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Far-field optics

Object-image relation in incoherent light (Köhler illumination)

Rayleigh criterion => 2αααα' = λλλλ/pmin

Minimum detectable Period
(αααα’=1)

Pmin ≥≥≥≥λλλλ/2

I(x’,y’)=O⊗D

FT(I)=FT(O) x FT(D)

FT(D): Frequency response function
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A light beam is diffracted by a periodic array

Only the propagating light is showed



S:(x,y); ks: wave vector
Heisenberg relation:

∆∆∆∆s.∆∆∆∆ks ≥≥≥≥ 2ππππ

Rayleigh criterion: ∆s= λ/2
∆s<λ/2 ���� ∆ks > 4π/λ

k2=kx2+ky2+kz2= (2π/λ)2

kx2+ky2 > (2π/λ)2

���� kz
2 <0

kz=jKz
E=E0exp(-Kz )exp(j(ωt-kxx-kyy)

evanescent waves
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∆∆∆∆s: uncertainty on measure of P 
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* Distance probe-sample plays the role of a low-pass filter 
[E ∝ E0(t) exp(-z/lp)]

* The characteristic decay length: * is independent of the wavelength
* depends on the period (Fourier component)
* depends on the diffraction order number 

* The emission diagram of the local oscillating dipoles is quite different in the far-
and in the near-field

⊥ ||
* Resolution depends mainly on the lateral size of the probe

Some properties of the optical near-field



The aim of the near-field microscopy is to provide images of the 
small details (having a characteristic length lower than λ/2) of 
objects. 

These details diffract evanescent waves.

A local probe diffusing light towards the detection system or 
diffusing light in the near field is needed.

How to detect evanescent ligth?

Far field Near field Far field

Source                    Local Probe Object Detector

We have adopted  the following scheme:
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Near-field magneto-optics and high density data storage
E. Betzig, J.K. Trautman, R. Wolfe, E.M. Gyorgy, P.L. Finn, M.H. Kryder, C.-H. Chang
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Transverse Kerr effect

Advantages (relative to the longitudinal Kerr): 

* maximum light (parallel polarizers)
* sensitivity to My only

+ + + + ∆∆∆∆Rp/2
Rp= Rp0

-∆∆∆∆Rp/2Ep inc Ep ref

∆Rp/Rp≈ 10-3-10-2

- Far-field

Sample
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Theorem of reciprocity applied to near-field optics

Detector
Probe and
optics

where jsou, jexp: current density in external source, in the sample

Eexp, Hexp: electric, magnetic fields radiated by the sample
with the actual configuration

Edet: electric field at the detector position

jrec: point source located at the detector position

Erec, Hrec : reciprocal electric, magnetic fields without sample

Erec.jrec=Erec (rsou).jsou+����S(EexpxHrec-ErecxHexp)ezdxdy



Component A of the electric field along the direction of the analyzer direction p 
at the detector position

A=Eexp(rdet).p =1/iω�v Erec.jexpdr
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Cst-height amplitude response for
the magnetization in the sample plane z Hmag ∝ ê.(Eexp X Erec)

A(M=0)(rtip)= �vHε(R-Rtip, z, ztip)ε1(r)dr

Response function:   Hε ∝ Eexp.Erec

Reciprocal field: plane wave ���� Erec=k2exp(ikr)/r.(-cosθ x + sinθ z)



Component A of the electric field along the direction of the analyzer direction p 
at the detector position

A=Eexp(rdet).p =1/iω�v Erec.Jexpdr

Magnetization Mê jexp = jεεεε + jmag = -iωε0[(ε1-1)Eexp+ifMê X Eexp]

A mag=-ifε0 ����v Mê.(Eexp x Erec)dr

R=(x,y); probe at height ztip Amag(rtip)= �vHmag(R-Rtip, z, ztip) M(r)dr

Cst-height amplitude response for
the magnetization in the sample plane z Hmag ∝ ê.(Eexp X Erec)

A(M=0)(rtip)= �vHε(R-Rtip, z, ztip)ε1(r)dr

Response function:   Hε ∝ Eexp.Erec

Reciprocal field: plane wave ���� Erec=k2exp(ikr)/r.(-cosθ x + sinθ z)
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Hε ∝ Eexp.(-cosθ x + sinθ z)
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Hysteresis loops
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Particular features
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Resolutions

Topographic: depends on the tip shape

Optical: depends on the size of the nanoaperture and on the 
tip-sample distance

(≥≥≥≥ 20-30 nm)

Magneto-optical: depends on the optical resolution, on the 
amplitude of Hac

(≈≈≈≈ 100 nm)
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Conclusions

• Near-field optics is sensitive to in-plane components of magnetization

• Transverse Kerr effect is valid in the optical near-field

• The local probe is not magnetic; a bias field can be applied

• Several images can be plotted simultaneously: topographic, optical, 
magneto-optical

• Local hysteresis loops can be plotted at the nanometre scale

• Slow dynamics of domains can be studied on a elementary pattern

• Resolution depends strongly on the geometrical and optical characteristics                  
of the probe


