#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 18 (2022) 188704

Kk 2% BeHal S 1 Bk oK R 2% i & BRI

Fx A

# T D)t

1) (PLBTRFN YR, P94 710048)
2) (WZFLT RS, Bri A PO EAR G R 2Z R E 90, 104 710048)

(2022 4E 5 H 17 HUk#); 2022 4£ 8 A 1 HikZIENR)

TER%% (THz) 3% -5 8 RAH AR ARG, 50 00 KR 25 180G (terahertz time-domain spectroscopy,
THz-TDS) 38 A I 3 — i 41 757 16 649 bk b THz 397 5 10 IR o 4 T 0 F 1) i £ 15 B FNAR AL 45 R A2 4k 4R
T T 45 i) S5 P . T PR AR AE S50 B A I AN AR 5 P (R 245 B T AN B 45 1 R L ) o S8 B Y N AR 25
¥ 25 1) S L TP 6 A [ HR S 5 Dk i THz 2 3E # U, 253 58 THz 635 SR iz s 6 -4 ) 5 A9 1)
R MGG R, B AT Bk v THz W AR FIFE St f PRI . AH A AR R A . A8 SCHE A ik op THz B4 B
¥R %% (pulsed terahertz holographic detector, PTHD) i AH H.3E B /)G H S R ol i, T DL —
R Kk b THz H 3 764 205 ) 9 1E. 28 432, DA AT [ B A 0 ik o THz 38 4 RS S 05 A BRI L A 7
F R AR A 19 2R Ak, SRR R ik b THz 3 4 BN 2% . SC8 RN 3R 4y BT #0946 4E T PTHD I 42 Ik v THz 3 i 2 &
BT S (RIS, S S 1) e 7 46 [ 43 87 7 PTHD 7E 0.1—2.2 THz S35 70 B P EL A B & 1Y 0 FR

KGR : KR ORBRZZIE, RS, R R, iR

PACS: 87.50.U-, 42.25.Ja, 11.55.-m, 42.81.Gs

1 5

Kihz% (terahertz, THz) P ZF5 MR LE 0.1 ]
10 THz Z [A] Y HLRE I, X A IX ) 85 55 1 204 R
W' Y1 Bl =2 A1) 1) H R I 3 3 A 1. R A 4%
WOEIE (terahertz time-domain spectroscopy, THz-
TDS) H, A4l THz P I B B85 5 (0 F AR
AR THz B REE (5 B, AT THz-TDS
Jof T2 A 231 A& 0 A 7 DL KRG
P I (5100 SR IS, BEAh, BT THZEGF
RE AR, HARIRE AR 7 G S AR Bl g Y
TGN =181 W R AR 2R ST

Wi 5 % THz i -5 9 A BAE FHBF SR IR A
X THz-TDS Y 8 5 A 2R Bk # . THz-
TDS %O ARG — kb THz 3 48 SHE R —

i

DOI: 10.7498/aps.71.20220983

ARkok THz SR &, MR TR FRARE W
FHE K THz BEERSHEARIK b THz SR & 04,
TR A (A 5l R R S D S 2k i 3 ik o
THz %, i S8 Pk b THz J6H S &5 RE R
AR DR A A AR 5 [ SRATHAT: T80 I 25 0 Al IR 7 1 14
THz 37 1), B 5l L 3 I ZR AR 45 (4 R il
JEACI K s THz #8375 7E A A (R B 7 1) L fr)—
B, X BGE 8 A RR BIIR(E T
WS RE D ph R I AR RS 5 R Ay 061, AR 7
AEACALRE M AT A4 B E S — B I ) g3
LI S (T S 1B S R G R S R Y S
THz P B A EAE R, A [R] fi 4i 75 160 F i I 25 44
THz BRI AHLER AL A ER A T 55 3 FNI U 2R O
[G], T ELRRRA A AR e f HE A2 A
K FEONRIRGI SR, I, XX SERRHIT 5T
e ERICS MR TR THz Jik b 7E i e L A

*ERE SR (JES: 2017YFA0701005) FTE S KBS BB I (U5 61427814) ¥ BiAEL.

t BIE1EE. E-mail: swshi@mail. xaut.edu.cn
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

188704-1


http://doi.org/10.7498/aps.71.20220983
mailto:swshi@mail.xaut.edu.cn
mailto:swshi@mail.xaut.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 18 (2022)

188704

AL AR S AR PR J7 ) B4R AR R, TAEE D
it THz FKTESE— 7 17 BB 43t AN Je DA SR A
BHE THz P B T AOG2e b Bl an7e fI L 52
Tkt kil THz BRFHEAEE AR A5,
S TR A R B E FH S 19 THz {55 IR (e A
FHOIAE BIRARF Y, SR H WIS | i 3k
SE B ATART DX 43 1 07 SR, 7 THz PBL, A2 T
FAEFHEM B E — 4 (terahertz circular dich-
roism, TCD) 1624 i 7% (A (terahertz optical
rotary dispersion, TORD) 2R & A ] 4 17,
I, A Kb THz 34 B0 48 %X 2k i
G B T LY.

Makabe &5 (18 38 T —F 3 RS54 /) THz
PR IRIRIN 2%, AR Z BB 120°F0, 200 2%
LN 1.75 THz, Kl M RO 0.2°, ShVEH
2 105, (B B T8 42 2 31 1Y 1E 58 4 i i A D O 3
PRI AT X R AR B 2 — DAL P A6 72 . Bulgar-
evich 8¢ W31 T —Fh 4 BARZE I 6 HL 3 R 2K
RIS , 2RI 25 B DU 25 R X R, B0
AP 5 AR AR R A AR EAE AT, AT T
PRI 25X A G I I 1 00 20 ff g 07, S 25 3R
FDTD #4045 5 B A — 8ok, (AROem e dis
(GO IT T N ODORG X LBl Wikl X el LD INAO R )
FrPE. Niehues 55 20 X 4 BB S5 AR #8547 T H
Wen | eSS F R pL A, I FH e R B 2 THz i
ﬂﬁﬂfﬂ'ﬁ{ﬂ AT T AT, AR AR R T 2ol i

Tt S M) THz 5 Qi PR 0 45 ER) X R P 2 1717552 i P00
Y AEBR 4, T % THz 3 e R 48 D0 2% 03k H T
0.25—0.8 THz 5 [F N Y THz frdic f 37 6. 4%
117, A b = THz B O 4500 245 10 1 2 [) — 1>
S T BN ARG R [R] B ) v A A
e, HEEWUK M THz 9% 04 80X AT $h g 3¢
Bk [21, 22) WIT T —Fh R0 2 x 2 THz J6H
RIS, % THz PR 2538 1 U1 5] 41
LB R LR M TC Z 8] B AT RHE B T R & T ]
(9 B[] FEL AL, 3 sk X6 P TG AN B 1) g St 3K, R4S
T i 99.9% MIPRIE G BURCR TR 2 T X ey
B USRI RRE, BT TSI THz Jikof s 4%
DU, 306F T R TR 25 1) 175 Mg LU AR I R A s L
AEZEE L.

TEVk h THz B w4 I 22 H AR, AR G2y ik ih
THz P (ROGE IR O RL %)
22 U N i B 2% A i 1 00231 (L300 ik

FRFENT K  FEF B2, ﬁﬁ)’ﬁ%%f%ﬁ?ﬁﬂf{m%ﬁ
AT — PR M it 2238 TE AR 5, [ 158 HR ek A
b Al R T Bk ih THz BRI a5, 3 H R
Ak THz I PRI 25 140 A7 7 Bk b THz
U AR A A DX A T 7 e R 408 R AR 2 ) 7 S 1) F
Ui TR AE R R

AL T —Fp I TR O L R 1)
f PTHD, PTHD Al4FMAE &7 8] THz K iprEsK
SRS Ty ) A TE 28 IR 43 i, 91 3R TS THz
L3 R REL AR P3RS RN PR 1] . 38 4o S 56
W PTHD 76 [ #f1 B2 1wl . THz HL 375 19 1E A8
P&, HE—2E404T PTHD BXFRM:, FIH Sto-
kes Z i TH A W R AR A5 S, A ] B 46 B F 5
PTHD X} 45 [a] S b0 AL R PR AL,
DL EAIH PTHD #E47 K250 SR AL TA R OGI
Jil RSN 8 5 THz 3w 9% B (dependent degree
of polarization, DOP) 5. b4k, i% PTHD %
Wt THz i 7 850 X S RO AT JR A, [ e B
PR 5 A AR R L T Z (8] %) S ] FRL U T4, XA
TR AN 1 17 MR L TS I 2R R

2 PTHD #%it KL F
2.1 PTHD Bi&it

PTHD & 1(a) fis. JGH S RLER
FEC B R 4y F R ANME RS TE (100) J5 9] Y
P Zx i 4L X (semi-insulating gallium arsenide,
SI-GaAs) b4 K BYLIRA IR (low temperature
gallium arsenide, LT-GaAs), il FHRZE L T
208 Ni/Au-Ge/Au IREWVETE LT-GaAs |, Jf
i P HGR K (rapid thermal annealing, RTA)
R I A, A A ) RTA B4 I ] A 2
AuGeNi 54 W5 LT-GaAs #F IR MR UHE fit.
MR KE [ = 990 pm, HHKE b = 990 pm,
THFRIEIFE g = 50 pm, REFFIOA THXIRK 0.03 mm x
0.05 mm, PTHD & 3% P A H. 2 5 DL S R
FETG, s AR A, B X 43, HILAA SR AE 22
o1 B K T ORR 2%, IR 21387R PTHD Jieh%
WO e, AR O FRR BT Z, T14iE R
%2 [m) b H 5 O i o 3 VA I K . S b AR IR
B PTHD JLfuf fts | OEEBEFO AT THz JEBEH
OHEG, BRI i e PTHD ff B0 45°,

188704-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 18 (2022) 188704
(a) Output (b)
o Anode
+45°
”
d
7\’
-
T
N
A S
Y
5 —45°
2,
=
®)
o0 Cathode
(c) Y
Ti:slzls):rhire _E Beam splitter ‘ M1 Mil'} ¢5
(A =800 nm) Timei ;
~ -4 delay§
i SM2 M3
PM2 PM3
Lens
fs laser Lens
—— THz ITO
i
Emitter PM1 PM4 Detector
[
K1 (a) PTHD %5#4; (b) THz 58 5T RE4514; (c) THz-TDS Jt 7R 2 4]

Fig. 1. (a) Structure of PTHD; (b) the structure of the THz wave radiating antenna; (c) schematic diagram of THz-TDS optical

path.
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Fig. 2. The THz electric field responses of antenna A (a) and antenna B (b) of the PTHD at different angles; (c) the fitting of the
THz electric field amplitudes responded by the antenna A and B and the fitting of the THz signal amplitudes; (d) Fourier trans-

form of the time domain signal received by antenna A.
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Fig. 3. (a) THz time domain signal of horizontal and vertical polarization; (b) spatial trajectories of THz pulses in the green circle

part of panel (a); frequency-dependent (c) DOP and (d) THz electric field orientation angles.
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Abstract

In the study of the interaction of terahertz (THz) wave with material, the traditional THz time-domain
spectroscopy (THz-TDS) usually only detects the changes in amplitude and phase information of pulsed THz in
a certain polarization direction before and after the interaction with the sample to be tested. However, in the
detection of material such as anisotropic material and chiral material, only the amplitude and phase information
of the sample cannot give the complete internal structure of the sample material. Anisotropic material and
chiral material are very sensitive to pulsed THz of different polarization states. In order to reflect the
configurations and conformations of these chiral substances through THz spectrum, it is necessary to detect the
amplitude, phase and polarization state of the sample before and after pulse THz waves. The pulsed terahertz
holographic detector (PTHD) in this work is composed of photoconductive antenna elements that are
perpendicular to each other. The quadrature component of the pulsed THz electric field in any direction can be
detected by one-time scanning, so that the changes in amplitude, phase and polarization state before and after
the pulsed THz wave acts on the sample can be detected at the same time, so it is called pulsed THz wave
holographic detection. Both experiments and theoretical analyses verify the reliability of the PTHD for
measuring the polarization state of pulsed THz waves. At the same time, the response matrix is used to analyze
that the PTHD has good symmetry in a spectral range of 0.1-2.2 THz.

Keywords: terahertz waves, state of polarization, response matrix, degree of polarization
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