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4f coherent imager system and its
application  to  nonlinear  optical
measurements

We present a powerful but simple
technique based on a 4f coherent imager
system with top-hat beams to char-
acterize nonlinear optical properties. We
describe the theoretical model and the
experimental details of the measurement
for materials having nonlinear refraction
with or without nonlinear absorption. We

Ky thuat ghi anh 4f két hop va tng
dung cuta n6 trong cac phép do
quang phi tuyén

Chdng toi trinh bay mot ky thuat
don gian nhitng hiéu qua dya trén
hé ghi anh 4f két hop véi cac chum
top-hat dé xac dinh cac tinh chat phi
tuyén quang hoc. Ching tdi md ta
mé hinh ly thuyét va cac chi tiét
thuc nghiém cua cac phép do trén
nhitng vat liéu tan sic phi tuyén khi
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show that it is possible to characterize
the nonlinearities by analyzing the
intensity profile of the image after
nonlinear filtering through the material
placed in the Fourier plane of the setup.
We will show that, as in the Z-scan
technique, the use of top-hat beams
instead of Gaussian beams increases the
sensitivity of the measurement. Intensity-
dependent nonlinearities can be studied
by use of this single laser-shot technique.
We validate this nonlinear imaging
technique by measuring the absolute
value of the n2 coefficient for CS2 and
some well- known chalcogenide glasses
(As2S3, As2Se3, GeSe4, and
Gel0As10Se80). Our values are in good
agreement with those obtained by other
techniques.

1. INTRODUCTION
Recently we had investigated,1 both

experimentally and theoretically, the
optical nonlinearities of two
chalcogenide glasses (As2S3 and

As2Se3) by wusing a Mach-Zehnder
technique (MZT).2-4 Experimental data
clearly indicate that the samples used in
our experiment cannot be described with
the usual third-order nonlinear theory. In
fact, the intensity-dependant n 2
coefficient was attributed to the presence
of a real fifth-order nonlinear
susceptibility. The MZT is a powerful
method to obtain one measurement from
a single laser shot. This is absolutely
needed when one is looking for
intensity-dependent n2 measurements.
Another technique, the so-called Z
scan,5 has been previously used to
characterize the third- order response of
chalcogenide glasses.6-9 This

c6 hoac khéng cé hap thu phi tuyen
Chuing toi chang to rang co thé xac
dinh duogc cac dic tinh phi tuyén
théng qua phan tich bién dang
cuong do cua anh sau khi loc phi
tuyén nho vao vat liéu dic ¢ mat
phing Fourier cta hé. Chlng tdi s&
ching to rang ciing nhu trong k¥
thuat Z-scan, dung chum top-hat
thay cho chum Gauss s€ tang do
nhay cua phép do. Su phi tuyén phu
thudc cudng d6 cd thé duoc nghién
cau thong qua ky thuat mot laser.
Chung t61 danh gia ky thuat ghi anh
phi tuyén nay thong qua do gia tri
tuyét doi cua hé s6 n2 ddi vai CS2
va mot sb thuy tinh chalcogenide
phd bién (As2S3, As2Se3, GeSe4,
va Gel0As10Se80). Két qua cua
chdng t6i phu hop tbt véi nhirng két
qua thu dugc tir cac ky thuat khéc.

1.GIOI THIEU

Gan day, chung toi da khao sat vé
mat ly thuyét va thuc nghiém tinh
chat phi tuyén quang hoc cua hai
thay tinh chalcogenide (As2S3 va
As2Se3) biang ky thuat Mach-
Zehnder (MZT).2-4 Dt liéu thuc
nghiém cho thdy rd rang cac mau
dung trong thi nghiém cua ching toi
khong thé dugc mé ta théng qua ly
thuyét phi tuyén bac ba théng
thuong. Thuc sy, hé sé n2 phu
thuoc cuong do la do su hién dién
ctia d6 cam phi tuyén bac nam thyc.
MZT la mét phuong phap hitu hiéu
dé do véi laser xung don. N6 rat can
thiét dé do chiét suat n2 phu thuoc
cuong d6. Mot ky thuat khac, duoc
goi la Z-scan trudc day da duoc
dung dé nghién ciu dap (ng bac ba
cua cac thuy tinh chalcogenide.
Phuong phap don chum nay doi hoi




singlebeam method requires several laser
shots to produce one measured value of
the complex nonlinear index coefficient
n 2. The n 2 results are given for the
mean value of the incident intensity
around the focal plane when one is
scanning the nonlinear material along the
z axis. In-deed, as the sample is brought
closer to focus, the beam irradiance
increases. In the presence of a cubic-
quintic materiall the nonlinear response
will be different at low beam irradiance
(when the sample is far away from the
focus) from that at high beam irradiance
(when the sample is close to the focus).
A one-laser-shot measurement method
should give more convincing results. But
the great inconvenience of the MZT is
the complexity of the optical setup,
especially when one is using unstable
beam output. This is the case of optical
parametric generator lasers required for
these experiments because of their
relatively  high  power in the
telecommunication spectral range. The
poor optical quality of the output beam
gives rise to some practical difficulties
such as the following.

vai xung laser dé tao ra mot gia tri
do cua hé sd chiét suat phi tuyén
phic n2. Két qua n2 duoc dua ra
cho gia tri trung binh cta cuong d6
t6i quang mat phang tiéu khi chdng
ta di chuyén vat liéu phi tuyén doc
theo truc z. Thuc su, khi mau di
chuyén dén cang gan diém hoi ty,
cudng do chiéu vao tang. Khi c6 sy
hién dién cua vat liéu bac ba-bac
niam, dap tng phi tuyén sé khac tai
cudng do buc xa thap (khi mau ra
xa diém hoi tu) so véi & noi cudng
d6 cao (khi mau dén gan diém hoi
tu). Phuong phap do mdt xung cho
két qua thuyét phuc hon. Nhung
nhuoc diém I6n nhat caa MZT 1a b
tri hé do phuc tap, dac biét khi dung
chum dau ra khong doi dinh. Piéu
nay thuong thay trong céc laser tao
dao dong tham sb quang can thiét
cho nhitng thi nghiém nay bai vi
cong suat twong dbi cao cua ching
trong khoang phd truyén thdng.
Chat luong quang hoc cua chim
dau ra lam nay sinh mot sé kho
khin trong thyc té nhu sau.




