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Progress of surface plasmon enhanced near-infrared photodetector

based on metal/Si Schottky heterojunction
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Abstract: Due to the high energy, narrow distribution and breaking the bandgap limitation, plasmon
induced hot electrons has been widely applied to extend the photoresponse spectra of the semiconductor,
such as realizing the response spectrum of wideband semiconductor and silicon to visible and near-
infrared range, respectively. Besides, the response spectrum can be adjusted by changing the plasmonic
nanostructures, which has an important advantage for realizing silicon-based near-infrared photodectection.
Firstly, the concept and mechanism of surface plasmon and plasmon enhanced internal photoemission were
introduced. Then, the recent progress on near infrared hot electron photodetector based on silicon was
summarized. The influence of the shape, size, distribution of plasmonic nanostructure on the generation
and transportation of hot electrons were also summarized. Finally the challenges and potential future
directions of surface plasmon enhanced near-infrared photodetector based on metal/Si Schottky
heterojunction were discussed.
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Fig.4 (a) Schematic diagram of the cavity array photodetector with
hot electrons excited by using the surface cavity array covered
by a gold film; (b) schematic diagram of Au-Si junction,
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Fig.5 Plasmon—induced hot electron production for embedded
nanostructures. (a) planar devices support electron
transport only through the bottom interface; (b) fully
embedded devices support electron transport through all
three Schottky interfaces; (c)—(e) three representative
SEM images of devices with widths of 120+10 nm
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Fig.6 (a) Schematic of the proposed plasmonic hot electron
photodetector; (b), (c) field and Pabs distributions of
the device operating at the front and back-illumination
modes; (d) time-dependent responses of the optimized

devices operating at two illumination modes
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Fig.7 (a) SEM micrograph of the locally-oxidized silicon bus waveguide
integrated with the Schottky photodetector; (b) zoom in on
the Schottky contact; (c) the responsivity plot of the device
at operation wavelength of 1550 nm. The reverse current is

taken for a small reverse bias of 0.1V
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Fig.8 (a) Schematic of a gold grating on an n—type silicon
substrate; (b) FDTD (empty circles) and experimental
data (filled circles) for the responsivity peak position
in wavelength showing a linear dependence on interslit
distance (grey dashed line); (c) photocurrent responsivities
of grating-based photodetectors for three different gold
layer thicknesses, 7=93 nm (black), 170 nm (grey) and
200 nm (green)
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Fig.9 (a) Schematic diagram of 3D views of the proposed
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Fig.10 Schematic of the chiral metamaterial and the CPL detector. (a) Chiral metamaterial consisting of the chiral plasmonic meta-molecule

array; (b) schematic of the CPL detector consisting of a chiral metamaterial integrated with a semiconductor; (c) energy band

diagram of the CPL detector; (d), (e) experimentally measured optical absorption spectra under LCP and RCP illumination

for LH (d) and RH(e) metamaterials
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Tab.1 Summary of surface plasmon hot electron metal/Si Si—based PDs at NIR wavelengths in recent years

Device type Year Size Spectral range/nm Responsibility FWHM
Zhi ietal A ticl Thick f th tal film:
yang Qi et al ™. Au nanoparticle ,, ; ciness of e metal Hm 1200-1475  8.17mA/W@1200nm -
decorated silicon pyramids 2, 3.5, 5nm

Array period: 1400 nm

Zhiqi Y t al™l. pl i 1310 4.5mA/W@1 310
‘drang Tang et al . PESMOME o417 Cavity depth: 1200 nm m nm -
cavity array ) . 1550 2.4 mA/W@1 550 nm
Cavity width: 710 nm
Wen, Long et al'®!. plasmonic absorber Diameter of Au NPs: 1.05 mA/W@1 500 nm
. . . 2017 1 150-1 900 -
and omni-schottky junction 100-200 nm (-5V)
Wen, Long et al'®. Au covered Nanoholes depth: 100 nm 4.3 mA/W@1 500 nm
. . 2017 . . 1 100-1 500 -
disordered silicon nanoholes Au coating thickness: 20 nm (-5V)
Period: 900 nm
in, L et al"®. silicon-gold -shell Length: 500
Qin. L et al'™. silicon-gold core-shell -, ; cne mm 1200-1 360 4AmA/W@1240nm  9.89 nm
nanowire array Radius: 120 nm
Au nanoshell thickness: 60 nm
; Width of silicon: 200 nm
S Muehlbrandt et al™!. asymmetric 2016 Length: 1 um 1 550 0.12 A@1 150 nm
metal-semiconductor-metal waveguides gi: T o (-3.25V)

Metal thickness: 40 nm

Nanowire length: 4 pm

2016 Diameter: 150 nm 460-1 100 0.335 A/W@960 nm -
Cu shell thickness: 15 nm

Width: 200 nm

Wu Chunyan et al'®l. core-shell silicon
nanowire array

Alavirad M et al'®. a metal grating on . 13 mA/W@1 550 nm
a thin metal patch 2016 Height: 80 nm 1550 (=100 mV) 80 nm
P Au film thickness: 20 nm
. . ) Length: 1 pm 14.5 mA/W@1 200 nm
Yoshiharu Ajiki et al'™. self- bled 1200
ostliary AJIRL et alis, seR-assembled o016 diameter: 40 nm 0.433 mA/W@1 300 -
organic crystalline nano-pillars . . 1300
Au film thickness: 50 nm nm
Width: 200 nm
Tetsuo Kan et al'®!. nano-pillar array 2016 Height: 2.7 um 1 100-1 650 2.6 mA/W@1 100 nm -
Au plates thickness: 50 nm
1 064 30 mA/W@1 064 nm
Desiatov, Boris et al™. sili . . 12 mA/W@1 300
estatov, Bors e. a stieon 2015 Apex of the pyramid: 50 nm 1300 o -
pyramids 1550 5 mA/W@1 550 nm

(=0.1V)

2 mA/W@1 300
Nazirzadeh, M A et al™. nanoisland 2014  Average nanoparticles: around 150nm 1 200-1 600 m nm -
0.6 mA/W@1 550 nm

Lin, Keng-Te et al'®. deep-trench/thin- Diameter: 0.65
1, Befigte et alt. deeTHenciin - o014 tameter: 1.5 b 1250-1650 150 nA/mW@1 550 nm  —
metal active antenna Period: 1.3 pm

Au film thickness: 15 nm
Li, W et al'®. Meta-material Perfect 2014 Periodicity: 320 nm
absorber Resonator length: 170 nm

Cavity height: 120 nm

1200-1 500 3.37TmA/W@1 250 nm 800 nm

Grating thickness: 200 nm
. B . Interslit distance: 950 nm _ _
Sobhani, A et al’®!. grating 2013 L 1295-1635 0.6 mMA/W@1 480 nm 54 meV
Slit width: 250 nm

Gold layer thicknesses: 93—200 nm

M Casali t al'®l. metal/Si tact
asaiino et al . metal/t contac Waveguide width: 220 nm 4.5 mA/W@1 550 nm

layer deposited on the vertical output 2013 Height: 1.5 um (=21 V)

facet of the waveguide

Waveguide width: 305 nm 12.5 mA/W@1 550 nm

2012 Height: 340 1550 -
eig nm (0.1 V)

Goykhman et al'®. low-loss bus

hotoni id
phiotomic wavegtide Aluminum thickness: 100 nm

13.3 mA/W@1 310 nm

W ide width: 310 1310
Goykhman et al™. 2011 aveIg{léli ;:/13 40 nm o 1470 1.4 mA/W@1 470 nm
nanoscale silicon waveguide & o 0.25 mA/W@1 550 nm
Au layer thickness: 50 nm 1550

(=0.1V)
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