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TOM TAT: Mang co cdu triic nghiéng (GLAD) dang dwgc cdc nha khoa hoc rat quan
tam trong nhzmg ndm gan day Ddc biét cac mang GLAD c¢6 cdu tric zzgzac c6 tinh chat
quang hoc gan giong nhwe mang da I6p, hon nita véi phuong phdp ché tao mang GLAD ciing
kha don gian nén chiing dang dwoc nghién ciru dé thay thé mang da I6p cho cac itng dung nhu
cac mang AR hay kinh loc...Trong bdo cdo nay, chung 16i da si dung thudt toan di truyen
Genetic dé mé 5 phong va tinh todn ‘cdc théng 56 t6i uu cho mang GLAD ung dung dé tao mang
AR trong ving kha kten Viéc viét chwong trinh mé phong la cong viéc thiét yéu khong thé
thiéu va no sé hé tro rat nhiéu cho céng viéc ché tao mang sau nay.

Key words: cdu triic nghiéng (GLAD), thudt toan Genetic (Genetic algorithm),
mang chéng phan xa (AR), lai tao, dot bién.

L. GIOI THIEU

Trong nhu'ng nim gin day, ky thudt ché tao mang mong da dat dwoc rét nhiéu tién bs.
Nhiéu loai mang moéng véi céc phuo*ng phép ché tao vt ly ciing nhrr héa hoc khac nhau da
dugc nghién ciru nhim dap tmg cho céc mg dung khic nhau trong khoa hoc k¥ thuat ciing nhu
trong doi song. Tuy nhién hau hét cac phuorng phap déu tao ra céc loai mang c6 cAu tric binh
thudng (cu tric thing). Cung v6i su phét trién ngay cang cao cua khoa hoc ky thuat, hién nay
mét k¥ thuat tao mang mon vira ra doi va duoc sy quan tim rat nhiéu cta cac nha khoa hoc, do
1a ky thuat tao mang ¢b céu tric nghleng (GLAD). Ky thuét nay c6 thé chu dong diéu khién
thay ddi cdu tric cia mang va tao cdc mang c6 do xOp vira phai (semi-porous). Mang duogc tao
khi géc téi ciia chum vit lidu ldng dong tir bia (target) téi dé c6 mot goc nghiéng nhét dinh,
nhu trong hinh 1.
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Hinh 1. Sy phat trién c4u tric nghiéng cuia mang

Mbi lién hé gma goc toi a cia chum vit liéu ling dong véi goc nghiéng ciia cic ciu triic
cdt tinh thé B c6 thé dugc dién ta qua cong thirc thuc nghiém [1]:
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Mat do cua mang:

Tir cong thirc (1) va (2) & trén, ta nhan thdy céu tric nghiéng ctia mang phu thude rat nhidu
va goc t6i o, dan dén mat do mang ciing bi phu thudc rat nhiéu vao géc t6i a.. Ngudi ta nhan
thdy khi géc t6i o cang 16n (cang xién), cang xuat hién nhiéu khoang tréng nam giita cac cau
triic cot va tao nén mang c6 dd x8p cao. Tir d6 din dén chiét sudt ciia mang giam. Viéc tao
thanh c4c khoang trong c6 thé dugc minh hoa qua hinh 2.

V& mit ky thuat, dé tao cac chim hoi ling dong ciia vat liéu cé géc t6i thay ddi, thay vi
thay di huéng t6i clia chim vat liéu, ngudi ta cho dé quay théng qua mot bd phan diéu khién
dé (hinh 3). Ngoai ra, ching ta con c6 thé tao ra mang c6 céc chu tric nghiéng theo nhiéu tang
(16p) lién tiép, mbi 16p c6 nhitng dd nghiéng khic nhau. Ching c6 thé tao nén nhing ciu tric
hinh xoén éc, hinh zigzag, hinh cu thang (staircase)...
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2a Goc toi a; 2b
Hinh 2. (a) Su hinh thanh khoang tréng giita cic cot nghiéng
(b) Khoéng tréng giita céc c6t nghiéng thay ddi theo goc t6i o tir két qua thuc nghiém Tait [2]

Qua céc cdu tric trén, mang c6 chiét suét thay déj lién tiép qua mdi 16p. Khi xét vé tinh
chét quang, viéc ndy twong tw nhu sy thay doi chit suat qua mo6i 16p mang trong mang da 16p.
Do tinh chéit tuong ty ndy, ma mang cAu truc nghiéng dugc dung de thay thé mang da 16p
trong viéc ché tao céc loai mang quang hoc nhu mang chong phan xa AR, kinh loc (filter)....

« truc quay

Hinh 3. So db quay dé
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Héu hét cac vat liéu déu thich hop cho ky thudt GLAD: nhu kim loai, oxyt kim loai, céc
chét florit, va céc chit ban dan. Trong khudn khd bai bao ndy, ching t6i chu trong vao 2 chat
dién méi 1a TiO, va MgF, dé tinh todn m6 phong mang chéng phan xa AR trong ving kha
kién.

2.THU'C NGHIEM

Nhu da trinh bay trong phén giéi thiéu, mang ¢6 céu tric nghiéng (déc biét la mang c6 céu
tric zigzag) co6 nhleu 16p nghiéng theo dang zigzag, da tao ra nhleu 16p c6 chiét suat thay ddi
xen k& nhau. Neu ching ta ap dung tinh chat thay ddi chiét suat lién tuc nay dé che tao mang
quang AR thi rét tién loi. Tuy vay, ciing nhu ddi v6i mang da 16p, viéc chon 56 16p t6i wu 1a
bao nhiéu , cling nhu chiét sudt va do day cho tung 16p 1a mét cong viée rat kho giai quyét
trong thuc te v1 s6 10 giai cho ) hop nay la rat 16n. Dox h01 phai cé su can thiép cua ky thuat
chiing toi da tién hanh mo phong tinh toan céc thong sb t01 wu cho mang co céu tric nghiéng:
nhu tinh d6 nghiéng cia timg 16p mang, d6 day timg 16p nghiéng, chiét suét cua ching ciing
nhu s6 16p ti uu dé tao ra dugc cac loai mang chéng phan xa AR trong ving kha kién.

Viéc tinh todn md phéng duge ching t6i 4p dung thuat giai Genetic va viét bing chuong
trinh matlab. Hai chét dién méi duoc chung tdi sir dung trong chuong trinh mé phong nay la
TiO, va MgF,. Ap dung thuat toén di truyén dé giai bai todn mé phong mang chéng phan xa
AR nhu trong so d6 1.

SO PO 1: SO PO KHOI CHUONG TRINH
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Dit liéu nhdp vao dé mo phong chuong trinh la céc dir ligu thuc nghiém tir [2], trong d6 the
hién m01 lién hé giira goc tGi cua chum ling dong véi chiét sut cua 16p nghleng Tham so
chiét suit lién hé véi do nghiéng cia cu triic mang bing phuong phép xap xi binh phuong t01
thiéu voi duong cong chxet suét thuc nghiém (hinh 4) va két qua thu dugc tir chuong trinh xp
xi (cing do chung t6i viét bing ngdn ngir matlab) dugc trinh bay trong hinh 6.
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Hinh 4. Mdi lién hé gifra goc téi véi chiét suat cia mang TiO, va MgF, [2]

Pé tao d& dang cho nguoi sir dung, chung toi di viét chuong trinh giao dién nhu trong
hinh 5 nhu sau:
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Hinh 5.Giao dién chuong trinh mé phong mang chéng phan xa da 16p céu tric nghiéng
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2.1.Nhép dir liéu
. Sau khi khéi dong chuong trinh, chuong trinh doi hoi chiing ta nhép mot s6 thong sb ban

dau:

Chon mét chit dién méi mudn ché tao céu tric nghiéng: TiO, hosic MgF,. (nut 1énh 1)

Chon chiét suat cao va chiét suat thép cho cac 16p nghiéng....... (thanh trugt 2 va 3)

Ving budce séng hoat dong duoc chon nim trong ving kha kién.

Chon chiét suit cho 16p mang dAu tién (tiy chon 4).

Nhap sb 16p mang (cira sb 5).

Nhiép d6 phan xa mong muén (cira sb 6).

Chon bé day 16n nhét, nhé nhét, don vi nm(6 nhép lidu 7).

Budc tién d6 day cua 16p nghiéng, don vi nm (6 nhép liéu 8).

S6 ca thé trong quan thé ban dau (6 nhap lidu 9).

S thé hé lai tao (6 nhép liéu 10).

An ntit md phéng (nut 12), chuong trinh sé tinh toan va hién thi két qua sb trén cira sb 13

Két qua tryc quan bang dudng cong phan xa hién thi trén cira s6 14.

Mbt thuc don (15) dugc cai dit dé co thé hiéu chinh céc chi tiét cia dudng cong sao cho
truc quan va phan biét.

Dic biét mit chon git (16) dugc cai dit cho phép luu d thi ciia nhiéu 1an md phong dé dé
dang so sanh, giai doan va trich xuat vao bao cdo.

R
1.95 o
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1.65

Hinh 6: Pudng cong xap xi chiét sudt theo d6 nghiéng sir dung da thirc gin dung bac 3

nrio2=— 8,19. 107.0* +4,597. 10°.0% - 4,3. 107,00 + 1,995 A3)

2.2.Tao ngudn cho ddi cha me (khéi tao quin thé ban diu)

Khéi dau ta tao ba ma trin ban dAu ngiu nhién twong tmg v&i 3 c4 thé ban du. Sau do, ta
tinh hdm muc tiéu F cia céc c4 thé nay. Trong do, ta chon ra ca thé ng véi gié tri F 16n nhét
(nghia la ca thé kém thich nghi nhét) va thay thé n6 boi mét ma trén ngau nhién (ca thé) khac.

R6i 13p lai viéc loai bo ca thé kém thich nghi nht va phét sinh mét c4 thé méi.
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2.3.Tinh gi4 tri ham muyc tiéu F

~ Ham muyc tiéu F & day, chiing t6i ding phuong phép t6i thiéu binh phuong. Péi voi mang
chong phan xa:

F(x)= EZ (Ry(A) = R(x, Ay ))2]2 @
k=1

Trong d6:

x: vector bién thiét ké thay dbi theo dd day; Ro(Ay): gid tri phan xa mong mudn tai bude
séng A R(Ay): gid tri phan xa tinh toan dugc tai Ay; n: sO diém thay d6i budc song. Gia tri
phan xa R duoc tinh toan theo 1y thuyét ma tran dd dwoc chimg minh trong cac béo cao trude
day.

2.4.Lai ghép va dt bién

2.4.1.Lai ghép

Trong chuong trinh chiing ti sir dung quy tic lai ghép don diém. Tur 2 c4 thé ot nhat da
dugc chon tir doi cha me, ta tién hanh qua trinh lai ghép ching v6i nhau theo tirng 16p tuong
mg nhu md ta trong vi du dudi day. Sau mdi 1an lai ghép ta lai dugc 4 cd thé moi tmg véi 4
gid tri F méi. Trong 6 gid tri F (2 F cuia ca thé doi cha me va 4 F cia doi con) ta tim 2 gid tri F
nhé nhét émg véi 2 ¢4 thé tt nhit 1am c4 thé cha me tiép theo dé lai ghép (sinh sén) tiép.

Gia sir ta duoc 2 c4 thé tot nht voi gen nhur sau:

0 |0 [1 (1 (O (1 [0 |1

L1300 bR -1

Cathé (1) Cathé (2)

Tur 2 cé thé tdt nhit c6 thé lai taora 4 ca thé con g v6i mot 16p (ching han 16p thir 1) va
tai mot vi tri hoan vi xac dinh (chang han vi tri s6 3) nhu sau:

Sl | e |

Ca thé (3) Ca thé (4)
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~ Bén canh vigc tao cé thé méi b?ang phuong phdp lai ghép ta con dung phuong phap dot
bién.
2.4.2.Dt bién
Dot bién 1a 14t (tirc thay ddi) gié tri tai vi tri nghu nhién trong gen va xdy ra véi tn sudt rit
thép.
Vi du: vj tri dot bién 1a hang 2 ¢4t 3 ciia A thi ta duge A’ c6 gen sau:

0 |0 |1 (0O |1 |O (1 (0O 0O (0 |1 (O |1 |O [1 |O
O [1 (O (1 (0O [0 |1 |O 0 |1 [1-f1 |0 |O (1 (0O
1 10 |1 [0 |O |1 [0 |1 1 10 (1 (0 |O |1 (0 |1

Tuy gen A’ chi thay ddi c6 mot gia tri so véi gen A nhung anh hudng cia né dén toan b
cé the 1a rat 16n.
2.5.Chinh tinh

Tuy ta da c6 dugc két qué tét nhét theo GAs nhung dé phét huy triét dé kha ning cia GAs
thi ta cin c6 buéde chinh tinh. Qué trinh chinh tinh dwoc thuc hién nhu sau:

Sau khi ta c6 dugc két qua tét nhat cia qué trinh tién hoa thi ta 14y két qua do6 lam tron (do
két qua 1a s6 khong nguyén), tiép do ta thém vao hay b6t di mét vai don vi d6 day (nm) dé tim
t0i wu & lan cén két qua trén. Néu né con cho két qua tét hon dugc thi ta tiep tuc cho thay doi
d6 day dén khi n khong cho két qua tét hon hofic sau khi thay ddi hét luot do day céc 16p thi
ta chAm diit qua trinh chinh tinh. R4 xuét ra do day sau cung.

* Két qua tinh todn dwoc tra vé theo 02 dang
An nit mé phong (nut 12), chuong trinh sé tinh todn va hién thij két qua s trén ctra s 13.

3.KET QUA VA BAN LUAN

Sau khi chay chuong trinh mé phong duge m6 ta ¢ trén, ching ta s€ thu duoc cic két qua
theo yéu cau ciing nhu cic thong s6 dau vao. Vi du ching ta trd lai két qua thu dugc & hinh 5,
véi cdc thong s6 ban ddu ciia mang c6 chu tric nghiéng 3 16p TiO, nhu trong hinh, ching ta
thu dugc pho phan xa kha thip khoang 1% tai budc song 500 nm va d¢ day cua timg 16p la
90/50/70 nm. Két qua truc quan bing dudng cong phan xa hién thi trén cira s6 14.

Ciing v6i chuong trinh d mé phéng & trén, ching ta cling c6 thé chay chuong trinh véi
mang c6 cAu tric nghiéng 5 16p nhu trong hinh 7 véi céc thong sé nhu sau:
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Giasir ching ta chon chiét sudt cao 1a 1.75, chiét suat thap 1a 1.58. Chuong trinh tinh s&
tinh duoc goc xién chum hat t6i img voi chiét sudt cao do 1a cign = 1.1170 radian, va goc xién
thé vat liéu Brign = 0.79780 radian. Tuong tu gdc xién chum hat téi ung vGi voi chiét suat thap
13 oty = 1.3788 radian va géc xién thd vét lidu Biew =1.21 radian.

Tir d6, chuong trinh Genetic s& tinh todn tiép dugc céc bé day téi wu cho mdi 16p lén lugt
1a: 78, 76, 143, 172, 238 nm va két qua phd phéan xa R dugc mé ta nhu trong hinh 7.

i

| al=.630883

| DSdiy 1ot b 78 e

| BNy ddy |9p thir 2 46 nm

- DSdiy dpthed: 143 mn
B ady idp thar d: 128 a0

t B dAy ldp thaS: 238 ran

Hinh 7a Hinh 7b

Hinh 7: (a) giao dién mé phong mang 5 16p. (b) mo6 phong thd vat ligu mang.

Tur hinh 7, ta nhan dugc phd phan xa kha thip (khoang 2%) trong mién budc séng
450-650 nm. Néu so sanh két qua thu dugc tir mang ¢b cdu tric nghiéng v6i mang da 16p
(cting do chung 61 viét chuong trinh trudc ddy [3]), ta nhan thay, tuy ching khong t6t bing két
qua mang da 16p nhung vé mét thyc nghiém, ciing nhur hi¢u qué kinh t€ thi n6 tién loi hon hén.
Vi mang c6 ciu triic nghiéng chi sir dung duy nhat 1 chat.

Cac két qua mé phong trong chuong trinh nay sé& tao cho chiing ta rat nhiéu thuan lgi trong
thuc nghiém ché tao mang chéng phan xa c6 céu tric nghiéng.

4. KET LUAN

Ching t6i da dung thuat toin Genetic md phong thanh cong mang chéng phin xa AR c6
cdu tric nghiéng. Chuong trinh dugc ching t6i viét cho hai ddi tuong 1a MgF, va TiO, va c6
thé mé rong cho céc vt liéu khac trong twong lai. Ngoai ra, ching t6i viét chuong trinh dudi
dang giao dién dd hoa nén tao rit nhiéu thuan lgi cho ngudi str dung. Cac két qua thu duogc
trong chuong trinh ndy c6 thé duoc ap dung ché tao cic mang trong thyc nghi¢m.
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SIMULATION ANTI-REFLECTION (AR) THIN FILM FROM
GLANCING ANGLE DEPOSITION BY GENETIC ALGORITHMS
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ABSTRACT: In recent years, glancing angle deposition technic (GLAD) is interested by
many scientists. GLAD can fabricate many thin films which are used in variours applications.
GLAD thin films with zigzag structure have the same optical characteristics with multi-layer
thin films, so we can use them to fabricate optical thin films, such as AR or filters. In this
report, basing on GLAD, we use Genetic algorithms to simulate AR thin film in visible region
with TiO, and MgF; materials. The results from our simulating program can create a lot of
advantages in studying optical thin films.
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