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Review of terahertz imaging technologies
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(College of Information Science and Electronic Engineering, Zhejiang University, Hangzhou Zhejiang 310027 , China)

Abstract: Terahertz(THz) imaging technology, as an emerging imaging method, has the advantages
of being non-invasive, non—destructive, and high-resolution, and has achieved significant progress in
recent years. This paper reviews and analyzes terahertz imaging technology from the perspectives of
technical approaches and current research status. Based on the type of signal source, the technical
characteristics of pulsed terahertz imaging and continuous—wave terahertz imaging mechanisms are
compared and analyzed. On this basis, the paper focuses on the technical solutions with super—resolution
and high-speed imaging capabilities, analyzes their current development status, and discusses their
advantages in future terahertz imaging scenarios. Finally, the challenges of application—oriented
terahertz imaging technology are summarized and prospected.
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(a) diagram of the terahertz TDS transmission imaging system in reference[3] (b) diagram of the terahertz TDS reflective imaging system in reference[5]

Fig.1 Diagram of typical terahertz TDS imaging system
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Fig.2 Diagram of terahertz focal line scanning TDS imaging system!'”’
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TR R AR G, 3 — I T OBOG R AT B TR B R h 2% R i IR o IR G, G A AR 7 18 i 4% 5 R
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Fig.3 Low phase noise continuous wave terahertz vector imaging system
P 3 (ARSI 2% % i R R e
FUHT , BR324 A5 1) B8 732 52 B B T A 32 2 PR 3R A e ROl 2% A B R 58 016 v 2 1 B0 AR 5
BRAE DR R ACRADC R R B g s LR S IR 2% AR GE TR A ST A B T A )RR RObE 2% B Bt
PR AR A L A 3 K P B A TR T, 3 S R R A B A R R — B [ A BT SR
BT LA B agad X ko OR M 2% AR I 2R 2% R A BB RERE L DR EEAT B IR L, a1 R
ok oo O 2% BB MAE B, REFEAT W S AR AL A8, B AT AR s B0 25 ) 23 9 g L k1] 23 B 0 AR 3 B
H AR S, SRS D5 B F e . EBlr v E R, REMAR, BORAMEERE, EREMNT
FORDETE 4 Hr . AR E SRS SO SR SIS . FE T e BRI - 58 8 JE A5 48 i (Kramers—Kronig Transform, K
—K) FIAH T He e 55 07 30, 3 B2 P RO 2% AR R RE T AR OIS B S AR AR B, HSi B Ui B, RGEUARE, Bl b
P E R L R TR A0 3 S e CSVRE  OG IR0 0y X, 3 S R 2% 1R AT AE 0.2~3 THz i Bl PN 52 31 9O 1 AR
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Tablel Comparison between pulsed terahertz imaging and continuous wave terahertz imaging

[95]

pulsed terahertz imaging continuous wave terahertz imaging
bandwidth broadband (0.1~10 THz) 0.2~3 THz

frequency resolution low (>1 GHz) high (<50 MHz)
spectral information yes yes
amplitude/phase imaging yes yes

spatial resolution high spatial, temporal and spectral resolution high spatial resolution

system complexity high low
cost high low

2 K#FZEBIYPMREK

e G AR ZR GE 00 23 1) 73 % ) 32 A G IR A BR W), an Q) 7, A7 308 A BROCKE R b 2 B2 5 119 2 % 3 BR i 1 22 K
9, TCVEWE R AN 2 N IR 2 ) 23 B 0 BB R R

L
Ar=122" )

A Ar L LRTD 73 550 D 5 /N A o3 BB RS L LI B AL AR

R 25 12 5 i 2 THT ) 8 DX P 7 A A 468 0 4 T L s 3 T R S0 9 v 0 s TS L, T T E A R AT
SR R 4 2 B 0 PG (ELAGE T U0 110 RE e T AR P BT BRF AT, HCR R A R T T R O 1) b AR RO e, XE L
TEL 7 BRI o DR, RGO AR IBOR 8 22 Wl I RUBEAR B, 1N R 2238 W IR BOR B9 G . H i &2
TR FE T LA R B AR T HURHR B IR T 58

B T ALAR R 19 R 2% 35 T BUAREAR R RO Gz /I T R 2% 4 19 FLAR ™ A s A 22 10 i 8, DA T
SEBL R HE AR o X R OT AWK T 0t BB, s Rl B Bk T AR R . B R, 4k
TALAR 0 R 2% 3T S AR HAR T AR Dk A AL AR B 45 K 43 S 0 B L AR R 2K SR RN Bl A L AR R R 2% AR
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1998 4F-, S Hunsche % "5 YR ) B0 UE 19 Kk 25 0 3 % R 40, R H A W K T O B #E TR 42 08 Ao A i 4 B AL
e, 8GR RO 2% 48 T R B B LA A TN, AR VT I N R AR R AT R AR, RS T MA WP as
(O] 43 3% 1, AR 2R G A% 45 R 43 51 0 1 4(a) FE] 4(b) BT s o

THz signal/(a.u.)

- ; 95.8~100.0
100 £ ‘ collimating & focusing 4 91.5-95.8
h A optics i ,:A.,A, 87.3~91.5
i 2 3 mm 33.0~87.3
: P i -— I 78.8~83.0
gating pulseg™ % T : ¥y ! time delayed 3 . 74.5~78.8
Al i) ; ) . 70.3~74.5
supstrate lens beam 3 gatlng pulse E = 66.0-703
photoconductive sl % photoconductive dipole = = 61.7~66.0
THz emitter it antenna (THz receiver) 2 = ggg:g%z
l . 49.0~53.3
- . 44.8~49.0
‘z current amplifier, . 40 5~44.8
L . ) 244
near—field tip ~ sample digital signal processing = gggé%%
0 1 2 3 4
X/mm
(a) schematic diagram of imaging system (b) imaging result with A/4 resolution

Fig.4 Demonstration of aperture—based terahertz near—field imaging!'®"
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PI/Ir tip
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(a) schematic diagram of light path (b) schematic diagram of imaging system
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(c) diagram of terahertz pulse time domain and spectrum (d) imaging result of gold nanoislands

Fig.5 STM-assisted terahertz near—ficld imaging based on scattering probe!'*”!
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Fig.6 Large-scale terahertz CMOS camera
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Fig.7 THz CS imaging based on a spinning disk!'*®!
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Fig.8 Schematic diagram of spatial light modulation based on photo—
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Table2 Comparison between terahertz array and terahertz single—pixel imaging

terahertz array terahertz single—pixel imaging
imaging speed real-time (30 frames per second) relatively slow(5 frames per second)
post—processing complexity low high
detection sensitivity low high
spatial resolution >) <A (M133)
noise immunity low high
flexibility low high

cost high low
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Fig.9 TOF-based 3D imaging!'™*
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Fig.10 Demonstration of TOF tablet coating resolution!'**
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Fig.11 Demonstration of TOF painting detection!'*”!
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