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SHG and Symmetry
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Centrosymmetry and Surfaces

Surfaces are not centrosymmetric!
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SHG and Surfaces

Dipolar SHG Pi@) = ik 2 B, comes from the surface.
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SHG and Surfaces

Dipolar SHG Pi(2> = ik 2 B, comes from the surface.

There might be SHG from bulk. . .
but it is multipolar

P@-(Q) = Xijkl ;0 Ei.
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Buried interfaces: nanoparticles

Flash memories Observe interfaces with SHG
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Experiment

30 (:i - — Y. Jiang, P. T. Wilson, M. C. Downer, C. W.
g ' % 3200 ' ’,'. | White, and S. P. Withrow, Appl. Phys. Lett.
22| 03 L. | 78766(2001).
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Nonlinear Surface Response: f
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Single sphere SHG
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Single sphere SHG

* Centrosymmetry is locally
lost. ..
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Single sphere SHG

X1l11°a

* Centrosymmetry is locally
lost. ..

* but globally recovered.
* Total dipole is null. ..
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Single sphere SHG

Xil1l°a * but globally recovered.
‘ I ‘H * Total dipole is null. ...
. * unless field is
/ \ inhomogeneous.
— —Xu =

N N, /T =5 7= 4° B-V E4y™ Ex (Vx B)

. Q =+'EE
* Centrosymmetry is locally
|OSt... aaba f)d_>,ye7,ym7,yq
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Radiation patterns
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SHG from composite film

20
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Theory

P = @ %v e Q@

— I'VE?+ AE-VE

_
- 18

A" = ny(v* — 4™ —+1/6),

a, b7 fadH767 fyma fyq

['= (9" +77 =379

L il
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Angular distribution

0
-1 (6/61)sin(p

Figliozzi et al., PRL 94, 047401 (2005).
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Efficiency

o 5:73(2)/772
° 1@ o 1?2 = PR & P2 Jud = € o 1/w},. ..

* but, as P x EVE ~ E2/wy, output power is proportional to
squared incoming intensity!

6412 (ql)?
8 — T (ql)l ’A/‘Q
c W

10-*¢(qan)* (ql)* f0T W™

Q

~ 107w

* Larger input power (but bounded intensity) might actually
yield less output power!

|
WL Mochan, IFUNAM, 22/IX/05 — p.16



Two Beam SHG
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Two Beam SHG

i n

V ~ 1/wo Vo~ 1/A

* Solution: Enhance transverse gradients with two beam
SHG.
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An historical relic

Austin MM 03:
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Two Beam SHG

* Expect: (wg/\)? enhancement
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Two Beam SHG

* Expect: (wg/\)? enhancement

 but E; - VE5 + Ey - VE; is null if both beams are s polarized
and longitudinal if both are p polarized — no SHG.
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Two Beam SHG

* Expect: (wg/\)? enhancement

 but E; - VE5 + Ey - VE; is null if both beams are s polarized
and longitudinal if both are p polarized — no SHG.

With crossed polarization
there is no intensity mod- W
ulation but a polariza- - //

tion modulation that may
produce many orders of
magnitude enhancement

of SHG. £ Ja .
Figliozzi et al., PRL 94, 047401 y £

(2005) £

Liangfeng Sun et al., to appear in g 02 ]
Optics Lett. % Wi

Angle between {E'l}x;,' and E
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Surface or bulk?
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Surface or bulk?
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Contrast. ..
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Why?

* Nanocrystals

P,.=TVE?+AE.VE

|
WL Mochan, IFUNAM, 22/IX/05 — p.22



Why?

* Nanocrystals
P,.=IVE:4+ AN'E-VE

* Glass
Py=~,VE? +4,E-VE
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Why?

* Nanocrystals
P,.=IVE:4+ AN'E-VE

* Glass
Py =y,VE®+6,E-VE

* By increasing E - VE both contributions should have been
enhanced by the same amount. Contrast= |A’/d, |*.
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SHG from surface

-

\

:§ /os
/

| \

\ ]

/

Sa”

* Large gradient close to surface, independent of beam
profile.

<

e 7@ — B . VE +ap T! 5O,

* |Integrate over z and over area to obtain dipolar Xff).

|
WL Mochan, IFUNAM, 22/IX/05 — p.23



SHG from surface
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SHG from surface
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Surface vs. bulk efficiency (s
pol.)

& Z\XSLHH‘2 14 2a i
€ AP (ql)? 0

For Si/SiO, nanocrystals, Aiw =
1.55eV, ¢ = 1pum, wg = 10pum at
normal incidence: ~ 107°.
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Shapes

Isotropic bulk — effective

spherical shapes
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* |sotropic bulk — effective
spherical shapes

* Anisotropic  diffusion at
surfaces and edges —
anisotropic, non-spherical
shapes
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Non spherical particles

* r=ro(1+ 2 1, &mYim)

* gy isotropy = m =0

* ¢y = 0 if 7y =average radius.

* ¢19 = C.M. translation.

* &0 = centrosymmetric spheroidal deformation.

* &30 is the lowest order deformation that breaks
centrosymmetry and produces dipolar SH.

* 1o = (4 [dr(Q)).
¢ £— <f er(Q)Ygo(Q)>.

. T(Q) — 7“0(1 -+ ngo(Q)
* Assume small &.
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Dipole moment

* Surface polarization

— a A — 2b —
Ps = xs _2n(nD)2‘|——(

&y
|
>
S
&=
>
]
_|_
~~>
=
Ry
[\
|
>
=
>

* Surface normal i = 7 — 0¢ d Y3 /d6.

* Screened linear field E = L1 E,,.
® Liw=0204+1)/(le,, + 1+ 1).

* Total dipole = [daP, + linear screening at 2w.
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Non linear polarizability

- a a
® pi = aij by By
¢ Qypy = _2145
® Qupx = Qgpy = Olgyy = A,

* ay;, = 0 if not equivalent to above.

° A= ¢réy/m/Txs(4eaa — 8b — deaf) L3 L1o
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Surface susceptibility of composite

® Xijk = ndoyjp
® X111 =—2X
* xu =X

® XL = XL = X,
° X =n(d/ro)érg/m/Txs(4eaa — 8b — dea f) L3 L1o
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Angular dependence-large angles

® XL = XL = XL = —X111/2
* p polarization

T Y

* Maximum for transmission angle = tan~1(1/2).
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Angular dependence-small angles, finite beam, p input
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Angular dependence-small angles, finite beam, p input

il
'

Surface vs. bulk efficiency (p
pol.)

&, 2| X |2 360 2
5 — 1+ [ = .
&g |A']*(gf)? 01

For Si/SiOy nanocrystals, hw =
1.55eV, ¢ = 1um, wg = 10um,

N¢ = 2 at normal incidence: ~
10.
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Conclusions

* The surface of nanoparticles buried within composites may
be observed with SHG.

* There is no forward radiation, but there is nearly forward
coherent SHG from composites illuminated by finite beams.

* Qutput power cannot be boosted simply by increasing input
power.

* SHG may be enhanced orders of magnitude using two
cross-polarized beams.

* Surface SHG wouldn’t be enhanced = Si nc/glass contrast.

* Local field gradients seem too small, but shape
modifications might explain the change of contrast.
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