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1. Introduction

Many groups have explored new sensing
devices for various applications. Furthermore, the
device with a new sensing mechanism is
reguested for development of application fields.

In this paper, we describe a new device with
nano-gap for liquid sensing. We observe for the
first time peaks due to water sensing in
capacitance (C)—voltage (V) and conductance (G)
—voltage (V) characteristics of a nano-gap device.

2. Experimental

The nano-gap device that has Au/p-Si/nano
-gap/n-Si/Al structure was fabricated. A thermal
oxide film was formed on n-type Si(100) wafer in
wet oxygen gas at an atmospheric pressure. The
oxide thickness was about 200 nm. The oxide film
was patterned by photolithography to define the
gap region. The wafer and a cleaned p-type
Si(100) wafer were stacked with the surfaces
facing each other. The stacked wafers were heated
to achieve strong bonding of the wafer.

3. Resaults and Discussion

Figure 1 shows the change of GV and GV
characteristics at 100 Hz for a nano-gap device by
water dropping into the gap. C-V and GV curves
after water dropping have apeak at 0.7 V.

Differences of GV and GV characteristics at
20, 50, 100, 200 and 500 Hz by dropping water
are shown in Fig.2. The difference of

characteristics is obtained by the subtraction of
the curve before water dropping from that after
the dropping. The peak height in C-V isincreased
at lower frequency, while the peak height in GV
isincreased at higher frequency.

FTIR spectral change after water dropping into
nano-gap space is shown in Fig.3. FTIR spectra
have absorption peaks due to water at 1645 and
3450 cmi’. It is confirmed that water is introduced
into nano-gap by the dropping. Peaks due to water
at 700 and 2125 cm are not observed for water
in nano-gap, while the spectrum of water dropped
on the outer surface of Si has the peaks. It is
considered that hydrogen bond between water
molecules is weakened in nano-gap space.

The peak in C-V and G-V curve can be
explained by capture and emission of electrons
through the states of water as illustrated in Fig.4,
because the behavior of the peak for voltage or
frequency resembles that of the peak due to
capture and emission of electrons through the
SiO,/Si interface trapsin C-V and G-V curve of a
Metal/Oxide/Silicon diode.

4. Concluson

We observe for the first time GV and GV
peaks arised from capture and emission of
electrons through the states of water. The sensing
of water shows that a new nano-gap device has
possibility to be useful for biological sensors.

- 704 -



T T I'_E
|: s After water = r
: N il a=
x ( T X I« 100Ha m 1
w4 . i | * 200Nz
z I 2 0« s00Hz f II'.
:: - i F o
i:_ 2+ bhefore water E 0.5 |II1I 1* 1
= drapping ; )
= -
e -
= = ‘i/‘. .
- -2 0 2
VOLTAGE (V) VOLTAGE (V)
(@ (a
3 T ﬂ T
_ o
':.'ﬁ after wiler % L] .'.!H”..': I}
s El
3 - - rd . % !
et o = * 2000k
E hefore water § z 4 S00Hz
:_"' ' |,1:rup|1i||.|_§ t
= z 2
Z &
Bgl——0r T
-2 0 2 -2 0 2
VOLTAGE (V) VOLTAGE (V)
(B) (b)

Fig.l (a) Capacitance-voltage

conductance-voltage characteristics at

and (b) Fig.2 (a) Difference of capacitance-voltage and

100 Hz for (b) difference of conductance-voltage characteris-

nano-gap sensor before and after water dropping. tics at 20, 50, 100, 200 and 500 Hz for nano-gap

sensor by dropping water.

pak A poak B peak U pak ¥

; '-‘”"““_'—'-3'-;1-..-.;.-;-—-—-"'::“- e WATER Si

E ﬂ_'-_.ﬂlcl'l::::.rjl‘ 5

2 LT S minte CONDUCTION BAND

:— e 5 i[5

E “_.I"!-if'.'.'::f'.“.___. e TR | x FLECTRON

2 Lo y [ E o

"'._é . o S surface J Ec

4000 3000 2000 1000 STATE—————"= _
WAVENUMBER (em) BAND GAP

Fig.3 FTIR spectra of water in nano-gap space
for times after water dropping. FTIR spectrum of Fig.4 Illustration of capture and emission of

water dropped on outer surface of Si is shown as electrons through the states of water.

areference.
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