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Introduction~

[n recent vears. considerable efforts have been made In-erdertto overcome selve

reaehing the physical limit isssein conventional random access memory when down

scaling through the development of -researchershave paidmuch offortin searching

seen as one of the most promising technologies for future memory applications. Its

simple metal-insulator-metal (MIM) structure makes the RRAM easy in-fo

fabricateies and highly hasexeclent scalableility. Many binary metal oxides, such as

NiO, HfO,, TiO2, have been proposed as insulatorlayers for the MIM structure of

RRAM devices for-due to their ease of composition control and fabrication [5-13].

L (2E) | 8A |

2R [yu3]: Herel mean: In conventional
random access memory, the deviceis
approaching its physical limit, therefore
many researchers have been trying to find
new memory technologies. The physical

limit cannotbe overcome. +
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The determination of DNA sequences has long been a topic of
intensive research in biotechnology and medical diagnostics because
the genetic information carried by an organism is inscribed in its
DNA. In addition, the measurement of DNA conductivity, hybrid-
ization, and melting by electronic means has drawn a great deal of
attention in recellt yc‘ara due to its posslble applications J

_ ing tested
and detected. Thcsc lv:n:hniqucs; are usually tjmc—consuming. expen-

sive, and complicated to implement. Therefore, label-free DNA de-
tection methods such s cyclic voltammetry and chronopotentiom-
etry were dev cloptd ? However, these label-free methods are of
wet type, where the sensor has to be immersed in the solution being
tested, and hence the selectivity as well as the detection limit of the
sensor is influenced by the thermal drift of the electrolyte
solution.'*!?

As a result of the rapid progress in semiconductor fabrication
technologies, many semiconductor/nanodevices and measurement
tools have been developed eltller to measure the electrical properties
of DNA or to detect DNA.' For example, Storm and his co-
workers used nanogap junctions to measure the electrical resistance
of hybridized and denatured DNA molecules.'? Zwolak and Di Ven-
tra used nanopores to observe the different chemical structures of
the four different bases of DNA and proved that each of the four
bases of DNA carries a unique electronic and chemical structure.
This result was later confirmed by Xu and his co-workers b

EREP O

for the detection of label-free DNAS in the litf:ralurf:,m'z[) they were
used only to detect single-strained (ss) homopolymers. In the present
work, instead of using SINW, we chose a polysilicon (poly-5i) wire
fabricated by E-beam lithography to characterize the sequence of
label-free DNAs. The poly-5i wire is not only easily fabricated on Si
wafer using conventional semiconductor processing technology, but
is also Icaa cx ensive and can be manufactured without losing much
acmltnlty “ Although E-beam lithography is also expensive, the
poly-Si wire sensor provides additional advantages such that mass
production with high yield can be achieved and the cost is cut down
when compared with the aforementioned SPM technique. In the
present study, we measured the current flowing through the poly-Si
wire channel rather than time-dependent conductance, as was done
in Ref. 19 and 20. More importantly, the poly-Si wire sensor is a
dry-type one, which means that it does not have to be immersed in
the solution being tested, and no referenced electrode is needed
during the measurement. The absolute value of the amount of cur-
rent change Al before and after dropping the DNA solution being
tested [i.e., Al = |I(after dropping) — I(before dropping)|] on the
poly-5i wire surface is different for each ss homopolymer and each
double-stranded (ds) heteropolymer with sequence. This indicates
that each ss homopolymer and each ds heteropolymer has its own
characteristic Al. This study also proves that the poly-Si wire can be
used to detect single- and multiple-base changes in ss homopolymer
as well as single- and multiple-matched-pair changes in ds het-
eropolymers.
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(Cardone et al. 2005). It has been proven that, compared

may alter the original cellular functions of the cells (Fujita
and Smith 2008) making real-time monitoring of different
biophysical properties of a single cell difficult to achieve
because different fluorescent conjugates have to be added
simultaneously, and because multicolor fluorescence mi-
croscopy has to be used (Sims and Allbritton, 2007).

The advent of nanofabrication has made it possible to
propose nanoparticles, carbon nanotubes and nanowires for
biomedical research and analysis (Roco 2003) (Andersson
and van ato sk} et al. 2006) (Karni et al.

(B’lum’mn et al. 1999) (Pui et al. 2009). Silicon
nanowire ( -effect transistors have been used to
detect the neuronal signal of a single neuron cell and a
single muscle cell (Patolsky et al. 2006) (Karni et al. 2009).
The high sensitivity of SINW field-effect transistors is very
attractive, but the alignment difficulty and the low yield of
fabrication make that the SINW is still not very popular for
cell detection. At the same time, detecting cells or rat
cardiomyocytes confined in a sensing area has also been

to normal tissue, tumors require a high level of glucose so
as to consistently acidify their environment in order to
support the metabolism, resulting in a lower extracellular
pH value. Since a PSW sensor has been proven to be able
to detect the H" ion density (pH value) of the medium
coated on the PSW surface (Hsu et al. 2009) (Wu et al.
2011) and different cells produce different extracellular
acidification and hence different H" ion densities (Baumann
et al. 1999) (Schifer et al. 2009) (Sommerhage et al. 2010),
it is therefore expected that any change in the extracellular
microenvironment of the single cell confined in the
isolation window residing on the PSW will alter the
surface-charge state of the PSW and can therefore be
detected by the change in the current flowing through the
PSW channel. In this paper, we report for the first time the
differences in extracellular cell property between normal
cells and cancer cells by using a PSW in combination with
an isolation window.
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1. Introduction

The ability of cells to adhere to the substrate onto which they
were cultured depends not only on the characteristics of the cell
but also on their cultivation conditions. The adhesion ability of
cells to the substrate also play a critical role in many of the
fundamental cell-involvement processes such as embryonic mor-
phogenesis, anglogenesm 1nﬂammat10n and wound healing [1-3].
Conseque ' araction has raised the interests of
many 1esearchers [4 6] whose works) have taught us additional
traction force, migration, and
even the metastasis ability [7-9]. Cell-substrate interaction has
been recognized as an indication that cells will generate a local
force via so-called cell-extracellular matrix (ECM) interactions. It
also has been confirmed that it is the traction force caused by actin
polymerization at the cell’'s leading membrane edge that transmits
the contractility force to the ECM via the primary mediators’ focal
adhesion proteinintegrins [10-12].In addition, reports have shown
that not only the cell’s leading membrane edge but also its central
region plays an important role in cell-substrate interaction [5,13].
The literature shows that many researchers used fibronectin (FN)
for the study of cell-substrate interaction [10,12,14] since FN can

bond with integrins to form the traction force at the cell’s lead-
ing membrane edge after actin polymerization. Since actin exists
in both the cancer cells and in normal cells, it is difficult to dif-
ferentiate the cell-substrate interaction of cancer cells from that
of normal cells using FN [15]. Therefore, challenges remain in the
application of FN to cell-substrate interaction and further research
is needed.
Optical techniques such as interference reflection microscopy
(IRM) [16-18] and fluorescent microscopy (FM) [4-6] [9] were
developed for cell-substrate interaction measurements. However,
several issues still remain to be resolved in these optical techniques.
For example, multiple spurious reflections and poor contrast can
affect the result of IRM, and the addition of fluorescent conjugates
in the FM method can possibly affect the original property of the
living cells due to the molecular effect [19]. At the same time, a
label-free characterization technique has been reported in which
living cells are cultured on wrinkled or elastic micropillar substrates
and the traction force of the cells are determined from the substrate
deformation with the help of optical microscopy [14] [20,21]. More
recently, a similar technique using silicon nanowire has been pro-
posed to quantify the difference in traction force between normal
cells and cancer cells by determining the deformation of a silicon




P #5 ;8 — reference

References

. D. Porath, A. Bezryadin, S. de Vries, and C. Dekker, Nature (London), 403, 63 REFERE:\C ES
(2000). . R .
K. H. Yoo.D. H. Ha. . O. Lee. J. W. Park. J. Kim. J. J. Kim. H. Y. Lee. T Kawa | 1] H. Satake, M. Yasuda, and A. Toriumi, “Correlation between the two

and H. Y. Choi, Phys. Rev. Lett., 87, 198102 (2001). dielectric breakdown mechanisms in ultra-thin gate oxides,” Appl. Phys.
. G. Maruccio, P. Visconti, V. Arima, S. D"Amico, A. Biasco, E. D’Amone, | Left., vol. 69, no. 8, pp. 1128-1130, Aug. 1996

Cingolani, and R. Rinaldi, Nano Let., 3, 479 (2003). e T S ) : .
E.S. Lander. Nat. Genet.. 21. 3 (1999). ’ [2] K. Eriguchi, Y. Harada, and M. Niwa, “Effects of strained layer near

5. 1. Wang, Chem.-Eur. J., 5, 1681 (1999). 5i-5i0+ interface on electrical characteristics of ultra-thin gate oxides,”
6. C. H. Mastrangelo, in Solid-State Chemical and Biochemical Sensors, P. Vincenzi I J'FF'I Phvs.. vol. 87, no. 4 pp 1990—1995. Feh. 2000
and L. Dori, Editors, pp. 465-476, Techna, Faenza (1999). o e Tt o et ] el .
. P. de-los-Santos-Alvarez, M. Jests Lobo-Castandn, A. J. Miranda-Ordieres, and | [3] T- C 1"“_13 ‘_md _K- C-_ Saraswal, E”‘-"‘:[ of physical stress on the degra-
Temdm Mo 4r e e onn A~ti~m of thin 5109 films under electrical stress,” IEEE Trans. Electron
References g5, vol. 47, no. 4, Pp- 746755, 'f'ipl' 2000,
keriya and T. PP Ma, “Effect of stress relaxation on the generation
Hatinn dndonand dntaefaon teance in oecoet o modal snoaalad AT Q0,4

WH.1] References

B

v B Brown, L. V. (2007). Psvchologv of motivation. New York: Nova Science Publishers.
. ber

Chang. Mei-Mei.. & Lehman. D. J. (2002). Learning foreign language through an interactive multimedia
program: an experimental study on the effects of the relevance component of the ARCS model.
CALICO Journal, 20(1). 81-98.

Crookes. G.. & Schmidt. R. W. (1991). Motivation: Reopening the research agenda. Language Learning, 41.
469-512. http://dx.doi.org/10.1111/5.1467-1770.1991.tb00690.x

Dornyei. Z. (2005). The psychology of the language learner: Individual differences in second language
acquisition. Mahwah. NJ: Lawrence Erlbaum. http://dx.doi.org/10.1177/0261927X05281424

Elliot. A. J.. & Covington, M. (2001) Approach and avoidance motivation. Educational Psychology Review,
13.2-19. http://dx.doi.org/10.4324/9780203888148.chl

Keller. J. M. (1979). Motivation and instructional design: A theoretical perspective. Journal of Instructional




#p 7 #3¢ — Figures

—8—1-APTES+NPs+UV 90s
—®— -APTES+NPs
—A—-APTES

Glucose concentration at 10°M

Current Drift in Al (nA)

o
=
=
A
]l
&=
(=]
-
=]
=
=
[
=

1"""1-'r'rr'rr':r': """ IR L I"||'|1'
1855 1960 1565 150 1875 T80 1985 1950 195

100 1000 10000
Figure 1. Figure Title Number of Assays

Fig.5. Current drift in Al of the PSW coated with different membranes as a function
= Type? (Tiff) 300 dpi [ i ek
= Ticks (inside/outside) kil
= Top & Right Axis ?
= B&W or Color ?

— The readers can understand without referring to context.




£ ) -
g 7 ;¢ — Headings
I Detecting the effect of targeted anti-cancer

medicines on single cancer cells using a
poly-silicon wire ion sensor integrated with
a confined sensitive window

You-Lin Wu, Po-Yen Hsu, Chung-Ping
Hsu & Jing-Jenn Lin

Somedical Microdevices
EIaMEMS and Blomedica
Nanotecdnalogy

o Biomedical
BSNI1ZT2178 - =
Vokame 14 Microdevices

Nusber S

BioMEMS and Blomedical Nasotechnology
Elomed Microdevices (2010) 14839 343 -
OO 101007510534 01296645

N .
&1 Springer




| ¥ 38 — Running Head

Running head: Improvisation, divergent thinking, creativity and education

children’s cognitive abilities (Boyes & Reid, 2005; Catterrall, Chaplow & lwanaga, 1999; Dunbar,
2004; Hassler, 1992; Keinanen, Hetland & Winner, 2000; Schellenberg, 2001; Smithrim & Upitis,
2005; Vaughn, 2000) as well as their creative achievement (Minton, 2002). However, it remains a
matter of debate to what extent the beneficial effects of creative arts activities on cognitive skills are
domain (music, drama, visual arts etc; e.g. Koutsoupidou and Hargreaves, 2009) and modality
specific (e.g. spatial, verbal, visual etc.; Jaschke, Eggermont, Honing & Scherder, 2013; Jonides, 2008;
Minton, 2002; Lewis & Lovatt, 2013; Winner & Cooper, 2000) with a call for stronger experimental
studies in the area. Overall, despite the emphasis of current educational policy on acquiring
knowledge, there is substantial evidence that there are potential gains to be made from creative arts

and cultural activities in education and there is a need to further evaluate the extent to which they
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