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High responsivity Bi,Te,-based room temperature terahertz detector
based on metal-semiconductor-metal structure
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Abstract; In this study, a metal-topological insulator-metal ( MTM ) structure terahertz photodetector
was fabricated based on a two-dimensional topological insulator Bi,Te, material using a micro-nano
process. The responsivity of device reaches 2 x 10° A/W at 0. 02 THz, the noise equivalent power
(NEP) is lower than 7.5 x 10" W/Hz"?, and the detectivity D* is higher than 1.62 x 10" c¢m
Hz'?/W. The responsivity is up to 281. 6 A/W at 0. 166 THz, NEP is lower than 5. 18 x 10"
W/Hz"? | D" is higher than 2.2 x 10" cm - Hz"?/W. The responsivity is up to 7.74 A/W at 0. 332
THz, NEP is lower thanl. 75 x 10 "> W/Hz"?, D" is higher than 6.7 x 10* cm - Hz'">/W. At the
same time, the response time of device is 7 ~8 s in the terahertz band. This work breaks through the
inter-band transition of traditional photon detection, and realizes terahertz detectors with room tempera-
ture operation, high response rate, high speed response and high sensitivity.
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Fig.1 (a) Process flow of the device, (b) schematic dia-
gram of the device structure and optical micrograph ( top
right) , (¢) AFM test photos, (d) terahertz detection test
system

KNP 1(d) B i R 22 R NI AR &2,
BT 4R BiyTey BRI AR 4 300 7w Xk A 2%
B BRI Ma 7. KA 2% U i S ) 48 o 8 ) ) A 22 1
BB AGY R SRR AT, A 2% U B 4 0 1 R
N30 em, gRPFLERAE—DNINKE b, K2 e g
PR IN B 2 J5 285 Bl B BOR S AT (5 5 AOR,



41 BT H S5 T G JR- LU RR AT Bi, Te; 5 I i I A KR 22 R I 4%

461

2R B TOR AR 132 e 3 H AR . S Rl s, 34T
AT ZET U SR 7 B R 2 Kb 22 6 i 1) 3 25 i
(0.166 THz YeIh# % E K P =0.5 mW/cm”, 0.332
THz YEIhZBERE P =0.9 mW/cm’).

2 StHEREFNS AT

ARSI 0. 02 ~0. 04 THz j1 B 31 B it
T A A R g e R 3 SR
I

Ri=7 . (D

Horp Ry ARER MR B2, 1, (V) R SG IR s it (H,
JE) , P Fom AT,
M P S AR TR AT
R,
NEP_RVX/E , (2)
Horp R, SRR AR 010 5 M S AP, Aw S I 9.
IH— LRI R0
. Ay A
pr o 3)

A e N B 1) R FH VK 0P A5 5 T R 63% (1 B

Jir it 2L A B A] ] 1 Fs) ) AT R A
i,(t) =i, [1 —exp(-t/7)] , (4
M0 (1) =0.630, W), 0 =757 I L E].

D) THE 2 0% i 10 6, F e iy 22 40
Bl 2(a) Fis, #8144 7E 0. 02 ~ 0. 04 THz Ay ¥ Bt i [
N B e R v 2R 7E 0. 022 THz, k2 x10° A/W. [§] 2
(b) 258 THE 1 kHz () 9 53T, mie) iy 2% 11 ffg
FLUL I OC R , AT LU Hh A 1 B o 1 238 5 i 8 F, O 522
54 e PR SiER S i R by TS RN
BETE&R-ER-S R Ka, v H TOtFRE
TL/NT2 PR BB 6 L AL R L B
R TGO HRIMBLHDE T RE L AUR T2 31k
AR e A Al BRAE ) A DA 2l AR S R R
FRAE.

AN B A BT 5] MSM 2545 i, 2 SR M R
SR A S TN O L S A DL T, 4 Fp
TR RS B T SR Al AR B b, VR AR il i i
T 2 4 3 2 T AR E v I A R AR U e BB
(EIW) [ SEAAL ) Fe S 38 Bl 22 e A= 28 Ak, GBS AT
TRINF A Wi 0 FRAR 5. X — B RLT R T 500t
FEL 380, R BIR ], 7 A DA A2 2T 411 AR b 2 448 00 7 Tl
BAWAER .

MR FRA T H (Y EIW 350

4 I,T
30a77be (W)z_kg

Trsqzdnco\/; a
1 -en(-d e [T )]

Hr g, S EH A HUH L, 7 2[R BE 1 HL 3 4
SR, R Z G E B e, 2R AR B AR A
WAL, a J& VA BRIE BT, d 2k WA R IR S &y
RSP, T, Aot i a5, sl 2(b) iF
N R (S) R, LA B A R S e — 3K,
M) 17 2% 5 i 5 FEL 9 B L

B2 (c) SeasfF7E 0. 022 THz A5 5 51T & 14
TEAS [F) ) A 2 FL T, 00 il A 3 2 A g e 7 A
T P P I 25 S 2 B L e 355 e 780 o 0 23 1 3
K(100 Hz ~50 KHz) 1 F [, 5 5 7E 15 KHz Bffif.
(] i 1) R A0 o o Ak T VR A 0 B ) sk i) o %
T AR BT A A I SR -

A
M e

Horbr Ry JERIIAS G ma 3 f 2 JH AR 7 2 ]
HHLA M CRTCENF R PG Mg 2(d) fr
/N ATLAE Y 7E 0..022 THz 458500 25 9 405 B 1] H %%
29 (7.2 £0.13) ps. [ (6) , WE2(c)
JIE7R S B 2 A5 P DR — 3, e 1y 58 55 8 i A o4
975 B He. T Bt AR A0 = (4 ) FATT A1 FH v 1z 96
LGS T #FF7E 0. 02 ~0. 04 THz 5 B (1% B[] &
BnE 2(e) s AEEH AT SR 0.02 ~
0.04 THz J8 Be 1y B[] ] 1 356 T 181 Bsf ] & B30 7 L
WGBTS , #4 AGHL e A 0% 2] 63 % 25 £k 1 I
[ EFR AT LA HY,0. 022 THz g4 (4 B[] 4 £ 24
KT s, GIRT BEEELE A5 R — B %A
S 1) 8 50 L T AEAE LT B AR 2 %) B[] i 5L
IR 2. X TR P B R R AR S R
WAE9000 ~10000 em® Vs ' YERE N HAR,
TS CBE TR K T30 18 MR, 2 #5148 )
SR A R e S0 T 2 B SRy R FL RO

SRR TR (NEP) FIHRIR D AE R HR 00 %
1) EE ZEPE RE S AR R RAE M 288 45 1) —Fh P 1 [
+,NEP &8/, ZR00 25 1 1 e BP0 , FoATTHH 7R
AR T A F AR A 7K ) NEP AT 20 (2) 3
A455).0.022 THz b 25 iy S KM B4 R = 5.3 x
10° V/W , 2550 o NEP = 7.3 x 10" W/Hz'*,
i D" =1.62 x10" em - HZ"?/W, L AT LA F
L IZARAEAE 0.02 ~0.04 THz BRI T o0k 5
HPERE.

R, =



462 i 5 2 K% i

38 &

0 1 2 3
Bias current/mA

Responsivity/ AW

0.020 0.030 0.040
Source Frenquency/THz
(@)

SmA 2mA ¢
| gn‘\‘ 0.5 mA d (0] 60 000
0.2 mA Modulation Frequency/Hz

=
<
5.
>
7]
o
7]
(9]
=4

100 1000 10000
Modulation Frequency/Hz & _q
(©) Y -0.0003 0.0000 0.0003
Time/s
©)

K2 (a) PSR 0.02 ~0.04 THz PBLARFAIINIA, (b)
FRFAE 0.022 THz RS 1 KHz 38 il 45 5 i i 17 2 i B H
WRIEER, (c) JEAIER 0.022 THz N I I A 37 B 14 51
WAL R AR, (d) AE 0. 022 THz A BT T I i S5
FEEAUS A3 BRI B 8, (e) AR4FXF 0. 022 THz SR Y
Wi 24

Fig.2 (a) Responsivity of the device at 0. 02 ~ 0. 04 THz,
(b) relationship of the device response rate and bias current at
0. 022 THz source and 1 kHz modulation frequency, (c) the re-
sponsivity with the modulation frequency at different bias cur-
rents at a source frequency of 0. 022 THz, (d) time constant
obtained by modulation frequency drop method at 0. 022 THz
frequency, (e) response waveform of device to 0. 022 THz
source frequency
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Fig.3 (a)Responsivity of the device at 0. 165 ~0. 173 THz,
(b) relationship of the device response rate and bias current at
0. 166 THz source and 1 kHz modulation frequency, (c) the re-
sponsivity with the modulation frequency at different bias cur-
rents at a source frequency of 0. 166 THz, (d) response wave-
form of the device at 0. 166 THz source frequency
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Fig.4 (a)Responsivity of the device at 0. 330 ~0.345 THz,
(b) relationship of the device response rate and bias current at
0.332 THz source and 1 kHz modulation frequency, (c) re-
sponsivity with the modulation frequency at different bias cur-
rents at a source frequency of 0. 332 THz, (d) response
waveform of the device at 0.332 THz source frequency
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