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A metal-semiconductor—-metalMSM) photodetector has been fabricated using as the
semiconductor, a self-assembled layer of a DNA basis, namely a deoxyguanosine derivative,
deposited between two gold electrodes. These were defined lithographically o, aubiirate,
separated by a distance of about 120 nm. The resulting self-assembled guanosine crystal has been
deposited in such a way to achieve striking semiconducting properties. We show that with these
conditions, thel—V characteristics are independent of the crystal orientation. The device shows a
high current responsédifferential resistance at room temperature ranges i) Mvhich is
symmetric with respect to bias sign and dependent on the illumination conditions. This behavior can
be explained by taking into account the standard MSM theory and its applications as a
photodetector. ©2001 American Institute of Physic§DOI: 10.1063/1.1374232

Observations of efficient charge transport in biological(AFM) measurement§n contact modgof the morphologi-
materials, such as DNA segments, have stimulated much real structure of the film were taken. From these measure-
search on the physical mechanism responsible for thenents(Fig. 2), it is possible to see, on the atomic scale,
conductiod™® and on its possible applicatiohRecent in-  details of the self-assemBfyof this biological material in
terest in molecular-scale electronics as a means to fabricatRe form of ribbons: this feature is characteristic of this par-
extremely dense logic and memory circuits has led to theicular concentration of solution. The morphology of this
development of molecular diodes, switcH@ghotodetectors  “crystal” is that of an array of chains of molecules linked in
and rectifier device$:™**The current—voltage characteristics the H-acceptor and H-donor sitésxygen and nitrogen at-
of a metal-semiconductor—metal photodetectmsentially  oms on one side and NH and Niroups in the other side, as

two Schottky diodes connected back to baake well  shown in Fig. 2. The superposition of the chemical scheme
known'***and have been studied on the basis of the thermigjith AFM images demonstrates the self-assembly of this

onic emission and tunneling theofthe latter when the semi-
conductor length is small enough to permit tunneling this

work we present a hybrid photodetector, in which the uni- (a)
formly doped semiconductor has been replaced by self-
assembled layers of a deoxyguanosine derivative.

A pattern of two electrodes on a PMMA photoresist de- L
posited on a Si@substrate was fabricated by electron beam (_’
lithography(EBL) and, by lift-off processing, layers of chro- =1 s
mium (=8 nm) and gold(=30 nm) were used to implement Si0,
the device. This consists of two electrodes of widthgi@, - 5
length 5 mm and with arrow shaped facing edges. The dis-

tanceL between the two electrodes was varied in the range
30<L <150 nm. A schematic of the device is shown in Fig. Z
1(a) together with the energy band diagram of the MSM

device at the equilibriunfFig. 1(b)]. In this letter we focus (b)

on devices with spacing of the orderlof 100 nm, which is

comparable to the self-organizing length of our molecules. < —
The biological semiconductor was obtained from a solution -
of deoxyguanosine derivative in chloroform (330 2 M). Ee Er
This liquid was deposited on the device by a Hamilton
syringe—the volume of each drop was3 ul (corresponding
to 1P molecules in the spacing regiprifter having waited

until the solvent had evaporated, atomic force microscop€IG. 1. (a) Section of the device used in the experiment. The next image is
a SEM image of the gold nanoelectrodes fabricated by EBL and lift-off onto
a SiG,/Si substrate(b) Band diagram of the MSM device at the thermody-
@E|ectronic mail: ross.rinaldi@unile.it namic equilibrium.
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FIG. 2. Schematics of the ribbon-like structure formed by the deoxygua- Bias (V)

nosine molecules connected through hydrogen b . HereR is a

radical containing the sugar and a?kyl cyhain%. AFIg/Imrﬁcrogrébhttom, FIG. 3 1-V characteristics of _the MSM devi({e_lark currenk the_ cor_]tinu- _
left) of the ordered solid state deoxyguanosine film obtained after drying on@US line represents the experimental data while the dashed line is the fit of
drop of the solution in the gatevith concentration of-3.3x 10"2 M). The E_q. (1) in the st.eep rise region. I_n. the inset several curves are shown at
regular arrangement of ribbons ranges over a distance of about 100 nm. Tififferent power illuminations conditions.

ribbon width of about 3 nm is consistent with that determined by x-ray

mgasgrements. The AFM measurements were pgrformed with atomic respation region for high bias. The steep rise arolwig 0 is
lution in contact mode on the top surface of the film. Photocurrent dlagramdescribed by:

(bottom, righ obtained for the devicébiased byV=1 V). y:

2
[ :|Se*/3(V*VFB) Veg )

material in the form of aligned biological wires. In a previ- wherel is a constantB=e/4K 5T andVeg is the flat-band
ous report we have shown that the electrical-transport prop-

. o voltage with which the electrical field ik=L is 0. The
erties are periodical as the morphology, so that the crystals o . . RS
. . . . Saturation region of the device is given by the reverse satu-
guanosine can be described in the frame of a band-like trans- . )
) -Tation currents from electrons and holes:
port model. Extensive transport and photocurrent experi-

ments, performed on devices with different contact spacing  J=A%T2e, *¥/¥T+ A% T2, *?/kT )

30<L<1000 nhm, together with densny funcﬂonal calcula- whereA,, A, are the electron and the hole effective Rich-
tions, assuming the molecular ordering obtained by the

AFM, have revealed that the self-assembled deoxyguanosinaerdson constant®)un, by, are the Schottky barriers. Upon

A : . : . Saturation the current response reaches values of the order of
films behave like wide gap semiconductors, with energy ga . . . :

) : ens of uA, which corresponds to differential resistance val-

in the range of 3—3.5 eV and electron effective mags

=2 m,.17 This is clearly shown in Fig. 2, where we display ues of the order of a fraction of at¥ From the geometry of

the photocurrent spectrum taken at room temperature fror%he system itis possible to infer that the resistivjsy of this

the device of Fig. (). An evident energy gap onsét3.4 material is around 4) cm. The voltage at which the phgto— .
. e . . . current saturates corresponds to the flat-band condition, in
eV) proves the band-like description of this particular bio-

g . . . Lo which the electric field at the anode becomes zero. This can
logical material(at this concentration and its similarities to e estimated from a one-dimensional depletion equation:
other wide-band-gap materials, such as GaN, with near U\P P q '

absorption onset. The ordering conditions of the Dd&- eN|
oxyguanosingfilm are essential for the current response of ~ Veg=| —— L%, ©)
the device. If a more or less diluted solution is used, self- €s

assembly does not occur; therefore great care has to be takesmereN is the ionized impurity concentratioh,is the semi-
in order to control the solid state assembly of the moleculesconductor width, ands is the dielectric constant of the semi-
-V measurements were taken using a picoammgei-  conductor. Figure 3 shows the results of a simulation of the
thley 617 both in dark and under illumination. Figure 3 MSM photodetector characteristics from Ed), in the non-
shows the experimentalV measurements taken for a de- saturated region of the-V graph(dashed lines compared
vice with a 120 nm gap and one drop of matéfiah dark  to the experimental measurements. The agreement is quite
and under illuminatior(inset of Fig. 3. good, providing &g value of about 7.9 V. The applicabil-
The observed characteristics are typical of a MSM sysity of the MSM theory to this situation is a further proof to
tem. A MSM device has two Schottky barriers connectedthe semiconductor behavior of the self-assembled deoxygua-
back to back: bias of any polarity will put one Schottky nosine film. The non-ohmic-behavior is also dependent on
barrier in the reverse direction and the other in the forwardhe illumination conditions: the response shows a saturation
direction. Because of the small width of this “semiconduc- current that depends on the wavelength and intensity of the
tor,” it easily becomes depleted and the dark current in thancident flux. When black-body light is received in the gap
forward biased junction is not the usual high electron for-between the two gold contacts, the photocurrent at first rises
ward bias current. Instead, the dark current in the forwardvith voltage, then becomes saturated at current values which
biased junction is due to the hole and electrons currents irdepend on the illumination powers. In the inset of Fig. 3
jected from the metal over the barrier. different saturation currents are observed with respect to dif-
The |-V characteristics of a MSM device thus consistsferent black body illumination powers. This could be due to
of two distinct regions: a steep rise arouver 0, and a satu- incoherent transport which is rnot dependent on the wave-
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