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Z-scan technique through beam
dimensions measurements
ABSTRACT

In the present work a modification of
the well-known z - scan technique is
presented. It is based on the direct
measurement of the beam dimensions
in the far field rather than the
transmittance of the irradiance
through an aperture. More
specifically, the quantity measured in

Ky thuat Z-scan do kich thudc
chum

TOM TAT

Trong cong trinh nay, ching toi
trinh bay mot bién thé cua ky thuat
Z-scan ndi tiéng. O day ching t6i s&
do tryc tiép kich thugc chum trong
thuong xa thay vi do do truyén qua
ctia buc xa qua mot khe hep. Cu thé
hon, dai lugng dugc do trong truong
hop chum téi la chum Gauss tron la
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the case of a circular Gaussian
incident beam is the beam radius in
the far field, while in the more
general case of an elliptic Gaussian
beam the measured quantities are the
lengths of the principal semiaxes of
the beam. It is worth emphasizing
that the latter case is more interesting
In practice since even a very small
misalignment of the resonator of an
actual laser system can easily induce
astigmatism to the beam. The
measurements ~ were  performed
through a CCD camera in connection
with a laser beam profiler. The
advantages of the  proposed
modification compared to the classic
z- scan technique are the elimination
of the sensitivity in beam pointing
instability as well as the drastic
reduction of the sensitivity in energy
fluctuations. Furthermore, the
application of the standard z-scan
technique in the case of an elliptic
Gaussian incident beam is extremely
difficult. The technique has been
tested using the standard nonlinear
optical material CS2 as a sample.

1. INTRODUCTION AND
THEORETICAL ASPECTS

The z-scan has been used to date as a
simple and accurate technique for
measuring optical nonlinearities [1-
3], However, the choice of the
normalized transmittance [1-3], as the
measured quantity, implies several
disadvantages [3], such as high
sensitivity ~ to beam energy
fluctuations and pointing instability,
as well as difficulties in the extension
of the technique to more general input
beam profiles (for example, an
elliptic Gaussian beam). In this
presentation ~we introduce the

ban kinh chum trong truong Xa,
trong khi d6i voi truong hop tong
quat cua chum Gauss ellip, nhirng
dai lugng do duoc la chiéu dai cua
cac ban tryc chinh ctia chum. Luu y
rang truong hop sau 1y tht hon boi
vi chi cAn mét sy diéu chinh sai léch
rat nho trong budn cong huang laser
cling c6 thé dé dang lam cho chum
mat doi xung. Cac phép do duoc
thuc hién théng qua camera CCD
két ndi voi bd xac dinh tham sb
chum. Uu diém cua bién thé dé xuat
S0 Vi ki thuat z-scan co dién 14 han
ché d6 nhay véi sy bat 6n dinh
huéng chum ciing nhu gidam déng
ké d6 nhay véi sy dao dong ning
lugng. Hon ntta, viéc &p dung k¥
thuat Z-scan cho chum Gauss ellip
cuc ky kho khan. Ching td6i danh
gid ky thuat thong qua vat liéu
quang phi tuyén tiéu chuan CS2 nhu
mot vi du.

1.GIOI THIEU VA CAC KHIA
CANH LY THUYET

Hién nay, Z-scan da dugc dung nhu
mot k¥ thuat don gian va chinh xac
dé do cac tham sb phi tuyén quang
hoc [1-3]. Tuy nhién, viéc chon do
hé sé truyén qua chuan héa [1- 3]
nhu mot dai luong do c6 mot sb
nhugce diém [3], chang han nhu rat
nhay vé&i su bién dong ning luong
chim va sy bat 6n hudng chum
cling nhu kho khan trong viéc mo
rong sang cac chum co bién dang
khéc (chang han nhu chum Gauss
elllip). Trong bai bao nay, ching toi
trinh bay viéc do nhitng dai lugng




measuring of more fundamental
guantities, namely the  beam
dimensions (and their variations) in
the far field.

More specifically, for the general
case of an elliptic Gaussian incident
beam, the measured quantities are the
lengths of the principal semiaxes of
the beam (xq, yq). They are defined
as the distances from the beam center
to the points at which the intensity
drops to a certain fraction q of its
peak (x = y = 0) value and are
numerically  calculated by the
relationships

where c is the speed of light in the
vacuum, £() the vacuum permittivity,
I (x,y,D,t;A<p0(zs,t)} the intensity of
the beam at a distance D from the exit
plane of the sample (z = zs), and
E(x,y,D,t,A<p0(zs,tty the
corresponding electric field pattern.
The latter can be analytically
calculated using either diffraction
theory [4-5] or Gaussian
decomposition [2, 6-7], The phase
parameter ApO(zs,t) is the nonlinear
phase shift induced to the beam by
the optical nonlinearities (either
refractive or absorptive) of the
material. For the case of a single first
order refractive nonlinearity, it is
related to the nonlinear refractive
index y by the formula [2]

A<Po (z,, 0 = kAnO (zs, t)Leff = kyl0
(zs, t)Leff (2)

where k is the wavenumber of the
incident beam, An0(zs,t) the on-axis
refractive index change, L eff the
effective length of the sample [2] and
10(zs,t) the on-axis value of the
intensity of the incident beam at the
sample plane. Fitting eq. (1) to the

co ban hon, cu thé 1a kich thuédc
chum (va su bién doi ctaa nd) trong
truong xa.

Cu thé hon, ddi véi trudng hop tong
quat cua chum Gauss ellip, dai
luong dugce do 1a chidu dai cua cac
ban truc chinh caa chum (xqg, yq).
Chung dugc dinh nghia 1a khoang
cach tir tAm chum dén diém cuodng
do giam moét lugng q nao do so voi
gia tri cuc dai cia no (x=y=0) va
duoc tinh toan sé quan hé thac

Trong d6 ¢ 1a toc do anh séng trong
chan khong, ...1a hiang sé dién moi
chan khong, ........ la cudong do cua
chum tai khoang cach D tir mat
phing ra cia miu (z = zs), va
E(x,y,D,t,A<p0(zs,tty 1a truong dién
tuong Ung. Pai luong nay co thé
tinh biang phuwong phap giai tich
théng qua ly thuyét nhiéu xa [4-5]
hoac phép phéan tich Gauss [2, 6-7],
tham sé pha ....1a do dich pha phi
tuyén do chum gay ra xuat phat tur
su phi tuyén quang hoc (tan sic
hodc hap thu) cua vat liéu. Doi voi
truong hop tan sac phi tuyén bac
nhat, n6 lién hé véi chiét suat phi
tuyén qua cong thic [2]

(2)

Trong d6 k 1 s6 s6ng caa chum téi,
....do thay doi chiét suat doc theo
truc, Leff Ia chiéu dai hiéu dung cua
mau [2] va 10(zs,t) 1a cudng d6 doc
theo truc cua chum téi tai mat
phang mau. Khop pt (1) véi cac
phép do Z-scan thuc nghiém chin ta




experimental z-scan measurements
the phase parameter A<pO(zs,t) and
consequently the nonlinear refractive
index y can be calculated. For the
special case of a circular Gaussian
input beam the lengths of the
principal semiaxes are equal and the
analysis is simplified.

2. EXPERIMENT AND
DISCUSSION

Experimentally, the lengths of the
principal semiaxes (xg,yq) can be
measured through a laser beam
analysis system (e.g. a CCD camera
in connection with a laser beam
analyzer). The use of this system
entails several advantages, such as
elimination of the problems due to
beam pointing instability [3] as well
as better supervision of the entire
beam profile during the experiment.
Furthermore, the choice of the beam
radius, defined by eq. (1), as the
measured quantity reduces the
sensitivity in beam energy
fluctuations [8], This occurs because
the beam radius is determined only by
the spatial distribution of the power
(eg. 1) and not by its total amount.

In our case we employed a Spiricon,
Inc. LBA - 300 PC Laser Beam
Analyzer, in connection to a Cohu,
Inc. 4915 RS-170 two - dimensional
CCD camera having 768 x494 pixels
(pixel size 8.4 nm x9.8[im). The
sample used was the standard
nonlinear material CS2 placed in a
cuvette of 1 mm thickness. The laser
employed was a high repetition rate
(82 MHz) femtosecond system
(TSUNAMI - Spectra  Physics)
pumped by a continuous wave (CW)
doubled frequency Nd: YVO04 laser
(MILLENNIA - Spectra Physics).

c6 thé suy ra duoc tham so pha...va
do d6 chiét suat phi tuyén...D6i voi
truong hop dic biét khi chum dau
vao 1a chum Gauss tron, chiéu dai
cac ban truc chinh bang nhau va
phép phan tich dugc don gian hoa.

2 THUC NGHIEM VA THAO
LUAN

Vé mit thuc nghiém, chiéu dai cua
cac ban truc chinh (xq, yq) co thé do
bang hé thong phan tich cham laser
(chiang han nhu camera CCD két ndi
voi bd phén tich chum). Viéc su
dung hé théng nay cd mot sé uu
diém chang han nhu khac phuc
dugc van dé bat 6n dinh hudng
chum [3] cling nhu gidm sat tot hon
toan bo bién dang chum trong subt
qua trinh thuc nghiém. Hon nira,
viéc chon ban kinh chum, duoc dinh
nghia qua pt.(1), nhu mot dai luong
do giam su nhay vai sy bién dong
nang luong [8]. Nguyén nhén la vi
ban kinh chum dugc xac dinh thong
qua phan bd khdng gian cua ning
luong (Pt.1) cha khdng phai téng
lugng nang lugng.

O day chung toi st dung B Phan
Tich Chum Laser Spiricon, Inc.
LBA - 300 PC, két nbi véi CCD
camera hai chiéu Cohu, Inc. 4915
RS-170 c6 768 x494 pixel (kich
thuéc pixel 8.4 nm x9.8[im). Mau
dugc dung 14 vat liéu phi tuyén tiéu
chuan CS2 dyng trong cuvette day 1
mm. Laser dung trong thi nghiém la
hé femto gidy c6 tan sé cao (82
MHz) (TSUNAMI -  Spectra
Physics) dugc bom bang laser Nd:
YV04 nhan d6i tan s6 lién tuc (CW)
(MILLENNIA - Spectra Physics).
Do rong xung la ~ 85 fsec trong khi




The duration of the pulses was ~ 85
fsec while their central wavelength
was at 800 nm . The beam was
focused through a lens of focal length
12.5 cm.

For the case of a circular Gaussian
input beam, the average power of the
laser beam was ~ 770 mW
corresponding to pulse energy of ~
9.4 nJ. The beam radius at the waist
was estimated to be w0 « 55 jxm
leading to a peak value of the on-axis
irradiance at focus 10 » 2.4 GW/cm2.
For the beam radius measurements
the value of g was chosen 0.08, an
optimum one under our experimental
conditions achieving the highest
sensitivity for a given noise level.
The results are shown in fig. 1. For
verifying the validity of the proposed
technique a standard (transmittance z-
scan) has been simultaneously
performed. The transmittance
measurements were made by setting a
soft aperture with linear transmission
S = 0.4 in the software of the beam
profiler. The experimental results are
shown in fig. 2.

budc song trung tdm nam tai 800
nm . Chum dugc hoi tu bang mot
thau kinh c6 tiéu cy 12.5 cm.

DPbi véi truong hop chum Gauss
tron, cdng suat trung binh cua chum
laser la ~ 770 mW tuong tng Véi
nang luong xung ~ 9.4 nJ. Ban kinh
tai c6 chim khoang w0 « 55 jxm
suy ra gia tri cuc dai cia cuong do
doc truc tai diém hoi tu 13 10 » 2.4
GW/cm2. Béi voi cac phép do ban
kinh chum, chdng tdi chon gia tri q
bang 0.08, gi4 tri toi vu trong cac
diéu kién thuc nghiém cua ching toi
dé dat dugc do nhay cao nhat ¢ng
véi mot mac nhidu nhat dinh. Két
qua dugc biéu dién trong h. 1. Pé
danh gia k¥ thuat dé xuat, chung toi
tién hanh song song k§y thuat Z-scan
tiéu chuan (z-scan truyén qua). Céc
phép do truyén qua duoc thuc hién
bang mot khe mém c6 hé sb truyén
qua tuyén tinh S = 0.4 trong phan
mém beam profiler. Cac két qua
thuc nghiém duoc biéu dién trong
H. 2.




