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Modification to the z-scan technique
by widths measurements.

Abstract- In this work we developed
an automated system z-scan, which
unlike the traditional technique,
instead of measuring power, we
measure change of Gaussian beam
widths caused by the nonlinear
sample, with the finality of improving
the sensitivity and increasing the
signal to noise ratio.

biéu chinh ky thuat Z-scan bang cach
do do rong (kich thudc chum)

T6ém tit-Trong cong trinh nay, chang
toi xay dung mot ky thuat Z-scan tu
dong nhung khong giéng vai ky thuat
Z-scan truyén thong, thay vi do cong
Suat, chiing t6i do sy thay d6i do rong
chim cta mau phi tuyén nham cai
thién do nhay va ting ty sb tin hiéu
nhiéu,
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1. Introduction.

The z-scan technique is a popular
method for measuring  optical
nonlinearities, particularly the
absorption and nonlinear refractive
coefficients [1]. It has been employed
to measure nonlinear optical properties
of semiconductors, dielectrics, organic
molecules and liquid crystals. In this
technique, the sample to characterize
Is moved along the optical axis (z
direction) of a focused Gaussian laser
beam, Figure 1. The high optical field
intensity in the region of the focal
plane induces in the sample a behavior
lenslike with variable focal length [2].
A detailed study of z-scan not only
provides information on the nonlinear
properties of a material, also provides
important  information  for  the
optimization of optical power limiting,
so that material can be used as a filter
or attenuator in relation to its
geometry, position and optimal
thickness of the sample.

Figure 1. Experimental setup of the Z-
scan technique: Lens (L), Sample (S),
Pin hole (PH) and photodetector (PD)

An element characterized by this
technique exhibits a nonlinearity in
particular in its refractive index, the
curve usually exhibits a behavior as
shown in Figure 2. A maximum
transmittance  prefocal (a peak)
followed by a minimum of
transmittance posfocal (a valley),
indicates that the sample has a
negative nonlinear refractive index,
while an opposite configuration
(valley-peak) indicates that the sample
has a positive nonlinear refractive
index. This is a very useful feature of

1.Gidi thiéu

Z-scan la mgt phuong phap pho bién
dé danh gia muc do phi tuyen quang
hoc, dic biét 1a hé sd hap thu phi
tuyén va chiét suat phi tuyén [1]. K§
thuat nay da duoc st dung dé do tinh
chat phi tuyén quang hoc cua cac chit
ban dan, chit cach dién, cac phan tu
hitu co va tinh thé long. Trong k¥
thuat nay, mau can nghién ctu duoc
di chuyén doc theo truc quang hoc
(huéng z) cua chum Gauss diéu tiéu,
Hinh 1. Cuong do truong quang hoc
cao trong ving mat phang tiéu 1am
cho mau doéng vai tro nhu mot thau
kinh c6 tiéu cyuc thay doi [2]. K¥ thuat
Z-scan khdng chi cung cap théng tin
vé tinh chat phi tuyén cua vat liéu, ma
con cung cap thong tin dé toi wu hoa
gi¢i han cong suat quang hoc, vi thé
vat liéu cd thé dugc dung nhu mé bo
loc hoac bo suy hao tng véi hinh
dang, vi tri va d6 day quang hoc cua
mau.

Hinh 1. B6 tri thi nghiém k§ thuat Z-
scan: Thau kinh (L), Mau (S), khe
(PH) va photodetector (PD)

Mot chat duoc xac dinh bang k¥ thuat
nay thé hién tinh chat phi tuyén dic
biét 1a chiét suat cia né, dudng cong
thuong c6 dang nhu Hinh 2. Cuc dal
truyén qua trudc diém hoi tu (peak)
tiép theo la cyc tiéu truyén qua sau
diém hoi tu (thung liing), cho thiy
mau c6 chiét suat phi tuyén am, trong
khi d6 cau hinh nguoc lai (thung
ling-peak) chung t6 miu c6 chiét
suat phi tuyén duong. Pay 1a mot dac
tinh rat c6 ich cua ky thuat Z-scan vi
diu cua chiét suat phi tuyén co thé
suy ra truc tiép tir duong cong.




the z-scan technique, because the sign
of the non-linearity is directly
extracted from the curve.

Figure 2. Characteristics curves of z-
scan. Positive refractive index (dotted
line), negative refractive index (solid
line).

A beam is called Gaussian if has a
transverse distribution of intensity
with this functional form. The width
W(z) is the distance of the points on
the horizontal axis where the
amplitude of intensity falls 1/e2 of its
maximum value, this value grows with
respect to the propagation distance (z
axis). A lens placed in the trajectory of
a Gaussian beam tends to cause
changes in the beam, in particular its
width W (z), as it is considered that
the sample acts as lens with variable
focal length, then we expect changes
in the beam dependent on the sample
position. Taking the normalized
transmittance as the ratio of the no
linear intensity (INL) and the linear
intensity (IL) we find a relationship
between the linear width (width
occurred without the sample) and the
no linear width (the width caused by
the sample) therefore the transmittance
measurement and the beam widths are
related by the following equation:

1)

Where WL is the linear width and
WNL is the no linear width. Equation
(1) is valid only if the following
conditions are met: thin sample,
detection along axis and far field The
Z-scan techniqgue has undergone
several modifications aimed to
improved sensitivity, one of this
techniques is called z -scan eclipsed
[3], this technique instead of using an
opening on the detector is replaced

Hinh 2.Buong cong Z-scan dac trung.
Chiét Suat dwong (duong nét dut),
chiét suat 4m duong lién nét).

Mét chum dugc goi 1a Gauss nét nd
c6 phan bd cuong do theo phuong
ngang thuoc dang ham nay. Bo rong
W(z) 1a khoang cach cua cac diém
trén truc ngang noi cuong do giam
1/e2 so véi gia tri cuc dai cua no, gia
tri nay tang theo khoang cach lan
truyén (truc z). Mot thau kinh niam
doc theo hudng truyén cua chum
Gauss gay ra su thay doi chim, cu thé
1a d6 rong W(z), vi mau déng vai tro
nhu mét thau kinh véi tiéu cu bién
d6i, thé thi ching ta du doan su thay
d6i chim phu thudc vao vi tri mau.
Chuan hoa hé sb truyén qua bang
cach chia cuong do phi tuyén (INL)
cho cuong do tuyén tinh (IL), chung
ta ¢ thé tim dugc mdi quan hé giita
d6 rong tuyén tinh (46 rong khi
khéng c6 mau) va do rong phi tuyén
(d6 rong khi c6 mau), do d6 phép do
truyén qua va do6 rong cham lién hé
V&1 nhau qua phuong trinh:

(1)

Trong d6 WL 1a do rong tuyén tinh va
WN 1a d6 rong phi tuyén. Phuong
trinh (1) chi c6 thé &p dung trong
nhitng diéu kién sau: mau mong, phép
do tién hanh doc theo truc va truong
xa. Ky thuat Z-scan da duoc diéu
chinh dé ting do nhay, mot trong
nhitng ky thuat nay la Z-scan ellip
hoa [3], khe trén detector dugc thay
thé bang mot dia den chin gan nhu
toan bo chum, chi ¢&& mot vanh sang




with a dark disk that blocks most of
the beam, leaving only a ring of light
(like an eclipse), using compensation
methods in this technique results in a
sensitivity ~ 13 times the conventional
arrangement. A variation of this
technique IS called thermal
management eclipsed [4] which has a
sensitivity even higher than the above
using relatively low intensities. There
Is also have the modification with two
lasers [5], where the changes in the
absorption and refractive index
induced Dby a strong excitation
pumping are measured relative to a
weak pump beam. The z-scan
technique with white light [6] is used
to measure the nonlinear absorption
spectrum, using a white light source
continues, this modification is faster
because the wavelength multiplexed
introduced by the use of a source
broadband, the differential z- scan
technique can also be found in this
category [7]. There are also
modifications with respect to how they
manipulate measurement data
[8].Another of these improved
techniques is that proposed by G.
Tsigaridas [9] where  directly
measured changes in the width of the
beam However, each of these
techniques are complex or require
equipment that is not readily available.
In this work is developed a simple and
inexpensive technique to measure
changes in width of a Gaussian beam
produced by the sample using a
mechanical shutter (Chopper), a series
of electronic circuits and software
manipulation.

2. Description of technique for
measuring widths.

To measure the width of a Gaussian

(giong nhu ellip) di qua, dung cac
phuong phap bu trong k¥ thuat nay da
ting d6 nhay I1&n ~ 13 lan so véi
phuong phap truyén thong. Mat hiéu
chinh cua ky thuat Z-scan c6 tén la
kiém soat nhiét ellip hoa [4] c6 do
nhay cao on ca ky thuat & trén dung
cuong do twong dbi thap. Ngoai ra
con c6 nhitng phuong phap hiéu
chinh st dung hai laser [5], trong do
su thay doi hé sé hap thu va chiét suat
phi tuyén do chum bom kich thich
manh duoc do dbi véi chum do yéu.
Ky thuat Z-scan anh sang trang [6]
cling dugc dung de do phd hap thu
phi tuyén dung ngudn anh sang trang,
ky thuat nay nhanh hon vi ching ta
ghép budc song bang ngudn sang dai
phd rong, ky thuat Z-scan vi phan
ciing thuoc loai nay [7]. Con co
nhitng k¥ thuat 1ién quan dén viéc cai
tién phuong phap xu ly dit liéu do [8].
Mot ky thuat khac do G. Tsigaridas
[9] d& xuat do truc tiép sy thay doi do
rong chum. Tuy nhién, nhing k¥
thuat nay phtc tap va can nhitng dung
cu chuyén dung. Trong cbng trinh
nay, ching toi xay dung mot ky thuat
don gian va ré tién dé do su thay doi
d6 rong chum Gauss bang shutter co
hoc (Chopper), mot loat mach dién tur
va tham tac phan mém.

2.M0 ta ky thuat do do rong

C6 mot s6 phuong phap khac nhau dé




beam are various techniques such as
the knife technique [10], the method
of Gupta [11], the method of ribbons
[12] among others. In this work the
measurement of the width s
performed by a rotating slotted disk
(chopper) [13] located at the position
where you want to measure. In the
position in which you want to measure
the width of the beam is placed the
chopper rotating at constant frequency
). Consider a Gaussian beam initially
blocked by the chopper, propagating
in the z axis unto a detector. When the
chopper rotates the beam begins to
pass freely through one of the slots in
the chopper, then will be a change in
detector response (change of power
become voltage) from minimum to
maximum, it remains at that value
until the next disk blade begins to
obstruct the beam and then advise a
change of maximum to minimum
staying at least until the beam begins
to appear again for another slot; the
process is repeated indefinitely thus
generating a periodic signal with
frequency equal to the chopper , the
waveform shown in Figure 3.

Figure 3. Periodic signal generated by
the detector

It is important to note that the beam
width information is on the rise and
fall of the pulse produced, due to the
disk scans in a similar way to the knife
edge technique such beam therefore
the power recording by the
photodetector is integrated, as shown
in Figure 4. Therefore, to obtain the
intensity distribution is necessary to
derive this signal; however, if we are
only interested in to measure the width

do do rong cua chum Gauss chang
han nhu ky thuat dao [10], phuong
phap Gupta [11], phuong phéap dai
bang [12] cung nhitng phuong phap
khéc. Trong cbng trinh nay, chang toi
do kich thudc bang dia c6 ranh quay
(chopper) [13] dat tai vi tri can do. O
vi tri ching ta can do do rong chfm
duoc dat mot chopper quay vai tan sb
khong d6i...Gia st ban dau chim
Gauss bi chan boi mot chopper,
truyén theo hudng z dén detector. Khi
chopper quay, chum di qua ty do mot
trong cac khe trong chopper, thé thi
s& dan dén su thay doi trong dap ung
cta detector (su thay dbi cong suat
chuyén thanh dién ap) tr cuc tiéu dén
cuc dai. NO van gilt nguyén gia tri do
cho dén khi ludi dia tiép theo bat dau
chin chum va sau d6 su thay doi tur
cuc dai sang cuc tiéu giir nguyén it
nhit cho dén khi cham xuat hién lai
d6i v6i mot khe khéc, quy trinh nay
dugc 1ap lai vO han cho dén khi tao
duoc tin hiéu tudn hoan véGi tan sb
bang tan sé chopper, dang séng duoc
biéu dién trong Hinh 3.

Hinh 3. Tin hiéu tudn hoan do
detector tao ra.

Dleu quan trong can luu y 1a thong tin
vé do rong chim cé thé suy ra tir su
tang hoac giam cua xung dugc tao ra,
do su quét dia twong tu nhu k¥ thuat
mép dao, do d6 cong suat ghi nhan
boi photodetector dugc lay tich phan,
nhu biéu dién trong Hinh 4. Do d6, dé
thu duoc phan bé cuong do can thiét
dé rat ra tin hiéu nay, tuy nhién néu
ching ta chi quan tim dén viéc do do
rong chum thi khong can phai thuc




of the beam is not necessary to
perform this operation because this
information can be measured directly.
There are several criteria to measure
the width of a Gaussian beam which
will be referred as W (z) in this paper
we use the criterion in which the
normalized intensity decays 1 /e 2. In
a beam of Gaussian profile this will
happen twice, thus establishing the
width W (z) as the difference in
position of the two corresponding

power values (Vthl and Vth2
indicated with dashed lines in Figure
4),

Thus, to calculate the value of W (2)
through a data acquisition card, a
computer, the time (At) time it takes
for the signal change of Vthl to Vth2
is measured and put into the following
equation [9 ]

W =ktan (2)

Where k is the distance between the
center of rotation of the chopper to the
center of the beam, f the rotation
frequency and n the number of
chopper blades.

hién phép toan nay badi vi thdng tin
nay c6 thé do truc tiép duoc. C6 mot
vai tiéu chi dé do do rong cua chum
Gauss, dai lugng ma chung ta goi la
W(z) tong bai bao nao, chdng ta dung
tiéu chi trong d6 cudng do chuan hoa
giam 1 /e 2. Trong mot chum cé bién
dang Gauss, diéu nay xay ra hai lan,
do @6 cho do rong W (2) la su khac
biét vi tri cua hai gia tri céng suat
tuong ung (Vthl va Vth2 duogc biéu
dién bang cac duong nét dut trong
Hinh 4).

Vi thé, dé tinh gia tri cua W(z) nho
card tiép nhan dit liéu, may tinh, thoi
gian (At) dé tin hiéu thay d6i tir Vthl
dén Vth2 va dua vao phuong trinh
sau [9]

Trong do k 1a khoang cach gitra tam
quay cua chopper den tam chum, f la
tan so quay va n la so ludi chopper.




