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Abstract; Photodetectors are widely used in video imaging, optical communication, biomedical ima-
ging and motion detection since their ability of converting optical signals to electrical signals. The
limited performances of traditional photodetectors are mainly due to the intrinsic properties of materi-
als which they are made of, therefore, it is pressingly needing to find new materials for developing
new photodetectors with superior performances. In recent years, the emerging two-dimensional mate-
rials have provided a whole category of novel material platforms for fabricating higher-performance
detectors. Among them, graphene is one of the most promising candidate material for the next gener-
ation high-performance photonics benefiting its unique electrical, optical and thermal properties. In
this manuscript, we have systematically summarized the research progress and status on the graphene
based photodetectors according to their light response mechanisms, and followed by a concise future

prospect on different graphene photoelectric devices.
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Fig. I ~ Metal-graphene-metal ( MGM ) photodetectors with
asymmetric metal contacts. Main panel; three-di-
mensional schematic of the MGM photodetector.
Bottom right: scanning electron micrograph of the
MGM photodetector. Scale bar, 5 mm. The spacing

between the metal fingers is 1 mm and the finger

width is 250 nm "7,
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Fig.3  Schematic of the photoconductivity measurement set-up

with a laser wavelength of A =690 nm, laser power of

P =220 mW, spot diameter of d =700 nm, and
chopping frequency of f =1.1 kHz'*.
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Fig. 7 (a) Schematic diagram of graphene photodetector

based on long-range dielectric loaded surface plas-

mon polariton ( LR-DLSPP) structure. Here Semi-
conductor 1 and Semiconductor 2 are taken as Si.

(b) Cross section of the device structure, showing

the electric field distribution in the direction of the

external electrode displayed by the Boyntin vector

P,. (c¢)In plane electric field component of long

range dielectric loaded surface plasmon polariton

(LR-DLSPP) structure ™’
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Fig.8 Mid-IR radiation from a tunable quantum cascade la-

IH

ser, pulsed at 100 kHz, is focused by a ZnSe objec-
tive into a 20 pwm spot centered on the GNR array de-
tector. A DC bias on the order of V;, = =8 V is ap-
plied at the drain contact. DC and AC electrical sig-
nals are separated on the source side by a bias tee
and sent to either a preamplifier (DC) or a lock-in
amplifier( AC) to measure the DC transport current

or AC photocurrent, respectively !
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Fig.9 Scanning electron microscopy micrographs of the graphene devices with plasmonic nanostructures. (a) An overall image

of one of our devices(in false colors). Blue, graphene; purple, SiO, (300 nm) ; yellow, Ti/Au electrodes. Scale bar,

20 pm. (b) — (d)Blow up of contacts with various tested plasmonic nanostructures(in false colors). L and TR incident

light polarizations are indicated. Scale bar, 1 pum
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Fig. 11  Terahertz optical band detection of bilayer graphene. (a)The responsivity is measured at three temperatures(300, 77,

10 K) at incident light frequency /=130 GHz. The orange rectangle shows a shift in response due to the rectification of
incident radiation at the p-n junction between the p-doped graphene channel and the n-doped region near the contact.
Upper right inset: FET coefficient F" as a function of V, at the same temperature T. Below left inset: maximum response
R,.. as a function of temperature 7. (b) When the incident light frequency /=2 THz and the temperature is 10 K, the
functional relationship between the response and the top grid voltage. Upper right inset: shows the amplified region of
electron doped photovoltaic voltage, in which the resonance is represented by a black arrow. Below left inset: resonance

response rate at liquid nitrogen temperature[sﬂ.
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Fig. 13

Hybrid graphene-quantum dot phototransistor. (a) Schematic of the graphene-quantum dot hybrid phototransistor, in

which a graphene flake is deposited onto a Si/SiO, structure and coated with PbS quantum dots. (b) Spatial photocur-

rent profile using a laser beam focused at 532 nm with a power of 1.7 pW. The photocurrent was recorded as the laser

beam being scanned across the surface of the detector. The spatial profile shows the large-area excitation of the photo-

transistor at the area of the quantum-dot film overlapping with the graphene flake( Vg, =10 mV). Inset: optical image of

the graphene flake used in this study in contact with the gold electrodes, forming the phototransistor
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Fig. 14  Schematic diagram of graphene photodetector with Ge/graphene/CdS structure
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Fig. 15 Graphene photodetector based on interface gating effect. (a) With positive local state (¢®,) on light p-doped Si/SiO,

substrate. The accumulation of photogenerated electrons(blue dots) at the interface leads to the generation of additional

negative voltage under light, which lower the Fermi level ( Ey g, ) to its new position( E',, ), so as to form photoin-
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Fig. 17 (a) Drift and diffusion of both electrons and holes

are exploited in photodiodes, in which electron-hole

pairs are separated by the action of a built-in elec-
tric field represented by the spatial bending of the
bands. On light absorption, the energy of the pho-
ton is transferred to an electron ( filled circles) in
the semiconductor, elevating it to the conduction
band (upper black line) and leaving behind a hole
(open circles) in the valence band ( lower black
line). (b)In a photoconductor, one type of carrier
is trapped while the other circulates under the influ-
ence of an electric field (electrons are trapped in
this depiction). Red arrows depict the capture of
electrons from the conduction band into associated
trap states. If the hole lifetime exceeds the time it
takes for the hole to transit the device, then the long
lifetime of the trapped electrons ensures that holes
can circulate through an external circuit many

times, resulting in gain!'®).
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Fig. 18 Schematic diagram depicting the fabrication process
of high performance photoconductive channels based
on graphene-CdS NW hybrid structures. (a) Trans-
ferring of a single-layer graphene sheet onto a SiO,
substrate. (b) Deposition of an Au catalyst layer on
the graphene. (¢) Growth of CdS NWs on the Au
catalyst using a vacuum furnace. (d) Fabrication of
metal electrodes which were deposited on the both

edges of a graphene sheet """
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Fig. 19  Schematic illustration of the preparation process. In the first step, graphene(Gr) is transferred onto the SiO, surface of

the Si substrate by a commonly used wet transfer method. Ti/Au electrodes which are used for probe testing are deposi-

ted on Gr by magnetron sputtering after a standard photolithography process. Finally, both metal and Gr electrodes are
transferred onto a Ga,05: Zn film by a facile method with PMMA'™,

4> FI AT BBIR F] Ga, 0, Zn 2 [ RER 257 R 1Yy
DB LY, SRRSO UE T R R 1 B [ A 7E S
V AN 3RS TR AL 1.6 x 107 A /Y
SEOL, R R RO

T GH RN 22 kA 7 4 22 i [X 3R b
PR R e S5 o 2 N B L I A el
S A ok S B ) sk P L 1 R AT 3K 3
XA =28 SO A B E Y, oAt 2 A R
W WS, F1 MoS, , ] LA FH o il £ 56 T F4
o7 G HLER I 2 , H R T —H A B2 R 0. 8
eV, FH H 21 B A A B A I 75 R L -4 O
FA) I8 S Jn PRI, ST DA 7 ARAEK
2.7 Hith

[ WS A g AL N S (W R R NN

MZRAI MR, R FLARI 5 1) K S A e T
B i, Pataniya S5 F HL UK TORRR A il 25 H —Fh 2k
T oA A R SR A S5, BT e K
TR AU AOGHIES L nfEl 20 FToR, %
TR A AR G LI R ] A R LT e
FME-BIPE A, I ELAE 390 ~1 080 nm FY 5 Y63 71 Bl
FHH AR R, BEA, RS 1A i By B ik
0.439 A - W' FLARIZE g 1.41 x 10" Jones, it
AL AN T ROR A8 T 81.39% , 1%
RIS B R A2, 1 s, o2 BTAHIRGE BAEARZ
T2 500 2R B AL I, SEHR BRI TSR BES
Yk APERE R SRR
FRATTENZE T LA L AN TR w8 AL ] ] 2 0 Ay B
AR TERES R, I 1 PR,

Graphene coated paper

(a)

; (C)

Ordinary cellulose paper

(2)

Photodetector illuminated
under light

Electrophoretic deposition of WS,
nano sheets on coated paper

.

20 mm
WS,/ Graphene hetero
structure on paper

==

10 mm
WS,/ Graphene hetero

structure on paper

(e)

()
1.mm
AN Ag

Photodetector

FI20  (a) ~ (g) BRALH/ A B0 S A O AL I 25 i 1 T 27 R P )

Fig.20 (a) — (g)Schematic diagram of manufacturing process of WS,/graphene heterojunction photodetector

[56]



568 K it

¥R 5§43 %

R 1 R[EIN AL FI X R AR Y T REFE AR

Tab.1 Performance indicators of devices corresponding to different response mechanisms
Wi 17 AL ) ar t2E Wi 7 1M
1 B4 F pn B 1 550 nm 6.1 mA - W-! [11]
BRI/ Tk S T A 1 550 nm 130 mA - W~! [69]
JGAR BT
8B P-N 4 300 nm ~6 pwm — [57]
A1 BRI/ NB/ Bk S TR 4% — 100V - w-! [72]
A7 I A 690 nm 130 mA - W~! [62]
K S ARONL A BRI - R T A 685 nm 105V -w-! [15]
P AR 200 nm 0.11 A-W-! [75]
A BRI A — l1mA-W-! [64]
BI 1 BIRAT — 7.5mA - W-! [28]
JEH AL, X FR AR A7 B AR AR 119 pm 0Vv.w! [17]
R 10.6 wm 7~9V.W! [81]
LR-DLSPP 1550 nm 200 A - W! [83]
A1 BRI KA 6 ~12 um — [33]
MIM 0.75 ~1 000 pm — [3941]
E BT ARPAE B
HEMT 0.03 ~3 mm — [36]
Fag: iy ey ol 1 000 pm 1.2v.-w-! [54]
A BRI A — 5x10°*A - W-! [11]
PbS datF i/ A AR IR A 45 600 nm 107A - W™! [29]
T A SRR TN R A R R 300 ~2 000 nm Above 107 A - W ! [50]
Potogating {3 1 375 -MoS, 635 nm 5x10% ~5%x10"0 A - W-! [78]
ARG - A B E A 400 ~1 550 nm — [92]
BB/ Tay 05/ £1 BRI 1.3~3.2 um 1A-W-! [103]
A1 BRI -IERERR £ TR - BA AL AW 3~5 pm 14.9A - W-! [107]
1 BB -CAS gk LR White light 1.62~276 mA - W ! [111]
T LR )
A1 880f5-Ga, 05 Zn 200 ~300 nm 1.05 A - W-! [113]
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