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Vat liéu bién hoa hap thu song dién tir da dinh, dai rong
trén co s& polymer dan
Lé Pac Tuyénl*, Pham Thé Linh2, Téng Ba Tuan!, Tran Thi Ha!, Vii Binh Lam?
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2 Hoc vién Khoa hoc va Cong nghé

TOM TAT

Céc thanh qua nghién ciru vé vat ligu tién tién dong vai tro quan trong va tao ra cac dot pha trong viéc phat
trién cong nghé méi. Vat liéu bién hoa (metamaterial) 13 cAu triic nhan tao duogc thiét ké dé dat duoc tinh
chat mong mudn ma vat liéu ty nhién khong c6. Nhirg nam gan déy, nhiéu nd lyc da dugc thuc hién dé
diéu chinh d6 dién thim va do tir thim cua ching nham tao ra vat liéu chiét suat am, thau kinh phan giai
cao, hay hap thu 'song di¢n tir. Ching t6i trinh bay mot phuong phap don gidn dé ma rong dai tan va tang
d6 hap thu cua cau tric cong huong dia tron. Két qua tinh toan bang phan mém mé phong CST (Computer
Simulation Technology) Microwave Studio cho thay d6 dan ciia polymer dong vai trd quan trong téi tinh
chat hip thu cua vat liéu. Str dung ddng thoi polymer dé dan thap va hiéu ung tuong tac truong gan co thé
tao ra cong huong da dinh, dai tan rong 6,8 GHz véi do hip thu trén 90%. Cau tric dé xuat khéng phu thudc
phan cuc song dién tir va c6 thé ap dung dé ché tao vat liéu bién héa hip thu dai rong.

Tirkhoa: Vat lidu bién hoa; vat liu bién hoa hap thu dai rong; polymer dan; twong tac truong gan.

1. Pat vén dé

Vit ligu bién hoa (metamaterial) la c4u trdc nhan tao dwoc thiét ké dé dat duoc tinh chat dién tir mong
mudn ma vat lidu ty nhién khong c6 (D. Smith, 2000; S. A. Ramakrishna, 2008). Trong nhimg nam gan
day, nghién ciru vé vat liéu bién hoa da phat trién nhanh chdng va thu hat sy chi y trén thé giéi vi kha nang
vuot troi trong viée diéu khién song dién tir. Nhiéu nd hre da dwoc thyc hién dé diéu chinh do tir thim va
do dién tham (chiét suat) cua ching nham tao ra vat lidu chiét suat &m, thiu kinh phan giai cao, hay hap thu
song dién tir (S. A. Ramakrishna, 2008; Z. Duan, 2009; P. Ball, 2018; A. Shanian, 2019). Néi chung, su
tuong t4C cua song dién tir voi vat chat dugc nghién ciru thong qua cac dac tinh phan xa, truyén qua va hap
thu. H¢ s6 phan xa 16n 1a mot yéu ciu quan trong trong cac ung dung quang hoc, do truyen qua cao la yéu
cau trong cac ung dung dién tu, hién thi hinh anh. D4i véi cong nghé cam bién hay chuyén ddi ning lugng,
d6 hap thy 16n tré nén quan trong hon. Vat liéu bién hoa cd kha ning hap thu toan bo song dién tir vai chidu
day nho hon rat nhiéu so véi bugc séng hoat dong, dong vai trdo quan trong trong viéc phat trién cac thiét
bi thé hé mai: cam bién do nhay cao, chuyén déi nang lugng hiéu suit cao, tang hinh (N. Landy, 2008; P.
Yu, 2019; H. Hajian, 2019).

Tuy nhién, vat liéu bién hoa hap thu song dién tir (metamaterial absorber — MA) gay ra bai cong huong
tir hay cong huong dién cua cau tric cong huong, nén dinh cong huong rat hep, da han ché kha ning ung
dung cua chling. Do do, viéc tlep tuc nghién cuu va tim ra md hinh hi¢u qua, s dung cac hiéu tng vat Iy
dé mo rong dai tan hay co the diéu khién tan s6 hoat dong bang cac tac nhan bén ngoai, ciing nhur cau tric
don gian dé ché tao la rat can thiét. Nham cai tién va nang cao hiéu qua hap thy, nhém nghién ciru da dé
Xuét va str dung vt ligu polymer dan. Bén canh d6 sir dung hiéu &g vat 1y dé ting cuong do hap thu va
mé rong dai tin 1am viéc cua vat liéu bién hda. Pay 1a mot phwong phap méi, hiéu qua dwoc nghién ctu va
ché tao vat liéu hap thu da dinh, dai rong véi cong nghé don gian hon, ma khéng can phai giam kich thudc
6 co s6. Tinh chit hip thu duoc khao sat theo d dan cua vat liéu polymer, co ché hip thu dwoc giai thich
biang phan b dién truong va diéu kién phdi hop tré khang.

2. Thiét ké va mé phéng

Dua trén céc két qua nghién ctu vé dia tron, ching toi dé xuét cu tric vat ligu bién hoa hap thu song
dién tir (MA) c6 lop dong pha kin mat sau, thay thé cau tric dia cong hudng Kim loai mét truge bang vat
liéu lai két hop gitra polymer va graphene (polymer dan), xen gita la 16p dién méi (D. T. Viet, 2014). Viéc

*Té&c gid lién hé:
Email: ledactuyen@humg.edu.vn
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sir dung vat liéu polymer dan mang lai nhiéu hiéu ung khac biét so véi cau tric MA truyén thong, boi kha
nang thay d6i d6 dan dién caa polymer tily theo thanh phan pha tap.

Hinh 1 trinh bay c4u trdc MA sir dung vat liéu polymer déan dién vai kich thudce 6 co sé hinh vudng la a
= 24 mm. Cau tr(c mit trudc gom 4 dia dat cach nhau mot khoang d va sir dung vat ligu 1a dong hoic
polymer dan véi d dan dién o co thé thay doi. Ban kinh va do day cac dia 1an lugt lar = 2,4 mm va t, =
0,036 mm. Lép dién moi FR-4 dugc dat o gitra c6 chiéu day ts = 1,60 mm, hang s6 dién mdi bang 4,0 va
do ton hao bang 0,025, mit sau dwoc phu kin bang I6p dong c6 do day tn = 0,036 mm véi do dan dién
5,96x107 S/m. Qua trinh md phong sir dung ngudn song dién tir chiéu tgi mat truéc MA, véi géc toi 0 va
g6c phan cuc ¢ c6 thé thay doi nhu hinh 1(a).

(a) (b))

4‘ ‘»

t, I,

Hinh 1. Cdu triic hinh hoc 6 co sé MA véi cdc tham;ér cdu tric @ =24 mm, r = 2,4 mm, t, = 0,036 mm,
te = 1,60 mm, tn = 0,036 mm, d cd thé thay doi. (a) Mat trude, (b) Mdt bén.

Chuing i sir dung phan mém mo phong CST (Computer Simulation Technology) Microwave Studio dé
thiét ké ciu tric va khao sat twong tac cua MA vé6i song dién tir. Py 1a mot phuong phép st dung ki thuat
tich phan hiru han (Finite Integration Technique - FIT) chia nho méi truong vat liéu, bién dbi cac phuong
trinh Maxwell va phwong trinh tan sic cua vat liéu tir khdng gian lién tuc dén khong gian roi rac, tao ra hé
phuong trinh ludi Maxwell (Maxwell’s Grid equations). Tir d6 dam bao céc tinh chét vat ly cua truong
dugc duy tri trong khdng gian roi rac va dan dén mot nghiém duy nhat. Do d6 FIT giai hé phuong trinh
Maxwell dudi dang tich phan thay vi vi phan.

Do 16p dong phia sau di day va khong cho song dién tir truyén qua, nén do hap thu caa MA ¢ thé dugc
tinh theo cong thuc: A(w) = 1 — R(w) = 1 — [S;1(w)]?, v6i R = |S;,]? 12 d6 phan xa va Sy lahé s6 phan
xa. Khi c6 su phol hop tré khang giita cdu trac va méi truong toi cua song dién tu, he sb phan xa rat nho,
khi d6 MA c6 thé hap thu hau hét song dién tir chiéu dén.

3. Két qua va thao luan
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Hinh 2. Phé hdp thu ciia MA véi cdu tric dia tron la do”‘ng‘)(dwéng mau den, dudi cung)
va polymer voi do dan thay doi
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Hinh 2 12 phé hap thu cua MA khi so sénh giita hai trudng hop st dung cau tric dia dong va polymer
dan. Véi cau trac dia dong, phd hap thy cé hai dinh cong huong phan biét tai tan s6 13,6 GHz (f1) va 25,0
GHz (f2). Vi tri hai dinh déu dich vé vang tan s6 thip hon khi thay dia dong bang polymer véi d6 dan dién
giam dan. C6 thé thy, so vai dong, do hap thu cia MA sir dung polymer cao hon nhiéu, dat 99% (f1) va
95% (f,) trong truong hop d6 dan dién o= 100 S/m.

Dé hiéu co ché vat Iy tao ra hai dinh cong huéng trong ciu tric MA, chiing toi khao sat sy phan b dién
trudng tai hai tin sb cong huong 13,6 va 25,0 GHz. Hinh 3 cho thiy & ca hai tin s6 cong hudng déu xuét
hién cong hudng ludng cuc dién duge kich thich trén cic dia polymer doc phuong ctia dién truong E
(phuong thing ding). Tuy nhién, phan b dién truong & 16p ddng phia sau lai rat khéc nhau. Cong huwong
tai f1 gay ra do cong huong tu, dién truong tap trung tai vi tri cac dia (D. T. Viet, 2014). Trong khi do, tai
tan sb f2, cong huong tir yéu hon, dién truong tap trung chu yéu & khoang céch giira cac dia. Két qua nay
cho thiy sy anh hudng cua hiéu ing tuong tac trudng gan gitra cac dia canh nhau da kich thich cong hudng

(H. L. Dang, 2017; B. S. Tung, 2020).

(a) (b)
e e

-801
-1121
-1441
-1761

Hinh 3. Phan bé dzen truong trén dia polymer mat trudc (a, b) va trén l6p d‘ong mdt sau (c, d) ciia cdu
triic MA tai tan sé 13,6 GHz (a, ¢) va 25,0 GHz (b, d) khi d¢ déan o = 100 SIm

Tinh chét hap thu song dién tir c6 thé duoc giai thich thong qua didu kién phdi hop tro khang cia MA

U N , . 1+S,,)*
va moi truong tai cua song dién tir theo cdng thac (D. R. Smith, 2005): Z = %
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Hinh 4. Tré khéng ciia cdu triic MA sit dung dong (a) va polymer dén dién (b)
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Hinh 4 so sanh phan thuc va phan ao tré khéng cua MA lan luot trong hai truong hop sir dung ddng va
sir dung polymer dé dan dién 100 S/m & mat trudc. C6 thé thay, cau trdc MA st dung ddng khong thoa
mian diéu kién phdi hop tro khang ¢ ca hai tan s6 cong huang, dan toi hé s6 hap thu thap. Tuy nhién, ddi
v6i MA sir dung polymer dan dién, phan 4o cua tré khdng gan nhu bang 0 va phan thuc xap xi bang 1 tai
ca hai tan s6 cong huong 13,6 GHz va 25,0 GHz nhu trén hinh 4(b). Vi vay, tro khang cua MA polymer

tuong duong Vi tro khdng cia moi truong tai ca hai tan s nén do phan xa rat nho va do hap thy lon.
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Hinh 5. Su phu thudc ciia phé hap thu vao khoang cach d giita cac dia lién ké ciia cau triic MA dong (a)
va MA polymer (b) khi d thay doi tir 10,0 mm toi 6,5 mm. Tro khang cua cau tric MA dong (c)
va MA polymer (d) voi d = 6,5 mm

Dé thu duoc sy hap thu dai rong, chung t6i thay di gié tri cua khoang cach d giita cac dia canh nhau,
dan téi vi tri twong ddi cua cac dia s& thay doi theo dudng chéo cua 6 co so. Hinh 5(a) va 5(b) cho thiy anh
hwéng cua vi tri twong ddi gitta cac dia 1én tinh chit hip thu ddi véi ca hai loai vat lidu. Véi d = 10,0 mm,
cac dia tai thm cuia cac goc phan tu, vi vAy cau tric cia MA luc ndy hoan toan dbi xang. Khi d giam tir 10,0
mm xuéng 6,5 mm, phé hip thu xuit hién 7 dinh cong hudng r6 rét. Vi d = 6,5 mm, cac dinh cong huong
viing tan sé cao (tir 19,5 GHz dén 25,4 GHz, hinh 5(b)) cua c4u trac MA polymer déu dat trén 90%, trong
khi cAu tric MA st dung kim loai dong thi thap hon nhiéu. Diéu nay ¢6 thé duoc giai thich boi sy phéi hop
tro khang giita cau tric MA va moi trudng téi ctia song dién tir nhu trong hinh 5(c) va 5(d).

Ngoai ra, chiing t6i khao sat sy phan b6 dién truong cua cau tric MA polymer & ca mat truge (dia
polymer) va mat sau (tim dong) tai 7 dinh cong huong, Ian luot 14 12,5; 16,8; 19,5; 20,2; 21,9; 234,254
GHz (Hlnh 6). Quan sat thay, dinh cong huong tai tan s6 12,5 GHz la cong huong tir va la tan sb co ban
cuia cu trac. Tai tan sb cao hon, cac dia lién ké tuong tac v6i nhau tao ra sy hap thu da dinh va dai rong
véi nhiéu dinh cong huong gan nhau.

Cudi cung, ching toi khao sat su phu thudc phan cuc cua cau tric MA polymer. Phé hap thy phu thudc
vao goc phan cuc ¢ va goc téi @ lan luot trén hinh 7(a) va 7(b). Két qua nghién ctru chi ra MA polymer
khéng phu thudc vao su phan cuc cua séng dién tir do cau tric cong hudng duoc thiét ké déi xing. Khi géc
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toi tang, phd hap thu cua ciu tric MA polymer dich vé phia tan s6 cao hon, dan t6i hiéu suat hip thy cua
c4u tric giam va dong thoi 1am hep dai tan sé hap thu.
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Hinh 6. Phdn {)5 dién truong ciia cau triic MA polymer (@6 dan 100 S/m) tai mdt trude (a-g) va mdt sau
(h-n) tai cdc tan so 12,5 GHz (a,h); 16,8 GHz (b,i); 19,5 GHz (c,j); 20,2 GHz (d,k); 21,9 GHz (e,I); 23,4
GHz (f,m); 25,4 GHz (g,n).
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Hinh 7. Su phu thugc ciia phé hdp thu vao (a) géc phin cuc @ va (b) goc t6i 0 ciia song dién tir

4. Két luan

Chung t6i da d& xuat vat liéu bién hoa hap thu da dinh, dai rong song dién tir va khdng phu thudc phéan
cuc trén co sé polyme dan vai cdu hinh don gian. Két hop sir dung polymer d6 dan thip (100 S/m) va hiéu
(g tuong tac trudng gan cé thé tao ra dai hip thu tir 19,2 dén 26,0 GHz véi d6 hap thu trén 90%. Thiét ké
nay c6 thé dugc ap dung cho céc tin sé cao hon va rat hitu ich cho viéc ché tao vat liéu bién héa hip thu

dai rong.
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ABSTRACT

Multiple-band and broadband metamaterial absorber
based on conductive polymer

Le Dac Tuyen'”, Pham The Linh? Tong Ba Tuan?, Tran Thi Ha?, Vu Dinh Lam?
! Hanoi University of Mining and Geology
2 Graduate University of Science and Technology

The achievements in advanced materials have played an important role and create breakthroughs in the
development of new technology. Metamaterial is an artificial structure designed to achieve the desired
property that natural materials do not exhibition. In recent years, great efforts have been made to adjust
their permittivity and permeability to create negative refractive materials, high-resolution lenses, or
electromagnetic absorption. We present a simple method to enhance bandwidth and absorptivity of the disk
resonator. Calculation results using CST (Computer Simulation Technology) Microwave Studio showed
that the conductivity of the polymer can manipulate the absorption properties. Simultaneous utilizing low
conductivity polymer and near-field coupling effect can create multi-band resonances, a 6.8 GHz bandwidth
with absorption over 90%. The proposed structure shows polarization-independent absorption behavior and
can be applied to fabricate broadband metamaterial absorber.

Keywords: Metamaterial; Broadband metamaterial absorber; Conductive polymer; Near-field coupling.
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