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Abstract

The gold nanoparticles (Au NPs) decoration on top of
Pentacene is proposed to enhanced the phtoresponse of or-
ganic phototransistor. By introduce the surface plasmon
resonance (SPR), photons concentrated at pentacene sur-
face enhanced the density of generated free carriers. The
switching characteristics was studied, the trap at penta-
cene/Au NPs interface is to increase rise time but de-
creases fall time. Shockley-Read-Hall recombination pro-
cess through those traps are used to explain this behavior.
By manipulating the surface traps, the response time
could be further reduced toward high speed operation.

1. Introduction

Phototransistor (PT) integrated the advantages of photodetec-
tor and transistor in single device with excellent photon to
electrical signal conversion gain are wildly applied in indus-
trial, biomedical and even military [1]. For portable device,
organic material has potential to replace the amorphous sili-
con with flexibility, high optical sensitivity, high carrier mo-
bility, low cost, low manufacture temperature and large man-
ufacture area. The challenge for most of the organic PTs
(OPTs) devices is relative low optical conversion efficiency
with a thin semiconductor layer which lack effective absorp-
tion thickness. The solution for this problem is easily associ-
ated with increased the semiconductor thickness. However,
the carrier mobility lower in thicker film due to current flow
through the highly resistive path in neutral region that leads
to the device performance reduced [2]. The physically limita-
tion limited the magnitude of photon absorption in thin film
semiconductor, thus, to design a structure to concentrated the
light in the semiconductor surface is necessary.

Metallic nanoparticles (NPs) like gold [3], silver [4] and
graphene [5] would be the optimal solution to concentrate the
light at the particles surface through near-field oscillation to
enhanced localized electric field [6]. In addition to plasmonic
oscillation, the other benefit like rayleith scattering scattered
the incident light to underlying layer and being absorbed [7].
The PTs with metallic NPs decoration are reported photocur-
rent enhancement and induced threshold voltage shift in visi-
ble region [8] even UV [9]. However, none of the paper dis-
cuss about rising time and falling time behavior as the OPTs
with Au NPs decoration. In this study, we investigated the

OPTs with Au-NPs decoration to enhance the photocurrent
and furthermore analyzing the rising time and falling time be-
havior to realize the photo carriers generated and recombina-
tion behavior.

2. Experiment

To fabricate bottom-gate top-contact Pentacene thin film tran-
sistor, an Au gate electrode was first deposited onto a cleaned
glass substrate through a shadow mask by thermal evapora-
tion. Later, a 20nm thick Al,O; layer was deposited by atomic
layer deposition. An interface treatment layer Poly(methyl
methacrylate) (PMMA) was first dissolved in toluene
(20mg/ml) and spun coated on the top of Al,O annealed on a
hot plate at 100°C for 30min. A purified pentacene film and
Au source-drain electrode both with a thickness of 40 nm was
deposited by thermal evaporator through a shadow mask. Fi-
nally, Au nanoparticles (Au-NPs) was thermally evaporated
onto the pentacene film through a shadow mask. The channel
length (L) and channel width (W) of the fabricated phototran-
sistors were kept at 100 and 500 pm, respectively. The cur-
rent-voltage (I-V) characteristics of the fabricated devices
were then measured using an Agilent 2192 semiconductor pa-
rameter analyzer. The spectral responses of the devices were
measured using 650, 532,405nm wavelength laser as the light
source and the light intensity are both ImW/cm?.

3. Results and discussion

Fig. 1 shows the transfer characteristics of pentacene PTs
with and without Au-NPs decoration illuminate under three
different light with incremental illumination time. Those
curves revealed shift to positive gate voltage under 650nm
light illumination due to photovoltaic effect [10]. The ab-
sorbed photon energy transfers to excite the carrier in semi-
conductor. The Au NPs OPTs shows clearly curve shift and
significant photo-response larger than without decoration one
which contributed to surface plasmon resonance (SPR) of Au
NPs interact with photon [11]. The incident photon energy
transfer and oscillate the electron cloud at NPs surface and
increase the amplitude of oscillation further increase the elec-
tric field thus create a surface plasmon wave in the semicon-
ductor.
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Fig. 1 The transfer characteristics of pentacene PTs

Fig. 2 compares the drain current behaviors of OPTs with and
without Au NPs in response to light modulation. Photo- and
dark currents of both OPTs keep nearly invariant with time.
The drain current of OPTs exhibits distinct on and off states
as light are switched on and off. Au NPs OPTs well retain
their steady-state photocurrent level as light turn on, and grad-
ually restore to their initial dark current level as light are off.
OPTs without Au NPs show same trends in the photo and dark
currents in the switch test. With Au NPs, OPTs can generate
more photocurrent after receiving the photon energy.
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Fig. 2 The time response drain photocurrent I, of OPT.

The rising time constant and the falling time constant of
photocurrent (PC) effect are two critical parameters to realize
the photo current generation and recombination behavior as
the times required for a channel. The rising time constant can
be fitted from a bi-exponential growth equation:

Iyen(t) = A1) + 4,e('22) 1 1(0) (1)

where A, A,, are positive constants, Tl is carrier generation
time constant (fast rising time), and 72 is charge diffusion
time constant (slow rising time). Calculated the Au NPs OPTs

carrier generation time constant from fitting are 71 =0.55,
0.62, 0.66 s illuminated wavelength 650, 532, 405 nm, re-
spectively, which is slightly slower than without Au NPs
( 1 =0.33, 0.23, and 0.30 s). The carrier generation time
constant represents the time of electron in LUMO (E,) level
and hole in HOMO (E,) level were created as absorb the pho-
ton energy. As the carrier be excited and holes flow to drain
due to external electric field and the carrier concentration in
excited region is lower than nearby. Thus, a concentration de-
grade is formed force the high concentration charges in sem-
iconductor diffusion to low concentration region. However,
the diffusion rate is relative slower than photocurrent genera-
tion rate thus limits the magnitude of photocurrent generation
as time goes on.

4. Conclusions

In summary, the OPTs with Au NPs was proposed to
achieve enhanced photocurrent under light illuminated at
three different light. Due to SPR, the enhancement in thresh-
old voltage shift are about 11.90, 130.95, and 11.59% under
wavelength 650, 532, and 405nm, respectively. It is found
trap exist at the pentacene/Au NPs interface cause larger ris-
ing time and smaller falling time. The excited carrier recom-
bination through Shockley-Read-Hall recombination process
is attributed to this effect.
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