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Effects of nonlinear absorption
on the Z-scan technique through
beam dimension measurements
Recently we have proposed a
novel Z-scan technique for
measuring refractive
nonlinearities, based on the
direct measurement of the
variations of the  beam
dimensions in the far field. In
the present work this approach

Anh huong cua hap thy phi
tuyén dén ky thuat Z-scan ban
kinh chum

Gan day, ching ta da dé xuét
moét ky thuat Z-scan moi dé do
chiét suat phi tuyén, bang cach
do truc tiép su bién d6i kich
thugc chum trong truong Xa.
Trong bai bao nay, ching toi md
rong phuong phap nay cho
truong hop c6 sy hién dién dong



https://drive.google.com/folderview?id=0B4rAPqlxIMRDNkFJeUpfVUtLbk0&usp=sharing
mailto:thanhlam1910_2006@yahoo.com
mailto:frbwrthes@gmail.com
http://www.mientayvn.com/dich_tieng_anh_chuyen_nghanh.html

Is extended to the case of
simultaneous  presence  of
nonlinear refraction and
absorption, enabling the
complete characterization of the
materials regarding their
nonlinear optical properties. In
more detail we have found that
nonlinear absorption induces
asymmetry on the peak-valley
configuration of the Z-scan
curves, both in the cases of
circular and elliptic Gaussian
beams. We have also shown
that this asymmetry grows
exponentially with the values of
the nonlinear phase shift and the
nonlinear absorption coefficient.
Further, we have found that the
effects of nonlinear absorption
on the Z-scan curves can be
suppressed by multiplying the
radius Z-scan plot with an open
Z-scan curve. This result can be
used for determining the
nonlinear refractive index of the
material through a simplified
relation.

1. Introduction

A sensitive and experimentally
simple method for measuring
nonlinear refraction and
absorption is the well-known
open Z-scan technique,
introduced by Sheik-Bahae et
al. [1] in 1990, and further
elaborated by many other
authors [2-24]. Other techniques
have also been developed for
measuring third-order optical
nonlinearities as third harmonic
generation [25,26], degenerate
four-wave  mixing [27,28],
interferometric techniques [29],

thoi cua tan sac phi tuyén va hap
thu phi tuyén, gitp ching ta c6
thé nghién ctu toan dién tinh
chat quang phi tuyén cua vat
licu. Cu thé, ching tdi thiy rang
hap thu phi tuyén gay ra su bat
dbi xtng trén cau hinh peak-
thung liing cua cac duong cong
Z-scan, ca truong hop chum
Gauss tron va chum Gauss ellip.
Chiing tdi cling ching té rang su
bat d6i ximg nay ting theo dang
ham mii voi d6 dich pha phi
tuyén va hé sb hap thu phi tuyén.
Hon nita, ching tdi nhan thay
rang c6 thé loai bé dugc anh
huong caa hap thu phi tuyén dén
cac dudng cong Z-scan bang cac
nhan do thi Z-scan ban kinh véi
duong cong Z-scan khe m¢. Sau
d6 chung ta dung két qua nay dé
xac dinh chiét suat phi tuyén cua
vat liéu thong qua hé thirc don
gian.

1.Gigi thiéu

Phuong phép nhay va don gian
vé mat thyc nghiém dé do chiét
Suit phi tuyén va hap thu phi
tuyén la ky thuat Z-scan do
Sheik-Bahae [1] dua ra vao nam
1990, va duogc tiép tuc cai thién
thém nita bai nhiéu tac gia khac
[2-24]. Ngoai ra cling c6 nhirng
ky thuat khac dé do sy phi tuyén
quang hoc bac ba nhu phat soéng
hai bac ba [25,26], su tron bdn
séng suy bién [27,28], cac ky
thuat giao thoa ké [29], su tu bo
cong chum [30], v.v......




beam self-bending [30], etc.

The configuration of a Z-scan
experiment is shown in Fig. 1.
A thin sample of the material is
moved across the focus of a
Gaussian laser beam and the
transmittance is recorded as a
function of the sample position
relative to the beam focus. Due
to the refractive non-linearity
the material acts as a thin lens
changing the beam dimensions
as the sample moves across the
focus. These changes are
translated into variations of the
beam energy  transmitted
through the pinhole and provide
information for determining the
nonlinear refractive index of the
material. On the other hand, if
the pinhole is removed, the
variations of the transmitted
energy due to nonlinear
absorption provide adequate
information for determining the
nonlinear absorption coefficient
of the material. However, the
original Z-scan technique has
some serious drawbacks as

1. High sensitivity in beam
pointing instability and energy
fluctuations (due to the use of
the pinhole).

2. Complexity in the
calculations for determining the
nonlinear optical coefficients
(because integration is required
to calculate the transmitted
energy).

3. Restriction to the case of
circular Gaussian beams
(because the pinhole cannot
follow the changes in the shape
of the beam).

B tri thi nghiém Z-scan dugc
biéu dién trong H.1. Nguoi ta di
chuyén mot mau vat liéu mong
quanh diém hoi tu caa chim
Gauss va ghi nhan hé sb truyén
qua theo vi tri cia mau di véi
diém héi tu nay. Do tan sic phi
tuyén, vat liéu dong vai trd nhu
mot thau kinh mong thay doi
kich thuéc chim khi mau di
chuyén qua diém hoi tu. Nhing
thay doi nay dugc chuyén thanh
dao dong nang lugng chum
truyén qua mot 156 va cung cap
thong tin dé xac dinh chiét suat
phi tuyén cua vat lieu. Mic
khac, néu loai bo 16, su bién doi
ning lugng truyén qua do hap
thu phi tuyén cung cip théng tin
can thiét dé xac dinh hé s hap
thu phi tuyén cua vat liéu. Tuy
nhién, ky thuat Z-scan ban dau
c6 mot s6 nhuoc diém nghiém
trong nhu

1.Rat nhay véi su bat on dinh
huéng chum va su bién dong
ning lugng (do dung 15).

2.Phuc tap trong tinh toan xac
dinh cac hé s6 quang phi tuyén
(boi vi tich phan can phai tinh
toan nang lugng truyén qua).

3.Chi gidi han cho truong hop
chum Gauss tron (bai vi hinh
dang 16 khong thé thay doi theo
hinh dang chum).




Therefore, a novel Z-scan
technique has been introduced

based on the direct
measurement of the beam
dimensions in the far field

[23,24]. The experimental setup
for this technique is shown in
Fig. 2.

In this case the measured
quantities are the beam
dimensions in the far field,
defined as the distances from
the beam center to the points
where the intensity drops to a
certain fraction q of its on-axis
value. Thus, in the case of a
circular Gaussian beam the
measured quantity is the beam
radius, while in the case of an

elliptic Gaussian beam the
measured quantities are the
lengths of the  principal

semiaxes. The intensity profile
of the beam was obtained from
the electricfield profile through
the relation I(xy;z,t) =
ceOnO|E(x,y;z,t)| /2, where ¢ is
the speed of light in the
vacuum, e0 the permittivity of
the vacuum, and nO the linear
refractive index of the medium
where the beam propagates. The
electric field of the beam after
passing through the nonlinear
material and propagated to a
desired distance D  was
calculated using the Gaussian
decomposition  method, as

described in the articles
[9,10,24].

Some characteristic curves, both
for circular and elliptic

Gaussian beams are shown in
Fig. 3. It should be noted that in

Do d6, ching t61 da dua ra mdt
ky thuat Z-scan m¢i dya trén
viéc do truc tiép kich thudc
chum trong truong xa [23,24]..
B tri thi nghiém cua ky thuat
nay duoc biéu dién trong H.2.

Trong truong hop nay, dai lugng
can do 1a kich thuéc chum trong
truong xa, theo dinh nghia la
khoang cach tir tdm chum dén
diém ma cuong do giam xudng
bang mot lugng q nao d6 cua gia
tri trén truc cta noé. Do do, trong
trrong hop chum Gauss tron, dai
lugng can do 1a ban kinh chum,
trong khi d6 trong truong hop
chum Gauss ellip, dai luong can
do 1a chiéu dai cta cac ban truc
chinh. Bién dang cuong do cua
chum suy ra tu bién dang dién
trrong thong qua hé thac...... ,
trong d6 ¢ 1a toc do anh séng
trong chan khong, e0 1a hing s6
dién moi chan khong, va n0 la
chiét suat tuyén tinh cua moi
truong ma chum lan truyén. Dién
trrong cua chum sau khi truyen
qua vat liéu phi tuyén va truyen
dén khoang cach mong muén D
dugc tinh bang phuong phap
phén tich Gauss [9,10,24].

Mot s6 duong cong dac trwung
d6i v6i ca chim Gauss tron va
chum Gauss ellip duoc biéu dién
trong H.3.. Can luu ¥ rang doi




the ~case of an
(astigmatic) Gaussian
two Z-scan curves are
Fig. 1. Experimental original Z-
scan setup

elliptic
beams

Fig. 2. Experimental Z-scan
setup based on the direct
measurement of the beam

dimensions in the far field.
obtained, one for each principal
semiaxis. Thus, the dimension
Z- scan technique can follow
the changes in the beam shape
even for an astigmatic Gaussian
beam and consequently it can be
applied to a wide variety of
input beam profiles, offering
low sensitivity to  noise,
efficiency in the numerical
calculations and high accuracy.

véi chum Gauss ellip, ching ta
c6 hai duong cong Z-scan

H.1.B4 tri thi nghiém Z-scan ban
dau

H.2.B6 tri thi nghiém Z-scan do
truc tiép kich thudc chum trong
truong xa.

Moi dudng tng vai mot ban truc
chinh. Do do, k¥ thuat Z-scan
kich thuéc chim c6 thé diéu
chinh theo nhiing thay doi hinh
dang chum tham chi d6i véi
chum Gauss ellip va do dé no6 cé
thé duoc 4p dung cho nhiéu loai
bién dang chum dau vao, cho ty
s6 nhay trén nhiéu thap, cé hiéu
qua trong cac tinh toan sé va do
chinh xé&c cao.




