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Fig. 1. Diagram of an Au ring hole array metamaterial
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Fig. 2. Schematic diagram of ring hole array metamaterial pyroelectric terahertz detectors with different combinations: (a) Band-

pass metamaterial detector; (b) narrowband metamaterial detector.
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Fig. 3. Fabrication of ring hole array metamaterial pyroelectric terahertz detector: (a) Fabrication process flow chart; (b) bandpass

metamaterial detector; (c) narrowband metamaterial detector.
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Fig. 4. Schematic diagram of test: (a) Experimental measurement of terahertz time-domain spectrometer Advantest TAS7500 TS;

(b) frequency domain reflectometry test system.
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Fig. 5. HFSS simulation transmission curve of ring hole array metamaterials under different characteristic parameters: (a) Inner dia-

meter; (b) outer diameter; (c) period; (d) the thickness of the substrate.
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Fig. 6. Test properties of the ring hole array metamaterial: (a) 0.1-1.3 THz transmission curve; (b) optical micrograph of the ring

hole array metamaterial.
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Table 1.  Performance comparison of the pyroelectric terahertz detector and the bandpass metamaterial detector at fre-

quencies of 0.1 THz and 0.315 THz.
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Fig. 7. Narrowband terahertz detector and carbon nanotube absorption properties: (a) Absorption curve of narrowband terahertz

detector and carbon nanotube absorber; (b) schematic of the Narrowband terahertz absorber; (c¢) absorption characteristics of nar-

rowband metamaterial absorber at 125-250 um quartz thickness; (d) variation of absorption peak frequency with quartz thickness.
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Table 2.  Performance comparison of the pyroelectric terahertz detector and the narrowband metamaterial detector at fre-

quencies of 0.1 THz and 0.315 THz.

N 0.315 THz 0.1 THz
R AR AL - .
W/uV - Vy/uV NEP/(pW-Hz °5) Vn/puV  Vi/pV NEP/(WW-Hz )
PR R BR LRI 25 2.96 220.0 15.80 3.03 220.0 16.17
AR A BHER I 2% 1.03 260.6 4.64 1.02 48.5 24.70

g (B P 300 A A5 e 0 K A A2 B
P i R = WU VW) s B A WX 1 2 S K AL
AR PEREI. SRS 1 RRE AR 2 A
TR, A5 B HRE L RBRRZ I R 2 A R A A
#7E 0.1 THz A1 0.315 THz EREMMEREXS L (£ 2).
AR AR 25 M P F R 2 B R TR B =
432 —, LI R FRFLIGE S B A BHAEIN &8 S T HA,
BeBCRRENE, BRI T ASHE S rME s . 50 R
TR FL R AR 2 R I 25 L, 28 iy SRR A L6 0 45 7
0.1 THz e & R R T 78%, 7E 0.315 THz 4&
THT 18.5%, 5 1B FRFLIGF B M LR X R 2505 1) 175
PSR g R HE 7(a) B AR
D25 R A Hh 2 ARARL, BIAE 0.1 THz [ WOSCR IR,
£ 0.315 THz BWSCER THRAPKERIZ, IORH%E
T IR 2 W ST R AR % T8 1) 78 4 W WSO i = 3K
(). 5 AL SR A A A5 RS H KR &% 145 S5
MAHRBAERTT, 7B AR S 7E 0.315 THz
W ST A ) M P A 5 ) 3R 0R 4.64 pW /HZ0, BT
BB R BR LA TR T 70.6%, R
REFETE T 3.5 i, SCBL T 457 e SCHR .

4 %

AR SN e 78 [ AL 57) R A R RO E R B 2%
PRIMERHEAT T 05 B Hl45 5 HERE . HFSS 1 &
IIMTEE R R, B NARIE R, KBRZL D% A5 5 14
BRI IZE Sty a0/ ) s R 2] S S e, G S
ST, BFHEIRAAS; A2 70 pm , ZME 90 pm
FA3 JET A 200 wm MR EE 170 pm (9 R PAFLEE
B kAR T SR 0.25—0.65 THz S51EE YA S IE I ,
BRI 50%. TR FLEES AR S B
Mg 60730, FTMN T 2% T HiFEs
BB LRI 2% DEAT IO 1S R G S A O A
ARG, MRS5S R (5L 5 8 b R R
0.25—0.65 THz 4 B 015 5 F KT 40%, 515 &
SERFEAR—F YIFEFFLIEES ARG AR L R

TR R S [ RE IS, [ SAFLIE 5B A Ak X A 24 %
SEERATT A UG, IS A A 2% TR A T 4 K A IR
JEW, FEBPRLRIZSTE 0.315 THz AR 75 2554
T# ok 11.29 wW /Hz0, Sy i@ i Besk 0.1 THz 1
6.3%, BRI 2R HEAE 5 6 7 A5 A5, [5] 24FL [ 51 8 A )
B — B, BT AP AR S R PR LS
TR IR FL I 2 0 B i), (B AL 5 R e
ESRRAOKAE Z | 42 L HURCA T A5 37 R 2% T
W, HAE 0.32 THz, 0.52 THz 585 5 10 KR 2% %
W ISR S S BT, S T el 75 7R [ AL 371 e A e
PR FL R 28 7E 0.315 THz 1Y M P 2545 T 245 5
ZRMIAF I 15.80 pW /Hz0S FBAIRE] T 4.64 pW /Hz",
SCER T ASAT SR . RIS e [ R AL )
BT EHRHIE S B 5B IR 2R 1 45 6 =K,
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Study on influence of ring hole array metamaterial on
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Abstract

In order to improve the detection performance of 0.1 -1THz terahertz wave, a new lithium tantalate
pyroelectric terahertz detector based on ring hole array metamaterial is proposed. The quantitative influences of
the characteristic parameters such as inner diameter, outer diameter, period and thickness on the transmission
bandwidth and transmittance of ring hole array metamaterials are analyzed by simulation. The mechanisms of
the influences of different combinations of ring hole array metamaterials and pyroelectric detectors on the
detection bandwidth and detection rate of terahertz waves are clarified. The lithium tantalate pyroelectric
terahertz detectors of the ring hole array metamaterial ware are fabricated by the MEMS technology. The
transmission of the ring hole array metamaterial and the noise equivalent power of the metamaterial detector at
different frequencies are tested. The results show that the transmittance of the fabricated ring hole array
metamaterial is greater than 40% at 0.25-0.65 THz, and bandpass filtering is realized. When the ring hole array
metamaterial and the pyroelectric detector maintain a sufficient distance, the noise equivalent power of the
detector at 0.315 THz is 11.29 uW/Hz%5 which is 6.3% of the 0.1 THz noise equivalent power (outside the
bandpass band), so the bandpass detection is achieved. When the ring hole array metamaterial is attached to
the detector, the noise equivalent power of the metamaterial detector at 0.315 THz is 4.64 pW/Hz°, which is
29.4% that of the detector without the ring hole array metamaterial, so the narrowband detection is achieved.
The above conclusions show that the pyroelectric terahertz detector based on the ring hole array metamaterial
can realize the bandpass and narrowband detection of specific frequency band in applications such as biological

imaging and macromolecular detection.
Keywords: terahertz, pyroelectric detector, ring hole array metamaterial, detection bandwidth
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