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Abstract

In this work we investigated the second harmonic generation (SHG) from the molecular-beam epitaxy (MBE) grown ultrathin TiN films on c-plane sapphire. We then
performed the azimuthal second harmonic generation (AZSHG) measurement in normal incident configuration. The reflected AZSHG signal was measured in two
distinguishable polarization configurations, where the polarization of the measured reflected SHG signal either parallel (i.e. co-polarized) or perpendicular (i.e. cross-
polarized) with respective to the incident fundamental laser polarization. In this poster, we provide an interpretation about the observed AZSHG patterns and their
intensity change by taking into account the SHG contributions from the epi-grown TiN surface, bulk, and its heterointerface with the sapphire substrate.
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The first term is the electric-dipole term and can only come
from the surface while the second term corresponding to
electric-quadrupole/magnetic-dipole effects, give rise to the
bulk contributed SHG. Both surface and bulk have
anisotropic contributions. The combined SHG E-field from
TiN(111) thin film has the phenomenological form of1)

Intensity (a.u.
Intensity (a.u.)

Cross-polarized AZSHG fitting parameters

E(2w)=a —  cos 3¢ 200 -
‘ E 3 £ \ —=— Alpha
= = = \ —e— Beta
t : EE Z 160 —a— Gamma|
Isotropic term, Anisotropic term, 120

contributed by the  depends on v‘¥ of the '
P AXxy Cross-polarized AZSHG: ®

surface, bulk and TiN(111) surface ) 4nm . 6nm °
interface between . cture (3m crystal ]~ = =l /S ‘.“ -
150 * *
¢
a

40

TiN and sapphire class) and bulk S E@ﬂq’f“ oL . . . .
substrate o ISR ek 0 10 20 30 40 50
' contribution. g P

Thickness (nm)

* Surface contributed AZSHG governs the six-
fold symmetry pattern (f term).

* |n ultrathin TiN samples, the combination of
surface and interface contributed SHG give
rise to the three-fold symmetry pattern in
both polarization configuration.

* For thicker TiN samples, the heterointerface
contributed SHG is diminished and the bulk
and surface contributed SHG dominates the
observed AZSHG pattern.

Furthermore, we find that an additional isotropic term y was
necessary in the fitting formula to quantify the isotropic
AZSHG curves observed in the plotted AZSHG curves shown

in the right column.

Co-polarized:  I(2w)=|ac — B cos(3(p — ¢Py))|? + y?
Cross-polarized: [(2w)=|a + Bsin(3(¢d — @y))|? + V2

¢, : defines the initial angle between the incident E field
and crystal x (011) axis

Discussion & Conclusion

* The additional isotropic term y diminished as the TiN film thickness increases. We can attribute this term to the SHG contributed from the lattice mismatch between

the TiN/sapphire heterointerface.
* |n ultrathin TiN sample, the combination of surface and heterointerface SHG gives the feature of three-fold symmetry AZSHG in both polarization configuration.

* The bulk contributed AZSHG, due to electric quadrupole effect, dominates the total AZSHG in thick TiN samples (note: increasing a/f ratio). This effect is only

observable in co-polarization configuration (note: increasing a term in co-polarization).
* Surface contributed AZSHG diminished when the film thickness is increasing (note: decreasing 5 in both polarization configuration).
* In both polarization configuration, the isotropic term vy do not diminished completely in thicker sample. The origin of this isotropic AZSHG signal need to be further

investigated in the future.
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