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Simulation analysis of radiation terahertz wave characteristics of
photoconductive antenna materials
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(1. Shaanxi Key Laboratory of Ultrafast Photoelectronic Technology and Terahertz Science, Xi’an University of
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Abstract: The photoconductive antenna is a kind of widely used broadband terahertz (THz) radiation source in THz
time-domain spectroscopy systems, and the substrate material of the antenna is crucial for the characteristics of generat-
ed THz wave. The widely used photoconductive antenna material is the second-generation semiconductor of GaAs,
while the third-generation semiconductor has a larger band gap, which is more advantageous for improving the power of
THz wave from photoconductive antenna. In this work, the current surge model of large-aperture photoconductive an-
tennas was used to simulate the characteristics of THz waves radiated by the photoconductive antenna made from com-
monly used SI-GaAs and LT-GaAs, and the third-generation semiconductors (ZnSe, GaN, SiC) that are expected to be
used in the future for photoconductive antennas. The results show that under the same bias electric field and their respec-
tive highest pump laser flux, LT-GaAs antenna generates THz waves with the highest amplitude and widest frequency.

The photoconductive antenna made by the third-generation semiconductor materials can withstand higher bias electric
fields, and the intensity of radiated THz waves is much greater than that from GaAs antennas under their respective max-
imum bias electrical fields. This work provides theoretical guidance for the development of new third-generation semi-
conductor photoconductive antennas.

Key words: terahertz radiation, third-generation semiconductor materials, current surge model, photoconductive
antenna

s B #5:2023- 10- 19, & [E] B #3:2024- 04- 22 Received date:2023- 10- 19, Revised date:2024- 04- 22

BEWE FRK ARPEIEE (62075179) s PRPT A £77 T H A T A0 H (22]5026 and 22)J5027)

Foundation items: Supported by the National Natural Science Foundation of China (62075179) and the Natural Science Foundation of Shaanxi Provin-
cial Department of Education (22JS026 and 22JS027)

{E& B I (Biography) : 5% (1978—) , I3 W Pk fe A, Bod , W1, SR 0UA R 22 6 v 5 IR ) T HE 8 08 R RN Rl 2 L 1 18
4% . E-mail: houleixaut@126. com

" 1B 4EZH (Corresponding author) : E-mail: houleixaut@126. com



[\

AN/ RS9 S g o

XX &

51

Tl

K 2% (THz) % 2 45 % 4 0. 1~10 THz 1) HL 4
W, ATk Sarsbzm . L4k, MREoL
BRI K 8 | by A 2% ok 1) 7 A SRR T R
AR AR R R A A %% i S A 7 A A R
SRR, K% A ETFRERA% 45 5
I (] 23 B3 5 I B Y 506 45 9 5 1 2t s HLAE
AW R RS0 GRAE RIS SR EAT T
B4 R A

T R RE W 1 7 A T AL G AL
FFH SR B AR L v i B R ES O E B Ak
HL ORI o OGO S A AR AR . ]
o, G R I )2 1 — B s Kb 2%
SRR, P A LA A 2 7 1) e B AR
il A — o A A T AR B, YT RE
T SR RE B A TCRD SO ok e BE S E AR R B
B, 782 S A 2 T Bl S X e 2 7 A i Al A 3
T, AE R HL A (R o ) i L AR T, X s
BRI TN Iz B, B A7 0 i e A LA P R ik o p
SR AT R, B AR 2% bk v

LA L T T 2 1 L AR () B T 2 S A
25k i B L R ELA I R 2 TR R LA 45
fAT LR AT . TR R TR BEE Ak
RER IR ZE 2 R A B 4, I HLRB I 7R 32 B i 1Y)
Pt e F P AT 0 T e B v Y e S g R R
R A 25 5 (A R B T 3 DS A B S K AL AR
FEHL T R AR R — AN SR R M RR I R 1
fof JES B A 107 LA A e ) 3R T F A A L 114 LB
R KRR FEBRU LRI MATR, i
B (GaAs) 2 HIRYJCH 3 KRBT RL, 4 2k i
TEER (ST-GaAs) B T HAE A T 5 LUK 46 T2 i
AR BRI A8 T AR TR AR AL BR (LT-GaAs) B A
Lt SI-GaAs BRI 20 T 5 4w, B A k& H i e 4
HIEH SR LA IR AR, 1997 4, Tani M 25 AT EE
T LT-GaAs 55 SI-GaAs VE AR M R 5
KL MR SR, K LT-GaAs KL AT IR Z K
B4 i B PR, L HL 28 O 1 A T, AT e
PN AR E B R IR =i =5 1 S NI A =S
FIREE = AR R RL 7 4 K 2% . 2003 4,
Holzman J F 2% AFE 535 125 kV/em B9 1 & 3% 1 28
mJ/em’® I AR FTGIE 1 DL N IR AL B (ZnSe ) R
A T R 2E I . 2007 4F , Imafuji O %5 ATE
500 V 11 LR FH IR 266 nm SO EUR A AL

BR(GaN) G HL G R A T 93. 3 pl/ ik vl iy Kb 2%
U, I HORE B HAR 5 LT-GaAs R = A 1 i 5
FEPEAHLI™ . 2014 4F |, Ropagnol X 58 A W58 T H
4H- B A B (4H-SiC) Al 6H-fi% fk Ak (6H-SiC) Yt L
TR AR ik 2 G 1 7 AR Kb 2% 0 L O HLUZ B
TE45 A PR 6H-SiC e 5 R4 =R K
R 2% I B DRI ZnSe JGHL T R ZR ) 2. 3451
I, DG H T R A IR Ak o L S R 2% Ui ) R
BAFELE W, (2 T 52 BR TRk i 55 LA SRR
AR P AR G 2K, B T4 AR S Kbk 2%
PR S5 0 AR TR FF i o AR SCHE T i gk PSS
%} DA LT-GaAs .SI-GaAs .GaN . ZnSe F1 SiC 2 Sk 4
AR R AeF I 1) R AL AR G P 5 DK 28 5 S50 O R 2% % 1
PEFEATRAN, T A5 21 00 25 R A 6] B RE R 2206 1
FRERBIHI AR —ENSENE.
1 H&EFE

Darrow J T 2% T 22 5 1 75 Fo il b B i 4k 545 3]
RALAR G HL T2 K e 138 37 Ak 2% . 7 5 JE e 35 X
wmEt

A 1+ ﬁ)zss(t)(t - zlc)

dmec’z |:7’06$(t —zle) + (1 + \/?)J

(D), SR 5, m, 4 [ 2 AT,
&, R AR B BB AE XA B R B, A AT UK ST
T, e 7 A R 28 DGR , 2 2 W8 A5 B 85 R ot 1)
FEES S

TG T R ZE MR R 11 L S R Bl A ] A5 £k, 3R
TN

Efar(t) =

(1)

o.0) = = o =) 1 e
2
. ' F r
BERIDEHIIMIL, (1) =~ expl—),
ot " ' 2./ At Y

ot ol BT R S L bR R R

SR F, = 0D e e
qusm, (1 = R)

G 2k e L 5B U A B T O RS T A

297 R (1)l 15 50 5 K 2 1 9

ij—i[m:

F
A(l"'«/;r) Ffﬂzz(t—z/c)
Efar(t) = dme =

z{l + FLWE (= zle)

E,,(3)



XX ] B & AF OUHL SR BRE AR S R 2% B AR v ALl S BT 3

> (0) 2, () S R HOE Ik b SE I 7 AR
BT FF 00 7, BT IR 1] 7 DR YRR A

W XF 0 S iy AT (3) L 115 A A K 2 e 5
K25 WA R BT B S

2 B SRE MBI R

P T P 5 R R A S A 2% Dk 1 R A2 A S
MR T GRS R B RESHCE B
R T HEB AR AT A5 FlobA e} 14 K 2 8 S R b 2% 10k
P, AT JeXF SI-GaAs . LT-GaAs . GaN , ZnSe . SiC
FLFPIA R REE A TR ST .

GaAs M BHEEHF S M 1. 44 oV, B B 3
MF IR R, AR AT SR 23107 em/s, T8
0. 46 W/em- K, 3 & i K 24 800 nm 25457 IO
PNE R HEOGIR . SI-GaAs BB 2R F % A 8%
K, — MK F 200 pso A LT SI-GaAs #1 %}, LT-
GaAs HLAT B & (1 fL 3o 2 58 B (5%10° Viem) W
PRI F 754 (<1 ps) , BN il 1 e L A R 1Y)
MR Z

GaN J& M 25 = QT A AR RL , 50 52
FER 3. 4 eV, BA il F 7R (3. 3x10° Viem) , 5
HLFARAIEER (2. 5X107 em/s), VG (1. 3 W/em-K),
1 BB A P E X GaN Sl FL S K26 0 i ) CR J
A

ZnSe [ ZEHE G 0 2. 67 eV, B A 5 7 28 0 i
(>7x10* Viem) , i FiE AR KL H 140 em™/ Vs, H
T BT RORL L 22 A R SRR R R, DR PR
ZnSe FLA 5 06 HL R 25 DGR

SiC HYEEAF G 0 3 eV 2247, SR Zs Ab o AR
A R, HLA P RRTER (2x107 emls)
TG R (4.9 Wem-K) , PL K & s 5 37 (2. 2%
10° Viem) o i BHEE S8 L = ik = DR I A B T
Al LUK AR

AR SO AU i i 0 JL AR O L S A R 24
W1,

3 pmMkEEHERERE T, ARFE
MR S R iR 9 Kk 2% K R Lo A
I FR I R e A TR X DL R AR R
(LT-GaAs,SI-GaAs, GaN, ZnSe, SiC )} % Ji& #4 ) )
ST R RS ATAL, R S5 3 AT Kok
T e 2 T A IR LB Y R ALARDE i 3 R AL Ok
BRI A A 1 em®, 037 BIDG L 5 R b0 i 1 5
H 10 em i B HL Y 1 kV/iem, B 745 Fh b R

F1 AXERNILMALBSHHASH
Table 1 The parameters of photoconductive materials

applied in the text

Relative di- Carrier re-
Band gap Carrier life-
Material electric con- laxation
E [eV time 7 _/ps
¢ stant & ) time 7 /ps
SI-GaAs 1.44 13.18 200 0.5
LT-GaAs 1.44 12.9 1 0.16
GaN 3.40 9.8 150 0.2
Kol ZnSe 2.67 6.29 500 2.7
3C-SiC 2.20 9.72 3%10° 0.2
4H-SiC 3.23 9.70 1 000 0.63
6H-SiC 3.00 9.70 400 1.25
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Fig. 1

erated by photoconductive antennas with different substrate

Far field time-domain waveforms of THz waves gen-

materials illuminated by their respective saturated light flux
and biased with the same electric field, the inset shows the full
widths at half maximum (FWHMs) , and peak electric field in-

tensities of the THz time-domain waveforms in far-field
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Fig. 3 Simulated time-domain waveforms and spectra of far-field THz waves generated by LT-GaAs and SI-GaAs antennas: (a)

THz time-domain waveforms; (b) THz spectra
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Fig. 5 Time-domain waveforms and spectra of THz waves radiated by photoconductive antennas with different substrate materials

illuminated by their respective saturated light flux and biased by different electric fields: (a) THz time-domain waveforms; (b)

THz spectra
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