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Spectral phase control of interfering chirped pulses
for high-energy narrowband terahertz generation
Nature Commun. 2019

1.4-mJ High Energy Terahertz Radiation from Lithium Niobates
~0.7% (Laser & Photonics Reviews 2021)

39 P Measured FROG T
(@) 3.9 pm Pump (a) ~ Quarter-wave plate N, gas enclosure
OPCPA T 22 Bal d y B E
ROC = -2500 mm E & alancec g N e ! B
DasT THz =g | detectors v T 2
=8 i
ROG = + 1500 mm + : ®.® Wollaston ! 2
LPF 218 ! ; ! .
g | v prism ] 2
= -300 O 300 i g
— Measured Time {fs) okin ifi H Vapor cell 2
" Retrioved Retinved Lockin amplifier P 77,! S
= | 184 | () calibrated : o =
g l4 = Pyro-electric Ti-a ‘ =
8 /\ . Dutector /A Tisapp : Wire grid i
E 2 ] f=75mm Lens ! polarizers g
2 " / 1 JaE | W —nx o ' Z
k] '- LM — —i N\ . ' z
= 35 40 44 1500 150 ensi
Wavelength {(pm) Time (fs) 1] Grating » 3
PES! NER Tessesess R~ .~
Electro - i Delay ! X4 5
(b} 1.95 pm Pump optical sampling | S . S - : : < g
Probe i“" : HWP Z
DPCP”‘ Gase f= SOcmDAST ¥ 50 um S B TR R E
|- g Gar WP HWP WSS 1 | ]
| | 7
FEL1300 Iris LF'F
f=50mm Balanced

~ Retioved | Rotieved e Terahertz Nonlinear Spectroscopy of Water Vapor 2.7 kV/cm
l{\ s [N L‘f/ ; (ACS Photonics 2021)
bﬁ ﬁl & [

175 2.0 2.25 100 0 100

v ) Tme s 0" Tilted pulse? 1T IT T IT E 7.
Highly efficient THz generation by optical rectification of DFG. ') =7 IxP 7 (AT REEE?)

mid-IR pulses in DAST ~6% (APL Photon. 2021)
MR TERIEB IR IIZHH 5.
Bl R R R ORIRCH B DR EA Y,

o

Phase (rad)
Wavelength (nm)

Intensity (arb.u.)



HTI~BDL—H —
L—H—3%

TINIVYIR

R, L= =D 5 8min d A 135E3R
THzAR 28, 710L9 — — B &R AFBRIINFFA

BEEBOBEL NFET NA R EHET




BAFERIOVWT@EEL

Y& ol E

FEART A FAESRLN 1,000,000

Kéh (FFEsTEA) 100,000

Két (BBER) 500,000 AEEERT?
HEEE (35— KR HFILY Lo XER) 3,000,000

BROOE. SALCEMLELET,

B ¥2,750000 (B:3)

o — o b TINILYAAS T LbFHL—H —

IOV N TCREANTE



FE

Ehe1E B

TNV RO 14 2 EBK
BIERBEBL: NSA-IDILEDEFRMMAIE MO HEZLDLER(EZETTEH7?)
KEREEZTESELICTSE, FAILWIRTLEHED?)

TINIVYIE R RE#R
FhRE A D 2R EANDERE R
QPMEF*ERNTERZEI (L orES) IEDWWEREBREIT,
=K RISIEEET,
$511500~1510 1.3THz,1500~1505 0.67THz. 1500~1502 0.27THz

REEV KD DDOHETTINVYERE S EEL,
TINIVYERECREDEIEE1T>TH S B EE EIF TS,

RT=I7—=MI2WT?






—E—

BT E

ATLATOEtE.BANTFES
THzH A< (Swiss THz) 1,300,000~11,470,000M

IEAH - RBET S~ VEHSE

[RIGI-THz |

E—L7A77A 0w
Fus - HEmitanE
EERT O ZHHH
FA7HA T RS
¥z VT4 —HF

LI R

|

——

THz-QCLABA A —¥F— 2
- W46 THz

v L—H—s T — 06 pW

« WM 50ps

« Tl S L gy b

EEREE NEP: < 1.5 pW/y Hz(at 46TH2)

* YOI CW source

Virgitia Dlecar, bae

sub=mi AB0 GFz

[Hx]
wiodel 52 53 | ma M1 M2 12 [
Pixel size 25pm | 17pm | 7pm | 25pm | 17pm 15 pm 15 pm
Number of pixel | 160 %120 | 160 %120 | 240X 180 | 384X 288 | 630480 | 1024768 (1280 1024
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THzH A< (INO. MICROXCAM) 6,200,000

MICROXCAM-384i THzh X Z €Y 2 — L
BB © %96,200,000 (k%)
<f{tEm>
- 384 x 288 pixel focal plane array detector
- 35um pixel pitch uncooled microbolometer detector
- High resistivity silicon window on FPA detector
- Assembly of the electronic cards of the camera
- Power supply
- Operating software and manuals
- Assembly, integration, and characterization for turn-key operation
- Gigabit Ethernet connector port
- Raw data 16-bit output
- Protective Casing
- Microxcam software
- SDK
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NEP characterization and analysis method for THz imaging
Marc Terroux*, Pierre Talbot, Francis Genereux, Linda Marchese, El-Hassane Oulachgar
and Alain Bergeron
INO Institut National d"Optique, 2740 Einstein, Quebec City, Quebec, Canada, G1P 454

ABSTRACT

Over the last dacade, sigmificant progress has been made in the development of Tershertz (THz) imagers to satisfy the
gTowing interest for see-through devices for different marker applicadons. The noise-equivalent power (WEP) is a
widely accepted fizwe of merit usad to compare the semsitivity performance of detectors. However, with no widely
recognized stindard for NEP, it is often difficult to have s fair comparison between different semsors. Having a clear
of tha charscterization method used to caloulate this important metric will lead to better estimation of the
performances that could be expectsd from an imaging device.
There is some confision regerding whether NEP should be expressed in terms of power (W) or power by spectral
density (W/Hz"). The difference between the two expressions is the normalization of the first by the square root of the
detectar’s equivalent noise bandwidth (ENBW). By properly defining the ENBW for a specific sensor, the translation
‘between the two is then consistent.

This peper presents the NEP characterization of INO's Microscam-384i camera over @ wide frequency rmge. A
description of the measuwement seiup is provided, as well as the details of the analysis method, inchding the estimation
of the ENBW. Finally, values for the NEP using both expressions are provided for wavelengths between 70um (4.5
THz) and 1. Smm (198 GHz), demensirating the broadband sensitivity of the camera.

Keywords: Tershertz, THz, NEP, imaging, characterizstion, camers, INO

1. INTRODUCTION

Imaging technolosies in the terhertz (THz) frequency bend have become more widely availsble in recent years.
Significant advances have been made in active imaging systems with the goal of providing imovating solutions for
industrial applicstions such as non-destrctive testing, and process control as well as homeland security spplications
such as body scanning. New imaging devices are being developed for the market with improved performances to satsfy
the most demanding needs. The problem is that the current lack of an ‘official’ recognized standard to accurately
evaluate the performsnce of these devices mskes it difficnlt to establish a relisble companson betwesn the different
options.

Thennue—eqmw]mpower(bxp}sbyﬁrlhemstxcmedmmﬁemm however the characterization
meﬁndmmbewdlarphmedmmnkenmmmgﬁxl pupuwﬂlpiesutﬂ:emusmmmrmdmﬂysumﬂmds

used by INO to evaluste the ] 384 camera. € & broadband imager, NEP
anllsﬁxrlheMctmmileﬂJhwsmtedﬁmamdzmofthzm;p«m(lﬂsmw45m This
Sgare of merit is directly liked to the noise the md the equi naise
(ENBW) of the camera.

1. METHODOLOGY

21 Responsivity measurement

An optical setup has been speci d for accurate evaluation of the ivity of different imaging
Mmmﬁmmdurmoﬂscbmmcofmesempﬁshwwnmﬂgml"l'hzneq)omwtr)sd.eﬁn!dﬁﬂuum
electrical signal of a detector for a given redian pawer incident on the detector.

*mar. terroux @ine.cz; phone 1| 418 657-7006; fax 1 481 657-7009; www.ino.ca
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