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TOM TAT

Trong bai bdo nay ching t6i sit dung phwong phdp sai phdan hitu han mién thoi gian dé
nghién cieu cdu triic ving cia tinh thé quang tir hai chiéu kiéu mang vuéng gom cdc thanh
dién moi hinh try dat trong khong khi va cac 16 h(fng hinh tru trén nén dién moi. Anh huong
ciia bdn kinh hinh tru lén viing cam quang tir ciia tinh thé quang tir hai chiéu cho ca hai
kiéu phén cwc TE (transverse electrics) va TM (transverse magnetics) ciing dwgc nghién
citu. Cdc két qua thu dwoc cho thdy cdu tric vimg ciing nhie dp rong vimg cam quang tir

phu thuéc manh vao ban kinh cia cac thanh dién méi va 6 h(fng.

Tir khéa : Cau tric viing, mang vuéng, phwong phap FDTD, tinh thé quang tit.

1. MO PAU

Céc tinh thé quang tir (PhCs) da thu hit nhidu nghién ciru do kha ning diéu khién anh
sang dua vao viéc ton tai cac ving cdm quang tir trong pho tan s ma anh sang v6i tan s nam
trong ving nay khong thé lan truyén qua ciu tric. Cac nghién ctru vé tinh thé quang tir da phat
trién ca vé mit 1y thuyét va thuc nghiém trong gan ba muoi nam ké tir khi Yablonovitch va John
dua ra khai niém tinh thé quang tir vao nam 1987 (121, Nhiéu phwong phép sé di dugc phat trién
dé nghién ctru su lan truyén cua anh sang trong mot ciu truc tuan hoan nhan tao c¢6 nhiéu Gng
dung tiém nang trong vién théng nhu ché tao cc bo dan song 13, cac budng vi cong huong ),
cac bd loc quang hoc trong mot dai phd rong 15 va céc laser nano (6. Cac phuong phap ma tran
chuyén (the transfer matrix method — TMM), phuong phap khai trién song phing (the plane
wave expansion method — PWE) va phuong phap sai phan hitu han mién thoi gian (the finite
different time domain — FDTD) la nhitng phuong phap phd bién nhit dé nghién ctru céc tinh
chat cta tinh thé quang tir.

Trong bai bao nay chung t6i sir dung phuong phap sai phan hiru han mién thoi gian két
hop véi viée 1ap trinh tinh s6 trén phan mém Matlab dé xac dinh cdu trac ving cdm quang tir
(photonic band gap — PBG) cua tinh thé quang tir 2D kiéu mang vudng gém cac thanh
germanium hinh try dit trong khong khi va cac 16 hong khong khi hinh try trén nén dién moi.
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2. PHUONG PHAP SAI PHAN HU'U HAN MIEN THOI GIAN

Phuong phap FDTD 1a phuong phap chuyén cac phuong trinh Maxwell 13 cac phuong
trinh vi phan dao ham riéng thanh cac phuong trinh sai phan hiru han 781, N6 dugc st dung
trong nhiéu bai toan lién quan dén séng dién tir nhu tan xa, 1y thuyét antenna, truyén séng dién

tir, Iy thuyét mach dién.

Trong mdi truong déng hudng, cac phuong trinh rot ctia hé phuong trinh Maxwell cho
truong dién tir ty do co dang:

A 12)
N~ H-= '"".’ (1)
N’/E—‘:-%, )
D= e B=nH. 3)

& day e 1a hang s6 dién moi va /7:1a do tir tham.

Xét truong hop hai chiéu, tit ca cac dai lwong vat 1y trong cac phwong trinh (1),(2) va
(3) 1a khong phu thudc vao zva do do cac dao ham riéng theo ztrong cac phuong trinh (1) va (2)
s& bang 0. Khi d6 hai phuong trinh (1) va (2) tach thanh hai nhém doc 1ap. Mot nhdm gdm céc
phuong trinh ma dién trudng chi con mot thanh phan E,va dugc goi la mode tr ngang
(transverse magnetics mode — TM mode) , nhém con lai tir trudng chi con mot thanh phan H ~

va duogc goi 1a mode dién ngang ( transverse electrics mode — TE mode):
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I 1
Trong hé toa do Descartes cac thanh phan cua dién truong £ va tir trudong H duge dat

xen k& trong cac 6 mang Yee nhu trén hinh 1 781,
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Hinh 1. Cac thanh phan cia E, H trong mang Yee 2 chidu : (a) TE mode, (b) TM mode.

Vi cau triic cia tinh thé quang tir 1 tuan hoan nén cac vector truong phai théa méan dinh
1y Bloch:
EFt= EF0e™, Ao = HFe™ | ©)
o day E(/‘ f) va H (/r’ #) 1 cac ham tudn hoan trong khong glan va thoa mén diéu kién:
E(r+ Rl)— (r f, H(r+ Fu’t)— H(r 1, (7)
trong do /I? la vector mang.
Déi voi rnang vuong 2 chiéu véi hiang s6 mang a, diéu kién (6) tro thanh:
EQy5) = Eayne s E(x 0¢) = r(x ane ", (82)
Hayt) = MOy 0%, Hixat) = Hx0nd% E (8b)

Xap xi cac dao ham theo toa do va thoi gian trong cac hé phuong trinh (4) va (5) bang
céc cong thic sai phan trung tim 1 | ta dwa cac hé phwong trinh (4) va (5) vé cac hé phuong

trinh sai phan sau:

I7+ _ Dl‘ .. 1 P 1 L‘J
H, (i) = (/ /- Hy (] + - EZUT- 9y
1 1 <
Hy 2(i,j) = H) 2(i,j) + —gf i+ 30- ENG- 308
Iy W y 2’ z 2’7’
7M mode: n+1y s = N o Dt ¢ n+1,. 1 - n+l ooy U 2
ED = BN+ o @ 0 30 Hy - )
Dt é n+l .. 1 n+l .. 1 l‘J
DR e
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w1, - . Dt é n+1, . . +1 ¥
ET i j) = EGLj) + eTngZn g+ Y- HHG - DY
E i) = BN - 8 )= HEH - L)
TE mode: xe u (10)

Dt . 1 . . 1 u
nDy%g(/,/ - EXGT-

H™ (i j) = H™ (i, ) +

z

Dt a4, . ) :
- E%ﬂ(“‘ %,/)' Ej(/- %,J)H

I
Tur day ta thdy rang cac thanh phﬁnI cua dién truong £ dugc tinh & cac thoi diém

t = nD ¢t con cac thanh phén cua tir truong A duge tinh & cac thoi diérrll t=(n+ %)D . Cac
phuong trinh trén duogc giai 1518 tbé’mg cach tinh luan phién dién truong £ va tir truong H sau
nhitng khoang thoi gian bang —_.

Khi thyc hién tinh s, dé dam bao tinh 6n dinh cua nghiém, budc thoi gian D ¢ va kich
thuéc D x,Dy cua 6 mang Yee phai thoa man diéu kién Courant:

Dt ! : (11)
1 + 1
c"\/ (Dx?2 (D)

¢ day g, la van tdc anh sang trong chan khong. Trong thyc té, ngudi ta thudng chon:

D
Dx=Dy=DvaDt= —. (12)
26,

Céc cong thirc (8)-(10) va (12) duoc st dung dé mo phong sy lan truyén cua séng dién
tir trong tinh thé quang tir 2 chiu va xac dinh ving cim quang tu.

3. KET QUA TiNH SO VA THAO LUAN

St dung cac phuong trinh (8)-(10) két hop véi 1ap trinh tinh s trén Matlab, chung t6i
khao sat PhC 2D mang vuong tao bdi cac thanh germanium (Ge) hinh tru dat trong khong khi va
cac 16 hong hinh try trén nén Ge v6i hing sé mang 13 @ = 1 mm . Dé xac dinh céu trac ving cua
t}nh thé quang tir, ta phai xac dinh sy phu thudc cia tan sd weua truong dién tir vao vector song
k nam trong ving Brillouin thir nhat. Tuy nhién viéc khao sat tat ca cac gia tri cua vector song
1a khong thé nén trén thuc té, nguoi ta thuong khao sat cac gia tri clia vector song & doc theo
dudng thing ndi cac diém co tinh ddi ximg cao trong ving Brillouin, dudng nay dugc goi la k —
path nhu trén hinh 2.
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Hinh 2. PhC 2D mang vudng (a) va ving Brillouin thtr nhat véi k — path (b)
3.1. Céu triic vung ciia PhC 2D mang vudng cac thanh Ge dit trong khong khi

Chung ti da tinh toan va xac dinh cdu trac ving cua PhC 2D mang vudng voi cac
thanh Ge c6 ban kinh khac nhau, dit trong khong khi trong ca hai mode lan truyén ciia séng
dién tr qua PhC 1a TE va TM mode.

3.1.1. TM mode

Két qua tinh toan cho thdy khi ban kinh cua thanh théa man diéu kién
0,07a £ r £ 0,433 thi s& xuat hién cac ving cAm quang tir trong ciu trac ving ctia PhC 2D.
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Hinh 3. Céu tric ving cua PhC 2D mang vudng céc hinh try Ge trong khong khi, TM mode
@r=01a,b)r=03a,c) r=05a.
Trén hinh 3 13 d0 thi biéu dién 10 ving dau tién trong ciu triic ving ciia PhC 2D,TM
. . . <R -4 A 4 2 Wa
mode g v&i cac gia tri khac nhau cta 7. Truc tung biéu dién tan s6 chuan hoa ¥b= e (ala
pc
héng s6 mang va cla van tdc anh sang trong chan khong). Tir d6 ta thay, trén hinh 3(a) Gmg véi
r = 0,13 xuét hién ving cdm quang tir bit dau tir %= 0,3745voi do rong D#= 0, 1175tuong
tmg v6i £ = 1,1235.10'"* HzvaDf = 3,525.10"™ Hz. Khi r = 0,38 c6 3 ving cdm quang tir
nhu trén hinh 3(b), vang thtr nhit bat dau tr %= 0,2005 vé&i do rong D= 0,0672 tng véi
f=6,015.10" Hz va Df = 2016.10" Hz, ving th hai bit dau tr %= 0,3557v6i do
rong D@= 0,1033 tmg voi £ = 1,067.10'* Hz vaDf = 3,099.10"® Hz, viing thir ba bat dau tir
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%= 0554v4i do rong D%= 0,0781ung v6i 7= 1,662.10" HzvaDf = 2343.10"® Hz. Khi
r = 0.5a khong ¢ ving cdm quang tir nhu trén hinh 3(b).

Tir cac dd thi trén ta cling théy ré“mg, khi ting ban kinh cia cac thanh, d cao cua cac
ving ning lugng duoc phép giam xudng, cu thé : khi 7 = 0,17 céc tan s cuc dai tai ving thir
nhét va ving thtr mudi lan luot bang 8 = 0,3745va %, _ = 1,5805 ; khi r = 0,3ac4c tan
sb cuc dai tuong Gmg 1a 9% = 0,2005va %, = 0,7492 ; khi r = 0,5acac tan s6 cuc dai
twong tmg l1a 94 = 01773 va 9, . = 05222.

3.1.2. TE mode

Két qua tinh toan cho thdy khi ban kinh coa thanh théa min diéu kién
0.312 £ r £ 0.433 thi s& xuat hién cac ving cAm quang tir trong cau triic ving ctia PhC 2D.
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Hinh 4. Cau tric ving ciia PhC 2D mang vudng cac hinh try Ge trong khong khi, TE mode
@r=023,b)r=04a,(c) r= 05

Trén hinh 4 13 d6 thi biéu dién 10 ving dau tién trong cau tric ving ciia PhC 2D, TE
mode tng v6i cac gia tri khac nhau cta 7. Tir cac d6 thi nay ta thiy rang, trong cac truong hop
r=02ava r = 0,5akhoéng co ving cAm quang tir nhu trén cac hinh 4(a) va 4(c) tuong mg.
Khir = 0,4ac6 hai ving cdm quang tir rat hep, ving thir nhat bat dau tir %= 0,2418 voi do
rong D96= 0,0095twong Ung v4if = 7,524.10" HzvaDf = 2,85.10'2 Hz , vung thir hai bt
dau tr 9= 0,4501voi do rongD®= 00213 twong umg Vi £ = 13510 Hzva
Df = 6,39.10"2 Hz. Ta c¢6 nhan xét 13, trong TE mode d6 rong cac ving cdm quang tir nhé hon
nhiéu so véi TM mode. Ngoai ra, twong tir nhu trong TM mode, khi ban kinh cta cac thanh hinh
tru ting thi do cao cua cac ving giam xudng.

3.2. Céu triic ving ciia PhC 2D mang vudng céc 16 khong khi trong ban Ge

Chung t6i da tinh toan va xac dinh ciu triic ving cia PhC 2D mang vudng véi cac 15
khong khi hinh try, véi cac ban kinh khac nhau, trong ban Ge ¢ ca hai mode lan truyén cua song
dién tr qua PhC 1a TE va TM mode

3.2.1. TM mode
Két qua tinh toan cho thy khi ban kinh ciia 16 théa man diéu kién 73 0,422 thi s&

xuat hién céc vung cam quang tlr trong cau triic vung cuia PhC 2D.
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Hinh 5. Ciu trac ving cua PhC 2D mang vudng cac 16 khong khi trén ban Ge, TM mode
@r=023,b)r=04a,(c)r= 05

Trén hinh 5 13 do thi biéu dién 10 ving déau tién trong cau tric ving ciia PhC 2D , TM
mode (mg v6i cac gia tri khac nhau cuar. Tir d6 thdy ring trong cac truong hopr = 0,23 va
r = 0,4akhong xuét hién ciing cam quang tir (hinh 5(a) va 5(b)) ; khi = 0,58 ¢ hai ving cam
quang t: ving thir nhit bat dau tr %= 02189 véi d6 rongD%¥= 0,0852 twong Ung véi
f= 6,567.10" Hz va Df = 2556.10"® Hz, ving thir hai bit diu tir %= 0,4050v6i do rong
D%= 0,0586 twong tmg v&i £ = 1,215.10" Hzva Df = 1,758.10"® Hz. Tir cic do thi trén ta
cling thay rang, khi ting ban kinh ciia cac 16 hong, d6 cao cta cac ving ning luong duoc phép
tang 1én, cu thé : khi r = 0,2a céc tan sb cuc dai tai vung th nhét va vung ther muoi lan lugt
bang 9%, = 0,1770va 9, = 05123 ; khi r= O4acic tan sd cuc dai tuong Ung la
8,0 = 0,1879va 4, . = 0,6092; khir = 0,52 cic tan sb cuc dai twong Gng 13 8, = 0,2129
va %, = 0,8692.

3.2.2. TE mode

Két qua tinh toan cho thdy khi ban kinh cua thanh théa man diéu kién
0.335 £ r £ 0.5a thi s& xuét hién cic ving cAm quang tir trong cdu trac ving ctiia PhC 2D.

Trén hinh 6 1a d6 thi biéu dién 10 ving dau tién trong cau tric ving ciia PhC 2D, TE
mode (g v&i cac gia tri khic nhau ciia 7 .Tir d6 ta thiy rang, truong hop r = 0.32 khong xuat
hién ving cdm quang tir (hinh 6(a)) ; khi r = 0,42 xuat hién hai ving cdm quang tir : ving thir
nhit bit déu tr %= 0,2291v6i do rong D= 00317 twong Gng véi £ = 6,873.10" Hzva
Df = 9,51.10'2 Hz, ving tht hai bat dau tir %= 0,3240vdi d6 rong D= 0,0556 tuong (ng
v6i f= 9,72.10" Hzva Df = 1,668.10' Hz(hinh 6(b)). Khi r = 0,5axuit hién hai ving cdm
quang tir rat hep nhu trén hinh 6(c),ving thtr nhat bat dau tir %= 0,4896 voi do rong D= 0,0276
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Hinh 6. Cau tric ving ciia PhC 2D mang vudng céc 16 khong khi trén ban Ge, TE mode
(@r=03a,0b)r=04a.@)r=05a

twong ung vOi = 1468810 HzvaDf = 828102 Hz, ving tht hai bit dau tr
9= 0,6448 voi do rong D#= 0,0107 twong Gng voi f = 1,9344.10'"* Hzva Df = 3,21.10™ Hz.
Tuong tu nhu trong TM mode, ta ciing thay rang khi ban kinh cua cac 15 tang thi do cao cia céc

vung cling tang.

4. KET LUAN

St dung phuong phap FDTD, ching t6i di x4c dinh dugc ciu trac ving cho cac PhC
mang vuéng gdm cac thanh Ge hinh tru dat trong khong khi va cac 16 hong hinh try trén nén Ge
dbi v6i hai mode lan truyén cua song dién tir qua ciu tric 13 TE va TM mode. Két qua tinh toan
cho thiy do cao cua cac ving duge phép, do rong va sb cac ving cdm quang tir phu thudc manh
vao ban kinh cua cac thanh Ge va céc 16 khong khi.
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STUDY ON BAND STRUCTURE OF TWO DIMENSIONAL-PHOTONIC CRYSTALS
USING FDTD METHOD

Le Quy Thong '*, Le Ngoc Minh !, Le Thi Ngoc Bao!
! Department of Physics, Hue University of Sciences
* Email: lqthong@gmail.com

ABSTRACT

In this paper, the finite difference time domain method (FDTD) was used to study band
structure of a two dimensional photonic crystal of rectangular lattice that consists of
dielectric cylindrical rods in air and air holes in the dielectric background. The effect of
radius on photonic band gaps of two dimensional-photonic crystals for both kinds of
polarizations TE (transverse electrics) and TM (transverse magnetics) is also investigated.
The results shows that the band strucsture as well as photonics band gap depend strongly

on the radius of dielectric rods and air holes.

Keywords: band structure, FDTD methods, photonic crystals, rectangular lattice.
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