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TOM TAT

Gén day, dé thu duoc vt ligu c6 4o tir thim &m va vat ligu chiét suit 4m cac nha nghién
ciru thudmg sir dung siéu vét lidu co chu tric dang vong cong huong ¢6 riuh (split-ring resonator
- SRR) hay cfip thanh kim loai (cut-wire-pair - CWP) Két hop véi céc lu6i diy kim loai lién tye.
Tuy nhién, han ché cia viéc sit dung céc cdu tric niy 14 phy thude rit manh vio phan cye cua
song dién tir chiéu dén. Trong bao céo ndy, chiing t5i str dung chu tric blen d6i cia CWP - chu
tritc cip dia ¢ tinh dbi ximg cao dé han ché nhwoc diém trén. O co s& ciia chu tric niy gbm mot
cap dia kim logi cach nhau béi mét 16p dién mdi,tuong tic vdi tir trudng ngoal tao ra do tir tham
am (p <0). Bang cich m& rdng ban kinh ciia dfa cho dén khi cac dia cham vio nhau, tinh chiét
suft 4m co thé thu duoe (o < 0). Két qua ndy md ra kha ning c6 thé diéu chinh tinh chat cua vat
lidu bang t4c dong ngoai vi khi thay thé kim loa: bing vét liéu thich hop. Cau triic t6i wu tao ra
chiét suit 4m khéng phu thudc vao phén cyc ciia song t6i tim kiém duoc gom céc dia lién ep
cham vao nhau doc theo cé hai truc x(H) va y(E). K&t qua nay 13 mdt buéc quan trong dé tién
gan dén cac img dung thye té ctia hién tugng chiét sudt am khi khoéng phu thude phén cyc. Cac
két qua nghién ciru sir dyng md phong, thue nghiém va tinh todn trong nghién ciru tring khép
v6i nhau.

Tir khéa: siéu vat lidu chiét suit am khong phu thuge phén cuc, chu tric c@p dia, ludi dia.
1. GIOI THIEU

Trong tu n}uen céc tinh chit vit 1i cha vat lidu thuong dugc quyet dinh boi tinh chit clia
cdc nguyén tir va chu tric mang tinh the ctia nhifng nguyén tir ndy [1]. Y tuémg v& sy tn tai cia
n.hlmg nguyén. tir nhén tao du-qc sap xep trong cac mang tinh thé nhan tao, cho phép con nguoi
¢6 thé tao ra nhimng tinh chit méi la khdng ton tai trong tir nhién, tir 1au d4 thu hat sy quan tam
ciia cic nha khoa hoc. Véi sy phat trién ctia khoa hoc cong nghe, n.h\mg “siéu nguyén tir” co
nhiing tinh chit dic biét, duge tao ra bing céch té chirc ¢6 chia ¥ nhidu nguyén tir cing hodic
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Ngrien cueu, thist k& va ché tao siéu vét ligu khdng phy thude véo phan cyre séng dién ty

Khac logi, di ra doi tir diu nhitng nim 80 cia thé ky trude [2]. Tuy nhién, thi vi hon ca li sy ra
doi ciia v4t ligu dién tir nhén tao - siéu vét ligu (Metamaterials — MMs). MMs dugc xay dung
dua trén nhimg “gid nguyen ", la nhlmg mach cong budng di¢n tir nhé hon nhiéu 14n buéce
séng ma tai do cdc tinh chét dic blet ciia MMs xuét hién. Bing céch thay ddi tinh cht va mang
tinh thé (quy Iut s4p xép) cila cac “gid nguyén tif” nay mdt cach dong thdi, cac nha khoa hoc ¢
thé thu dwoc nhimg tinh chat bt thuong khong ton tai trong vat liéu tw nhién. M¢t trong nhing
tinh chat duge tim kiém diu tién cia MMs 12 khé ning tao ra mdi trudmg co chiét sut am, Y
tudmg v& sur ton tai cia vit ligu ¢6 chibt sult am duge d2 xuft vio nim 1968 bai Veselago 31
dya trén sy két hop déng thoi ciia vit ligu c6 do fir thim 4m va d¢ dién thim am trén cung mjt
dai thn . Tuy nhién, sau hon 30 nim ké tir d& xufit ctia Veselago, mo hinh du tién v& vét lidu
6 chiét suit Am méi dwoc dua ra bi John B. Pendry vao ndm 1999 [4]. Md hinh nay dya trén
cu tric vong cdng hudéng ho (split-ring resonator). Sau d6 ndm 2000, D. R. Smith va cong sy
151 14n déu tién chimg minh bang thwe nghiém sy tdn tai ciia vat liu chiét suét Am.

Dé khai théc cac kha néang Umg dung tinh chét dit biét cia vit lidu nay, cac nha khoa hoc
trén thé gioi ngdy cang tap trung nghxen clru mdt cach manh mé. Muyc dich hién tai cia cic nha
khoa hoc 12 sém dura si€u vat liéu vio ung dung trong thyc t& déi vai céc thiét bj hoat dong &
ving thn sé séng dién tir. Tuy nhién, truéce khi dua vat lidu ndy vao tmg dung rong rii, van con
tdn dong kha nhidu vin d& cin dugc g1a1 quyet mdt cach théa dang. Nhu bang céch ndo dé ché
tao mdt cach don gidn, d& ding va c6 tinh ddi ximg cao, giam sy tiéu hao, diéu khlen tinh chét
ciia vt lidu bing céc tac dong ngoal V1 (quang, nhigt, dién, tir...) hay mé rong ving thn s6 hoat
d0ng cua vét liéu. Trong s6 46 viée tim kiém cu triac dang hwéng khong phu thude vao phin
cuc dang 13 mgt chtr 48 thu hit kha nhidu sy quan tim cia céc nhi nghién ctu [6,7]. Trong bai
bho ndy, ching t6i sit dung cAu tric cp dia ¢6 tinh dbi ximg cao d8 tao ra vét lidu tir c6 do tir
thim 4m khong phu thude vao phan cyc. Sau do, bing cich mé rong bin kinh ctia dia cho dén
khi céc dfa lién tiép cham v&o nhau, tinh chiét sut am thu duoc. Két ‘qua ndy duwa ra mdt goi y la
c6thé dleu chinh tinh chit cta vat liéu bing cac tic dong ngoai vi. Cu triic t&i wu dé tao ra ving
chlet sult Am khéng phu thuge vao phén cye ciia song t6i im kiém dugc trong nghién ciru nay
gbm céc dia lién tiép cham vio nhau doc theo c hai tryc x(H) va y(E) (v6i hang sb mang a, =
a). Két qua ndy 13 mdt bude quan trong dé tién gin dén cac tng dung thuc ciia hién twong chiét
sudt am khi khéng phu thudc phén cue.

2. THIET KE, THU'C NGHIEM VA MO PHONG

Nhu ching ta d& biét, c6 hai chu tric rit quen thudc duge sir dung dé tao ra 49 tr thim am,
d6 14 cu tric vong cfng hudng c6 rénh (Spllt ring resonator — SRR) va chu tric cip thanh kim
loai ( cut - wire pair - CWP). Tuy nhién, cdu tric CWP c6 mét 50 uu diém rd rét so vdi cu tric
SRR truyén théng. Hinh dang cta chu triic CWP don glau hon rét nhleu so véi SRR, dic biét véi
céch phén cuc cho phép song dién tir chiéu vuong goc voi mat phang miu v tir tnnmg chi cin
vubng goc voi mat ben clia cép thanh kim loai nén c6 thé tao ra do tir thdm 4m chi véi mét 16
chu tric. Dya trén cdu tric CWP, voi bién dbi nho, chu triic cdp dia (dish pair — DP) duoc thiet
ké va chi ra nhu trén Hinh 1(a). Myc dich cai tién ctia cdu triic DP nay la sir dung tinh déi ximg
ciia hinh tron dé tao ra s déng hudng (khéng phy thude vao phin cyc) dbi vai song dién o
chiéu dén. Pac biét hon, trong bio cho ndy, sir dung nhng u diém vé tinh dbi xang cia chu
triic DP, két hop véi cdc day hen tuc dugc tao ra don glan bang cach md rong ban kinh hinh tron
cho dén khi cac hinh tron lién uep cham vao nhau, dé tao ra cu triic ludi dia (dish - net - DN)
6 chiét sudt am. O co s& ciia chu tricc Iuéi dia duoc chi ra trén Hinh 1(c). Ngodi ra, trén Hinh
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1(a) va 1(c) con chi 13 sy phin cuc ciia song dién tir chiéu dén cac miu nhim thu dugc cac hiéu
@ng mong mudn ban diu.

Cac mau cé cdu tric DP va DN durge ché tao sir dung thm mach in (printed circuit board)
v6i 16p dong (cod chidu day t. = 0,036 mm) dlmc phit & hai mit, giita 12 16p dién méi c6 chidu
day 2, = 0,4 mm, hing 6 dién mdi 4,1. Hing s& mang theo cic truc x(H), y(E) vi ban kioh hinh
tron]anlumlaa,— 11 mm, a,= 8 mm, R =3 mm. Hinh 1(b) vaZ(b)lanluotlamau DP va DN
ché tao duge. Céc thong sb lira chon nhim phit hop véi phép do phéd truyén qua voi dai tin do tir
12 — 17 GHz. Phép do niy dugc thuc hién trén hé network analyzer dit trong khong khi.

Trong nghién ciru niy, phin mém mé phéng thwong mai CST Microwave Studio duqc st
dung de thiét ké va mb hinh hoa tinh cht ctia vat liéu. Nho do, ta thu dugce céc thong tin vé cac
thong sb tan xa (truyén qua, phan Xa va pha cla chung) cung nhu cdc dic tumg v dong va ning
fuong. Cudi cung, céc thong b tan xa thu duge két hop voi phucmg phap tinh todn cia Chen (8]
58 cho ta bidt gia tri clia cac tham sb dién tir hi€u dunge, pvan.

© @
Hinh 1.a) O co s¢ chia chu tric cip dia (DP) va sy phén cuc séng dién tir,
b) Mau ché tao c6 cau tric c3p dia,

©) O co s& ciia chu trizc ludi dia L (DN) va sy phén cyc séng dién tir, d) Miu ché tao 6 chu tric [uéi dia.
Cac tham 6 chu tric a, = 11 mm, a,= 8 mm, 7;= 0,4 mm, ¢, = 0,036 mm.

3. KET QUA VA THAO LUAN

3.1. Cic két qua nghién ciru ciu tric cip dia (dish pair - DP)
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rvgrien curu, thist ké va ché tao siéu vat liéu khong phu thudc véo phan cuc séng dign tir

Cac két qua ngh:en ciru trude ddy véi chu triic SRR va CWP cho thiy khi chung twong tac
voi song dién tir déu xay ra hai cnng hudng khéc nhau: cng huéng tir va cqng huéng dién.
Cong hudng dién tao ra d6 dién thim am (g < 0), cong hudng tir tao ra d6 tir thim am (p <0).
Do DP 1a mdt cu triic bién dbi ciia CWP nén hoan toan ¢6 kha ning thu dugc cic ving ¢é d tir
thdm 4m va dién tham am khi twong tac voi séng dién tir. Tuy nhién, do viée tao ra ving c6 49
tir thdm 4m con rét nhidu han che va kho khin so voi vige tao ra vung ¢6 46 dién thim &m nén
16 dugc quan tAm nghién ciru nhidu hon. Ciing chinh vi Ii do d6 nén trong bai béo nay, chung toi
tdp trung di sdu nghién ciru ving c6 49 ir thim 4m cia cau triic DP trong dai tAn s6 md phong,
ché tao vi do dac (12 GHz — 18 GHz) nhim muc dich tién t6i viéc tao ra vat lidu chiét sudt am
khong phy thujc vio phén cyc. Trén Hinh 2(a) 12 két qui md phong va thyc nghiém phé truyen
qua ctia cdu triic cip dia khi twong tac vdi song dién tir. D& déng c6 thé nhin thay rang, ket qua
md phong rt trung khop véi két qua thye nghiém va d8u cb mot dinh khong truyén qua & in s
14,2 GHz. D¢ khang dinh ving khéng truyén qua nay 12 cong hudng tir cho 46 tir tham am,
ching t6i da noi tht hai dau cdp dfa (connected dish pair — CDP) & loai bo tu dién (C). Két qua
cho thiy ving khong ’m.lyen qua do cdng hudng trong cdu tric DP dugc thay bing duong truyén
qua trong cau tric um tat (Hinh 2(a)). Theo céc két qua nghién ciru trudc day [9], c6 thé khing
dinh ving khong tmyen qua nay clia DP 13 do cong huong tir. Mit khéc, két qua tinh toan d9 tr
thim thong qua cAc gid tri mé phong dbi vén chu triic DP va CDP dura ra trén Hinh 2(b) 4 khing
dinh thém déy 12 cong hudmg tir va cho @6 tir thdm &m tai vi tri cong hudng ndy.
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Hink 2. a) Phd truyén qua thue nghiém, mé phong ciia chu tric DP va chu tric DP by néi tit.
b) Phin thyc db tir thém ctia cu triic DP va DP bj néi tit tinh toan tir céc sb lidu md phong.

Ving d6 tir thAm 4m ciia MMs thuémg duge miéu ta bing m6 hinh mach LC. Sy tuong tie
gifta cong hudng LC voi tir trudng ngoai gly ra cong hudng tir. Theo céc tAi liéu nghién ctru [10
- 12] mét céch bién ddi va tinh toan tuong ty, thn s6 cong hudng tix cha chu triic DP dugc biéu
difn bing cong thirc:
1 ‘/E (1.1)

2m LG 2RV cpEn(ty + 2t,,)

Cong thic (1.1) cho thy, tin sb cong hudmg tir phu thudc vao céc tham sb chu tric nhu
chidu day 16p dién mbi 1, va kim loai £, hing s& dién méi g, ddc biét phu thude manh hon vao
ban kinh R ctia dia. ¢4 ti s6 dién tich c6 dién tich phén b trén dién tich ton b6 cia dfa. Cac ket
qué khdo sat dya trén m6 phong va tinh toan (dwa theo ¢ong thirc 1.1) su phu thuge cua tin &
ndy vao ban kinh R dugc dua ra trén Hinh 3(b). Céc két qua mé phong kh4 tring khép véi cac
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Kkét qua tinh toan va déu cho tlmy thn s§ cong hwdng tir gidm khi bin kinh R ta.ug Ket qua ndy
goiy rang, bang céich diéu khién cac tham 0 cau tric, dic biét 14 ban kinh R ta cb thé thu dugc
céc ving ¢6 do tir thém 4m mong mubn.

Ngoai ra, Két qua nghién cfru trén pho truyen qua cha céu trac DP phu thude vao R trén
Hinh 3(a) con cho théy khi ban kinh R idng tr 3 mm dén 4,05 mm, tai vi tri R = 4,05 mm dudmg
truyén qua co déang diéu khic hdin so v6i céc dudng con lai. Cu thé 13 xuit hién mdt ving truyen
qua quanh tin sb 15,3 GHz. Piéu ny s& dwgc ching t6i giai thich 15 rang trong nghién ciu tiép
theo va trinh bay trong myc 3.2.
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Rl "E 12
# -18 ~ .

== Mb phong -
0 11 12 13 4 15 18 17 30 32 34 as
Tin s6 (GHz) Bin kinh R (mm)
a) b)

Hinh 3. Sy phy thudc a) phé truyén qua va b) thn s cong hudng tir qua mb phong va tinh todn vdo bin
kinh R ciia dia trong cdu tric c3p dia ¢, = 11 mm, =8 8 mm (hinh nhé nim trong hinh 3(b) 12 m6 hinh
mach dién LC ciia ciu tric DP).

3.2. Cic két qui nghién cira chu triac lidi dia (dish - net - DN)

Pé tim hidu dugc nguyén nhan cia sy khic biét cha dudng truyen qua tai vi tri R = 4,05
mm nhw ni & trén, trude tién chiing ta di tim hidu syr thay d6i ve mit cAu tric tai vi trf R ndy. D&
dang nhén thiy ring, khi R = 4,05 mm thi hai hinh tron lién tlep s€& cham vdo nhau theo phuong
E cua dién truong. Tir céc phan tir tir DP tao ra do tir thiAm 4m (hinh 1(a) khi R thay di tir 3 mm
dén 3,7 mm) s€ duge chuyeu thanh chu tric ludi dia DN (Hinh 2(a) khi R = 4,05 mm). C4c hinh
tron cham vao nhau trong cau tric DN s& tao ra céc diy kim loai lién tyc dgc theo truc y(E) va
cho viing c6 d6 dién thim &m dudi tin s  plasma khi tuong tic v6i thanh phén dién treong E cia
song dién o chiéu 16i. Ving d9 dién thim &m nay két hop véi ving 4 tr thédm 4m do thanh
phin fir DP cung cp, két qua 1a thu duge mét vimg c}uet suat am. Céc k&t qué tinh todn cic
tham s hiéu dung: d6 dién thim, tir thdm va chiét sult ciia cdu triac DN ndy dugc dua ra trén
Hinh 4(b). Hinh 4(b) cho thay, céc két qud tinh todn hodn todn phit hqp v&i cac nhén dinh uen,
ton tai mgt ving quanh tin s6 15,3 GHz ddng thoi c6 46 tir thdm 4m va dién thdm dm nén chiét
sudt thu duqc 13 3m véi d6 tén hao thip [12). Dleu ndy giai thich cho vigc quan sat thiy mét
ving truyen qua c6 dinh & 15,3 GHz trong pho truyén qua cia chu triic DN (R = 4,05 mm) nhw
di noi & trén. Ket qua md phong va thuc nghiém ciia cau trac DN nay dugc dva ra trong Hinh
4(a) cho thay, 6 ligu thuc nghiém kha tring khép v6i md phong, chi c6 mot chit sai khac & vi
tri dinh truyén qua va duge giai thich 13 do sai s0 trong qua trinh ché tao, do dac.
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Hinh 4. 2) Phé truyén qua thuc nghiém va md phéng vi b) Phén thyc cta d¢ dién thim, d6 ti thdm va
chiét suét tinh toan qua sé lidu m6 phéng ciia ciu tric DN ¢6 a, = 11 mm, a,=8 mm, R =4,05 mm.

Mot didu rit tha vi c6 thé nhan thiy qua céc két qua nghién ciru 4nh hudng cia ban kinh R
trong céu triic DP nay 13 khi gi4 trj R nhé thu duge mét ving 6 df tir thdm 4 im, nhung khi R i6n
dén mizc hai d" fa lién tiép cham vao nhay thi ving chiét suat am duoc tao ra. Dicu ndy cho ta mét
goi y ting, néu ta thay thé ddng bing mot vét din ¢6 hé sé dan nd phy thude manh vao tic dong
ngoai vi ndo d6 (nhu nhiét, dién, quang..), thi tac dung ngoai vi ndy c6 thé dugc sir dung @&
chuyen bi hai trang thai ~ o thim am va chiét suft 4m trong céu triic, khi do ta c6 thé diéu
khién duge tinh chit ca vt lidu bing tic dong ngoai vi.
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a) b)
Hinh 5. a) O co 5o ctia cdu tric DN g, v goc quay phan cuc. b) Phé truyén qua mé phong cia chu
tric DN a, mm phy thude vae géc phin cue.

'y

Tuy nhién, cAu trac DN ma ching 161 vira khio sat chua i wu dé dat duoc chiét sudt 4m
véi moi goc phan cyc chia song dién fir. Hang sb mang theo céc truc a, va ay khéc nhau nén d&
ding nhin thiy sy dbi ximg chi thda mén v6i thanh phén tir (cdc dia tron), con thanh phin dién
(cdc ddy lién tuc do c4c hinh tron nep x(ic nhau tao ra) chua dugc théa mén. Véi muc dich tao ra
cau triic khong phy thude vao phén cyc, thi ca hai thanh phan niy déu phii | a6 xung Vo1 céc
thanh phén cila séng dién tir. Didu nay dlmc thye hién don gian khi cho cac hing s6 mang bing
nhau a, = a,. Hinh 5(a) 13 6 co s& cua cau truc DN c6 a, = a,. Céc két qua nghlen cu'u s phu
thuge vio phan cyre séng dién tir ciia phd truyén qua va phin thye cia chiét suat voi mau DN ¢6
a, = a,= 8 mm dugc duara trong Hinh 5(b). Két qua cho thy ring, tinh chat chiét sudt 4m dat
dugc quanh ving 15 GHZ va phd truyén qua ciia cdu tric DN khéng thay ddi khi goc phan cuc

RS IR it .
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khi thay déi tir 0° dén 45°. Do tinh chét déi xtmg nén két qua nay sé gilt nguyén véi moi goc
phan cuc kin thay dbi cac hudng cia thanh phén E va H ciia song dién tir chidu téi.

4. KET LUAN

Trong bai bio ndy, chiing t5i da si dung chu trixc bién dbi cia CWP — cfu triic cip dia c6
tinh dbi ximg cao de tao cong huéng tir cho dg tir thim 4m ma khéng phu thudc vao phén cuc
ciia s6ng dién tir chiéu dén. Su phu thude cia thn sé cong hu(mg tr vao ban kinh cua dia d3 dugc
md phéng va tinh todn cho két qua kha s tring khép véi nhau, Két qué | thn sb cong hudng tir gidm
khi ban kinh ting da duoc gidi thich bing md hinh mach dién LC. Bang céch mo rong ban kinh
clia dfa cho dén khi cac dfa lién tiép cham vao nhau, tinh chiét suit 4m thu dugrc. Piéu ndy dua
ra mét goi ¥ 14 co thé dxeu khién tinh chét ciia sidu vat lidu bing cac tac dong ngoai vi. Chu tric
t6i wu cho ving chiét suft 4m khéng phy thudc vao phén cuc cla séng t6i im kiém dwoc gom
céc dia lien tlep cham vao nhau doc theo ca hai truc x va y. Két qué nay 12 mét bude quan trong
dé tién ghn dén c4c (mg dung thyc clia hién tugng chiét sut 4m khi khéng phy thude phan cye.

Léi cdm on. Cong trinh nay duqc thuc hién véi su hd tro ciia dé tai Khoa hoc va Céng nghé B Gido duc
va Dao tao B2015-TNO5-01 vi d8 tai cAp Vién Han lam Khoa hoc va Cong nghé Viét Nam mé 56 103.02-
2013.54,
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Conventionally, to obtain the negative permeability and negative refraction metamaterials,

the split-ring resonator (SRR) and cut-wire-pair (CWP) were applied. However, the properties of

g, Pt these structuresare strongly dependent on the polarization of electromagnetic waves. In this
report, we used a high symmetry structure —the so-called dish pair structurewhich based on the

e Lett (1 CWP structure, with the aim of removing this drawback. Each unit cell consists of two identical
dishes, symmetrically arranged in a dielectric spacer, providing the negative permeability when
wly gt vl interacting with the electromagnetic wave. By expanding the radius of the dish until two
adjacent dish close each other, the negative refractive index can be obtained. This is important
o s effect to have a tunable MMs by interacting with the external field. The results of studies using
[ Trsine the simulation, experimental and calculation quite coincide. The obtained structuredoes not

depend on the polarization of the incident wave. This result is very important for practical
- applications using the isotropic negative refraction metamaterials.

Qi

L BN Keywords: isotropic negative refraction metamaterial, dish pair, dish net.
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