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Abstract: There are increased application requirements of Terahertz wave low frequency radiometers in
Earth atmosphere and molecular detection. Based on the equivalent circuit model and their resonant
characteristics’ simulation design of the microwave electrical split ring resonators (eSRR), novel
microstructured photoconductive antennas (PCAs) were proposed by combining the microwave resonant
structure with the traditional stripline dipole PCA. The new PCAs were with high frequency adjustment
sensitivity and obvious resonance characteristics. The novel PCAs with different dimensions were
fabricated and experimentally compared with a conventional stripline dipole PCA. The terahertz radiation
spectrum of the two types PCAs are significantly different: the novel PCAs have dual resonant peaks and
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narrowband resonating characteristics owing to the dual -frequency resonant characteristics of the

microstructured eSSRs, and the 3 dB relative bandwidth is about 50%:; while the conventional PCA has

only a single peak with broad spectrum radiations, whose the 3 dB relative bandwidth is 93.07%. The

simulation and test results of the new PCAs agree well. It is demonstrated that adjusting the resonant

ring’ s arm length of the new PCAs can obtain a relatively larger peak frequency shift. Thus the

theoretical model and the simulation results are all verified.
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Fig.1 Structure and equivalent circuit of the eSRR
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Fig.2 Typical dual frequency resonant characteristics
of the eSRR
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Fig.4 Normalized frequency responses with different gaps

(2) AN V4 R 4 1 1 — Ak At g L 358

1E W=10 pm,W,=30 um,W;=10 pm R T,
eSRR FICEE I A [a] 155 Ik 21 4 1) U5 — Ak A3 i) 4
Bl 5 fi,

1ol [ 6 s T R S5 MR B IR
2 08 A;mlLeng;:) um Fig.6 Structure diagram of microstructured
_Z 06 L 100 pm photoconductive antenna
3 061 —— L 20 pm
=l
Z 04t AN TE] R W B oL RS2 L et i
o
£ o2t SRR A7 B,
or w T ?
[ -

0 02 04 0.6 08 1.0
Frequency/THz
P 5 AR 1 4R 21 < 1 I3 — 3t i)
Fig.5 Normalized frequency responses

with different arm lengths

ME 5 FTLVE R, BEE BRI A K Lae (a) eSRR_1 (b) eSRR_2

R, o I AR 1 S, A 2 Bl 2 e 3 (a) eSRR_1 (b) eSRR_2
5 1 U R A 10 (AR RS 30, XA LC 28 v 8 N’
WA o 3 e U R PR AR R T SR O A K
TE PR 1 AR 2 BRI, YRR IR
RN 120 wm B, OBUS P IGAE AR 53 31 0.194 0
0.356 3 THz; iR A K S 100 um B, XS U {1
WiEy 5 0.237 5, 0.437 7 THz,

a8

(c) eSRR_3 (d) G IRZR ML F 6 T R
e g . . (c) eSRR_3 (d) Conventional stripline
2 EHBFOERFOMERKES KL ool PCA

THz &5 1% P17 R IR~ B R AR e e 5 29

21 %ﬁﬂ%’[##ﬂ:‘fé% E‘i%fd:*’] Fig.7 Pictures of the novel PCAs with different dimensions
13 Zn ~F KEX A 14

W TE LT 1B PR BT 45 R 1 i R 1 O L
filt b, K T B R R 25 4 R4 GEair AR L A il 7O REKERAL pm, G RN Ly BFEA
PR B TR MEs Ot SR I 2,300 80 wm, WK 7(d) S % 1L e IR i

and the conventional stripline dipole PCA

0520002-4


http://www.irla.cn

oGk AR

% 5 3

www.irla.cn

% A7 A

e FR&MFLAZMEE, L F eSRR 45 L, ] 5 A
AR R T70 wm,
2.2 HENXBESXEESFHERIEGIEE S

Wi THz-TDS R4c, AHIRSEH 404 520 T
AR RS B 45 4 S1-GaAs Y SR 4k, LA Rt H
A el IR AR O R R, LI Bl Y
Maitai CFPBEOGE M EAERSHMT . POk
800 nm; ik vl 5& & 100 fs; 4748 At [a] [a] b 66.7 fs; &
S 80 MHz; 306 IE A S B FLAER Ly Y], A5
PIETIEE 100 mW , SN i 4B A 55 V., ST Y
AN R Z5 R ) L R R AR B Y THZz P i T n il 8
FR .

1.00 \ Different structure
0.75
0.501
0.25r

-0.25

Thz electric field/arb. unit

-0.50

-0.75

0 5 0 5 20
Time/ps
Pl 8 B B AE GG B S R ARG 1 THz 1 — (L %
Fig.8 Normalized time-domain waveforms of the radiated

THz field of the novel PCAs and conventional PCA

MIE 8 FTLAE 2,8 psLATT A A eSRR 4514 1
e HL T R AL Gl IRZ AR 7L 3 R THz
e SR AR L — 4, For Ik ol i o7 AR —
B ISR B A AR R 2R C K 58, 3 Ok 98 ke
TE T OGS R AR S kb BRI 5 8 S B0 R 2% ik
T BT I (A AR ), R 2 S A
BRI T 5 i S TR I E] LS A 7 Rk i S i Tk
E

8 ps LG, TESHOL L T REFIE G IR 4 A
e le e S R BE W R AR, A BN )
v A9 e 2 B WL B IR
2.3 AKBSREGERIEERRINIES T

i 3k X6 P 8 ) A Sl IR TR A PR e L e A i
T2 TR R S5 R G L 3 R AR, aniEl 9 Fs

M9 7] LIE B, HATeSRR M5 M i L 2 R
2 0 5 SRS A AR G 10 LA A O L R 2B
T SE AR TR, AELE A0 385 1) W A P ) A2 AN [ i

BT B B IF TR IR, BT B A R
% ,0.4~0.6 THz 1Y 5815 0 045 00 8 4R IS 19 1% 420
L R ZR AT I % B, R0 3 dB A X Al T R
BT 50% A4 T A R AT R A g, 3 dB A
X vE ik 93.07%), AR TR

1.25

Different structure

—eSRR_1
——eSRR_2
——eSRR_3
——conv.PCA

1.00+

THz electric amplitude/arb. unit

O 1 1 1 1 1 —
0 02 04 06 08 1.0 1.2 1.4
Frequency/THz

Pl 9 ST B % G O vl 5 R R A I 19 U — AR A
Fig.9 Experimental normalized spectrum radiated by

the novel PCAs and conventional PCA

M 9 ] LI #|, B A eSRR 45 16 & K
2 1) S R RN AR B8 11 R AR TG R R R
T AR [ P2 A0 35 1 430 e e B AN T
T BA BT ORISR, BT PSS IR
#,0.4~0.6 THz Y 58 3% 4 S 25 #4038 3 )5 19 1% 48 ok
HL S R R I AT I I R BA , RNy 3 dB AH XY
BT 50% A4 T A AR AT KA g, 3 dB A
XA G5 ik 93.07%, i SR 2 FE i Rk
XTTAEGER 1 BU A PO R RS, 6k
FL L 7E T A R 2R AL 46 o ELAT 35 K AR i S B RE AN A
PE, i HAEA R s, SEOtH BRL
) Q MEARMK, Fr LUARYE T i v i AH e A X (2),
FHRE (A e R, S BRAs B 1 D v 3 R R A I 58
TR TN SR G B D R LR A A R, AN B
A WA R, 1X 55 Hughes 25 A0 WS W4
Q=BW/f (2)
MK 9 7] LI 3. eSRR_3 4% eSRR_1 A4 IH
B Wy M 20 wm B0 T 10 wm GEHEFE K R T
—2, #5100 wm), i I (R 44 ) 1A RS
By, BCRTFT A A EL4E5 SR — 20, BB TT A5 M Bl 2 L 25
T B Wiy Pl 20> | 45 050 FR 25 B 22 3, 6 o7 g A2 1
Mo AR 2 bl 2 e
B R LR F WA 3 dB A XA TR G R 4R
U/ T3 — A% e b B AR e L % AT B B 42

0520002-5


http://www.irla.cn

oGk AR

% 5 3

www.irla.cn

% A7 %

Th o T T IR A ) AR5 18R L 0 R A 1) S 00 45
RA—E MR, BRIV 100 pm 5P KL
B RSHEGOL S REMFER LA Frfd i, MK
120 pm BIRLAF M LB 872, 2545 o0 M S2 DT
TIPS R AF M LA B U . AT RE R Rk 24 H
DRI T B — € JR BRI, RIOR N 286k 125 B i R
AEAT R I A o 04 1E Ji5 7 ] — o7 B A ~F- T 9 K
M2ZH Y AR R AT REAFAE AN A T2 48
O RS IR B R S 7 1 R STl 4 A K ) R
{14 e KT 11) 1T R A SR A BB 5 IR 2k ) i KA B3 O 1
LA AN AE SN IR LRI T 18 (4 o B AR R T ) 5 B
RG] RV AR AR T 1), A A A A D 1) A
RESR2Z R

FIEFIAF R L LR A RUNE (WDERER
/N AEE DGR IR/NAE) SRR T B R
FR SR AR A — E RYSE N, TS FOE R R
LR RUBURF I | R ) 2 T -5 e 1 D (A R B L
LG LA 3 6T 0L P R XS I EL IR AEL L, Bl 2540 2 8K
AR A UL W] TR AIEIRIE K
5 | A PR S P A0 P A B ) B XS IR T R
MR AE 3 HLAA T SO (1 L Bl A B s R S 0
ZEA R BV R X R ST R RO A S L, B
W# 1,

R BTHESHEXBSRELNILE
Tab.1 Comparison between unit simulation
and novel PCAs measurement

Arm Peak frequency Peak amplitude
Source length/pm /THz RPFS ratio
120 0.1926/0.356 3 18.91%  1/0.8852
Simulation
100 0.2375/0.4377 18.59% 1/0.6970
Measure- 120 0.1593/0.2905 18.60%  1/0.6689
ment 100 0.1957/0.3342 13.08% 1/0.464 7

XL UUBE 1% AR X e B A0 3 3% Bl (LA SO

RPFS= (454478 fb J 55 — VA MR - 45 Ky A2 AL iy
9 555 — U R A0 3R )20 4 A8 A S 2 — U6 R AR <
100% ; 2 I E TR B sl A RHEE LM,

MR LATLAE B SO 05 ELES F 0T B 5 23
R RS ) B R DG L R RN TR AR
F—F, BATIEA I, X U6 W5 48 B0 B0 4 S 4
PEFEAR KRESE b IR AE T RS #4031 A I

Pk Bl IR PR 8/ 4 280 F Bt B 22 98D
XSUBH W {1 A1 2 22 1) feg AR 2, SE N R R A R R A
120 pm 2546 E] T 100 pm, Sl K £ B A —
W 450 % F% Bl A X (E 4 i) Gk B T 18.60% FiI
13.08% , Sl fr) 55 — 0 41 2R A% 2 AH KB RS TT 0
FLH O, U WA — (R0 B AR S 1 AE DG
HL R R 2% 5 2 b i 0 T R AR, X
AT LA S I A3 4485 A R £ 1) KU U {1 S 58 L T LR
. SE eSRR_2 14 XS W /1 B2 1Y 1/0.668 9 %%
eSRR_L(HL JF I k5 4 1 11 o 25 8] B R — ) 1 1/
0.464 7 Ik — &L 3 FIHT I G045 1) H o0 05 LAY #a el
— B, BB A 2 R A R N R 1 B e
B 2 Bl 2 055, DA — R I B s T
S UG E L e A, S I e AR AR T 0 LA
F B AT B SR G H SRR A H R
A0 0T SR B B AR AN [ A A IR AE S5 R F R BN TR])
S S A — e R 22

XF H S 2 SCHk [16] /9 (8 il 7 R 4, T T AR T
K M 20~200 pm , IEAE AT 3L A 0.35 THz % 5l 2|
T 0.25 THz, tt B34 T 10 £ JLAr 4 B, AH X 0
A A AR A RS 31 1 28% ., i SC 2 HY Y eSRR
TR 5 P 3 DR 1 3 IR B R (S0 3 Jm 20% , AH X 55
— WA AR RS 3 T 18.60% , 13t B 38 4 ¥4 5 1o 4%
4 eSRR AL HL 5 R iR K, mT DLgRAS 4k
F18) DS P AT 3 R I T, S DS R PRV K 100 um
I, 55— I A %R 0.195 7 THz, WA I 16 Kbk 2% ik
R RO AR BE Y 0.19 THz BT, 25 — (i 451 % Ny
0.334 2 THz, I XA R KL eSRR 45
P B S H0R %L, T LA ROE 6 S KRR
I 2% W EA 3R I e S BB 7 AR SR, DA TG s A2
A8 2 05 AV AT B3 6 S X =1 A e v A B R0 14 7

3 & g

Bt X A 2% I AP AT B i S el R ORI 1
PRIMAYREAT, SCHhAE L IT F SR PR 5T 0 1170 A ik
filt b, BT BT O IR P 0 AT O Y £
P RBF2E R T T AR RS B AT BT 1 R
R AL R, FF AL GE i IR A i 1
JerL SR AT SR FU X, BT R 2% N I R Gk

0520002-6


http://www.irla.cn

asr Gk TR
www.irla.cn

% 5 3

% A7 A

177 BRI IE , 45 R 3R B . BTl FLRIR Ll ik 2
F a2, AR LC IR ISR S 454F, 15
BN REE AR BT RS MO
REBAGG 1 AVEM FOCR R RLR 3 dB 4 i
93.07%8 /> T 8 —A%, PRIl IRRe b B o B 5 4
THIF TR SHUD P8 HASRIUR Jy (8 | R 2
IR AN 20%, ST ) FE G S — I (A A R
AL T 15.45%, AR UG IR T LS R TSR R 0 K
JE AT DAARAS AR A W AE A3 1 i el i 3 T 3
Hh SN P PSR L R R R B A e KRR (5 M L Bl
PRI TE KRR 2 R I J5 1%, L B R 2 4540 1%
TS TR A LA 7 B R Ak i

SE

[1] Lee Y S. Principles of Terahertz Science and Technology
[M]. US: Springer, 2009.

[2] Zhang Xutao, Sun Jinhai, Cai He, et al. Quiet zone
measurements and data processing of THz_TDS experiment
system [J]. Infrared & Laser Engineering, 2016, 45 (11):
1125003. (in Chinese)

SRIERE, PhaiE, ZEOR, A5, ROBR LI BOG TS £ 58 DX
KA AL ], 05 506 TAR, 2016, 45(11): 1125003.

[3] Zuo Jian, Zhang Liangliang, Gong Chen, et al. Terahertz
system on chip and research progress of terahertz ultra wide
spectrum source based on micro nano structure [J]. Acta
Physica Sinica, 2016, 65(1): 010704. (in Chinese)
£, iksesE, JUR, 55 Kbf2% B RGEREE TN 40
V1) i 2% i 3 1 BF S A0 R [3]. B AR 4, 2016, 65(1):
010704.

[4] Xia Zuxue, Liu Falin, Chen Junxue, et al. Impact of dipole
photoconductive antenna structure on the THz radiation
characteristics [J]. Infrared & Laser Engineering, 2015, 44
(8): 2429-2434. (in Chinese)

B, XVRhk, BRRar, 5. M7 ob i S K& S Xt
THz faS Rt m i F5E [J]. 2040 506 TR, 2015, 44
(8): 2429-2434.

[5] Khiabani N, Huang Y, Shen Y. Discussions on the main
parameters of THz photoconductive antennas as emitters[C]//
Antennas and Propagation (EUCAP), Proceedings of the 5th
European Conference on IEEE, 2011: 462-466.

[6] Li Chenyu, Yang Zhou, Zhou Qingli, et al. Influence of

structures on optical modulation in terahertz metamaterials[J].

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

0520002-7

Infrared & Laser Engineering, 2016, 45(7): 0703002. (in
Chinese)

R, A, RPRFT, . G IROBR 2% AR R
PRSI L4050 TR, 2016, 45(7): 0703002.

Chen Xieyu, Tian Zhen. Recent progress in terahertz
dynamic modulation based on graphen [J]. Chinese Optics,
2017, 10(1): 86-97. (in Chinese)

FRABB, HRE. A a0 RO 2% ¢ 3 25 941 1 04 IF 53 0F Jee [3].
T E DG, 2017, 10(1): 86-97.

Zhang Lei, Liu Shuo, Cui Tiejun. Theory and application of
coding metamaterials[J]. Chinese Optics, 2017, 10(1): 1-12.
(in Chinese)

KA, XV, R ARG g R AR B 5 N [39].
rEDGE, 2017, 10(1): 1-12.

O’'Hara J F, Chen H T, Taylor A J, et al. Split -ring
resonator enhanced terahertz antenna [C]//Nonlinear Optics:
Materials, Fundamentals and Applications, Optical Society of
America, 2007: TuB2.

Takano K, Chiyoda Y, Nishida T, et al. Optical switching of
terahertz radiation from meta -atom -loaded photoconductive
antennas[J]. Applied Physics Letters, 2011, 99(16): 161114.
Liu Minzhe, Wang Taisheng, Li Hefu, et al. Electrostatic
field assisted micro imprint lithography technology[J]. Optics
& Precision Engineering, 2017, 25(3): 663-671. (in Chinese)
XIRAT, T2, 22F00E, 5. #3550 B 1Y 10 B0 o' 20 H
AR [I]. St2F K% T2, 2017, 25(3): 663-671.

Nguyen T K, Kim W T, Kang B J, et al. Photoconductive
dipole antennas for efficient terahertz receiver [J]. Optics
Communications, 2017, 383: 50-56.

Chen H T, Padilla W J, Zide J M O, et al. Active terahertz
metamaterial Devices[J]. Nature, 2007, 444(6): 597-600.
Hughes S, Tani M, Sakai K. Vector analysis of terahertz
transients generated by photoconductive antennas in near -
and far -field regimes [J]. Applied Physics, 2003, 93 (8):
4880-4884.

Zhu N, Ziolkowski R W. Photoconductive THz antenna
designs with high radiation efficiency, high directivity, and
high aperture efficiency[J]. IEEE Transactions on Terahertz
Science and Technology, 2013, 3(6): 721-730.

Miyamaru F, Saito Y, Yamamoto K, et al. Dependence of
emission of terahertz radiation on geometrical parameters of

dipole photoconductive antennas [J]. Applied Physics Letters,
2010, 96(21): 211104.


http://www.irla.cn

