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Terahertz imaging –> real time

Video Camera for 0.7–1.1 

Terahertz imaging –> spectroscopic imaging 
ssibility to identify conten

Video Camera for 0.7–1.1 
Terahertz Imaging 
Applications in 65-nm CMOS | 
U. Pfeiffer ‘s team, IEEE Solid 
St. Circuits, 2012  

ssibility to identify conten
features of terahertz frequency

possible solutions
short story on compact THz sourses
three short stories on compact
compact optics issue and illustration

me cameras development

> spectroscopic imaging – < 3 T
tents of various packages

nm CMOS | 
U. Pfeiffer ‘s team, IEEE Solid 

High Sensitivity Real-Time Unco
THz Imager | NEC production

tents of various packages
frequency range – physics behind a

sourses
compact THz detection

illustration of medical applicat



�frequency

�THz

A. Bič ū

System is massive and

� Pixel

System is massive and
rather expensive –

aim is overcome
problems

frequency range – up to 3 

THz power – in the range of

�Room temperature

A. Bičiūnas, V. Pačebutas, A. Krotkus, Physica B, 2

�Room temperature

� Integration time - 5 ms;

� signal-to-noise ratio > 100:1

Pixel number -- semiconductor integrated
chip) - 50,000 



Standard TDS system 
with Ti:sapphire laser 
and LT GaAs 
components.

THz-TDS system with 
femtosecond Yb:fiber 
laser laser (1050 nm) 
and GaAsBi 
components.

I-Electronics-based 
sources

II-Quantum 
cascade sources

III-Plasma-waves-based 
sources

Compact
optics
issue

sources

frequency
emission

Standard TDS system 
with Ti:sapphire laser 

system with 
femtosecond Yb:fiber 
laser laser (1050 nm) 

I-bolometers

II-bow-tie diode 
sensors

III-plasma-wave based
sensors sensors

Compact
optics
issue

sensors sensors

frequency, RT, 
emission/detection scale



JPL, 
20122012

et al, Capability of THz sources based on 

multiplier chains, 2004

JPL, 
20122012

Capability of THz sources based on Schottky diode frequency 



Quantum cascade lasers 
(QCLs):

range –
1.2 – 4.9 THz;    
4.2-186 K 

power - 63 mW at 3.9 THz,

5 mW, at 180 K, 
<< 1 mW at 186 K,  

5 mW, at 180 K, 
<< 1 mW at 186 K,  

S. Kumar  et al, APL 94, 131105 
(2009).

Highest QCL operation temperature (w.r.) Highest QCL operation temperature (w.r.) 

200 K  at  3.2 THz
Optic
Expr
2012



 Razeghi group : 193 µW a

Single mode emission 

 at 3 THz !, RT (March 201

Single mode emission at 3.5 THz , 



for medical applications

Arguments:

mW

Requirements for sensors? 
sensitivity, NEP, operation mode 

Arguments:

W of power in subTH

Requirements for sensors? – frequency, 
sensitivity, NEP, operation mode 



Seliuta, I. Kašalynas, V. Tamošiūnas, S. Balakauskas, Z.
Ašmontas, G. Valušis, A. Lisauskas, H.G. Roskos

coupled bow-tie InGaAs-based broad band terahertz sensor operating at 
room temperature, Electron. Lett. 42, 825 (2006).

freq.- up to 2.5 THz, sensitivity 
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Balakauskas, Z. Martūnas, 
Roskos, and K. Köhler, Silicon 

based broad band terahertz sensor operating at 

up to 2.5 THz, sensitivity – 6 V/W, NEP - 4 nw/√Hz, RT!



bow-tie diodes

SC-10%; 2- TA-10%; 3- TA-SC-5%-

HDPE –ref.

Images at 0.76 and 2.52 THz

-5%; 



grown structure: In0.46Ga0.54As, 534
nm/ InAs monolayer/InP (001) substrate, 500 µm

lithography and wet etching

Bow-tie
(narrow band) 

and and 
spiral 
(broadband)

3D FDTD calculatio

500 µm



THz source – optically pumped molecular

pixel size -300 µm, 159x105 pixels.

molecular laser, power – 2 mW, 

300 µm, 159x105 pixels.



THz source – optically pumped molecular laser, 0.76 

269x160 pixels (key)269x160 pixels (key)
230x160 pixels (was

stage moving speed
32 mm/s; step – 256

optically pumped molecular laser, 0.76 THz; 2.5 mW



Silicon nanoFETs – for THz imaging

frequency – 0.65 THz, sensitivity
– 300 pW/√Hz! ; gate – 250 

for THz imaging

sensitivity – 70 kV/W, 
250 nm



CMOS transistors

frequencies – 0.27-1.05 THz,

sensitivity – 5 kV/W, noise-equivalent power (

Optics Express 2011

equivalent power (NEP) – 10 pW



Silicon nanoFETs – spectral properties spectral properties 

Lines of optically-pump
molecular THz laser:molecular THz laser:

0.76 THz, 1.41 THz, 

1.63 THz, 2.52 THz, 

3.1 THz, 4.3 THz, 

5.6 THz, 6.2 THz. 7.3





silicon transistors
Coloured” photos in THz range – sensors of 9

Frankfurt/M (Germany) – Vilnius (Lithuania) cooperation
Express 22, n16, 19235 (2014) 
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Tartaric acid (TA) | Sucrose + Tartaric acid

sensors of 90 nm CMOS technology

(Lithuania) cooperation
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Optics Express, 2013:

320 x 240 array 
of antenna-coupled a-Si 
microbolometers with integr
CMOS read-out electronics.CMOS read-out electronics.

Frequencies - 0.1—

power to single pixel – 25 
sensitivity – 18 MV/W !



Ljubljana (Slovenia) – Vilnius (Lithuania) cooperation
. at San Diego THz Conference (August

Dipole antenna
SiNO 

Ti μbolometer
membrane

Resonating cavity
Mirror

(Lithuania) cooperation
August 16-17, 2014)  

SiNO 

membrane



 

 TDS Experiment
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Beam profile of the THz TDS source measured with linear micro

optimized for resonant 300 GHz (a) and 765 GHz (b) frequency detection.

Photo of test pellets packed inside plastic 
1 - Lactic Acid, 2- Tartaric Acid, 3 – Mixture
Tartaric Acid and Sucrose, 4 – Reference;
row) Lactic Acid and Tartaric Acid compon
distribution along package (pellets) obtain
using spectroscopic THz imaging techniqu
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Beam profile of the THz TDS source measured with linear micro-bolometers array 

optimized for resonant 300 GHz (a) and 765 GHz (b) frequency detection.



Seliuta, I. Kašalynas, V. Tamošiūnas, 
Balakauskas, Z. Martūnas, S. Ašmontas, 
Valušis, A. Lisauskas, H.G. Roskos, andValušis, A. Lisauskas, H.G. Roskos, and
Köhler, Silicon lens-coupled bow-tie 

-based broad band terahertz sensor 
operating at room temperature, Electron. Lett.

(2006).

Compact solution for the mirr



Electron. Lett.  49,  49 (2013)

Conventional zone plate

zone plate with cross-shaped
filters for 0.76 THz

direct laser write techniqu



Good place for THzdetector !



Lett. 50, featured article, in press (2014)

Once again - direct laser write technique !

(2014)

direct laser write technique !



imaging for medicine, TeraView

Image

(“Luko dantukas”) 

TeraView data

Image of milk-tooth of child at 2.52 

(“Luko dantukas”) – THz Atelier data



(Portugal) – Vilnius (Lithuania) cooperation
preparation for press ( 2014)  -- gastric cancer

(Lithuania) cooperation
cancer in paraffin

(photo)(photo)

0.581 TH

0.194 TH



Study was supported by:

Research Council of 

Alexan

Th

towards compact imaging

Study was supported by:

Research Council of Lithuania,

ander von Humboldt Stiftun
(Germany)

Thank you very much f
your attention!



Let Us Meet Again

We welcome all toWe welcome all to
conferences of Omi

Please visit:

www.omicsgroup.com

www.Conferenceseries.comwww.Conferenceseries.com

http://optics.conferenceseries.com/

Let Us Meet Again

ll to our future group ll to our future group 
mics group internation

Please visit:

www.omicsgroup.com
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