
OPEN

RESEARCH HIGHLIGHT

Building potential for graphene photodetectors
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Photodetectors are ubiquitous, found in everyday

products such as TV remotes, disc players and

digital cameras as well as specialized devices for

fiber optic communications and astronomical

observations. Similarly, graphene has seen a quick

emergence in a range of prototypic devices due to

its attractive electronic, optical and mechanical

properties.1 Using graphene in photodetection

utilizes its high carrier mobility and zero bandgap

that—among other advantages—show promise for

wide-spectrum, high-speed, low-cost and flexible

photosensors. Graphene-based photodetectors have

typically relied on Schottky barriers formed near

the metal–graphene contacts, where a built-in

potential drives the separation and transport of

photogenerated electron–hole pairs. However, sym-

metric metal–graphene–metal devices generate an

equal positive and negative flow with a net zero

photocurrent (Figure 1a). Using metals with asym-

metric band structures breaks this equilibrium2

(Figure 1b) at the cost of additional fabrication

steps and is limited by the maximum difference in

barrier heights. Recently, Liu and co-workers3 from

Peking University presented a step forward by

creating a single p–n junction in graphene itself.

In this study, adjacent regions of intrinsic

(p-type) and nitrogen-doped (n-type) graphene

form a junction with a potential offset at the

center of the device. With only one junction, a

unidirectional carrier separation and transport

produces a measurable photocurrent (Figure 1c).

The synthesis is built upon their previous work

on ‘mosaic graphene’:4 by modulating the doping

concentrations during a chemical vapor deposition

process, they form coherent regions of distinctly

nitrogen-rich (doped) and -deficient (intrinsic)

graphene. Substitutional doping with nitrogen

shifts the Fermi level and forms a p–n junction

at the interface that operates independently of any

contact metals.

Less than 1 nm thick, a single layer of graphene

absorbs 2.3% of the light that passes through:

extraordinarily opaque for an atomic monolayer,

yet still highly transparent. While low absorption

is great for transparent conductors, in photodetec-

tors it leads to low photoresponsivity. Gold

nanoparticles are used as nanoscale optical

antennae that concentrate the light through plas-

monic effects,5 enhancing the absorption,

photocurrent and photosensitivity of the

graphene p–n junction.

These photodetectors could benefit a range

of optoelectronic devices that require high

photoresponsivity, flexibility and wavelength selec-

tivity. Doped-graphene p–n junctions offer more

practical and self-contained devices over graphene–

metal junctions, though much work remains before

the quality and yield of either can compete with

state-of-the-art silicon-based detectors. Neverthe-

less, this synthesis and fabrication of graphene p–n

junctions with integrated plasmonic antennae pro-

vide a novel platform for photodetection that

utilizes the low absorption of atomically thin

materials and offers unique opportunities for

engineering new types of photovoltaic and optoe-

lectronic devices.
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Figure 1 Graphene-based photodetectors. (a, b)

Band diagrams for symmetric (a) and asymmetric

(b) graphene–metal Schottky junction-based

photodetectors with a zero and non-zero photo-

current, respectively. Contacting graphene with

metals of variable work function changes its

Fermi level and creates a potential offset near

graphene–metal contact that facilitate the

separation and transport of photocarriers. (c)

Band diagram of a graphene p–n junction-based

photodetector with a net photocurrent. The

potential offset near the p–n junction can

effectively drive the separation and transport

of photocarriers to produce a measurable
photocurrent. Dotted lines are the Fermi level

position and solid blue–red lines are the

positions of the Dirac point in graphene. Blue

and red spheres represent electrons and holes,

respectively.
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