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Abstract The sixth-generation (6(GG) communication technology is currently being developed due to its
wide bandwidth, high-speed propagation, and strong confidentiality. It is expected to be commercially a-
vailable in 2028. However, the lack of efficient detection methods at room temperature, caused by the low
photon energy of electromagnetic waves in the 6G band, is a significant limitation to the technology’s ad-
vancement. In recent years, the emergence of narrow bandgap nanomaterials has provided a cost-effective
and highly sensitive means of detecting terahertz waves. This study proposes a large-area, high-sensitivity
thin-film terahertz wave detector. Additionally, it introduces a 532 nm laser and a strong vertical magnetic

field for modulation during detection. The study investigates the impact of external fields on detection per-
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formance and finds that the external field significantly enhances the detection of terahertz waves. Conse-
quently, few-layer and multi-layer SnSe, films under external field modulation demonstrate a noticeable
enhancement in terahertz wave detection. This research also confirms the significance of SnSe, films under
external field modulation for the advancement of 6G detection technology.

Key words 6G communication technology; SnSe, film; terahertz wave detector
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Fig. 1 Device characterization results (a) Schematic diagram; (b) Raman spectroscopy diagram;

(¢) Scanning electron microscopy diagram

[ T S2 3 R AMINE Y G 4 IR D 2 B o R S R A CHE R P AR 3R e Ay 1 A A= A2 A
W 2 0o BRI B B R 7 A B MR () B T AR . SR R SR T B R AR 22980 0. 1 THz B9 T i 5



55 3 1 ISR T 6G A5 SnSe, WA 2% I RN 4% 17

(TeraSense IMPATT diodes) » fie 5 i TR A 70 mW , S AT & G I H A S B804 B, K
BOEW R H A I FAY 95960, LI i e Ric DR ML) SnSe, WA 22 D BN 2509 1-V il
28 AR IR SRR T AT S AR B FATT B 1 F U 8 ) 7 3R O A 4 Ay L A T b R 2% e AR DU
PR HOAEE s MR A 2 Y5 B S T80 AR5 8 A T A S A 2% AT AT AR
Pl 2 EAEAE 0.1 THz S FOGRE 8 . 8 8306 ms d IS Lo, THED T RN 25 i 6 137 B2 R
A 7S 23 I %R pep (Noise Equivalent Power, NEP) FlIH— {42 D * 1%
I

Ri:?g , (D
v, U,
PNEP:}?:R_ s (2)

K I, BAFEDCR, P o KR IR R B, S SR AR AR . SCHeR AT R, R RIS 1
IR R /IN o BEE R 18 s i 17 o 7 B v 18 ' L TP R0 o A 00N 75 ) 38 SR R 2% I AR I 4 i A (R TR L Ay
LI die /N DL 2 e BN S SRR RO B R . TE S R TR 2 X PRI AR e SRR A 2% PR
Mg A BLES T 6G BRI ALSE, p e WRM DRSS EESHZ —, H o, AN A A
v, 50 E R R R R SRS vy, A, R

v, =+/0" F ol =4k Tr + 29l 4r" (3)
K by To s gy Ty 535 RBEIR 2% S0 80000 45 26 X0 BE | FLBE L SR LAy R L. H— BRI D~
FE VAR AT AN 6] A R T AR A 2RI 25 T B R IS4 S A RBERINTE AL D ™ 2 % FE A [R] 20 25
M PERE EE BB — B em » HZ'” » W,

. VS
D" = Pt €9
NEP
2.5x10°% 3x10°8
—®—— Few layer SnSe, dark current v
~~~~~~~ w------ Few layer SnSe, light current .-+’ 3 5%10
2.0x10"8 =~ —m ——- Multilayer SnSe, dark current¥ :
—..—¢-—.. Multilayer SnSe, light cygrént
2x1074
1.5%107% I
< ’ < 1.5%10°#1
~ 1078 ~
R 1079
5.0x107°7
o 5x107 ¢
et e
07 i PP EE S B & B
0
Non-magnetic and non-laser 0.145 mT
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Voltage/V Voltage/V
2.5x10°¢ 3x10°%
2.0x107%1 2.5%x107% 1
s
1.5x107%7 2410
< < 1.5%10°+
~ 1078 4 ~
1081
5.0x10% ] . ——
_—-.———.’_'.'——.
o -————ar N -— - i —
532 nm laser 532 nm laser and 0.145 mT
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Voltage/V Voltage/V

B2 /JE SnSe, F% = SnSe, BT I-V #1%:
Fig. 2 I-V curves of dark bright current for few layer SnSe, and multi-layer SnSe,

6G I BB BN T Hz S BRI 3 M TR | ol 5 S A 2% AR P I e B 5 i AR 6 38 » ARG



18 3 R 2 2 M CE SR B 22 O

TSI 35001 B R 53 5 250 43 A0 i A 45 48 B2 BE7E 0. 1 THz DA% 0. 28 THz J&FF, 122 SnSe, AR A
2 )2 SnSe, WA AL R TEEEYA 3 mm, 7EMR 5 0. 1 THz B NVEREL, I SE R0 7E 0. 1 THz M55
U HEAT AR R PE R A5 . A T IR ZE M AR T 30 R 2% 0 (A B8 T o FRATT 52 305w il Y 1 im0 S50 1
58 3R H 2 18] 00 BE S, R AT AR I TR 532 T T R S R R TR AR . T R R, FR AT Az Ak
BEINT 45 RS 532 nm WO LA SR BT A8 1 I SR 1 ()RR R HEAT T X B R Dk TR S R
RIS

2 ZR 5t

3.5x10 —e— Few layer SnSe, (Non-magnetic and nopsaser) 610~ 24x107°
3.0%1044°"" Few layer SnSe, (0.145 mT) 5%101 Az_leofm-
~2.5¢10° 4x10+ N
N T T2.0x1071°7
= 2.0x10+1 % 3x10+1 z
z z £1.8x10707
=1.5x10 < 2x10* g
1044 101 1.6x1071°1
5.0x10-° T T T T T 0 T T T T T 1.4x101° T y T : :
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Voltage/V Voltage/V Voltage/V
7.5x107> 13x1073 - - 7%107
5 —e— Multilayer SnSe, (Non-magnetic and non-laser)
7 0x10°1 / 12x103 v Multilayer SnSe; (0.145 mT) 6x10-
Z 65%107] g LIF % 51071
N N 107 ‘
= 6.0x107] = Z 4x10°
g5 > 90x10*] )
S 5.5%107 = <& 3101
= = 8.0x10°1
a 5.0x107 70x10°1 2x107
4.5%x107> v v . v - 6.0x10+ v - - v - 107 T T T T T
20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120
Voltage/V Voltage/V Voltage/V
9x10-10 2.8x1072
_2.6x1071
-104 [
- 810 % 241071
"‘.:E 751010 ;Nz.zxmfi-
 Goon £ Lo
< = 8x -2
& ?/ -2
4 5x10-1 E 1.6x1072
1.4x10721
4x1071° T T T T T 1.2x107 T . T r .
20 40 60 80 100 120 0 20 40 60 80 100 120
Voltage/V Voltage/V

3 /DJE SnSe, FEZ SnSe, TLHMFHS 0. 145 mT BLIHE T BIRE (v.) .
FHMIRIE (R ) JEEERINE (paw ) JA—HIERNZE(D ")
Fig. 3 Total noise (v, ), optical responsivity (R;), noise equivalent power (p g ), normalized detection rate (D" )

of few layer SnSe, and multi-layer SnSe, under no external field and 0. 145 mT magnetic field
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Fig. 4 Total noise v, , optical responsivity R;, noise equivalent power p \z , normalized detection rate D *

of few layer SnSe, and multi-layer SnSe, under no external field and 532 nm laser
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