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TOM TAT

Trong bai b&o nay, ching t6i trinh bay nghién cizu vé méd phéng tao xody quang hoc
trong viing anh sang kha kién sir dung thiét ké vi linh kién xody quang c6 bé mat phang,
chiét sudt bién doi va cau tric nano. Mt cat cua vi linh kién xody quang nay c6 chiét suat
bién doi tuyén tinh tir thdp dén cao theo géc phwong vi tir 0 téi 2. Két qua md phong
khang dinh céc thiét ké vi linh kién xody quang cdu tric nano c6 kha néng tao xody quang
hoc én dinh bdc co ban. Pong thoi, sy anh hirong ciia mét sé méi trwong chat long déi véi
qua trinh tgo x0dy quang khi stz dung cung mg¢t linh Kién trén ciing dwoc danh gida trong
nghién cizu nay. Chung téi thu dwoc cac x0dy quang hoc hinh thanh trong cdc méi truong
khéac nhau, c6 bdc khéng doi | = 1 — D¢ dich pha khéng doi. Piéu ndy cho thay cac thiét ké
vi linh kién xody quang cdu tric nano, chiét xudt bién d@si la logi linh kién tiém nding dé
ché tqo va sir dung cho cac nghién cizu thiec nghiém va ing dung trong méi truong chat
léng ¢ cap dé vi mo.
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1. PAT VAN BE

Mot cham xoéy quang hoc 1a mot chum sang ¢6 cuong d6 mat cat 1a mot vong séng
dang banh ran dough-nut, pha xoan éc va dién tich topo | tng véi dong lwong goc quy dao
mang theo [1], [2]. Mdi gi4 tri dién tich topo | duoc quy dinh béi tong bién d6i pha caa chim
X08y ng véi 2zil. Xody quang di va dang 1a ddi twong nghién ciu trong tdm cua linh vuc
quang hoc ky di thudc quang hoc hién dai [3]. Viéc tao va kiém soat cac xody quang hoc la
mbi quan tim hang dau bai cac tng dung ciia chling trong nhiéu linh vuc [4], [5], chang han
nhu nhip quang hoc [6], [7], vi co laze [8], [9], plasmonics [10], hodc kinh hién vi suy giam
phét xa kich thich [11]. Hon nira, x0dy quang hoc con c6 nhitng déng goép quan trong trong
sy phat trién ciia théng tin quang - Sir dung dong lugng goc quy dao dé ghép kénh tin hiéu
dir liéu cho phép tang dung lwong cua cac lién két truyén théng va hiéu suat pho [12-14].
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Mot sé k§ thuat da duoc dé xuat dé tao ra cac xody quang hoc trong vai thap ky qua.
Mét trong nhitng giai phap truc tiép nhét 1a dwa vao viéc truyén cham tia sang thong
thudng qua mat na pha xoén éc (Spiral phase plate - SPP) dé &p sy léch pha xoan dc tir bé
mat linh kién 1én cham tia truyén qua va bién né thanh mét chum xoay [15], [16]. Mot
phuong phap khac 1a sir dung thach ban in ba chiéu [17], trong d6 sy nhidu xa ciia cham tia
Gauss tir cac thach ban dan dén su xuét hién cua cac xody quang hoc & cac bac nhiéu xa
thir cAp. Viéc diéu ché pha vai d6 chinh xac cao thuong dat dugc bang céch sir dung céc
khéi tinh thé long dinh huéng nhu trong bd diéu bién anh sang khong gian [18], [19].

Céc ky thuat trén thuong duoc sir dung dé ché tao xody quang co kich thudc tiéu
chuan, nhung lai bi han ché khi &p dung cho viéc tao ra chum tia xody c6 kich thudc
micron mét (xody vi quang). Ma ching rét can thiét cho cac ung dung sir dung cac thiét bi
quang hoc tich hop va hé théng soi quang. Gan déy, cong nghé xu ly vat liéu laser quang
hoc théng qua tring hop hai photon [20] hozc in 3D tryuc tiép [21] da duoc van dung thanh
cong dé tao ra mat na SPP co kich thugc micromet. Tuy nhién, cac phwong phép nay
thuong rat tén kém va thuong ¢ nhitng han ché vé do mat mét, anh huong caa moi
truong, kha nang tich hgp véi sgi quang.

Trong nghién cau nay, ching tdi trinh bay nghién ctu bang ly thuyét va méd phong
qua trinh hinh thanh xody quang bac co ban (I = 1) trong viing anh sang kha kién sir dung
céc vi linh kién pha xody cau tric nano c6 bé mat phang (Nanostructured gradient index
vortex phase mask - NVPM). Loai vi linh kién pha xody nay lan dau tién dugc nghién ctu
boi nhom GS. Buczynski vao nam 2017 [22], nghién ctru chuyén sau va cai tién hudng dén
céc ung dung hitu ich [23] - [25]. Vi linh kién NVPM c6 chiét suat bién doi tuyén tinh theo
goc phuong vi boi sy sap xép cua cac cau tir nano 1am tir hai loai vat liéu khéac nhau. Trong
nghién ctru ndy, chung tdi lra chon hai loai vat liéu thay tinh mém véi cac thanh phan pha
tap 1a céc kim loai nang dé thiét ké cau tric nham dat dugc xody quang bac co ban véi do
phan b cuong do dong déu. Pdng thoi, ching tdi khao sat sy anh huéng cua cac yéu tb
nhiéu (anh huong cia moi trudng khong khi, rugu, nude) ddi véi su tao thanh xody quang
tao bai cling mot thiét ké vi linh kién quang cau tric nano. Cac md phong dugc thuc hién
cho hai budc song dién hinh trong ving anh sang kha kién gébm 532 nm va 633 nm. Két
qua nghién ciu s& cung cap kién thic co sé can thiét vé vi linh kién NVPM cho nghién
ctru thue nghiém, ché tao va ing dung xody quang.

2. NGUYEN LY CAU TRUC VA VAT LIEU THIET KE VI LINH KIEN NVPM

Viéc tao ra xody quang hoc doi hoi phai c6 sy dich pha phuong vi la Ae = 2=l Vi |
1a dién tich topo cua cham xody va nhan cac s6 nguyén dwong (I = 1 nghia 1a doc theo truc
lan truyén ciia chim xody chi ton tai 1 xody mat song). Nhin chung, su dich pha nhu vay
c6 thé dat duoc bang sy thay doi do day caa bé mat linh kién hoac chiét suat caa linh kién
theo dang xoan &c¢. Trong nghién ctru nay chung ta quan tam dén sy thay doi chiét suat cua
linh kién nhu biéu dién trén Hinh 1.(a). Khi d6, d6 day cua vi linh kién d duoc cb dinh,
chiét suit bién ddi tuyén tinh theo goc phuong vi 6. Tong bién doi pha mong mudn dat
dugc cho bude song xac dinh A s& dua trén do léch chiét suat giita ving cao nhat npigy (tai
g6c 6 = 2m) va thap nhat ni, (tai = 0):
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Tuy nhién, trong thuc té viéc ché tao vi linh kién cd chiét suét bién ddi lién tuc khong
thé thuc hién duoc khi chi st dung mét loai vat liéu rin duy nhat. Giai phép cho véan dé nay
1 sir dung ly thuyét méi truong hiéu dung (Effective medium theory - EMT) [26]. Khi d6, vi
linh kién dugc ciu tao bai cac ving (cAu tir) c6 kich thudc nano 1am tir hai vat liéu co chiét
suit khac nhau. C4c ciu tir nano duoc sip xép theo céu truc xac dinh sao cho, theo EMT,
chiét suat hiéu dung caa vi linh kién nay (Hinh 1.(b)) s& dwoc phan bé twong ty nhu nguyén
tac bién d6i chiét suat caa vi linh kién xoay quang Iy tuéng nhu trén Hinh 1.(a).

(a) (b) ©

1y,
u m

Hinh 1. Thiét ké c4u tric trung tam cia vi linh kién xody quang hoc c6 bé mit phing véi

sw phan bo chiét suat bién doi tuyén tinh lién tuc Iy twong theo géc phwong vi 0 (a, ¢) va

thiét ké cau triic nano twong tng (b). M6 phéng xody quang hoc véi cac vi linh kién nay

sir dung vat ligu thity tinh mém borosilicate (NC) da cong bo trén [14]: Phan bd cuwong dd
(d) va cau hinh pha (e).

Trong nghién ctu trude day vé loai vi linh kién bé mit phang ciu trGc nano nay
[22], ching t6i nhan thay vai vi linh kién xoay duoc ché tao bang hai loai vat liéu thay tinh
mém borosilicate (d9 I&ch chiét suat 1a dn = 0.025 trong ving anh sang kha kién) c6 hién
tuong bién dang xody khong mong muédn nhu trén Hinh 1.(d,e). Chum sang c¢6 xu huéng
dinh vi & viing chiét suat cao cua vi linh kién boi hién twong din soéng anh séang khi né lan
truyén quang dai trong méi trudng khong ddng nhat. Bé giam hién twong khong mong
mudn nay (cuong do sang phan bb déu hon), ta c6 thé giam do day d cua vi linh kién. Piéu
nay dan téi yéu cau tang do léch chiét suat An do méi lién hé trén cong thic (*).

Trong nghién cau nay ching t6i lya chon cap vat liéu thuy tinh mém pha tap nhém
oxit kim loai nang chi-bismuth-gallium dwoc tong hop tai Vién nghién ciru vi dién tir va
quang tir ky hiéu 1a CS740 and CS1030 [27]. Chlng c6 d6 léch chiét suat 1a An = 0.078 +
0.089 va co do truyén quang Ién cho ving anh sang kha kién. Ching toi st dung cac thdng
tin vé do tan sic cua hai loai vat liégu CS nay (hinh 2.(a)) va dua trén cong thirc (*) tinh
toan dugc d6 day can thiét cua céc vi linh kién pha xody quang bac co ban (I = 1):

A

d=
(Ncs1030 — Mes740)
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Hinh 2.(b) biéu din d¢ day cua vi linh kién duoc tinh toan dé tao xody quang béc co
ban tai cac budc song xac dinh trong ving kha kién.

Chung t6i lya chon nghién ciru x0dy quang tai hai bude song A =532 nm va A = 633
nm dé huéng dén ung dung thyuc tién cua xody quang hoc cap d6 vi mé nhu vi co laze dé
ché tao cac cau tric xoan ¢ kich ¢& micro mét trong linh vuc cong nghé vat liéu tién tién.
Pong thoi, nghién ciru voi xody Vi quang tai budc song 633 nm co ¥ nghla quan trong
trong giao duc va nghién ctu thuc nghiém co s¢ vi day 1a budc song phd bién, dé sir dung
cua céc laze He-Ne ma thuong c6 & hau hét cac phong thi nghiém ¢ cac trudng dai hoc cho
cac nghién ctru co ban va bai hoc thi nghiém.

Dbi v6i hai bude song A = 532 nm va A = 633 nm, do day can thiét cua thiét ké vi
linh kién pha xody cdu tric nano bac co ban 13 dszznm = 6.0 pm va deganm = 7.7 pm. Vi cap
vat liéu mai nay, ching t6i van khao sét thiét ké vi linh kién NVPM véi duong kinh ngoai
1a 125 um va cdu trac nano dé tao xoay duoc dit ¢ trung tam cé duong chéo dai 1a 20 pm
(duong chéo ngén 1a 17 um).

(a) (b)
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Hinh 2. (a) Chiét suat caa vat liéu CS740 va CS1030. (b) P9 day caa vi linh kién dwoc
tinh toan dé tao xody quang béc co ban tai viing kha kién

Hai thiét ké vi linh kién xo4y quang NVPM nay duoc Kiém tra chirc ning hinh thanh
xody quang hoc trong khong khi bang phuong phap mé phong mé phong - phuong phap
lan truyén anh sang dua trén bién d6i Fourier dwoc thuc hién trén nén tang ung dung
Matlab. Bong thoi, chung toi cling kiém tra sy anh huong cia mot s6 moi truong ngoai toi
su tao thanh xody quang va céc tinh chit caa chung nhu nudce va ruou.

3. KET QUA VA THAO LUAN

3.1. Md phéng xody quang hoc véi vi linh kién xody quang ciu tric nano trong
khong khi

Trong phan nay, ching tdi tap trung thao luan vé md phong kiém tra chirc ning hoat
dong cua vi linh kién dugc thiét ké NVPM trong mdi trudong khong khi. V& nguyén ly,
chim séng t6i lan truyén qua thiét ké vi linh kién xody quang cau triic nano tao thanh xody
quang hoc (su bién doi chiét suat dan dén su dich pha xoan dc), sau d6 né lan truyén trong
mdi trudng ngoai dong nhat (khdng khi, n = 1). Cac théng sb cua vi linh kién nhu da thiét
ké va tinh toan ly thuyét. Céc lan truyén séng déu dugc mo phong trong viing khéng gian
500 pm x 500 pm x 2000 pm. Do phan giai luéi khong gian 1a 0,1 pm dé dam bao diéu
kién phép tinh toan sb trong phuong phép bién déi Fourier.
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Véi tat ca md phong, ching toi sir dung chum tia téi 1a chum tia Gauss co budc song
da chon va co duong kinh 12 D = 18 pm. Pay 1a két qua thu dwoc sau khi chung t6i da kiém
tra bing m6 phong qué trinh tao xody quang cua cac thiét ké vi linh kién s dung cham tia
t6i co duong kinh khac nhau gdm D = 12, 15, 18, 20, 23, 28, 30, 35 um. Két qua md phong
cho thiy, kich thudc caa chim tia téi 18 wm 1a kich thudc pha hop dé céc thiét ké cau tric vi
linh kién xody c6 thé hoat dong hiéu qua nhat tai cac bude song da chon trong nghién cuu.

Két qua md phong xody quang hoc trong khdng khi tai hai bude song A = 532 nm va
A = 633 nm duoc biéu dién trén Hinh 3 (a,b) va (c) twong Gng. Hinh anh ciu tric phan b
cuong d6 &nh sang (hang giira) va ciu triic pha (hang dudi cuing) trén mat phang truc giao
cta xody quang dugc quan sat tai khoang cach 1000 pm tinh tir mat sau cua thiét ké vi linh
kién NVPM. Chuing t6i thuc hién md phong cho ca thiét ké vi linh kién xoay quang 1y tuong
VA Cau trac nano dé so sanh. M6 phong chi ra riang, két qua tao ra cho hai loai thiét ké 1a
turong ddng nén ching toi chi biéu dién trén Hinh. 3 cho trudng hop cia budc song 532 nm.

(a) (b) (©)
A =532 nm A =532 nm A =633 nm
nmax
Phan bo
chiét suat
cta vi
linh kién
100x100 pm Niin
Ima
Phan b o
cuong do
100x100 pm 0
= = 2n
CAu tric
pha

Hinh 3. Phan bo chiét suit caa cac thiét ké vi linh kién xoay quang (Hang trén cing). Mo
phéng phan bd cwdng @ anh sang (hang giira) va cau hinh pha (hang dwéi cing) trén
mit cat ciia xody dwgc hinh thanh khi chiéu sang vi linh kién xody & buéc séng A = 532

nm (a,b) va 633 nm (c)

Hinh 3 cho thiy cic chum sang thu duoc rd rang 1a dac biét ky di véi cuong do bang 0
tai tim @ng véi diém pha khong xac dinh trén cau tric pha xoan 6c cua nd. Sy phan b
cuong do trén vong sang twong dbi dong déu khi so sanh véi két qua thu dugc cho thiét ké
st dung thiy tinh mém borosilicate (Hinh 1.(c)). Pong thoi cau tric pha cia chum sang
thu chi c6 mot xoan don ching té bac topo cua xody quang thu duoc I bac co ban (I = 1).
Nhu vay, ching ta thu dugc xody quang hoc bac co ban tai budc séng 532 nm va 633 nm
véi cac thiét ké vi linh kién xody quang ciu trac nano dat trong khong khi.
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3.2. Nghién ctu s anh hwéng cia mét sé6 méi truwong chit léng 1én sy hinh
thanh xody quang hoc ciia vi linh kién xody quang cau tric nano

Dé kiém tra bing mo phong sy anh huéng cua moi trudng ngodi téi su tao thanh xody
quang va céc tinh chat caa ching. Ching tdi lya chon hai loai cht long phd thdng va khong
doc hai dé nghién ctru 1a nudc va ruou. Chung thuong dugc ding trong cudc séng hang ngay
va céc tng dung thuc tién trong y hoc. V&i nhiém vu ndy ching t6i thuc hién mot sé phép do
dé kiém tra chiét suat thuc cua cac chit long thuong ding trong phong thi nghiém, gdm nudéce
cét va ethanol. Ching cd chiét suat twong tng 1a Nuyee = 1.3337 VA Neganol = 1.3637 cho budc
sOng 532 Nm va Nyuee = 1.3317 VA Nethanol = 1.3604 tai budc séng 633 nm.

Trong nhdm md phong nay, chung t6i da sir dung cac thiét ké o phan trén, tuy
nhién thay d6i méi trudng ngodi bang nudc va rugu. Cac két qua md phong duoc biéu
dién trén Hinh 4.

(@) A=532nm (b) =633 nm
Khoéng khi Nude Khong khi Nudce

100x100 pm n n n n n

Hinh 4. M6 phéng cac xody quang hinh thanh tir cing mat thiét ké vi linh kién pha xoay
Cau triic nano trong cac mdi trromg khong khi, nwée va rugu. M6 phéng cho buéc song
532 nm véi thiét ké vi linh kién cé d9 day dsznm = 6.0 pm (a). M6 phéng cho buéc séng
633 nm véi thiét ké vi linh kién cé d9 day desznm = 7.7 pm (b)

Hinh 4 cho thiy su xuat hién caa diém pha ky di tai tdm cua chum tia 16 sau khi
truyén qua thiét ké. Bong thoi cau tric pha quan sat dugc trong tat ca cac truong hop chi ra
rang gié tri dién tich topo cua cac xody quang khong ddi (I = 1). Ttc 1a do dich pha Ag
khong dbi va déu bang 2z Hon nira, ta ¢6 thé nhan thay, sy phan bé cuong do twong ddi
dong déu va twong tu cho moi truong hop. Tuy nhién, & ca hai buéc séng 532 nm va 633
nm, két qua md phong déu chi ra rang kich thugc cua chim tia xody tao ra tai cing vi tri
nhung trong cac méi truong chat long thi nho hon trong khong khi. Didu nay duoc giai
thich boi sy giam cua do chénh léch chiét suat gitra vi linh kién va moi truong ngoai lam
giam gid tri goc khic xa cua chum tia 16.

Nhu véy, ching t6i di ching minh rang cac NVPM duoc thiét ké hoat dong tot nhu
bo chuyén d6i mode tir chim Gauss sang chum xody quang khéng chi trong khong khi ma
con trong nudc va ruou. NOi cach khéc, céc thiét ké vi linh kién pha xody ¢ cau trdc nano
cua ching tdi bao toan cac dac tinh quang hoc cua chung trong cac moi truong quang hoc
trong suat khac nhau.
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4. KET LUAN

Trong bai bao nay, bang cach sir dung phwong phap mé phong dya trén nén tang
Matlab két hop voi céc tinh ton Iy thuyét, chang toi da ching minh sy tao thanh xoéy
quang hoc chit luong cao tai hai bugc song A =532 nm va 633 nm trong vung anh sang
nhin thay. Két qua dat dugc Vi hai thiét ké vi linh kién xo0ay gquang cAu tric nano c6 cau
tric va cac tham sé kich thudc giéng nhau chi khac nhau vé do day (dssonm = 6.0 pm va
ds3znm = 7.7 pm). Diéu nay hudng t6i wu thé trong ché tao thyc tién cac vi linh kién.

Céc két qua md phong ciing ching t6 tinh 6n dinh va sy béo toan dién tich topo 1 = 1
cua cac xody quang dugc tao ra bai cuing cac thiét ké vi linh kién xoéy quang ciu tric nano
trén trong mot s6 méi truong trong sudt nhu khong khi, nude va ruou. Tinh chit ndy chinh
1a diém ndi bat cua loai vi linh kién nay véi tiém ning sir dung trong nhidu méi truong
khac nhau huéng dén cac tng dung vé chit long véi cip do vi mo, day la didu khong thé
dat duoc ¢ cac phuong phap tao xody quang khac.

Hon nira, vi linh kién c6 bé mat phang, song song nén c6 thé dé dang tich hop véi
c4c thanh phan quang hoc khac ciing nhu soi quang tao ra tiém ning ung dung trong linh
vuc truyén dan thdng tin quang.
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STUDY ON GENERATION OF OPTICAL VORTEX BEAM IN SOME
EXTERNAL MEDIA USING THE SAME NANOSTRUCTURED
GRADIENT INDEX VORTEX PHASE COMPONENTS

Nguyen Thuy Linh, Nguyen Thi Thao, Do Thi Hue Linh, Nguyen Thanh Tung, Vu Tien Tuan Minh,
Nguyen Thi Ngoc, Nguyen Thi Loan, Nguyen Thi Hue

ABSTRACT

In this paper, we present the study result on simulating optical vortex generation in
the visible light region using the flat-surface nanostructured gradient index vortex phase
micro-optical component designs. The cross-section of this optical vortex micro-
component introduces a linear change of its refractive index following the azimuth angle
from 0 to 2r. Simulation results confirmed that nanostructured optical vortex micro-device
designs can generate stable optical vortices with a single charge. At the same time, the
influence of some external fluid media on the formation of optical vortex beams when
using the same vortex components is also investigated numerically in this study. We
observed that the optical vortices generated in those media have the same order | =1 - the
total phase variation of the optical vortex is unchanged. This shows that the designed
nanostructured vortex components have potential for experimental studies and
applications in fluid environments at the microscopic level.

Keywords: Optical vortices, nanostructured micro-optical component, singular
optics, external media.
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