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FIGURE 138 Experimental setup for the z-scan measurement. The trans-
mission through the thin sample and aperture is determined by the ratio of the
energy measured by detector D, to that measured by detector Dy, T = D,/ Dy



Z-SCAN

A technique that uses a thin material (L<<Z,) to determine
the sign and magnitude of the index change (An=n,I) and the
magnitude of the nonlinear absorption (Aa=BI). A small ap-
erture is placed on-axis in front of a detector in the far field.
For an incident laser beam, the normalized transmittance is
measured at different positions along the z direction while the
sample is translated symmetrically through the focused beam
waist. If n;>0 and the sample is positioned before the focus,
the nonlinear medium will focus the beam earlier and to a
smaller waist (dotted line Prefocal). Since the waist is made
smaller the beam expands more rapidly owing to diffraction;
remains collimated over a shorter distance in the near field;
and diverges at a larger beam angle in the far field, which re-
duces the irradiance at detector D,. When the sample passes
into the postfocal position the positive self-lensing of the
nonlinear material tends to reduce the beam divergence (dot-
ted line Postfocal). which results in increased irradiance at
detector Dy. If n,<0 and the sample is placed in the prefocal
region, the beam waist at the focus will be increased and the
focus will be closer to the aperture (dashed line Prefocal). As
a result. more radiation will pass through the aperture. pro-
ducing an increased signal on the detector. When the material
passes into the postfocal region the negative lensing etfect of
the material will spread the already diverging rays even more
(dashed line Postfocal) so that the irradiance will be signitl-
cantly decreased at the detector.



FIGURE 13.9 Nonlinear refraction: (a) prefocal (z < 0) dif-
fraction, (b) postfocal (z > 0) diffraction. The solid line in both
figures is linear (low-intensity) diffraction. The dotted line shows
n; > 0 and the dashed line corresponds to n, < 0.

seee N,>0

~—=~n,<0
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Lagser Ablated Si NC
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Z-scam measurements of Si nanoclusters prepared
by laser ablation

Table 1
cw-modelocked Ti-Sapphire laser
A(mm) Rep.rate T, B(cm/W) x¥(esu) Io (W/em?)
790 82 MHz [250fs |1.35X 10" [6.32X10° |537X 10
375 82MHz [100fs [1.48x10° |-1.87x10" [3.2x10°
375 82MHz [100fs {6.07x10* |-7.64x107 |[1.062x10°

sw-medeiecked and freqmency dombled Nd:YAG laser
A(mm)  Rep. rate T rPesw) [o(W/em?)

532nm (100 MHz |$0ps |[6x10™ 5.1x10*

§32nm |1 MHz 50ps |4x10* 1.9x10°

Qe mbsed Q-switched Nd: YAG Laser
(Vijavalakshmi and Grebel)
A(nm) Rep.rate T, resw) I W/em?b) T
532 Wz 8ns 10° 3X10* 3.5+ .5 ns
355 MMz (Sas 228 x 10" {5X 10° 143+ 20 ns
" Limived by taner
pulse width
Porous Siliceon xge('”z 107 esu (Henari ct. al, 1995)
Sitica Fiber: Yre '~ 9 x 107 esu

Lalanne, Johnson et al.
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Future Experiments

e Efforts to time resolve the nonlinearity have

been hampered by low pulse energies (pJ) —

50 kHz Ti:sapphire regenerative amplifier (pJ)
on order.

Time-resolved two-color Z-scan measures
nondegenerate nonlinear absorption (3) and
nonlinear refraction (n,) — time resolve sepa-
rately the sign and the magnitude of B and n; at
frequency m,obe that are due to the presence of
a strong excitation at frequency Meyc.

For high-speed optical switching a fast elec-
tronic nonlinearity is needed over a slow ther-
mal nonlinearity and thus time-resolved non-
linearity measurements. Another approach —
use fs pulses (A=1550 nm) to generate a third
harmonic signal < - =517 nw} — a third har-
monic signal can only result from an electronic
nonlinearity.



