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Tém tit:

Bai b4o nay trinh bay cac két qua 1y thuyét va tinh toan mé phéng ciia bd loc quang hoc bic cao sir dung ciu tric
khe din séng hep trong tinh thé quang tir hai chiéu két hop véi diy hoc vi cong hwong ndi tiép. Sw din séng trong
khe hep dwoe thiét ké dé ting kha ning giam giir va cwong d dién-tir trwdng bén trong ving dién mdi c6 chiét suit
thép, diéu nay lam gia ting tj s6 Q/V ciia bd cong hwéng dwee thiét ké tir cac khe hep d6. Viée ghép ndi tiép nhiéu
cong hwéng dugc phan tich dua vao phu’o’ng phap ly thuyet ghép cic mode cfng huéng trong mién thoi gian (CMT).
Két qua ly thuyet duge cac tac gla kiém chu’ng lai bang mo phong qua viéc st dung phuong phap dao ham hiru han
trong mién thoi gian (FDTD) Két qua cho thay ¢6 su phu ho'p tot giira ly thuyet va m6 phong. Bo loc quang hoc béc
cao dwa trén sy ghép ndi tlep nhiéu cong hwong dwoc coi la nén tang dé tac gia nghién ctru cac linh kién quang hoc

tich hop phang.

Tir khéa: Bé loc quang hoc, phwong phap FDTD, tinh thé quang ti.
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Md dau

Viéc nghién ctru ciu trac tinh thé quang tir img dung cho
c4c linh kién quang hoc di va dang thu hit rit nhiéu sy quan
tam cta cac nha khoa hoc béi tinh chat quang dac biét cua
n6 ma céc loai vat liéu san c6 trong ty nhién khong co dugc.
CAu truc tinh thé quang tir la cau trac vat liéu nhén tao dugce
tao nén bang viéc sép xép tudn hoan cac 16p vt lidu c6 hing
s6 dién moi khac nhau theo 1 chiéu (1D), 2 chiéu (2D), hoac
3 chiéu (3D) trong khong gian va tao thanh céc ving cam
quang theo 1D, 2D va 3D tuong tng. Cac budc song (tin
so) nam trong vung c4m quang bi phan xa hoan toan khi gip
bé mit cAu trac tinh thé quang tu, tuy nhién no lai c6 tinh
chét dic biét 1a c6 thé diéu khién duoc khi ta thiét ké cac bd
cong hudng hodc bo dan song trong ciu tric tinh thé quang
tr do, c6 nghia la anh sang voi bude song (tan so) d6 duogc
giam gilr trong céu trac hodc dugc truyén qua céu tric voi
hiéu suat 100% [1-3].

Nho sy phat trién ctia cac trang thiét bi va cong nghé hién
dai, dac biét 1a cong nghé nano, cac cAu tric tinh thé quang
tr 2D da duoc nghién ciru va ché tao thanh cong véi bude
song (tan s6) 1am viéc tai ving thong tin quang hodc ving
kha kién va da c6 mot sb két qua ung dung, dac biét cho
vién thong quang hoc, laze, di-6t phat quang (LED), cam
bién quang hoc... Tuy nhién aé ng dung rong rai cau trac
tinh thé quang tir 2D trong mot sé linh vuc cu thé, ddc biét
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la V1en thong quang hoc hodc cac mach tich hop phang khac
van rat can thém nhiéu nghién ctru chuyén sau vé ca vat liéu
va ciu trac [3- -5]. Trong céc linh kién quang tich hop phang
dua trén sy két hop cua dan song va cong huong, thi ty s6
(O/V), trong d6 O 1a hé s6 pham chat va ¥ 1a thé tich hinh
thai hoc duoc coi la tham s6 quyét dinh hiéu sut cua linh
klen quang, ty s6 Q/ V cang cao thi hi€u sudt linh kién cang
t6t. Hé s& pham chat Ova thé ‘tich hinh thai hoc V' cua bo
cong huong dugc thiét ké tir cau trac tinh thé quang tir 2D
ma cac cong bd gan day dé cap 1a ~3,3x10°6 va ~1,18 (\/n)’,
do vay O/V ~2,80x10° (A/n)?, trong d6 X la bude song hoat
dong va n 1a chi ) chlet suét cua vat liéu [6-8]. Viéc ché tao
bo cong hudng co hé s6 pham chit Q cao 1a rat kho vi mdi
su thay ddi kich thude rat nho cua bd cong hudng s& dan
t6i sy thay doi rat 1on ctia hé s6 pham chat Q. Bén canh do,
khi hé sé phim chét O cao, cuong do dién-tir truong s& tap
trung rat 16n trong mot khong gian hep cua bo cong huong
s€ lam gia tang cdc hiéu (mg phi tuyén khong mong muén
clia vét liéu. Vay nén, néu khong quan tam dén thé tich hinh
thai hoc ¥, thi viéc lam tang hé so pham chét 0 ctia bd loc
quang hoc bang cach ghép nbi tiép nhiéu cong huong thong
qua khe dan séng hep trong tinh thé quang tir 2D 1a phuong
4n c6 tinh kha thi cao [9-11]. Viéc st dung dan séng trong
khe hep lam tang kha nang giam gilt va cuong do dién-tu
truong bén trong ving dién moi ¢6 chiét suat thap, diéu nay lam
tang ty s6 O/V ciia bo cong huong duge thiét ké tir cac khe hep.
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Abstract:

In this paper, we present the theoretical and numerical
results of the high-order optical filters based on the
slotted two-dimensional photonic crystal waveguide
conjugated with multiple coupled resonators. Slotted
waveguide is designed to enhance the electromagnetic
intensity and confine the light in the narrow area with
low refractive index, so that the figure-of-merit (Q/V) of
the resonators is significantly enhanced. The coupling
among the resonators is analyzed theoretically, based on
the coupled-mode theory in time (CMT). We perform
the finite-difference time-domain (FDTD) simulation
to confirm the CMT analysis. It is shown that the good
agreement between the theory and the simulation.
This result will provide a general guide line for planar
photonic integrated circuits.
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MOo hinh bd loc quang hoc bac cao dugc phan tich Iy thuyét dua
trén phuong phap ghép mode cong huong theo thoi gian (CMT).
Cac két qua 1y thuyét dugc kiém ching bang mo phong dya trén
phuong phap dao ham hitu han trong mién thoi gian (FDTD)
va phuong phap khai trién 'song phang [12, 13]. Cac két qua Iy
thuyét va mo phong cho thay ¢6 su phu hop kha tot. Két qua ciia
bai bao nay 1a nén tang cho cac nghién ciru vé linh kién quang
tich hop phang.

Ca sd Iy thuyét

Hinh 1 1a m hinh cta 7 b cong huong ghép ndi tiép vi
nhau thong qua bus dan song.

= =) (D=
Hinh 1. M6 hinh clia n cfng hudng ghép néi tiép véi nhau.
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Dé phan tich sy ghép ndi tiép ctia n bd cong huong nhu
hinh 1, ching t61 sir dung ly thuyét ghép céc mode cong
hudng trong mién thoi gian [14]. De don gian, chung ta gia
sir cac b cong hudng cb cing tan s cong huong va do suy
hao theo thoi gian twong ung la w,va 1/z. s, vas  la bién do
cua song to1 va song phan xa ta1 cong huong thu nhit; s,
va s tuong (mg la bién d6 cua song tdi va song phan xa tal
cong huong th n; |a|? va |s)?1an lugt 1a nang lugng ciia bo
cong huong va cia song.

da,
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O déy hé sb ghép cua song va bd cong huong duge cho
boi hé sb k=e’’\2/7 . 6 va u 1an lugt 1a d6 dich chuyén
tan sb cong huong va hé $6 ghép hi¢u dung, véi d=cotp /7t
va fi=—jcsce/ 7, ¢ 1a goc 1éch pha gilra hai cong hudng
gan nhau nht. Gia sir hé ching ta xét 1a khong c6 tac dong
tr bén ngoai, nén s, = 0. Su dung phuong phap CMT, h¢ 56
truyén qua duoc cho bai cong thirc:
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A la tan s6 chuan hoa tir tan s6 cong huéng, A= o - o,
Tai bai bao nay, ching t6i xem xét bd loc quang hoc bac 1,
bac 2, bac 3, bac 4 va bac 5. St dung phuong trinh (2), phé
truyén qua ciia cac bo loc quang hoc véi ¢ = 7/2 va ¢ = /6
duogc mo ta trong hinh 2(a) va 2(b).

Hinh 2 cho thiy s6 lugng dinh cong hudng bang vai sb
luong bo cong hudng duge ghép ndi tiép. Hinh 2(a) 1a phd
truyén qua ciia cic bo loc khi ¢ = 7/2, cac bg loc c6 béac
khac nhau déu c6 chung tin s cong huong trung tam, A
= 0. Ngoai ra, bd loc bac cao con co thém cac tan sb cong
hudng khac nam déi xting ¢ hai phia cta tan sd cong huo‘ng
trung tam, ban do rong phd cia cac cong hudng nam xa
cong huong trung tdm c6 xu hudng hep dan. Hinh 2(b) 1a
pho truyén qua cua cac bg loc khi ¢ = /6, cac bo loc van co
chung mot tan sb cong hudng nhung cac dinh cong huong
dugc phan bd bat déi xtmg va khé xac dinh dwoc vi tri chinh
xac. Bé don gian trong nghién ctru, cac bd loc quang hoc
bac cao duoc thiét ké trong truong hop goc 1éch pha giira
hai cong huong gan nhau nhét ¢ = 7/2.
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Hinh 2. Phé truyén qua cia cac b loc quang hoc: (a) khi ¢ =
n/2 va (b) khi ¢ = 7/6.

Két qua mé phéng

Pé kiém chung cho két qua Iy thuyét duoc trinh bay &
trén, cac bo loc quang hoc bac cao dua trén sy ghép ndi tiép
ctia nhiéu cong hudng qua khe dan song hep trong ciu trac
tinh thé quang tir 2D di dugc ching t6i mo phong nho st
dung phuong phap FDTD. Hinh 3 14 ciu triic bd loc quang
hoc bac 5 véi cac tham s cua céu tric va vat liéu nhu sau:
Chiét suét hiéu dung cua vét liéu nén silic 7= 2,98, ban kinh
hé 12 7= 0,3a (a 1a hing s6 mang, = 380 nm) va mang tinh
thé hinh tam giac. Cong hudng dugc tao ra bang cach thay
ddi do rong cua khe hep tr d = 50 nm t61 d = 120 nm véi
nhitng khoang cach déu 1a 10 nm/a. Khe dan séng hep va
cac hd duogc dién dy bang vat liéu hitu co quang phi tuyén
bac 3 DDMEBT (n,, = 1,8), do DDMEBT la vét liéu c6 h¢
s6 phi tuyén bac 3 16n, ching t6i hy vong ring bang cach
su dung vat licu DDMEBT s€ khic phuc dugc nhitng nhugc
diém cua vat liéu nén silic nhu hiéu ung hép thu hat tai tu do
va hiéu ng hip thy hai photon trong nghién ctru linh kién
quang ludng trang thai 6n dinh.

Sy dan truyén séng dién tir trong cac bd din song dugc
minh hoa trén hinh 4. Str dung phuong phap khai trién song
phing dbi voi hé phuong trinh Maxwell dé giai bai toan
v6i bién s 1a cac mode dan trong cic bd dan song voi do
rong khe hep d khac nhau voi phan cuc la dién truong trong
mit phing (TE mode). V6i cac tham s6 dugc chon ctia cau
trac tinh thé quang tir 2D nhu trén hinh 3, thi ving cAm
quang chuin hoa 1a (0,235-0,250 a/L), twong tng voi dai
song trong vung thong tin quang (1520-1617 nm) chira cac
dai dan song tuong tng véi cac trudng hop do khe hep d
(~ 50-120 nm). Khi d6 rong khe hep tang, dai dan song co
Xu huorng dich Ve cac buoc song ngan. Khi d tang ~120 nm
dai dan séng nim ngoai ving cim quang, do vy viéc lya
chon d6 rong khe hep d = 120 nm dugc xem nhu la mot
vach ngan song dién tu, tic la song dién tu s€ bi giam giir
trong b cong hudng dugc tao nén tir khe hep c6 do rong d
~ 50 nm. Viéc thiét ké budng cong hudng c6 do rong khe
hep ting dan s& 1am giam su thay d6i dot ngot song dién tir
trong budng cong huong. Do rong khe hep d = 50 nm con
duoc chon 1am d6 rong khe dan song ciia bo loc quang hoc
nhu hinh 3.
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Hinh 3. Cau tric cta bd loc quang hoc bac 5 (hinh chinh) va
chi ti€t cia mgt bo cong hudng (hinh phu).
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Hinh 4. Cac dai din séng tuong ting véi do rong khe hep d khac
nhau.

Dé moé phong dic trung truyén qua clia cac bd loc quang
hoc duge thiét ké nhu hinh 3, chung t61 su dung phé dang
Gauss c6 dai budc song tir 1520-1596 nm, phéan cuc TE, dat
& dau vao cia khe dan song (phia trai) va dau thu duoc dat
& 16i ra cia khe din song (phia phai). Gitra ddu vao va dau
ra 14 s6 bo cong hudng dugc ghép ndi tiép. Str dung phuong
phap md phong FDTD véi diéu kién 1a bién hap thy hoan
hao (PML) c6 d6 day du l6n dé hép thu hoan toan song
dién tu truyen t6i bién va khong cho phan xa nguoc lai vao
trong cdu trac. Hinh 5 13 phé mé phong sy truyén qua cia
song phan cuc TE ddi voi cac bo loc quang hoc c6 bac khac
nhau. Chiing t6i d t6i wu cdu tric tinh thé quang tir 2D dé
goc léch pha giita hai bo cong hudong gan nhau nhét ¢ = 1/2.
Nhin vao hinh 5, hinh dang phé mod phong cia cac bd loc
hoan toan gidng vé&i hinh dang phd cua cac bo loc ma chiing
t6i di phan tich 1y thuyét & phan trén, tirc 13 n6 c6 dang déi
xtmg va dinh cong huong truyén qua 1a 100%. Budc song
cong huong trung tam Ia 1555,28 nm hoan toan phﬁ hop
véi bude song st dung trong vién thong quang hoc. Pdi véi
bd loc bac 1, phd truyén qua c6 dang di xting Lorentz vdi
bude song cong huong 4, = 1555,28 nm va hé sO pham chét
O, =4463. Phé ciia by 1oc béc cao khong phai dang Lorentz
va c¢6 nhiéu dinh cong huong. Pinh pho cong huong cua
cac bd loc bac cao ma chung téi quan tdm nam ¢ phia ngoai
cung, do vay ching t6i da st dung phuong phap lam khdp
phd cong huong ngoai ciing ctia bo loc bac 3 va bac 5 véi
cong hudng c6 ham Fano [15]. Hé s6 pham chat O, = 13010
va O, = 32020 tuong ng vdi hai dinh cong hu’orng ngoai
cung c6 budce song 1a A, = 1555,38 nm dbi v6i bo loc bac 3
va A, = 1555,46 nm 601 v6i b loc bac 5. Phod c6 dinh cong
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huong cang xa cong huong trung tam c¢6 ban do rong cang
hep, do vay hé so pham chat O cang 16n. Nhu vay, bang
céch ghép ndi tiép nhiéu bd cong huong thong qua khe dan
song hep trong tinh thé quang tir 2D, chung téi da thu dugc
b loc quang hoc bac cao voi hé s6 pham chit O cao hon, vi
du hé so pham chét 0 cua bd loc quang hoc bac 5 cao hon
~7,2 1an hé s phém chét 0 cua bo loc bac 1 ma khong can
thay d6i cac tham sd khac ctia cau tric tinh thé quang tir 2D.
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Hinh 5. Phé mo phéng truyén qua ctia cac b loc quang hoc st
dung phuong phiap mé phéng FDTD.

Phan bd nang lugng dién truong cia cac bd loc duoc
minh hoa nhu hinh 6. Hinh 6(a), 6(b) va 6(c) twong ung la
phan b ning lugng dién truong cua bd loc quang hoc béc
1, bac 3 va bac 5 twong ung voi cac bude song 4, = 1555,28
nm, A, = 1555,38 nm, va A, = 1555,46 nm. Chung ta thdy
rang, VO’l bd loc quang hoc bac cao, nang lugng dugc phan
b6 va luu trit o tat ca cac budng cong huong, didu nay lam
cho thoi gian song ctia bude song cong huong trong cau tric
1au hon, tirc 13 hé s6 pham chét O sé& cao hon.

Hinh 6. Phan bd ning lugng dién trudng trong ciu tric b loc
quang hoc bac 1 (a), bac 3 (b) va bédc 5 (c) tuong tng véi cac
budc séng cong huéng A, = 1555,28 nm, A, = 1555,38 nm va A,
=1555,46 nm.

£ a
Ket luan

Trong bai bao nay, ching t6i da trinh bay két qua ly
thuyet clia viéc ghép ndi tiép nhidu cong huong thong qua
bus dan séng chung nhd sir dung phuong phap ghép mode
cong huong theo thoi gian. Két qua ly thuyét duoc kiém
chung bang két qua mod phong FDTD 601 voi b loc quang
hoc bac cao dua trén su ghép cap n01 tiép cia nhidu cong
huong qua khe din séng hep trong céu tric tinh thé quang
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tir 2D. Két qua ly thuyét va mo phong hoan toan phu hop.
Céc bo loc quang hoc ¢6 budc song cong hudng ndm trong
ving thong tin quang va linh kién thiét ké cua bai bao nay
¢6 thé dugce sir dung trong cac mahch tich hop phing cia
vién théng quang hoc nhu céc bd chuyén mach va dan song
thong tin.
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