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Received: 19/6/2024 Metamaterial ~absorbers have demonstrated significant potential in
) electromagnetic wave shielding, sensing and energy harvesting. Finding
Revised: 107712024 metamaterial that can absorb electromagnetic wave is not only simple design
Published: 11/7/2024 and fabrication, but also has multi-peak, wide-band absorption still in progress.

This study presents an effective method to expand the absorption bandwidth of
metamaterial absorbers in visible region. The proposed metamaterial absorber
KEYWORDS consists of periodic metallic disk structure on the top and continuous metallic

Metamaterials plane on the bottom separated by a dielectric substrate. The absorption
. properties were investigated and simulated using commercial software CST
Metamaterial absorber Microwave Studio (Computer Simulation Technology) based on finite
Disk-shaped resonator integration technique (FIT). The results show that the near-field coupling leads
Near-field coupling to absorption characteristics. By optimizing the asymmetrical arrangement of
. . two disk-shaped resonators, the absorption bandwidth can be expanded from
Visible region 387.6 to 579.5 THz (wavelength 518 - 774 nm) with absorptivity over 80%.
The absorption mechanism is explained by induced current distribution,
electric distribution and near-field coupling. This work proposes a simple and
effective method to create multi-peak, broadband absorption using

metamaterials with facile structure.
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Ngay nhan bai:  19/6/2024 Vat liéu bién hoa hap thy séng dién tir da chiing to tiém ning quan trong trong
. . ) N viéc che chin song dién tir, lam cam bién va chuyén d6i nang lugng. Viée tim
Ngay hoan thign:  10/7/2024 r, 4t ligu bién hoa hép thy song dién tir khong chi don gian vé thiét ké va ché tao

Ngay ding:  11/7/2024 dong thoi hip thy da dinh, dai rong dang dugc quan tim thyc hién. Nghién ctru nay

gi6i thiéu mot phuong phap hiéu qua mo rong dai hap thy séng dién tir cua vét liéu

\ . bién hoa trong viing anh sang nhin thiy. Vat liéu bién hoa dé xuit gdm cau tric dia
TU KHOA

kim loai tudn hoan & mit trén va tim kim loai lién tuc mit dudi duge ngan cach boi
VAt liéu bién héa 16p dién moi. Tinh chat hip thu dwgc khao sat va mo phong bang phan mém
P thuong mai CST Microwave Studio (Computer Simulation Technology) dua trén
ky thudt tich phan hiru han (FIT). Két qua cho thay hiéu tng tuong tac truong gin
Cong huong dia tron ¢6 thé 1am thay d6i dic tinh hap thu. Bang cach tdi wu vi tri sip xép khong dbi ximg
Tuong tac truong gﬁ?m hai dia kim loai, dai hép thu c6 thé duge mé rong tir 387,6 dén 579,5 THz (budc
séng 518 - 774 nm) voi do hap thu trén 80%. Co ché hip thu dugc giai thich dya
trén phan bb dong dién cam ung, phan b dién truong va hiéu Gmg tuong tac truong
gin. Béo cao nay dé xuat mot phuong phap. don gian va hiéu qua dé tao ra hap thu
da dinh, hp thu dai rong sir dung vét lidu bién hoa vai cu trac dé ché tao.
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1. Gioi thigu

Vit lidu bién hoa (metamaterial - MM) 1a mét trong nhiing linh vuc nghién ciru phat trién rat
nhanh véi nhiéu mg dung tiém niang. MM dugc tao boi su sip xép tuan hoan ctia cau tric cong
hudng co thé diéu khién song dién tir [1] — [3]. Kha nang twong tac séng di¢n tr cia MM phu
thudc nhiu vao kich thude, hinh dang cua cau triic cong huong hon 13 dic tinh ndi tai cta vat
lidu. Do c6 thé tuong tac voi ca hai thanh phan dién trudng va tir truong ciia song dién tir, nén
MM c6 nhiéu wu diém hon vt liéu thong thuong va tao ra dot pha trong viéc phat trién cong
nghé mai [4] [5]. Bang cach thlet ké va sap x¢p hop ly ciu triic cong huong, ching ta c6 thé tao
ra vt liéu bién hoa c6 chiét suat 4m hay hap thu song dién tr [4] — [6].

Sau khi Landy va cong su dé xuit 1an dau nam 2008, vat liéu bién hoa hép thu song dién t
(metamaterial absober - MA) duoc quan tdm nghién ciru va sir dung 1am cam bién, che chin song
dién tir va chuyén ddi niang lugng [6] — [9]. Do tinh chét cua cdu trac cong huong, MA thuong co
tan s hoat dong hep [10]. Viéc tim ra MA khong chi don gian vé thiét ké dé dé ché tao, chi phi
thép ma con tao ra dugc MA co hép thu da dinh, hép thu dai rong voi do hép thu cao duogc nhiéu
nhom nghién ctru quan tam.

Dé c6 thé 1am viéc véi dai tin rong hay nhiéu dai tn, mot cach phé bién 1a két hop céc ciu
tric cong hudng nhiéu kich thudc voi nhau [11], [12]. ]. Nhung thiét ké nay bi han ché do do hap
thu phu thudc vao kich thude cdu truc ciing nhu yéu cau ky thuat ché tao co do chinh xéac cao.
bac biét ky thuat ché tao gap kho khan 16n khi tan s hoat dong tai vung anh sang nhin thay Mot
sO thiét ké su dung nhiéu l6p kim loai-dién moi [13], [14]. ] Tuy nhién, phuong phap nay co do
day ctia mau 16n va tén nhidu thoi gian cling nhu gia thanh ché tao. Dai tan hoat dong ciing co the
dugc mé rong nho phéan tir tich hop, tuy nhién cac nghién ciru chu yéu tap trung tai ving tan sb
thap MHz hay GHz [15]. Tai vung tan s6 cao hon (THz) kich thudc phan tir tich hop qua 16n so
V6i cdu tric cong huong nén kho khan trong viéc két ndi. Gan day phuong phap str dung hiéu
mg tuong tac truong gan nham ting cuong do hép thu va mé rong dai hip thu dugce quan tam
nghién ctru [16]. MA hap thy da dinh c6 thé dugc tao ra khi két hop vat li€u graphen [17]. Mot s6
nghién ciru trude day s dung cAu tric dia kim loai, tuy nhién cac két qua tap trung & cong huong
bac thap va tan s6 ving GHz, MHz [1 1].

Trong bai bao nay, chung t6i d& xuit mot cdu trac hép thu dai rong dua trén su sap xép bt ddi
xung cua hai dia kim loai. Nho tuong tac truong gan ciia cau tric cong huong co thé ting cuong
d6 hap thy ciing nhu mé rong dai hip thu trong vung anh sang nhin thiy tir 387,6 den 579,5 THz.
CAu tric cong huong dia tron ma nghién ctu dé xuat don gian hon so véi cac ciu triic cong
hudng co kich thude khac nhau. Cac két qua cua nghién ciru nay duoc giai thich duwa trén hinh
anh phan bd dong dién cam tng va dién truong.

2. Thiét ké cdu tric va md phéng

Hinh 1 trinh bay mé hinh 6 co s& caa MA véi chu ky P, = 1400 nm va P, = 1400v/3 nm dugc
ciu tao bai ba lop vat lidu. Lop trén cung 1a dia kim loai tungsten ban kinh R 250 nm, chiéu day
t,, = 50 nm; 16p giira 1a Si0, ¢6 hang sé dién moi &= 4, chiéu day ty = 50 nm; I6p dudi clng 1a tim
tungsten lién tuc, chidu day t,, dugc bao phi toan bo dién tich 6 co s. Cac thanh phan E, H, k cua
song dién tir chiéu téi bé mat vat liéu duoc mo ta trén Hinh 1(a). Dia tron co thé dich theo phuong
ngang (d) hoic phuong thang dung (d,) dé khao sat tinh chat hap thu. Hinh 1(b) 1a mat bén cua 6
co so thé hién chiéu day cua ba 16p vat liéu kim loai - dién méi - kim loai trong tmg. Hinh 1(c)
md ta CAu tric sau khi t6i wu gdm hai dia tron ban kinh bang nhau R = 250 nm dit cach nhau mot
khoang d va l1éch goc 650 véi phuong ngang.

Chung t6i thuc hién mé phong twong tac ctia song dién tir v6i ciu tric MA dé xuit trén phan
mém thuong mai CST (Computer Simulation Technology). Soéng dién tir truyén téi vudng goc véi
bé mat cAu tric, mat phiang (E, H) song song véi mat mau nhu trén Hinh 1(a). Anten thu dt truéc
MA d thu séng dién tir phan xa sau khi tuong tac véi MA va thanh phan thu dugc nay duoc ky
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hiéu 1 Sy.. Vi MA ¢6 16p tungsten lién tuc, day hon d6 sdu cam tng dién tir ciia song chiéu dén,
nén cac song dién tir khong truyén qua dwoc. Do vy, chiing ta c6 thé bo qua thanh phan truyén
qua, ma chi xét dén thanh phan phan xa va hap thu song dién tir sau khi twong tac véi MA. Tir do,
d6 hip thu co6 thé dugc tinh theo cong thic: A(®) = 1 - R(®) = 1 - [Sy|* trong d6 R(w) = |S11* 14 do
phan xa. Bang cach xac dinh dugc thanh phan phan xa Sy, chung ta ¢6 thé tinh duge do hap thu
cua MA.

(a) (b) (©

\ Py | | Z \ \ Py |
\ l | \ \ l_
R
d '/
Py a2 P,
B - Ll o
tm tm

Hinh 1. O co sé MA voi canh Py = 1400 nm, Py = 1400v/3 nm, chiéu day I6p tungsten ty, = 50 nm, ban
kinh R = 250 nm, chiéu day I6p SiO; tq = 50 nm. (a) mat trén voi phan cuc séng dién tir chieu den, (b)
mat bén va (c) mat trén cau truc hai dia tron

3. Két qua va thao luan
Hinh 2 biéu dién Phé hép thy cua vt liu bién hoa cAu tric mt dia tron mo ta trén Hinh 1(a).
Quan sat hinh cho thay, pho c6 ndm dinh hap thu lan lugt tai cac tan so ‘fl =143,8 THz, f; =382,5
THz, f; = 435,4 THz, f,=495,5 THz, f5 = 536,5 THz. Céc dinh hap thu déu hep, ba dinh hap thu l6n

hon 90% tai f3, f; va fs, trong khi d6 hai dinh hap thy yéu hon lan lugt f; dat 54% va tai f, dat 76%.
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Hinh 2. Phé hdp thu cua cdu triic mot dia tron co cac dinh hdp thu

. lan lwot tai 143,8; 382,5; 435,4; 495,9 va 536,5 THz
Dé hiéu co ché hép thy, chung t6i khao sat dong dién bé mit tai cac tin sb cong huong. Hinh
3 trinh bay lan luot phan bd dong dién bé mit trén dia kim loai (mat trén) va tam kim loai lién tuc
(mat dudi) tai cac tan sb tir f; dén fs. Két qua cho thay tai tin s6 f; dong dién cua tAm kim loai mat

http://jst.tnu.edu.vn 423 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 229(10): 421 - 427

dudi tap trung tai vi tri cta dia va nguoc chiéu voi dong dién trén dia kim loai. Dong dién mat
trén va mat dudi d6i song chimg to hap thy tai tan s6 f,1a do cong huong tur gy ra [11], [18]. Tai
cac tan s6 cong hudng cao hon, dong dién ciia tim kim loai mat dudi chii yéu bén ngoai vi tri ciia
dia va c6 xu hudng tuong tac voi cac 6 co so bén canh. Diéu nay thé hién rd khi quan sat sy phén
bo dién truong tai cac tan s cong huong trén Hinh 4. Nhin chung, sy phan b dién truong tai tan
s fy chi ¢ tai vi tri ciia dia tron do twong tac cua dia tron phia trén va mat kim loai phia dudi tao
thanh dong dién cong hudng tir khep kin. Céc hép thu tai tin so cao hon 1a do ¢6 sy tuong tac
truong gan gitra cac 6 co so' gay ra. Két qua thu duoc chi ra tin sé hap thu f; giy ra boi cong
hudng tr cua cau truc dia tron va ciling la cdng hudng co ban cua dia kim loai, trong khi cac cong
huéng khéc 1a do twong tic truong gan cia dia tron va cac dia l4n cén.

(b) (c) (d)
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Hinh 3. Phdn b6 dong dién cam iing tai mdt trén (a-e) va mdt dwdi (f-) tai cac dinh hdp thu: 143,8 THz
(a.f); 382,5 THz (b,g); 435,4 THz (c,h); 495,9 THz (d,i) va 536,5 THz (e,j)

Do cac dinh hap thu tai tan so f, dén fs gy ra boi tuong tac truong gan, nén chiing t6i thay doi
tinh dbi ximg ciia céu tric dé khao sat tinh chat hip thu ciia cac dinh nay. Hinh 5 trinh bay phd
hép thu khi dich chuyén dia tron theo chiéu x va y. Khoang cach tir tam dia dén tam 6 co cd theo
chiéu x (do) va chidu y (dy) thay doi tir 0 dén 250 nm, ph6 hap thu chi thay doi nho. Mot dinh héap
thy nho xuat hién tai tin s6 f; = 536,5 THz, con tai cic dinh hap thu tir f; den fs hau nhu khong
thay dbi ca vi tri va do hap thy. Dinh hip thyu nhé tai vi tri 557,3 THz chi xuét hién khi khoang
cach cua dia tron dich mgt doan dy hay d, 16n hon 100 nm. Két qua nay duoc giai thich, khi dich
chuyén dia theo chiéu x hodc y tinh tudn hoan ciia ciu trac dia tron it bi anh huong va tinh d6i
xtng cua ciu trac chi thay dbi nho nén cong hudng tuong tac gitta cac dia 1an cén thay doi it.

(a) (b) (©) (d) (e)
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fi=143,8 THz f,=382,5THz f3=435,4 THz f4=495,9 THz f5=536,5 THz

Hinh 4. Phdn bé dién trieong tai mdt trén (a-e) va mdt dwdi (f~) tai cdc dinh hp thu: 143,8 THz (a.f);
382,5 THz (b,g),; 435,4 THz (c,h); 495,9 THz (d,i) va 536,5 THz (e,j)
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Hinh 5. Phé hap thu phu thudc vi tri ciia dia tron so véi tam 6 co sé (a) theo phwong x, (b) theo phirong y

Do dic tinh hép thu it bi anh huéng khi thay déi vi tri ciia dia tron, nén dé ting cudng hiéu
g tuong tac truong gan tai ving tan sd cong hudng tir f, dén fs, chung t6i dé xuét cu trac 6 co
s& ¢6 hai dia tron ban kinh gidng nhau R = 250 nm nhu Hinh 1(c). Céc tham sb cau trac vé kich
thudc 6 co so, chiéu day cac 1op vét liéu khong ddi so voi cdu trac mot dia tron. Khoang cach
giita hai tAm dia tron 1a d, goc hop boi duong ndi tim hai dia tron va truc x 1a 6.

Hinh 6(a) trinh bay pho hap thu ctia cdu tric hai dia tron phu thudc vao khoang cach d giita
hai dia kim loai thay ddi khi goc 6 = 0°. Tai tin s cong huong co ban fi, vi tri dinh hép thy
khong thay d6i do kich thudc dia tron khong doi, tuy nhién d6 hap thy tang tir 54 % dén 75%. Tai
céc tan sd cong hudng cao hon, phd hip thu thay d6i nhiéu ca vé vi tri va do hép thu. Két qua nay
1a do sy tuong tac trudong gan phu thuéc manh vao tinh déi xing cua ciu trac cong hudng. Quan
sat trén Hinh 6(a) cho thiy, khi khoang cach gitra hai dia d = 350 nm thi d¢ hép thu trung binh
16n nhét. Do vay, cau trac duoc t6i wu tinh bat dbi xing véi khoang cach d = 350 nm khong dbi
cho cac nghién ciru tiép theo.
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Hinh 6. Phé hdp thu cia cdu tric hai dia tron, (a) khodng cach giita hai tam dia d thay déi, géc =0°,
(b) khodng cach giita hai tam dia d = 350 nm, goc 6 thay doi
Hinh 6(b) trinh bay phé hp thu cua cu trac hai dia tron phu thugc géc 6'khi khoang cach d =
350 nm. Tuong ty nhu khi thay doi khoang cach d, pho thu dugc tai tan so f; khong thay doi vi tri
nhung d6 hap thu tang tir 75% dén 81% khi goc ftang tir 0 dén 90°. Tai céc tan sO cdng hudng cao
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hon, phd hap thu thay doi 15 rang ca vé vi tri va do hap thu. Tai vi tri goc @ = 15°, hiéu qua hap
thu t6t nhét va thu dugc dai hap thu rong tir 387,6 dén 579,5 THz voi d6 hap thu trén 80%. Két
qua cho thay, vi tri dinh phd hap thu f, khéng phu thudc vi tri ctia dia tron kim loai vi day 1a tin
s6 cong huong co ban chi phu thude vao kich thude cua dia cong huong, trong khi cac dinh phd
hép thu khac phu thudc manh vao vi tri tuong ddi cua hai dia tron vi chung dugc tao ra bdi tuong
tac truong gan.

f1=143,8 THz f>=431,9 THz f3=491,0 THz Jf4=568,5 THz

Hinh 7. Phdn bé dién truong tai mdt trén (a-d) va mdt dudi (e-h) tai cac dinh hdp thu: 143,8 THz (a,e);
431,9 THz (b,f); 491,0 THz (c,g) va 568,5 THz (d,h)

Hinh 7 trinh bay ph4n b dién trudng tai mot sé dinh cong hudng cia ciu trac hai dia tron.
Tai tan sd hap thu 143,8 THz khong c6 tuong tac giita cac dia tron. Trong khi tai cac tan sd:
431,9; 491,0 va 568,5 THz c6 ca tuong tac truong gan gitra cac dia trong cung 6 co so va gitra
cac 6 co s¢ voi nhau tao ra nhiéu dinh hip thy gan nhau hinh thanh mét dai hép thu rong. Tuong
tac trudng gan thé hién 16 tai phan bd dién truong cua ciu tric kim loai mat trén va tim kim loai
mat dudi. Nhu vy, khi sap xép ciu triic cong hudong dé thay doi tinh ddi ximg cta 6 co sé chiing
ta c6 thé tao ra ving ha‘ip thu da dinh, dai rong boi hiéu ing twong tac truong gﬁn.

4. Két luan

Chung t6i da thiét ké dugc mot cau tric vat lidu bién hoa hip thu song dién tir da dinh va dai
rong tai vung nhin thay. Két qua thu dugc chimg t6 vai tro quan trong cia cac tham s6 hinh hoc
trong viéc kiém soat tinh chat hap thu. Sy twong tac truong gan gitra cac dia kim loai trong cung
mot & co s& va cac O co sé 1an can c6 thé tao ra d:':u hap thu da dinh va dai rng. Dai hap thu tdi
uu trong nghién ciru nay dugc mo rong tur 387,6 dén 579,5 THz (budce song 518 — 774 nm) voi do
hap thu trén 80% bang cach t6i wu hoa vi tri hai dia kim loai. Céc tin s6 cong hudng duge giai
thich boi phan bd dong dién cam mg va dién truong. Két qua nghién ctru dé xuit mot phuong
phéap mo¢ rong va tang cuong do hap thy song dién tir & viing nhin thiy nho vao tuong tac truong
gan véi mot cau triic don gian.

Loi cam on
Nghién ciru nay dugc tai trg boi Truong Dai hoc Mo - Dia chat trong d& tai ma s6 T23-18.
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