CLEO-PR 2015

High Sensitivity, Ultra-Broadband
SWNT-Graphene Hybrid Photodetector

F. Wang'", Y. D. Liu, X. M. Wang?, Y. Li%, X. Z. Wang’, X. R. Wang?, Y. B. Xu', Y. Shi%, R. Zhang!

1 School of Electronic Science and Engineering, Nanjing University, Nanjing, 210093, China
2 Department of Electrical Engineering, Yale University, New Haven, CT 06511, US
3 School of Chemistry and Chemical Engineering, Nanjing University, Nanjing, 210093, China

E-mail address: fwang@nju.edu.cn

Abstract

A photodetector based on SWNT-graphene hybrid films
and facile fabrication steps is demonstrated, which exhibits
a remarkably high photoresponsivity of ~ 100 A/W, across
visible (400 nm) to the telecommunication wavelengths
(1550 nm).

I. INTRODUCTION

Due to ultra-broadband absorption and intrinsic high
operation frequency [1-3], graphene based photodetectors
have received considerable research attentions in recent
years [4-6]. However, the relatively low absorbance of a
single sheet of carbon atoms adversely limits the
photoresponsivity of graphene-based photodetectors to a
level of ~102 A/W [3]. A number of approaches have
been proposed and demonstrated to enhance the device
photoresponsivity [6-8]. However, enhancement in these
device proposals either requires sophisticated fabrication
steps that are not manufacturing scalable or is at the
expense of the devices' optical bandwidth or response
time.

Single-walled carbon nanotubes (SWNTS) are the one-
dimensional (1D) quantum-confined form of carbon
allotropes, which also possess intriguing optoelectronic
properties. For example, SWNTs are effective light
absorbers in a wide spectral range [9, 10]. In addition,
free carriers in semiconducting tubes can have mobilities
as high as 10° cm?V-1s? [11]. The compatibility with
solution processing further enables the deposition of
nanotube thin-films onto flat and flexible optical
substrates in a cost-effective manner [12]. The
combination of 1D SWNTs with 2D graphene represents
an interesting and promising all-carbon composite
material for optoelectronic applications. Recently,
efficient charge transfer has been identified at junctions
formed by graphene and SWNTs [13]. This prompts us to
investigate the graphene/nanotube composite materials
for photodetector operation.

In this paper, large-scale CVD grown graphene and
liquid-processed SWNT dispersions are used to fabricate
a phototransistor with a graphene/nanotube hybrid
channel. The phototransistors show an ultra-broadband
photoresponse across visible to near-infrared range (400
nm — 1550 nm). Our results demonstrate that
graphene/nanotube composites have great potential in

light harvesting and related optoelectronic applications.
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Fig. 1. (a) Optical micrograph of the fabricated SWNT-graphene hybrid
phototransistor. (Scale bar, 10 um) (b) Photoresponsivies as a function
of the optical power for different illumination wavelength (405, 532,
650, 980 and 1550 nm). (c) Spectral responsivity for different
illumination power of 0.3, 1 and 2 uW. Vsp=0.5V

1. DEVICE FABRICATION

We use SWNTs from a commercial supplier (Carbon
Solutions Inc.). The graphene sample is grown by CVD
method. Raman spectrum combined with optical
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microscope characterization points to a high quality
single layer sample. The phototransistor is fabricated as
follows: CNT  suspensions are produced by
ultrasonicating 2 mg nanotube in 20 mL NMP. The
resulting suspensions are ultra-centrifuged with 10,000 g
for 1h before the supernatant is collected for the
deposition of SWNTSs thin films on a SiO,/Si wafer. CVD
graphene is transferred on top of the CNT layer using the
standard PMMA supported procedures. Electrodes are
patterned by standard photolithography. Different metal
composition (Ti/Au and Pd/Au) are subsequently
deposited. The electrical measurements are carried out in
a cryogenic probe station under vacuum (10 Torr) at
room temperature. Fig.1 (a) shows an optical micrograph
of the device.

I1l. RESULTS FOR BROADBAND PHOTORESPONSE

Fig. 1(b) illustrates characteristics of broadband
photoresponse over a range of incident wavelengths (405,
532, 650, 980 and 1550 nm). Higher responsivities were
obtained at lower incident power levels. At a moderate
illumination power of ~0.3 uW, all wavelengths exhibit a
responsivity > 10 A/W, a typical specification for
commercial photodetectors. The responsivity value is
higher for shorter wavelengths than for longer ones, as
shown in Fig. 1(c). From the wavelength dependence,
even higher photoresponsivities are expected for
ultraviolet wavelengths. Photogating provided by the
nanotube ensembles is attributed to the observed large
photocurrents and investigation of the detailed charge
transfer scenario at the SWNT-graphene junction as well
as the device transient characterisitics is currently
underway.

IV. CONCLUSIONS

In summary, by combining large-area CVD grown
graphene with atomically-thin SWNT layer, we have
formed a quasi-2-dimensional SWNT-graphene hybrid
film. Such hybrid film based photodetectors exhibit an
ultra-broadband sensitivity across visible to near-infrared
telecom bands, demonstrating the potential for facile
fabrication of high-performance all-carbon optoelectronic
devices.
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