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Abstract— Single cell analysis has become the interest of a
wide range of biological and biomedical engineering research.
It could provide precise information of the individual cells
which leads to important knowledge regarding human’s
diseases. Many attempts have been done to perform single cell
analysis which require the isolation of individual cells before
further manipulation could be carried out. Recently,
microfluidic has been widely used for cell trapping and single
cell analysis such as mechanical and electrical detection.
Hydrodynamic trapping could be applied in the microfluidic
device to trap a single cell thus providing platform for further
cell characterization. This paper presents a finite element
model for single cell trapping using hydrodynamic concept. The
proposed microfluidic device consists of two parallel
microchannels (main channel and trapping channel). Fluid’s
flow rates are optimized by performing microchannel
geometrical size manipulation to isolate a 5 um yeast cell. The
analysis was carried out using finite element ABAQUS-FEA
software. The optimized Rhyy,i/Rhy,p ratio was 3.5 and above
for successful trapping.

I. INTRODUCTION

Nowadays, the Lab on a Chip (LOC) or Micro Total
Analysis Systems (uUTAS) based on microfluidics has
attracted the researchers attention in biotechnological and
biomedical engineering areas. The arises of the interest is due
to the utilization of these devices in a broad range of
biological and biomedical application areas including
genomics, enzymatic analysis, diseases diagnosis, cell
treatment, drug screening, single cell analysis, drug delivery
etc. In cellular biology, single cell analysis refers to the study
of individual cells isolated from tissues in multi-cellular
organisms. Conventionally, cell analyses are conducted with
large populations of cells and data measurement can only
represent the average values summed over the responses of
many cells. Therefore, single cell analysis is important to
obtain more precise information and to reveal the properties
of individual cells and cell-to-cell differences [1].

In order to perform single cell analysis in microfluidic
devices, trapping of a single cell is necessary. Variety of
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techniques have been employed to trap an individual cell. For
example, microwell-based [2—4], dielectrophoresis-based [5—
7] and hydrodynamic-based [8—11] microfluidic devices for
single cell trapping have been developed in response to an
increasing demand for simple yet reliable tools for high-
throughput cell manipulation at the single cell level. In
microwell-based platforms, designing the microwells with a
precise geometry is required to achieve a high trapping
efficiency [2]. Dielectrophoresis-based cell trapping applied a
non-uniform AC field to manipulate polarized particles in
suspension and is an effective technique to efficiently
manipulate single cell. However, it appears to damage the
trapped cells, thus affecting the cell proliferation.
Hydrodynamic trapping uses the altered fluidic resistance
created by microstructures on a fluid path, such as sieve-like
traps [8-9] or small trapping sites [10-13] to control the
movement of cells in a microchannel. Fot the straight or
serpentine-shaped channels with trapping sites, the fluidic
resistances of these channels are carefully calculated so that
the fluid and cells in the main channel will preferentially flow
into the trapping sites when they are empty, but bypass them
when they are occupied with a cell. The main challenge in
hydrodynamic trapping is that it requires a precise
microfluidic control of multiple streams. In addition, further
investigation and optimization on cells trapping efficiencies
are still requested [14].

In this work, a proof of concept demonstration of a cell
positioning platform using hydrodynamic manipulation to
trap a single cell is presented. The proposed microfluidic
device consists of two parallel microchannels (main channel
and trapping channel). The flow rates in the microfluidic
devices are optimized by performing microchannel
geometrical size optimization. Numerical simulations are
conducted to evaluate the cells trapping efficiencies for a
variety of geometrical parameters.

II. THE IDEA AND CONCEPT OF THE MODEL

The concept of hydrodynamic trapping was originally
proposed by Tan et al.[12] where the microchannels are
designed such that: (a) the trapping channel has a lower flow
resistance than that of the by-pass channel when a trapping
site is empty, and will make the beads/cells flow into the
trapping stream and directed into the trap; (b) when a
bead/cell was trapped, it will act as a plug and will increase
the flow resistance along the trapping channel drastically;
and (c) the main flow will change from the trap channel to the
by-pass channel (main channel in our model) and the next
beads/cells will be directed to the by-pass stream, pass by the
filled trapping site[15]. Darcy-Weisbach equation is used to
determine the pressure drop or pressure difference in a
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microchannel and solving the continuity and momentum
equations for the Hagen-Poiseuille flow problem.

From Hagen—Poiseuille’s equation, the flow rate (Q) can
be defined as following equation:
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where AP is the pressure drop, Rk is the hydrodynamic
flow resistance of the rectangular microchannels, p is the
fluid viscosity, L, H and W are length, height and width of the
channel respectively. Considering microchannel acts as a
resistive circuit, RA is analogous to resistance in an electric
circuit, this equation is an analogue of Ohm’s law (V = IR),
where AP and Q are the analogs of V" and I, respectively[16].

Figure 1 shows the schematic explanation of the
hydrodynamic trapping concept with Rry, and Rypain
representing the flow resistance for trapping channel and
main channel, respectively. At intersection (Figure 1), the
flow is divided into the trap-path and the main-path. Yellow
circle denotes the yeast cells to be trapped. The flow rates of
the trap-path (Qrrp) and the main-path (Owmain) are distributed
depending on the corresponding flow resistances. By using a
relationship of 4 = W x H and P = 2(W + H), the
hydrodynamic flow resistance can be formulated in the
following equation:
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where C denotes a constant that depends on the aspect
ratio (H/W), A is the cross-sectional area and P is the
perimeter of the channel. The flow rate ratio between trap
path and main path can be modelled as given in equation (3),
approximating that the pressure drop across main path and
trap path are same [17]. For the trap to work, the flow rate
along trap path must be greater than that of main path (Qrap>

QMain) .
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The flow rate ratio at each bifurcation could be determined
by controlling the hydrodynamic resistance ratio between the
main channel and trap channel. The flow rate of whole fluid
at the inlet could be assumed as an electric current source.
Outlet which leads to the atmospheric pressure could be
assumed as grounds.
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Figure 1 Simple schematic of single cell trapping channel with the
hydrodynamic resistance.

Inspired by the concept proposed by Tan and Takeuchi
(2007), we developed a finite element single cell trapping
model to verify the concept using numerical simulation. In
the model, cells will be introduced into the device through
the inlet with appropriate flow rate and directed to the trap
channel by designing appropriate main channel’s length. The
main channel’s length will be optimized to get the
appropriate RA ratio that leads to successful trapping. The
excess and remaining cells will be directed out through the
channel’s outlet by injecting cell’s culture medium. The
appropriate channel’s geometry to trap single yeast cell in the
specified design was studied. The finite element single cell
trapping model was focusing only on a single trap channel
(refer dashed box in figure 1) for geometry optimization due
to the complexity and high processing time required for the
analysis.

III. SIMULATION SETUP

The analysis was carried out using finite element
ABAQUS-FEA analysis software which able to perform
multi-physics analysis. Initially, the simulation analysis was
carried out using the parameters in micro dimension
properties. However due to time consumed for the simulation
to converge is too long (data not shown), the parameters was
appropriately scaled into meter dimension with the ratio of 1
m is proportional to 1 um. The advantage of dimension
scaling is that a simulation works could be carried out in a
reasonable simulation times[18]. The approach to represents
a nano scale model by giving nanometer dimensions to the
geometry and using the material property values identical to
the scale model suffers from two major drawbacks. Firstly,
the simulation will face a very small incremental time steps
which would make real time simulation prohibitively
expensive if not impossible and secondly, using properties
with nanometer dimensions will create numerical issues in
finite element programs [18].

The fluid microchannel was modeled as 3D Eulerian
explicit EC3DR and an 8-node linear Eulerian brick element
part assigned with water properties (density, equation of
state, viscosity). Figure 2(A-B) shows the different parts
involved in the model; an eulerian part with the fluid channel
and a three dimension (3D) deformable part of the sphere-
shaped elastic yeast cell model (5 ym in diameter) and figure

Authorized licensed use limited to: UNIVERSITY TEKNOLOGI MALAYSIA. Dowhif3ded on August 11,2021 at 08:07:53 UTC from IEEE Xplore. Restrictions apply.



2014 |EEE Conference on Biomedical Engineering and Sciences, 8 - 10 December 2014, Miri, Sarawak, Malaysia

2C shows the assembly setup with a yeast cell positioned in
the main channel, near the channel’s inlet (left).

The microchannel consists of two channels; the main
channel (loop channel) with the width and depth of 7 um and
total length of the main path (refer figure 1 on the path of
Rhyain) varies from 46 um to 268 um and a trap channel with
7 um of length, width and depth. There is one rectangular
trap hole placed at the centre edge of the trap channel with
the dimension of 1 um and 7 um of length and height,
respectively. The height of suction hole is a variable ranging
from 1.5 - 2.0 gm, with 2.0 um was set as the height for the
initial simulation analysis.

A sphere-shaped yeast cell (5 um in diameter) was model
as an elastic 3D standard solid deformable C3D8R and an 8-
node linear brick 3D part with the yeast properties (Young’s
Modulus, Poisson’s Ratio, density, etc.) obtained from
literature [19-26]. The developed parts were assembled to
develop the finite element model of the proposed system
(Figure 2C). The fluid channel and cell was meshed using
hexahedron and tetrahedron mesh types, respectively. Total
mesh total elements ranged from 10627 to 22 485 elements.
No-inflow and non-reflecting outflow Eulerian boundary
conditions were applied to the channel’s wall. Inflow velocity
of 0.5 ums™ was applied to the inlet and atmosphere pressure
was applied to the outlet of the channel for all the models
analyzed. Various main channel’s length ranging from 46 um
to 268 and trap hole’s width ranging from 1.5 ym to 2.0 um
were applied to produce the appropriate Rk for single cell
trapping analysis. The initial position of cell was fixed to the
same position (distance between cell and trap channel) for all
the models used. Interaction between objects and water was
set as general contact with rough tangential behaviour and the
interaction between cell surface and channel’s wall was set as
frictionless.

IV. RESULTS AND DISCUSSION

According to the hydrodynamic trapping concept
proposed by Tan and Takeuchi (2007), single cell/particle
trapping should able to be achieved when QOrray/Owmain ratio is
above 1 [12]. The finite element analysis was carried out to
verify the concept and geometry manipulation optimization
was performed to achieve appropriate channel’s dimension to
trap a 5 um single yeast cell. The main channel’s length was
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manipulated to develop the hydrodynamic ratio between
main channel to the trap channel (RAyin/Rh1rap) Tanging from
1 to 6. Increasing the RAnin/Rhitry is proportional with the
increase in main channel’s (loop path) length. Abaqus FEA
uses the Navier-Stokes equation in solving the fluid motion.
Initially, the trap hole’s width of 2 um was used for the
analysis and yeast cell model was found able to be trapped
when Rhin/Rhrry of 3.5 and higher was used (figure 3C-
3D). Results obtained showed that the concept didn’t work
for the model with Rhni/Rhtr, of 1.0 — 3.0 and the cell
movement was found not directed to the trap channel but
moved passed through the trap channel (refer figure 3(A-B)
for Rhwin/Rhtey model of 1.5 and 2.5, results for
Rhviai/Rh1y model of 1.0 and 2.0 are not shown).
Subsequent simulation was carried out using the model with
trap hole’s width 1.5 ym and similar results were obtained
when the trap hole’s width was decrease to 1.5 um (refer
table 1). The hydrodynamic concept works accordingly when
Rhyiain/Rh1rp 18 3.5 and above and the single yeast cell model
able to be directed towards the trap channel with the fluid
stream.

Streamline plots of model with suction hole’s width of 2
pum were obtained for Rhniw/Rhr, Tatio of 1.5 to 4.5 are
shown in figure 5. The streamline velocity field for
Rhvain/Rh1rap 3.5 and above (figure 4 C and D) show that the
flow diverged from main channel to the trap channel and all
the streamlines were directed towards the trap channel. In
contrast to the Rhnpin/Rhtp below 3.5 (figure 4A- 4B), the
velocity streamlines were not fully directed to the trap
channel as portions of the streamlines were directed pass
through the main channel and towards the trap channel. The
velocity streamlines obtained were not fully focusing towards
trapping channel and unable to produce enough force to trap
the cell into trapping channel. Colour contours in the results
show different velocity from low (dark blue) to high (light

grey).
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Table 1: Simulation findings for single cell trapping for different trap
hole’s width.

Ratio of Ability to trap cell
Rh,,,./ RhTrap Trap hole’s W: Trap hole’s W:
1.5 yum 2.0 um
1.0 X X
1.5 X X
2.0 X X
25 X X
3.0 X X
3.5 yes yes
4.5 yes yes
5.0 yes yes
55 yes yes
6.0 yes yes

Figure 5 shows the fluid’s velocity distribution before cell
reach the trap channel (simulation time 14 s) for single cell
trapping model (trapping hole’s width 2 um) with
Rhnain/Rh1rap between 1.5 to 4.5. Results show that the main
channel’s (loop path) fluid velocity of the single cell trapping
model with RArgin/Rhtrp 0f 1.5 and 2.5 (figure 5A-B) is high
compared to the trap channel’s fluid velocity. Therefore the
main stream will direct the yeast cell to flow to the main
channel’s path and bypass the trap channel. In contrast to the
model with Rhyin/Rhtrp of 3.5 and 4.5 (figure 5C-D), the
fluid’s velocity distribution from the trap hole to the trap
channel is higher compared to the fluid’s velocity in the main
channel. These show that the trap channel produced lower
hydrodynamic resistance than the main channel and the main
stream will direct the yeast cell into the trap channel (refer
figure 4C-D). However, results show that both model with
Rhnain/Rh1rap 0f 3.5 and 4.5 produced almost the same fluid’s
velocity pattern that will produced appropriate pressure drop
for the cell to be trapped. Similar results were observed with
the single cell trapping model with trapping hole’s width 2
um (data not shown).

+0.0004+00

Figure 4: Streamline velocity field of the single cell trapping model
(top view) with trapping hole’swidth of 2 um for Rh, /Rh, of (A)
1.5(B)2.5(C)3.5(D)4.5.
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Figure 5: Velocity of fluid before cell trapping for single cell trapping
model with trapping hole’s width of 2 pm for Rinin/Rh1eap of (A) 1.5

(B) 2.5 (C) 3.5 (D) 4.5. Round structure inside the channel represent
the yeast cell model.

From the simulation results, it was found that the single
cell trapping model with RhAyin/Rhtp, below 3.5 failed to
trap the yeast cell model and trapping was successful when
the RAnpin/Rhtrp is above the value of 3.5 (refer table 1).
However, there are variations in the complete cell trapping
time (time when the cell touch the surface of trap channel)
obtained between different Riypin/Rhtrmp ratio. Higher ratio
requires shorter time for trapping process compared to the
lower ratio. Graph in figure 6 shows the results of trapping
time for the single cell trapping model with trapping hole’s
width 1.5um and 2.0 um for RAnin/Rhtr from 3.5 to 6.0.
From the graph, it shows that the trapping time decreased
with the increasing of Rhngin/RAtrap. This is probably because
higher Rhiw/Rh1ap able to perform velocity distribution
(from suction hole’s to the whole area of trap channel) in a
shorter time compared to the lower Riyin/RhTry. A greater
Rhntain/Rh1rap  ratio was found could provide a lower
hydrodynamic resistance in the trap channel and could
transfer the fluid at a faster rate. The velocity distribution
produced different pressure from main channel to the trap
hole, making the flow resistance inside the trapping channel
lower than the main channel. Therefore, together with the
fluid, cell will flow to the lower flow resistance area and be
trapped. Bigger suction hole’s height (2.0 um) able to
produced shorter trapping time compared to the smaller
height (1.5 gm). Both design with suction hole’s width of 1.5
um and 2.0 um able to obey the hydrodynamic trapping
concept as cell was found able to be trap into the trap
channel.

This study provides a finite element model for single cell
trapping for a yeast cell model. Trap channel’s was designed
to specifically trap a 5 um yeast cell via hydrodynamic
resistance manipulation using a trapping hole placed in the
edge of the trap channel. The channel’s geometry was
optimized to produce appropriate ratio of hydrodynamic
resistance between the trap channel and the main channel
(loop path). The single cell trapping finite element model was
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Figure 6: Simulation results of cell trapping time for different
Rh, /Rh__ from 3.5 to 6.0 for single cell trapping model with
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trapping hole’s width of 1.5 and 2.0 ym.

found able to trap a single yeast cell into the trap channel
with optimized main channel’s geometry and appropriate
RhMain/RhTrap-

Single cell trapping channel is important in providing a
good platform for cell manipulation in studying the
biological, biophysical or biomedical aspect of the cells.
Optimization of the trap channel geometry able to be carried
out by analyzing the fluid’s (water) velocity distribution and
by observing the success of cell trapping into trap hole in the
analyzed model. Suction hole’s height of 1.5 um should be
chosen to carry out single cell analysis because the size is not
too big and enough to trap single cell and to minimize access
stress from executing the trapped cell. However, the size of
suction hole to be chosen is dependent on the type of cell and
type of experiment or analysis and how will it be performed.

V. CONCLUSION

This study presents the finite element model of single cell
trapping inside microfluidic channel. This single cell trapping
system able to be constructed using Abaqus-FEA™ software.
The single cell trapping model able to follow the
hydrodynamic resistance trapping concept. The appropriate
Rhain/Rhryp to perform cell trapping using hydrodynamic
resistance concept is the ratio value above than 3.5. A 5 um
yeast cell model able to be trapped inside a trap channel with
height, width and length of 7 um by manipulating the main
channel’s length of the model with trap hole’s width 1.5 and
2.0 um which situated at the centre edge of the trap channel.
This cell trapping model able to isolate an individual yeast
cell inside fluidic environment thus provide a platform to
further study the mechanical or biological behaviour of single
cell. Single cell manipulation such as chemical and
biophysical treatments and also mechanical characterization
could be performed inside the microfluidic channel using this
system.

ACKNOWLEDGMENT

The research was supported by Ministry of Education
Malaysia (grant nos. 4L640 and 4F351) and Universiti
Teknologi Malaysia (grant nos. 02G46, 03H82 and 03H&0).

(2]

(3]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

REFERENCES

R. M. Johann, “Cell trapping in microfluidic chips.,” Analytical
and bioanalytical chemistry, vol. 385, no. 3, pp. 40812, Jun.
2006.

J. R. Rettig and A. Folch, “Large-Scale Single-Cell Trapping And
Imaging Using Microwell Arrays,” vol. 77, no. 17, pp. 5628—
5634, 2005.

J. Tang, R. Peng, and J. Ding, “The regulation of stem cell
differentiation by cell-cell contact on micropatterned material
surfaces,” Biomaterials, vol. 31, no. 9, pp. 2470-2476, Mar. 2010.

J. Doh, M. Kim, and M. F. Krummel, “Cell-laden microwells for
the study of multicellularity in lymphocyte fate decisions,”
Biomaterials, vol. 31, no. 12, pp. 3422-3428, Apr. 2010.

J. Voldman, M. L. Gray, M. Toner, and M. A. Schmidt, “A
Microfabrication-Based Dynamic Array Cytometer,” Analytical
Chemistry, vol. 74, no. 16, pp. 3984-3990, Jul. 2002.

R. S. Thomas, H. Morgan, and N. G. Green, “Negative DEP traps
for single cell immobilisation,” Lab on a Chip, vol. 9, no. 11, pp.
1534-1540, 2009.

D. S. Gray, J. L. Tan, J. Voldman, and C. S. Chen,
“Dielectrophoretic registration of living cells to a microelectrode
array,” Biosensors and Bioelectronics, vol. 19, no. 7, pp. 771-
780, Feb. 2004.

D. Di Carlo, N. Aghdam, and L. P. Lee, “Single-Cell Enzyme
Concentrations , Kinetics , and Inhibition Analysis Using High-
Density Hydrodynamic Cell Isolation Arrays,” vol. 78, no. 14, pp.
4925-4930, 2006.

A. M. Skelley, O. Kirak, H. Suh, R. Jaenisch, and J. Voldman,
“Microfluidic control of cell pairing and fusion,” Nat Meth, vol.
6, no. 2, pp. 147-152, Feb. 2009.

P. J. Lee, P. J. Hung, R. Shaw, L. Jan, and L. P. Lee,
“Microfluidic application-specific integrated device for
monitoring direct cell-cell communication via gap junctions
between individual cell pairs,” Applied Physics Letters, vol. 86,
no. 22, p. 223902, 2005.

J.-P. Frimat, M. Becker, Y.-Y. Chiang, U. Marggraf, D. Janasek,
J. G. Hengstler, J. Franzke, and J. West, “A microfluidic array
with cellular valving for single cell co-culture.,” Lab on a chip,
vol. 11, no. 2, pp. 231-7, Jan. 2011.

W.-H. Tan and S. Takeuchi, “A trap-and-release integrated
microfluidic system for dynamic microarray applications.,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 104, no. 4, pp. 114651, Jan. 2007.

K. Chung, C. A. Rivet, M. L. Kemp, H. Lu, and U. States,
“Imaging Single-Cell Signaling Dynamics with a Deterministic
High-Density Single-Cell Trap Array,” Analytical chemistry, pp.
7044-7052, 2011.

S. Kobel, A. Valero, J. Latt, P. Renaud, and M. Lutolf,
“Optimization of microfluidic single cell trapping for long-term

Authorized licensed use limited to: UNIVERSITY TEKNOLOGI MALAYSIA. Dowhb3ded on August 11,2021 at 08:07:53 UTC from IEEE Xplore. Restrictions apply.



2014 |EEE Conference on Biomedical Engineering and Sciences, 8 - 10 December 2014, Miri, Sarawak, Malaysia

on-chip culture.,” Lab on a chip, vol. 10, no. 7, pp. 857-63, May
2010.

[15] T. Teshima, H. Ishihara, K. Iwai, A. Adachi, and S. Takeuchi, “A
dynamic microarray device for paired bead-based analysis.,” Lab
on a chip, vol. 10, no. 18, pp. 2443-8, Sep. 2010.

[16] Z. Tang, Y. Akiyama, K. Itoga, J. Kobayashi, M. Yamato, and T.
Okano, “Shear stress-dependent cell detachment from
temperature-responsive cell culture surfaces in a microfluidic
device.,” Biomaterials, vol. 33, no. 30, pp. 7405-11, Oct. 2012.

[17] I. Kumano, K. Hosoda, H. Suzuki, K. Hirata, and T. Yomo,
“Hydrodynamic trapping of Tetrahymena thermophila for the
long-term monitoring of cell behaviors.,” Lab on a chip, vol. 12,
no. 18, pp. 3451-7, Sep. 2012.

[18] G. Thiagarajan, K. Deshmukh, Y. Wang, A. Misra, J. L. Katz, and
P. Spencer, “Nano finite element modeling of the mechanical
behavior of biocomposites using multi-scale (virtual internal
bond) material models,” Journal of Biomedical Materials
Research Part 4, vol. 83, no. 2, pp. 332-344, 2007.

[19] T. Gervais, J. EI-Ali, A. Giinther, and K. F. Jensen, “Flow-
induced deformation of shallow microfluidic channels.,” Lab on a
chip, vol. 6, no. 4, pp. 500-7, Apr. 2006.

[20] A. K. Bryan, A. Goranov, A. Amon, and S. R. Manalis,
“Measurement of mass, density, and volume during the cell cycle
of yeast.,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 107, no. 3, pp. 999—-1004, Jan.
2010.

[21] M. R. Ahmad, M. Nakajima, S. Kojima, M. Homma, and T.
Fukuda, “The effects of cell sizes, environmental conditions, and
growth phases on the strength of individual W303 yeast cells
inside ESEM.,” IEEE transactions on nanobioscience, vol. 7, no.
3, pp. 185-93, Sep. 2008.

[22] A. E. Smith, Z. Zhang, C. R. Thomas, K. E. Moxham, and A. P.
Middelberg, “The Mechanical Properties of Saccharomyces
Cerevisiae,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 97, no. 18, pp. 98714, Aug.
2000.

[23] J. D. Stenson, C. R. Thomas, and P. Hartley, “Modelling the
mechanical properties of yeast cells,” Chemical Engineering
Science, vol. 64, no. 8, pp. 1892—-1903, Apr. 2009.

[24] J. D. Stenson, P. Hartley, C. Wang, and C. R. Thomas,
“Determining the mechanical properties of yeast cell walls.,”
Biotechnology progress, vol. 27, no. 2, pp. 505-12, 2011.

[25] T. P. Burg, M. Godin, S. M. Knudsen, W. Shen, G. Carlson, J. S.
Foster, K. Babcock, and S. R. Manalis, “Weighing of
biomolecules, single cells and single nanoparticles in fluid.,”
Nature, vol. 446, no. 7139, pp. 1066-9, May 2007.

[26] J. Lee, R. Chunara, W. Shen, K. Payer, K. Babcock, T. P. Burg,
and S. R. Manalis, “Suspended microchannel resonators with
piezoresistive sensors.,” Lab on a chip, vol. 11, no. 4, pp. 645-51,
Mar. 2011.

Authorized licensed use limited to: UNIVERSITY TEKNOLOGI MALAYSIA. Dowhided on August 11,2021 at 08:07:53 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


