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Introduction of Dirac semimetal-based terahertz detectors
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Abstract: Due to the characteristics of good security, strong transmittance, and fingerprint
characteristics, terahertz radiation has shown great application prospects in the fields of non-destructive
detection, radar imaging, space communication, etc., which makes it unabated in current scientific
research. With the characteristics of quantum anomalous Hall effect, topological protection of zero band
gap, ultra—high carrier mobility, etc., the Dirac semimetals exhibit extraordinary characteristics in the
field of terahertz detection, which provides a great platform for the exploration and realization of room
temperature terahertz detector. In this paper, the research status of terahertz photodetectors based on the
Dirac semimetal materials is introduced, and the device performance and detection mechanism are
mainly discussed.
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Fig.2 PdSe, terahertz photodetector based on photoelectric effect
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Fig.3 Field effect transistor model based on photovoltaic effect and application
&3 BT EARABON A 5800, b A AR R K

4) S 2= £k JE 200 (Photogalvanic Effect, PGE): J62= M Je R & — R AR e Pt 2= 00, 248 78 25 W] 45 14 [
TR R R i e P A R o O 5 i fn v, (S S ' B BT AR O L I B B

L PdTe, it J& 1 Cyy SURE R 011054, 2% 1) S M 108 280 5P IR AT 43007 2 A = Mk i IO, 76 A il 7 m
BN AR R HESE SRR AT DU VR R I VR 18 5 ) BE AL 3 A R BLIE o TE OB G R ST T, OKORR 2% 3% 5K
BB T RS — A J7 ) b AR TR A O, DI AT B A, A LA U o SRR H I A ] B
TR 2% 3 i 4 B Ak 7 1o RV R B AR RS 5 ) o R 4% S AR D5 1) P AT T RRIB IR, 7 AR 5 0 HL R T 1] 5 AR R T Th)
e T RTINS OG HLU J7 1e) AH R o
1.3 LB R E R M EEIE IR
1.3.1 Wi g%

WP FL S o 7 5 R R AT W I R R SR i AR i A S AR T AR 5 B R
I, R I,
RU: p* 5 Rlz% (2)
PSS PSS
Hrbe Lo ROGHBH; PR ORME 22 IR A0 D 5% B2 5 S Sy oG imn AR sl Ay S T AR
1.3.2 WRGS S 3y

M 77 25 50 Tf) %R (Noise Equivalent Power, NEP) MR fic /N 0] I Ty 3%, J2 i 1 ' | 35800 28 $2 055 15 5 68 1 n9 Pk AE
SR, bR — RIS Y R R .

Vn

v 3)
Vo=V +vy) " =@k TVr +2q1 43 )"

NEP =




0 ABEH PSR TFERSRE 521 %

Krr: v B, IR v SHORME S v T L, W k. T. r o nCRIZE S H . RE
K HBH .
1.3.3 £kt
SHEEEHTRRBENSHEOCBEEGFS USHRITEMAD R PR, & dudP=U/P, WA K it Al A
ZI S R R ), BLI R 2 R 2R 1 o 2R 0] DL U~PPrp (9 BORVEAl , BIRFEIT 1, R N2k bk s .
1.3.4 1 [ B[]
R I 45 10 i [0 i [) 2 FH A 1 38 8 A o) o B A 5 AR Ak B PR i S8 FORE S T I B 10% A5 2] 90%
3 BT TR BR Ry b FHEF ] 7 5 T B v DA (L 90% 25 21 10% Y B[] BR Ok R B B[] 7 0760

2 HINRAEFEREEHR

2.1 MR A

TEfE GE M REAT BE b, MRS SE R 2 B 58, BRI &) . RS BGR . Tk SR, X
AR Sl ORI A7 SR B A 7] 5, K2 SR 00 O AT o S R ) e afy o 1R 2F 6 A e B RE AT BEE
9 W NE JE M, B 5 AT B AR ISR, RO 0, HARX TR AL T, f il DUAY AL 57T LA
P BRI 3 Al I, 0l i T SRS OR I T BOI I o B S RSt T B 2 6 IR B R ET LUK fiE
TS BUAT SR, A B A O A B T Y AR S R R A T T UM A B R (ps) B, T LA B A
PR FRY M) 3 JRE BT

P24 < J 04 BB A AR B K I BRI AN AL, AR AR A O 0, AR BE AT 5 5 Y T O 5 B a8 18] 23 A A
B, alp ik fisefalm . AMRERR . WY SR SHEIFAEGRE, SIMINSREA A I 4 R .

(a) normal metal (b) Dirac semimetal (c) Weyl semimetal (d) node-line semimetal  (e) triple degeneracy
semimetal

Fig.4 Diagram of band structure
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Fig.5 Dispersion relationship of three-dimensional Dirac fermions in different momentum directions observed by ARPES
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Fig.7 Energy band structure of HfGeTe
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Fig.8 Energy band structure of class IV Dirac semimetallic SbAs
8 SEIUZAk A vt 42 SbAs R RE 4L

3 DHEFERRMHEFRNARLRE

3.1 AEBEKRHELBERNE

H 2004 4 Konstantin Novselov Fll Andre Geim i 2 AILAR1 25 4815 47 550 LAk, XEiZobA R S 4 oz 0 HH i 52 /9
R FEW . ABGASR FTHRRE, 5 T RMEAERKE 4, SR EEREIE 1.5%10* em?/(V-s), HAH
ARET BRI 107 (Q-em)'™, HUHLERE B FIFPER G 73 5 O 125 GPa, 1.1 TPall, REAF L5 M 1Y M, A 5806
YA B XEAR B AR A, HA F A BRI A R T, AT TE Uk BB LRI RE T o A AR 3 RN AR A HL AT R
B, B T L 4 A5 i v R OO | T R B RN SR OK RS K R s B AR A BT SRR, IR TSR A
7T A1 55 e i R R 22 ' LR U 28 1 VAR R R

2017 4%, A /R W3 T K % Yang 96 7F Z2 41 IC PET Lol i 1 — B 38 T 43 M T2 R #0519 A 3800 3 ns



774 AFEMESRFERFR %21 &

A8 G 9(a) T o E IS AN () 0 A 5 R XoF A 7 4% M 1 A S 5 A R R B, B N R DR R 0, e R A
BN, 7E% 05 0.487 THz & 5 oM A8 5 F R, W 268 T2 V/IW, M 7S 550 ) % (NEP) K T 3 nW/HZ'?, H etk
TR 25 M 35 () & R AR A T R S 50 0 S 7 Al S0 R W S0 o3 AT T B ) 17 ' e 4000 88 ) 7 SR 4 BB, 2019 4R
A6 3 5838 KA 58 N BT T Q& 9b) TR (1 = e8I 8B 0, 1928 T OB IR B O RIEM, JtS5 A5
05 0 FE E A R ARG I, e B SR A B R T, SEEL T RSN AT R AN RUK R 2% U B AR SE A BRI, 7E
3.11 THz TR 3k 0.232 A/WL, rf U RE 22 B 55 N 40 K B AR 5 90 K A5 A5 WF 5% T 2 A2 A B F 2015 4R 438 7 —Fp 4k
22 S AU (Chemical Vapor Deposition, CVD)A: K A4 512 47 85 M 85 A 1] 9(c) Hr B A 1 K 4R 119 37 8007 A i 24 #8 DU
R0 VR T AE 237 GHz F A AR, SEELT 0.1 V/W Y HL T i R &R0 207 nW/HZ'? 1 NEP ., 7E AL |, 3%
BA 55 B AR A R RS T =S BT A VR, R SiC A I AME AE K T 3 8 5 38 3000 ecm?/(V - ) Y 5
BT A= A SR, A A ARG A RS B E KM T 2500 %, 76 0.33 THz 09 ELEEARG TN, i i 46 36 5]
30 V/W, NEP N 51 pW/Hz"?, #F— 04w 1 A S50 55 K BH 2% PR DU 28 1 R AR, 28 1 UL B 9(d) o

graphene

/

ALO

3

PET

N

(a) split-gate butterfly—shaped graphene field (b) 3D tubular graphene
effect transistor on flexible substrate PET

phene channel

W=5 pm

R R R R R e RS

50 um

[=2 um 7
(c)~(d) CVD-grown monolayer graphene/SiC epitaxial bilayer graphene terahe detector »
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Tablel Performance comparison of THz photodetectors based on different Dirac semimetal materials

materials fITHz responsivity(@ bias voltage NEP response time(t/z,)/ps references
0.437 2VIW 3 nW/HZ” - [68]
b 3.110 0.232 A/W - - [69]
graphene 0237 0.1 V/IW 207nW/Hz"” - [70]
0330 30 V/W 51pW/Hz" - [71]
12
PITe, 0.120 1L6A/W @0V 10 pW/Hz 17/16
3.8 A/W @ -100 mV - - 78]
537VIW@ 0V - 10
PtTe,~graphene 0.120 1.4 KV/W @100 mV B ~
PtTe 0.300 19 mA @ 0V 1.01 nW/Hz"? 8/3 [79]
. P 0.120 0.52A/W @ 100 mV 0.5 nW/Hz'"? 3/15
fo7 0310 0.300 0.45A/W @0V 0.5 nW/Hz" - o
It Pt T b 0.120 - 80 pW/Hz'? - 82]
Tosl'tos1¢,~graphene 0.300 - 24 pW/HZ'? L5
. 0.120 ST2AIW@0V 19.6 pW/Hz'"? 2.7
NiTe, 0.300 251 MA/W @ 0V 89.8 pW/Hz'" - (83]
NiTe,—graphene 0.280 131A/W@ 0V 17.56 pW/Hz'? 8.5/1.8 [84]
0.120 02A/W @0V 1 pW/Hz"? 122
PdTe, ) 10 A/'W @ 100 mV - - [34]
0.300 - 57 pW/Hz'"? -
PtSe, 0.300 02A/W@0V 89 pW/Hz'? - -
PtSe,~graphene 0.300 0.08 A/W @O0V 38 pW/Hz'"? - (87]
ZrGeSe 0.100 0.56 A/W @ OV 28
ZrGeSe-graphene 0.270 - 14.6 pW/Hz'"? (88]
Cd.A 0.120 - - 15/14 o4
5045, 0.300 40 mA/W 430 pW/Hz" [94]
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