% 51 5% 6 NGt TR 2022 4% 6 A
Vol.51 No.6 Infrared and Laser Engineering Jun. 2022

K 28 X #g 7B R (B AR F 17 3R B H A TR i 4R i Hh 9 R F
RAE, BRG, AEEL B, hEA, LR, ENK, BB

(1. LIRS ke e A5, L 200093;
2. L T K PSR, B 200031)

B E: RS T IR REANEF AR B AR ESKREFARELETR, AY
BLAY JR b s A M AR AR B 40 s AR 3y ELA I B 1) AR K, T ik i X JR i R, 4 ) e iR AR RJR e T L
BRI TR, TP EEHAMRMERMNGR R T RBLAETABMT ) Ao b HK 203 R %, 0
KT RF SRR A S 00 K208, LI A RS ZIURFI a9 M. BLxF TR b A AR £
ZRIFASERERE, THOANRBECNGRBERITEEON ., FREETLELN. R S
89 )7 i 69 R IR BT A AR AR T A 4.63%, R E HUEG Rk 09 PRI F T A eg AR AT 2 AE-F 3
A 56.53%, TR R4 Rk 3, ZHeRETEH AT R, /BT —FS 280
M BA, T2 5 AT AN ST F i R SARMACF YT (e JRik) s | = R RS AR
ERIE: WEAEIMBMT; Rod; KRk, BEAE; BHEAEE

FESES: 0439 XEkFRERE: A DOI: 10.3788/IRLA20210338

Terahertz dual torus toroidal sensing chip and

its application in crude oil detection
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Abstract: The detection of the main components in crude oil samples and the origin traceability is of great
significance to the fields of national defense security and ecological environment. At this stage, the measurement
of crude oil composition are complicated, high-cost, and have long detection time, which cannot meet the
demands of rapid detection of crude oil composition and traceability of the origin of crude oil. Combining with a
highly sensitive terahertz detection chip (Based on dual torus toroidal effect) and terahertz time-domain
spectroscopy system, the terahertz spectra of crude oil samples from different origins were measured in this paper,
and it was found that the frequency shift of the chip resonant peak showed different rules. For two main indicators
of sulfur content and residual carbon in crude oil, quantitative analysis can be carried out according to their unique
frequency shifts. The calculation of experimental data shows that the relative difference of the average resonance
frequency of crude oil from the same origin is about 4.63%, and the relative difference of the average resonance

frequency of crude oil from different production areas is about 56.53%, which can clearly distinguish the origin of
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crude oil. The designed metasurface chip can excite new electromagnetic mode, providing a highly sensitive

detection technology, which can be widely used in real-time monitoring of biomolecules or detection of chemical

substances (such as crude oil) composition detection, origin traceability and other fields.
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0 35l

AR, 2 NEA =R TG R ), KA TS e il
TR P E ST A A s Y ek B
i e NS R A fEE . BRI AE Tolk A
7 A, R — B A R, LR
PR AR FE R Z — o [, T
FR IR WA M XT O 0 s, I T 55 i s
P, T AR S Y sl 5] kT B AR e A R AT
W, BEAh, R EE I O A 22, 45 7 ]
S B L A P B A T BT R I B A 2 5
XoF it 7 7 b S RS A D A BT 00 1 T Do
11 B, ORI 1 B IR 2 4, X F 5 i Rz |
THBAREKRME L. HET, W5 A U R X-
SERDOCA TP WU B ik 45 5 2O S &
Bt A TR . XS 5 5 A A vk B X i A R
TR (R A FURLRE A2 /N T 0.15 mm, 25 BRI B K
F 0.3 cm); U E A TR R T R e, (R Be B
T B SR R s I 2 R X R A R A
SE, AR R [ P S SR FH B 150, 3O R R R Al
JERA SRR ZOR B R . HeAh, DL bk s 07 8%
A7 TESRAE AT 2% L ARG B ) B ) PR, 445 TE vk
JE KT A3 1 AT PR IR G ) 75 3R, S T DR
THURE T P DR 9 U

KbkzZi (Terahertz) AAZEA TEFY 0.1~10 THz
MR RE I . PR RE & . &5 20 BER | 4R SO SRR,
A2 N A LG A I 251 AR AT . A5 2R
FRMRREHEA B RE R, R 2% RN T A Rk A
(PR SAW ) S N €L WSS RAR ] S i 253
AUV, IR B PE e | fE BRI A 2R . 7E
JEC SR 0 45 R, AFF 5T N B3 L AR A 2% AR AR Il A 5%
VR LTI | A JHh oA Y S U T B 5 17 F I
) P s 3K T 2% D 3 2R 6 3 AT AN TD 7 S5l )
PR SR ) FFRE RO ST 2% 1R (5 e, DA B A A S
AP Ao P2 LA g il P SRS B R i R, okt
JETHh AR P A 2 I AR R B e R R B i, A 2

il

terahertz;

metasurface;  high sensitivity

T T AEHRIE T A6 R %% I Be I 2140 i B A 2ol
ARG 25 SR U012 30 ) 4 B 2 2ok D YR A o 114 DR 2% ik
4 R A2E 2 % AT 2R 50, X DL 114 B N Bk 5 AR Ak
AT T o8 o ABSRE, RIS 2307 00 7 B AEAE A b
FHHER (MR AR . A B 22 4 i i

I T 500 F 1958 415 ¥kt Zeldovich % B,
FH T i 8 55 RG220 5 B0 7 19 R LA R A
Tt AR, AE A R 2% 2R T 45 P ik
BT IO, RIS &5 0 PR A [0 i e iy e 2
AR S 977 T4 3, DTS BT e AR - 15 5 L 22
e~ 52 BRGNS FH T I E A 2500 A K 2% 1 Ik
T O A T A YRR, 5 AR K
Tt 25 7 2% 1 ) B AN 91 G i RO« RS S8 W
TR AR L, Bl A TR RE A 2 — 2D 1 5ROk
S AR EAE, HETC R TR b A
I B 2R AN, S IG5 IR B T 5 g A R A
AR A4 4 A BRET,

SCHCRE R 4% e R B PR AR A IR AR S bR
25 6T AR L A X SR i MR AT DX A R IR W .
53 308 4 PR A 2800 7 AR SRR G R TR, SO
TH B A 2540 2R A 8518 T S 10 T L IR 2%,
TR BT BRI AR X, A L IR TE R 0T DAtk — 20 1
s SY AR . SEg K I R R 4G
B WK TR SR Ak TR T 0 RS Ak, ) ] I SR 2% 18 3%
F G000 1 4347 AN ) 7 1 JE i 1 i A0 R B RS R
INo RFFARTR FE MY 27 pm JEAY BERE &, 18 52 B
THRAN [] 5 2 70 B0 8 0 3R FI Bk Btk 7 A I IR A% 1, ¢
BB B 1t T A5 DAL RN A 04 D B8 15 22 LA )
By WE LT Dyl v 532 0 1 41 A 5 A B8 () B R, W]
S5 PR SRS I S A A T IR A B . R, XA
UG FRE AR AL T — sy 2 SO R E R, W]z
7 FH T T A P A A

1 SRS

L1 EREHRIZTFTREER
B 1(a) g BB A LA 7 B A 45 A8 2

20210338-2



i E ok A2

% 64

www.irla.cn

P B[] B Y PR IE 4 J iy S B A 4L, AT
ZERIE XL Y R RS LUE BB, B G
ZEF Y FE M 200 pmx 160 pm. {i ELFE R, M2
$d M\ 10 pm ZEALF] 30 pm B, IR A O [ AAFS7E
8.5~9 7o dv. NILEHLEFE 1 d=10 um K45/ % i
B EIRAN G AR LS ENT : g=4 um, w=

Transmission/dB

5 um, R=40 pm, d=10 pm. #A 3 @ 8 6 20 6l vk
Wi fe 3 ot AT S R A R R R 5 (R
k200 nm) [ 25 7E = R 22 um B8 1 0 32 A i
o S5 R R UG R X e T R R T
(Z Hlry A SR 08 OB 22 B0k, HeB Ak (E,) v TR] BR
(Y %l J5 10

0.3 0.4 0.5 0.6 0.7

0.2 0.8
Frequency/THz
1} P
(d) b yvyvryyvyy v vv‘ﬁw
v
01| ST L o o
% ’.,.,.-'-I-I-l-l-l-l*l-l-l-l-l-l
g 001 | -
=
) g L
| T L
2 0.001 F
g
=
_lé 1E-4 ;—o40:-':::::;:j:;x:lav‘::::ixLL‘_ —.J_._.JVO‘."
g “"‘_'_ P, ‘0\. o A AAAsLAd
& 1E-5 + oM Lo
Z a0
1E-6 —v— 7 . . . .
040 045 050 055 0.60 065 0.70
Frequency/THz

B (a) SUREREFMB R T PICE5HIAL; (b) 0.551 THz ARRYE ST () WU FAATE MR 32185 (d) 2% T RIS U U %

Fig.1 (a) Unit cell of dual torus toroidal structure; (b) Transmission spectrum at 0.551 THz; (c¢) Schematic diagram of toroidal dipole formation;

(d) Far-field scattering power of multipole
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Fig.2 (a) Transmission spectrum with or without millipore filter under different refractive index; (b)-(e) Magnetic field diagram at resonant frequency

point with or without millipore filter under different refractive index
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Fig.4 (a) Centrifugation machine diagram; (b) Sample diagram of crude
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Fig.3 (a) Optical microscope image of dual torus toroidal structure;

(b) Measured transmission spectrum of the proposed chip
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Fig.6 (a) Experimental transmission spectrum; (b) Bar graph of the relationship between full frequency shift and single frequency shift in the mixture;
(c) Frequency shift point diagram and linear fitting diagram of sulfur content; (d) Frequency shift point diagram and linear fitting diagram of

residual carbon content
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