TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 17, S8 1 (2020)

SONG PIEN TU BE MAT
TRONG CAU TRUC PA LOP MONG SAP XEP CO CHU KY

Nguyén Pham Quynh Anh

Khoa bién, Dién tir va Cong nghé vat liéu, Truong Dai hoc Khoa hoc, Dai hoc Hué

Email: npganh@husc.edu.vn

Ngay nhdn bai: 26/5/2020; ngay hoan thanh phan bi¢n: 8/6/2020; ngay duyét ding: 02/7/2020
TOM TAT

Trong bai bao nay ching t6i trinh bay két qua nghién cttu song dién tir xuat hién
trén bé mat cdu trac nhigu 16p ban dan va dién moi mong sap xép cé chu ky dat
trong tir truong ngoai. Kha ning va diéu kién dinh x séng dién tir bé mat ciu trtic
duoc xem xét va phan tich cu thé. Ttr hé phuong trinh Maxwell ching t6i da nhan
duoc va phan tich mdi quan hé phan tan ctia séng dién tir bé mat va chi ra sy xuat
hién hai viing tan s c6 sy ton tai ctia ching, ndm trén va nam dudi tan s§ plasma
twong tng v6i mién di huéng manh va yéu cta cau truc. Cac tan s6 déc trung va
dd 16n cua tr truong ngoai khi xay ra sy thay doi dang ké cac ddc trung ctia song
da duwoc xac dinh. Kha nang diéu khién hiéu qua cac trang thai bé mat khi cé tie
truong ngoai bang tan s, tham chi bang su thay d6i d6 day cac 16p va chu ky cta

cdu truc da duoc chi ra trong bai bao.

Tw khoa: cau trac nhiéu 16p mong c6 chu ky, polariton bé mat, tinh thé hai quang

truc.

1. MO PAU

Trong thoi gian gan day hudng nghién cttu thu hit nhiéu sy quan tam chinh la
su twong tac song dién tir voi cac cdu trac di hudng cé chu ky, noéi riéng 1a cac song
dién tir bé mat dinh x& tai mat phan chia cac moi truong co tinh di hudéng khac nhau.
Nhiing séng nay thuwong duoc goi la cac polariton bé mat. Cuong d6 dién truong trong
nhiing song nay giam theo ham ma khi cach xa bé mat phan chia ctaa hai moéi truong,
tuy nhién doc theo mit phang nay ching lai thay d6i theo cach lwon séng thong
thuong [1-4]. Trong cac moi treong di huwdng cdu trac va tinh chat cua song dién tie bé
mat phu thudc vao dang di hudng va hudng lan truyén soéng. Cac hudng co thé lan
truyén ctia séng dién tir bé mét tao thanh cac cung trong mit phiang phan chia hai moi
treong. Vi tri va d0 rong (46 16n goc ¢ tam) ctia nhitng cung nay dugc xac dinh béi sy
dinh huwéng quang truc cua cac vat liéu doi véi mdt phan chia va d6 di hudng cua
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ching [5,6]. Diéu quan trong la nhitng cung tao boi cac hudng lan truyén ctia séng bé
mat cé thé tai cau tric ddng trong mdi truong quang dién khi co6 sy thay doi cua dién
treong va tir truong diéu khién bén ngoai [7,8].

Mot trong nhitng cdu truc di hudng nhan tao dwoc quan tdm nghién cttu nhiéu
la cac cdu tric da 16p mong — cac cdu triic nhan tao duoc tao ra tir viéc sap xép mot
cach c6 chu ky cac 16p mong (d¢ day c¢d 10-100 nanomet) c6 cac tinh chat vat ly (cac
tinh chat dién va tit) khac nhau, thoa man diéu kién xap xi moéi treong hiéu qua [9,10].
Tinh di hudng cua cac cau trac nay la nhan tao, cac tham s vat liéu c6 thé duoc kiém
soat mot cach hiéu qua bdi d6 16n caa tir truong ngoai va tham chi 1a boi ti 1¢ d6 day
cac 16p tao nén cdu tric dugc xét. Su thay doi cau truc duoc thuc hién & cap do
nanomet, do d6 c6 thé thay d6i kich thudc, hinh dang va chu ky ciia mang khong gian
cua cau trac. Diéu nay giai thich vi sao cac cdu triic nay xuat hién nhing tinh chét dac
biét khong hé cd trong cac vat liéu hay cdu trac tu nhién, vi du nhu khic xa am, cho
phép dua vao qua trinh twong tac anh sang v6i méi treong vat chat ca hai thanh phan
cua truong dién tir la dién treong va tir treong... [11,12]. Céc cau trac 16p 6 chu ky 6
thé duoc tao ra tir nhitng vat liéu khac nhau (vi du nhu dién moi, chat ban dan, vat
dan, vat liéu tir). Dua trén cac cdu tric nay cé thé tao ra cac bd loc, cadu tric dng dan
séng phéng, bd bién d6i btic xa dieu khién béi tir tredng ngoai ing dung trong quang
dién tit va quang ttr [13-16]. Viéc st dung cadc moi treong di hudng cé tinh di hudng
nhén tao nhu vay hita hen kha nang ting dung trong viéc ché tao cac thiét bi lam viéc
trong vung tan s6 vi song, vung THz va vung quang hoc trén co sé kich thich cac song
dién tr bé mat [17].

Trong bai bao nay ching to6i nghién cttu cac séng dién tir hinh thanh trén bé
mit cdu tric dwoc hinh thanh tir cac 16p mong dién moi va chat ban dan sip xép co
chu ky mot cach tinh xao dat trong tir truong. Cau truc cac 16p mong dién moi va ban
dan sap x&p xen ké nhau trong diéu kién x4p xi ly thuyét mdi truong hiéu qua cé thé
xem nhu mot tinh thé di hudng hai quang truc. Tinh di hudng cao cta cau triac nay chi
phdi dang ké tinh chat song dién tir hinh thanh trén bé mét cta cdu tric da 16p. Diém
dac biét hinh thanh ctia song dién tir trén bé mat ctia cau tric da 16p méng dién moi va
ban dan duoc nghién cttu va phan tich trong bai bao nay.

2. VAT LIEU VA PHUONG PHAP

Chiing ta xét mot cdu triic 16p sap xép c6 chu ky duoc hinh thanh boi cac 16p
ban dan (d6 day d,) va chat dién moi (d6 day d,). Tan s6 va cham trong chat ban dan
va nhitng mat mat trong dién mdi c6 thé bd qua. Truc chu ky hudng doc theo truc z.
Vecto séng ctia séng dén nam trong méat phang (x,0,z). Trong treong hop nay sw phu
thudc vao toa dg y trong cac phuong trinh song c6 thé duoc bo qua. T treong ngoai
H, hudng theo truc y. Véi cau tric hinh hoc duoc chon hé phuwong trinh Maxwell
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duoc phan thanh cac phuong trinh d6i véi song phan cuc E va cac phuong trinh doi
v6i song phan ciec H [18], d =d, +d, — chu ky cta cau trac (hinh 1).

Z

Lép ban din (d:)
Lép dién méi (dz)

Hinh 1. Hinh dang c4u tric nhiéu 16p c6 chu ky trong tir truong
Xét cau trac nhiéu 16p moéng c6 chu ky nho hon nhiéu so véi budc séng anh
sang, khi d6 ciu trac duwgc xem nhw mot mdi trwong hiéu qua va tinh chat dién moi
ctia n6 duwoc mo ta boi tenxo dd thdm dién moi:

&E=¢£,6,6, +¢&,€6 € +&,68E, (1)

vOi g, €,Vaé, la cac vecto don vi ctia hé truc toa do dwoc st dung; ¢ ER- la cac

XX 7
dd tham dién moi doc theo truc x, y va z duoc xac dinh boi cac cong thike sau:
_ o'a, -w’a, +a,
Xx 2( .2 2 2
do (a) -o — a)p)

w? (é;od1 + 5dd2)— a)ﬁgodl

&

E =

yy de (2)
B gogdd(a)4a1 - w’a, + a3)
" (0*b,—e®b, +b,)

7z
VOi ¢, — d0 thdm dién moi cia mang ban dan; ¢, — d0 tham dién moi cta l6p dién
moi; o, — tan s6 plasma; cadc hé s a,, b, dwoc xac dinh boi cac biéu thikc sau:
— _ 2 2
a, =d,g, +d,g,,a, =)@, + a)p(dlgo +a,)
a, =d,g,08,b, =a,l,,1, =d, &, +d,&,,
2 2
b, =w}a,l, + w’&,S,S =(d,a, +d,l,), 3)

by =d,d, 5 (2] + @} )+ ;)
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Vi @, =H,e/m,c— tan sO xyclotron; w, = |aze?n, /m4 e, — tan sd plasma;
W, = o} + ! — tan s6 cong huwong hon hop; n,, m,, ,vae— mat do, khoi lwong hiéu

g

qua va dién tich cua cac hat mang dién trong chat ban dan; c - van tc anh sang.
S0 séng ngang cua cdu trac nhiéu 16p chu ky c6 dang:
k* :\/(a)zlcz)gxx_(gxx/‘gzz)kfl (4)
k" = J@?1c?)e,, —k?

v0i k, 1a thanh phan doc ctia vecto song.

Nghién ctru sy lan truyén séng dién tir bé mit doc theo mat phang phén chia
hai moi treong chan khong (&, =1) va cau trac cac 10p mong c6 chu ky. Trong treong
hop nay kha nang suy bién (kha ndng dinh xt) & ca hai phia cia mat phan chia chi ton
tai d6i v6i song E c6 tir truong dinh huéng vudng gée véi mat phang t6i (mat phang
chtra phap tuyén cua bé mat (truc z) va hudng lan truyén x.

Ttr cac phuong trinh d6i véi bién d¢ truong dién tir va ap dung cac diéu kién
bién (diéu kién lién tuc cac thanh phan tiép tuyén cta truong dién tir tai mat phan
chia) chung ta nhan duwoc mdi quan hé phan tan doi véi song dién tir bé mat:

o2 z[wjz 28y (80 — fv) (5)

X
¢ En€xx — €y

3.KET QUA VA THAO LUAN

Phan tich phuong trinh tan xa (5) chiing t6i nhan thay rang diéu kién dé ton tai
song dién tir bé mdt 1a ¢ phai am. Khi d6 d6i voi ¢, c6 thé xay ra hai truong hop.
Truong hop 1 - khi ¢, <0, song dién tir bé mdt c6 thé lan truyén néu ¢ ,s > &2, tlc

ZZ 7 XX

la ¢, ¢, >1. Truong hop 2 - khi ¢, >0, song dién tir ¢6 thé ton tai néu ¢, > ¢ , tikc la
&, >1. Mién tan s6 va tir treong, noi ma ¢, va g, trung nhau (ttec la cac thanh phan
cua tenxo dong thoi nhan gia tri am), goi 1a mién di huéng yéu. Trong truong hop
nguoc lai, khi cdc mién gia tri am cta ¢, va g, khong trung nhau (cac thanh phan
tenxo c6 dau nguoc nhau), chung ta ¢ mién di huéng manh. Nhw vdy, mién ton tai
cua song dién tir bé mdt trong hé dugc xét duoc xac dinh boi cac déc trung déc biét caa
cac thanh phén hiéu qua d6 thdm dién moi ctia cau tric mong co chu ky.

Chung ta phan tich sy phu thudc cac thanh phan d6 thdm dién moi », va ¢,

cuia cau trac vao tan so va tir truong ngoai (hinh 2).
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Hinh 2. Sy phu thudc cac thanh phan tenxo cua cdu trac 16p mong: a) — vao tan s
(H, =15000e ); b) — vao tir trudng ngoai (w=6.10"s");d, =d, =4um;1- ¢, ;2- ¢

xx 7

2z

Trong tinh toan s& ching ta dwa vao cac thong sd sau ctia cau tric: 16p ban dan
n-InSb (g, =17,8) khi T=77K véi mat do electron n, =2,4.10®cm, tin s6 plasma

w, =53.10%s™, m,, =0,014m, (m, — khoi luong electron tw do). D6i voi 1op dién moi

thach anh duoc chon stt dung véi do tham dién moi &, =4[19].

Nhén thay rang khi H, =H va dtan s6w=w,,,, , £, Va ¢, dong thoi tién dén 0

4 by A \
cac thanh phan ¢ va ¢ :

a, +./aZ —4a,a,
W00 = /

2a,

Ho_ meffc\/(a)2 — o} szal —w§50d1) ) (6)
o1 — 2
w*a,

O tan s6 hon hop w=w,, tham chi ¢ cdc tan s6 w=w,, ,va khi tir treong ngoai

H, = H_,, cac thanh phan ¢ va ¢, dong thoi tién dén vo cung:

\/bz + JbZ —4bb,
W10 = ’

2b,
4 2 .2
H M C o al, —o°w;6,S + F 7)
e w?a)l, —2d,d,&?

F=d,d,elw? (4 + ok ),

m,C
_eff 2 2,
H,.,= O — @y

e
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O cac tan s0 w=w,,, va khi tir truong ngoai H,=H,, thoa man diéu kién

Enlx =&y =1.

Nhu vay, mién ton tai ctia song dién tir bé mat trong hé da cho gidi han trong
cac dai tan s0 w<w,,, w, <w<w,, Va vung gia tri cua tw truong H_, >H,>H ;-
Trong bang 1 dudi day ching t6i duwa vao mién tan s6 va do 16n tir treong, ¢ do ton tai
song dién tir bé madt khi xay ra sy di huéng manh va yéu cta cdu trac cac 16p mong.

Bdng 1. Phan chia cac mién ton tai song dién tir bé mat phu thudc vao tinh di hudéng ctia cau

trac 16p
Di hudng manh D<@,
(6, >0,&, >1) 0, <0< o,
H.,,<H,<H_,
Di huéng yéu Wy < O< Wy
(6, >0,6,6, >1) ,, <0< o,,
H,,<H;<H_

Suw phu thudc van téc pha cua song dién tir bé mdt vao tan s6 va tir truong
ngoai dugc xem xét tiép theo. Van tdc pha cua séng bé mat duwoc xac dinh boi cong
thirc sau:

v _2_ E22€ xx _gvz (8)

X Enéy (gxx — &y )
Trong mién di huéng manh (khi w<<w,,, @ > e, va H, —»H_,) van toc pha

cua song bé mat gan dat dén do 16n van téc anh sang. Trong mién di hudng yéu (khi

®— w,,, Va Hy, — H,,) van toc pha ctia séng bé mdt giam (hinh 3).

x1

Chung ta xét su phu thudc dac trung cta séng bé mat vao do day cac 16p cau
tao nén cau trac 16p c6 chu ky. Trong treong hop khi do day 16p ban dan d, nhé hon
do day 16p dién moéi d, (hinh 3, duwong s6 3) anh huwong cua tinh di hudng caa chat
ban dan trd nén yéu hon (déai tan s6 xuat hién séng dién tir bé mat khi xay ra sy di
huéng manh hay yéu ctia cdu tric da 16p mong bi thu hep lai) va dwong biéu dién su
phu thudc ctia van tdc pha vao dd 16n ctia tir trieong ngoai tré nén thang hon. Khi d6
mién ton tai song bé mat dich chuyén sang vung tan sd nho va vung gid tri 16n caa ti
treong ngoai, van téc pha ctia séng trong truong hop nay giam. Khi d, 1én hon d,,
anh huong cua tinh di hudéng tré nén ro rét hon (dai tan s6 xudt hién séng dién tir bé
mat khi xay ra su di hwéng manh hay yéu cua cau trac da 16p méng duoc mo rong ra),
mién ton tai song bé mdt chuyén sang vung tan s6 cao va vung gia tri nho cua ti
truong. Khi d6, van tdc pha ting. Khi tinh dén sy suy giam trong 16p ban dan cac
dwong phu thudc cua van tdc pha va do tham dién moi tré nén tron min hon, dan dén
s vang mat cac cong hudng va do d6 lam thay ddi cac dac trung bé mét ca séng dién

66




TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 17, S8 1 (2020)

ttr. Ddc biét khi ton that 16n, viing ton tai song dién tir bé mat gan tan s6 téi han g,

bién mat do cong huong khong xuat hién va do d6 khong cd vung gia tri am cta ¢ .

——dq=7 um, dy=4 um
"""" dq=4 um, do=4 um

V/C

X2
(a)
7d1:7}1m, d2:4l»1m
S T N A famum, €=
,,,,,,,,, d1:4um, d2=7um
< o038/
o
>
0.7 4
zx1 H002
0.6 — ' '
0.5 1.0 15 2.0
3
Ho-10" Oe (b)

Hinh 3. Su phu thudc van tdc pha ctia séng bé mat: a) — vao tan s6; b) — vao do 1on tir truong
ngoai; 1 - d, =7um, d, =4gm;2-d, =4um, d, =4,m;3—-d, =4gm,d, =7um.

Can luu y rang ddc trung mong ctia cau tric chi phdi d6 day cta cac 16p vat
liéu st dung. Trong treong hop cac 16p c6 dd day 1on cac tinh todn phai dwoc thiece
hién khong phai cho mét cdu tric da 16p méng ma cho mdt cdu tric cac 16p sap xép c6
chu ky.
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4. KET LUAN

Nhu vdy, diém déc biét hinh thanh séng dién tir bé mat tai mét phan chia hai
moi truong chan khong va cau trtic nhiéu 16p mong, hinh thanh boi cac 16p dién moi
va chat ban dan da duoc nghién ctru. N6 cho thdy rang nhitng mién ton tai song bé
mat duoc xac dinh hoan toan bai cac tinh chat cua thanh phan hiéu qua d6 tham dién
moi. S phu thudc ctia cac thanh phan tenxo vao tan sd va tir treong ngoai ctia cau truc
16p mong da duogc phan tich bang s6 va giai tich. Chting t6i da chi ra duoc rang trong
cdu truc dugc xét ton tai hai mién tan s6 ton tai song dién tir bé mat la mién trén va
mién dwdi tan s plasma va xay dung dugc su phu thudc van téc pha ctia song bé mat
vao tan s6 va dd 1on tir treong ngoai. Tir két qua tinh toan nhan thay rang, diém dac
biét ctia cdu trac da 16p méng cho phép kiém soat hiéu qua cac tham sd cua séng dién
ttr bé méat nho vao tir truong ngoai, tan s, dd day cac 16p va chu ky ciu truac trong dai
rong budc soéng: tir nho hon milimet dén centimet. Cac vung lan can cong huong dwoc
chti y nghién cttu. Nhan thdy rang, gan cac mién nay cé thé kiém soét hiéu qua cac
théng s6 cau triac do kha nang thay doi cac ddc trung song dién tir khi ¢d sy thay doi
nho vé tan s6 va tr treong ngoai. Cac két qua nhan duoc ¢6 thé duoc st dung dé phan
tich cac cau tric da 16p mong cé tinh chat khac nhau. Nhitng ciu triac 16p mong ¢é chu
ky nhw vay c6 thé hita hen tao ra cc hé thdng tir trinh trong vi dién tit ban dan va
quang ttr.
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ABSTRACT

In the paper, the features of surface electromagnetic waves exited on the boundary
of dielectric and multilayer periodic structure are investigated. The possibility is
established and the conditions are determined for localization of surface
electromagnetic waves at the interface of this system. Received and analyzed the
dispersion equation for the structure under consideration. It is shown that there are
two frequency regions in which surface electromagnetic waves exist, above and
below the plasma frequency. The specificity of geometry of the multilayer periodic
structure permits to divide areas of surface waves existence into areas of strong
and weak anisotropy. The characteristic frequencies and magnitudes of external
magnetic fields, near which there is a significant change in the characteristics of
surface polaritons are derived. The opportunity of efficient control of surface
waves frequencies by means of an external magnetic field, thickness of the layers

and the period of structure has been shown.

Keywords: biaxial crystal, multilayer periodic structure, surface electromagnetic

waves.
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