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Tém tit: Cau tric cia vat licu bién héa hcfp thu tuyét doi song dién tir thuong
bao gom 3 16p, 16p dién méi ¢ giita, hai bén la kim logi. Cdc nghién ciru truée ddy
cho thdy, dé hdp thu cua vt liu chii yéu dwa trén viéc diéu khién cong huong tir
tao boi dong doi song gitka cau triic cong hudng mdt trude va tam kim loai mdt sau.
Tuy nhién, voi cdc cdu truc nay, vat liéu nay chi hap thu song d‘len tir theo mot chiéu
xac dinh ma khong hap thu theo chiéu nguoc lai dan dén mét sé han ché trong ung
dung thue té. Trong viéc né e tim kiém vt liéu hdp thu tuyét doi song dién tir hai
chiéu véi géc phén ciee dang hudéng, bal bao nay chung toi tdp trung nghién ciru va
thiét ké vt liéu bién héa duwa trén cdu tric cdp vong xuyen Voi y tztong nay, vdt
liéu hdp thu tuyét doi séng dién tir dwoc tao ra dwa trén si két hop cia ton hao cong
huong dién va cong huong tir xdy ra trén vat lieu. Phuwong phap nghién cieu sw dung
trong bai bdo nay la sw két hop giita phwong phdp mé phong va thwc nghiém.
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1. MO PAU

Vit liéu bién héa hap thy tuyét dbi song dién tir (MPA - Metamaterial Perfect
Absorber) dugc dé xuit va chimg minh dau tién vao nam 2008 boi Landy va cac cong sy
[1]. Landy dd chimg minh dwoc vat lidu bién hoa c6 thé hip thu hoan toan ning lugng
song dién tir va khong phan xa. Vat liéu nay co cau trac nhan tao va co thé diéu khién
duoc tinh chét vat li€u thong qua thay ddi céu trac cling nhu cac tham sb céu truc cua vat
lidu [2-5]. Dé khai thac tinh chat cua vat liéu nay, rat nhiéu cdu tric cia MPA d3 dugc dé
xudt, nghién ctru. Cac nha khoa hoc dé thanh céng trong viéc nghién ctru ché tao vat liéu
don dinh, da dinh, dai tan lam viéc rong hap thu tuyét ddi song dién tir [6-10] hoat dong
trai dai tir ving GHz dén ving quang hoc, nham tng dung trong thuc tlen nhu pin mat troi
[11], thiét bj khoa hoc [12], c4c thiét bj quan su [13]. Tuy nhién, cac cdu trac ndy chi hip
thu song dién tir theo mot chiéu ma khong hép thu theo chiéu nguoc lai dan dén han ché
trong tng dung thuc té. Vi mong mudn tim kiém vat liéu hép thu hai chiéu song dién tur,
nhom tac gia da thiét ké cau trac d6i xtng theo ting cip, dua trén ca”iu trac kim cuong, ciu
tric hinh vuéng [14 15]. Trong bai bao nay, chung t01 dé xuét cdu tric co tinh ddi xtng
cao hon do 1a cau trac cap vong xuyen Ung v6i cdu trac ndy, chung t6i da thanh cong
trong viéc ché tao MPA hap thu hai chiéu song dién tir voi goc phan cuc dang huéng bang
su két hop gitra ton hao cong huong dién va cong hudng tir clia vat licu.

2. MO PHONG & THUC NGHIEM
2.1. Thiét ké, md phéng

O co s6 cta vat lidu duoc thiét ké va trinh bay trén hinh 1a, cAu tric gém 3 16p: kim
loai - dién méi - kim loai. Lop kim loai dugc chon la déng (Cu) voi d6 dan dién ¢ =
5.8.10'S/m. Lop dién méi 1a vat liéu FR-4 v6i hang s6 dién moi ¢ = 4.3. Hang s mang
theo truc X, y c6 gié tri twong ung l1a a, = a, = a = 10mm. D¢ day 16p di¢n moi va 16p kim
loai ddng lan lugt 1a ty = 1.2mm, t, = 0.036mm. L6p kim loai duge thiét ké dudi dang hinh
vong xuyén véi ban kinh trong R; = 1mm, ban kinh ngoai R, = 2.7mm.
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Dé thiét ké va mo phong cac tinh chit cta vat liéu, nhom tc gia st dung phan mém
thuong mai CST Microwave studio [16]. Song dién tir dugc chi€u theo hudng vudng goéc
sao cho dién trudng, tir truong lan luot song song vdi truc y va truc X nhu hinh 1(a). bBiéu
kién bién dugc thiét 1ap tuan hoan trén mat phang xOy. Dai tan s6 hoat dong cua song dién
tur trong khoéng 12-24GHz.

2.2. Chuén bi miu va phép do

Vat liéu ban diu dé ché tao miu d6 1a mot ban mach in thuong mai PCB (Printed
circuit board). Poi vai vat liéu bién hoa hoat dong & dai tan so GHz, chung t6i st dung
cong nghé quang khac [17] d¢ ché tao mau. Hinh 1b trinh bay mau ché tao hoat dong &
vung GHz véi cac thong so dugc gidi thi¢u & muc 2.1.

Dé nghién ciru céc tinh chat ctia vat liéu, chiing t6i tién hanh do phd truyén qua va phd
phan xa cuta vat liéu bang hé thiét bi phan tich mang véc to Vector Network Analyzer. Tir
k&t qua pho truyén qua va phan xa, ta s€ tinh dugc d6 hap thu cia vt liu [1].

(b)

Hinh 1. (@) O co s6 va su phén cuwc séng dién tir, (b) Mau ché tao véi cdc tham s6 cdu
trac: a = 10mm, Ry = Imm, R, = 2.7mm, tg = 1.2mm, t; = 0.036mm.

3. KET QUA VA THAO LUAN

Hinh 2a trinh bay két qua mo phong phd truyén qua ctia vat liéu bién héa céu trac
vong xuyén. Phd truyén qua co 2 cong huong co ban, trong d6 cong huong tan s thap (f,)
1a cong huong tir, cong huong tan s0 cao (f) 1a cong hudng dién. Tuong tmg voi 2 cong
hudng cia pho truyén qua la sy xudt hién 2 dinh hap thu dugc trinh bay trén hinh 2b. Két
qué cho thay, dinh thir nhat d hap thu c6 gia tri 52% trong khi dinh hap thu thir hai c6 gia
tri 38%. Két qua cho th?iy, tai 2 tan sd nay do hép thu cda vat liéu co gia tri rat thr?ip. Do
vay, dé vat liéu c6 tinh hép thu cao hon, chung t6i dich chuyén 2 tan s6 nay lai gﬁn nhau
cho téi khi chiing chéng chap lén nhau. Khi do, 4o hép thu s€ la téng do h?ip thu cua hai
cong huong.

Nhu ta da biét, vat liéu bién hoa véi vu diém la vat liéu c6 cdu triic nhan tao va c6 thé
didu khién duoc doc 1ap cong hudng dién va cong hudng tir théng qua didu khién cac tham
s6 cAu trac dya trén md hinh ctia Zhou [18]. M6 hinh nay cho thdy, néu nhu tin s cong
hudng tir phu thudc manh vao kich thude cua cu trac cong huong thi tin sé cong huong
dién phy thugc manh vao sy thay d6i hing s6 mang a. Voi muc dich diéu khién tan sé
cong huong dién vé cong hudng tir, tr m6 hinh Drude [19] c6 thé thdy, viéc ting hing sb
mang a trong cau trac cap vong xuyén dan den su giam dang ké mat d¢ dién tir hiéu dung
khién cho tan s6  plasma giam, tuong Gmg tan s6 cong huong dién giam. Trong khi do, khi
a thay ddi, tan s6 cong hudng tir khong ddi. Dua trén 1ap luan dé, khi ting hiang s6 mang a
dén mot gia tri thich hop tin s cong huong dién s& chong chip véi cong hudng tir.

Dé kiém dinh tinh xac thuc cta lap luan 1y thuyét, chung t6i tién hanh mé phong phd
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hép thu cua vat liéu cdu tric hinh vong xuyén voi hing sé mang a ting dan trong khi d6
cac tham s6 khac dugc giit khong ddi. Quan sat phd hap thy trén hinh 3 c6 thé thay két qua
md phong thu duoc ding nhu 1ap luén li thuyét, khi a tang cdng hudng dién dich vé tan sb
thap trong khi cong hudng tir gin nhu khong thay ddi. Cu thé tan sb cong huong dién tmg
véia =10, 13, 16, 17mm theo thir ty 1an luot 14 20.16,16.82, 14.34, 13.52GHz. Ngoai ra, khi
hing sb mang a ting tir 10mm dén 17mm, do hap thu ciia cong hudng tir van dao dong quanh
gié tri 50% trong khi d6 do hip thu ciia cong hudng dién ting tir 38% 1én dén 50%.
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Hinh 3. Pho hdp thu cdu tric cdp vong Hinh 4. Pho hap thu mé phong va thuc
xuyén voi hang so mang nghiém cua vdt liéu hap thu
thay doi tir a = 13-17 mm. cdu truc vong xuyen.

Diéu thi vi nhat 1 khi a = 17mm, tan s cong hudng dién chong chap v6i cong huong
tir, két qué thu duoc do h:?ip thu gz‘”m nhu tuyét ddi tai tan s6 f = 13.5GHz. Vé phz‘in thuc
nghiém, tac gia tién hanh do phd hap thu cua vat liéu Gng v6i hing s6 mang a = 17mm, két
qué thu dugc cho thiy phd hap thy thuc nghiém kha phu hop véi két qua mé phong (hinh
4), diéu d6 khang dinh tinh ding dén ctia mé hinh nghién ctru.
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4. KET LUAN

Bing viéc diéu khién hing s6 mang a, cac tham s khac giit khong doi, chung toi da
thiét ké va diéu khién duoc tinh hip thu cta vat liéu bién hoa dya trén cong hudng dién va
cong huong tir str dung cu tric cip vong xuyén. Két qua cho thiy tin sé cong hudng tir
va cong huong dién cua vat liéu c6 thé didu khién dugc mot cach doc lap. Vat liéu thu
dugc do hép thu 1én t6i 97% gan nhu tuyét d6i khi hai cong huong dién va tir chong chap
lén nhau. Két qua pho hép thy thu duoc tir mé phong kha phu hop két qua thuc nghiém.
Hon nita, ddy 1a cAu trac co tinh ddi xting cao nén do hap thu khong phu thudc phén cuc
clia song dién tir. Két ‘qua thu dugc trén hira hen mang dén nhiéu tng dung trong linh vyc
quan sy 6 vung tan sd Ra da. Tt viée thanh cong trong ché tao vat liéu hap thy hai chiéu
song dién tir cau tric vong xuyen & tan s6 GHz, chung t6i s& nghién ctru vat liéu bién hoa
hap thy séng dién tir & ving tan s6 cao hon.
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ABSTRACT
2D METAMATERIAL ABSORBER BASE ON RING STRUCTURE

The conventional structure of a electromagnetic wave metamaterial perfect
absorber consists of three layers: Metal — Dielectric - Metal. In the previous
investigations, the absorption depends only on the tuning of magnetic resonance
which was created by the anti- parallel currents on the resonator and the metal
background. However, this results show that the metamaterial only absorbs
electromagnetic waves in one direction and don’t absorb with the opposite direction
of electromagnetic waves. This leads to several limitations in the practical
applications. In this paper, based on using the ring structure, a metamaterial
absorber in order to obtain the MPA which absorbs electromagnetic wave in double
directions with isotropic polarization is studied and designed. MPA was created by
applying the energy loss for the electric resonance and magnetic resonance on the

structure. In this paper, the combination method of simulation and experiment is used.

Keywords: Metamaterial; Metamaterial perfect absorber; 2D metamaterial absorber based on ring structure.
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