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THz imaging technique using balanced detection.
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2. Multichannel balanced electro-optic detection for Terahertz imaging [1]
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Fig. 1 Schematic setup of the THz multichannel imaging system.
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Fig. 2 Horizontal electric field amplitude distribution inside the electro-optic crystal. TheFWHM is
about 6.4 mm.
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Fig. 3 Simultaneous measurement of 8 spots inside the THz electric field distribution (the
electrical field traces are shifted in time for better overview). Due to the photodiode spacing
and the reproduction scale, each pulse represents a horizontal lateral shift of 500 1 m inside

the THz focus.
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Fig. 4 Adhesive tape unwinder: a) photo; b) false color representation of THz main pulse

amplitude; ¢) THz main pulse time delay.
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Fig. 5 Polystyrol template for iron cast: a) photo; b) optical delay calculated according to
CAD data c) false color representation of THz main pulse amplitude; d) THz main pulse

time delay.
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3. A pulsed THz Imaging System with a line focus and a balanced 1-D detection scheme with two

industrial CCD line-scan cameras [2]
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Fig. 6 Setup.

Fig. 7 (a) 2-D Parabolic Mirror, (b) ZEMAX r _-Simulation.
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Fig. 8 Detection Scheme.
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Fig. 9 TDS measurement. For display simplification, the picture is rotated by 90° .
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Fig. 10 “T-shaped” PTFE Sample.
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Fig. 11 (a) Spatially resolved THz Electric Field Amplitude in Time Domain (Media 1). (b) Spatially
resolved THz Spectral Amplitude. (c) Example for a measured THz waveform at position x =
18.9mm. (d) Fourier transformation of the waveform plotted in (c). One can see that the bandwidth
goes up to 2.5THz. However, due to the imperfect purging, water absorption lines around 1.4THz
and 1.6THz and between 2.2THz and 2.3THz are seen.
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4. Real-time terahertz near-field microscope [3]

T I~V OFFOME IR, B, ALFWERE. DNAGERAA Ao v 7 ~DIEH
ﬁ%ﬁéh& FR, BARITICIEHCT D BN OEHRA~DT 72 2072, ~A 7 a¥
A ADEMGFRIINETH D, LonL, REREENRKT, VT VEA LTOT T~
wyﬁ@%4XHV/ﬁ%ﬁi RELDEETH D, Fi, 1THz OxET DR ICON

T, A A — T O RS D22 3 fRRE L. E e TR LZ 180um I[N T 5 LA U —Kk
HEICHIREN D, ZORRERIRT D720, Fx 13 T A0 Ek s o n
X270, ZO%E, EEWTBAAE T RIS, o7 vERmICEEI L C THz 2/ o 2 7
FAUTZR B 720, %<®$%¢'Hhﬁ%%4x~y/7@ﬁm@7%/xhv~ya/
LORIRE S, D DOKESY iﬁ7&§@@m HHNIAREY TV ICEL b
Do, LU b, 10pm £V FOZEMSHEEEN THz I CEMR SN TS, #EROF
BT T _RTT A¥ —EEHI; %wawé O XD GG, AR B L
A A= 7 BUSRERIEIER P R < L SRl A XOBIS S LTHINT 5 (20pm. D22 4R
HE T 600x600 A ITEMFM), 4 A=V 7iE, BV EIIENO X O e T ER#ED
UTNEALATOREENERZDONEETHY . L0 HWGFHAIRE 2 2 728 LT
T —FEBAE L TOHRITER S0,

AKFwXLTIX, THz WOAERIZBIT 2500 0ESZB L TERWA AT Iy 7 - LUV LR
HEIFEG 20 2 72 KB THz STt B8 2 B3 2 k% KRR 5, FFIZ, 370x740pm?2

12



T U T DA A—E, 14pm(0.7THz O FLER BN EE-S < & 1130 (k) D ZE B/ fifbE %
fif %27~ 35Hz D#uK LIS THiD 2 b b,

4-1 FEERIEE & JH

Zz

y o

HR coating

THZ
pulse

Sample Analyzer| camera
part

20 pm-thick
pm-
LiNbO, PBS
Objective
S

lens BS B PE
BS

S

AR coating -

_’_,_,—

Iris I Balanced
photodiodes

Probe pulse
(A= 800 nm)
Fig. 11 Schematic of experimental setup: BS: non-polarized beam splitter, PBS:
polarized beam splitter, WP: Wollaston prism.
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Fig. 12 Evaluation of spatial resolution: a, Visible and THz images of a metallic mask. b,
Extracted visible and THz profiles of metallic mask shown in (a). Spatial resolution of
~14 pm was found for time-resolved THz image. Extracted profile of visible image

confirms that optical elements do not restrict spatial resolution for THz imaging.

Fig. 12X, EO #fh LICE#EE M NT-E&E~ A7 O E THz 4 A —Y %~ L., Fig.
120)IEZ DOV T At SN T e 7 7 AV ERT, RETO 10%0 5 90%E T
B LuiDOESWEOEMN A E D2 LICX 0, BMEOZER Y MRELZFHE L=, 20u
m DJEAHZFFO LN #EiBIZ8V\ T, 14pm ORI fEREZ Mgt L7, Fig. 12(b) D S
RO T 0 7 7 A i, KFEETH THz 22 MREE 2 HIR L2V 2 & 2R,

4-2 FEBRAER

Z OBEMBEOBAEEEIHRET H72DIC, —ED THz 7SIV A DBH O%IZEIR D F A H—
VT T O EEE C THz B 2 )€ L=, Fig. 13@)I2, #MEOFERB LY7o
ARER E ENENRT, XA R—T T, 2 RORERE L 72(73.5%10.0%0.2nm) 4 D
BIND 725 TWT, 3um D7 ¥+ v 7%, LN /KRS ETEEEY EF oz,

14



Visibie

\
EN

2500

-2500
6E4

0.59THz .  0.66 THz 0.84 THz 1.05 THz

066THz | 0.84THz I 1.05THz i

Fig. 13 Real-time THz near-field imaging: a, Schematic and visible representations of

dipole antenna together with the emitted THz field relative to the dipole antenna and
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LN crystal orientations. b, Temporal snapshots of THz electric field. ¢, Amplitude and d,
Phase components of Fourier transforms obtained from time-dependent field

distribution for each pixel.
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Fig. 14 Simulated electric field mapping of the dipole antenna: a, Mapped field 1 pm
below LN crystal surface with a mesh resolution of 1 x 1 pm. (Antenna is oriented
vertically) b, Mapped field as a function of depths below crystal surface including a
Gaussian low pass filter that lowered the spatial resolution to 14 pm. ¢, Fourier
transformed of simulated reference THz pulse with Fourier transformed of THz field at
gap position as a function of z direction. d, Peak electric field at 0.5 THz normalized
with THz pump reference as a function of z direction. Red and blue dotted lines are

average enhancement factors for 1-pm and for 14-pm spatial resolutions.
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Fig. 15 Comparison between simulated and experimental enhancement fields at the gap
position of dipole antenna: a, Fourier transformed of simulated and measured THz

pulses at gap position with and without antenna. b, Ratios of spectrums presented in

(a).
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