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TOM TAT

Trong nghién ciru ndy, ching t6i tién hanh ché tao 15 ¢6 kich thudc micro trén mang kim
loai vang pha tap paladin Au/Pd (80/20%) nh& vao cOng nghé tan mon (ablation) kim loai sur
dung xung laser femto gidy. Cac vi 16 nhan duoc cé dudng kinh 2 + 3 pm, chu ki cua luéi vi l{}
(khoang cich gitra tdm cua hai vi 16 lién ké) =~ 5 Hm. Vi 16 ¢6 thé duoc sir dung nhar |2 ngudn
sang c6 kich thudc micromet diing trong giao thoa diém nhiéu xa hoiic cic bs loc khong gian.

Tir khoa: cOng nghé nano, hat nano, kinh hién vi, 15 micro; ming mong kim loai, xung laser
femto-gidy.

1. PAT VAN PE

Thuat ngir ché tao mucro duge sir dung dé miéu ti viéc san xuat céc céu tric vat liu c6
kich thudc micro. Sy tan mon sir dung laser (laser ablation) v4i xung laser ngan (ns dén fs) 1a
mét trong ohimg ky thudt ché tao micro phd bién dugc diing dé khoan vi 13, ¢t vi tao miu &
kim loai va chét dién mdi ¢6 d6 chinh xdc cao [1]. Qua céc nghién ciru khdc di chirng minh
dugce rang viéc sir dung xung laser femto gidy dé ché tao vi 16 hiu nhu khong gﬁy ra cac hu hong
vé phiét do sy hdi t nang luong nhanh chéng [2]. Ngugc lai, viéc sir dung cic xung nano gidy
va tham chi pico gidy dé ché tao da gdy ra cdc hu hong ve nhiét va giam chét lirgng chia su tan
mon (ablation) [2, 5, 6. Su tan modn (ablation) c6 thé duge thuc hién bdi xung laser ning lugng
cao nhung gay hu hong nhiét ding ké do dung lwgng dnh séng tip trung cac lam tan mon dén ca
lUp chit nén duoc phil méng kim loai. Khi tdc dung, xung laser tir ngoai ngin ning luong thép
né hiu nhu khong lam anh hirdng dén chét nén, lic dé bé mit kim loai s& bi néng 18p, sau dé
néng chay va ncu nang luong du lon s& Jam bay hoi vit ligu. Thong thudng, cdc vét liéu néng
chdy duogc truc xuat tir phia trwée bing khi 4p luc, ma ciing ¢6 thé 1am nhu mét vit 1idu loal bo

ting cwdng thong qua cac phan ung héa hoc [4]. M3t khéc, su tao ra 16 gin mot ranh gidi cd
dinh c6 thé gdy hu hong dén cdc chit nén [7, 8].
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Trong nghién ctu nﬁ}f, ching 161 trinh bay két qua cia viéc ché tao vi 16 trén mang mong
nano Auw/Pd (80/20%), vdi chat nén CaF; bang phuong phép tan mon (ablation) khi su dyung
xung laser femto gidy niang luong thap. Cé hai uu diém chinh ctia viéc st dung xung laser loai
niy so v&i hé thong xung laser niing lirong cao 1a chi phi thap va chiym Gauss cé chat lugng cao.
Ngoai ra, sir tan mon {ablation} do c6 c¢é ban chat vit I phu thudc vao xung laser tic dung I€n bé
mit kim loai, trong khi & xung laser binh thuong c6 thé 13 ion héa manh hodc hap thu nhiéu
photon, thi & xung laser tir ngoai ngan hap thy truc tmp chiém uu thé. Cdc vi 15 c6 thé dugc diing
nhu ngucm sang micromet sir dung trong glan thoa diém nhiéu xa hoic cic bd loc khong gian;
ngodi ra, 46 phan giai kich ¢& micro miu ¢ thé dugc thuc hién.

2. MO TA THi NGHIEM

Piu tién chiing 161 sir dung phuong phap phun xa ph& vao thiét bi SC7620, Quorum
Technologies dé phu Ién mat phang chit nén CaF, mét 1op Au/Pd (80/20%) trong khoang thoi
gian 90 s trong mdi truomg Ar. D6 day lop phu thu dwrgc 14 h = 60 nm.

So db thue nghiém dé ché tao vi 18 trén mang AwPd duoc biéu dién trén Hinh 1, Nguun
vao str dung xung laser femto-gidy tir Nd:YAG - laser (Quantel Ultra) dugc lam viéc trong ché
@6 phat hoa ba bac hai. Hoi tu xung laser dugc thue hién nhéd vao bg van tiét luu, duge tao thanh
béi dng din sdng soi cdp quang mode don (single-mode optical fiber) vo1 géc héi ty 12° va mii
d4u do dudmg kinh 250 nm. Tham sb hinh hoc ctia ddu do va phuong phép ché tao né dugc miéu
ta cu thé trong nghién ciru [8). Sir dung diu do nay dé loc khong gian va hdi tu birc xa Nd:YAG

— laser tai mili dau do ¢6 the tao ra vét hoi tu trén bé mat kim loai véi bén kinh trén mot nira
chiéu cao Ropraz = 0,3 um va d6 sau héi tu 200 nm nén khnng sir dung bat ki mot thiét bi quang
hoc nio bé tro. Khoang cich giita dau do va mat phang mang AwPd khoang 50 nm va khdng
thay d6i trong suét qud trinh thue nghlem nh¢ vio hé thnng lién két nguoc vai Am thoa gdm 4dp
dién. Diu do dit dudi géc 60° so vdi phap tuyen ctia miu duge diéu chinh nhd vio thiét bi dinh
vi ¢ hoc ba toa d§ Ox, Oy, Oz ¢6 d6 chinh xac cao vdi budce dich chuyén nho nhét cia mdi truc
bang 150 nm. Céu hinh nay cho phép kiém tra sy dich chuyen dau do va quan sat qua trinh tao ra
céu tric vi micro (submicro) tnyc ti€p trén mit phang mang Au/Pd nh¢ vao kinh hién vi quang
hoc d§ phin giai cao (Xl['l]}{ KH7700, }LTOOO) T4t c4 ciu triic micro va nano déu dugc tao ra bon
mot xung laser duy nhét trong nhitng diéu kién thuong. Két qua thu dugc trén mit phing ming
duge quan sét bing phuong phip quét hrc nguyén tir (ACM, NanoDST Pacific Nanotechnology)
va kinh hién vi quét dién tir (SEM, Hitachi $3400).

Trong nghién clru nay, chung to1 sir dung Xung dAu vio tir nguodn thir nhit Nd: YAG - laser
cd budce séng A = 1030 nm va ngunn thi hai ¢6 budc séng A = 515 nm, dleu chinh thdi gian
khodang fermto gidy T~ 200 fs vi ning luong xung lon nhit 13 4 pJ. Su phén b khéng gian ciia
birc xa & dAu ra tir soi cdp quang twrong tng vdi mode TEMyo. Céc chiim laser ché ¢ TEMo
dugce hdi tu trén bé mét kim loai Au/Pd trong mdi truong khong khi v&i mét vat kinh hién vi
DIN tiéu sic ngam dau 100 x (NA = 0,25) dé tao ra kich thude diém nho nhat (véi bén kinh Ry,
= 1,5 um). Déi véi chiim tia Gauss trong khong khi (chiét suat ng = 1) ban kinh vét héi tu mirc
1/e dugc tinh theo cdng thirc (khdng ¢ quang sai sic cau) [9]

Ains‘/;l_{z; — NA?
nNA

pé quan st két qua thu duoc ching toi sir dung kinh hién vi quét dién tir (SEM) JEOL
7001F v&i médun miy quang phé Ronghen ning lwgng phén tin (EDRS).
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Hinh 1. So d6 thuc nghiém ché tao 16 micro 1- Nguﬁm laser; 2- B6 tach 4nh sdng; 3 — Guong; 4-Thiét bi
thu nhan anh sang; 5 — May do néang lugng; 6 - Thau kinh héi tu ; 7- Thiét bi dua tia birc xa vao sg1 ¢dp
quang; 8 — Ong dan sdng sol cap quang; 9 — Kinh hién vi quang hoc; 10 - Am thoa gom 4p dién; 11 — B
van tiét luu ; 12 — Pinh vi co hoc; 13 — Diéu khién; 14 — M4y tinh.

3. KET QUA VA THAO LUAN

Hinh 2. Anh SEM biéu dién qua trinh tao ra 18 micro trén mang kim loai Au/Pd (80/20%) trén chat nen
CaF, v&i mat do ning lugng F = 0.11 (a), 0.13 (b} 0.18 (c) J/em® dr.rm g6c nhin 42°% 0.23 (d) va 0.25 (e
va f) J/em? dudi géc nhin 55°,
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Tic dung xung laser cuc ngin budc séng A = 515 nm lén bé mit mang Au/Pd véi ning
luong khic nhau din dén qué trinh 1am tan mon bé mit kim loai vang tao thanh vi 16 ¢6 kich
thrde véi duomg kinh d = 2 = 3 pum va chu ki (khoang cdch tir tAm cta hai vi 15 lién ké nhau)
p = 5 um. V&i mét d6 nang luong F = 0,11V/cm’, bé mit kim loai Aw/Pd héa rén v tdi két tinh
hat nano tinh thé kim loai (Hinh 2a). Khi mét d6 nang lueng F = 0,13 J/em?, xung khéng chi lam
tan chay mang ma cdn béc né ra dudi dang mit 16i micro (Hinh 2b). Tﬁng mit dd ning lugng
1€n niTa, chung ta quan sdt thiy sur gia tang kich thuéc mat 161 micro va xuat hién dinh nano. Khi
F > 0,18 J/em® trong phén trung tim cia né, ta c6 thé nhin thiy mang mong mau den, va dong
thoi hinh thanh dinh vi micro va hat nano xuﬁt hién trén dinh cua né (Hinh 2c). Su bay ra cua hat
nano voi dong dan dén sy hinh thanh 16 trén dinh cua mién 15i rong rudt, xay ra véi mat do ning
Iugng F = (3,23 J/em? (Hinh 2d). Khi méat d6 ning luong F = 0,25 J/em® hat nano cling véi dinh
nano 1oi khoi khu vue 14n can cia khu bic xa (Hinh 2e). Ting mat d6 ning luong 1én dén
F =~ 0,27 Vem® chiing tdi quan st duge s ting don diéu dudng kinh cia 16 (Hinh 2f).

(a)

Hink 3. Anh SEM cia mang mong Aw/Pd (80/20 %) day h = 110 nm. a) Mang vi 1 ¢6 dudng kinh va
chu ki twong (tng d = 2 + 3 um, p = 5 um; b) Hinh anh phéng to ciia hinh a; ¢) M6t mang gém 4 15

micro duge phdng to.
R} le = 2 pHm
AT £y o= 0.10 Ve’ ,
- Fy o= 022 Jom® w4
”
”

Hinh 4. Su phy thudc duong kinh cita mién 161 micro (hinh vudng) va 16 (hinh tam gidc)
vao InE cia ning lugng. Trén hinh cho thay anh SEM cua bé mat mang vang dlrﬂc chiéu xa
béi mét xung laser tir ngoai ngin véi mat 46 ning lugng F = 0,27 3/ cm’.
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Hinh 3 cho thiy mét mang céc vi 16 dugc ché tao theo so dd san xuit & Hinh 1 va qu4 trinh
tao ra 15 nhu G Hinh 2. Trong mét T tmcmg hop hat nano khéng troi han ra bé mat kim loai
vang ma vin nim trong m.mg tam cua 16 (Hmh 21), con trong nhiing diéu kién khéc né lai roi
khoi 16 cling véi dinh nano va phan bé trén bé mit mang mong kim loai (Hinh 3b va 3c).

Sy phu thuée niing lugng do duge vao dudng kinh cua mién 16i micro va 16 trén bé mat
mang vang chimg minh dic trung ngudng voi gié tri ngudng bing Fuume = 0,10 £ 0.02 Jiem?® vi
Fh::-!e ~ 0,22 % 0,02 J/cm? tuong émg, vi véi bén kinh dic trung phén b6 niang lugng diu vao

Ri/r=20%0,1 ym (Hinh 4). Bén kinh R] +g 16 hon bén kinh hoi tu quang hoc Ry 0,5 um vi
¢ sur anh hudng cua nhiét trong khoang théd gian nano gidy 7 khi hinh thanh mién 16i micro va
16 (4xT ~ 1 pm véi T ~ 10% s {10, 12] va hé sé din nhiét clia vang & nhiét d6 cao y (T =
1000°K) = 1.1 em®/s [11)).

4, KET LUAN

Trong nghién ciu 1'1::13,r chiing t6i da chi ra mét trong nhirng phuong phap t6i wu hién nay dé
tao ra 16 ¢6 kich thuéce micro trén mang mong Au/Pd (80/20%) c6 dé diy nano trén bé mat chat
nén CaF, bang cdch sir dung xung laser femto gidy budc séng A = 515 nm. Lo duoc tao ra gan
nhu hoan hao véi dudmg kinh 2 + 3 pm va chu ki khoang 5 um. Ngoai ra, trong qua trinh tién
hanh thire nghi€ém ching td1 phat hién ra phuong phép ndy cOn tao ra céc hat nano vang nim trén
dinh nano, véi mét 86 ning lugng F = 0,27 J/cm® hat nano c6 thé tréi ra khoi viing buc xa va
phan bo trén bé mat krm loa: hoac phan b ngay trong lﬂ L4 duoc tao ra trén chét nén CaF, voi
sir hap thy nho nén chat lhrong 16 tao ra c6 chét heong tét va do hu hong thap. Céc vi 16 ¢6 thé
duoc sit dung nhu nguén sdng micromet hoiic cho cédc bd loc khdng gian hodc in anh kich thudc
micro bang phuong phdp quang khic trén kim loai.
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ABSTRACT

MICRO - HOLE FABRICATION IN THIN FILM AU/PD USING FEMTOSECOND
LASER PULSES

Nguyen Thi Huyen Trang"%*°, Doan Hoai Son', Cao Thanh Le!

‘Ha Tinh University, Ha Tinh, Viet Nam

’Lebedev Physical Institute, Russian Academy of Sciences, Leninskii pr. 53, Moscow,
119991 Russia Moscow

*Institute of Physics and Technology (State University), Institutskii per. 9,
Dolgoprudnyi, Moscow region, 141700 Russia
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In this work, we performed micro — holes fabrication in the methallic thin film Aw/Pd
(80/20%) by ablation using ultrashort femtosecond laser pulses. Micro ~ hole diameter d ~ 2 = 3

nm and period p = 5 pm are produced. The micro-holes can be employed as micrometer light
sources for use 1n point diffraction interferometers or spatial filters.

Keywords: nano-technology, nano-particle, microscope, micro-hole, thin metallic film,
femtosecond laser pulse.
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