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Theoretical study of saturable
Kerr nonlinearity using top-
hat beam Z-scan technique

Saturable Kerr nonlinearity is
theoretically investigated by use
of the top-hat beam Z-scan
technique.  The  saturation
intensity changes the nonlinear
refractive profile and decreases
the sensitivity of the Z-scan
measurements, which  were

Nghién cieu ly thuyét hiéu
ng phi tuyén Kerr b3o hoa
dung ky thuat Z-scan chum
top-hat

Hi¢u ung Kerr bao hoa duogc
nghién ctu vé mat Iy thuyét
dung ky thuat Z-scan chum
top-hat. Cuong do bdo hoa lam
thay d6i bién dang tan sac phi
tuyén va giam do nhay cua cac
phép do Z-scan, dai luong
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quantitatively analyzed. An
empirical formula for the
saturable  Kerr nonlinearity,
which gave the relationship
between the light intensity and
the peak-valley transmittance
difference, was accomplished.
A high-accuracy method to

determine the nonlinear
refractive index and the
characteristic saturation

intensity was proposed.

1. Introduction

The Z-scan technique is a
popular and powerful method
for the measurements of the
optical nonlinearity because of
its sensitivity, simplicity and
ability to determinate the signs
and magnitudes of optical
nonlinearity,  simultaneously.
Since the Gaussian beam Z-scan
was exploited firstly in 1989
[1,2], several improved Z-scan
techniques were proposed, such
as the Gaussian-Bessel beam Z-
scan [3], the eclipsing Z-scan
[4,5], the top-hat beam Z-scan
[6], the quasi-one-dimensional
slit beam Z-scan [7], the beam
radius measurement Z-scan
[8,9], the circularly symmetric
beam Z-scan [10], the near top-
hat beam Z-scan [11], the
arbitrary sample thickness Z-
scan measurement [12,13], and
the Z-scan technique for a large
nonlinear phase shift induced by
a pulsed laser [14]. All those
improvements of the Z-scan
techniques mentioned above
have a common purpose, that is
to enhance the sensitivity
(which is defined as the ratio of

dugc phan tich dinh luong.
Chung t6i xay dung hoan chinh
mot cong thire thuc nghiém cho
hiéu tng phi tuyén Kerr bdo
hoa, biéu dién mdi quan hé
gitta cuong d6 anh sang va do
chénh léch hé sb truyén qua
peak-thung ling. Chung toi
cling dé xuat phuong phéap co
do chinh xac cao dé xac dinh
chiét suat phi tuyén va cuong
do bao hoa dac trung.

1.Gidi thiéu

Z-scan la mot ky thuat pho bién
va hiéu qua dé do cac tham sb
phi tuyén quang hoc (su phi
tuyén quang hoc) do do nhay,
tinh don gian va kha nang xac
dinh dong thoi dau va do 16n
cta tham sé phi tuyén quang
hoc (su phi tuyén). Ké tir khi
Z-scan chum Gauss duoc dua
vao sir dung lan dau tién vao
nim 1989 [1, 2], mot sé k¥
thuat Z-scan cai tién da duoc
dé xuat, ching han nhu k¥
thuat Z-scan chum Gauss-
Bessel [3], Z-scan nhat thuc [4,
5], Z-scan chum top-hat [6], Z-
scan chum dang hinh khe gan
mot chiéu [7], Z-scan ban kinh
chum [8, 9], Z-scan chum doi
xang tron [10], Z-scan chum
gan top-hat [11], phép do Z-
scan do day mau tiy y [12, 13],
va ky thuat Z-scan ddi véi do
dich pha pha tuyén Ion do laser
xung [14]. Tat ca nhitng cai
thién nay cua ky thuat Z-scan
duoc dé cap & trén c6 mot muc
dich chung, d6 la ting cuong
d6 nhay (dugc dinh nghia la ty
sb gitra tin hiéu .....voi do dich




the Z-scan signal TPV to the
induced phase shift /0, TPV is
the peak-valley transmittance
difference in the normalized Z-
scan trace). At the same time,
they have almost the common
disadvantages of the low
reliability (because TPV
depends critically on the spatial
profile of the beam used [3])
and the relatively low signal-to-
noise ratio [4,5]. The top-hat
beam Z-scan [6] is an extremely
Important improvement in the
family of Z-scan techniques,
because it not only exhibits the
enhancement  of  sensitivity
compared with the Gaussian
beam Z-scan by a factor of 2.5,
but also the required spatial
profile of beam used is very
easily produced.

Up to now, for the Z-scans,
most of the studies were
focused on the transparent
materials with extremely high
saturation  intensities.  Such
kinds of materials are called the
Kerr media, with the promising
applications such as ultra-fast
all-optical devices. However, in
fact, many materials exhibit also
the significant saturation effect
of Kerr nonlinearity under the
condition of high laser intensity.
For instance, ion-doped crystals
[15-17], organic materials
[18,19], chalcogenide glasses
[20], ferroelectric thin film [21]

and hot atomic vapor [22]
exhibit a similar saturation
behavior. When the laser

intensity of the beam used is
close or higher than the

pha cam tng..., ....1a d6 chénh
léch hé sé truyén qua peak-
thung liing trong dwuong cong
Z-scan chuan hoa). Bong thoi,
chdng gan nhu c6 nhitng nhuoc
diém chung 1a d6 tin cay thap
(boi vi....phu thudc rat nhiéu
vao bién dang khong gian cua
chum dugc dung [3]) va ty sb
tin hiéu-nhiéu tuong doéi thap
[4, 5]. Z-scan chum top-hat [6]
la mét budc tién cuc ky quan
trong trong ho cac ky thuat Z-
scan, bai vi nd khong chi tung
dd nhay so véi Z-scan chum
Gauss 2.5 lan, ma bién dang
chiim can thiét ciing c6 thé tao
ra rat dé dang.

Cho dén thoi diém hién nay,
ddi voéi Z-scan, da sb cac
nghién ciru tap trung vao cac
vat liéu trong suét véi cuong
d6 béo hoa cuc ky cao. Nhirng
loai vat liéu nhu thé duoc goi
la moi truong Kerr, véi nhitng
tng dung day hta hen trong
mot sd linh vuc Chéng han nhu
cac thiét bi toan quang siéu
nhanh. Tuy nhién, trong thuc
té, nhiéu loai vat liéu cling c6
hiéu &ng phi tuyén Kerr cao
dang ké trong diéu kién cuong
do laser cao. Chang han, cac
tinh thé pha tap ion [15-17], vat
liéu hitu co [18,19], thuy tinh
chalcogenide [20], mang mong
dién sac [21] va hoi nguyén tir
néng [22] thé hién hiéu ung
bio hoa gidng nhau. Khi cudng




characteristic saturation
intensity of the measured
samples, the influence of the
saturation effect on the Z-scan
traces (i.e., the normalized
transmittance curves) cannot be
ignored; otherwise, if we utilize
the formula describing the Kerr
nonlinearity to explain and fit
the experimental data, the
obtained results would be
invalid obviously. Although the
developed methods [16,23,24]
in the Gaussian beam Z-scan
could deal with the problem of
saturable Kerr nonlinearity, the
low reliability such a intrinsic
disadvantage makes the use of
the Gaussian beam Z-scan to be
limited. If a theoretical
approach, which can use the
top-hat beam Z-scan to treat the
problem of saturable Kerr
nonlinearity, is developed, the
distinct advantages of the top-
hat beam Z-scan technique
mentioned above can be fully
utilized. This is our purpose in
the present article, because the
saturable effect in the top-hat
beam Z-scan, to our knowledge,
IS never touched. We investigate
the influence of the effect of
saturable Kerr nonlinearity on
the top-hat beam Z-scan traces
in detail. We also find a
powerful empirical formula,
which allows one to easily
determine the nonlinear
refraction coefficient and the
characteristic saturation
intensity of the materials.

do laser dugc dung gan bang
hodc cao hon cuong do bao hoa
dic trung cua mau dang do,
chiing ta khdng thé bo qua anh
huong cua hiéu ang bdo hoa
dén cac dudng cong Z-scan
(tirc 1a cac duong cong truyen
qua chuan hoéa), nguoc lai, néu
ching ta str dung cdng thirc mod
ta su phi tuyén Kerr dé giai
thich va khop cac dir liéu thuc
nghiém, hién nhién két qua thu
duoc sé khong co gia tri. Mac
du nhiting phuong phap duoc
xay dung [16,23,24] trong Z-
scan chim Gauss c0 thé giai
quyét duoc van dé phi tuyén
Kerr bdo hoa, do tin cay thap
nhu mét nhuge diém noi tai
lam cho viéc su dung Z-scan
chum Gauss gigi han. Néu mét
phuong phap 1y thuyét sir dung
Z-scan chum top-hat dé nghién
ciru van dé phi tuyén Kerr bao
hoa duoc xdy dung, nhirng loi
thé rd rét cua ky thuat Z-scan
chum top-hat dugc dé cap o
trén co thé duoc tan dung hoan
toan. Pay chinh la muc dich
cia ching toi trong bai bao
nay, boi vi theo ching téi dugc
biét, hiéu ang bdo hoa trong Z-
scan chum top-hat chua tung
duoc dé& cap dén. Ching toi
khao sat anh huong cua hiéu
rng phi tuyén Kerr bdo hoa dén
cac duong cong Z-scan top-hat
mot cach chi tiét. Ching toi
cling tim dugc mot cong thuc
thuc nghiém hiéu qua, cho
phép xac dinh d& dang chiét
suat phi tuyén va cuong d6 bao
hoa dac trung cua vat ligu.




