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effective three-wave interaction.

23 Optics of Uniaxia! Crystals

In uniaxial crystals a special direction exists called the optic axis (Z axis). The
plane containing the Z axis and the wave vector A: of the light wave is termed the
principal plane. The light beam whose polarization (i.e.5 the direction of the
vector E oscillations) is normal to the principal plane is called an ordinary beam
or an o-heam (Fig/2.2). The beam polarized in the principal plane is known as
the extraordinary beam or e-beam (Fig. 2.3). The refractive index of the o-beam
does not depend on the propagation direction, whereas for the e-beam it does.
Thus, the refractive index in anisotropic crystals generally depends both on light
polarization and propagation direction.
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Fig. 2.2. Principal plane of the crystal (kZ) and ordinary beam

H

y^
^y

Fig. 23. Principal plane of the crystal (kZ) and extraordinary beam
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'

(3Prr,

3i



o

J- U S ' 2 «A

U - I

t --. f 2 ? , 4
Hi



GENERALITY DIOITICA
NON LINEARE AL 2° GRDINE

Equazione costituente per la polarizzazipne:
J

Equazione del moto per il campo elettrico:
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Notazione per la suscettivita al 2° ordine:
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Quasi Dhasematchinp waveguide doubling

Waveguide confinement improves the conversion efficiency by a factor of

with repect to bulk nonlinear conversion.
- pump wavelength,! - interaction itngihAeff- effective waveguide cross-

sectional area).

input
waveguide

output

Quasi phasematching - phase velocity matching by periodic modulation of the
nonlinear coefficient:
Higher efficiency (-20 times higher) in LiNbO3, by using the large d$3
coefficient which is not accesible to birefringent phasematching.
Near room temperature operation.
Relaxed temperature and wavelength tolerances (both fundamental and SH
are extraordinarily polarized). .

Sic

-Y5



Quasi-Phase Matching (QPM)

Inversione della fase relativa ripetuta ad
ogni multiplo della lunghezza di coerenza

modulazione periodica di dtj

con periodo A=2mLc m=l,---

Condizione
di QPM

2A#

Efficienza:

) - rf (?QPM )]= mk
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QUASI-PHASE MATCHING
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Fig. 1. Effect of phase matching on the growth of second harmonic inten-
sity with distance in a nonlinear crystal, (a) A: perfect phase matching in
a uniformly poled crystal; C: nonphasc-matched interaction; B,: first-order
QPM by flipping the sign of the spontaneous polarization every coherence
length of the interaction of curve C. (b) A: perfect phase matching; By
third-order QPM by flipping Ps every three coherence lengths.



CT?1 Liquid Electrolyte
P771 Insulator (Photoresist)
• • Conductor (Metal)

UNbO3 Sample +z
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Fig. 9. (a) Schematic of the electrode configuration for electric field poling of a ferroelectric
crystal. The ferroelectric domains can be reversed by the application of a sufficient electric field,
(b) Electric field poling circuit. Typically Rx = 100Mf2, Rvm. = iGfi, and V2 13 set at 12 kV for *
0.5 mm thick sample of LiNbO3- During poling V2 clamps at the coercive voltage Vc. (c) Vdh|||i
and current waveforms for poling a 3 mm diameter 0.5 mm thick LiNbO3 sample. Section A is
poling under the metal electrode or liquid contact, Sec. B is poling under the photoreaLit,
Sec. C is after completion of poling. For a patterned device the voltage would be reduced to
at point D. [after Ref. 58]



Fig. 5. Electric-field poling circuit. Typically Rs = 100 MH,
i?vm — 1 Gfl, and V2 is set at 12 kV with no sample in the circuit.
During poling, V2 clamps at the coercive voltage Vc == 10.5 kV for
a 0.5-mm-thick LiNbOs sample.
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Fig. 7. Orthographic view of 0.5-mm-thick PPLN with a
lo.5-/im period, after etching in HF acid to reveal the domain
structure. The three panels are top. side, and bottom views
taken at the same location in the crystal by cutting and polishing
into the grating region. The top panel is the +z face upon which
the lithographic electrode was applied. The middle panel is a
cross-sectional view of the + v face. The bottom panel is the - 2
face, which had the unpattemed ground electrode.
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INDICI DI liFRAZIONE
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Fig. 23. Indicatrices of the refractive indices for ordinary and extraordinary waves in negative (a)
and positive (b) uniaxial crystals
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PHASE MATCHING
BIRIFRANGENTE
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Fig. 2 A Scalar (collinear) phase matching of type I ("ooe") in a uniaxial negative crystal in
coordinates of refractive indices (a) and wave vectors (b) in the first quadrant of the XZ (YZ) plane



BIRIFRANGENZA

Angolo di birifrangenza:
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Fig. 2.6, Disposition of the wave (k) and beam (s)
vectors in an isotropic medium (a) and anisotropic
negative (b) and positive (c) uniaxial crystals (p is the
birefringence or anisotropy angle)

'e"beam

Fig. 2.7. Calculation of the cut angle 0C in a uniaxial crystal
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