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Abstract

A probe emission-probe detection type terahertz near-field imaging system with an all-fiber-
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coupled optical design was developed. The system is characterized by the use of probe-type photo-
conductive antennas for both the terahertz radiation source and detector, which was reported for
the first time domestically. Test results show that the system covers a spectral range of 0.1~1.0 THz
with a dynamic range of 45 dB. Used the photoconductive detection probe, high-resolution imaging
at the micrometer level was performed on the spatial field distribution of the terahertz waves gen-
erated by the photoconductive emission probe, revealing that the terahertz waves propagate in free
space in an approximately spherical wave form. When a microstrip line sample was brought close
to the tip of the photoconductive emission probe, the microstrip line significantly affected the trans-
mission mode of terahertz waves between the emission probe and the detection probe. This system
provides an efficient and convenient measurement tool for scientific research in related fields such
as terahertz-frequency metasurface devices.
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1. 5|8

T2 I IO A B AR A MR I 5 3B R . D TR 2y R, DA RGHE S A e ik U =R Ay,
FLAERE 2 6 o3 A« JCADURG DN 56 A0l e T LR T R PR S AN EL[ 1031 AT, SZ PR T KR 22 i KBk (1
THz~300 pm), %58 A 2% G 28 Gt 1) 53 P28 0k R 1) 72 7 22 oK B 2, oy e A 8 R RN g oK RUBE o 3
T 88 W B A0 o 2 () FR R R . R T R SARBR SR TE S A A, RN AR T AL
AL OGRS R EREEERIN AL BUR AL O R ERE RS 2 ORI 2E I A R R

FLAR Y 3T 37 AR B AT Tk L2 A ot 2 T B 30 T8 — N RS 38 /N T DR 2% K (R ) R FLAR Sk S TR A 53
B AR 2 8] 43 % 2 - Hunsche 558 N\ 8 ORI H 43 @ IR 1 0000 i K FLAR IR ) R 24388, SO 17 2386 T FLAR K
RGN AR, IR T AT IR [4]. X. Wang 58 AR RBPBOGE B = A 4 B TR N Bh A
FLRAGIRHARZED,, I T Mo FeaE. RIEAT ML AL (5], Bt mAR BRI AR 5 UG A —
TohEE T YR8 R A 22 30 7 AR T, 3 I g F Y P S U o SR EL B S RN A 2 5 R L7 o3 AT, S
WA . X, Wang 5 A\KH ZnTe fE RN S A, RS T BT OGRS R AR 2810 9 UR H AR
[6]o Blanchard % A A 20um JE /] LiNbOs L6 AR, 7E 0.7 THz FNEEHLT 14 pm (W/30) 1% (B B[ 7]

S Y3 37 A AN L SR BT 37 BB = B AT AR TR RS ARG TR = it B 2 RO 2430 3 A4
FiAR . B BRI BUR B T HREN B R 2, @i A BT U SR S KRR 250, TRAATS PR,
SEIILER R A () A R . B B I I R R g By T R 7 B 5B (Atomic force microscope,
AFM)FIJE T4 i % 18 I 734B% (Scanning tunneling microscope, STM) I H #1574 . 7£ AFM-based i 41 #4ir 3%
& T7 10, Huber 55 NH 0 AFM #REF N H T KB 22155 A8, BTN 2 S48 s A AT A8, 1E 2.54
THz #iZ N SEIL T 40 nm (4/3000)1 75 (0] 40 HF 2R (8], BfiJ5, Maissen &5 Nidid 88 F 0 s 4424 6 nm 53
R, Ht— PR PHREAZEM T 150m [9]. 7E STM-based B B35 A% /5T, Cocker H1BAE X
¥ STM REF 5 KR 2E IS & IIXT InAs GPKBURLIEAT AR, RS2 73 #3153 2 nm [10]. Jelic
PAJF &) THz-STM RGHZSCHL 7 0.3 nm [ = 25 (B 0 3, RefE 0T B s J5 1247 g
[11]e HUR AL 37 AR B e SEIMGNAK ) AR 5 18] 43 22, (B 0 A ooty 38 117 2 i SR W vy o 6N TR
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REMRER, 255 S8 AFM SREHIR . STM BEIE Ui AR e s 4 F THz-STM, BhBi AR JCiZil & 48 0 i
XATE—E R BRRG) T H VG . 5 — PR T e s SEREN I KA 2400 3 W% 2 Gt B AN RS S B ek
Gy HERR AR, (B BRI T X SEER PR BT SR LA XA, T LATE 8 3 1D 2 A1 7 2 75 2 LA
TIOR3 3 23600 o AR 2 2 TR0 R o 3 o A (R ST e T2 A o e H SR BT 3 R R GUK AL S 1
THz-TDS Z 4t IR R 28 8 40 8006 fo IR IIRER, 8 BRET BT AR HE R IR b R T 3 X3, I Ak
K RSF B R SEPUMOK 2 25 18] ) FE 2. Bl Wiichter 28 A\ BeitAOAE G HE SR 4T, S8 7%t 10 um 58
(142 JB 45 MR 28 1) 439, HLAl 58353 T 2 THz [12]. Sawallich 25 ABFHIH B3 TAE T 1550 nm KRPEOY
kb B AR 256 B ST IREE, AR ATIE 10 pum [13]. T3 AR08 A 56T it SHRET 10 Rk 24
RO RE S AR R Gkt /N R ZA D) P AT A%, A HE 23 100 0 R R N UK [ 141 35 5K B B o R
T —FEERE RO B SRR AR BE R G, I AT R, A IR A HEEEEIA 3 um [15],
HEE TR T A A AR A KR LI AR E e IR R G, WA T ARG T AERE
P, BT — B SR SRR 2Z I R R G [16]. ERT, B A KRZE 2 7 1R DG B S 3R EHT R
T RAR R 2238 2 AR AT S (B 5 . BT-FTNS2000) [17].

I g CUARGE 3 T AR 250t B SRR AT T 37 A% 2R G0, LR 24 2 Sl it 24 SR P 303 (14 ) R
SR, NGRS TR SIUpiREr . R %7 kAT IR 2825 1003 o A BEAT ek gl &=, {3
FEAE R 50037 57 o 7 BEAEOR AR Q4 U S I AR A N 2 A SR T AR . SRS
MG T RGRESR, MERMCRERE M. N TIREBERCER, WIAEHH T e 5 R SR R4
ARZE D, EIDEERE S ST R SRR, TT A A3 4% R4 S 1 A 2 R 5 B NS 2R, S IR
R - PREFIRMAE AT 6 A BR L I SR o PP R RS - RET PRI AL 1) K 2430 3% 1A% & 4t H Al
AT DA = S AR08 s SCHR[ 18] 4008 T LM sEae 3 B, (HR SR A TR R0 A iz R es s, (6
FHARH A o A SCHE R4 e P & SRR 22 7 PR ET 60 AR RS0 TAESERE (16, IR K 5 v &
He Rt i FRE BRI, BT — B RS ZOGBR BT AR ET RS - SRET PRI AL AR 2% 10 3 1k
BARG, IXLEE P8 RRE .

2. RERR

ARSI DG AR G ERET R - TREHRIN LUK AR 22305 3 G 2 Gt 2l R4 "R O G 2% (fs-laser) s
LFIEIR£(ODL). YLF R & ROE L G R BHRAHEHY(Tx) . LR & ROt B SR By (Rx) . Z5 A 15
FHLAFBER AT 7T B B BORER(TIA)FT A/D B8 R AR R)SEH K. B8 R 505 T HHGE FORHF 2Z 1T 78R
BT R R MA16], BRI DXOTE T A R G0RE At i 1R o't FEL 5 R 28 K 24 m SFH R B e i T
B R SHREE, DB SEEUR M 228 SR S AL I A R 5 . BN RGOEIE 1 Fs: KR EoE g
fia £ T R R AR BO K 23 B 9 R Y (pump, HO UK 1550 nm) AR (probe), RIS AR R YGEF
(PMF)f&#i )5, LA FC/APC $:3k T IS 2 e i 3 R SRR, B IS el = A KR & ikl o 8000
SRR ARG LT RO LT REIR AL M, LA FC/APC B3k B xUEH: 26 ii SR A TR IMIBEE,  FRMN A
SR E AN ENAHE.

iRV SR R E 2 4B [ Protemics /A F] 4= 1) TD-1550-Y-BF BUEREF[19]. 245 FH 35 A2 B 2% 1F
O IR S ZAREN 1 InGaAs TR EHARR TN, SZOGRURIREr 2 B4 7 A K AR ZE ki o S5 {8 FH IR
HeZH: P 780 nm, FKTE 100 fs, EEHE 100 MHz, “FHIIRL 3 mW, LR EREHEHRA E 1G
BEE AL 50 pm o SR AR ER A 5 B 0 KRR 240 FE S AR ET /& Protemics A 7] 45 77 ) TD-800-X-HR BUREF[19].
PRIRET B I RS oK G, TR DABOR G R BE SR 23 (R KR 2% fi 3 - 3 b A P D2 8K 24 A )
(B THZ-TDS &5 H EHLE S BT-FTS5500)3k4%#| ODL HIiIHiiash, H FD RAERMRE 4
HHRHR2Z BRASS, ARJE 20 BT B B 28 A A/D SRR B BR FRAL IR A TSN, SERRHER IR BT F 4
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Figure 1. Schematic diagram of probe emission-probe detection type
terahertz near-field imaging system

L. IRSTEST - IREHRNBL A 2L G R G B E

N TR RS 3 AT AT I ARG, T 200 R R BT BRSO R A =4 A2 65 1
gz N T RERE R S RE RO 2 IR A SHRET R E AL B, FRATROL F 3 R SRS AR
DIREEAT TOCARE TZEH16], TR T A1E 2 Pros el & SO SR DA RN D . Dy IRHIE 2R 4t
PERE, FRATRARN o T 2238 T i P = 4R A% & b DA R S RS AN PR ISR [B] TR #E, i A P4t
5 AUSEHINS B PR 7 A R R 2 Jk e 14 22 180 37 7 A B RS 400 00

Figure 2. Photo of fiber-coupled emission module and detection module
2. RABAR L SRR IRIR
3. MIREER
N TAETHERNRER, Wl 3 Pros, € SOt SR &R Ty YZ Fil, Hh Z #s
SEHENCTAT, Y SR ERER; € X Z BRI R R AR B S EREEHRIER Y, BE
X=0, Y=0.
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Figure 3. Photo of photoconductive emission probe and detection probe

Bl 3. S SR GHRETAIRUIRE

Kl 4 s NG R G TRET R — PREHRIN AL R 24 305 37 A% 3 G P B 3838k 12 R AR T 1 ik 4
Fo SR T PHREHEHIRIEXTES Z = 800 pm. 2800 pm A1 4800 pm “5EAN[F S5 KR 2L 15 S 15 0L -
M 4@ AT LB R, Z=800 um B, BHSE TGS ERKR, 55 507 B EHE R BE AN B K,
ISR AT 5 AN R 55 5 A AT R V(B (B BE 6.66 ps, WIEFXT L T 2 mm YGREFT SIS 622 ZE I . A 4(b)
R LUE H: Z=800 um B, A% 55T 1.0 THz, haEHEIE 45dB, 5 5&EF; Z=2800 um I, ks
F% 0.95 THz, sh#&JEHIZ 38 dB; Z = 4800 um I, A7 58 fF 0.87 THz, shAVEHZIA 35 dB; Mik(E
5 IR A A PR A AR B K TR TS . & 5 B IR B e 3% T s =4 fs & b, X XY
IR 10 x 10 mm AVEFEILL 0.1 mm Pt BEHAT 4, AR B4 4 s 73 31 R A 22 IR S A5
SR T, 25 B8 BIRRR G BEAE XY 1 st Ay A . FRAT AR T Z = 800 pm.
2800 pm A1 4800 um —FPAN[EIZ&AE T HIRHEZECHE SR E A fE L. ML S HRTBAE R, KFFZELHEHA
BB BEDCRE, W2 EMEEIE: KB EOCHE RN E PRET ET IR B BE R R AW K. & 6 s =%
AN FIPRET TRV BE R KR 2% Y6 PR T EL(X = O)FIZKF A7 181(Y = O)UBREE 70 A 28 . Ak 2% Y6 Bt S vk [ T 1) A
PEIRAT R H: Z = 800 pm B, RFRZE M BEAE T BRI /KF-J5 1) 14 2 2 96 2 40 2908 1.4 mm A1 2.07
mm; Z=2800 um I, FERIKFJ7 H K= 520N 3.08 mm F1 4.99 mm; Z =4800 um i, = ELAIKFJ5
)2 = 56 2908 5.92 mm A1 6.47 mm;  [RE 3R B T A 24 48 SR 1) R BOAR SRR
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Figure 4. Terahertz time-domain waveforms and frequency-domain waveforms at three different probe spacing conditions
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Figure 5. The XY plane two-dimensional intensity distribution of terahertz facula at three different probe spacing condi-

tions
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Figure 6. Vertical and horizontal intensity distribution curves of terahertz facula at three different probe spacing conditions

B 6. ZMAEREEIEEF M TR ZEZ B E MK T A ERE D HriZ%

AR KA 2L I Ik 1 R SRR TR, X 1] 4(a) B KR 24 I 3808 TR 04T FFT A8 ¥, B AT43 24 [H
PR E SR EAAAALE B . AT HIIE T 0.20 THz. 0.46 THz A1 0.72 THz 5 R ISR I = FhAS B4R 1]
PRACAE T RGO ARG L. 7 B MRS = 0.20 THz B =FhER%EHEEE R 1 XY P R 2%
R A, MWEIHRRTCUE e KB ZEIRAE XY P ITAL 5 [R]O BRI LAER T 8 30 S i s KR %%
JEPER/NBERRET T EE R ORI K. 14 8. &1 9 From sk Al s f =0.46 THz Alf =0.72 THz B FOKAH 2% 4H
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Figure 7. Terahertz phase distribution at /= 0.20 THz at three different probe spacing conditions
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Figure 8. Terahertz phase distribution at /= 0.46 THz at three different probe spacing conditions
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Figure 9. Terahertz phase distribution at /= 0.72 THz at three different probe spacing conditions
9./=0.72 THz Bt =Fh R [EER§ B BE &4 T K IR ZE B AL 7

N TR S R EPAT P (YZ) RORBR 2% 23 ()37 3 A, A2 X =0 I, X YZ ~F1i 8 x 8 mm )75 [H LA
0.1 mm 5K EREATH, FRARYE B AN 4 5000 5 15 2 0 B S A af A AT O B s, 22 AR 30 T 1 10
FIR IR 26 G BEAE YZ T T ) 4 5 43 A BRI £ = 0.20 THz B FIARAZE. A 10 Faf LB B, Kbk
25 AR SR SRS T A A i, BB EE ARl R 2EAE A o A S [AC B R M Ah R . 276
R XY HAYZ R EE R e SRS ERET P AR R 250, DA AAER T T 21 ) HH 25 B A% 3
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Figure 10. The intensity and phase distribution of terahertz facula in the parallel plane of
probe (YZ plane)
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ZEWAREARRIE L. SER T R 11 R B R SRS I BT RO R, R SR AR KR
2RI R G N 2R, Il RO S A s FETCHT BRI 53 — i FH AR AR B SO 28 ik o 141 12 wR
NIRRT 13 ANFAT MSL, A MSL MK E N 15 mm, 8% 30 um; IR LR 4 B AF 4.5 mm x 15
mm AR s IR S Au FEBTEE 1 & 57 um JE I A (Polypropylene) St HLEZ, i 57
um RGN H)Z H 37 um ERR G TTZ R 20 um 5163 59 TR 6 R T JI A 771 (Copolymer acrylate
adhesive)ZZH . K FREF SHMHRE I EE A G =7 mm; KHHRET SR LR TR EE N He 8 13 4
ANFH 244, MSL # & AR5 KRR ZE Bk b (I 308 A5 5 . Forhr, TORE 254 T I BB N 5%
BT, RPBUSCERET BT e BB B2 0S0 25 (ROR AR 2 5m SFF Jklr, SE%t LUAS 6] H 2% 4R T PR BT S 5 R i 2%
R FIIBEY . SIE KR ZE kb5 MSL FE S AR A Ot M 13(a) A LA Hi: H=500~1000 um K,
X 25 I 3R T () e n FE B H 3 K AN W v, RO B T MSL AR5 R M A H =
1000 um B, AR 22k #E G N MSL A s . S 13(0) T rT B R], H=1500 pm i, i
B F WA TS Wk, AT H=1000 pm BN ; H=2000. 3000 wm I RIS F g 55
FWIVESE, HA R TRRE, Sl mn] LA s B MSL R i 22 T SRR 10 R 24 Jik e BT i i o
R 13 AT AT IS PLRS598: H = 500~1000 wm B, AHRZE Bk R 438 N MSL FE i 1 2% R
H 38 InAW 2 5, H=1000 pm I 15 2 8% 5, A 2000 MSL 2 AL Fi L O R ES s H=1000~1500
pm B, FEEREITLE T H=2000 pm 2 5 RIREE Y Lk 52 %L E A, KRG BURIE MSL
(1) 2 T R AR A =

Figure 11. Photo of the microstrip line sample testing
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Figure 12. Schematic diagram of the microstrip line sample structure
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Figure 13. Terahertz time-domain waveforms with multiple different spacing H of emission probe and MSL
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4. &5t

ARSCE UARGE 1 — TP Tl H T RS RS G 2T AR & QMR ET BN - PREHERIN R 2530 37 il 5 %
. RGOGIEVEHEE S 0.1~1.0 THz, hATEEER] 45 dB. IR R ST BRI BREH 22 26 7E i 12 = 4EAi %
B b, SEBL TN AR 2E B A (83 0 A U OK 2 7 B AR AT RS - 4938 Tt AL RS REH AT SR B TR 2
FUT il Rty ore sh SR PR BT BRI, RS PR AT 77 A2 10 22 1B RO 2% e PT AR 5 Bl 2k iR . A
R GEAE KA PE BOT AT« $h41Np T S5 R 1 3 1 R U4 it 1 —Fh i U B &= T B

EHEWmHE
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