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(57) A method for detecting a small amount of bi-
opolymer by using resonant frequency shift of PZT mon-
olithic cantilever system using a cantilever includes: an
infinitesimal fluid transfer system having an inlet for al-
lowing a reactant to be injected therethrough and an in-
finitesimal introduction channel for connecting the inlet
and a reaction chamber; and a cantilever sensor in-
stalled in the reaction chamber and having a cantilever
with one end fixed at a substrate, a piezoelectric capac-
itor for self-sensing and actuating on at least one side
of an upper surface and a lower surface of the cantilever
including a piezoelectric film, a lower electrode formed
at a lower surface of the piezoelectric film and an upper
electrode formed at an upper surface of the piezoelectric
film, an electric pad for applying electricity to the lower
electrode and the upper electrode, and a molecular rec-
ognition layer formed at at least one surface of the can-
tilever and so as to interact to an target biopolymer. Ac-
tuating and sensing can be applied to the cantilever us-
ing monolithic PZT cantilever without using an additional
external actuator, so that the size of the cantilever sen-
sor can be considerably reduced and coupled to a fine
fluid transfer system to measure a very small amount of
biopolymer.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an analyzing
system for sensing a small amount of protein and, more
particularly, to an analyzing system using a cantilever
type sensor using resonant frequency shift realizing re-
duced size thereof, sensing a protein in a liquid as well
as in the air, successively. In addition, the present in-
vention also relates to a sensing chip for sensing various
biopolymer such as DNA, protein, enzyme or a cell.

2. Description of the Background Art

[0002] A quartz crystal mass balance (QCM) is a con-
ventional system for sensing an analyte electrically or
optically, which is, however, not suitable for a mass pro-
duction because a single quartz crystal is too brittle to
be formed small and thin.
[0003] Sensors using a cantilever under the research-
es measure a static deflection to detect a change in a
surface of the cantilever(e.g. mass change thereof)
caused by heat or gas adsorption to the surface radiat-
ing a light source(e.g. laser).
[0004] The sensing method measuring static deflec-
tion in order to sense biopolymer has been applied by
Majumdar in Berkeley University in the United States
and Fritz in an IBM Swiss Zurich research center. And
a method to sense protein and gene using a biological
reaction on a surface of a micro cantilever is published
in the Nature Biotechnology 19, 856-860 (2001) and Sci-
ence 288, 316-318 (200).
[0005] The sensing method by measuring the static
deflection can be realized by focusing light source(e.g.
laser) on the surface of the cantilever and collecting a
position sensitive diode. In this case, there is a limit of
difficulty to form a small-sized system because the sens-
ing method requires a constant temperature device to
minimize a motion of the microcantilever caused by an
external heat and an optical space to estimate a deflec-
tion precisely.
[0006] There is another sensing method using a
change of a resonant frequency. Thundat et al. of Oak
Ridge national lab reveals in Applied Physics Letters 80,
2219-2221 (2002) that spring constant is changed when
Na+ ion is adsorbed onto a surface of the microcantilev-
er from measuring a resonant frequency. Some re-
searchers including those in IBM Swiss Zurich research
center have reported that a specific gas in the air can
be sensed by measuring a resonant frequency thereof.
However, in these cases, an additional actuator sepa-
rate from the cantilever is required to attain the reso-
nance and this causes a problem that the size of a cham-
ber (i.e. a space required for a surface reaction with a
sample to be sensed by the microcantilever) is inevitably

increased, so that it becomes difficult to implement a di-
agnosis chip or an analyzing unit reacting with the small
amount of in the range between a few pico litter and
scores of micro litter.
[0007] Meanwhile, Microarrays, the conventional
chips for the detection of biopolymer such as DNA or
protein, have been suggested that the formation of sev-
eral gold arrays on a substrate such as silicon wafer in
order to form an organic molecular film thereon recog-
nizing bio-bodies, and perform a surface modification,
and interacts the target biopolymer. After interaction, the
interacted biopolymer is scanned by laser, and then, flu-
orescent light is emitted owing to an attached fluores-
cent substance. The fluorescent light can be detected
by using an optical sensing device (or detector). This
method also has demerits in needs of bulky light source
and the detector and labeling process, thereby making
it difficult to obtain a compact size.

SUMMARY OF THE INVENTION

[0008] Therefore, an object of the present invention is
to provide a detection system of a small amount of pro-
tein related to disease using piezoelectric monolithic
cantilever system by resonant frequency shift even in a
liquid as well as in the air.
[0009] These and other objects of the invention are
accomplished by a sample apparatus and a method for
detecting and measuring a small amount of biopolymer
such as DNA, protein, enzyme or a cell. To achieve
these and other advantages and in accordance with the
purpose of the present invention, as embodied and
broadly described herein, there is provided a biopolymer
detection system using a cantilever comprising: an in-
finitesimal fluid transfer system including an inlet for al-
lowing a reactant to be injected therethrough, and an
infinitesimal introduction channel for connecting the inlet
and a reaction chamber; and a cantilever sensor embe-
ded in the reaction chamber and including a cantilever
with one end fixed at a substrate, a piezoelectric thin
film for self-actuating and sensing deposited on at least
one side of an upper surface and a lower surface of the
cantilever, a lower electrode formed at a lower surface
of the piezoelectric film and an upper electrode formed
at an upper surface of the piezoelectric film, an electric
pad for supplying electric current to both the lower elec-
trode and the upper electrode, and a molecular recog-
nition layer formed at at least one upper surface of the
cantilever and the driving film so as to react to an anal-
ysis material.
[0010] To achieve the above object, there is also pro-
vided a method for fabricating an bioploymer detection
system using a cantilever, comprising: a step of forming
a cantilever sensor including a cantilever by using an
MEMS technique, forming a actuating capacitor by dep-
osition of piezoelectric film at a surface of the cantilever
and de upper and lower electrodes at upper and lower
surfaces of the piezoelectric film, deposition of an elec-
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tronic pad at certain portions of the upper electrode and
the lower electrode, and forming a molecular recognition
layer on at least one side of the cantilever and the ac-
tuating capacitor; a step of forming upper and lower
molds to form an inlet, a reaction chamber and an infin-
itesimal introduction channel for connecting the inlet
with the reaction chamber; a step of putting a dissolved
mold material in the molds and solidifying the mold ma-
terial to form upper and lower plates; a step of fixing the
cantilever sensor in the reaction chamber; and a step of
bonding the upper and lower plates.
[0011] The foregoing and other objects, features, as-
pects and advantages of the present invention will be-
come more apparent from the following detailed de-
scription of the present invention when taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are in-
cluded to provide a further understanding of the inven-
tion and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention
and together with the description serve to explain the
principles of the invention.
[0013] In the drawings:

Figures 1 to 3 illustrate structures of one embodi-
ment of the present invention, in which:

Figure 1 is a projective perspective view of an
element detecting system using a cantilever in
accordance with one embodiment of the
present invention;
Figure 2 is a perspective view of a cantilever
sensor of Figure 1; and
Figure 3 is a sectional view taken along line
III-III of Figure 2; Figures 4 and 5 illustrate a
result of sensing a micro element in the air, in
which:
Figure 4 is a graph showing a resonant frequen-
cy in the air; and
Figure 5 is a graph showing a quantitative anal-
ysis result of CRP (C Reactive Protein) in the
air by using a method for detecting micro ele-
ment in accordance with one embodiment of
the present invention; and
Figures 6 to 8 are graphs showing an analysis
result in a liquid by a cantilever type of the ele-
ment detecting system with a cantilever.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0014] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples
of which are illustrated in the accompanying drawings.
[0015] Figures 1 to 3 illustrate structures of one em-

bodiment of the present invention, in which: Figure 1 is
a projective perspective view of an element detecting
system using a cantilever in accordance with one em-
bodiment of the present invention, Figure 2 is a perspec-
tive view of a cantilever sensor of Figure 1, and Figure
3 is a sectional view taken along line III-III of Figure 2.
[0016] As shown in these drawings, the present in-
vention provides an element detecting system compris-
ing an infinitesimal fluid transfer system 100, and a can-
tilever sensor 200 fixed in a reaction chamber 115 of the
infinitesimal fluid transfer system 100.
[0017] The infinitesimal fluid transfer system 100 is
formed by combining an upper plate 110 with lower plate
120. The upper plate 110 includes inlets 111 a and 111b,
an outlet 117 formed penetrating the upper plate 110, a
mixing chamber 113 and the reaction chamber 115
formed insertedly and non-penetratingly at the surface
of the upper plate 110 facing the lower plate, and inlet
channel channels 112a, 112b and 114 and an inlet chan-
nel 116 formed insertedly at the surface of the upper
plate 110 facing the lower plate 120.
[0018] The inlet channels 112a, 112b and 114 include
entrance channels 112a and 112b connecting the inlets
111a and 111b and the mixing chamber 113, and a mix-
ing channel 114 connecting the mixing chamber 113 with
the reaction chamber 115. The outlet channel 116 con-
nects the reaction chamber 115 with the outlet 117.
[0019] The mixing channel 114 is connected to a low-
er end of the reaction chamber 115(i.e. end near the low-
er plate 120), and the outlet channel 116 is connected
to an upper end of the reaction chamber 115.
[0020] In the embodiment of the present invention
shows that all the channels and the chambers are
formed at the upper plate 110, but the invention includes
that they are formed at the lower plate 120 or at both
sides of the upper and lower plates 110 and 120.
[0021] The upper plate 110 and the lower plate 120
can be made of a polymer material (e.g. PDMS(Poly-
dimethyl Siloxane), polycarbonate), or a glass material
(e.g. Pyrex, quartz).
[0022] The cantilever sensor 200 includes a cantilev-
er 220 with one end fixed at a substrate 210, a driving
film 230 stacked at an upper surface of the cantilever
220; an insulation film formed to cover electric pads 241
and 242 for supplying electricity to the driving film 230,
an electric signal pad (not shown) for detecting an elec-
tric signal, and the driving film 230 to prevent occurrence
of conduction in a liquid, and a molecular recognition
layer 260 formed at a lower surface of the cantilever 220
to react to an analysis material.
[0023] The cantilever 220 is formed as a triple layer
consisting of a silicon oxide film 221, a silicon nitride film
222 stacked on the silicon oxide film 221 and a silicon
oxide film 223 stacked on the silicon nitride film 222. In
this case, the cantilever 220 is not necessarily formed
as the triple layer but formed as a double layer of the
silicon oxide film or silicon nitride film and silicon or
formed as a single layer of silicon or silicon nitride film.
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[0024] The driving film 230 includes a lower electrode
233 stacked at an upper surface of the cantilever 220,
a piezoelectric film 232 stacked on the lower electrode
and an upper electrode 231 stacked at an upper surface
of the piezoelectric film 232.
[0025] The insulation film 250 is made of an inorganic
material such as SiOx by using a PECVD(Plasma En-
hanced Chemical Vapor Deposition), APCVD(Atmos-
pheric Pressure Chemical Vapor Deposition) or evapo-
ration device, or formed by evaporating a film made of
an organic material such as parylene. An upper elec-
trode opening 241 and a lower electrode opening 242
are formed to connect the electric pad 240 and the upper
electrode 231 and lower electrode 233.
[0026] The electric pads includes an upper electric
pad 241 connected to the upper electrode 231 and a
lower electric pad 242 connected to the lower electrode
233. The electric pads are also connected to both the
upper electrode 231 and the lower electrode 233. The
electric pads are to detect a resonant frequency as an
electric signal, and an optically transparent window is
formed in the infinitesimal fluid transfer system in order
to optically detect the electric signal.
[0027] The molecular recognition layer 250 is formed
by fixing a reacting material to a measurement-subject
material after modifying a self assembled monolayer
(SAM) at the lower surface of the cantilever 220 or fixing
a reacting material to the measurement-subject material
after depositing Cr and Au at the lower surface of the
cantilever 220 and modifying a calixcrown SAM thereon.
For example, a material such as prostate specific anti-
body can be fixed on the SAM. However, without being
restricted thereto, various materials can be fixed on the
SAM according to the kind of a measurement-subject
material.
[0028] As shown in Figure 2, in the cantilever sensor,
more than two cantilevers 220 are formed on one sub-
strate 210, and the driving film, the insulation film 250,
the electrode pad 240, the electric signal pad (not
shown) and the molecular recognition layer 260 are
formed on each cantilever 220. In this respect, in order
to obtain a reference resonant frequency, the molecular
recognition layer 260 may not be formed on some can-
tilever 220.
[0029] A method for fabricating the element detecting
system using a cantilever constructed as described
above, includes a step of forming a cantilever sensor by
using an MEMS technique; a step of forming upper and
lower plates of the infinitesimal fluid transfer system;
and a step of fixing the upper and lower plates and the
cantilever sensor.
[0030] In the step of forming the cantilever sensor, the
driving film, the electrode pad and the molecular recog-
nition layer are formed by repeating deposition and etch-
ing on the substrate by using the MEMS technique.
[0031] In the step of forming the upper and lower
plates, after molds are formed, which forms the inlets
111a and 111b, the outlet 117, the channels 112a, 112b,

114 and 116, the mixing chamber 113 and the reaction
chamber 115, a dissolved mold material is put in the
molds and solidified to form the upper and lower plates.
[0032] In the step of fixing the upper and lower plates
and the cantilever sensor, the cantilever sensor 200, as
formed in the step of forming the cantilever sensor, is
fixed to the reaction chamber 115 in the following man-
ner: The substrate 210 is fixed between the upper plate
110 and the lower plate 120 such that the cantilever le-
ver 220 can be protruded in the reaction chamber 115,
and then, the upper plate 110 and the lower plate 120
are bonded, wherein the preferable mold material is a
PDMS, and the mold is Preferably made of die steel,
Teflon or silicon.
[0033] The element detecting using the cantilever in
accordance with the present invention operates as fol-
lows.
[0034] When different reactants are injected to the in-
lets 111a and 111b, these reactants are mixed while
passing the mixing chamber 113 and the mixing channel
114 through the inlet channels 112a and 112b. As the
mixture is filled up to the upper portion of the reaction
chamber 115 through the mixing channel 114, it passes
the outlet channel 116 and externally discharged
through the outlet 117.
[0035] Meanwhile, a specific material of the mixture
filled in the reaction chamber 115 is fixed at the molec-
ular recognition layer 260 of the cantilever sensor 200.
Thereafter, when electricity is supplied to electric pads
251 and 252 while changing a frequency, the piezoelec-
tric film 232 is bent vertically, and at this time, a resonant
frequency of the cantilever 220 is sensed through the
electric signal pad.
[0036] Thereafter, it is possible to obtain a small
amount of biopolymer fixed at the molecular recognition
layer 260 by comparing the sensed resonant frequency
with resonant frequency measured when the reaction
material is not fixed to the molecular recoginition layer
260.
[0037] The element detecting system using a canti-
lever in accordance with the present invention has the
following advantages.
[0038] Firstly, thanks to the driving film formed as the
piezoelectric film, an actuator device is not additionally
required, and thus, an overall size of the system is con-
siderably reduced.
[0039] Secondly, by coupling the element detecting
system to an infinitesimal transfer system, a desired re-
action material can be sensed easily by using a very
small amount of sample whose scale is from a few nano
liter up to scores of micro liter.
[0040] Thirdly, since the resonant frequency is
sensed by the electric pad, an additional optical space
is not required. In this respect, however, the modification
of the present invention proposes a method for meas-
uring the resonant frequency by forming an optically
transparent window.
[0041] Moreover, by forming several cantilevers on
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one substrate 210, one cantilever is used for frequency
measurement and the others are used for measuring a
sensing frequency. Thus, it is possible to reduce not only
an error occurrence probability due to several recogni-
tions, but also the number of obtaining resonant fre-
quency. In addition, the molecular recognition layer is
made of a different material in each cantilever 220, so
that several materials can be detected at one time.
[0042] The method for detecting a micro element with
the element detecting system using a cantilever is de-
scribed below.
[0043] First, a method for detecting a small amount of
biopolymer in a solution includes: a first step of injecting
a cleaning solution such as a PBS solution into the inlets
111a and 111b to fill the reaction chamber 115; a second
step of supplying electricity to the electric pads 251 and
252 to obtain a reference resonant frequency of the can-
tilever; a third step of supplying an analysis solution to-
ward the inlets 111 a and 111 b and maintaining the state
so as for the analysis solution to react to the molecular
recognition layer 260; a fourth step of injecting a clean-
ing solution into the inlets 111 a and 111 b to fill the cham-
ber 115; a fifth step of applying electricity to the electric
pads 251 and 252 to obtain a resonant frequency of the
cantilever; and a step of comparing the reference reso-
nant frequency obtained in the second step with the res-
onant frequency obtained in the fifth step, in order to
analyze a specific material in the analysis solution.
[0044] Figures 6 to 8 are graphs showing an analysis
result in a liquid by using the element detecting system
using a cantilever.
[0045] Figure 6 is a graph showing a result of the res-
onant frequency obtained in the second step. Accord-
ingly, it is noted that the small amount of biopolymer de-
tecting system using a cantilever in accordance with the
present invention can obtain a resonant frequency even
in a liquid.
[0046] Figure 7 is a graph showing a result of detec-
tion of mass of prostate cancer in a liquid by using PSA
(Prostate Specific Antibody) serum.
[0047] With reference to Figure 7, after an analysis
solution was injected into the inlets 111a and 111b to fill
the reaction chamber, electricity was supplied to the
electric pad at every predetermined period to obtain a
resonant frequency of the cantilever. It's the result ob-
tained from a patient of prostate cancer having a 1ng/
ml PSA antigen density by diluting serum of the patient.
From the result, it was possible to analyze the PSA hav-
ing the density of 1ng/ml, which shows that proteins in
serum, blood or blood plasma can be measured in the
range of a few ng or pg.
[0048] Figure 8 shows a result of measurement of vis-
cosity and density of a fluid by using the element detect-
ing system using a cantilever in accordance with the
present invention. It is noted that a resonant frequency
is being changed according to a change in a content of
water and glycerol, that is, viscosity and density of a liq-
uid. This result shows that it can be applied as a blood

detecting sensor that can determine a degree of an ill-
ness through detection of an electrical resonant signal
according to a fine change in viscosity of blood. Accord-
ingly, by measuring viscosity and density of serum or
blood, decrease or increase of red blood cells can be
detected, according to which a degree of an illness can
be determined.
[0049] A method for detecting a micro material in the
air includes: a first step of injecting a cleaning solution
into the inlets 111a and 111b to fill the chamber 115; a
second step of injecting nitrogen gas into the inlets 111
a and 111 b to remove the cleaning solution from the
chamber 115; a third step of supplying electricity to the
electric pads 251 and 252 to obtain a reference resonant
frequency of the cantilever; a fourth step of supplying
an analysis solution toward the inlets 111a and 111 b
and maintaining the state for a predetermined time so
as for the analysis solution to react to the molecular rec-
ognition layer 260; a fifth step of injecting a cleaning so-
lution into the inlets 111 a and 111 b to fill the chamber
115; a sixth step of injecting nitrogen gas into the inlets
111a and 111b to remove the cleaning solution from the
chamber 115; a seventh step of applying electricity to
the electric pads 251 and 252 to obtain a resonant fre-
quency of the cantilever; and a step of comparing the
reference resonant frequency obtained in the third step
with the resonant frequency obtained in the seventh
step.
[0050] The cleaning solution is preferably a PBS.
[0051] Figures 4 and 5 illustrate results of detecting a
small amount of protein related to disease in the air.
Specifically, Figure 4 illustrates a profile of the resonant
frequency in the air, and Figure 5 illustrates a quantita-
tive analysis result of CRP (C Reactive Protein) in the
air by using the method for detecting a small mount of
protein in accordance with the present invention.
[0052] As mentioned above, in the present invention,
the resonant frequency can be measured even in a liq-
uid as well as in the air, the element detecting system
can be used as a sensor for detecting a biopolymer, as
a humidity sensor by forming the molecular recognition
layer with gelatin, as a mercury detecting sensor, as a
high sensitive gas sensor, and as a weight sensor that
is able to detect a weight from a few pico grams to a few
micro grams.
[0053] Meanwhile, for the purpose of detecting a bi-
opolymer such as protein or DNA, an antibody is formed
on the molecular recognition layer, and then, in order
not to change characteristics of the biopolymer such as
protein or DNA, a temperature is not changed at a room
temperature and only a pressure is lowered to gasificate
the biopolymer, the detection subject, so that it can react
to the molecular recognition layer.
[0054] As so far described, the present invention has
various advantages as follows. In this respect, the
present invention is considered established even when
the following effects are not exerted.
[0055] That is, for example, first, by providing the can-
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tilever using the piezoelectric film, vibration of a constant
frequency can be applied to the cantilever without using
an additional actuator. Thus, the size of the cantilever
sensor can be considerably reduced and coupled to a
fine fluid transfer system to measure a very small
amount of reaction material.
[0056] In addition, by having the insulation film, a res-
onant frequency can be obtained even in a liquid, and
a resonant frequency that is changed over time in the
liquid can be obtained.
[0057] As the present invention may be embodied in
several forms without departing from the spirit or essen-
tial characteristics thereof, it should also be understood
that the above-described embodiments are not limited
by any of the details of the foregoing description, unless
otherwise specified, but rather should be construed
broadly within its spirit and scope as defined in the ap-
pended claims, and therefore all changes and modifica-
tions that fall within the metes and bounds of the claims,
or equivalence of such metes and bounds are therefore
intended to be embraced by the appended claims.

Claims

1. A method for detecting a small amount of biopoly-
mer by using resonant frequency shift of PZT mon-
olithic cantilever system comprising:

an infinitesimal fluid transfer system including
an inlet for allowing a reactant to be injected
therethrough, and an infinitesimal introduction
channel for connecting the inlet and a reaction
chamber; and
a cantilever sensor including a cantilever with
one end fixed at a substrate, a piezoelectric thin
film for self-actuating and sensing deposited on
at least one side of an upper surface and a low-
er surface of the cantilever, a lower electrode
formed at a lower surface of the piezoelectric
film and an upper electrode formed at an upper
surface of the piezoelectric film, and an electric
pad for supplying electricity to both the lower
electrode and the upper electrode, the cantilev-
er sensor being installed in the reaction cham-
ber.

2. The system of claim 1 further comprising

a molecular recognition layer formed at at least
one surface of the cantilever so as to react to
an target biopolymer.

3. The system of claim 1, wherein the infinitesimal
transfer system has two or more inlets, and the inlet
channel includes an entrance channel with one end
connected to the inlets and a mixing channel with
one end connected to a point where the inlet chan-

nels meet and the other end connected to the reac-
tion chamber.

4. The system of claim 3 further comprises a mixing
chamber formed at a point where the entrance
channel and the mixing channel meet.

5. The system of claim 1, wherein the infinitesimal fluid
transfer system further comprises:

an outlet formed to allow a reactant to be dis-
charged; and
an outlet channel connecting the outlet with the
reaction chamber.

6. The system of claim 5, wherein the outlet channel
is connected to an upper end of the reaction cham-
ber.

7. The system of claim 1, wherein the inlet channel is
connected to a lower end of the reaction chamber.

8. The system of claim 1, wherein an optically trans-
parent window is formed to enable an optical meas-
urement into the reaction chamber from outside.

9. The system of claim 1, wherein the infinitesimal fluid
transfer system is made of a polymer material.

10. The system of claim 9, wherein the polymer material
is PDMS.

11. The system of claim 1, wherein the infinitesimal fluid
transfer system is made of a glass material.

12. The system of claim 11, wherein the glass material
is made of pyrex or quartz.

13. The system of claim 1, wherein an insulation film is
formed to cover the piezoelectric monolithic canti-
lever in order to prevent conduction in a liquid.

14. The system of claim 13, wherein the insulation film
is an inorganic insulator.

15. The system of claim 14, wherein the inorganic insu-
lator is SiOx.

16. The system of claim 13, wherein the insulation film
is an organic insulator.

17. The system of claim 16, wherein the organic insu-
lator is parylene.

18. The system of claim 1 further comprising:

an electric signal pad connected to the upper
electrode and the lower electrode and detecting
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an electric signal.

19. The system of claim 1, wherein two or more canti-
levers are arrayed, and the self-actuating and sens-
ing capacitor are formed at every cantilever.

20. The system of claim 2, wherein two or more canti-
levers are arrayed, and the self-actuating and sens-
ing capacitor , the electrode pad and the molecular
recognition layer are formed at every cantilever.

21. The system of claim 1, wherein the piezoelectric ca-
pacitor is formed on a single layer of silicon or silicon
nitride film.

22. The system of claim 1, wherein the piezoelectric ca-
pacitor is formed on a double layer of silicon nitride
film and silicon.

23. The system of claim 1, wherein the piezoelectric ca-
pacitor is formed on a double layer of silicon oxide
layer and silicon.

24. The system of claim 1, wherein the piezoelectric ca-
pacitor is formed on a triple layer of silicon oxide
film, silicon nitride film and silicon oxide film.

25. The system of claim 2, wherein the biopolymer re-
ceptor was immobilized using an self assembled
monolayers(SAMs) on cantilever for the detection
of target biopolymer.

26. The system of claim 25, wherein Cr and Au are de-
posited at a surface of the cantilever, on which the
SAM layer is formed.

27. A method for fabricating an element detecting sys-
tem using a cantilever, comprising:

a step of forming a cantilever sensor compris-
ing fabricating a cantilever by using an MEMS
technique, forming a piezoelectric thin film for
self-actuating and sensing deposited on at
least one side of an upper surface and a lower
surface of the cantilever, a lower electrode
formed at a lower surface of the piezoelectric
film and an upper electrode formed at an upper
surface of the piezoelectric film, stacking an
electronic pad at certain portions of the upper
electrode and the lower electrode, and forming
a molecular recognition layer at at least one
side of the cantilever and the driving film;
a step of forming upper and lower molds to form
an inlet, a reaction chamber and an infinitesimal
introduction channel for connecting the inlet
and the reaction chamber;
a step of putting a dissolved mold material in
the molds and solidifying it to form upper and

lower plates;
a step of fixing the cantilever sensor formed in
the cantilever sensor forming step in the reac-
tion chamber; and
a step of bonding the upper and lower plates.

28. The method of claim 27, wherein the mold material
is PDMS.

29. The method of claim 28, wherein the mold is formed
on die steel, teflon or silicon.

30. The method of claim 27, wherein the mold material
is glass.

31. The method of claim 27 further comprising:

forming an insulation film to cover the monolith-
ic piezoelectric cantilever after forming the
electric pad.

32. A method for detecting a small amount of biopoly-
mer by using resonant frequency shift of PZT mon-
olithic cantilever system using a cantilever of claim
1 comprises:

a step of injecting a cleaning solution such as
a PBS solution into the inlets to fill the reaction
chamber;
a step of applying electricity to the electric pads
to obtain a reference resonant frequency of the
cantilever;
a step of supplying an analysis solution toward
the inlets and maintaining the state so as for
the analysis solution to react to the molecular
recognition layer;
a step of injecting a cleaning solution into the
inlets to fill the chamber;
a step of applying electricity to the electric pads
to obtain a resonant frequency of the cantilever;
and
a step of comparing the reference resonant fre-
quency obtained in the second step with the
resonant frequency obtained in the fifth step.

33. The method of claim 32, wherein the cleaning solu-
tion is a PBS solution.

34. In a method for detecting a micro material by using
the element detecting system using a cantilever of
one of claim 1 to 24, an analysis solution is injected
into the inlet to fill the reaction chamber and elec-
tricity is applied to the electric pad at every prede-
termined time to thereby obtain a resonant frequen-
cy of the cantilever.

35. A method for detecting a small amount of biopoly-
mer by using resonant frequency shift of PZT mon-
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olithic cantilever system using a cantilever of claim
1 comprises:

a step of injecting a cleaning solution into the
inlets to fill the chamber;
a step of injecting nitrogen gas into the inlets to
remove the cleaning solution from the cham-
ber;
a step of supplying electricity to the electric
pads to obtain a reference resonant frequency
of the cantilever;
a step of supplying an analysis solution toward
the inlets and maintaining the state for a prede-
termined time so as for the analysis solution to
react to the molecular recognition layer;
a step of injecting a cleaning solution into the
inlets to fill the chamber;
a step of injecting nitrogen gas into the inlets to
remove the cleaning solution from the cham-
ber;
a step of supplying electricity to the electric
pads to obtain a resonant frequency of the can-
tilever; and
a step of comparing the reference resonant fre-
quency obtained in the third step with the res-
onant frequency obtained in the seventh step.

36. The method of claim 35, wherein the cleaning solu-
tion is PBS.

37. A method for detecting a small amount of biopoly-
mer by using resonant frequency shift of PZT mon-
olithic cantilever system using a cantilever of claim
20, molecular recognition layers of each cantilever
are surface-processed differently in order to detect
several materials at one time.

38. In a method for measuring viscosity and density of
a liquid by using the element detecting system using
a microcantilever of claim 1, a liquid is injected into
a reaction chamber, and then, a resonant frequency
of the microcantilever and a change in the width are
measured to measure viscosity and density of a liq-
uid.

39. The method of claim 38, wherein the liquid is blood
plasma, serum or blood, and decrease and increase
of red blood cells is detected by measuring viscosity
and density of blood plasma, serum or blood to
thereby measure a degree of an illness.

40. In a method for sensing a material by using the el-
ement detecting system using a microcantilever of
claim 2, a reaction material of the molecular recog-
nition layer is in a gas state.

41. The method of claim 40, wherein the molecular rec-
ognition layer is formed by solidifying gelatin, and

the gas is humidity.

42. In a method for sensing biopolymer by using the el-
ement detecting system using a microcantilever of
claim 2, wherein the molecular recognition layer in-
cludes an antibody reacting to protein or DNA or
complementary DNA, and the reaction material
such as protein or DNA is gasificated by lowering a
pressure in a room temperature, so as to react to
the molecular recognition layer.
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摘要(译)

通过使用悬臂的PZT整体式悬臂系统的共振频移来检测少量生物聚合物
的方法包括：无限小的流体传输系统，其具有允许反应物通过其注入的
入口和用于连接入口和的入口的无穷小引入通道。反应室;悬臂传感器安
装在反应室中并具有悬臂，其一端固定在基板上，压电电容器用于在包
括压电薄膜的悬臂的上表面和下表面的至少一侧上自感测和致动，形成
在压电薄膜的下表面的下电极和形成在压电薄膜的上表面的上电极，用
于向下电极和上电极通电的电焊盘，以及在其形成的分子识别层悬臂的
至少一个表面，以便与目标生物聚合物相互作用。使用单片PZT悬臂可
以在不使用额外的外部致动器的情况下将致动和感测应用于悬臂，使得
悬臂传感器的尺寸可以显着减小并且耦合到精细的流体传输系统以测量
非常少量的生物聚合物。
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