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From linear to nonlinear response
Non linear response of harmonic oscilator

F = —eE(fy + %)

7 —mw%a’:’ — GE(Fo)

3
&
|

—eZ - VE(fy) — e

(parametric oscillator)

T
— X
c

B(7o)



Dipolium

Single molecule o = —Ea(w)a(2w)VES
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Flat surface
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Applications:

SHG+SFG+DFG,

semiconductors and metals,

continuous + crystalline,

truncated bulk + surface relaxation,

clean + adsorbate covered,

interband + intraband + collective excitations,

magnetism + chirality,




Nanocrystal technology promises novel device that are
challenging to fabricate and characterize

control
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oxide ___nanocrystals?
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From Tiwari et al.,”A silicon nanocrystal based memory”, APL 1996
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Transmitted SHG from Si nanocrystals in glass
* experimental setup and scan signal
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Sphere
e Ostling et al, Z. Phys., D 28, 169 (93).
e Aktsipetrov et al, Surf. Sci. 825, 343 (95).
e Wang et al, Chem. Phys. Lett. 259, 15 (96).
e Antoine et al, J. Appl Phys. 84, 4532 (98).
e Dadap et al, Phys. Rev. Lett. , (99).
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Locally flat sphere
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Phenomenology

E homogeneous = p = 0.
Then, p =~ E,E,V,Vz,... P
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Non linear field egs.

¢2 — ¢b T gbsa
#° has bulk sources, not yet screened, while ¢° has
surface sources, already screened.

V2¢b = —w47rpn1 /€2 (inside), 0 (outside)

V2¢®* =0 (inside and outside)



Boundary conditions
¢ (R*) - ¢"(R7) =0,
5°(RY) ¢ (R") = 4P,

2 (R~ x5 = (RY) = —dn

igbs(R_) = —4no’.
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Solution

\ Fprt, (inside)
qblO — % q)‘
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a0 = 4o (Pnl, ) P2 ) =(spherical) multipoles
= 74,77
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Hyperpolarizabilities
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ado), but for p polarize:

1.4R over the substrate.

2P
Z2=IYR

rsemices)  Normalized SH efficiency (do/d?)/w® as in Fig. 8 (na

5 at a distance z
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mmetion of the owtgoing divectiom # and . We indicate the

plane of incidence (dashed rectangle), the direction of the induced dipole moment (single

the induced quadrupolar moment (double headed arrow).
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Efficiency de /d(} of the SH radiation patterns produced by a 4nm Si nanosphere at se

1.4R, and 1.6R {clockwise fromn upper Jeft) over a diedectric substrate (¢* = 2.34) ill
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Conclusions

Dipolium model for SHG of particles in
inhomogeneous field.

Analytical expressions for v¢ and <.

v < R?/ne (bulk and surface).

Comparable bulk and surface, dipole and

quadrupole signals.

Surface (a(w)) resonances and sphere resonances:

dipolar,,, dipolars,,, and quadrupolar,,.
o~ (R/NSS(R/)S/(cn%e?), ( =0...2

p or @ (or none) dominate, depending on £.

35



e Si spheres over a substrate, £y and E3, dipolar and

quadrupolar resonances.

¢ Radiation pattern changes from dipolar to
quadrupolar for z ~# R — 2R. Asymmetric for

p-polarization.



