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Impact of dipole photoconductive antenna structure on the THz
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Abstract: Influence of the geometrical parameters of GaAs dipole photoconductive antenna (PCA) on the
PCA's radiation characteristics was studied. At first, the analytical solution of PCA's current obtained by
the Drude-Lorentz(DL) model was obtained as excitation, and the numerical finite-difference time-domain
(FDTD) simulation was conducted. This had effectively solved the problem of analytical solution (where
the relative intensity of THz radiation can be obtained by time derivative) which cannot simulate the
influence of PCA structure parameters. Then, using the equivalent circuit model of dipole photoconductive
antenna and the equivalent source resistance’s expression, both the PCA’s and the source’s impedances

were obtained for the practical PCAs. And it is demonstrated that the matching efficiency is not high
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because of the very low source impedance. Finally, by considering both the FDTD simulation results and

theoretical calculation results, it can be proved that the dipole antenna’s radiation efficiency will increase

with the increase of its aspect ratio. This conclusion is found to be in accordance with the reported

measured results. Thus the simulation results, the theoretical model and the calculation results are all

verified.
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Fig.1 Time-domain waveform of photo-generated current
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Fig.2 Structure of the dipole PCA

15 ELEF R+ F7 4 7. A ps, WOGKITETEE 1,
R 120 fs, 42 8 4% A 1F B8 36 S R AT S 3R IR
PR GaAs A HLH BN 12.9, 07 BB R T R
KE LKKRBCA 20 pm . 70 pm 100 wm 150 wm F
200 pm (CRZ A B 0 BAREE A, $#°25 G=5 um,
W=10 um), SCHIEF 5 FK B 1) FDTD {5 H.45 5 1
Kl 3(a) i, I 3(b)>h 2% SCHR (7109 52D 1A, AT LA
B, WE YA BT

M 3(a)FDTD {5 HLA5 5 0] LI 2], W/NEIR Y
FAREAS BE A7 EX N IR A3 43 1A 0.36 THz,



2432 295k TAR

% 44 %

0.32 THz,0.28 THz,0.22 THz,0.19 THz, 1 £ % 3
HRL7152 00 25 Sk St — 20, RIF 3 R KB L 193
i, XE R ) THz 5 i Hhoc 33 e A 8 3, 13X v] LAl
TR RIS I IR A =R, BRI, 15 3110
HL S R LA #  vET Rk, A A B R i A%
R EESETLE 1THz T, FEIFEHZGHES
KL Q EARMK, BT LAAH R A4 FE 4 K, iR fs 4
PR 7 Rt WA B W i PR R

—_
=3
T

Dipole length

——=L20 um
—— L70 pm
——L100 um
—— 150 pm
—— 1200 um

2
%

Emission intensity/a.u.
=g (=]
> o
.

=
)
T

=3

0 02

04 06 08 1.0 12 14
Frequency/THz

(a) i FDTD {5 i 2%

(a) Half wave FDTD simulation curves

Dipole length muf\_\
10"y "

101ij¢\
200pm o \

Emission intensity/a.u.

0 0.5 1.0 1.5
Frequency/THz

(b) % SCHRL71I0 4k ith 2%
(b) Experimental curves in reference[7]
Kl 3 RIEKL KR PCA HST 0 THz P &
Fig.3 THz spectra of the PCAs with different lengths

T3 —J7 T, FE VS HRAT 3 Bifi R 28 4 88 348 Jon 1) 1K i B5
A OLT , BT REE SEE SR T THz 3 558t b
SRIGIN, K3 i AL R W) A . L=200 pm
1Y THz WE(E A5 2R 0.19 THz (3£ 0.25 THz) X b7 ) T
i K EJE L=20 umTHz & {E 5 % 0.36 THz (£
0.35 THz)[ 25 f%, 5523 SCHk[ 715000 4 —2, &
Z 05 BAE RS S A5 e 1 Fia el a2, Bk
AR B SO 25 R D 2 5, BEAE TS
FLSHON R, b B+ 77 o S BUE AN R]

2.2 &% FDTD 3% FDTD & A A ERNEM

2%

X HLAE P B9 J2 40 2.0GHZ b FE S L, A
2G it '® , 32 {ii WindowsXP #:1E & %5, 5T FDTD J7
IR AS G R, 2P FDTD fi7 545 R4k
FDTD fjj LA A —5, A E PCA K& 2K
FDTD f{jj EA 3 2 an &l 4 Fos .

1.0f
= Dipole length
S o8t ——L20pm
= —+—L70 pm
g L100 pm
2 0.6f —=—7150 um
o ——1200 pm
204
w1
R
2 0.2

=

0 0.5 1.0 1.5 2.0
Frequency/THz

P 4 4% FDTD 45 105 5 4 i

Fig.4 Full wave FDTD simulation emission spectra

M 3(a)FIE 4 7T LU HY 205 40 05 5 i
WA {3 HR AR AR B R A FE R IR e o A 5, 55
SOk (7] S A B, iR AR A el —
Wi T REIE AL E I AR, X E S
BT R R 22 yp A+ 7 LU (AT 568 155 S5 I 0 1 430
BRI G TR Z L, AN[FHCJE PCA REAps
AR 1 iR,

®1 AEKE PCA REFEILR
Tab.1 Comparison of PCAs with different lengths

Full wave Half wave

full hall
L/pm time- rlfu time- Yr(ha

. wave) . wave)

consuming consuming
20 3 h25 min 20% 1 h44 min 2.86%
100 4 h48 min 13.3% 2 h6 min —-6.7%
200 6 h6 min —44% 2 h9 min —24%

WKL AT DL F 7T A A5 AR (300 mx
120 pmx60 pm), B[]0 S — BN AT §E, 2
FDTD J7 iiFERf AR bR K, 44 & T 420k FDTD J5ik
rhO AR B A R 25 433548, CPU o FH ) 1]
4, M4z FDTD {5 BBl A K4 RSF B34, #6mt
B S 30, I EL, T a7 B4t 4 A B A R 2R G 2 i
AW B WEAE TR ARG IR 2K Bk, 2R Gk
ok, & 2K FDTD #8421 FDTD 47 B A 8.



% 84

BALFE . BRTF A GFRE LM THz 88 05 R H a5 R 2433

2.3 AEIEE IR PCA B THz 58 5155t 435 14

[ E R L=20 pm B, 7. 4 1ps, 7, N
120 fs, SRTIRSFAF 2, SCh i AT B OEEREK
3 wm, WG TE A S S FLAR [0 H g R Ta) K2R 58 B (K
2 MR K B BUE A S, ¥ G=5 pm) 6 5 R L i ik
wE s R,

1.0
= Dipole width
s p )5 um
0.8 b o 1L
= ! R ——wlOpum
2 L
g X —=w20 pm
= 0.6 "ﬁ —4— w30 um
s . —— w40 um
=) .
v 0.4 *M "-\
- 1
S o02f ff oy
""
00 02 04 06 08 10 12 14
Frequency/THz

5 R [l Rk 8 B R RE B ik
Fig.5 THz spectra of the PCAs with different widths

MIE S AT LA R, AFIRE 58 RDE 5 R i A
B AL AL Y AR R SRRt Rk 98 B b, AR A
() THz BHL 8 0158 . 3X 5 Khiabani SCEEPIZ5 S
— B0, H AR AR B A H I S X A
KICHREEIE™), Ry T ARAFER 19 THz Jf5 5 , RE&AL
TR B |0 R N2 A /M R — B (5 B 2
Il 25, REALIE K BUE R A GE RN . Miyamaru
SCE A SIS A — B B T AR R R
B R A LA O JBE 384 0, Ao e Tt AR S o, )
7 A B A R S MR I L G, 4R 2 B9 THZ
B G AR B

5 8 B K 2K T JEE R AR ME TN A R R i
THz 4R S L, R T8 — S BB IO 10
6T REFRST THz P 9RBCRAR AR, A et K4
SEF AT 2 1R D' L R R B SR S 3003, A5 b B 3 —
A T PCA S5 250 R A TR 25 25N A2 v S L S
REFABTICAC EdE—20 2% &

3 {BiRF PCA FE3HE BRI R 45 B i 45
R R
3.1 {B#kF PCA EM BB R ENFEBLHE
T F R B R LA G R I N K] 6 PR, 7
TR LER T, RO bk vp B 2B 68 1
PR -2, BT -2 O R B RS E AT

JNTHGZ Zh Y B FL T, DT EACAR T F AR TR 1 L 5 XoF
o7 R st AR AL GE O T R R 2540 ot i ST I L Bl
R(OIMEIRL, 7, J G H G R LR (0 5300k S e B, MR 9
Z 2 3CHRI5], T LA 26 i 5 R 2R 5 B
Rl = gt ®)

Xof T B ik b L R R O BB, T
RIS, we BB 1000 cm/(V -5)!" 5 BHOGIE K
A, R 800 nm, WOL Ik v AR £, i 80 MHz, *F-1
BOCTE P, 36 mW X B L=5 pm, 115 0] 15 2]
JRBHAT R,=1.289 Q, BHHT AR L LM 280 o625
R SR B E SRR E R, S SCHR (4148 TR
ZAE T M B S5 AT B 1Y 0.827 Q #5:3E, 55 % ¢
R [51 52 R ( BEPT 2.53 Q W23, 1 B A0 52 4%
TR0 52 4 R ] 11 L A1 2 L 17 A %) B 3 Ik o kg
& (J5 i FDTD {j5 BLIT5) , AN J2& S Br i e 357 ik o

f5 laser

L(» \&

1/G,()=R(?) THz

v, _— Z, M

6 JEHL T A ST RLAF AL %
Fig.6 Equivalent circuit of the dipole PCA

Antenna

3.2 TE@ERFPCALASHELRRYEZ IR

R %

MR R FRIS, KRG R BT
PR GX BRI IA 5 B 0 s, —
JBAR BT R 107 TR, FR SRR 8 R R A T R
KL BN AR Z I

P 100% (6)

in

VE LR 8 SO R ZR MR 5 A TR 518 1
HEER DR Z I
=P,/ P=(1-I*)x100% (7
b R RS
Z~7,

F: ] s
Z+7Z ®)

FLAS T P (AR R R AE I R AT 1 4 S BH

=




2434

2L oh k5 ok TA2

% 44 %

P 73.1Q, B, XA E Y 12.9 BRE G
FEERIEIE AR, T f S Al 7 KRR AR IR AT % -
B 5 BT R 27 QW AR HE A= (8) AT LA HE A4S 31 i
$FE 1=0.9089, A4 23 (7) AT LU 3 D B2
M A9 0.173 9, 33t J2 158 B ol 306 3 4 4 1 R 2R T LAy
SR, Ik bt L 5 R 2k 1 VE ek R AT SRR, S Bk
o 5w, Tk E] 80% , 175 R = A UL B 850K, A
AR B0 L B R e, A R R BCRAAR AR
ik, Rk, 32 e S KRR A R Rt A % A 8 L
T, % &3 E 3 1Y FDTD {5 5 AL 2518 - i R R
Wit R 2 K B 14 1) AR 0 A% 2N 1 S 0, R 2 THz %
Yk AL, AR 5 ILEIE . BE R KL T8 B 1k
A ARG THz BB b . 275 % 8] LAY
W BOIE L B R K 8 L, e R B S R R
SR TROR XS % SR T 4518V A .

4 4 &

SO YT DL U5 E T ik o R
LRI, JEM45 4 FDTD J5 ki 1 T A
T8 TR AR 5 R, 13 8] T THz J4R 5 Y
WG 1, FDTD {5 H A5 R R W] . B R,
RS ) THz A R B3 8 foal 8 g £% 50 5 Bl R 2k 9
JE I ARSI THz 7B 8 0358, I H. 2T
FDTD J75 % Fl L i 25 5 1= 0 B ik, B
FDTD J5 i FRRCR s, 4, i il 7ot e X
2 1) AR R R R R AR IR BT A 5, SRS
B, BB T RS BT i AP DT PR i S 4
UF AR T TRMEN T PCA WY R KU LL, AT LR
7o R AR IR S 2003 5 IR R S SCRRES 1 W) &, L ik
TICPEDER S RA IS B LI K FDTD i K45 53
ARt

FHBEF R RIE . SEF LS ERDER
SR SR ASHEEER | RS X RO
HL S R LR B RCRA — R, ANl RES 4R = K
ZRRARI AR, ()t RO 1 RE i 16 55 S 7% 8l K
JELUR BT — A H 27 1]

SE

[1]  Cheng Wei, Wang Yingxin, Zhao Ziran. New research

progress of photoconductive terahertz source [J]. Laser &

Infrared, 2011, 41(6): 597—604. (in Chinese)

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Hughes S, Tani M, Sakai K. Vector analysis of terahertz
transients generated by photoconductive antennas in near-and
far-field regimes[J]. Appl Phys, 2003, 93(8): 4880-4884.
Smith P R, Auston D H, Nuss M C. Subpicosccond
photoconducting dipole antennas [J]. IEEE Journal of
Quantum Electronics, 1988, 24(2): 255-260.

Huang Y, Khiabani N, Shen Y C, et al. Terahertz
photoconductive antenna efficiency [C]//2011 International
Workshop on Antenna Technology (iWAT), 2011: 152-156.
Ezdi K, Islam M N, Reddy Y A N, et al. A numerical
study of photoconductive dipole antennas: the real emission
frequency and an improved antenna design [C]//SPIE, 2006,

6194: 61940G: 1-9.

Liu Juan, Zhang Zhaoyun, Li Yinxin, et al. Terahertz
radiation frequency spectrum of large-aperture GaAs
photoconductor  antennas  Information and  Electronic

Engineering [J]. Information and Electronic Engineering,
2011, 9(3): 325-329. (in Chinese)

Miyamaru F, Saito Y, Yamamoto K, et al. Dependence of
emission of terahertz radiation on geometrical parameters of
dipole photoconductive antennas [J]. Appl Phys Lett, 2010,
96(211104): 1-4.

Irie K, Saigusa M, Takano K, et al. Analysis and estimation
of spectrum characteristics for dipole photoconductive antenna
that includes photocurrent and receiving antenna effects[C]//
Infrared Millimeter Waves and 37th International Teraherz
Electronics Conference IRMMW-THz, 2012: 1-2.
Moreno-Perez E, Pantoja M F, Garcial S G, et al. Time
domain simulation of THz photoconductive antennas [C]//6th
European  Conference on Antennas and

(EUCAP), 2012: 1054-1057.
Kirawanich P, Yakura S J, Islam N E. Study of high-power

Propagation

wideband terahertz-pulse generation using integrated high-
speed photoconductive semiconductor switches [J]. IEEE
Journal of Plasma Science, 2009, 37(1): 219-228.
Zhisheng Piao, Masahito Tani, Kiyomi Sakai, et al. Carrier
dynamics and terahertz radiations in photoconductive antenna
[J]. Appl Phys, 2000, 39: 96—100

Zhang Liwei, Shang Liping, Tang Jinlong, et al. Simulation
of radiation characteristics of 34 um aperture GaAs dipole
photoconductive antenna [J]. Infrared & Laser Engineering,
2013, 42(1): 108—112. (in Chinese)

Khiabani N, Huang Y, Shen Y C, et al. A novel simulation
method for THz photoconductive antenna characterization
[C]//Antennas and Propagation (EUCAP) 2013 7th European
Conference, 2013: 751-754.



