A terahertz near-field microscope for flakes of 2D materials
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Introduction and Motivation

Exfoliated2D materials e.g. grapheneand black Fig1 (a) Scaleof the flakescompared

to the THz beam, (b) Drude based
calculationof the optical parametersin
the THzZfrequencyrange

phosphorugBP)are of um-size

1 THzspectroscopys a powerful tool to investigate
the carrier dynamics based the Drude ™"
absorption

1 The long wavelength (300um @ 1TH2, due to

small perturbation precludes conventional

spectroscopyspot size~1mm).
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780nm from the source
780nm for THz generation
780nm for THz sampling

U ZnTelsusedasthe Electre Optic(EO)crystalfor the detection
U THz field induces birefringence in the EO crystal Then the
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Materials and Sample Preparation Methods

As exfoliated

After 10 days

(f)
(a) g4 (a & b) Anisotropicnature of the black
(b) phosphorus(BP)from the side and top view,

respectively| 2|, (c-e) degradationstepsof BP,

Alter20 days () BPcrystalusedfor the exfoliation

(a) (b)
Flg5 (a) Exfoliatedand passivatedBPflake
on 150um ZnTefor the nearfield setup, (b)
Exfoliated and passivated BP flake on
150um glassslide for the auto-correlation
(©) (d) pump-probe measurement, (c) ALD

chamberusedfor the passivationof Al,O,
layer@Onm), (d) Raman modes of the
exfoliatedand passivatedBPflakes
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U lonirradiation of the samplesfor the defect engineering Departmentof PhysicsUni. DuisburgEssen,
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polarization changeof the NIRbeam due to the birefringence
will be measured

THz and NIR Beam Within the EO Crystal

Fig2 (a) Overviewof the current setup Arrowsindicatethe different optical beampathes (b) schematicview
of the EOsamplingandthe summaryof the data extractionprocessby usingthe balancedetector (BD) (c, d)
Timedomaintransientand amplitudespectrum,respectively

Computation

Window ~1g.6lllustration of the coordinate system of the

RayleighSommerfelddiffraction integral 3].
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@ (b) v r ;fff /[: d U RayleighSommerfelddiffraction integral
P /ij/ is calculated numerically based on the
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X / ;/ GaussianTHz beam distribution at the
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(including plane wave Oberservation
Fig3 (a) Direct detection of the signalfrom the sample and sample) Window

In the vicinity of the EO crystal, (b) modeling of the

effect of the thicknessof the EOcrystal on the spatial

resolution (NIR beam propagation), (c) Experimental ()
verification of the spatial resolution and the

homogeneity of thin EO crystals, (d) Variation of the

measuredl Hzelectricfield in the diagonaldirection

Observation Plane
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U(s,n,0): Input THz electric field
ds , dn: Sampling intervals
k: wave vector

U(x,y, z): THz electric field at the target point
Z: horizontal distance, source and target plane
g(x — s,y —n, z).: Rayleigh-Sommerfeld function
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U Quantitativetime-domaindetectionat the um-scale >
U Spatialresolutiondependson:
1. Thethicknessof the EOcrystal (d)
2. Thediffraction of the THzbeamwithin the EOcrystall

3. Thefocusingof the nearinfrared (NIR)samplingbeam

U With the same numerical aperture(0.5 for our setup), the
thinner the EOcrystal, the higher the spatial resolution of a
NIRbeampropagatingthe crystal(Fig3b)

U Homogeneity of the spatial resolution of the EO crystal, Ya
guaranteedhe calculatedspatialresolutionwhile scanninghe
surfaceof the EOcrystal(Figs3c & 3d).

FWHM=9.5um
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~i07 (a) Theevolution of the THzelectricfield within the ZnTecrystal(150um), (b) The samplingof the THz
electricfield exploitinga GaussiarNIRbeamfocusedon the samplewnhichis directly placedon top of the EO
crystal
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Outlook

U Further extension of the current setup by using an additional 1.55um pump beam to study
the nonequilibrium dynamics of the charge carriers
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U Auto-correlation and photecurrent studies on passivated and irradiated samples

U Making new BP based op#lectronic devices for complementary measurements with anc
without the irradiation effect
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