, when a target substance T binds to probe
substance P, the surface stresses on cantilever 10 change, resulting in cantilever deflection.
As can be seen, a particular advantage of this design is that laser beam 42 is reflected directly

back into laser 40 as cantilever 10 deflects.
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What is claimed is:

1. A bi-material cantilever, comprising:
a first portion and a second portion positioned end-to-end, wherein the first portion
comprises a first material positioned on top of a second material, and wherein the second

portion comprises the second material positioned on top of the first material.

2. The bi-material cantilever of claim 1, wherein the first and second portions of the

cantilever are of equal length.

3. The bi-material cantilever of claim 1, wherein the cantilever has first and second ends

that remain parallel to one another during deflection of the cantilever.

4, The bi-material cantilever of claim 1, wherein the first and second materials have

different thermal expansion coefficients.

5. The bi-material cantilever of claim 1, wherein the first material is nitride.
6. The bi-material cantilever of claim 1, wherein the second material is aluminum.
7. The bi-material cantilever of claim 1, wherein the first material in the first portion of

the cantilever abuts the second material in the second portion of the cantilever.

8. The bi-material cantilever of claim 1, wherein the second material in the first portion

of the cantilever is continuous with the second material in the second portion of the cantilever.

9. The bi-material cantilever of claim 1, wherein the first material is deposited on the
second material by plasma enhanced chemical vapor deposition or by electron beam

evaporation.

10. The bi-material cantilever of claim 1, further comprising:

a reflective panel connected to one end of the cantilever.
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11. The bi-material cantilever of claim 10, further comprising:

an infra-red radiation absorbing pad connected to the reflective panel.

12. The bi-material cantilever of claim 1, further comprising:

an electrical path disposed along a surface of the bi-material cantilever.

13. The bi-material cantilever of claim 1, wherein a surface of the first material of the bi-
material cantilever is functionalized with a probe substance such that when a target substance
binds thereto, a change in surface stress occurs on the surface, thereby causing the cantilever

to deflect.

14. A structure formed from a pair of bi-material cantilevers, wherein each bi-material
cantilever comprises:

a first portion and a second portion positioned end-to-end, wherein the first portion of
each bi-material cantilever comprises a first material positioned on top of a second material,
and wherein the second portion of each bi-material cantilever comprises the second material
positioned on top of the first material, and wherein the pair of bi-material cantilevers are

connected together.

15. The structure of claim 14, wherein an end of one bi-material cantilever is connected to

an end of the other bi-material cantilever.

16. The structure of claim 14, wherein the first portion of one cantilever is connected to

the second portion of the other cantilever.

17. The structure of claim 14, wherein the pair of bi-material cantilevers are connected

together at right angles to one another.

18. The structure of claim 14, wherein the pair of bi-material cantilevers are connected

together through an intermediate member.

19. The structure of claim 18, wherein the pair of bi-material cantilevers are positioned

parallel to one another.
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20. The structure of claim 14, further comprising:

a reflective panel connected to an end of at least one of the bi-material cantilevers.

21. The structure of claim 20, wherein the reflective panel is p ositioned between the bi-

material cantilevers.

22, The structure of claim 20, wherein one of the bi-material c antilevers is positioned

between the reflective panel and the other bi-material cantilever.

23. The structure of claim 20, further comprising:

an infra-red radiation absorbing pad connected to the reflective panel.

24. The structure of claim 14, wherein a surface of the first material of each of the bi-
material cantilevers is functionalized with a probe substance such that when a target
substance binds thereto, a change in surface stress occurs on the surface, thereby causing each

of the cantilevers to deflect.

25. The structure of claim 14, further comprising:

a third bi-material cantilever comprising a first portion and a second portion
positioned end-to-end, wherein the first portion comprises the first material positioned on top
of a second material, and wherein the second portion comprises the second material
positioned on top of the first material, and wherein the third bi-material cantilever is

connected to the pair of bi-material cantilevers.

26. The structure of claim 25, wherein

a reflective panel connected to an end of each of the three bi-material cantilevers.

27. The structure of claim 26, wherein the reflective panel is xnovable in three degrees of
freedom.
28. A -material cantilever, comprising:

a block of material having a top surface and a bottom surface, wherein an equal

portion of the top and the bottom surfaces of the cantilever are functionalized with a probe
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substance, such that when a target substance binds thereto, a change in surface stress occurs
on the functionalized portions of the top and bottom surfaces of the cantilever, thereby
causing the cantilever to deflect, wherein opposite ends of the cantilever remain parallel to

one another during deflection of the cantilever.
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