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Multi-spectral phototransistor based on 2-D materials/group IV
bulk materials heterojunctions

LIN Guangyang, CAI Xinwei, LI Shuo, WANG Jianyuan, LI Cheng "
( Department of Physics, College of Physical Science and Technology, Xiamen University, Xiamen 361005, China)

Abstract: Multi-spectral detection had significant applications in many fields of industry. High-performance broadband
photodetectors integrating multi-band responses became one of the important research directions of optical imaging technology.
Current research progress of broadband photodetectors was briefly introduced. The prospects of 2-D/3-D mix-dimensional van der
Waals (VDW) heterojunctions in the development of broadband photodetectors were elaborated. Some progress of broadband
phototransistors based on 2-D transition metal dichalcogenides/3-D group IV materials VDW heterojunctions by the research
group, including traditional NPN-type, PNP-type phototransistors and emerging phototransistors with Schottky junction collectors
were reviewed. Ultimately, the applications of these phototransistors were prospected.
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a—Raman spectra b—optical image c¢—I-V curves of two Pt and Au electrodes on WSe, before and after annealing d—/-V curve of N-Ge/Ti&Au Schottky

junction e—response spectrum under V, . >0V f—bandgap alignment
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Fig.6  Photoresponse properties of P-WSe,/N-Ge/Ti&Au phototransistor
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a—1I-V characteristics under 405 nm laser illumination ~b—fitting of gain value at 405 nm c—transient photoreponse under 405 nm laser illumination ~d—I/-V

characteristics under 1550 nm laser illumination ~e—fitting of gain value at 1550 nm f—transient photoreponse under 1550 nm laser illumination

iR P-WSe,/N-Ge/Ti&Au Yt i A B T 41
HHDCRVERE  (HAF A AR AL, U5 IR KA kit s
], H5,P-WSe, LIy P/ Au HLARANZE L, 15 4%
PERYA RO CHURTFR IS/, BEAR T HCAR I 25 U, A
Se AL, A FFAE 600 nm RFIT AT DL B g BE 555 , 3
ST T RIEDCS IS FTE 5, S HELLAMI B
W) 7 328 2 A1, 32 th T LAMGAE Ge R R B IR R,
1M Ge N ERHLIZECES BT B, BT LR E, X & F 45
AT AR B (a) SR 3 nm PRI 110 nm AL
#14% (indium tin oxide, ITO) fE -}y P-WSe, 1355 B 42 fih
AR, S i A RO G AR ; (b) 7 P-WSe,/N-Ge FRIHITT
FA90 nm JEF) Si0, 2 600 nm R AT WGBTS 4
I, B e n] DLYEIR B 5 () #5 N-Ge/Ti&kAu H i FE 4545
B R AE L, 5 N-Ge (RN HLIZRIE

Ta JEAAL T 10 A8 1 24 75 7 I b AR AR
N 5= VNI RTINS B e o W NI v |
1.2 wm JERY ALEAR Ti A Au /B2 N-Ge £fili 43 8 1B
B RS, . A LUE B, N-Ge IR L7 98 BEEAS 3] T
TRR BT o AHE P OATA DB 23 X 5 0 A1 45
55 , AR AT LASE 3o 4 /0N i A ROSE 42 v A KB L 37
B 7h g T e AR IS AR LR TSR 2T A o 1 3
LR 3], 8 H7E 600 nm BRI n] UG B AY i 1o B2 15
B TARKHI$E R, #FFTE 405 nm A1 1550 nm P T HY
JGHL NG 5 R ST HE R 2 164 1 84 ma i BE 43 i
66 A/W F1 124 A/W, %F W FE IR I 24 7 8. 7 x

10" JonesH1 1.6 x 10" Jones, [& 7c FE 7d 435025 H
T AL #R47E 405 nm Fi1 1550 nm ik of ' BT (4 BE
LI, ZEAHRALS 405 nm T RO 0
OB/ 80 s, 7 1550 nm KT F4y i 7 B 1) o A g

Sensitivity (a.u.)

PRU LI pazyjeutioy

400 800 1200 1600
Wavelength (nm)

Ge 0

d Rising time = 220 ps

Falling time = 80 ps Falling time = 230 ps

é
§

Normalization (a.u.)
Normalization (a.u.)

- e

0 500 1000 1500 2000 0 560 10.00 15‘00 20.00

Time (ps) Time (us)

K7 HAIEEM AL/N-Ge 154519 P-WSe,/N-Ge/ Al i i A5

a— 4R IE A AT U b—IEmA RS c—405 nm SEIETR Y

WESOGIA R d—1550 nm JGHE T #YBEZS G B

Fig.7 P-WSe,/N-Ge phototransistor with an annular shallow-trench Al/N-
Ge Schottky junction!>*]

a—schematic structure and simulated electric field distribution  b—

response spectrum c—transient photoresponseat 405 nm  d—tran-

sient photoresponse at 1550 nm



864 e

I S

2024 4E 11 A

RE 220 ps ZEfvo R 1 HXFEHE T A PR A il £ 19
WSe,/Ge/ AL Y fit R4 MoSe,/Ge Jt fi (R 15 SCRR AR
I Ge i P84 5 R4 0 L IR I 2% 9 PERE. AT LA
H, FHEE SCRRIZE Y Ge YU PEARST TR AL a8 I 2% , il
£ G ot A ) RO B I B8 M P [ 6T L 2R
REHAEMRMZEAIERE. Wb, Z 4T Ge/Al 1
FERA R G, WSey/Ge/ AL St ff 1 M EE MoSe,/
Ge It A FAT B Ry (M) L BEC B4 W 7 i) 0 B
A HARI .
R Ge RAUDLIMIFH Ge HAME S TES I BHERE L4

Table 1  Performance comparison of Ge-based mix-dimensional photo tran-

sistors and Ge-based VDW heterojunction photodetector
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