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ANH HUONG CUA CUONG PO LASER LEN TIEU CU’
THAU KiNH PHI TUYEN MANG MAU MONG

Bui Xuén Kién®
Tém tit: Trén co sé hiéu iing Kerr, cdc thau kinh phi tuyén tir mang mong cdc
hon hop mau hitu co da dwoc dé xudt. Tiéu cu ciia cdc thau kinh phi tuyén nay da
duoc khao sat voi chum laser Gauss co cuong do khdc nhau. Két qua khao sat duwoc
binh ludn cho viéc ung dung ché tao kim quang hoc diéu khién vi hat theo truc chim
tia trong gioi han micromet voi do phdn gidi cao.

Tir khéa: Ty hoi tu, Thiu kinh phi tuyén, Hdn hop mau huu co, Kim quang hoc.
1. MO PAU

Théu kinh phi tuyén da duoc phat hién va nghién ctru dya trén hiéu tng nhiét
[1, 2], hi€u tng quang am [3] va dac bi¢t hi¢u ing Kerr [4]. Dya vao hi¢u ing nay
ma cac nghién ctru thay doi cau triic chum tia laser [5], x4ac dinh hé sé phi tuyén
béac hai bang phuong phap Z-scan [6], diéu khién vi hat trong kim quang hoc phi
tuyen da duogc trién khai [4] va thu dugc cac thanh cong Vi cac vat liéu Kerr co
dién dang khi, long thi hé sé phi tuyén bac hai rat thap, ny ~3.10™"® cm*W [7], do
d6, hiéu tng phi tuyén rat yéu nén viéc tmg dung vao thuc té rat kho khan vi phai
dung laser c6 cuong do cao. Trong nhimg nam gan day, nhiéu nghién ctru ché tao
vat liéu phi tuyen moi da thu duoc nhimng két qua dang khich 1€, dac biét cac chat
mau hiru co tong hop co hé sO chlet sut phi tuyén rat cao, ting 1én hang chyc bac.
Koushki xac dinh hé sd chiét suit phi tuyen cua dung dich mau hitu co Acid Blue,
no~1.10°cm?/W [8]; Krishnamurthy khdo siat dung dich thuéc nhudém
Mercurochrome ¢6 ny ~1.107 cm?/W & bude song 532nm [9]; Jeyaram do duoc h¢
s6 chiét sudt phi tuyén cia Acid Green budc song 635nm 1a n, ~1.107 cm?/W [10];
Dhanuskodi va cdng su da khdo sat thiourea va cac phuc chét kim loai ciia né nhu
Zn va Cd trong nudc cho thay hé sé chiét suit phi tuyén ctia ching vao khoang n,
~1.10% cm?W & budc song 532 nm[11]. Cac chit mau hitu co nay co thé ling
dong thanh cac 16p mang mong dudi Imm trén nén thuy tinh [12]. Véi cac 16p
mang mong ndy thi hiéu tmg Kerr van xay ra vi hé sd chiét suat phi tuyén cao, do
d6, co thé sir dung cidc mang nay nhu thau kinh mong phi tuyén trong cac linh kién
vi quang nhu kim quang hoc.

Nham dinh hudng cho viéc ap dung cac 16p mang moéng nay trong ché tao kim
quang hoc phi tuyén, chiing t6i thuc hién khao sat anh hudng ctua cudng do laser
1én tiéu cy ctia thau kinh phi tuyén ché tao bang cac 16p chit mau khac nhau véi do
day khac nhau.

2. TIEU CU THAU KiNH PHI TUYEN

Khi chiéu mot chum laser c6 cudng d6 7 khong dbi vao méi trudng phi tuyén
Kerr thi chiét sut ciia méi trudng s& thay déi theo cudng do va duge mo ta boi hé
thirc sau [13]:

n=n,+n,l (1)
trong do, n,la chiét suat tuyén tinh khi chua c6 mit ciia chim laser, n,1a hé 5O
chiét suat phi tuyén tuyén. Néu chum laser c6 phan bd cuong do trén tiét dién

174 Bui Xudn Kién, “Anh hwong ciia cwong do laser Ién tiéu cu ... mang mau mong.”



Nghién cvru khoa hoc cong nghé

chum tia 1a dang ham Gauss, khi d0, chiét suat cia méi trudng ciing phan b twong
tu, turc la:
r r
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trong d6, W, 1a ban kinh that chum laser, 7,13 cudng do tai tm that chum va » 1a
ban kinh hudng tim trén tiét dién chum tia. Khi d6, 16p méi trudng chiéu day d
nay s€ tré thanh khoi co chiét suat thay doi lién tuc tr tam, tai truc chum tia ra
ngoai (tam GRIN) va tr¢ thanh thau kinh phi tuyén véi tiéu cu dugc xac dinh trong
gan ding can truc nhu sau:
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Thay (3) vao (2) chung ta nhan dugc:
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Tir hé thirc (4) chung ta c6 thé rat ra [13]:
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Ap dung céc tham sﬁ thi,ét ké nhu cong suét laser, ban kinh thit chum va do
day mang va hé so chiét suat phi tuyén cua cac hon hop mau hiru co, ching ta co
thé khao sat anh huong cua cuong do laser, do day mang vao ti€u cy va tur d6 binh
luan vé kha nang g dung cho kim quang hoc.

3. KHAO SAT ANH HUONG CUA CUONG PQ LASER LEN TIEU CU’

Chuing ta khao sat thau kinh phi tuyén (TKPT) nhu trén hinh 1.

Wo

fot
Hinh 1. M0 ta thdu kinh phi tuyén trén mang mau mong.

Thau kinh phi tuyén hinh thanh khi chim laser Gauss c6 ban kinh thit chum

W,, cudng 49, Iy chiéu vao mang mau mong c6 do day d thay d6i véi bon gid tri

0,5; 0,4; 0,3 va 0,2 mm. Trén hinh 2 la duong dac trung md ta su phu thudc cia
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tiéu cu thau kinh ctia mang mau Acid Blue c¢6 hé s6 chiét suat n,~1.10° cm®/W [8]
vao cudng do laser dugc khao sat bang hé thuc (5).

Chung ta nhan thay, khi thay ddi cong suat laser sao cho cuong do laser tai tim
chl‘lm tia thay doi trong khoéng (50+500) W/cm?, tiéu cu TKPT s& thay dbi trong
mién (0+50) um. So sanh bon duong dic trung, chung ta thay khi chiéu day mang
16n hon, muc do thay ddi cua tiéu cy s& nho hon, déng thoi ving thay dbi ciing nhod
hon. Vi d6 day 0,5 mm, ving thay doi tiéu cy 1a 18pm, trong khi d6, viing nay s&
16n hon nhiéu khoang 46um véi mang c6 d6 day 0,2mm véi cing khoang thay d6i
cuong do laser. Hon nira, khi cudong d¢ laser 16n, dd tinh chinh tiéu cy s€ min hon,
vi du khi thay doi cuong do laser mot lugng 50 W/cm? tiéu cu s€ thay ddi mot
khoang 50nm (hinh 3). C6 thé thiy do phan giai tiéu cu rat 16n khoang
Inm/1Wem™.
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Hinh 2. Ddc trung tiéu cu-cuong do laser cua TKPT mang mau Acid Blue.

Céac duong dac trung tiéu cu-cuong do laser cho TKPT mang mau
Mercurochrome ¢6 n, ~1.107 ¢cm?W (hinh 4) va phirc chat kim loai cua thiourea
trong nudc co ny ~1.10% cm?W (hinh 5) kich thich boi laser budc song 532nm
cling dugc khao sat. Cac duong dic trung nay hoan toan twong ty nhau, tuy nhién
dé co cung mot khoang thay ddi tiéu cu TKPT khoang 50 pum can phai thay dbi
cuong d6 trong khoang tir 500 W/cm® dén 5000 W/cm® cho thiu kinh mang

Mercurochrome va tir 5.10° W/em? dén 5.10* W/em? cho thiu kinh mang thiourea.
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Hinh 3. Xac dinh do phan giai tinh chinh tiéu cu.

~Nhuge diém cia cac TKPT mang c6 hé sO chjét suat phi tuyén nho phai dung
dén cuong do cong suat cao, tuy nhién mot vu diém rd rang do la d6 phan giai khi
diéu chinh tiéu cy s& rat 1én 1nm/10Wem™ (hinh 4) hodc 1nm/100Wem™ (hinh 5).
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Hinh 4. Ddc trung tiéu cu-cwong do laser cua TKPT mang mau Mercurochrome.
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Hinh 5. Ddc trung tiéu cu-cuong dé laser cia TKPT mang mau phirc chat
thiourea trong nuoc.

Tur cac két qua khao sat va phén tich trén, ¢ thé khang dinh rang, cac TKPT
trén co s& mang cac chit mau nay c6 thé tng dung thiét ké kim quang hoc diéu
khién cac vi hat trong pham vi micromet voi may 1y do sau: i) D6 day mang rat
mong dudi millimet (d<lmm) twong duong chiéu day chat luu chira miu cé kich
thude nano s& dé dang dat trudce mau nhu hé hoi tu quang; ii) Tiéu cu thau kinh c6
thé thay doi trong viing micromet 0+-50 pm, thim chi dudi micromet (fpt <lpm) sé
cho ta hé hoi tu v6i khau do s6 1on (NA~2W/f,e>1) dam bao biy dugc cac vi hat
dién moi, d@)ng thoi ¢ thé diéu khién vi hat b§y theo chiéu doc truc chum tia laser
v6i d6 chinh xac dén nm bang cach thay d6i cong suét laser, tuong tu phuong phap
dé xuét trong cong trinh [4], ma khong can dén hé diéu khién quang-co phtc tap
nhu cac cong trinh trude day [14].

4. KET LUAN

Bai bao di khao sat sy phu thudc cia tiéu cy thau kinh phi tuyén trén cac mang

méng hdn hgp mau duge hinh thanh khi chiéu boi chim laser Gauss. Tiéu cy thau
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kinh phu thudc vao cudong do laser, do diy mang va hé sé chiét suit phi tuyén cia
chat tao mang. Két qua cho thiy, tiéu cy thiu kinh phi tuyén thay doi trong ving
micromet khi thay doi cuong do laser & ba ving khac nhau ddi véi cac chat mau
khac nhau. Ddi v6i mang chat mau c6 hé s6 chiét suat phi tuyén thap can phai kich
thich boi chum laser co cuong do cao va nguoc lai. V&i cac chat mau c6 hé sb
chiét suat thap phai dung cuong do laser thay d6i trong ving 16n, tuy nhién, do
phén giai tinh chinh ti€u cy s& cao hon. Két ‘qua khao sat va phan tich goi y ing
dung céc thau kinh phi tuyén nay vao thiét ké kim quang hoc phi tuyén diéu khién
vi hat doc truc chum tia.
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ABSTRACT

INFLUENCE OF LASER INTENSITY ON FOCAL LENGTH OF NONLINEAR
LENS CREATED FROM THIN LAYER OF ORGANIC DYE

Based on the Kerr effect, the model of nonlinear lens created from thin layer of
organic dye is proposed. The focal lengths are investigated using Gaussian beam
laser with different intensity. The results are disscussed to use for design the optical

tweezers which is possible to longitudinally control the trapped particles in
microscale with high resolution.

Keywords: Self-focusing, Nonlinear lens, Organic dye solvent, Optical tweezers.
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