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TOM TAT

Cong trinh nay trinh bay két qua nghién cizu kiém tra chizc nang cua vi linh kién pha
x0dy c6 bé mat phang, chiét sudt bién doi va cau tric nano (nVPC) hogt dong tai budc song
532 nm. Vi linh kién nVPC duroc thiét ké va ché tao duwa trén phuong phap nano héa cau
tric vdt lidu. Cau tric trung tdm cza vi linh kién nVPC gom 7651 thanh nano, duoc lam tir
hai logi vdt liéu c6 hé so nhiét va co tirong dong, tao thanh mang luc giac véi dwong chéo
dai 20 zm. Pdc tinh quang hoc cza vi linh kién duroc kiém tra bang ca phirong phép 1y thuyét
va thuc nghiém kiém ching. Két qua thi nghiém xac nhdn si tao thanh xody quang bdc co
ban véi diém ky di pha ddc trung va cuong do mdt cat dang banh ran doughnut. Vi linh kién
nVPC c¢6 bé mat phang hoan toan va chirc nang tao xody xudt phat tir sw bién doi cua cdu
trlic chiét suat bén trong nd. Nghia 1a chic ning ciia nVPC khéng bj anh huong béi chiét
sudt cia moi trrong xung quanh, diéu nay khién ching tré thanh ing vién ly aréng cho cac
umg dung vi chat lu.

Tir khéa: Xody quang hoc, vi linh kién pha xody cau tric nano, cdng nghé nano.
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1. PAT VAN BE

Quang hoc 1a mét trong nhiing linh vuc lau doi ciia Vat 1y hoc. Trong sudt qué trinh
phat trién, linh vuc nay di duoc nghién ctru va tmg dung rong rii trong nhiéu linh vuc khac
nhau [1]. Gan déy, cac nhom nghién ciru va cac nha khoa hoc dang dic biét quan tam dén
Quang hoc ki di - 1a mt nhanh ctia Quang hoc hién dai ma maéi dugc hinh thanh va nghién
ctru trong khoang ba thap ki qua, nhung ciing da cho thdy tiém niang tng dung rong rai. Pang
cha ¥, sy xuat hién cua chum sang mang mdmen dong luong quy dao (OAM) hay con dugc
goi 1a chum xody quang hoc (OV) dé thu hit dugc sy quan tim manh mé cta gigi khoa hoc
va cac nhom nghién ctru trén toan thé gioi [2- 4] Nhing chiim sang nay c6 diém ky di pha nam
tai tAm voi sy phan bd cuong do sang mat cit ngang mang hinh dang nhu mot chiéc banh
dough-nut, duoc dic trung boi gia tri dién tich topo. Nho nhimg déc tinh nay, cac xody quang
hoc da va dang dugc nghién curu va ung dung trén nhiéu linh vuc [5][6], dién hinh nhu: bay
va diéu khién cac vi hat hodc t& bao song [7][8], cai thién do phén giai trong kinh hién vi
[9][10]. Ngoai ra, ching ciing déng vai trd quan trong trong phat trién xir 1y thong tin lwong
tir - cho phép thao tac dit liéu nhanh hon v&i mirc d6 bao mét cao hon [11,12]. Xody quang
hoc cong suat 16n con duge st dung nhu mét thiét bi méi trong quang khic, gia cong vat lidu
c4u triic vi mo bang cach tan dung tinh chit xoén ctia xung xody quang hoc [13][14].
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Viéc tao ra xody quang hoc thuong dua trén viéc bién d6i pha caa chiim Gauss thanh
dang pha vé6i bé mit xoan dc. Mot sé phuong phap da duoc dé xuét dé thyuc hién didu nay,
chang han nhu sir dung cac hologram [15][16], bo diéu bién anh sang khdng gian (SLMs -
Spatial Light Modulators) [17][18], hé guong pha xodn vi co [19], hoic tim pha xoin ¢
(SPP - Spiral Phase Plate) [20]. Trong d6, cac SLM cho phép tao lap cac mau pha mot cach
linh hoat, chinh x4c. Cac SLM c6 d¢ phan giai cao thuong dugc sir dung dé tao chum tia
x0dy vi md chat lugng cao nho kich thude diém anh nho dudng kinh vao ngudng 1,6 pm
[21]. Tuy nhién, hiéu suat cua ching bi gigi han boi cong suat dau vao va kich thuge tong
thé 1on. Bdi voi cac tng dung trong hé thdng soi quang, bo chuyén ddi xody can cé kich
thude vi mo dé c6 thé tich hop truc tiép voi dau soi hoidc céc thiét bi quang hoc vi mod khac.
Mot s6 phuong phap khac da duoc dé xuat 1a ché tao céc vi linh kién SPP duogc ché tao bang
ky thuat khic hién dai nhu khic bang chum dién tir [22] va hap thu hai photon két hop voi
ghi laser 3D tryc tiép [23]. Mot vai nghién citu gan day ché tao thanh cong chum OV boi
SPP ¢& 40 pm duoc khic tryuc tiép trén dau soi quang [24][25]. Mic du phuwong phap méi
nay htra hen 1a mot giai phéap thay thé cho cac hé thdng 16n truyén thdng trong viéc tao chum
OV, nhung SPP van c6 cau tric pha roi rac, dang bac thang nhiéu bac dién hinh. Can luu
rang viéc ché tao ching kha ton kém, vi doi hoi st dung cac ki thuat quang khic nhiéu mat
na tién tién hoac ghi bang chum dién tir.

Gan day, chung t6i da dé xuat mot phuong phap doc dao dé tao xody quang hoc cap
d6 vi md thdng qua céc vi linh kién pha xody véi chiét suat bién d6i, cau tric nano (nVPC -
Nanostructured Vortex Phase Converter) duoc ché tao bang ky thuat xép chong va kéo soi
cai tién [26-30]. Phuong phap nay cho phép phat trién cac linh kién véi cau tric nano cé
duong kinh khoang 20 pm va cau thanh tir hang nghin thanh nano riéng Ié. Do kich thuéc
cac thanh nano bén trong cua linh kién nho hon nhiéu so véi budc séng caa chim tia téi, vi
vay toan bo cau tric nano hoat dong nhu mét ving vat liéu ddng nhét véi chiét suat hiéu
dung, theo ly thuyét moi truong hiéu dung Maxwell-Garnett [31], bién ddi tuyén tinh theo
goc phuong vi dam bao sy diéu bién pha tao thanh xoay quang mong mudn. Trén thuc té,
nhitng wu diém cia phuong phap ché tao nay, chiang han, cho phép ché tao cac vi linh kién
vé6i phan bd chiét suat tiy y da duogc chimg minh trong cic cong trinh truéc cua ching toi
vé linh Kién cau triic nano nhu vi thau kinh chiét suat bién doi, axicon [32-34]. Bdng thoi
chiing c6 bé mit phang va thé duy tri hiéu suat quang hoc trong moi maéi trudng trong sudt
nhu khong khi hay chét long. Két qua 13, cac linh kién cau tric nano nay cho phép tich hop
vao cac hé théng soi quang don dé don gian va gon nhe hon [27][35]

Trong nghién ctu nay, ching tdi kiém tra thuc nghiém qué trinh tao chim tia xoay
quang bac co ban trong khong khi tai budc séng 532 nm. Két qua thuc nghiém dugc so sénh
v6i md phong va cac du doan 1y thuyét. Cac vi xody quang hoc dugc tao ra tai budc song
nay hudng dén tmg dung thuc tién ciia xody quang hoc cip d6 vi mé nhu vi co laze dé ché
tao cac ciu trac xodn d¢ kich ¢ micromet trong linh vuc cong nghé vat li¢u tién tién. Déng
thoi, nghién ctru véi xody vi quang trong ving kha kién ciing c6 y nghia quan trong trong
gido duc va nghién ctru thyc nghiém co so vi day 1a budc séng phd bién, dé sir dung ma
thuong co & hau hét cac phong thi nghiém cac truong dai hoc cho cac nghién ciru co ban va
bai hoc thi nghiém.
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2. VI LINH KIEN PHA XOAY CAU TRUC NANO: THIET KE VA CHE TAO

Nhin chung, cac xoay quang hoc c6 thé duoc tao ra bang cach cho chum Gauss di qua
cac hé linh kién hozc cac linh kién chuyén doi. Sy chuyén doi nay c6 thé dua trén su bién
di theo géc phuong vi cia do day cua linh kién (nhu & cac SPP truyén thdng), hodc dya
trén su thay doi chiét suat cua vat liéu. Phuong phap ma chung toi sir dung thudc loai thir
hai: trong khi d6 day d duoc giit khong doi, chiét suat mat cat cua vi linh kién duoc didu
chinh theo goc phuong vi, tir d6 tao ra bién d6i pha theo phuong vi trén cham tia truyén qua
va hinh thanh xoay quang hoc. Quy trinh thiét ké va ché tao cac nVPC dugc thuc hién bang
ky thuat ghép va kéo soi da cai tién - phuong phap truyén thong trong san xuét soi tinh thé
quang tir va da dugc mo ta chi tiét trong [27][28].

NC32

Hinh 1. Phan b chiét suit vi linh Kién pha xo4y véi chiét suit bién thién Iy twong VPC (a)
va miu céu triic nano nhi phan twong ing nVPC (b). Hinh chup dwéi kinh hién vi ciia
mau vi linh kién nVPC dwge ché tao bang phwong phap ghép-va—kéo soi cii tién (c, d)

Trong nghién ciu nay, ching toi sir dung cap vat liéu thay tinh mém borosilicate
NC21A va NC32 [36], 1am hai thanh phan chiét suat thip va cao dé xay dung ciu tric chiét
suét bién ddi cua vi linh kién pha xody. Hai loai thiry tinh nay dwoc lya chon bai ching c6 su
tuong thich nhiét rat tdt, thé hién qua do chénh léch hé sé gidn no nhiét nho (Aa = 0.4 x 1077
K1), gitp dam bao qua trinh nhiét kéo soi dién ra dn dinh va han ché su hinh thanh ng suat
noi. Tai bude séng 532 nm, NC21A va NC32 ¢ chiét suat lan luot 4 1,529 va 1,554, tao nén
d6 tuong phan chiét suat An ~ 0,025 gan nhu khong doi trong dai phd kha kién. Cau trdc nano
nhi phan cia nVPC da ché tao (Hinh 1(c, d)) bao gom 7651 thanh nano dugc ghép theo ding
thiét ké (Hinh 1(b)), mdi thanh c6 duong kinh ~ 160 nm. Sy phan bé c4c thanh nano nhi phan
nay duoc téi wu hoa dé dat duoc phan bd chiét suat, dua trén ly thuyét méi truong hiéu dung
Maxwell-Garnett (EMT) [37], gan gidng véi sy phan b chiét cua vi linh kién chiét suat bién
doi lién tyc 1y tuong (VPC) nhu trén Hinh 1(a). Nhu vy, toan bo cau tric nano s& hoat dong
nhu mot méi trudng hiéu dung lién tuc. Nhd do, cau tric cua vi linh kién nVPC cudi ciing tao
ra mot gradient chiét suat n(e) theo goc phuong vi ¢: N(p) = No + pANn/2x, trong d6 No 1a
chiét suat thap hon (tng vai thanh phan vat ligu NC21A). Bi véi vi linh kién co dién tich to-
pd [ hoat dong tai budc séng Ao, Su bién thién pha theo goc phuong vi doi hoi chiét suat phai
thay doi lién tuc sao cho tong do6 dich pha thu dugc 1a mét boi s6 cua 27

Ao =—27;d° An = 2wl 1)

Do day ctia vi linh kién pha xody c6 thé dwoc tinh toan 1y thuyét theo budc song ciia
chum tia t&1 dya trén phuong trinh (1), dugc minh hoa trong Hinh 2. D4 thi cho thdy do day
can thiét cta vi linh kién dé tao xoay quang hoc vdi dién tich topo don (I'=1) tai cac bude
song cu thé. Dé thu dugc chum tia xody chét lwong cao, vi linh kién can duoc cit, mai va
danh min mot cach rat chinh xac.
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Hinh 2. Tinh toan ly thuyét dé day cia vi linh kién nVPC theo buéc séng dé tao ra
chim xoay quang béc co ban | = 1 tai ving kha kién

Trong nghién ctu nay, ching téi tién hanh thi nghiém kiém tra kha ning tao
x0ay quang hoc sir dung miu vi linh kién nVPC c¢6 dudng kinh téng 13 125 pm véi cdu trac
trung tdm c6 duong kinh 1a 19 pm va d6 day 1a d = 20 um. Theo tinh toan Iy thuyét, mau vi
linh kién nay c6 thé chuyén d6i chum Gauss du vao thanh chim xo4y bac co ban (I = 1) tai
budc song A = 532 nm.

3. PHUONG PHAP NGHIEN CUU

Nghién ctru nay tap trung thuc hién thi nghiém kiém chimng chirc niang tao xody quang
hoc véi dién tich | = 1 ciia mau vi linh kién nVPC duoc chon. Vi linh kién nVPC (Hinh
1(c,d)) sau khi ché tao dugc gin vao ria caa mot lam kinh hién vi va sau d6 dugc dat trong
bo thi nghiém dé tuong tac véi chim tia téi. Chum tia 16 thu dugc s& dwoc phan tich théng
qua phan b cudng do theo mit cit va dic trung cua cau tric pha. Cac thi nghiém dugc tién
hanh trén b thi nghiém Mach-Zehnder xay dung tai phong thi nghiém Quang tir cia Truong
Pai hoc Hong Pirc nhu mé ta trén so dd Hinh 3.

Thiu  Théu Man hinh quan sat
Nguon laser BS1 kinh 1 kinh 2 C ]

“op
D 2
) BS2

Hinh 3. So’ 0 thi nghiém kiém tra sy tao thanh xody quang sir dung miu vi linh kién nVPC

Pé quan sat phan bd cuong do cua chim tia xody, chiing toi sir dung mot phan cua bo
thi nghiém - nhanh truyén quang chinh (khi déng beam shutter). Khi d6 chim sang tir nguon
truyén thang qua linh kién chia chium tia (BS1, 50:50, Thorlabs) dugc hoi tu boi thau kinh
hién vi 1 (x10, khau do s6 (NA) 0,25, Thorlabs) dé tuong tac v6i cau tric nano trung tam
ctia mau vi linh kién nVPC. Chum tia xody quang 16 ra di qua thau kinh hién vi 2 (x10, khau
d6 s6 (NA) 0,25, Thorlabs) tao thanh chum song song va dugc thu lai dé quan st bai CMOS
camera chuyén dung (DCC1645C - USB 2.0, 1280 x 1024, Color Sensor, Thorlabs).
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Dé nghién ciru cac dac tinh pha caa chum tia xody, chiing tdi sir dung hai ki thuat co
ban bao gom: bién ddi xody astigmatic bang thau kinh hinh tru [38], hoic tao phd giao thoa
giita chim tia xo&y va chum tia Gaussian tham chiéu trong giao thoa ké Mach-Zehnder [39].
Trong truong hop dau tién, mot thau kinh tru dugc dit truée camera 1am cho chum tia xody
ban dau c6 dbi xtng tru duoc bién d6i thanh mot dai cac van sang va tdi trén mat phang tiéu
cu cua thau kinh. S6 lwong cac van t6i cho biét dién tich cia xody quang hoc. Chang han, déi
Vi xody don, hé van tao thanh bao gom hai van sang tach biét bai mot van ti duy nhit. Phép
do nay ciing duoc Xac nhan bang céc thi nghiém giao thoa. Khi chum xoay giao thoa v&i cac
song cau tham chiéu dong truc s& tao ra cac phd véi cau trdc xoan b¢ trén man quan sat. Tuong
tu, néu chum tia tham chiéu va chum tia xody duoc hoi tu tét va khong dong truc, phd giao
thoa s& c6 dang gidng cai nia (fork-like). Biém phan nhéanh trong ciu triic dang nia cho biét su
xut hign ctia diém ky di pha. Hon nita, gid trj di¢n tich cta chim xoéy tao thanh c6 the dé
dang suy ra tir cdu triic nia bang cach so sénh s6 van dém duoc & phia trén va phia duéi cua
ciu trac. Hudng xoay cua cau triic pha lién quan dén huéng thang ding cia ciu trac nia.

4. KET QUA VA THAO LUAN

Nhu da trinh bay phia trén, mau vi linh kién nVPC c6 duong kinh tong 13 125 pm voi
CAu truc trung tim cé duong kinh 12 19 pm va d6 day 1a d = 20 um duoc lya chon trong
nghién ctru nay dé kiém tra tinh chat quang hoc tai budc song A = 532 nm theo cac phuong
phap cu thé tai muc 3. Két qua thi nghiém duoc biéu dién trén Hinh 4 va 5.

Hinh 4(a) m6 ta phan b cuong d6 anh sang quan sat dwgc ciia chum xody thu dugc
tir thi nghiém khi truyén trong khong khi, véi vang tdi trung tam cho thay diém ky di cua
chum tia. Cac d6 thi trong Hinh 4(b) va 4(c) lan lugt md ta phan b cuong do theo phuong
ngang va phuong thing dimg ciia cudong do mat cat chum tia xody. Phan b6 cuong do thé
hién su kha dong déu theo goc phuong vi. Piéu ndy phan anh anh sy giam thiéu anh huong
cuia hiéu tng dan song - xu huéng chum sang duoc din cha yéu trong viing c6 chiét suat cao
hon cua vi linh kién c6 chiét suat bién doi - khi ma anh sang lan truyén qua vi linh kién
nVPC mong (d =20 um).

a) 0 ‘ k.

Intensity [a.u]

O

“ x[pixelg] V - y [pl\els]

Hinh 4. Cuong d9 mit cit caa chum tia 16 tao béi mau vi linh kién nVPC trong
khong khi (a) va phan bo cwong do ciia né theo phwong ngang (b) va phwong thang
dang (c). Ty I¢€ twong phan cwong do cia phép do > 17:1

Bién doi astigmatic thu duoc bai thau kinh tru cho phép chiing ta xac dinh dién tich
topo cua chum xo0dy quang. Hinh 5(a) cho thay co hai van sang ro rét, tdch biét nhau bai mot
dai toi, chirng minh dién tich topo cta chum xody hinh thanh la | = 1. Két qua nay cling dugc
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x&c nhan bai phuong phap tao phd giao thoa doc 1ap sir dung cac cham tia tham chiéu dong
truc va léch nhe twong tmg nhu trén Hinh 5(b,c). That vay, mot nhanh van sang duoc bd
sung trong phéd ciu trdc giao thoa hinh nia ciing nhu mét nhanh xoén dc don ciing xac nhan
x04y quang co diéntich =1

a)

Hinh 5. CAu tric phé thu dwgc tir phép bién déi astigmatic sir dung thau kinh tru
(a) va pho giao thoa sir dung cac chum tia tham chiéu léch nhe (b) va dong truc (c).
Céac két qua deéu cho thay dién tich topo caa chum xoay lal =1

Céc két qua thuc nghiém khong chi pht hop vai du doan 1y thuyét ma con phi hop
vé6i cac két qua md phong (xem Hinh 6) véi cudng do phan bé dang banh ran doughnut va
céu trlc pha xoan don quanh diém ky di trung tim. Cac m6 phong duoc thuc hién bang
phuong phap lan truyén chum tia (Beam Propagation Method - BPM), trong do cac tham so
dau vao cua Vi I|nh kién pha xoay thiét ké 1y twong VPC va cau tric nano nhi phan nVPC
trang khop véi ciu trac da ché tao (duong kinh 19 pm, do day 20 um). T4t ca cac md phong
déu duoc thyc hién véi chim dau vao cé budc song 532 nm truyén trong khdng gian tu do.
Ving mo phong c¢6 bé rong va cao déu 1a 200 pm, con chiéu dai doc theo truc quang hoc 1a
1020 pm. Tirc 14 cac két qua mo phong déu thu & khoang cach 1000 pum tinh tir mit sau ciia
vi linh kién pha xo4y. D0 phan giai ngang va doc déu duoc ¢b dinh & muc 0,1 pm cho ca sy
lan truyén bén trong vi linh kién va moi trLr(‘yng ngoai.

© @ |

Hinh 8. Phan bé cwong dd va ciu trdc pha trén mat cat cia chum tia tai khoang cach
1000 pm thu dwoc biang phwong phap mé phéng béi vi linh kig¢n pha xody cau tric
nano nVPC (a, b) va béi vi linh kién ly twéng VPC twong wng (c, d)

Céc két qua thu duoc ciing xac nhan rang vi linh kién cau tric nano nVPC hoat dong
nhu mot cau tric pha lién tyc 1i tuong VPC. Diéu ndy cling vai cac két qua thi nghiém vé tao
x0dy quang chit lugng cao chang to rang ciu trdc nano nhi phan dap tng cac yéu cau cua ly
thuyét méi truong hiéu dung va 1a ciu trdc téi uu hoa nhit cho nghién ciu nay.
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5. KET LUAN

Nghién ctru thuc nghiém vé vi linh kién nVPC c6 chiét suat bién dbi cau tric nano c6
d6 day 20 pm, st dung ngudn laser bude séng 532 nm di dwoc thuc hién. Hai ki thuat bién
ddi astigmatic va giao thoa ké Mach-Zehnder di dugc sir dung dé chirng minh viéc tao ra
cac xoay quang hoc véi phan bd cuong d6, pha phuong vi va xac nhan gi4 tri caa dién tich
topo don. Két qua cho thiy, mau nVPC céu trac nano di ché tao co kha ning chuyén doi
chum tia Gauss dau vao thanh chim tia xody quang hoc béac co ban | =

So Vi cac phuong phap khac, vi linh kién thu dugc véi bé mat phéng song song ¢
thé d& dang tich hop hiéu qua vao cdc hé thdng soi quang dé dé dang diéu khién dugc chum
X04y quang tao ra trong khong gian 3D huéng dén céc tng dung vé bay quang hoc. Hon
nira, vat liéu thay tinh st dung ché tao mau vi linh kién nVPC déu c6 do truyén quang cao
cho dai phé kha kién va co ngudng chiu hu hai do laser rat cao, vi vay ching cé thé hoat
dong véi ngudn cong suat 16n hoic dwa vao budng cong husong cua ngudn laser dé tao thanh
ngudn phat xody quang truc tiép c6 thé dung cho cdng nghé quang khic.
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532 NM OPTICAL VORTEX GENERATION USING A GRADIENT-
INDEX NANOSTRUCTURED VORTEX PHASE MICROCOMPONENT

Nguyen Thanh Tung, Nguyen Thi Hue Minh, Nguyen Thuy Linh,
Nguyen Thi Loan, Nguyen Thi Hue

ABSTRACT

This paper reports on the functional characterization of a flat-surface, nanostructured
gradient index vortex phase microcomponent (nVPC) operating at a wavelength of 532 nm.
The nVPC was designed and fabricated using a nanostructuring-material approach. The
core region comprises 7,651 nanorods made from two thermally and mechanically matched
glasses, arranged in a hexagonal lattice with a 20 wm diagonal. The optical performance of
the component was evaluated through theoretical analysis and experimental verification.
The measurements confirm the generation of a fundamental optical vortex, evidenced by a
characteristic phase singularity and a doughnut-shaped transverse intensity profile. The
nVPC has flat surfaces, and vortex generation arises from the engineered internal
refractive-index distribution. Consequently, its function is insensitive to the refractive index
of the surrounding medium, making it well-suited for microfluidic applications.

Keywords: Optical vortex, nanostructured vortex phase microcomponent,
nanotechnology.
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