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Research on the performance and parameters of interdigital GaAs
photoconductive terahertz radiation source

ZHANG Yu-Song, SHIWei', LIYi-Fan, HOU Lei, LI Huan-Lin

(Shaanxi Key Laboratory of Ultrafast Photoelectronic Technology and Terahertz Science, Xi’an University of
Technology, Xi’an 710048, China)

Abstract: Optimizing the base material and electrode structure of photoconductive antennas is crucial for enhancing
their terahertz wave radiation performance. Compared with traditional photoconductive antennas (PCAs), the interdigi-
tal photoconductive antenna (IPCA) can accommodate multiple array elements within a smaller photosensitive area,
leading to better radiation performance. This study designed and developed six types of IPCAs with varying numbers of
array elements and electrode gaps. By introducing metal layer shielding to eliminate the reverse electric field between
adjacent electrodes, the radiation and polarization characteristics of the IPCA were compared with those of traditional
PCAs (parallel electrode and bowtie antennas). Furthermore, variations in the radiation characteristics of the IPCA
with respect to the number of array elements, electrode gaps, pump light energy, and bias electric field were investigat-
ed. Experimental results show that the THz pulse radiation amplitude of a 40-array-element IPCA is 30 times higher
than that of a single antenna.

Key words: terahertz radiation, interdigital photoconductive antenna, terahertz time domain spectroscopy system,

radiation source
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Fig. 1 Schematic diagram of IPCA test of different electrode parameters based on THz-TDS: (a) schematic diagram of IPCA
structure; (b) schematic diagram of IPCA processing wafer; (c) IPCA physical diagram; (d) THz-TDS optical path diagram
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Fig. 2 Antennas with different electrode shapes: (a) time domain signals, the illustration shows the real picture of bowtie anten-

na; (b) frequency domain signals, the illustration shows the real picture of PPCA; (¢) polarization state
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Fig. 3 Antennas with different numbers of array elements:

(a) time domain signals; (b) frequency domain signals
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tric fields with pump light energy: (a) Al antenna; (b) A2 an-
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I, Bl AT Rk MR DT BCH B3, e RE R F R AR B A
BB T, KRS AR W B 100 . 76 A1~Ad RZR4%
H R 32 1) dr e FRL I MR TG RE T, A4 R AR
Sy R B
2.2.2 Ad~A6 REZIEATIERE

Ad~A6 K LA A7 A [7) f B 8] B, A6 AH ) 5K
55 25 R, B S OE T % R 300 mW . i B L
5 kV/iem XSS ANE S frs . NEIH AT LA
A6 R BTSR EEAL T A4 A5 KER, A6 K& (E 5 iR (E
230 A4S 245 . XFF =Rl OR R A]BR A9 TPCA., f
FHAA I (4) A = Fh R (A ROEHum LA, LA
W, Ry KA 4 T B b X IR R BE RS, L, W RN Ry
RERHR A BE 50 B AR i

A=(Lw,)-(N.LW,) . (4)

A4°K3.03 mm>, A5 ~3. 37 mm*, A6 5 3. 61 mm?,
oA AL G AN A A6 R T A4 A5 KLk, ot
— 2 XF i T 40 B4 T A6-TPCA 5 5 R 2R 11
IHEREIE . Horb, 40 BT IPCA K £8 [4 51 1Y 454 14
G LA ] B A 20 wm, B AR A 4 2 mm; B R 2
() FELAR (B B A7 20 m, FRAR A B4 3.5 mm, SEHG 4%
A& 5(c) firs , 1 rh B4 i 22 3R B R GRS
(1) THz 3 A5 5, 20 € il 4 0 B> RER i I8 5
R 10 A5 5 A 45 5 L € il 26 04 40 B 5T TPCA 1



21 BB % SUHH GaAs o S 22 T IRPE R J S HOPF 5T 259

BHAE o SCORZE AR, WEF1 R4 0 B 35 5 iR
H290 A KR 30 4% -

Kl 6 &R T Ad~A6 TEAN [ SR TH G HE A [A) fi
HLI 2 T TH FE 555 B A (bR . Bl KR
% TE) BSR40 888 K it o £ P S (R O A v o
TG RE -8 S IR M £k, A6 R TR Ny
0.05, A490.13, HilZ A6 K& 2. 6%, X TE I
T A4 R HA HZ M FETT, M REAR T 0% 5,
IR T G RIRN o 75 i B L 37— S R (B 1) i %
W, A6 REMEEIREER N 3. 64, Ad RN FHIRPR
F2. 4, B A6JE A4y 1.5, X—2EREEFET
A6 K HA TR CHUE AR, e /= A i 2 i ek
U, X e A L R T iz 8
& T T4t ie . INE A LA TR
R BN, Ad~A6 K ZRRE 1 7K 32 1) B e vt PR
Yt 4 A HHTE], A4 4 14 kV/em, A5 4 10 kV/em, A6
K5 kV/iem , Ad K2 BE 1k 1) 1) 5 5 0 B e f

3 &ig

ASCWH] T BA AR AR S E) TPCA |, 18 i 1]

FH 4 )8 J2 X0 ARG S R A 2800 o S 1l F 4
JFHETF THz-TDS RGN H AT TR AWESY , 20
FEARUT

(DFEM R Y 2 1F T, IPCA 8 51 79 THz 8 it
WAE 5 MR AR S ) 1 45 K261 3. 2 /% .PPCA 9 1. 6
¥ 5 A i}, IPCA 7 0. 3~1. 3 THz 5 % 78 [ 4 /Y DOP
EIIRFFAE 96% L) I,

(2) TEARR 2 45 14 AR R AR [ BT TPCA 119
RS IR AR T A ARG R X A
FRETCEL B XTI AR B K OGFI R R 1 52 5 2EAH
] SEE0 25 F T, TPCA 118 %5 S Wk (L7 i L A [ Bt ) 1
FTHE T, F AR [0 i 3 2 e 28 3~ 14 £ i P 25 2 A
BEHIAGRE , Hod 7E RKER A4S H A R B A
JERESAF T , A4S TIPCA (100 F4 T, FE AR B BEA 5 um)
REIRE A S e R f A, HAR e Fe iR Tk 107,

(3) 5B TTHEA 1L, 40 [ 96 IPCA AR SHE 5
TEEP2 T T 30 4% .

A A AR 5, T DA IO R i A e R 2R
FITERE , by = PR BE TPCA A8 2440k i i FH 255 T 8
IR ROk TPCA A 31 6G L &l s R4 b

Amplitude /a.u.
Amplitude /a.u.

A4S um
[ =——A510 um
——AG-20 um

—Single
oL —single*10

Amplitude/a.u.

Time/ps

()

10 5
Frequency/THz

20 25 30 L 2 4 L s 1
Time/ps

®) ©

K5 A [) R [B] B A R 2R : (a) I 5 5 () BIUERAE 5 5 (o) BN R 40 [ ST I 91 B U 5 B TE, LKA TR s

1R S BIB R 10 £5 5 i £&

Fig. 5 Antennas with different electrode gaps: (a) time domain signals; (b) frequency domain signals; (¢) comparison of time

domain signal waveforms of a single antenna and a 40-element array, and the curve of time domain signal waveform of a single ele-

ment amplified by 10 times
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