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Tom tit:
Bai bao trinh bay ky thuit khic laser truc tiép (Direct Laser Writing - DLW) 3D va
phuwong phap ché tao cau tric linh kién plasmonic bing ki thuat DLW 3D két hop
v6i phiin xa DC. Céu tric linh kién plasmonic gom mang hai chiéu (2D) cdt polime
dwoc sap xép tuin hoan trén dé thiy tinh va dwoc phii mot 16p mang méng bac (Ag).
Thoi gian chiéu va cwong d laser dwoc sir dung trong qua trinh ché tao ciu tric
polime dwoc tdi wu dé c6 dwoc diéu kién cong nghé phit hop. Viéc xac dinh hinh thai
hoc va thanh phin vit liéu ciia ciu tric ché tao bing viéc sir dung kinh hién vi dién
tir quét phat xa trwong (FE-SEM) va quang pho tan xa tia X (EDS). Két qua ché tao
khing dinh rang, DLW da thanh cong tao ra céc siéu bé mit dwoc thiét ké véi cac
hing s6 mang tinh thé va kich thwéc mé hinh khac nhau véi dd phan giai tt. Phwong
phép phiin xa DC ciing da tao ra mang méng bac trén ciu triic polime véi d6 day cé
thé diéu khién dwgc. Phwong phap ché tao da cho thdy wu diém trong ché tao ciu
triic plasmonic nhuw chi phi thap, dé ché tao, huwéng téi cac img dung trong chup anh
va cam bién sinh hoc, linh kién cong hwéng hong ngoai va truyén thong lwgng tir tién
tién.
Tir_khéa: khac laser 3D truc tiép, linh kién cong hwéng plasmon hong ngoai,
plasmonic bé mit.
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Abstract:

This paper presents the 3D direct laser writing technique and a method for
fabricating plasmonic structures using 3D direct laser writing combining with DC
sputtering techniques. The plasmonic structure consists of a two-dimensional (2D)
array of polymer pillars arranged on a glass substrate and coated with a silver (Ag)
film. The exposure time and laser intensity used in the fabrication process were
experimentally determined to obtain suitable fabrication conditions. To determine
the morphology and composition of the fabricated structures, we used field emission
scanning electron microscopy (FE-SEM) and energy-dispersive X-ray spectroscopy
(EDS). The fabrication results confirm that DLW has successfully generated designed
hypersurfaces with different lattice constants and model sizes with good resolution.
The DC sputtering method also produced silver thin films on polymer structures with
controllable thickness. This method has shown the advantages in fabricating
plasmonic structures such as low cost and ease of fabrication, aiming towards
applications in bioimaging and biosensing, infrared resonant devices, and advanced
quantum communication.

Keywords: direct 3D laser engraving, infrared plasmon resonant components, surface
plasmonics.
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1. Pit van dé

Plasmonics 1a mot linh virc nghién ctru dang phat trién nhanh va duoc st dung rong
rdi trong nhiéu tng dung, bao gdm cam bién sinh hoc, hinh anh sinh hoc, kinh hién vi, xtr
ly thong tin, ning luong mit troi va truyén thong luong tir [1-3]. Hiéu Gng plasmon bé mit
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(Surface Plasmon - SP) x4y ra do su tuong tic ciia song dién tir (EM) v6i cac cu trac kim
loai ¢6 kich nhé hon budc séng. Cong huong plasmon bé mat (Surface Plasmon
Resonances - SPR) xuét hién khi sy dao dong tap thé cta cac dién tir ty do tai bé mat kim
loai dugc kich thich bdi song dién tir c6 budce song phu hgp. SPR dugc tao bdi cac mang
mong kim loai tao thanh plasmon bé mit lan truyén (Propagating Surface Plasmons - PSP)
hodc boi cac céu triic nano kim loai s& hinh thanh plasmon bé mit dinh x{ (Localized
Surface Plasmons - LSP). SPR c6 thé thay ddi duoc bang cach thay d6i cac thong s cau
trac, ch'flng han nhu kich thudce va hinh dang, sy sa‘ip Xép mang tinh thé, chi s6 khiic xa cua
moi trrong xung quanh, vat liéu kim loai duogc st dung va nguén sang toi. Tai vi tri cOng
huong, dién trudong (E) gan bé mat kim loai dugc ting cuong dang ké. Viée ting cudng
dién truong E c6 thé duoc st dung cho cac tng dung nhu dd dé cap ¢ trén, nd ciing dugc
ding dé khuéch dai cac tin hiéu quang hoc yéu nhu tan xa phén ttr, plasmonic phi tuyén va
cai thién d6 phan giai ca hé thong chup anh quang hoc [4, 5].

CAu tric plasmonic mot chidu (1D) gdm cac phan tir kim loai ¢6 kich thudc nho
hon budc song tuan hoan theo mot hudng, trong khi cac cau tric plasmonic hai chiéu (2D),
bao gdm cac phan tir kim loai tuan hoan theo hai hudng, cho phép twong tac voi EM mot
cach ty do [2, 6]. No6i chung, chiing dugc goi 14 cac siéu bé mit plasmonic. Nhitng ciu tric
plasmonic nay khong can sir dung ciu hinh ghép ling kinh, trong dé viéc kich thich
plasmon bé mit doi héi cac thanh phan quang hoc cong kénh va goc téi ciia anh sang phai
duoc x4c dinh chinh xac. Céc cdu trac plasmonic cho phép kich thich plasmon bé mit ngay
ca khi goc toi vudng goc voi bé mit ciu tric. Ngoai ra, cac thi nghiém ¢ goc tdi cao thi
kho khin hon so véi cac thi nghiém & budce song dai, von thé hién do nhay chiét suét cao.
Hon nita, cac cau tric plasmonic cé sy ting cudng dién trudng E cao va phat xa manh, cho
phép ting cudng huynh quang tryc tiép [7, 8].

Hién nay, c6 nhiéu phuong phap hién dai dugc str dung dé ché tao céac cau trac
plasmonic, nhu cac phuong phap “top-down”, bao gdm quang khic chum tia dién tir dua
trén mit na va k¥ thuat “lift-off” [9], quy trinh ling dong dua trén su bdc bay bang chum
tia dién tir [10] va chum ion hdi tu [8]. Mac du céc k¥ thuat nay dat dugc kich thudc nano,
nhung chung tén kém ca vé chi phi, thoi gian va yéu cau cac diéu kién phong thi nghiém
nghiém ngit, anh hudng dén tdc do va kha ning md rong. Cac phuong phap tiét kiém chi
phi va hiéu suat cao nhu quang khic [11] dd duoc st dung dé ché tao cu truc plasmonic,
nhung yéu cau nhiéu budc ché tao, lam giam tinh linh hoat va téc d6 xtr 1y. Pbi véi cac
tmg dung thuc té trong cam bién chiét suat va cam bién ting cuong huynh quang, hiéu qua
cua quy trinh ché tao 1a can thiét, vi n6 quyét dinh chi phi san xuét, d6 nho gon va kha
nang tich hop cao hon.

Do d6, viéc sir dung linh kién quang hoc tich hop phang duya trén cau tric plasmonic
két hop véi vat liéu polyme va dé trong sudt 1a phuong phap duoc wa chudng nho chi phi
thap, d& ché tao nho kha niang twong thich cua k¥ thuat quang khac vat liéu hiru co. Cac
linh kién plasmonic dia trén polyme nay mang lai hiéu suit twong duong véi cac cong
nghé duya trén tim ban dan/dién moi ma khong can cac quy trinh ché tao phirc tap ma chiing
t61 d thuc hién gan ddy trong diéu kién phong thi nghiém théng thuong [12, 13]. Cu tric
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plasmonic nay bao gdm céc cdt polime dugc sip xép tuan hoan 2D trén dé thuy tinh duoc
phi mot 16p mang mong Ag bang ky thuat DLW 3D két hop véi phiin xa DC. Céc cau tric
nay c6 bude séng cong hudng trong ving can héng ngoai I (NIR-II) (1000-1700 nm), da
dugc dé xuat cho cac tmg dung cam bién chiét suat (RI) va ting cudng anh huynh quang
sinh hoc. Tiép nbi cac két qua dat duoc cia cac linh kién plasmonic trong nhitng nim gan
day, nghién ctru ndy chu yéu tip trung vao quy trinh ché tao cic cau tric plasmonic bang
cach st dung k¥ thuat DLW 3D két hop véi phin xa DC. Chung t6i ciing nghiéu ctru vé
thot gian chiéu laser va cuong do laser dugc st dung trong qua trinh ché tao dé c6 duoc
diéu kién thi nghiém phu hop nhat. D& xac dinh hinh thai va thanh phan cta cac céu tric
ché tao dugc, tir do chirng minh hi¢u qua cuda linh kién ching t61 st dung FE-SEM va EDS.
Két qua cua cong trinh nghién ciru nay c6 thé 1a mot loi thé cho viée tng dung ciu tric
ché tao dugc trong cam bién RI, anh huynh quang sinh hoc va cac linh kién hong ngoai
gan khac.

2. Phwong phép ché tao
2.1. Qua trinh trung hop hai photon

Qua trinh trung hop hai photon (Two-Photon Polymerization - TPP) - con dugc goi
1a quang khic hai photon hoic DLW 1a mét k¥ thuat ché tao vi mo tién tién cho phép in
3D cac cdu trac polime. Khong giéng nhu quang khic thong thuong (vé co ban 13 phing)
hoic quang khiac mot photon, TPP tan dung su hap thu hai photon (Two-Photon
Absorption- TPA) dé gi6i han qua trinh tring hop trong mét thé tich tiéu diém nho, cho
phép “khac” cac hinh dang 3D tu do bén trong vat liéu cam quang. Kha ning tao ra céac
ciu trac 3D phirc tap nay d khién TPP tr¢ thanh mot ki thudt doc déo trong ché tao ciu
tric micro va nano [14].

TPP dya trén qua trinh quang hoc phi tuyén cta hién tuong TPA. Trong TPA, mot
phan tr ddng thoi hip thu hai photon c6 tong ning luong bang hodc cao hon ning luong
can thiét (mirc ngudng) dé dat dén trang thai dién tir kich thich (hinh 1A). Vi xac suat hap
thu hai photon dong thoi cuc ky thap nén can mot dong photon manh (dat duoc bang cach
tap trung cac xung laser cuc nhanh) dé hai photon duoc hap thu gan nhu cing mét luc. Toc
d6 hap thuy ty 1é thuan v6i binh phuong cudng d6 anh sang, do d6 su kich thich dang ké chi
xay ra trong thé tich nho tai diém hoi tu cua laser, noi cuong do cao nhét. Trén thuc té
ngudi ta sit dung laser xung femtd gidy vi cuong do cuc cao ctiia ching cung cap mat do
photon can thiét cho TPA dién ra mot cach hiéu qua.
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Hinh 1. So' d0 kich thich hai photon (A) va minh hga qua trinh TPP (B).

Sau khi su hap thy hai photon nang phén tir chat cam quang 1én trang thai kich thich,
cac phan tir chat cam quang c6 thé trai qua cac phan ing hoa hoc tao ra cac gbc tu do hodc
cation dé bat dau qua trinh tring hop cac monome thanh polime. Piéu quan trong 13, do
nhitng dic diém TPA di dé cap phia trén, TPP dugc gidi han trong mot diém thé tich (voxel)
co kich thudc femtolit bén trong diém hoi tu (hinh 1B). Su lién két chéo cua polime dugc
tao ra s& lam cing hoa ving voxel d6. Cac viing nam ngoai vung hoi tu do chiu cudong do
laser thap nén s& khong bi tring hop. Do ngudng ning luong va su kich thich dwoc gidi
han trong voxel di cho phép TPP tao cau truc dudi gidi han nhiéu xa, cac diém nho hon
nhiéu so véi tiéu diém quang hoc, c6 thé dat duoc bé“tng cach chi str dung lidu luong vira
du dé trung hop ngay tai trung tdm ciia ham phan tan.

V& ban chét, ché tao cac cu trac polyme str dung TPP 1a mot quy trinh san xuét dua
trén sy bién tinh vat liéu st dung laser, trong d6 chum xung laser dugc hdi tu manh va
dugc quét qua mot 16p monome 1ong (chat cam quang) dé 1am dong ctmg né mot cach
chon loc tai diém hoi tu thong qua cac phan tng héa hoc do TPA tao ra. Bang cach di
chuyén tiéu diém laser trong khong gian ba chiéu, cac cdu trac polime 3D tuy ¥ ¢ thé
duoc tao ra bén trong 16p chat cam quang (hinh 1B). Sau d6 phan chat cam quang chua bi
polime hoda s€ dugc rira sach dé tao ra cAu tric vi mo.

2.2. Quy trinh ché tao

Quy trinh ché tao cAu trac tuan hoan dugce dé xuét dugc mo ta trong hinh 2, bao
gdm cac budc sau:

(i) Chudn bi dé va phii chdt cam quang

Vit lidu dung lam dé thuong 1a mot tdm kinh c6 kich thudc 24x24x0,1-0,2 mm. Dé
dam bao d6 bam dinh cta cdu tric duoc ché tao trén bé mit dé, dé thuy tinh can duoc 1am
sach bang cach ngam trong dung dich acetone, két hop véi rung siéu 4m trong 5 phut, sau
d6 dé kho tu nhién va bao quan trong hop kin. Sau khi lam sach dé, chung t6i s€ phu mdt
16p vat li¢u cam quang (monome) 1én dé. viec phu vat liéu cam quang dugc thuc hién truc
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tiép bang phuong phap nho giot hodc phu quay ly tim. V& vat liéu cam quang, chung t6i
str dung vat liéu cam quang “Green-A” cta Microlight 3D, 13 vat liéu gbc acrylate.

(ii) Trung hop hai photon

CéAu trac polime can ché tao duoc thiét ké béng phﬁn mém CAD, sau d6 duoc tao
file in thong qua phdn mém Simpoly chuyén dung, phan mém nay tinh toan dudng di cia
diém hoi tu laser. Tty thudc vao yéu cau do phan giai, khoang cach giira cac diém laser s&
duoc xac dinh. Tiép theo, cau truc duoc tao ra bang phuong phap DLW. Giai doan ché tao
ctia chung t6i gdm: Ngudn laser, gia d& mau va ban piezo, bd diéu khién ban piezo va bod
diéu khién laser. Ngudn laser c6 cong suat toi da 50 mW & bude song 532 nm. N6 duge
két hop véi thau kinh ngdm dau 100X c6 khau d6 NA=1,4 dé hoi tu chum tia laser vao
diém can ché tao.

Tuy thudc vao vat liéu chat cam quang, cong sudt laser va thoi gian chiéu xa s&
duoc diéu chinh. Trong tng dung ciia chung t6i, ciu triic duoc in tot & mirc 20% cong suat
laser tbi da trong khi thoi gian chiéu laser kéo dai khoang 2 ms mdi lan.

(i) Pha chit (ii) Tring hop SRR R
cam quang 2 photon
—_ ,
L CAu trac nano bac (iii) Loai bo chat
Thiy tinh tuan hoan cam quang

Chét cam quang

Polime —BLALRALA
(iv) Phun xa HEER
B 5 (A9 ‘

Hinh 2. Quy trinh ché tao cau triic linh kién plasmonic bang k¥ thuit khic laser truc
tiép 3D két hop véi phiin xa DC.

(iii) Logi bo chdt cam quang

Pé thu duoc ciu triic polyme duy nhit, phdn monome con lai sau qua trinh DLW
can duoc lam sach. Qua trinh lam sach dugc thuc hién br:ing cach ngdm mau da ché tao
trong dung dich acetone (hodc IPA) hai lan, mdi 1an 10 phut.

(iv) Phun xa

Sau khi thu duoc ciu tric polyme, qua trinh phtin xa kim loai duogc tién hanh. Qua
trinh nay cho phép cac hat nano kim loai tach ra khoi bia, bay dén va phu Ién cau tric
polime. Thoi gian thuc hién qua trinh phin xa s& phu thudc vao kich thude cia ciu trac
nano kim loai can ché tao. Trong nghién ctru nay, ching toi da st dung hé théng SYSKEY
SP-01 v&i cac thong s6 ché tao nhu sau: Cong suat DC 50W, tbc d6 quay cua dé 10
vong/pht, ap suit khi Argon 7,5 mTorr va toc do phun xa khoang 23 nm/phit dé phin xa
mang mong Ag.
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3. Két qua va ban luan
3.1. Ché tao ciu triic polime

Nhu da dé cap & trén, cac cAu triic muc tiéu cua chung t61 1a cac siéu bé mit c6 kha
nang tao ra SPR. Loai cAu trac nay duoc ddc trung boi tinh tuan hoan cua mot phén tr cu
thé. Hinh 3 1 két qua ché tao vé mang 2D cua cic cdt polyme sip xép tudn hoan. Quan sat
thdy rang, cac phan tir trén dé c6 kich thude va chiéu cao gan nhu nhau, didu nay ching to
tinh 6n dinh ctia phuong phap ché tao. Nhitng két qua nay ciing cho thiy rang, DLW da
thanh cong tao ra cac siéu bé mit duoc thiét ké vai cac héng sb mang tinh thé va kich thude
mo hinh khac nhau véi do phan giai tot.

(A)

Hinh 3. Két qua ché tao ciu tric cot polyme tuin hoan 2D trén dé thity tinh. (A) Chu
ky tudn hoan P=5 pm va kich thudc cot polyme D=1 pm; (B) Chu ky tudn hoan P=10 pm
va kich thudc cot polime D=5 pm.

Thong qua viéc nghién ctru va lam viéc voi TPP, chiing t6i c6 mot sd thao luan vé
phuong phéap nay. TPP c¢6 thé tao ra cac diém anh cé kich thudc vai trim nanomet hoic
tham chi dudi 100 nm trong diéu kién t6i vu [14]. Ly do co ban cho do phan giai ddc bi¢t
nay 1 do kich thich hai photon chi xy ra tai tiéu diém cua chum tia laser va hi¢u ung
ngudng trong qua trinh tring hop. P9 phéan giai ngang (XY) cta TPP chu yéu duoc xac
dinh boi kich thudce diém hoi tu gidi han boi nhiéu xa va sy chit ché cua qua trinh tring
hop co thé duoc gi61 han ¢ tai diém hoi tu. Vi thau kinh NA cao (NA ~1,4) va budc song
532 nm, duong kinh diém hoi tu c6 thé 1a ~250 nm, nhung béng cach hoat dong gﬁn
ngudng, chi phan trong cing duoc ran hoa, tao ra do rong voxel ~100-200 nm hoic thim
chi nho hon [14]. P phan giai doc (Z) thuong kém hon d§ phéan giai ngang, vi voxel mé
rong doc theo hudng chum tia do d6 sau tiéu diém hiru han (ngay ca thau kinh NA rat cao
cling cho d6 phan giai doc gap vai lan kich thudc ngang) [14]. Vi dy, véi mot voxel co
duong kinh ngang ~200 nm c6 thé di kém véi chiéu cao ~500 nm theo truc Z. So voi
phuong phép quang khic 1ap thé bang photon don, bi gidi han bai nhidu xa quang hoc &
kich thuéc dic diém ~A/2 (thudng 14 vai chuc micromet d6i voi anh sang nhin thiy), TPP
dat dugc d6 phan giai tot hon [14].

Can luu ¥ rang, do phan giai thuc té phu thudc vao nhiéu yéu to: do nhay cua chat
cam quang, su khuéch tan chat khoi tao, do rung cua ban in... Néu muc tiéu chi don thuan
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1a t6i da héa d6 phéan giai, nguoi ta s& st dung loai chit rat nhay (ngudng thip) va cong
suét laser rt thip dé chi vira vuot qua ngudng tai diém hoi tu. Pidu nay lam giam toc do
nhung mang lai cac cau truc nho nhat.

Mot han ché thudng thdy cta qua trinh TPP 14 tc do xur 1y twong dbi cham. TPP vé
ban chit 1a mot quy trinh khic “tirng diém” tuan tu - mdi phan phai dugc khic ra bang tia
laser hoi ty, twong ty nhu cach mot chiéc may v€ mot buc tranh. biéu nay trai nguoc voi
mot s phuong phap in 3D lam ctng toan bd 16p cung mot lac (vi du: quang khic xu 1y
chum tia sb - Digital Light Processing (DLP)) hoic sir dung cac chum tia song song. Do
d6, viéc ché tao cac cau trac 16n hodc nhiéu céu tric bﬁng TPP c6 thé ton nhiéu thoi gian.
Téc d6 ché tao voxel (voxel mdi gidy) 1a mot thude do hitu ich: TPP tiéu diém don co ban
c6 thé dat duoc khoang 10*-10° voxel/gidy trén thuc té. Mot s6 nd lyc nghién ctru gan day
str dung mang da tiéu diém hodc bo diéu bién anh sang khong gian cho toc do khic 1én dén
~2.000.000 voxel/gidy [15], nhung nhitng nd lyc d6 van dang trong giai doan phat trién.
Trén thyc té, cac hé thong thuong mai thuong ché tao cac vat thé c6 kich thudc vai milimét
trong vai gid. Trong truong hop cua ching toi, ¢ thé mat 30 phut dé khic mot ving
100x100 pum gdom cac mang cac cot polime tuan hoan 2D c6 chu ky, kich thudc va do cao
la P~1,5 um, D~1 um va A~1,0 pm nhu trén hinh 3A.

Hiéu suit ciing bi han ché bai dong hoc quang tring hop - chit cam quang can mot
lidu lwong nhat dinh (nang luong trén moi thé tich) dé trung hop. Quét qua nhanh vai cong
suat khong du s& dan dén qua trinh dong ran khong hoan toan. C6 sy danh doi giita toe do
va cong suat laser: nguoi ta co thé ting cong suat laser dé tring hop nhanh hon, nhung
cong suat qué cao lai c6 nguy co dong ran qua muc va bién dang (hodc tao ra cac vu nd
nho do nhiét). May quét dién ké cong hudng va laser c6 téc do 1ap lai cao co thé gitp ting
tbc do béng cach di chuyén nhanh diém tiéu cy. Mot sb thiét 1ap tién tién sir dung nhiéu
cap di¢n ké dé ghi cac vung khac nhau déng thoi, hodc thAm chi nhiéu thiu kinh muc tiéu
song song (hiém nhung c6 thé thyc hién dugc dé sao chép cau trac). Phép chiéu dua trén
thiét bi guong siéu nho k¥ thuat sé (Digital Micromirror Device - DMD) trong TPP ciing
dang duoc nghién ctru: vé co ban str dung mot mang guong siéu nho dé chiéu mot mau 2D
gdm nhiéu pixel ddng thoi va sau d6 xép chdng cac 1an chiéu nhu vay dé tao ra 3D. Piéu
nay tuong tu nhu k¥ thuat khic khong can mit na timg 16p, nhung véi kich hoat hai photon
dé bao toan kha nang 3D. Cac nghién ctru da chi ra rang, TPP dua trén DMD c6 thé ting
téc do in dang ké trong khi van dat dugc do phan giai dudi 100 nm [15].

Bét chap nhiing cai tién nay, kha ning mé rong van con han ché. Hau hét cac hé
thong TPP hién chi c6 thé ché tao cac bd phan co kich thudc tir vi mo dén trung binh (tir
micromet dén vai milimét) trong thoi gian hop 1y [14]. Viée ché tao cac vat thé thuc su 16n
(vai centimet) hodc s6 lugng 16n cac bo phan 1a khong thyc té voi quy trinh nbi tiép mot
diém. Dé giai quyét van dé nay, cac phuong phép lai duoc sir dung trong san xuét: vi du,
TPP c¢6 thé dugc sir dung dé tao ra mot mau chinh (nhu khudn vi mé hodc bé mit quang
hoc vi md), sau d6 duogc sao chép hang loat thong qua in nano hodc ép phun. Bing cach
do, qua trinh ghi ndi tiép cham cta TPP chi dugc st dung mot lan dé tao ra khudn mau, va
qué trinh san xuét tiép theo dién ra nhanh chéng va song song.
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3.2. Két qud phiin xa kim logi

Sau khi loai bo 16p chit can quang con soét lai, cac mau duoc lam kho tu nhién. Tiép
theo, chiing dugc chuyén sang budc phiin xa kim loai. Nhu da dé cép & trén, chung toi da
str dung hé théng SYSKEY SP-01 dé phun xa bac 1én cdc mang polyme. Tuy thudc vao
thoi gian phun xa, do day cia 16p bac s& thay d6i. Bé danh gid hinh thai va thanh phan cia
céc cAu tric da ché tao, ching t61 da thyc hién phan tich SEM va EDS, két qua dugc trinh
bay trong hinh 4.

Hinh 4. Két qua phiin xa 6 cac thong s cdu tric P=10,0 pm, D=5,0 pm, /=1,0 pm (A)
va EDS tai ba diém dwoc danh dau trong (A) (B-D).

Hinh 4A hién thi anh chup SEM ctia mang 2D cac cot polime phtl bac trén nén thity
tinh v6i phan phong to duoc thiét ké vdi cac thong sd cau trac P=10,0 um, D=5,0 um,
h=1,0 um. Két qua cho thay, mang mong Ag da dugc pha déu 1én mang cot polime. Do
phu ctia Ag di duge xac minh bang két qua do EDS (xem hinh 4 (B-D)) clia cu tric trong
hinh 4A tai ba diém khac nhau. Tai diém khao sat Spectrum| giita cot, Ag chiém 74,7%,
diém khao sat Spectrum 2 tai vung bién cua cit, Ag chiém 80,5% va tai diém khao sat
Spectrum 3, Ag chiém 75,6%. Nhu vay c6 thé thiy ring Ag dugc bao phu kha dong déu
trén bé mat cau triic va co6 dong gop trong lugng cao nht tai tat ca cac vi tri dugc xem xét.

4. Két luan

Trong bai bao niy, ching t6i d gi6i thiéu quy trinh ché tao cau tric linh kién
plasmonic tuan hoan 2D tao SPR bing phuong phap DLW 3D két hop vé6i k§ thuat phun
xa DC. Két qua cho thay, cac ciu hinh duoc thiét ké véi kich thude, hinh dang va chiéu
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cao khac nhau c6 thé duoc “khdc” thanh céng bang quy trinh dé xuat véi do phan giai tot.
Bén canh d6, nhitng han ché caa phuong phap DLW duya trén TPP, bao gém kha ning mé
rong, vat liéu... cling da duoc thao luin, cho thdy phuong phéap ché tao dugc trinh bay co
nhiéu vu diém trong ché tao cdu tric linh kién plasmonic, hudng téi cac ing dung trong
chup anh va cam bién sinh hoc, linh kién cong huéng hdéng ngoai va truyén thong luong
tir tién tién.
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