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Single-shot Y-scan for
characterization of the
nonlinear optical parameters
of transparent materials

We demonstrate a new single-
shot technique for measuring the
nonlinear optical characteristics
of various transparent materials.
The method allows analysis of
nonlinear refraction and
nonlinear absorption using tilted

Y-scan single shot dé xac
dinh cac tham so quang phi
tuyen cuaa vat liéu trong suot

Chang t6i trinh bay ky thuat
single shot mgi dé do cac dic
tinh quang phi tuyén cua cac
vat liéu trong sudt khac nhau.
Phuong phap cho phep phan
tich tan sic phi tuyén va hap
thu phi tuyén cua miu dat
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samples placed at the focal plane
of a cylindrical lens. This
technique was used in the cases
of carbon disulfide and platinum
nanoparticle suspension to define
their nonlinear optical
parameters. We compare this
method with the standard Z-scan
technique.

1. Introduction

Various techniques (degenerate
three-wave  mixing,  ellipse
rotation, nonlinear
interferometry, beam distortion
measure—ments, Z-scan, etc) are
currently used for analysis of the
nonlinear optical parameters of
materials. Among them the Z-
scan technique [1] remains the
simplest method, allowing for
the measurement of these
parameters with high accuracy.
Various modifications of this
techniqgue were demonstrated
(i.e. reflecting Z-scan, eclipsing
Z-scan, off-axis Z-scan, time-
resolved Z-scan, etc [2-5]). All
of these modifications of the Z-
scan are based on propagation of
the sample through the focal
plane of focused laser radiation
and analysis of the phase and

amplitude  characteristics  of
transmitted (or reflected)
radiation in the far field. A

drawback of this technique is the
need for multiple measurements
during propagation of the sample
through  the  focal plane.
Instability of laser intensity
requires averaged measurements
of normalized transmittance
when, at the same sample
position, one has to carry out

nghiéng nam tai mat phang tiéu
cua thau kinh try. Ky thuat nay
dugc 4p dung dé xac dinh cac
tham sé quang phi tuyén cua
carbon disulfide va huyén phu
hat nano bach kim. Chung toi
so sanh ky thuat nay voi ky
thuat Z-scan tiéu chuan.

1.Giéi thiéu

Nhing ky thuat khac nhau
(tron ba séng suy bién, quay
ellip, phép do giao thoa phi
tuyén, cac phép do méo chum,
Z-scan, v.v....) hi¢n nay duoc
dung dé phan tich c4c tham sé
quang phi tuyén cuaa vat liéu.
Trong s6 nhiitng phuong phap
nay, ky thuat Z-scan [1] van la
phuong phap don gian nhat,
cho phép do nhitng tham sé
nay voi do chinh xac cao.
Nhitng bién thé khac nhau cua
ky thuat ndy di duoc dé xuat
(ching han nhu Z-scan phan
Xa, Z-scan nhat thuc, z-scan
phan giai thoi gian, v.v....[2-
5]). Tt ca nhiing bién thé Z-
scan nay duwa trén su dich
chuyén miu qua mat phang
tiéu cua buc xa laser hoi tu va
phan tich cac dac tinh pha va
bién d6 cua buc xa truyén qua
(phan xa) trong truong xa.
Nhuoc diém cua ky thuat nay
la can nhiéu phép do khu di
chuyén miu qua mat phang
tiéu. Sy khéng on dinh cuong
do cua laser doi hoi phai do
trung binh hé sd truyén qua
chuan hoa khi, tai cung vi tri
mau, chlng ta phai thuc hién
nhiéu phép do. Ching ta can
phai lap lai nhitng phép do nay




multiple measurements. One has
to repeat these measurements at
least a few hundred times to
reproduce the normalized
transmittance of the sample in
the far field in the cases of both
open-aperture  and  closed-
aperture Z-scan schemes. These
repeatable measurements can (in
some cases when the nonlinear
optical response of the medium
iIs weak and the required laser
intensity is too strong) lead to
damage to the  sample.
Furthermore, the wedge shape of
the sample can cause the laser
beam to move out of the axis of
the far-field aperture.

All these drawbacks of the Z-
scan technique have encouraged
the development of some new
approaches. A few new single-
shot methods based on analysis
of the laser beam shape in the far
field after propagation of the
material have been suggested. A
single-shot technique using a
phase object at the entry of a 4 f
(quarter-phase) coherent imaging
system to characterize the value
of the nonlinear refractive index
was reported in [6, 7]. Instead of
Z-scanning the material they
analyzed the transverse
modification in the image
acquired with a charge-coupled
device (CCD) camera. Another
method is based on the use of
two crossed cylindrical lenses to
obtain an astigmatic beam [8].
The sample is placed between
the focal planes where the beam
has a round intensity profile. By
evaluating the far-field beam

it nhat vai tram lan dé tai tao hé
s6 truyén qua chuin héa cua
mau trong trudng xa khi hé do
tién hanh dong thoi Z-scan khe
m¢& va Z-scan khe dong. Nhirng
phép do lap lai nay (trong mét
s6 truong hop dap tng phi
tuyén cta moéi truong yéu va
cudng do laser can thiét qua
manh ) ¢ thé 1am hu hong
mau. Hon nira, nhitng mau co
dang hinh ném c6 thé 1am cho
chum laser léch ra khoi truc
cua khe ¢ truong xa.

Tat ca nhitng nhugc diém nay
cua k¥ thuat Z-scan da thuc day
cac nha nghién cau phat trién
mét sé phwong phap tiép can
ma&i. Mot vai phuong phap
single-shot m¢éi dua trén viéc
phén tich hinh dang chum laser
& trudng xa sau khi lan truyén
qua vat liu di dugc dé xuit.
Ky thuat single-shot dung vat
thé pha (1/4 pha) tai dau vao
cia hé ghi anh két hop 4 f dé
xac dinh gia tri cua chiét suat
phi tuyén dugc bdo céo trong
[6,7]. Thay vi dich chuyén vat
li¢u theo phuong z, ho phéan
tich sy bién d6i theo phuong
ngang cua anh ghi nhan dugc
bang camera linh kién tich dién
kép (CCD). Mt phuong phap
khac st dung cac thau kinh tru
dé tao ra chum astigmatic [8].
Mau duoc dit gitta cac mat
phang tiéu noi chum cé bién
dang cuong do tron. Théng qua
viéc danh gia bién dang chum




profile it is possible to estimate
the nonlinear phase shift. A third
method uses the conventional
open-aperture ~ Z-scan  and
extracts the two-dimensional
transverse modifications of the
whole far-field pattern by
processing all the pixels of the
CCD camera [9]. The key
element of the fourth single-shot
method is the spatial intensity
variation of an elliptical
Gaussian beam in conjunction
with an array detector [10]. In
that method, one has to record
the changes in the relative
intensity of the pump or the
probe beams. However, some of
these methods did not allow a
definition of the sign of
nonlinearity,  which is a
drawback of the above single-
shot techniques.

In this paper, a new approach to
the analysis of the nonlinear
optical parameters using a single
shot is proposed and examined.
The method is based on the
analysis of the spatial shape of
the laser beam after propagation
through the tilted sample, which
Is placed at the focal plane of a
cylindrical lens. The use of the
tilted sample allows different
parts of the sample to be
simultaneously  irradiated at
different distances from the
focusing lens, thus allowing the
standard Z-scan- like data to be
acquired in a single shot based
on the intensity variation in the
Z-axis following the phase
variations along the sample’s Y-
axis. Carbon disulfide (CS2) was

truong xa, ching ta co thé tinh
duoc d6 dich pha phi tuyén.
Phuong phap thtr ba dung Z-
scan khe m¢ truyén théng va
rdt ra sy thay d6i hai chiéu theo
phuong ngang cua toan bo bién
dang truong xa bang cach xu ly
tit ca cac pixel cua camera
CCD [9]. Yéu té quan trong
cua phuong phap single-shot
ther tu la dao dong cuong do
trong khong gian cua chum
ellip két hop véi detector mang
[10]. Trong phuong phap do,
chung ta phai ghi nhan sy thay
d6i cudng d6 twong d6i cla cac
chum bom va chum do. Tuy
nhién, mot trong sé nhiing
phuong phap nay khong cho
phép xac dinh diu cua hiéu tng
phi tuyén, d6 ciing chinh 13
nhuge diém cua cac ky thuat
single-shot & trén.

Trong bai bao nay, chung toi
dé xuat phuong phip méi dé
phan tich cac tham sé quang
phi tuyén ding single shot.
Phuong phap nay dua trén viéc
phén tich hinh dang khéng gian
ciia chum laser sau khi truyén
qua mau nghiéng, duoc dit &
mat phang tiéu cua thau kinh
hinh tru. Viéc sit dung mau
nghiéng cho phép céc phan
khac nhau cua mau duoc chiéu
xa dong thoi ¢ cac khoang céch
khac nhau tir thau kinh hoi tu,
do d6 cho phép dtr liéu dang Z-
scan duoc ghi nhan trong
single shot dwa trén bién ddi
cuong do trong truc z tuan theo
su dao dong pha dich theo truc
Y cua mau. Carbon disulfide
(CS2) dugc st dung dé danh




used to validate our approach in
the case of media demonstrating
nonlinear refraction and
absorption. Other material used
was a platinum nanoparticle
suspension demonstrating
saturated absorption, to show
that our approach can be use for
different  nonlinear  optical
processes. We compare the
results obtained in this scheme
with  those obtained using
conventional Z-scans. A
theoretical description of the
observed variations of laser
beam shape in the case of
cylindrical focusing is presented.
The  proposed method s
advantageous since it imposes
lower stress in the cases of
fragile materials (e.g. biological
objects, various suspensions). It
also needs no displacement of
the medium under investigation,
unlike the case of the standard Z-
scan technique. Another
advantage is that it is no longer
necessary to carry out averaged
measurements using multiple
laser shots.

gia phuong phéap tiép can cia
chung t6i trong trueong hop moi
truong co tan sac phi tuyén va
hiap thu phi tuyén. Vat liéu
khac duoc st dung 1a huyén
phu hat nano bach kim cé hiéu
rng hap thu bio hoa, dé chung
t6 ring phuong phép cua ching
t6i c6 thé dung cho cac qué
trinh quang phi tuyén khéc
nhau. Chung tdi so sanh cac két
qua thu dugc bang phuong
phap nay vai cac két qua cua
phuong phap z-scan truyén
théng. Chang tdi trinh bay md
ta ly thuyét vé cac dao dong
hinh dang cua chum laser trong
treong hop hoi tu hinh tru.
Phuong phéap dé xuat c6 nhiéu
vu diém bai vi nd khéng gay
ap luc cho cac vat liéu mong
manh (vi du nhu céc dbi tuong
sinh hoc, cac huyén phu khéc
nhau). Chung ta cling khong
can phai dich chuyén méi
trrong dang nghién ctu, khéng
gidng nhu k¥ thuat Z-scan tiéu
chuan. Uu diém khéc 1a khéng
can thyc hién cic phép do
trung binh ding nhiéu anh
laser.




