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1 THz~1 ps~300 xm~33 cm™'~4.1 meV

THz Remote Sensm Teiemmmumcahnns THz Spectroscopy
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Terahertz (THz, 1 THz=10'2Hz), sandwiched between the
microwave and infrared
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Spot the knife? Millimeter waves, close to terahertz,
show their ability to see through clothes and paper.
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Applications of Terahertz

Defense: homeland security, chemical and biological agents detection,
explosives detection, see-through-the-wall, imaging in space using
satellites.

Commercial: biomedical, such as skin imaging for cancer detection,
forgery, mail inspection, luggage inspection, gas spectroscopy, non-
contact and non-destructive method.

Research: physics, plasma fusion diagnostics, electron bunch

diagnostics, THz wave microscope, zero resistivity under THz radiation,
Left Hand Materials (LHM) at THz range, THz spintronics.
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THz system is too huge for
real applications.

More flexible method for
wavefront control
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How thick can a lens be?
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A terahertz metamaterial with unnaturally high refractive index

Nature. 2011, 470, 369—373
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Plasmonic Lenses Formed by Two-Dimensional Nanometric Cross-Shaped

Aperture Arrays

Nano Lett. 2010, 10, 1936—1940
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Huygens' Principle
The wavefront of a propagating wave of light at any instant

conforms to the envelope of spherical wavelets emanating
from every point on the wavefront at the prior instant.

wawve front at tine t+ AL

wave front at time t
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Part of cylindrical lens Focal length:
AmMm@400um

Part of spherical lens

Focal length:
AmMm@400um

100nm gold on 500um silicon
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o
)

Intensity (a.u.)

(a) Photograph of a part of the
fabricated cylindrical lens. (b)
Intensity distribution of the
cross polarized light for the
Max designed cylindrical lens. (c)
Experimental measurement of
the intensity distribution. (d)
Intensity distributions along
the white dashed lines shown
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Max

Spherical lens imaging

Max The thickness of the lens

is only 1/4000 of the

- wavelength!

X (mm)
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Ultrathin phase
holograms for special
optical field generation.
(a) and (b) Desired
images to be appeared
on the plane which is
4mm away from the
holograms. (c) and (d)
Optical pictures of part of
the ultrathin phase
holograms for generating
the desired images
shown in (a) and (b),
respectively. (e) and (f)
Images generated by the
holograms.
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Active control of THz wavefront
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Damman grating

Working wavelength: 750nm

Wavelength range: 650-1000nm
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Size of device: 180 pm

Size of cell: 400nm
Focal length: 150 pm

Typical size: 40nm
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Ultrathin planar elements
2% thin, aberration free,......

=2 low efficiency, function fixed

Active control of THz wavefront
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Variation of transmission and DC conductivity of Si under pump
with different power.
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THz pump probe imaging system
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0mW B 10 mW

118 mW 4 7 % 98 mW

Cylindrical lens, Spherical lens
Modulation depth 98.3% Modulation depth 90%
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Conclusions

Conclusion:

€ Ultrathin planar elements

Lens, holograms, diffractive phase elements...

€ Characterization of ultrathin planar elements
Intensity, phase, polarization, wavelength...

& Active control of THz wavefront

2013%F9H17H
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Metasurface based devices

Planar Photonics with Metasurfaces

B i W Dby, Alecamla Bofla e, Wiabinh W Tl

e mideding

Bloeis, ol o o Comi Sl e B b o -:l.ﬁlm-s-ﬂ ol e enann, F ks, ol
P B, ol ﬂwiﬂﬁﬁﬂmﬂlmmﬂalm*ﬁ

dlp v e i 6 e,

ehariad, ulmn - aend

Tt L F it . Qe e i ol B RSty g alalSny af don i g

(TR

T oo 6

o, B B P rilud

el i By af e ool vt o ey Nt vl s v sy, S B, it
Hﬁnﬂk andd applhate Tl s o by AW et Sieh o 2 isvaiie wen bulk,

i Farn, e

i s o e 5 ol v o il sl T Rl

e vl e it Rk s e e Dol S g o et b e Bl

b ol e sy ez auld
el risun erboak. ue cn ey
s e Bow of T m s wary thal

ol ok befites bty (bl
4= myrnee et wth nenaly degeal
et bl Mk et
ot wberw i B Bl v Wit empomoe
b T, s wirpes, md Bl Mlrws St e
mneenaidc Wil selimlly wcadieblc mulctls
e Y e —
e prpaesin of cloinampcst caogy- o
b deBanl by b sgaeid sl somsnd i proims
of e cffere Eob el masec -
e Ther gifcic dsctiess offr e dadnd
pamsiad b sl mal cmin]te Gow of chom-
e g e g—
(7 el ey i dowr B b of e
s ae wee proviasly cmalee! s
I T ST
] o mtiva] ressionaki wul e
thead el we cw Sibe e
el e o e sl ws of o MM,
o e oagedEa el sumdokeg ol e
s [
st The ciframbmey popcstos of

Nl ! ermmireratiem. optits () deviass 2 )
whih wos comeeiead by M cmbic 3 aop-
e ik sy, imag iy with b

plearar) W el Sns o e e
ot Mmoo okl now pireas
i phear s bt dasnly S Euan
o e i dr A0 caepes: Moe-
ez, ey e copebk it mechip oo
plustsedc dervicns, i i of ool inprotc
x nm.ep.&.u. upmuh.

w—*ﬂﬂu
A oxSsticfar wiiclic] on So kbW
ngh wds = e Seberd dee oo o b de-
e Eo, potakc md speedc) w
meabim b prasis ash o st & o
rommad by u patenal el B
st 3¢y . cmpsend with e W cimsh
un:—hu,u—l..m:ua, .hpuu
ma
tm::ml—:d-l:hd-:n!q:-hnh—
m.—n:ﬂ:,uwu#
e shmg wih
furomal Eie-Beld ool rairaiom
ke, fy oegpls, e bom Bunl o
deviats Ban s efiosem wd ke
[T I T —
i o b pfemal bm e opsEssl
s - bl il T deidm nolidie
et o deviooy 2 Mmlan sl undesamd-
g of e ciEmn ey i i

warminlior: nmosyrex xnl e sl
[ e e
Optasl setwerfercs meprme o ches ol
*ﬂm\hﬂ lﬂh:td.dmﬂﬂjh
d sl i
l:ﬂ.kuf:e,.hrnﬂhlhlh'f_ﬂ-
fonal pleart ke befwen e ol
o (T} Sich fwe- el (0] md
Sl preww tle s will e b -
by o by el Epht il pleeer dor doedy

Shed of Hartrral and Crmpute Engrasrng o B
Bty G, Mk Uns oy, e lafasts,
I ETSHIT, 1A

" wivm mranrenos T B atrese. Eol
nlaa s ads

wwew siarcardg oy SCIENCE WO 339 15 MARCH 2013

e,
il e ] il ey ol e wine-
Iﬂml.nq,lmp-:ﬂ TE:n:lll:ﬁ:ﬂ:I:nl

i e @
-dﬂn:t—q-:h:rh-:ﬁ:hhl:m
il Bt opl sictielas
b 5 lmpwarchapth rogee (e edo
i ety waes ), wirkev.om Eael ekl
e o, o “mcfind (F), comening.
empk mics chmoi hnic sbealy Bem
i bl el by corraniesdon
(M) o hghily confaed cavity sumaiors
(M, M) Sl s optell extou ke, e
I:n-tn::-lh:.u:l‘-:l:m H\'.'I-.ll
= " 2.7} iy sk s
:uﬂm-hnqnh;i:.&:h-nﬂ-:h

il Mevcthebo, e doiml plens izl =

2013%F9H17H

e o of mome b
prvianbs ufs megmtale corgambk m e
[T ST ——
[

The mpoimr ol pric of plos ghe-
o wan deremsistol cefior for dhe spodly
detgnnl coe of pln cemd dlome (100
The ey diccsaal gracsle] Sl s
gt iy il e congmd o Bt
prpasdinn (Tl As donmaded by Y o al
(;-lapunl—__u-m:&nm—

e plsse dranmimssio fo Bt
Bunagh e ey ml dosticsdy chaoyr te
Tow of refintal wl wfatnl b o il
demasisinl Er the m o] kb TR woes-
ettt el purm 51 Thes phaeraerem um s oy
b el e e e TR wareciemsh g
Lﬂﬁmi_ﬂuhh&:ﬁd-
wehasd aeal brss Barnl. W i
u:h.n&n:uﬂ.lt:l-n]hh.ﬁmﬁii
il panmcton, itk Empreay, piee po
Ammdin il i

(32T, Mtmbae sl ol e s
(), st e sl ket Bt ey, el
w2 STt warsksgatn 04
Y i e S
i e ety e (3 am) =l vy
sl 2 i i s e o o Bt
wnpEnseey sammme Voham! v
i e i B tmd T the o st
Focsaciog o gt (o, m sl s et s

D it um Bt promsstin o b obesmal
wituiat b ol e comples nchiions i bl

w Bl il fedl ol wor deran B
i bt bmalbel crids pobe-
S i am b ey e Wil e
i spsiens (7 Flomme sctsiries:
bree sk B prponl mul raied o garde-
win = plaies (10 29 Mictoiockees oo be moal
i el congle propoieg Warkc B ur-
Ear warsess {39 Wil coukl B of g g
e e nmophoime appiioaiom
Koy i l Bowrw o by b il e, UEshiogend
s s o b el axgbicy wo-
vt iy puibeien] g e b s o]
dyapiepard {3/ ). As dhown by S e al {371,
ierchrrstion mabi o o esie gkl o
vt deeshie ol aypmahe swrewn (A
[ Im-l,!.ﬂ] Sewn e ol Beve epuelie] et

eirfar baeml OAM
st = e e wha o Roicffusewcy quane
im ey o ey sl 5 acw quasies-lcy da-
e poibcol, ciplatng, fr comple e
e prpesie ofthe Fiammos ges (4],
Foemally, i B oot sduv. el o ol Rebiid
il salEleer MM st oo be Bal i

123X

in a metal sheet) can be used for the extra-strong
focusmg of light (with a focal length as short as
2.5 ym) in the visible wavelength range (25). In
addinon, umathin terahertz planar lenses have
also been proposed (26).

26, D. Hu 2t al, Mip:/arx orobabs/1206,7011v] (2012}

27. ¥. Thao, M. A, Belkin, A, All, Twisted optical
metamatedals for plananzed vltrathin broadband circular
polarzers. Nal. Commun. 3, 870 (2012).
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