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Determination of Nonlinear
Optical Characteristics  of
Transparent Materials Using
Single Laser Pulses

Abstract—A new method of
express analysis of nonlinear
optical properties of materials by
determining  their  nonlinear
refraction and nonlinear
absorption upon irradiation by a
single laser pulse is proposed.

Xac dinh dac tinh quang phi
tuyen cua vat li¢u trong suot
bang cac xung laser don

TOm tat-Ching t6i dé xuat mot
phuong phap m6i phan tich
tinh chat quang phi tuyén cua
vat licu bang cach xac dinh tan
sac phi tuyén va hap thu phi
tuyén thong qua chiéu xa xung
laser don. Tinh chit quang phi
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The nonlinear optical
characteristics of media are
determined based on an analysis
of variations in the spatial
distribution of radiation focused
by a cylindrical lens and passed
through the medium. The
method proposed is tested by the
example of optical nonlinearities
of CS2.

INTRODUCTION

At present, nonlinear optical
properties of materials are
analyzed by various techniques
(degenerate three- and four-wave
mixing,  rotation  of  the
polarization ellipse, harmonic
generation, Z-scan, etc.). Among
these techniques, Z-scan [1]
remains the simplest method for
measuring the optical
nonlinearities of media with
sufficient accuracy. There are
different modifications of this
method (Z-scan of transparent
materials and reflection Z-scan
of  nontransparent  objects,
shadow Z-scan, off-axis Z-scan,
time-resolved Z-scan, and so on
[1-5]). All  these Z-scan
techniques are based on the
movement of a sample through
the focal region of laser radiation
and on the analysis of the phase
and amplitude characteristics of
the transmitted (or reflected)
radiation in the far-field zone.
Each of these methods implies a
strong action of radiation on
materials (especially in the focal
region) because of a large
number of laser pulses. Due to
the instability (~10%) of the
radiation intensity of the most

tuyén ctia moi truong duoc Xac
dinh dya trén viéc phéan tich
cac dao dong phan bd khong
gian cua bic xa hoi tu bang
thiu kinh tru va cho qua moi
truong. Phuong phap dé& xuét
duoc ap dung trén vat liéu phi
tuyén CS2.

GIOI THIEU

Hién nay, tinh chat quang phi
tuyén cua vat liéu dugc phan
tich bang cac ky thuat khac
nhau (tron ba séng hoic bén
séng suy bién, quay hudng
phan cuc ellip, su tao séng hai,
Z-scan, v.v...). Trong sb nhirng
k¥ thuat nay, z-scan [1] van la
phuong phép don gian nhat dé
do cac tinh chat phi tuyén cua
moi trrong voi do chinh xac
vira phai. C6 nhiéu phién ban
hi¢u chinh cta phuong phap
nay (Z-scan vat liéu trong suét
va Z-scan phan xa cuta nhirng
vat lieu khong trong subt-Z-
scan léch truc, Z-scan phéan giai
thoi gian, va v.v...[1-5]. Tat ca
nhitng k¥ thuat Z-scan nay dua
trén viéc di chuyén mau qua
vung hoi tu cua birc xa laser va
phan tich dac tinh pha va bién
d6 cua buc xa truyén qua (hoic
phan xa) trong truong xa.
Nhirng phuong phap nay co6 tac
déng bic xa manh dén vat ligu
(dac biét trong vung hoi tu) do
s6 xung laser 1on. Do sy khdng
6n dinh (~10%) cua cudng do
birc xa cua da sb ngudn laser
xung dugc dung phd bién hién
nay, ching ta can phai thuc
hién cac phép do trung binh hé




widespread pulsed laser sources,
it IS necessary to perform
averaged measurements of the
normalized transmittance (or
reflectance) of materials under
study. Hence, for each position
of a sample near the focal point,
the normalized transmittance is
measured over ten (and more)
laser shots in schemes with a
closed and open aperture. In
some cases, especially when the
nonlinear optical response of a
medium is rather weak, these
multiple measurements require
rather intense laser radiation.
Sometimes,  these  multiple
actions on the material surface
lead to its breakdown and, hence,
one must repeat measurements at
other points of the sample. These
methods are also difficult to use
for samples with a small
wedging because this results in a
shift of the laser beam with
respect to the optical axis in the
far- field zone.

The above-listed problems of
standard Z-scan tech-niques
stimulated the search for new
experimental  solu-tions. A
method for determining material
nonlinearities for a single laser
pulse could allow one to avoid,
to a large extent, the problems
listed above. In this connection,
some new approaches have
recently been developed based
on the analysis of the shape of
the laser pulse in the far-field
zone after the propagation
through a material studied [6-
10]. All of these new methods
are characterized by the use of

s6 truyén qua chuan hoa (hoic
phan xa) cua vat li¢u dang
nghién ctru. Do d6, d6i v&i moi
vi tri cua miu gan tiéu diém,
cuong do truyén qua duogc do
trén muoi (hoic nhiéu hon)
shot laser trong cac so dd Z-
scan khe dong va khe moé.
Trong mét sé truong hop, dac
bigt khi dap ung cua moi
truong kha yéu, nhirmg phép do
nhiéu lan nay doi hoi buc xa
laser kha cao. Thinh thoang,
nhitng phép do nhiéu Ién trén
bé mat vat lieu 1am cho no bi
hu héng va, do do, ching ta
phai lap lai cac phép do & cac
vi tri khac cua mau. Nhiing
phuong phép nay cling kho ap
dung cho cac mau hinh ném
nho vi diéu nay s& dan dén sy
dich chuyén chum laser so véi
truc quang hoc trong wvung
trudng xa.

Nhitng van dé néu trén cta cac
ky thuat Z-scan tiéu chuan da
thic day nghién ctu tim ra
nhitng giai phap thuc nghiém
maoi. Phuong phap xac dinh sy
phi tuyén cua vat lieu ddi véi
xung laser don cho phép tranh
duoc (6 mot muac do cao)
nhitng van dé duoc liet ké ¢
trén. Theo do, trong thoi gian
gan day, mot sé6 phuong phap
tiép can mai da dugc phat trién
dua trén viéc phéan tich hinh
dang cua xung laser trong
truong xa sau khi truyén qua
vat liéu [6-10]. T4t ca nhiing
phuong phdp mdi nay co6 dac




only one laser pulse to analyze
the nonlinear optical
characteristics of the third order,
such as the nonlinear refractive
index (y) and the nonlinear
absorption coefficient (P). These
methods include the analysis of
phase changes induced by the
object [6, 7], the use of two
cylindrical lenses to study the
sample characteristics by an
astigmatic beam [8], the study of
transverse beam modifications
by processing different regions
of laser radiation recorded with a
CCD camera [9], and the
analysis of spatial variations of
an elliptical Gaussian beam [10].
Note that some of these new
methods also have their own
drawbacks, in particular, the
impossibility of determining the
sign of the nonlinearity, i.e., the
positive or negative sign of
nonlinear refraction.

In this study, we propose a new
approach to deter-mining the
nonlinear optical parameters (y
and P) of materials using a single
laser pulse. This method is based
on the analysis of the spatial
shape of a laser beam passing
through the studied sample,
which is obliquely positioned in
the focal region of a cylindrical
lens focusing the beam. For
transparent media, this method
was analyzed using a CS2
sample with the known y and P
parameters as an example; this
compound is most frequently
used as a reference in calibration
of Z-scan measurements. These
investigations showed that the

trung la chi dung mét xung
laser dé phan tich cac dic tinh
quang phi tuyén bac ba, chiang
han nhu chiét suit phi
tuyén...va hé s6 hap thu phi
tuyén. . .Nhing phuong phap
nay bao gom phan tich sy thay
ddi pha do ban séng [6, 7],
ding hai thau kinh tru dé
nghién ctru cac dac diém cua
mau bang chim astigmatic [8],
nghién cau su bién ddi cua
chum theo phuong ngang bang
cach xu ly cac vung khac nhau
cua buc xa laser ghi nhan duoc
bang camera CCD [9], va phan
tich su bién doi khdng gian cua
chum Gauss ellip [10]. Luu y
rang mot s6 phuong phap méi
nay ciing c6 nhirg nhuoc diém
riéng cua no, dac biét la khong
thé xac dinh duoc diu cua su
phi tuyén, chang han nhu dau
duong hoic 4m cua chiét suat
phi tuyén.

Trong nghién ctru nay, chdng
t61 dé Xuit mét phuong phap
tiép can méi dé xac dinh cac
tham s6 quang phi tuyén
.....cta vat liéu bang mot xung
laser don. Phuong phap nay
dua trén viéc phan tich hinh
dang khong gian cua chum
laser truyén qua mau, mau nay
dugc dat nghiéng trong ving
hoi tu cua thau kinh tru hoi tu
chum. DP4i v6i moi truong
trong sudt, phuong phap nay
duoc ap dung cho CS2 véi cac
tham sd...va...dd biét lam
mau; hop chat nay duoc sir
dung phd bién nhu mot chit
chuan dé danh gia cac phép do
Z-scan. Nhitng nghién cau nay




new method can be used for the
express analysis of nonlinear
optical bulk processes of the
third order. For comparison, we
analyzed the same nonlinearities
of CS2 using the standard Z-scan
method. Our method has some
advantages compared to both the
previously used standard Z-scan
approaches [1-5] and recently
proposed single-pulse techniques
[6-10]. This method leads to a
weaker action on materials with
unstable structures, e.g.,
biological and organic objects or
various suspensions. In this
method, in contrast to standard
techniques, the sample must not
be moved during measurements.
Another advantage is that it is
not necessary to perform
multiple measurements to obtain
average values of particular
parameters. Finally, the approach
proposed can be considered to be
an express method of diagnostics
(both qualitative and
quantitative) of optical
nonlinearities of new materials.

chung to ring phuong phap
méi c6 thé duoc dung dé phan
tich cac qué trinh quang phi
tuyén bac ba. Dé so sanh,
chung t6i ciing do cac tham s
ciia CS2 bang phuong phap Z-
scan tiéu chuan. Phuong phap
cia ching t6i c6 mot sé wu
diém so voi nhing phuong
phap Z-scan tiéu chuan [1-5]
va nhitng ky thuat don xung
duoc dé xuat gan day [6-10].
Phuong phap nay gitp nguoi
do it tac do 1én vat liu cau tric
khéng on dinh, chang han nhu
c4c mau sinh hoc hoic hitu co
va cac huyén phd khac nhau.
Trong phuong phap nay, trai
nguoc Véi Ky thuat tiéu chuan,
ching ta khéng di chuyén mau
trong qua trinh do. Uu diém
khac 1a khéng can thuc hién
nhiéu lan do dé thu duoc gia tri
trung binh cua cac tham sb cu
thé. Cubdi cung, phuong phap
dé xuidt c6 thé duoc xem Ia
phuong phép tiéu biéu dé chan
doan (ca dinh tinh va dinh
lwong) cac tham sé quang hoc
cua vat liéu moi.




