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Terahertz Excitation Spectroscopy (TES)

V  Forinvestigating hot carrier dynamics

Optical pump T THz probe (OPTP)

VvV For picosecond carrier lifetime measurements

Terahertz Time T Domain Spectroscopy (THz-TDS)

V  For terahertz transmission/reflection measurements



Terahertz waves in EM spectrum
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A Transistors too slow A Thermal energy at room temperature is
A Antennas are tiny 25.6 meV or 6.19 THz

A Metals do not conduct well A THz LEDs/Lasers dominated by noise



Metal conductivity at THz frequencies
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THz radiation generation methods
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Terahertz pulse emission

100 fs laser pulse

Time after Main process
1 PS THz pulse pu|se

01100 fs  photon absorption, electrbimole pair generation

10i 100 fs carriercarrier scattering, hot carrier thermalizati
0.1/ 10ps carrier cooling by phonon emission
fsi ps drift/diffusion currents, THz emission

pg ns+ trapping, recombination, heat diffusion




Terahertz pulse emission

100 fs laser pulse
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Terahertz pulse emission
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100 fs laser pulse

1 ps THz pulse
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Terahertz pulse emission (diffusion)

dn knT.
100 fs laser pulse ]d,;ff = qD a D~y B
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Terahertz pulse emission (drift)

100 fs laser pulse Jdrift — qnp,E

é 1 ps THz pulse p-doped n-doped

Surface Surface
electric field electric field



Terahertz pulse emission (drift)

100 fs laser pulse
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Terahertz pulse emission (drift)

100 fs laser pulse

é 1 ps THz pulse

E field, arb.u
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Plasmonic diffraction grating
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Plasmonic diffraction grating (sweeps)
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Plasmonic diffraction grating
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Terahertz pulse emission (lateral photocurrent)

100 fs laser pulse

1 ps THz pulse
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Terahertz pulse emission (lateral photocurrent)

100 fs laser pulse InSb
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Terahertz pulse emission (lateral photocurrent) Qs
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Terahertz Excitation Spectroscopy (TES)
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TES characterization (GaAs)
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TES characterization

. GalnAs p -i-n junction - GaShb
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TES characterization
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TES characterization (2D materials)

Bismuth on silicon substrate
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TES characterization (nm flakes)

. Transition Metal Dichalcogenides (TMD)
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TES characterization (nm flakes)

- Transition Metal Dichalcogenides (TMD)
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TES characterization " ' Sl

~ Electrodeposited bismuth on metals
. (Seebeck effect)

7 [ o e | 0.8 L B N A B Sy B S B S R S E— E— —— A
6 —® 600 nm Bi o - _ A A A A N
s | ®— 400 nm Bi . P’? AL B, AMAAAAA
_ e . atyg . 44 9
S 5l A— 200 nm Bi ° e 06 A~ o? -
- . .// AA . o Au P 95 o
© *— 50 nm Bi o 2% /'xi‘ ] = A . o9 Qo
) o /o I o A Q90 o 9 030
-g 4l ‘. \..«.\ fé’..‘(f ok E // /0, o Py .. .......
2 e | 2 04t 6 —
e 3t . ongold Y N 2 48000
o) o o /‘ ******* 1 3 ,,,,A’/‘
2 2f oM KA 1 3 ot
Q ° * £ 0.2F S .
E ‘ **** D‘ // // g 7
= /m*** | ke
s’ L
0 ) ] ) 1 P L 1 R ] ) ] ) 1 N 1 L 1 N 00 44./ i , i , | , | , | } | , | . | , | .
00 02 04 06 08 10 12 14 16 18 20 00 02 04 06 08 10 12 14 16 18 20
Photon energy, eV Photon energy, eV

|l . Nevinskas, S. Stanionyta, J. Devenson, and A. Kr ot k usumaléfBgplieceRhysicspvalid2gne.m, 2022. P@INLA. EH63KE.009%T7 b i s muyt


https://doi.org/10.1063/5.0095477

TES characterization (2D materials)

GNP-strips
(lcmx10cm
X ~1004m)

THz emission from GNP -strips
under strain conditions

100 fs laser pulse

1 ps THz pulse

. Electrical properties change
and so does the THz pulse
emission
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Distributed Temperature Sensors, o Sen4038968/525103827.. 25, no. 10, 25.
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Optical pump 1 THz probe
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THz pulse autocorrelation
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Real-Time Terahertz Spectrometers

T-SPEC series T-FIBER series

For more information: www.teravil.lt 32



Reflection
module

Transmission
module

For more information: www.teravil.lt 33



Thz-TDS transmission

Side view

For more information: www.teravil.lt 34



Specifications

Model
General specifications
Spectral range
Dynamic range
Acquisition rate
Spectral resolution:

fast scan

combined mode (fast + slow)
Scan range:

fast scan

combined mode (fast + slow)
Beam diameter on the sample
Configurations
Computer interface
Dimensions
Pump Laser

Pump laser

Laser output type
Wavelength

Pulse duration
Output power

Pulse repetition rate

T-SPEC 800 T-SPEC 1000
>4.5 THz >3.5THz
>90 dB @ 0.4 THz >70dB @ 0.4 THz
10 scans/s
8.6 GHz
~1 GHz
116 ps
928 ps

~2mm @ 0.4 THz
Transmission / normal reflection
USB 2.0
560 x 520 x 202 mm

Integrated ELMO with

second harmonic Integrated FF50

module

Free space
780 nm 1064 nm
<100 fs <160 fs
>80 mW >60 mwW
100 MHz 30 MHz

©) | N s SR eS| @ | £ | Averaging 128 ~| 2k .Tenavu_

Signal and spectrum ]Spech’oscopy ] Sample Parameters ] Waterfall ] Service ]

TP ICIE

For more information: www.teravil.lt



Real-Time Terahertz Spectrometer

- Waterfall function . Raster scan imaging
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THz-TDS (transmission)

CssBi2Brg + CuBr2 perovskite
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THz-TDS (transmission)

THz E field, arb. u.
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Photoconductive antenna
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Photoconductive antenna

A Apply bias for THz emission A Connect amperemeter for THz detection

//
//
Thz pulse
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Photoconductive antenna
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Photoconductive antenna (emitted power)
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Photoconductive antenna (spectra )

AuGe / Ni/Au Tilem
140/ 25 /40 nm

Il . Nevinskas et al ., iSystematic investigation of strinmlpiemné owimdihnlc eanmnd Phyrst aStcrmet avlolef flddt s no!
doi: 10.1088/1402-4896/ae4836. 43



