2016/3/7 E16[EIYFEHII)FEZE#MI—HavT
R EBERBEKRFHIFEEIVITE

; | 1‘ P i el e -y A

BIERETINIVYIFH b=y IiEREETDIEA

=+HE W2

KR RFERTPOHER



M. Fujita, E516[EIZ)KY T3V IRZERT—IavT

SiEE

K REEREITFEZMER

KERBRXRHBIR, FHERHBR, KHIEMHAEHRIR

KEFR4E #8 MK, EREEK, KENKK,
f[REMFK, AEEFK

JST CREST “H&#M-TN\A R -V RATLREIZLDEHH
F/ILOMAZOZADRIR"EE THIBEF O RIILT A —FE
b=y otERDME(Z oté-?%/\)wﬁéfa ERMTDEIRL ],
) &‘éﬁjmxﬂ’]'lﬁiﬁL1_EﬁjL SH$ 3 3 (SCOPE),

g, REILSHME, fTHZFEMIRERH, SCATHR ZEBIRK,
KR KFEH ﬁ**:t%: BERFIR AT L
HEDXIETZITELT-




M. Fujita, 8816[EIS)R Y T3 RZEMKT—VavT
INTERNATIONAL

¢’
K - YEAR OF LIGHT

2015

[ E RS ]

(International year of light and light-based technologies)

B LU EMDOEMREE (1YL2015) [FEEESRESIZEWLWTIRIRESNEL-,
BB, IRBERIR G SHRTHEL, IRILT— LE. . BX BE.BESD
DI THHFRMGTIRYVEA L TREREREZIRELTHSEMNZDUNT,
MEraEHb-OIcEsshEL=,

1015 AT TIL-INAY LIZKDHIZET HHHZE

1815 F: JLRILIZKYIRESN =K ENER

1865 F: XAV TILIZKUIRESNI=RARE I DOV T O EHIER

1905 EBNR

1915 F:— i EX BRI DOV TDT AU 1340 DB

1965 FERVIOTFTREILIIWI L DFEIAVAEEEMFDEREIVAET7AN—BEICET LA DELE

=
._{ -'\- :
\H:= ; -

2015& (%, AR FDERIZHITH —ENDEELERNVLGHER -FHADRE =



M. Fujita, 3£16EISYEHITIYKZEMT—IavT

BIRIEETINILY DA =OEE R EFDILFE

ARER~TINIVIFDNRERT /NS RIZAITT~

ARV OREREII~ T DEREEEFE~

- TINJLYERE

A

BICRICE T =04 b=y O RDORFE

DRV TRERIZE DT INILY KD RE LA




M. Fujita, 3£16EISYEHITIYKZEMT—IavT

MK 5

ETINIVI A=V IFEmEZE DI

IR LEE~TSAIYEO/NIERTINARIZHAITFT~

ARV OREREII~ T DEREEEFE~

“TIONILYE

¥

A

BICRICE T =04 b=y O RDORFE

DRV TRERIZE DT INILY KD RE LA




M. Fujita, 516EIS)EHY T RZEHT—IavT

FERTINILVYEBAETNAZANLDH DR

Tuotn=sz < TAF=5R

104
Aok (<20 K)

102
\ HIBFRIL

z | HAF—F
£100 § RTD
R
H

102

10

. e
A2 13k pEIGel—Y w/HiH

01 1 10

[BRIK ;%H, K,
It AR 83 (2014) 565
[Z3EEC]



M. Fujita, 516[EISVKYTI)KZEMT—I3vT

TINIVYIK: 0.1 THz-10 THz R O BHER

B <

R E 10 GHZ 0.1 THz 1THz 10 THz 100 THz 1PHz 10PHz 100 PHz

l .

30 mm 3 mm 300 pm 30 um 3 um

-
=]
o

Transmission
T

014

_D 10 20 30 40 50 60
THz

©
Ferguson et al. Nature Mat. 2002 Isogawa et al. IEEE THz Sci. Tech. 2012 Nagatsuma et al., Opt. Express 2013

NEERRRARIMLE BELEGMESFEEE SRBLTEEFEEENM I
FIALI-MEEE BYHERERE AXEESRERERE

FIAILY EREE QR BB




M. Fujita, 3£16EISYEHITIYKZEMT—IavT

HEDTIANILYD AT LD

50 cm ; il -
Advantestft TAS7500 IEEE Photonics Society News Letter Apr. (2015) 12.

L—H IR, LOXPEREZIEILSH, SLOERESBROCT/NA A THERL

SRIE, TINNVYVERBEBIRICES/PMEERIENDFAIR

>
SR TR ERR DT IR 2




M. Fujita, E16EIZ);E Y ITIKRZEHD—IavT

BAFF DTN IV VRIS D 5

e R

{354k (~0.4 dB/cm@0.3 THz)

-Hlmik

EEBE TG, (AT TaXMK]
[Harris et al. Infrared Phys. 18 (1978) 741]

£ ERIE

-EEEE
-85 K (4~25 dB/cm@0.3 THz) [&EK Tia L X]

[IEEE MTT (1991) 910, (1994) 2399, (2005) 3281.
APL 70 (1997) 2233. JJAP 44 (2005) 1011.]

H-HERELXN DFERDTINILY TS R—LDRENDE

Ve

JAb=vwo%E&RIZEFH




M. Fujita, 3£16EISYEHITIYKZEMT—IavT

MK 5

KT INIVIITA =V IFERELT DI FE

IHb=vOfERmEFX~ T DERBELFIE~

TINILYE

¥

A

BICRICE T =04 b=y O RDORFE

DRV TRERIZE DT INILY KD RE LA




M. Fujita, 516EIS)EHY T RZEHT—IavT

JAh=vwofamel&k

JED R KRR

EDRKESED,

IRILF—

VAR
A

BHTE S

ok

MBI R mZd OMEE
)L DA

After, E. Yablonovitch, Phys. Rev. Lett. 58 (1987) 2059 .

> X

I200 nm

\ -
-

cf. S. Kinoshita et al, Chem FPhys Chem 6 (2005) 1442

BARARICLEFE



M. Fujita, 3£16EISYEHITIYKZEMT—IavT

BAERETA Py ROT O —

VOLUME 58, NUMBER 20 PHYSICAL REVIEW LETTERS 18 MAY|1987

Inhibited Spontaneous Emission in Solid-State Physics and Electronics

Eli Yablonovitch

Bell Communications Research, Navesink Research Center, Red Bank, New Jersey 07701
{(Received 23 December 1986)

It has been recognized for some time that the spontaneous emission by atoms is not necessarily a fixed
and immutable property of the coupling between matter and space, but that it can be controlled by
modification of the properties of the radiation field. This is equally true in the solid state, where spon-
taneous emission plays a fundamental role in limiting the performance of semiconductor lasers, hetero-
junction bipolar transistors, and solar cells. If a three-dimensionally periodic dielectric structure has an

electromagnetic_band gap which overlaps the electronic band edge, then spontaneous emission can be
rigorously forbidden.
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August 1, 1994 / Vol. 19, No. 15 / OPTICS LETTERS 1155

Terahertz spectroscopy of three-dimensional photonic
band-gap crystals

\\\g\
\P‘{\\\

E. 6zhay, E. Michel, G. Tuttle, R. Biswas, and K. M. Ho

0
Micorelectronics Research Center and Ames Laboratory, lowa State University, Ames, Iowa 50011 5
' a 0
J. Bostak and D. M. Bloom T
c
Edward L. Ginzton Laboratory, Stanford University, Stanford, California 94305 9 15
820
Received February 15, 1994 g 25
c
We have fabricated and built three-dimensional photonic band-gap crystals with band-gap frequencies larger © 30
than 500 GHz. We built the crystals by stacking micromachined (110) silicon wafers. The transmission and -
dispersion characteristics of the structures were measured by an all-electronic terahertz spectroscopy setup. The -35

experimental results were in good agreement with theoretical calculations., To our knowledge, our new crystal 250 300 350 400 450 500 550
has the highest reported photonic band-gap frequency.
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“Photonic-crystal slab for terahertz-wave integrated circuits”
Ishigaki, Fujita, Nagai, Ashida, Nagatsuma, IEEE Photonics Conf. (2012) 774.
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“Extremely low-loss terahertz waveguide based on silicon photonic-crystal slab”,
Tsuruda, Fujita, Nagatsuma, Opt. Express, 23 (2015) 31977.
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“Extremely low-loss terahertz waveguide based on silicon photonic-crystal slab”,
Tsuruda, Fujita, Nagatsuma, Opt. Express, 23 (2015) 31977.
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“Silicon Photonic Crystals as a Terahertz-Wave Platform”,
Fujita, Tsuruda, Suminokura, Yata, Nagatsuma. 4th Int. Sympo. Photon. Electron. Convergence (2014) E-3.
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“Photonic-crystal diplexers for terahertz-wave applications”,
Yata, Fujita, Nagatsuma. Opt. Express 24 (2016) (accepted for publication).
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“Photonic-crystal diplexers for terahertz-wave applications”,
Yata, Fujita, Nagatsuma. Opt. Express 24 (2016) (accepted for publication).
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“Photonic-crystal diplexers for terahertz-wave applications”,
Yata, Fujita, Nagatsuma. Opt. Express 24 (2016) (accepted for publication).



M. Fujita, E16EIZ);E Y ITIKRZEHD—IavT

RTDET A =IO ERERIRORE

b7 TE B A 5

Ialb—i3y

o .
. sesvccvonncncns/ecnen
X .
Seovscconeennconnygs
sesecoee .
LA R R XY
sesveesaas
tReOBCRRRROOOROIONOD NS
socesnas
LR
sovcenwd
» DO
ss0esecned

[ & i it
.........?)'tq‘
resssnosne l'a
LA R R RN RN
Issosmaass
..............‘.‘...'.‘ ’
Ifsssesncsnsosssennencae
..23::..............'."
IS BEsERsasRIPRAOORRRIRRRS
A A L T
I#lBeisionEsenssonsona
BesesedbennssnsesnoRei
.

0.‘
*
*
*
.0

= Seqong

—

R

Suminokura et al. “Integration of resonant tunneling diode with terahertz photonic-crystal waveguide
and its application to gigabit terahertz-wave communications”, MWP/APMP 2014, ThB-3.
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Supplementary Information in Nature Photonics 8 (2014) 657.

Table S1. Comparison of the

metamaterial THz-wave absorbers

Reference no. 513 S14 515 S16 S17 S18 519 S20 821 S22 523 524 S25 S260 S27 528
Frequency [THz] 1.3 1.6 115 0.45 30 074 52 356 089 093 41 171 23 46 048 085
Theaoretical

peak 98 999 95 =9999 =99 =99 99 9993 NA 999 98 995 98 o8 97 9995
absorptivity [%]

Experimental

peak 68 968 77 80.8 94 -~098 74 B6EB 998 -~899 98 967 97 94 80 97
absorptivity [%]

Experimental

minimum N/A  NA  NIA N/A N/A  NA  NA  NA 27 NIA  NIA  NA NA  NA  NA  NA
reflectivity in dB

Experimental

80%-absorptivity N/A 3.7 N/A MN/A 4.1 3.0 NA MNIA 4.8 9.0 56 27 52 38 MN/A 2.1

bandwidth [%)]
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