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Considerations about Z-scan
sensitivity  improvement:  theory
Versus experiments

Abstract This paper reports an
experimental demonstration of the
improvement  of  the  Z-scan
technique’s sensitivity. It is shown
that this sensitivity can be multiplied
by a factor equal to almost 400 with
the help of simple binary diffractive
elements. Such a possibility was

Xem xét tang cuong d6 nhay z-scan: ly
thuyét va thuc nghiém

Tom tat Bai béao nay trinh bay thuc
nghiém cai thién d6 nhay cua ky thuat
Z-scan. Chlng t6i chtng to rang do
nhay nay c6 thé ting gan 400 lan véi
nhitng thiét bi nhidu xa nhi phan don
gian. Thuc ra kha nang nay da duoc du
doan vé phuong dién ly thuyét trong
nhitng bai bao trudc day cua ching toi.
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actually predicted theoretically in one
of our previous papers. In this study,
the interpretation is investigated in a
wider context taking into account the
definition of the signal normalisation
as introduced by Z-scan and the well-
known eclipsing Z-scan (EZ- scan)
experiments. In particular, advantages
and drawbacks are compared, by
looking at the normalised or the
unnormalised aperture transmission.

1 Introduction
The Z-scan technique is the most
successful technique for

characterising the optical Kerr effect
(x3) in nonlinear materials [1]. This
technique is based on the nonlinear
lensing effect induced by nonlinear
interaction between an incident laser
beam and the illuminated material,
leading to focusing or defocusing of
the incident beam depending on the
sample position regarding the focal
region. This nonlinear lensing effect
is then simply monitored through the
trans-mission variation of a small
diaphragm set in the far field of the
beam. The measurement of the
diaphragm transmittance leads to a
typical  peak-valley = normalised
transmittance curve (Fig. 1) in which
the useful features are (i) the relative
positions of the peak and valley along
the z-direction, indicating the sign of
the refractive-index change, and (ii)
the normalised transmission contrast
AfPV = fP — fV, which allows us to
determine the value of the nonlinear
refractive index n2 [1]. It must be
added that the Z-scan technique can
also be used for monitoring other
nonlinear lensing phenomena such as
the  population lensing  effect
occurring in laser materials [2, 3].

Trong nghién cuu nay, chdng téi phan
tich tronhg khudn kho rong hon xét dén
dinh nghia chuan héa tin hiéu trong ky
thuat Z-scan va ky thuat Z-scan nhat
thuc (EZ scan). Bac biét, ching tdi so
sanh nhitng wu va nhuoc diém thdng
qua viéc xét hé sb truyén qua khe chuan
hoa va khdng chuan héa.

1.Giéi thiéu

Z-scan la mot ki thuat thanh cong nhat
trong viéc cac dinh hiéu irng Kerr quang
hoc (..) trong cac vat liéu phi tuyén [1].
K§ thuat nay dua trén hiéu ung thau
kinh phi tuyén hinh thanh do su tuong
tac phi tuyén gitra cham laser téi va vat
lieu, din dén sy hoi tu hodc phan ky cua
chim t&i tly thudc vao vi tri mau doi
v6i ving hoi tu. Hiéu tng thau kinh phi
tuyén nay don gian duoc giam sat thong
qua su dao dong hé sb truyén qua mot
khe nho trong truong xa cua chum. Cac
phép do hé s truyén qua khe cho chiing
ta duong cong truyén qua chuan hda
peak-thung ling (H.1) v&i nhirng dac
tinh hitu dung 1 (i) céc vi tri twong doi
cua peak va thung liing doc theo hudng
z biéu dién dau chiét suat, va (ii) Po
chénh  léch truyén qua chuan
hoa......... cho phép chung ta gia tri cua
chiét suat phi tuyén n2 [1]. Can phai néi
thém rang Z-scan ciing duoc st dung dé
giam sat nhitng hiéu &ng thau kinh phi
tuyén khac chang han nhu hiéu (ng thau
kinh mat &6 xuat hién trong céc vat liéu
laser [2, 3].




The contrast AfPV is proportional to
the sample thickness and its nonlinear
refractive index n2. The ultimate
sensitivity of the Z-scan technique,
determined by its ability to measure
the smallest transmittance changes, is
of major interest. In particular, it is
relevant in the case of thin films for
which the sample thickness cannot be
adjusted to increase the contrast.
Usually, the ultimate sensitivity,
expressed in terms of the phase shift
related to the ultimate contrast AfPV
that can be measured, is about A/300
for the classical Z-scan setup [1]. The
first improvement of the Z-scan
technique consisted in replacing the
diaphragm by a stop (opaque disk).
This method, named eclipsing Z-scan
(EZ-scan), improves the technique’s
sensitivity to A/104 [4], i.e. 30 times
more than the basic technique. The
next step of improvement was based
on the use of other transverse beam
profiles than the usual Gaussian
shape [5-7].

Recently, a method using simple
binary diffractive optics in order to
improve significantly the Z-scan
sensitivity  (by a ratio of several
hundred) has been proposed [8]. The
idea was related to the angular
divergence of the emerging beam.
Indeed, since nonlinear refraction
occurring in the sample increases or
decreases the angular divergence, the
amplification of its variation could
automatically improve the Z-scan
sensitivity. For this purpose, an
optical component that fulfills a
divergence multiplier function is
required. Such a property has been
demonstrated previously with a phase
aperture [9], which introduces a n -

Do twong phan.....ty 1& voi chiéu day
mau va chiét suat phi tuyén n2 cua no.
D6 nhay cudi cung cua ky thuat Z-scan,
dugc xac dinh qua kha nang do su thay
d6i hé s truyén qua nhé nhit cua nd 1a
mot van dé rat dang quan tam. Pic biét,
van dé nay rat quan trong d6i vi mang
mong trong d6 do day mau khdng thé
diéu chinh duoc dé ting do tuong phan.
Thong thudng, 46 nhay cubdi cung, duoc
biéu dién theo d6 dich pha lién quan dén
d6 twong phan cudi cing cé thé do
duoc, khoang A/300 d6i vai bé tri thi
nghiém Z-scan cb dién [1]. Ky thuat
ting d6 nhay dau tién thay thé khe bang
dia mo duc. Phuong phap nay c6 tén goi
la Z-scan nhat thuc (EZ scan), cai thién
d6 nhay dén A/104 [4], tac 1a 16n hon
30 lan k¥ thuat ban dau. Nhirg phuong
phap tiép theo dé cai thién d6 nhay bao
gom viéc dung cac bién dang chim
khac thay cho chum Gauss thong
thuong [5-7].

Gan ddy, cong trinh [8] dé& xuat ding
quang hoc nhiéu xa nhi phan don gian
dé cai thién dang ké d6 nhay cua ky
thuat Z-scan (1én dén hang tram lan). Y
tuong lién quan dén sy phan ky goc cua
chim 16 ra. Thuc su, boi vi tan sac phi
tuyén trong mau lam ting hoic giam do
phan ky géc, su khuéch dai bién dong
ctia nd c6 thé tu dong cai thién dé nhay
Z-scan. Bé dat dugc diéu nay, ching ta
can mot thiét bi quang hoc c6 chiic ning
khuéch dai su phan ky. Truéc day tinh
chat nhu thé di dugc phat hién & khe
pha [9], c6 thé tao ra d6 dich pha ¢ tam
vung chum téi.




phase shift in the central region of the
incident beam.




