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TOM TAT

Gan day, dé thu duoc vat liéu codo tir thim am va 1t liéu chiét suit am cac nha nghién
ctru throng sr dung siéu vt lidu c6 du trdc ding vong éng hrang c6 ranh (split-ring resonator
- SRR) hay &p thanh kim lai (cut-wire-pair - CWP) & hop wi cac kréi day kim laai lién tuc.
Tuy nhién, lan ch caa viéc sr dung céc @u trdc nay & ph thudc rit manh vao phanwec cia
séngdién tir chiéu dén. Trong bao céo nay, ching téi dung diu tric bén doi cia CWP - du
trdc aip dia co tinhdéi xang caodé han ché nhuoc diém trén. O o v ciia diu trdc nay gm mot
cip dia kim laai cAch nhau & mot [6p dién méi,rong tac i tir truong ngoai 40 rado tir thim
am (4 < 0). Bng cach n¥ rong ban kinh ¢a dia chodén khi cacdia cham vao nhau, tinh céi
SUit Am c6 th thudugc (n < 0). Kt qua nay nd ra khi nang ¢ tie diéu chinh tinh clat cia vt
lidu bing tAcdong ngai vi khi thay thé kim loai bang \at liéu thich fyp. Giu trac 6i wu tao ra
chiét suit Am khodng ph thudc vao phanec aia song di tim kiém duoc gdm cécdia lién tép
cham vao nhau gc theo @ hai tuc x(H) va yE). Két qua nay 1a nét buoc quan tong dé tién
gan dén cacung ding thrc t caa hién twong chét suit Am khi khdng ph thusc phan ec. Cac
két qua nghién ¢u sr dung mé pling, thrc nghém va tinh toan trong nghiénre trung klop
véi nhau.

Tir khoa siéu \at liéu chiét suit am khong ph thusc phan ac, diu tric d@p dia, i dia.
1. GIOI THI EU

Trong tr nhién, cac tinh ¢h vat Ii cia \at ligu throng duoc quyét dinh bsi tinh chit cia
cac nguyénit va du trdc mang tinh tré cua nhirng nguyént nay [1]. Y trong & sy ton tai cia
nhing nguyéntt nhan 4o duoc sip xép trong cac rang tinh tt¢ nhan 40, cho phép con nwi
c6 th tao ra nhing tinh clit mgi la khong n tai trong tr nhién, tr lauda thu hat 8 quan tam
ciia cac nha khoaole. Voi sy phét trén cia khoa ke cong ngh nhiring “siéu nguyénit’ c6
nhitng tinh clit dac biét, duoc tao ra king cach & chirc ¢ chi y nhidu nguyén i cung hdc
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khac lai, da radoi tir ddu nhitng rim 80 @a th ky trudc [2]. Tuy nhién, tha vhon ca 1a sr ra
doi cua vat liéu dién tr nhan 4o - siéu it liéu (Metamaterials — MMs). MMduoc xay drng
dya trén niing “gia nguyén &”, la nhirng mach @ng hrong dién tir nhd hon nhiéu lan buéc
séng madi do cac tinh cfit dic biét cia MMs xut hién. Bing cach thaytdi tinh chit va mang
tinh thé (quy luat sip xép) cia cac “gi nguyén & nay mbt cachdong thdi, cac nha khoadt co
thé thu dugc nhiing tinh clt bat thuong khéng én tai trong \at liéu tr nhién. Mpt trong nlitng
tinh cHit duoc tim kiém diu tién @ia MMs 1a kb ning ©io ra méi trong c6 chét suit am. Y
teong V& sy ton tai cua VAt liéu cé chét suit Amduoc dé xuit vao rim 1968 i Veselago [3],
dua trén g két hop dong thyi cua Vat liéu codo tir thim am vado dién thim am trén cung o
dai tan . Tuy nhién, saudn 30 rm ké tir dé xudt caa Veselago, mé hindiu tién \& vat liéu
c6 chit suit am i dugc dwa ra i John B. Pendry vaoam 1999 [4]. M6 hinh nayuh trén
cau trGc vong 6ng hrong hy (split-ring resonator). Sadd rim 2000, D. R. Smith vasag sr
[5] lan dau tién ching minh Bing thrc nghém sr ton tai caa Vat liéu chiét suit am.

Dé khai thac cac khniang ang ding tinh clat dat biét cua vat liéu nay, cac nha khoat
trén thé gidi ngay cangdp trung nghiéneu mot cach manh né. Muc dich hién tai cua cac nha
khoa hyc 1a $m dua siéu Wt liéu vaotng ding trong thrc & ddi véi cac thét bi haat dong ¢
vung tin songdien tr. Tuy nhién, teéc khi dua \at li¢u nay vaoang dung rong rai, \in con
ton dong kha nhiu van dé can duoc giai quyet mot cach tlda dang. Nhr bang cach nadé ché
tao mdt cachdon gian, & dang va c6 tinkidi xing cao, gim sr tiéu haodiéu khién tinh chit
cua Vit liéu bing cac taciong ngai vi (quang, nhit, di¢n, tr...) hay n¥ rong vung in & hoat
dong aia At liéu. Trong $ d6 viéc tim kiém ciu tricdang hréng khéng ph thudc vao phan
cuc dang la nét chii @& thu hat kha nféu sr quan tam ga cac nha nghiénia [6,7]. Trong bai
béao nay, ching téitsdung ciu tric ¢p dia c6 tinhddi xing caodé tao ra \at lidu tir c6 do tir
tham am khong pi thudc vao phanec. Saudo, bing cach i rong ban kinh ga dia chodén
khi cacdia lién tép cham vao nhau, tinh céii stit &m thuduogc. Két qua naydua ra ngt goi v 1a
c6 thé didu chinh tinh clat caa At liu bing cac taadong ngai vi. Cau trac Hi vu dé tao ra ving
chiét suit am khong ph thusc vao phanec cia séng di tim kiém duoc trong nghién€u nay
gom cécdia lién tép cham vao nhau ¢t theo @ hai tc x(H) va y€) (voi hang $ mang a, =
ay). Két qua nay 1a nét buéc quan tong dé tién gin dén caciung ding thrc caa hién twong chiét
suit am khi khéng ph thudc phan ac.

2. THIET KE, THUC NGHIEM VA MO PH ONG

Nhu ching taié biét, c6 hai du tric ét quen théc dugc Sr dung dé tao rado tir tham am,
d6 1a du trac vong 6ng hréng c6 ranh (split-ring resonator — SRR) v tric ép thanh kim
loai ( cut - wire pair — CWP). Tuy nhiénae trdc CWP c6 it sd wu diém rd 6t so \6i cu tric
SRR trugn thong. Hinh dng aia ciu tric CWPdon gian hon rat nhiéu so \6i SRR, déc bigt voi
cach phanwec cho phép séndién tir chiéu vubng goc i mat phing mu va tr truong cH cin
vudng goc ¥i mat bén @a cip thanh kim lai nén co6 th tao rado tr thim am chi véi mot l6p
cau trdc. Dra trén &u trac CWP, i bién doi nho, cu trdc @p dia (dish pair — DPjluoc thict
ké va ch ra nhr trén Hinh 1(a). Mc dich i tién cia ciu tric DP nay latsdung tinhddi ximg
cia hinh trondé tao ra s ding hréng (khéng ph thusc vao phan ec) dbi véi séngdién tir
chiéu @én. Pac biét hon, trong bao cao nayjrsiung nhing uu diém Vé tinh ddi xung aia cu
tric DP, Kt hop Vi cac day liénic dugc tao radon gian hang cach ny rong béan kinh hinh tron
chodén khi cac hinh tron liéndp ctam vao nhaugé tao ra @u trac kéi dia (dish - net — DN)
c6 chét stit am. O © s cua diu trdc éi dia dugc chi ra trén Hinh 1(c). Ngoai ra, trén Hinh
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1(a) va 1(c) con dhrd sr phan ac cia séngdién tir chiéu dén cac miu nham thuduoc cac héu
rng mong mén bandau.

Cac miu c6 du tric DP va DNiugc ché tao sr dung tm mach in (printed circuit board)
Vvéi 16p dong (c6 chéu daytn = 0,036 mm)ugc phi ¢ hai mit, gitta la bp dién mai co chéu
daytd = 0,4 mm, Bing $ dién méi 4,1. Hng $ mang theo céc trc XH), y(E) va ban kinh hinh
tron lan luot 12 a, = 11 mm,a, = 8 mm,R = 3 mm. Hinh 1(b) va 2(b}uh hrot 1a mhu DP va DN
ché tao dugc. Céac thdng&lua chon nhim phu lop v6i phépdo phd truyén qua i dai tan do tir
12 — 17 GHz. Phégo naydugc thec hién trén 1§ network analyzedat trong khong khi.

Trong nghién éu nay, plin mém mé plong throng mii CST Microwave Studi@uoc Si
dung dé thiét ké va md hinh héa tinh éhcaa \at liéu. Nhy do, ta thuduoc cac thdng tin & cac
thdng $ tan » (truyén qua, phn xa va pha @a ching) @ng nhr cacdic trung & dong va ang
lwong. Cwi cung, cac théngdstan » thuduoc két hop véi phuong phép tinh toanaa Chen [8]
s3 cho ta bit gia ti cua cac thamdsdién tir hiéu dunge, pva n.

u

(b)

(d)
Hinh 1 a) O © s cua c‘a;u tric @p dia (DP) va 8 phan &c songdién tir,
b) Mau cke tao ¢é du trac ép dia,

c) © @ s ciia ciu trdc kéi dia (DN) va & phan gc songdién tir, d) Mau ché tao ¢ d@u triic ki dia.
Cac tham & cau trdca, = 11 mm,a, = 8 mm,ty = 0,4 mmt, = 0,036 mm.

3. KET QUA VA THAO LUAN

3.1. Cac Kt qua nghién aru ciu trdc cip dia (dish pair - DP)
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Cac Kt qua nghién éu truge day Wi cau tric SRR va CWP chodh khi ching trong tac
v6i séngdién tir déu xay ra hai éng hrong khac nhau: éng hréng tr va @éng hrong dién.
Cong hréng dién tao rado dién thim am ¢ < 0), dng hréng tir tao rado tir thim am (u < 0).
Do DP la ndt ciu trdc bén déi cia CWP nén hoan toan cokhing thudugc cac vang cd tir
thim am vadién thim am khi trong tac Wi séngdién tir. Tuy nhién, do ic tao ra ving cato
tir thim am con 4t nhiéu han ché va kho kiin so Wi viéc tao ra ving caio dién thim am nén
né duoc quan tdm nghiénia nhiéu hon. Ging chinh vi [i dai6 nén trong bai bao nay, ching toi
tap trungdi sau nghiéneu ving cod6 tur thim am @ia (au tric DP trong 4 tan $5 mo phong,
ché tao vado dac (12 GHz — 18 GHz) riim muc dich tién t6i viéc tao ra \at liéu chiét suit am
khong phu thuoc vao phangc. Trén Hinh 2(a) ladt qua md phong va thrc nghém phd truyen
qua @a au trdc @p dia khi trong tac Wi songdién tir. D& dang c6 th nhan thly rang, két qua
md phong rt trang khop vei két qua thuc nghém vadéu co ndt dinh khéng trugn quad tan
14,2 GHz.bé khang dinh ving khéng tridn qua nay la é&ng hrong tir chodd tir thim am,
chung toida rbi tit haidau cip dia (connected dish pair — CD®&) loai bo ty dién (C). Két qua
cho thiy vung khong tru&n qua do gng hrong trong éu tric DPdugc thay ting duong truyén
qua trong éu trac r6| tit (Hinh 2(a)). Theo cacék qua nghién ¢u treée day [9], c6 tte khing
dinh viing khéng trudn qua nay ¢a DP 1& do éng hxong tr. Mat khac, Kt qua tinh toando tur
tham théng qua cac giéitmd ptong ddi véi cau trac DP va CDRua ra trén Hinh 2(bd4 khing
dinh thémday 1a éng hrong tr va chodé tir thAim am i vi tri cdng hréng nay.

4t

)
= 2r
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= O e S
-
= =
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= A =
o — MG phong - DP
-121 —-—-- Mé phéng - CDP 1] —— M phong
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Hinh 2 a) Pl truyén qua thre nghém, md plong aia ciu trdc DP va éu trdc DP b ndi tat.
b) PHin thrc d6 tir tham cia ciu trac DP va DP ndi tét tinh toan i cac 6 liéu mo plong.

Ving do tir thim Am @ia MMs throng dugc miéu & bing mé hinh mch LC. Sr twong tac
gitra ®ng hrong LC Wi tir truong ngoai gay radng hrong tr. Theo cac tai éu nghién éu [10
- 12], mpt cach bén ddi va tinh toantong tr, tin 5 cong hrong tr cia ciu tric DPdwoc biéu
dién king cong tlic:

(- 1 B \/t_d (1.2)
" 21/LnCiy an\/cleu(td+2tm)

Cong thirc (1.1) cho thy, tin $ COng hrong tr phu thuoe vao cac thamdscau trac nhr
chiéu day bp dién méity va kim lai t,, hing $ dién méie, dic biét phy thudc manh hon vao
ban kinhR cuadia. gla ti s5 dién tich cédién tich phan b trén dén tich toan b ciadia. Cac kt
qua khao séat dra trén md pbing va tinh toan (gh theo cong tic 1.1) & phu thuc cia tin $
nay vao ban kinh Ruoc dua ra trén Hinh 3(b). Cackqua md plong kha tring kbp voi cac
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két qua tinh toan vaiéu cho thiy tin & cong hrong tr giam khi ban kinhR tang. Két qui nay
goi y rang, hing cachdiéu khién cac tham&ciu tric,dic biét 1a ban kinh R ta c6 #hthu duoc
cac vung cd@o tir thAm am mong mén.

Ngoai ra, Kt qua nghién ¢u trén pld truyén qua éa ciu tric DP ph thudc VaoR trén
Hinh 3(a) con cho #ty khi ban kinh Rang tr 3 mmdén 4,05 mm, 4i vi tri R = 4,05 mmduong
truyén qua c6 dangdiéu khac ln so Wi cacduong con hi. Cu thé 1a xuat hign mdt vang truyn
qua quanhin s 15,3 GHzDiéu nay § dugc chdng t6i gii thich rd rang trong nghiénia tiép
theo va trinh bay trongum 3.2.

16 s
-
=) ~
=1 E 14+
= e
= =
<) =
= ‘12t
= ti |—-=R=3mm z
= 18l - |- = R=3.35 mm 1
" .- R=3.7mm —m— Mo phong ‘ T e
21} ) | —R=4.05 mm ] o e s L P ‘
10 11 12 13 14 15 16 17 3.0 32 34 36 38
Tan so (GHz) Ban kinh R (mm)
a) b)

Hinh 3 S phu thuoe a) plo truyén qua va b)an s cong hrong tir qua mod phng va tinh toéan vao béan
kinh R @iadia trong &u tric ¢p diaa, = 11 mma, =8 mm (hinh nb ndam trong hinh 3(b) 1a mé hinh
machdién LC aia diu tric DP).

3.2. C4c Kt qua nghién aru cau tric lwéi dia (dish - net - DN)

Dé tim hiéu dugc nguyén nhanta sr khac bét cua duong truyén qua 4i vi tri R = 4,05
mm nhr néi & trén, tude tién ching tai tim hiéu sr thaydéi vé mit cau trdc i vi tri R nay. B
dang nln thay rang, khiR = 4,05 mm thi hai hinh tron liéréfi & cham vao nhau theo plong
E caadién traong. Tir cac pln tir tr DP o radé tir thim am (hinh 1(a) khR thaydéi tir 3 mm
dén 3,7 mm) 8 duoc chuyén thanh éu tric kéi dia DN (Hinh 2(a) khR = 4,05 mm). Céac hinh
tron cham vao nhau trongae trdc DN § tao ra cac day kim ko lién tuc doc theo toc y(E) va
cho viing caté dién thim am dréi tan & plasma khitong tac wi thanh plan dién treong E cua
séngdién tir chiéu toi. Vung do dién thim am nay kt hop voi viing do tir thim am do thanh
phan tir DP cung @&p, két qua 1a thuduoc mot vang chét stat Am. Cac kt qua tinh toan cac
tham $ hiéu dung: do dién tham, tir tham va chét suat caa ciu tric DN nayduoc dua ra trén
Hinh 4(b). Hinh 4(b) cho ﬂy cac Kt qua tinh toan hoan toan phwih voi cac ntan dinh trén,
ton tai mot viing quanhan < 15,3 Gszong thyi c6 d6 tir thim am vadién thim am nén clét
Sut thu duoc la am vi do ton hao thp [12]. Biéu nay ghi thich cho véc quan sat thy mot
ving truyn qua cadinh ¢ 15,3 GHz trong ph truyén qua aa cGu tric DN R = 4,05 mm) nh
da noio trén. Két qua md ptong va thrc nghém cia ciu trdc DN nayduoc dua ra trong Hinh
4(a) cho thy,  liéu thec nghém kha tring kip véi mé phong, ch cé mdt chit sai khad vi
tri dinh truyén qua vatuoc giai thich la do sai&trong qua trinh chtao, do dac.
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Hinh 4 a) Plb truyén qua thrc nghgm va mé pling va b) Pan thec ciadé dign thim, do tir thim va
chict suat tinh toan quadsliéu mé pléng aia cu tric DN c6a, = 11 mm,a, = 8 mm,R = 4,05 mm.

Mot diéu rat tha i c6 thé nhan thiy qua cac & qua nghién ¢u anh hrong aia ban kintR
trong cu tric DP nay la khi giaitR nho thu dugc mot ving cédo tir thim am, nleng khiR 16n
dén mic haidia lién tép cham vao nhau thi ving dtisuit amduoc tao ra.biéu nay cho ta it
goi y ring, réu ta thay th ddng bing nbt vat din c6 ¢ sb dan @ phu thusc manh vao taeiong
ngaai vi nao d6 (nhr nhigt, dién, quang..), thi tacuhg ngai vi nay co tit duoc sr dung dé
chuyén doi hai trang thai — & thim &m va chit stit &m trong éu tric, khido ta cé th diéu
khién duoc tinh chit caa vat liéu bing tacdong ngai vi.

N g
g . 2
a = T
Vv 2. =
J o S
o g
£. =
= «
S &
5 -
.80 el At) L L s
12 13 1‘} . 15 16 17
a Tan s6 (GHz)
X
a) b)

Hinh 5 a) O © 5 ciia du tric DNa, = a, va goc quay phanrc. b) Pl truyén qua mé pbng aia diu
tric DNay = a, = 8 mm ph thujc vao géc phanue.

Tuy nhién, du tric DN ma ching téita khio sat clra i vu dé dat duoc chiét suat am
v6i moi géc phan gc cia séngdién tir. Hing $ mang theo céc trc a, vaa, khac nhau nénéd
dang nln thay s ddi xang ch théa man §i thanh pln tir (cacdia tron), con thanh gh dién
(cac day liénitc do cac hinh trondp xdc nhaudo ra) chraduoc thoa man. \bi muc dich to ra
ciu trac khong ph thusc vao phanec, thi @ hai thanh pin naydéu phai déi xang Wi cac
thanh pln cia séngdién tir. Biéu nayduoc thyc hién don gian khi cho cac ing $ mang hing
nhaua, = a,. Hinh 5(a) 14 6 € 5 caa cu tric DN coa, = a,. Cac Kt qua nghién du sr phy
thudc vao phanec séngdién tir cia phb truyén qua va pin thrc cia chét suit véi mau DN ¢
a, = a, = 8 mmdugc dua ra trong Hinh 5(b). & qua cho thiy rang, tinh clat chiét suit amdat
dugc quanh ving 15 GHz va fhruyén qua @a ciu tric DN khéng thaytdi khi goc phan gc
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khi thay doi tir 0 dén 45’ Do tinh clat doi xing nén Kt qua nay $ giir nguyén i moi goc
phan ac khi thayddi cac hrong aia thanh phn E vaH cua songdién tir chiéu ti.

4. KET LUAN

Trong béo céo nay, ching t sr dung ciu tric bén doi coa CWP — u tric a@p dia ¢
tinh d6i xing caodé tao cdng hrong tr chodd tir thim am ma khéng phthusc vao phan ec
cua séngdién tr chiéu dén. Sr phy thudc caa in & cong hréng tr vao ban kinhiea dia da duoc
mo phong va tinh toan choék qua kha tring kidp vsi nhau. Kt qua tin s cong hrong tir giam
khi ban kinh ing d& dugc giai thich bking mé hinh mch dién LC. Bang cach n rong ban kinh
ciia dia chodén khi cacdia lién tép cham vao nhau, tinh céfi stit am thuduoc. Piéu naydua
ra mbt goi y 1a c6 tié diéu khién tinh clit caa siéu 4t liéu bing cac tadong ngai vi. Ciu trdc
t6i uu cho vung chit stit am khéng ph thupc vao phan gc cia song di tim kiém duoc gom
cacdia lién tép cham vao nhau ¢t theo @ hai tnc x va y. Kt qua nay la nét buéc quan tong
dé tién gin dén cacung ding thrc cia hién trong chiét suat Am khi khéng phthusc phan ac.

Loi cam on. Cong trinh naquc th_xg hién véi su hd tro caa dé tai Khoa hc va Cong ngh Bcf),giéo dic
vadao to B2015-TNO5-0adeé tai ap Vién Han lam Khoa ¢c va Cong ngé Viét Nam ma § 103.02-
2013.54.
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ABSTRACT

STUDY, DESIGN AND FABRICATION OF POLARIZATION-INDEENDENT
METAMATERIALS

Nguyen Thi Hiefr >, Vu Binh Qutt, Trinh Thi Giang, Nguyen Thanh TurigVu Binh Lant

Ynstitute of Materials Science, VAST, 18 Hoang Quiet, Cau Giay, Hanoi
>Thai Nguyen University of Sciences, Tan Thinh Wainedj Nguyen city

"Email: ncshien@gmail.com

Conventionally, to obtain the negative permeabdityd negative refraction metamaterials,
the split-ring resonator (SRR) and cut-wire-paiY\(€) were applied. However, the properties of
these structuresare strongly dependent on theizatian of electromagnetic waves. In this
report, we used a high symmetry structure —theadleet dish pair structurewhich based on the
CWP structure, with the aim of removing this draakbgEach unit cell consists of two identical
dishes, symmetrically arranged in a dielectric spagroviding the negative permeability when
interacting with the electromagnetic wave. By expiag the radius of the dish until two
adjacent dish close each other, the negative tefeamdex can be obtained. This is important
effect to have a tunable MMs by interacting witle ixternal field. The results of studies using
the simulation, experimental and calculation quiténcide. The obtained structuredoes not
depend on the polarization of the incident waveisTlesult is very important for practical
applications using the isotropic negative refractizetamaterials.

Keywords:isotropic negative refraction metamaterial, dishi, msh net.
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