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(57) ABSTRACT 

A biosensor device (1) providing an analysis platform for 
detecting cell growth, comprising of an aluminium nitride 
(AlN) base (2), a shear horizontal-surface acoustic wave (SH 
SAW) resonator including an input transducer (4) and an 
output transducer (5) symmetrically positioned on the alumi 
num nitride (AlN) base (2), a counter electrode (6) positioned 
parallel to working electrodes (7) on the aluminum nitride 
(AlN) base (2), for transmitting frequency voltage towards 
the living cell (3), a plurality of working electrodes (7) posi 
tioned beneath the living cell (3) on the aluminium nitride 
(AlN) base (2) for receiving frequency voltage from the living 
cell (3), an impedance analyzer (8) for receiving impedance 
readings from the counter electrode (6) and working elec 
trodes (7), and a back-etched silicon substrate (9) coupled to 
the aluminium nitride (AlN) base (2), for reducing current 
loss, wherein the living cell (3) is positioned in between of the 
input transducer and output transducer on the aluminium 
nitride (AlN) base (4). 

Impedance 
Analyzer 

\ 

\ 
8 



Patent Application Publication Jul. 14, 2011 Sheet 1 0f 3 US 2011/0169511 A1 

Figure 1A 

Impedance 
Analyzer 

6 8 

Figure 1B 

Impedance 
4( \ ; Analyzer 

' \ 



Patent Application Publication Jul. 14, 2011 Sheet 2 0f 3 US 2011/0169511 A1 

Figure 2 
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Figure 3 
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NOVEL MEMS BIOSENSOR WITH 
INTEGRATED IMPEDANCE AND 
MASS-SENSING CAPABILITIES 

TECHNICAL FIELD 

[0001] The present invention relates to a MEMS biosensor 
device for providing an analysis platform in detecting cell 
growth and more particularly by using shear horiZontal-sur 
face acoustic Wave (SH-SAW) resonator and electric cell 
substrate impedance sensing (ECIS) technique. 

BACKGROUND ART 

[0002] Cancer is the second leading cause of death World 
Wide. It is generally agreed that early diagnosis of the disease 
is almost alWays a prerequisite of successful treatment. For 
decades, cancer diagnostic methods have been based on mor 
phological examination of surgically removed tissues. HoW 
ever, this approach has signi?cant limitations for predicting 
the progression of the cancer cells such as inaccuracy and 
requirement for large amounts of biological materials. Fur 
thermore, morphological examination of these cancer cells 
requires highly trained personnel to be able to distinguish 
cancer cells from normal cells. Due to these limitations, a 
number of scientists have developed other types of cancer 
diagnostic methods, for example a biomarker that uses bio 
logical, chemical or biophysical indicator of an underlying 
biological process to indicate or determine a particular dis 
ease state. Another method is by detecting the cell groWth 
using a MEMS (microelectromechanical system) biosensor 
device that merges biological knowledge and microelectron 
ics technology. 
[0003] Recently, MEMS technology expands in an 
extremely fast pace. It is used in various applications such as 
actuators, accelerometer, pressure sensors, chemosensors, 
gyroscopes, optical sWitching technology and more. Never 
theless, MEMS technology is also used inbiological ?elds for 
the construction of biosensors. Generally, a MEMS biosensor 
is an analytical device With the combination of biotechnology 
and microelectromechanical system that converts a biological 
response to electrical signal. A MEMS biosensor can be used 
as a device to measure chemicals and micro-organisms in 
Wide range of environments and as a biological system to 
detect complex materials. NoWadays, MEMS biosensors 
have become Widespread use in a Wide variety of applications 
such as diagnostics, therapeutics and tissue engineering. 
There are a feW types of biosensor used in the industry such as 
calorimetric, potentiometric, amperometric, surface acoustic 
Wave and more. In calorimetric biosensors, the change in 
temperature of a solution containing analyte is measured 
Whereby in potentiometric biosensors, electrical potential is 
produced due to the changed distribution of electrons. As for 
amperometric biosensors, the analyte undergoes a redox reac 
tion and the current in an electrochemical cell. A surface 
acoustic Wave biosensor is a biosensor based on the measure 
ment of resonant frequency of the surface acoustic Wave. 
Various types of biosensors have been developed including 
the combinations of different types of biosensors, for 
example, an amperometric-potentiometric biosensor that 
includes both amperometric method and potentiometric 
method in detecting cell groWth. 
[0004] Several prior arts have disclosed applications 
related to construction of MEMS biosensors for detecting cell 
groWth. One ofthe prior art is U.S. Pat. No. 5,135,852 Which 
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discloses a pieZoelectric biosensor for detecting metabolic 
groWth requirement, antibiotic responses and speci?c bacte 
rial products of microorganisms. Generally, the more sensing 
methods integrated into a biosensor device enhances the per 
formance of the biosensor device. HoWever, this prior art 
utiliZes only one type of sensing method in the biosensor 
Which is a pieZoelectric biosensor to observe the change in 
resonant frequency in order to detect the mass change of the 
living organism. Therefore due to the patent limited applica 
bility, it is said to be not feasible in constructing a MEMS 
biosensor for detecting cell groWth. 
[0005] Us. Pat. No. 5,981,268 has disclosed an apparatus 
and method for monitoring changes in cells upon addition of 
an analyte to the environment of the cell. In this prior art, only 
one detecting method is used, Which is by monitoring the 
impedance changes of the cell, to detect the changes in the 
cell. This prior art has its draWbacks due to the limited sensing 
methods as more sensing methods can be integrated into one 
biosensor to monitor the change of a cell more accurately. 
Therefore due to the patent limited applicability, it is said to 
be not feasible in constructing a MEMS biosensor for detect 
ing cell groWth. 

SUMMARY OF THE INVENTION 

[0006] In accordance With the present invention, there is 
provided a MEMS biosensor device With an analysis platform 
for detecting cell groWth using tWo different biosensing tech 
niques. The MEMS biosensor device is a MEMS (microelec 
tromechanical system) biosensor that combines microelec 
tronic technology and biotechnology to obtain information on 
stiffness and adhesion of normal and cancer cell. Further 
more, this invention provides analysis platform for in vitro 
study and diagnosis of cancer cells. The tWo biosensing tech 
niques used in the MEMS biosensor are shear horiZontal 
surface acoustic Wave (SH-SAW) resonator and electric cell 
substrate impedance sensing (ECIS) technique Where the 
shear horizontal-surface acoustic Wave (SH-SAW) resonator 
is used to monitor the resonant frequency of the resonator and 
the electric cell-substrate impedance sensing (ECIS) tech 
nique is used to record impedance spectra of different sub 
cellular regions of a single cell. This biosensor is able to 
simultaneously perform these tWo different types of electric 
measurements on the same cell in real time. In this present 
invention, the preferred embodiment comprises of an alu 
minium nitride (AlN) base, a shear horizontal-surface acous 
tic Wave (SH-SAW) resonator including an input transducer 
and an output transducer, a counter electrode, a plurality of 
Working electrodes, an impedance analyZer and a back 
etched silicon substrate. The aluminium nitride (AlN) base is 
used to hold the input transducer, the output transducer, the 
Working electrodes and the counter electrode, and is coupled 
to the back-etched silicon substrate. As for the impedance 
analyZer, it is electrically connected to the Working electrodes 
and the counter electrode in order to record the impedance 
spectra of the living cell. The shear horizontal-surface acous 
tic Wave (SH-SAW) resonator having an input transducer and 
an output transducer that is symmetrically positioned on the 
aluminium nitride (AlN) base, are used respectively for trans 
mitting surface acoustic Wave toWards the living cell and 
receiving surface acoustic Wave from the living cell. The 
Working electrodes of the electrode cell-substrate impedance 
sensing (ECIS) technique are placed on the acoustic path of 
the shear horizontal-surface acoustic Wave (SH-SAW) reso 
nator and are used to receive frequency voltage from the 
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living cell. As for the counter electrode of the electric cell 
substrate impedance sensing (ECIS) technique, it is placed 
parallel to these Working electrodes and is used for transmit 
ting frequency voltage towards the living cell. The groWth of 
the living cell can be monitored through the shift of the 
resonant frequency from the shear horizontal-surface acous 
tic Wave (SH-SAW) resonator Where the groWth of the living 
cell changes the parameters of the resonant frequency. As by 
using electric cell-substrate impedance sensing (ECIS) tech 
nique, the living cell obstructs the current ?oWing from the 
living cell to the Working electrode and therefore causing an 
increase in the impedance measurement. By using this 
MEMS biosensor, the Whole cell can be mapped in terms of 
cell stiffness, adhesion and cell viscoelasticity. 
[0007] It is a bene?t of this present invention to provide a 
MEMS biosensor device that uses shear horizontal-surface 
acoustic Wave (SH-SAW) resonator and electric cell-sub 
strate impedance sensing (ECIS) technique in detecting cell 
groWth. 
[0008] It is another bene?t of this present invention to pro 
vide a MEMS biosensor device that is able to perform tWo 
different types of electric measurements simultaneously on 
the same living cell in real time. 
[0009] It is yet another bene?t of this present invention to 
provide a MEMS biosensor device that is able to provide 
information on the stiffness and adhesion of normal and can 
cer cell. 

[0010] It is further another bene?t of this present invention 
to provide a MEMS biosensor device that is able to constitute 
an analysis platform for in vitro study and diagnosis of cancer 
cell. 

BRIEF DESCRIPTION OF DRAWINGS 

[0011] A complete understanding of the present invention 
may be obtained by reference to the accompanying draWing, 
When considered in conjunction With the subsequent, detailed 
description in Which: 
[0012] FIGS. 1A and 1B is the top vieW and side vieW ofthe 
MEMS biosensor. 
[0013] FIG. 2 is the top vieW ofthe MEMS biosensor With 
a living cell attachment. 
[0014] FIG. 3 is the side vieW of the attachment of the living 
cell on the Working electrodes. 

DETAILED DESCRIPTION OF DRAWINGS 

[0015] As required, detailed embodiments of the present 
invention are disclosed herein; hoWever, it is to be understood 
that the disclosed embodiments are merely exemplary of the 
invention, Which may be embodied in various forms. There 
fore, speci?c structural and functional details disclosed 
herein are not to be interpreted as limiting, but merely as a 
basis for the claims. For ease of reference, common reference 
numerals Will be used throughout the ?gures When referring 
to the same or similar features common to the ?gures. 

[0016] Referring to FIGS. 1A and 1B, a MEMS biosensor 
device (1) comprises of an aluminium nitride (AlN) base (2) 
coupled With a pieZoelectric thin ?lm, a shear horizontal 
surface acoustic Wave (SH-SAW) resonator having an input 
transducer (4) and an output transducer (5) that are symmetri 
cally positioned on the aluminium nitride (AlN) base (2), a 
counter electrode (6) positioned parallel to Working elec 
trodes (7) on the aluminium nitride (AlN) base (2) for trans 
mitting frequency voltage toWards a living cell (3), a plurality 
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of Working electrodes (7) positioned beneath the living cell 
(3) on the aluminium nitride (AlN) base (4) for receiving 
frequency voltage from the living cell (3), an impedance 
analyZer (8) for receiving impedance readings from the 
counter electrode (6) and Working electrodes (7), and a back 
etched silicon substrate (9) coupled to the aluminium nitride 
(AlN) base (2) for reducing current loss. The aluminium 
nitride (AlN) base (2) having the pieZoelectric thin ?lm is 
used to hold the input transducer (4), the output transducer 
(5), the counter electrode (6), the Working electrodes (7) and 
the living cell (3). The pieZoelectric thin ?lm provides an 
electric ?eld to the aluminium nitride (AlN) base (2) so that 
the surface acoustic Wave can be transmitted and received by 
the input transducer (4) and output transducer (5) respec 
tively. The aluminium nitride (AlN) base (2) is coupled to a 
back-etched silicon substrate (9) in order to reduce current 
loss. The shear horiZontal-surface acoustic Wave (SH-SAW) 
resonator comprises of the input transducer (4) and the output 
transducer (5) Where these input transducer (4) and output 
transducer (5) are positioned symmetrically on the alu 
minium nitride (AlN) base (2). The input transducer (4) trans 
mits surface acoustic Wave With the resonant frequency 
around 100 MHZ toWards the living cell (3) Whereby the 
output transducer (5) receives the surface acoustic Wave from 
the living cell (3) in terms of resonant frequency. Shear hori 
Zontal-surface acoustic Wave (SH-SAW) resonator is used 
due to the minimal damping of the acoustic Wave in liquid. 
The shear horizontal-surface acoustic Wave (SH-SAW) reso 
nator correlates the relationship betWeen the electrical mea 
surements and mechanical properties of the living cell (3). 
The living cell (3) attached above the Working electrodes (7) 
on the aluminium nitride (AlN) base (2) With groWing activi 
ties produces changes in the parameters of the equivalent 
circuit that consequently changes the resonant frequency. As 
for the electric cell-substrate impedance sensing (ECIS) tech 
nique, it comprises of the counter electrode (6) and the plu 
rality of Working electrodes (7). The Working electrodes (7) 
are positioned in betWeen the input transducer (4) and the 
output transducer (5), and the counter electrode (6) is posi 
tioned parallel to these Working electrodes (7) Where the 
counter electrode (6) is used to transmit frequency voltage 
toWards the living cell (3) and the Working electrodes (7) are 
used to receive frequency voltage from the living cell (3). The 
counter electrode (6) and the Working electrodes (7) are elec 
trically connected to the impedance analyZer (8) to receive 
impedance readings from the counter electrode (6) and Work 
ing electrodes (7). When the living cells (3) are placed above 
the Working electrodes (7) on the aluminium nitride (AlN) 
base (2), the electrical impedance of the Working electrodes 
(7) increases due to the fact that more current has to bypass the 
living cell (3). With the living cell (3) acting like an insulating 
body, the living cell’s (3) shape or ?uctuations of the living 
cell (3) Will increase the impedance of the Working electrodes 
(7). Therefore, impedance measurements can be performed to 
monitor the groWth of the living cell (3). 
[0017] Referring to FIG. 2, it is shoWing a MEMS biosen 
sor (1) having the living cell (3) attached above the Working 
electrodes (7) on the aluminium nitride (AlN) base (2) Where 
the living cell (3) can be a single normal cell or cancer cell. 
The Working electrodes (7) are gold electrodes that are pat 
temed in an array of small electrodes With the dimensions of 
2 um><2 um. Each of the Working electrodes (7) is covered 
With extracellular matrix protein layer to promote cell adhe 
sion. The Working electrodes (7) are not in contact With each 
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other. This is to collect information corresponding to subcel 
lular regions of the living cell (3). Each Working electrode (7) 
supports a different subcellular region of the living cell (3), 
giving information about the stiffness and attachment of that 
particular region of the living cell (3). The impedance mea 
surements are performed using a small ac electric ?eld over a 
Wide frequency range of 100 HZ to 100 kHZ. The impedance 
analyZer electrically connected to the counter electrode (6) 
and Working electrodes is used to apply periodic voltage 
signals of variable frequency to the counter electrode (6) and 
Working electrodes (7). The impedance is calculated as the 
ration of voltage phasor, U(ju)), and the current phasor, l(ju)) 
as shoWn in the equation beloW, 

Where j: —l, (1):2J'|§f and f is the excitation frequency in HZ. 
The magnitude and the phase angle of the impedance mea 
surement are, 

[0018] Referring to FIG. 3, it is shoWing the living cell (3) 
attachment on the Working electrodes (7) With focal adhesion 
contacts and current ?oWing through the gap (1 0) betWeen the 
living cell (3) and the Working electrodes (7). The average gap 
(10) betWeen the living cell (3) and the Working electrodes (7) 
surface is 50 nm to 150 nm. At loW frequencies, current ?oW 
from regions beneath the living cell (3) and through the gap 
(10) With no change in measured impedance. At moderate 
frequencies, the living cell (3) obstructs the current How and 
therefore causing an increase in the impedance measurement. 

l/We claim: 
1. A bio sensor device (1) providing an analysis platform for 

detecting cell groWth, comprising of: 
an aluminium nitride (AlN) base (2) coupled With a pieZo 

electric thin ?lm; 
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a shear horizontal-surface acoustic Wave (SH-SAW) reso 
nator including an input transducer (4) and an output 
transducer (5) symmetrically positioned on the alumi 
num nitride (AlN) base (2); 

a counter electrode (6) positioned parallel to Working elec 
trodes (7) on the aluminum nitride (AlN) base (2), for 
transmitting frequency voltage toWards the living cell 
(3) and is electrically connected to an impedance ana 
lyZer (8); 

a plurality of Working electrodes (7) positioned beneath the 
living cell (3) on the aluminium nitride (AlN) base (2) 
for receiving frequency voltage from the living cell (3) 
and are electrically connected to an impedance analyZer 
(8); 

an impedance analyZer (8) for receiving impedance read 
ings from the counter electrode (6) and Working elec 
trodes (7); and 

a back-etched silicon substrate (9) coupled to the alu 
minium nitride (AlN) base (2), for reducing current loss; 

Wherein the living cell (3) is positioned in betWeen the 
input transducer (4) and output transducer (5) on the 
aluminium nitride (AlN) base (2). 

2. A biosensor device (1) providing an analysis platform for 
detecting cell groWth in claim 1 Wherein the input transducer 
(4) provides means for transmitting shear acoustic Wave 
toWards the living cell (3). 

3 . A biosensor device (1) providing an analysis platform for 
detecting cell groWth in claim 1 Wherein the output transducer 
(5) provides means for receiving shear acoustic Wave from the 
living cell (3). 

4. A biosensor device (1) providing an analysis platform for 
detecting cell groWth in claim 1 Wherein the Working elec 
trodes (7) are gold (Au) electrodes. 

5 . A biosensor device (1) providing an analysis platform for 
detecting cell groWth in claim 1 Wherein the Working elec 
trodes (7) are covered With cell-extracellular matrix protein 
(ECM) layer for facilitating the living cell (3) attachment to 
these electrodes array. 

6. A biosensor device (1) providing an analysis platform for 
detecting cell groWth in claim 1 Wherein the surface acoustic 
Wave excitation is preferably at resonant frequency around 
100 MHZ. 


