
Program	  Includes	  
•  Up	  to	  a	  $4,000	  s7pend	  +	  int’l	  
airfare	  

•  3-‐wk	  language	  &	  culture	  
Orienta7on	  in	  Tokyo	  

•  8-‐wk	  nanotechnology	  research	  
internship	  

•  In	  lieu	  of	  pgm	  fee,	  enroll	  in	  1	  
credit	  of	  research	  (~$1,000)	  

NanoJapan	  2015	  	  	  
Website:	  h*p://nanojapan.rice.edu,	  Email:	  nanojapan@rice.edu	  

Eligibility	  Requirements	  
•  U.S.	  ci7zen	  or	  perm.	  resident	  
•  Freshman	  or	  sophomore	  
•  Engineering	  or	  physics	  major	  
•  No	  prior	  Japanese	  language	  or	  
research	  experience	  required	  

•  Women	  &	  students	  under-‐
represented	  in	  STEM	  are	  
strongly	  encouraged	  to	  apply	  

NanoJapan	  aims	  to	  cul7vate	  a	  genera7on	  of	  globally	  competent	  scien7sts	  
and	  engineers	  through	  a	  program	  that	  combines	  a	  cu[ng-‐edge	  summer	  research	  
experience	  in	  Japan	  with	  language	  and	  culture	  study.	  Research	  projects	  focus	  on	  
terahertz	  science	  and/or	  nanoscale	  science,	  par7cularly	  electronic,	  magne7c,	  and	  
op7cal	  phenomena	  in	  nanomaterials,	  nanostructures,	  and	  nanodevices,	  and	  we	  
seek	  to	  encourage	  par7cipants	  to	  pursue	  future	  graduate	  study	  in	  a	  related	  field.	  	  

	  

NSF-‐PIRE:	  U.S.-‐Japan	  Coopera7ve	  Research	  and	  
Educa7on	  on	  Terahertz	  Dynamics	  in	  Nanostructures	  

(OISE-‐0968405)	  

Program	  Schedule	  
	  

Applica7ons	  Open:	  	  	  	  	  	  	  	  	  	  	  Mid-‐November	  
	  
Applica7ons	  Due:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  January	  23	  
	  
References	  Due:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  February	  1	  
	  
Par7cipants	  No7fied:	  	  	  	  	  	  	  	  	  	  	  	  	  	  Mid-‐March	  
	  
Orienta7on	  in	  Tokyo:	  	  	   	  	  	  	  	  	  	  	  	  	  Mid-‐May	  
	  
Research	  Internship:	  	  	  	  	  	  	  	  	  	  	  	  June	  -‐	  August	  
	  
Research	  Symposium:	  	  	  	  	  	  	  	  	  	  	  Early	  August	  
	  



U.S.-‐	  Japan	  Coopera7ve	  Research	  and	  Educa7on	  	  
on	  Terahertz	  Dynamics	  in	  Nanostructures	  	  	  	  
Website:	  h*p://terananopire.rice.edu/	  

This	   U.S.-‐Japan	   partnership	   explores	   terahertz	   (THz	   or	   1012	   Hz)	   dynamics	   in	   nanostructures.	  
Electromagne>c	  waves	  with	  frequencies	  from	  0.1	  to	  10	  THz	  offer	  many	  opportuni>es	  to	  study	  
physical	  phenomena,	  with	  poten>al	  payoff	  in	  numerous	  technologies.	  However,	  this	  frequency	  
regime	   is	  poorly	  developed	  compared	  to	  those	  of	  electronics	   (<	  100	  GHz)	  and	  photonics	   (>	  10	  
THz).	   By	   a	   judicious	   combina>on	   of	   THz	   technology	   and	   nanotechnology	   (“TeraNano”),	   we	  
significantly	  advance	  our	  understanding	  of	  THz	  physics	  while	  improving	  exis>ng,	  and	  developing	  
new,	   THz	   devices.	   Although	   Japan	   and	   the	   U.S.	   are	   global	   leaders	   in	   both	   THz	   research	   and	  
nanoscience,	  there	  remain	  obstacles	  to	  further	  collabora>on	  between	  them,	  primarily	  linguis>c	  
and	   cultural	   barriers.	   By	   breaking	   down	   these	   barriers,	   this	   NSF-‐PIRE	   program	   achieves	   long-‐
term	   scien>fic	   and	   societal	   impact,	   providing	   future	   genera>ons	   of	   researchers	   with	   an	  
understanding	  of	  both	  the	  culture,	  and	  state-‐of-‐the-‐art	  technology,	  in	  each	  country.	  

Supported	  by	  a	  NSF	  Partnerships	  for	  Interna7onal	  Research	  &	  Educa7on	  (PIRE)	  Grant	  (OISE-‐0968405)	  

Grows,	  synthesizes,	  
and	  fabricates	  novel	  
nanostructures	  for	  
THz	  study	  and	  
applicaCons	  

Develops	  
experimental	  

techniques	  in	  THz	  
spectroscopy	  and	  

imaging	  

Advances	  quanCtaCve	  
understanding	  of	  the	  
THz	  dynamics	  of	  

nanostructures	  and	  
nanomaterials	  
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ABSTRACT: Terahertz (THz) technologies are promising
for diverse areas such as medicine, bioengineering, astronomy,
environmental monitoring, and communications. However,
despite decades of worldwide efforts, the THz region of the
electromagnetic spectrum still continues to be elusive for solid
state technology. Here, we report on the development of a
powerless, compact, broadband, flexible, large-area, and
polarization-sensitive carbon nanotube THz detector that
works at room temperature. The detector is sensitive
throughout the entire range of the THz technology gap,
with responsivities as high as ∼2.5 V/W and polarization ratios
as high as ∼5:1. Complete thermoelectric and opto-thermal
characterization together unambiguously reveal the photothermoelectric origin of the THz photosignal, triggered by plasmonic
absorption and collective antenna effects, and suggest that judicious design of thermal management and quantum engineering of
Seebeck coefficients will lead to further enhancement of device performance.
KEYWORDS: Carbon nanotubes, THz photodetector, broadband, polarization sensitive

Recently, carbon-based nanomaterialscarbon nanotubes
(CNTs) and graphenehave emerged as extraordinary

low-dimensional systems with a variety of outstanding
electronic and photonic properties,1−7 including those ideally
suited for terahertz (THz) devices.8−12 Carbon nanotubes
(CNTs) have an extraordinary ability to absorb electromagnetic
waves in an ultrawide spectral range, from nearly DC to the
ultraviolet, through both intraband (free carrier) absorption
and interband (excitonic) absorption processes.7,10,13,14 An
ensemble of single-wall CNTs with mixed chiralities can thus
absorb electromagnetic radiation essentially at any frequency in
the entire electromagnetic spectrum, a property also shared by
graphene.15−17 This ultrabroadband property of these materials,
combined with high-mobility carriers, promise high-speed and
broadband photodetectors as well as high-efficiency solar
cells.4−6

THz detectors are required for a wide range of applications
in astronomy, sensing, spectroscopy, imaging, defense, and
communications.18−20 Current THz detectors are mostly
cryogenic, narrow-band, or bulky, and thus, entirely novel

approaches or materials systems are being sought for detecting
THz radiation. THz detection has been reported by using
antenna-coupled, bundled21 and individual22 metallic single-
wall CNTs at low temperatures, while THz-frequency
electronic transport phenomena in single-tube devices have
also been investigated.23,24 In parallel, graphene THz detectors
have recently been fabricated and shown to possess promising
properties,25,26 but much like the above CNT devices, these
small-area devices require coupling of the THz radiation with
antennas. Furthermore, none of the existing approaches have
demonstrated intrinsic polarization sensitivity due to the
absorbing material. As described below, we have developed a
powerless, compact, broadband, flexible, large-area, and polar-
ization-sensitive CNT THz detector, which works at room
temperature.
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