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TOM TAT

Ching tdi sir dung hé Laser Beam Profiler ché tgo tir CMOS ciia Web-camera va mang gidi
han quang nhw thanh phan ghi nhan dir liéu trong hé Z-scan dé do chiét sudt phi tuyén va hé so
hap thu phi tuyén cia mau dung dich hitu co Aniline Blue. Két qua do dac thuc nghiém bang thiét
bi ciia chling toi hoan toan phu hop véi két qua do dac bang thiét bj tiéu chuan cia Newport LBP1-
USB.

Tir khéa: hiéu tng quang phi tuyén bac 111, tan sic phi tuyén, hap thu phi tuyén, phuong
phap Z-scan.
ABSTRACT

Z-scan system using web camera based Laser Beam Profiler
for measuring third order nonlinear optical parameters in organic material

We use the laser beam profiler made of web-cam and optical limitting thinfilm as a data
recorder in Z-scan system to measure the nonlinear refractive index and nonlinear absorption
coefficient in the Aniline Blue solution sample. Experimental results totally agree with those
measured by laser beam profiler LBP1-Newport.

Keywords: third order nonlinear optics effect, nonlinear refraction, nonlinear absorption, Z-
scan method.

1. Mé dau

Ki thuat Z-scan la mot phuong phap don gian va hiéu qua dé xac dinh ca déu va do
I6n cua chiét suat phi tuyén n, va hé sé hip thu phi tuyén . Ki thuat nay do Sheik- Bahae
VA CAC cong su dé xuat lan dau tién vao nim 1989 xac dinh cac tham sb phi tuyén n, va g
thong qua phép do Z-scan khe dong va Z-scan khe mo [1, 2]. Trong phép do Z-scan khe
dong, chung ta do hé sb truyén qua mau sau mot khe khi dich chuyén mau quanh c6 chim.
Trong phép do Z-scan khe ma, khe duoc loai bo, ching ta do hé sb truyén qua mau khi
dich chuyén mau quanh ¢4 chum. Phuong phap nay c6 thé goi 1a Z-scan truyén qua. Sau
d6, c6 nhiéu phién ban cai tién dugc phat trién dé ting cudong do nhay va ti s6 tin hiéu
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nhidu. Theo T.Godin [3], nhitng phién ban Z-scan ting cudng nay cd thé chia lam 4 loai:
Thay di loai cham t6i [4,5], t6i wu hoa i thuyét [6], thay ddi co ché phat hién [3,7-10], va
thay d6i toan bo bé tri thi nghiém [11-14].

Vé thay d6i co ché phat hién, thay vi dung detector dé ghi nhan cudong do laser,
T.Godin va cac cong su da dung detector nhay vi tri dé ghi nhan su thay dbi trong tam
chim [3], va sau d6 tinh toan cac tham sé phi tuyén tir hé thic biéu dién méi quan h¢ giira
vi tri trong tm chiim va cac tham s6 phi tuyén dugc xay dung trude d6. Mot s6 nghién cau
khéc lai xac dinh cac tham s6 phi tuyén thong qua viéc st dung CCD camera dé do do méo
toan bo chum [8], do bién dang cuong d6 D4o dé suy ra do bién thién ¢ chum tuong doi
sau h¢ 4f[9], va do do bién thién ban kinh chum & trudng xa [10]. Chlng ta s& goi ki thuat
cudi cuing 1a ki thuat Z-scan ban kinh chim. Ki thuét Z-scan ban kinh chim c6 wu diém la
khong nhay véi su bét 6n dinh huéng cham, giam duoc anh huéng cua sy dao dong cuong
d6 dau vao... Thiét bi quan trong nhit trong hé Z-scan ban kinh chim 1a Laser Beam
Profiler. Tuy nhién, thiét bi Laser Beam Profiler trén thij trudng hién nay rat dit tién; do do,
trong cong trinh trudc day, chung toi da ché tao mot thiét bi c6 chirc ning twong duong véi
vu diém 14 ré tién va co do chinh xac tuong d6i cao. Trong cdng trinh nay, chlng toi si
dung thiét bi nay dé do Z-scan béan kinh cham trong dung dich Aniline Blue va théng qua
d6 danh gia thém hiéu qua hoat dong cua thiét bi.

2. Thuc nghiém
2.1. Vat ligu va quy trinh d@iéu ché dung dich

Nghién cau nay str dung vat liéu hitu co Aniline Blue dang bot cua Cong ti Himedia,
An Do. Bé pha dung dich Aniline Blue nong do 0,4 mM, dau tién ching tdi cho 0,01475g
(2.10° mol) bot Aniline Blue vao lo. Sau d6 cho tir tir 50ml dung dich Methanol vao lo.
Dit 18n may khudy tir va cho khudy tir khong gia nhiét khoang 10 phat. Twong tu, cho
0,02210g vao dung dich dé thu dwoc néng d6 0,6 mM.

2.2. Phé truyén qua

Pho truyén qua caa dung dich Aniline Blue & c4c nong do khac nhau duoc do bang
may quang phd UV-VIS HALO RB-10 tai Phong Thi nghiém - Bo mén Vat Ii Ung dung —
Truong Pai hoc Khoa hoc - PHQG TPHCM. Két qua do duogc biéu dién trong Hinh 1.
Viéc do phd truyén qua caa mau c6 hai muc dich: Xac dinh co ché phi tuyén va hang sé
hap thy a-mot dai luong trung gian dé tinh chiéu dai hiéu dung Lesr. Ta thay viing phd hap
thu cuc dai tir 590 dén 610 nm phl hop véi két qua do ciia nha san xuit. Ving pho nay
cling chira buéc song dang nghién ctiru 532 nm. L, s, tng véi cac nong d6 0,4 mM va 0,6
mM lan lugt 13 0,467 mm va 0,460 mm.
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Hinh 1. Phé truyén qua cua dung dich Aniline Blue ¢ cac nong dé 0,4 mM va 0,8 mM

2.3. Két qud do Z-scan ban kinh chim

Trong qué trinh do, ching ta s& di chuyén mau vat liéu phi tuyén quanh c6 chim va
do ban kinh chum tai mét vi tri ¢d dinh cach xa mau. Dit liéu ghi nhan dugc 1a do bién
thién ctia ban kinh chum theo toa d6 z goi la duong cong R(z). Pudng cong R(z) do dugc
thé hién tac dong tong hop cua ca hidu tmg tan sic phi tuyén va hip thu phi tuyén. Nhu
chiing ta d4 biét, dudong cong R(z) tmg voi hiéu tng tan sic phi tuyén thuan tay s& dbi
xirng qua goc toa d6. Dudi tac dong ciia hdp thu phi tuyén, duong cong R(z) khong con ddi
xirng nita. Dya trén tinh chat ndy, chling toi xay dung dudng cong hap thu phi tuyén bang
chwong trinh Matlab [15]. Tir d6 tinh hé s6 hap thy phi tuyén qua cong thic:

_23/2p7

olerys (1)

Trong d6, AT 4 tri tuyét ddi ctia hiéu giita hé s6 truyén qua cuc dai (cuc tiéu) va 1, I,
1a cuong do tai ¢b chum, Lesr la chiéu dai hiéu dung.

Dé loai trr anh hudng cia hip thu phi tuyén, chung ta cin nhan dudng cong R(2)
thuc nghiém v6i duong cong hap thu phi tuyén va thu duge duong cong tan sic phi tuyén
thuan tay. Pai luong dic trung cho hiéu ung tan sic phi tuyén thuan tay 1a chiét suét phi
tuyén va duoc tinh bang cong thirc:

AR,y
= m )

Dé kich thich mau, ching tdi ding cac ngudn laser ban dan mode Gauss budc séng
532 nm hoat dong & ché do lién tuc. Chum laser dugc hoi tu bang thau kinh hoi ty tiéu cy
50 mm nham ting cuong d6 chiéu vao mau. Ban kinh, khoang Rayleigh, va cudng do tai
cd chum cua laser ban dan la 18,4 um, 2 mm, cudong d6 I = 13,1 W/mm?. B6 tri thi
nghiém duoc trinh bay trong Hinh 2. Trong thi nghiém nay, chdng ta s& di chuyén mau
quanh ¢6 chum va do ban kinh chim tai mot vi tri ¢ dinh sau mau bang Laser Beam
Profiler.

n;
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Chum Théu <

laser kinh Mau =

Laser Beam
profiler

B4n kinh chuin hoa

Dang d6 thi ghi nhan duoc

Hinh 2. B¢ tri thi nghiém Z-scan ban kinh cham
Hinh 3 va 4 lan luot biéu didn két qua do dudng cong Z-scan béan kinh chim bang hé
Laser Beam Profiler do chiing t6i ché tao va hé tiéu chuan LBP1-USB cua Newport ¢ ting
nong do.
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Hinh 3. Két qua do dwong cong Z-scan ban kinh chiim bang hé Laser Beam Profiler
ty thiét ké va hé tiéu chudn trén chat Aniline Blue ¢ nong dé 0,4 mM
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Hinh 4. Két qud do duong cong Z-scan ban kinh chim bang hé Laser Beam Profiler
tir thiét ké va hé tiéu chuan trén chat Aniline Blue ¢ nong d6 0,6 mM

Quan sat sy bién thién cua duong cong R(z), chling ta thay ban kinh chum ban dau
hau nhu khong ddi, sau d6 di qua cuc tiéu va cuc dai rdi tré vé gié tri ban dau, chung to
day 1a vat liéu c6 chiét suat phi tuyén am. Mot dic tinh thuong thay & cac vat liéu hitu co.
O ndng d6 0,4 mM, dudng cong R(z) do bang thiét bi tu thiét ké gan triing véi duong cong
R(z) do bang thiét bi chuan. Tuy nhién, & ndng dé 0,6 mM, cac diém thuc nghiém tach roi
nhau béi vi khi ndng d6 cao, hiéu tng phan ki manh, thiét bi tu ché véi chip camera nho
chua thé thu hét duoc toan bo cham.

Trong phép do Z-scan ban kinh chum, dai lwgng duy nhat can do 13 ban kinh cham
laser. Do d6, phuong phap nay ciing gop phan han ché sai s. Va sai s6 (néu c6) la sai s6
caa dung cu do khoang 5%.

Str dung phuong phap sé trong [15], ching ta c6 thé tinh dwgc chiét suét phi tuyén va
hé s6 hap thu phi tuyén (ng véi cac duong cong Z-scan trong Hinh 3 va 4 sau d6 so sanh
véi két qua do bang thiét bj tiéu chuan. Két qua duogc tong két trong Bang 1 dudi day.

Bdng 1. So sanh chiét suat phi tuyén
va hé s6 hap thu phi tuyén do bang LBP ti ché tgo va LBP tiéu chudn

A o Nz Nz B x 2
N d < N : < LBP tiéu chuan
ong €0 (LBP twché tao)  (LBP tiéu chuan)  (LBP tuché tao) B an)
0,4 mM —0,78 x 107° —-1,93x107° 1,8x 1072 7,12 x 1072
0,6 mM —1x1073 —3,69 % 1073 3,3x 1072 8,21 x 1072
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Qua Bang 1 ching ta thay, cac tham s6 phi tuyén ting theo ndng do phil hop véi cac
cong trinh nghién ctru trudc day. Aninline Blue 14 chat ¢ chiét suat phi tuyén &m va co
hiéu tmg hap thu phi tuyén manh. Dac thi cua phép do Z-scan 1a két qua do phu thudc rat
nhiéu vao diéu kién thi nghiém chiang han nhu ché d6 hoat dong cua laser (lién tuc hoic
xung), 6 rong xung laser, ban kinh c6 chum, budc song, d6 nhay cua dung cu... Vi thiét
bi c6 d6 nhay thip nhu CMOS camera trong Web-camera va laser ban dan cong suit dao
dong manh, ching t6i d4 thu duoc két qua chénh léch chua qua mot bac do 16n so voi két
qua do bang thiét bi tiéu chuan [16].

3. Kétluan

Str dung Laser Beam Profiler lap réap tr CMOS camera trong web-camera va mang
giéi han quang, ching tdi tién hanh do dac cac duong cong Z-scan béan kinh chim trong
dung dich Aniline Blue & hai néng 6 0,4 mM va 0,6 mM. Sau d6, chung toi rit ra cac
tham s6 quang phi tuyén bac 111 tir nhitng duong cong nay va so sanh voi két qua do bang
thiét bi tiéu chuan. Qua do, chung t6i thdy ¢ sy phi hop rat tt giira két qua do cua hai
loai thiét bi.

. Tuyén b6 vé quyén loi: CAc tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

TAI LIEU THAM KHAO

[1] M.Sheik-Bahae, A.A.Said, and E.W.Van Stryland, “High-sensitiviti, single-beam n;
measurements,” Opt Lett, 14, 17, 955-957, 1989.

[2] P.B.Chapple, J.Staromlynska, J.A.Hermann, T.J.Mckay, R.G.Mcduff, “Single-Beam Z-Scan:
Measurement Techniques and Analysis™, J Nonlinear Optic Phys Mat, 6, 3, 251-293, 1997.

[3] T.Godin, M.Fromager, E.Cagniot, R.Moncorgé, K.Ait-Ameur, “Baryscan: a sensitive and
user-friendly alternative to Z scan for weak nonlinearities measurements,” Opt Lett, 36, 8,
1401-1403, 2011.

[4] W.Zhao, P.PalffyMuhoray, “Z-scan technique using tophat beams,” Appl Phys Lett, 63, 12,
1613-1615, 1993.

[5] S.Hughes and J.M.Burzler, “Theory of Z-scan measurements using Gaussian-Bessel beams,”
Phys Rev A, 56, 2, R1103, 1997.

[6] R.E.Bridges, G.L.Fisher, and R.W.Boyd, “Z-scan measurement technique for non-Gaussian
beams and arbitrary sample thicknesses,” Opt Lett, 20, 17,1821-1823, 1995.

[71 T.Xia, M.Sheik-Bahae, A.A.Said, D.J.Hagan, “Z-scan and EZ-scan measurements of optical
nonlinearities,” J Nonlinear Optic Phys Mat, 3, 4, 489-500, 1994.

[8] A.O.Marcano, H.Maillotte, D.Gindre, and D.Métin, “Picosecond nonlinear refraction
measurement in single-beam open Z scan by charge-coupled device image processing,” Opt
Lett, 21, 2, 101-103, 1996.

27



TAP CHi KHOA HOC - Trwdng DHSP TPHCM Tdp 14,58 12 (2017): 22-28

[9]

[10]
[11]
[12]
[13]

[14]

[15]

[16]

G.Boudebs, V.Besse, C.Cassagne, H.Leblond, and F.Sanchez, “Why optical nonlinear
characterization using imaging technique is a better choice?,” In: Transparent Optical
Networks (ICTON). 2013, 15th International Conference on. IEEE: 1-4, 2013.

G.Tsigaridas, M.Fakis, I.Polyzos, P.Persephonis and V.Giannetas, “Z-scan technique
through beam radius measurements,” Appl Phys B, 76, 1, 83-86, 2003.

G.Boudebs and S.Cherukulappurath, “Nonlinear optical measurements using a 4 f coherent
imaging system with phase objects,” Phys Rev A, 69, 5, 053813, 2004.

D.V.Petrov, A.S.L.Gomes, C.B.De Araujo, “Reflection Z-scan technique for measurements
of optical properties of surfaces,” Appl Phys Lett, 65, 9, 1067-1069, 1994.

H.Ma, C.B.De Araujo, “Two color Z-scan technique with enhanced sensitivity”, Appl Phys
Lett, 66, 13, 1581-1583, 1995.

A.A.Andrade, E.Tenorio, T.Catunda, M.L.Baesso,  A.Cassanho, H.P.Jenssen,
“Discrimination between electronic and thermal contributions to the nonlinear refractive
index of SrAIF 5: Cr+ 3,” J Opt Soc Am B, 16, 3, 395-400, 1999.

L.T.Nguyen, N.T.Hong, C.T.B.Thi, A.Q.Le, “The numerical methods for analyzing the Z-
scan data,” Journal of Nonlinear Optical Physics & Materials, 23, 2, 1450020, 2014.

Eric W Van Stryland, Mansoor Sheik-Bahae, “Z-scan measurements of optical
nonlinearities. Characterization techniques and tabulations for organic nonlinear materials,”
18, 3, 655-692, 1998.

28



