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Nang cao hé s6 pham chat ciia bo loc phd

cong hudng Fano ving kha kién duya trén

su giao thoa cadc mode dan séng 1éch pha
trong phién tinh thé quang tir 2D

Nguyén Van An, Ngd Quang Minh

Tém tit—Bai bao trinh bay cac két qua nghién ciru
dat dwogc vé thiét ké, tinh toin va méd phong bd loc
phé cong hwong Fano ving kha kién dua trén sw
giao thoa ciia cic mode din séng léch pha trong
phién tinh thé quang tir hai chiéu (PhC-2D). Viée
giam dd ban rong phd dé ting hé s6 phim chit cia
bd loc cong hwéng din séng cia phién PhC-2D bing
viée thém vao giita mdi 6 don vi mdt phin tir dang
hinh tru tron hodc hinh tru chir nhit ma khong thay
déi kich thwée 6 don vi ban diu. Trong mdi 6 don vi
ciia phién PhC-2D c6 hai phén tir c6 hinh dang, kich
thuéc khac nhau nhung c6 cung chi sé chiét suit,
nén ton tai hai mode déin séng twong tng. Ca hai
mode din séng trong phién PhC-2D déu c6 tinh chét
12 két hop véi song téi tir mdi trwedng ngoai va 1éch
pha nhau nén bién dd giao thoa téng sé giam va do
vy dd ban rong phd cong hwéng sé bi thu hep va hé
s6 phiAm chit Q ciia bd loc cong hwéng s& dwge ting
cwong. Phwong phap dao ham hiru han trong mién
thoi gian (FDTD) duge sir dung dé tinh toin cac phd
phian xa va md phéng cic tinh chéat va diic trung
quang hoc ciia bd loc cong hwéng din séng. Phd
cong hwong din séng thu dwoe c6 dang Fano dugc
lam khép véi md hinh 1y thuyét dé xac dinh chinh
xdc cac tham sb ciia phd cong huwong: buée séng
cong hwéng, hé sé pham chit, va hé sb bat dbi xing
ciia phd. Cac két qua thu dugc cho thf'ly phd phan
xa, tinh chit va dic trung quang hoc ciia cong
hwéng din séng dang Fano phu thudc vao cich chon
hinh dang va cac tham s6 hinh hoc ciia phin tir
duwoc thém vao phién PhC-2D. Két qua nay rét c6 ¥
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nghia va la nén ting cho nghién ciru cac linh kién
“quang hgc trong khéng gian” hi¢u suat cao.

Tir khéa—Phién tinh thé quang tir hai chiéu; Bj
loc quang hoc; Pao ham hiru han trong mién thoi
gian.

1 MG PAU

Céc phan tir quang chon loc budc séng trong

vuing kha kién (b6 loc quang hoc) dugc quan
tam nghién ciu nhiéu trong thoi gian qua vi n6 cé
nhiéu tng dung cho céc linh kién hién thi, cam
bién hinh anh nhu man hinh tivi, may tinh, dién
thoai di dong, may anh sd, thiét bi doc sach dién
tir, may chiéu ky thuat s va nhiéu ung dung dic
biét khéc [1-3]. Nhiéu vat liéu da dugc nghién
ctu, st dung dé ché tao céc phan tir quang chon
loc budc song vung kha kién nhu hat nano kim
loai va cac chat mau nhay sang [2, 4]. Tuy nhién
viéc str dung cac chat mau nhay sang va céc hat
nano kim loai boc 16 nhiéu nhuoc diém nhu hiéu
suit quang thap, hip thu anh sang va phat nhiét
nhiéu, d6 chon loc budc song khong cao... Thoi
gian gan day, viéc nghién ciru cac ciu tric nhan
tao ¢6 tinh chit tuin hoan cua cac phan tir ¢ cing
chi s6 chiét suat trong mat phang cho cac bg loc
quang hoc ving kha kién dugc quan tdm nghién
ctru thi du nhu cau trdc siéu vat liéu, ciu trac
plasmonic va dac biét 1a cau tric tinh thé quang tir
(PhC-2D) da khic phuc dugc cac nhuge diém cia
viéc sir dung vat liéu chit mau nhay sang, hat
nano kim loai [3, 5-11]. Tuy nhién, viéc st dung
cu trGc PhC-2D trén nén vat liéu phién silic
nitrite (SisN4) v6i dé 1a thay tinh cho cac bo loc
quang hoc la mot hudng di maoi cd tinh thoi su
trong cong nghé ché tao linh kién quang tir hién
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nay va han ché duoc cac tén hao cua viéc sir dung
kim loai va silic tinh thé trong ving kha kién [5-
7,12-14].

Tinh thé quang tir duoc thiét ké dé diéu khién,
giam gitr va kiém soét anh sang trong khong gian
phu thudc vao sy tuan hoan cua ciu tric theo mot
chidu (1D), hai chidu (2D) hoic ba chidu (3D).
PhC c6 thé cdm hoan toan cac séng dién tir c6
budc séng trong ving cim quang (PBG) lan
truyén qua nd. Viéc didu chinh chu ky tuin hoan
va kich thuéc cua tirng phan tir trong PhC 1am tan
s6 (budc song) cua PBG thay doi tir GHz, THz
dén ving kha kién. PhC ciing c6 thé tao ra su dan
song it bi mat mat nang luong dé hudng anh sang
truyén theo mot phuong xac dinh (tham chi véi
nhiing chd ré cong dén 90°)... Trén thyc té, phién
PhC-2D dugc xem nhu linh kién then chét cho
céc mach tich hop quang phang ding trong théng
tin quang va cac hé théng may tinh luong tir trong
tuong lai. Véi kha ning kiém soét su lan truyén
va birc xa ty phéat cua anh séng, phién PhC-2D c6
anh huong to 16n dén sy phét trién cong nghé ché
tao c4c bo loc quang, cac chuyén mach quang téc
d6 cao, cac hbéc cong huong quang, cac didt
quang, cac laser ngudng thap, cac kénh din song
véi cac nhanh ré anh sang dot ngot ung dung
trong théng tin quang va cac cam bién héa, sinh
hoc [15-17]... Cac bd loc quang dua trén sy két
hop cua phién PhC-2D dan séng va héc cong
hwong yéu cau sy chinh xac cua kich thudc hdc
cong huang vi mdi sy thay dbi nho caa kich thudc
héc cong huong thuong dem lai nhirng thay dbi
rat 16n vé budc song va hé sb pham chét caa phd
cong huong [18-20]. Ngoai tinh chat dan truyén
va diéu khién séng trong mat phang, phién PhC-
2D con cho phép céc séng dan truyén trong phién
PhC-2D két hop Vvéi s6ng toi tir moi truong ngoai
dé tao thanh cong hudng khi cac diéu kién vé pha
gitra hai séng dugc théa man va céng hudng nay
duoc goi 1a cong huong dan séng cua phién PhC-
2D [21-23]. Cong huong dan séng cua phién
PhC-2D ¢6 wu diém 1a khéng can ché tao héc
cong huong va dé dang két hop véi cac kénh dan
s6ng vao/ra. Hinh dang phd cong huong ciing kha
da dang, c6 hai loai chii yéu la d6i xing dang
Lorentz va bat ddi xting dang Fano [21-26]. Vén

dé dat ra cho nghién cuu ca hai loai cong huong
ctia phién PhC-2D ng dung cho cac bo loc quang
hoc la hé s6 pham chat Q can phai cao va co thé
don gian trong ché tao linh kién. Do vay, cach tiép
can cua bai bao 1a dé xut cac cau trdc phién PhC-
2D don gian, tng dung cho bd loc quang vung
kha kién c6 hé¢ sb pham chat cao va tinh toan, mo
phong dé ly giai, ching minh dé xuét 1a hop Iy.
Cong huong Fano co ngudn gbc tir vat Iy
nguyén tir duoc nha bac hoc ngudi Y Ugo Fano
dé xuit nam 1961, trong viéc quan sat CAc tan Xa
cong huong cua dién tur trong moéi truong khi He
[27]. Vé6i cong huong Fano, pha dugc bao toan
con bién do thi thay doi tuy y. Ngay nay, cong
huong Fano dugc st dung rong rdi va da dang
trong nhiéu linh vuc cua vat 1y, trong d6 c¢é linh
vuc quang ti [28]. Cong hudong Fano di tung
duogc khao st voi nhiéu cau tric quang tir micro
va nano, hé théng lwong tir nhu chdm lugng tir
[28], PhC [29, 30], c4u triic nano plasmonic va
siéu vat liéu [31]. Tinh bét d6i xing va d6 doc tén
sic cua cong huong dang Fano dem lai cic tng
dung da dang cho céc linh kién quang tor nhu bd
loc séng quang hoc [32, 33], bo diéu bién [34,
35], cam bién sinh hoc [36], bo phan xa bang rong
[37], laser [38], linh kién quang tir ludng trang
thai 6n dinh [39-42], chuyén mach toan quang
[43], linh kién 1am tré lan truyén quang [44]. Pic
trung phd cong huong bat dbi xing dang Fano
trong quang tir dugc dinh nghia bai cdng thuc:

2
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Q= F : hé s6 pham chat;

F: hé s6 nhan cua bién do;

q: tham sb bat ddi ximg cta phd;

C: van tdc 4nh sang;

I d6 ban rong phd;

Ao: buédce song cong hudng.
V6i q = +1, tan sb (budc song) cong husng tam
nam & chinh giita cia dinh va day ctia phd cong
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huong. Hinh 1 cho thay hinh dang cua phd cong
huéng Fano véi mot s6 gia tri caa tham sé bat ddi
xuang g. Va&i g =0 hoac |q| = oo, cdng huong Fano
suy bién thanh cong huong Lorentz (nhu hinh
nho).

Bién dj chuin héa
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Hinh 1. Phd Fano véi cac gia tri khac nhau ciia hé sé bt dbi
xtmg q va hé sé nhan F. g = 0 hodc |q| = o, phd Fano suy bién
thanh pho d6i xtmg Lorentz nghich va thuén twong tmg (hinh
nho).

Trong bai bao nay, ching ti trinh bay cac két
qua nghién clu, tinh toan va md phong cong
huwong dan song dang Fano tir hai dang cau triic
phién PhC-2D tmg dung cho b loc quang hoc c6
bude song cong huong trong ving kha kién véi hé
s pham chat Q cao. Xuét phat tir phién PhC-2D
mang hinh vudng cta céac hinh tru tron c6 kich
thude xac dinh, hai cdu trac méi duge dé xuat
bang viéc thém vao gitta mdi 6 don vi mot phan tir
dang hinh tru tron khac hodc hinh try chir nhat ma
khong thay ddi kich thudce 6 don vi, két qua 1a do
ban rong phd cong huéng I cia cdu tric méi
giam va hé s6 pham chat Q ciia bo loc phd cong
huong dan song dugc ting cudng. Trong mdi 6
don vi cua phién PhC-2D c6 hai loai phan tir co
hinh dang va kich thuéc khac nhau nhung c6 cung
chi s chiét suét, nén sé tao ra hai mode dan song
twong mg léch pha nhau. Ca hai mode dan song
trong phién PhC-2D déu két hop véi song t6i tir
mdi truong ngoai nén bién do giao thoa tong s&
giam va do vay do ban rong phd cong huong I"sé
bi thu hep va hé ) phém chét Q cuia bd lgc cong
hudng dan séng s& dugc ting cuong. Do ban rong
phd 7"va hé s6 pham chat Q dugc xac dinh gian
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tiép thong qua biéu thirc dic trung cua phd Fano
cho boi cong thue (1).

2 PHUONG PHAP NGHIEN CUU

Cau tric PhC-2D cong huong dan song dugc
dé cap dén trong bai bao nay dwgc md ta nhu hinh
1. Hinh 2(a) la c4u tric PhC-2D ban dau gém lp
dién moi silic nitrite (SisNa) c6 d¢ day d va chiét
Sut n = 2,02 tai budc séng ving kha kién dat trén
nén dé thay tinh c6 chiét suat n = 1,45. Lop dién
moi SisNy4 ¢ thé d& dang ché tao trén dé thuy tinh
bang ky thuat béc bay trong chan khéng hoic
phtn xa. Cau tric PhC-2D duoc tao ra bang cach
tuan hoan (mang hinh vuéng voi chu ky p) cua
cac hinh tru tron khéng khi c¢6 ban kinh ro va do
sau h tinh tir b& mat khdng khi. Anh séng chiéu tgi
cau tric (4nh sang toi) vudng goc voi mat phang
PhC-2D va két hop véi mode dan séng trong mat
phang PhC-2D tao ra phd phan xa cong huang khi
diéu kién vé pha giita hai song duoc théa man. Hé
s6 pham chat caa b loc cong huong dan séng
nhu ciu trdc hinh 2(a) phu thudc vao ban kinh
hinh tru ro va do sau h. Khi ro va h giam, hé sé két
hop gitra mode dan trong PhC-2D va anh sang tgi
giam, d6 béan rong pho phan xa cong huong giira
ching s& giam va hé s pham chit Q s& dugc ting
cuong [42]. Tuy nhién day khong phai 1a phuong
&n t6i wu vi trong ché tao thuc nghiém ddi vai cdu
tric nhu Hinh 2(a), thi ban kinh ro va d6 séu h
khong thé giam qua mot gidi han cho phép. Do
vay, viéc tim kiém cac cau trac don gian va téi uu
dé tang dugc hé sb pham chat Q ma khong thay
ddi ro, h va p cua cAu trac ban dau nhu dugce dé
Xuit tai Hinh 2(b) va 2(c). Trong Hinh 2(b) va
2(c) cac hinh try tron cd ban kinh r (# ro) va hinh
tru hinh chir nhét kich thudc wy X wy, ciing d6 sau
h dugc thém vao giita mdi 6 don vi. Phuong phap
dao ham hitu han trong mién thoi gian (FDTD)
dugc sir dung dé md phong phd phan xa va dic
trung quang hoc cua hai kiéu cau trac phién PhC-
2D nhu hinh 2(b) va 2(c), nho sir dung diéu kién
bién tuin hoan theo phuwong x va y trong mat
phing va bién hap thu hoan hao (PML) duoc sir
dung theo phuong thang ding z. Tinh toan va mo
phong nho st dung phuong phap dao ham hiu
han trong mién thoi gian (FDTD) dwgc nhing
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trong phan mém méa nguon mé MEEP dugc phat
trién boi Vién Cong nghé Massachuset (MIT),
Hoa Ky [45-47]. Hé sb pham chat Q dugc uéc
lwong qua viéc lam khép két qua md phong voi
phuong trinh dic trung phd cong huong bat doi
xung dang Fano.

Séng téi
S

Song phan xa

y

= \—1
O wmala

En=202 2 ?
Dé thiiy tinh: n = 1,45

n=202
D& thily tinh: 2 = 1,45

Hinh 2. (a) Cau trac phién PhC-2D mang hinh vuéng ciia céc
hinh try tron khéng khi (ban kinh ro, chu ky tudn hoan p, do
sau h) trong nén dién méi SisN, c6 d day d; (b) va (c) Ia hai
cu trac phién PhC-2D sau khi thém hinh try tron véi ban kinh
r (# ro) va hinh tru chit nhat kich thudc wy x wy, c6 ciing d¢ sau
h vao gitra mdi 6 don vi. Anh sang dugc phan cuc va chiéu
vudng goc véi mit phing PhC-2D.
3 KET QUA VA THAO LUAN

Cac tham sé hinh hoc cua PhC-2D nhu hinh
2(a) dugc lya chon dé phd phan xa cong huéng
dan séng trong ving kha kién nhu sau: chu ky
tuan hoan p = 370 nm, d6 day I6p dién moi SizN,
d = 180 nm, ban kinh va do sau cua hinh try tron
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tuong tng 1a ro = 80 nm va h = 70 nm. Phé cong
huéng din séng dang Fano dugc tinh toan mo
phong d6i véi hai cau trdc tai hinh 2(b) va 2(c)
va so sanh véi cau trac ban dau tai hinh 2(a) vé
hé sb pham chat Q, buéc séng tai dinh cong
hudng va hinh dang phd phan xa thu dugc. Hinh
3(a) 1a phd phan xa cong huong din séng mod
phong cho bai cau tric & hinh 2(b) tng véi mot
sb gia tri khac nhau cua ban kinh r caa hinh try
tron duoc thém vao mdi 6 don vi. Két qua cho
thiy dinh cong huong dich chuyén vé viing soéng
ngan khi ting ban kinh r cua hinh try tron, didu
nay hoan toan phu hop véi céc cong bb gan day
vé cong huong dan séng cho rang khi r tang dan
dén chiét suat hiéu dung cua cau tric giam [48].
Hinh 3(b) biéu dién sy phu thudc cua budc song
cong huong va hé sé pham chat Q theo ban kinh
r cua hinh try tron. Khi r tang tir 0 va tién dan vé
gi& tri ro, hé s6 phiam chit Q tang Ién, thi du
Q=328 khi r=0 va Q=12900 khi r=70 nm.
Dic biét ddi véi truong hop r=ro thi Q — +
va lic ndy phd phan xa cong huong dan song
dang Fano bién mit. Khi gi4 tri r Ién hon va tién
ra xa ro, hé s6 pham chat Q giam dan, vi du
Q = 14500 khi r =90 nm va Q = 710 khi r = 140
nm va budc séng cong hudng ciing dich vé budc
séng ngan trong ving kha kién.

640
{10
i
635
(b) &
-
630
g
'S
625} B
T
620 @
615

0 30 60 90 120 150
Bin kinh r (nm)

Hinh 3. Phé phan xa clia cdu tric v6i cac gid tri khac nhau cia r (a), su phu thude ctia bude séng cong huong va
hé s6 pham chét Q theo ban kinh r (b)

Hinh 4(a) va 4(b) md ta phan bd dién truong
trong mat phing xz (mat cit) va mat phing xy
(mit phang) tai budc song dinh phd cong hudng
d6i vai hai cdu trdc r = 0 va r = 60 nm tuong tng

vGi cung mot thang d6 loén coa gia tri bién do
dién truong. DO 1on bién d6 (mat d6 nang lugng)
cta dién truong biéu thi kha ning giam gitr 4nh
séng trong cau trac, tic 1a cAu tric nao cé hé sb
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pham chit Q Ién thi thoi gian giam gitr 4nh séng
trong cau trdc s& lau. Ngoai ra, véi cau tric r = 0,
chi ¢ mot mode dién trudong phan b trong mat
phang céu trdc, trong khi véi cau tric r = 60 nm,
quan sét thdy c6 hai mode dién truong phan b
trong cing mot mat phiang cua ciu trdc phién
PhC-2D. Piéu nay cd thé giai thich bang céch sir
dung ly thuyét giao thoa ciia hai séong nhu sau:
Trong mdi 6 don vi ¢6 hai phan tir ¢6 cuing chi s6
chiét suat nhung khac nhau vé kich thuéc hinh
hoc nén s& c6 hai mode dan song léch pha va
khéc nhau vé bién d6 cung ton tai trong mat
phang phién PhC-2D (hinh 4(c)), ca hai mode
dan cung c6 su két hop va lam suy yéu hé sé két
hop cia nhau d6i v&i song téi tir moi truong
ngodi chiéu téi mat phang ciu tric, do vay do

I — -
(a)

(L)

NATURAL SCIENCES, VOL 2, ISSUE 4, 2018

ban rong cia phd phan xa cong huong s& giam
va hé sb pham chit Q cua chlng tang 1én. Khi
I = I, hai mode dan séng c6 clng bién do nhung
nguoc pha nhau (léch pha ., hinh 4(d)) nén hé s6
két hop gitra hai mode dan séng nay véi moi
trudng ngoai sé triét tieu nhau, dan dén khong
ton tai hé sb két hop tong va do vay hé sé pham
chit Q — +oo; nghia 1a d6i véi truong hop r = 1o,
cong huong dan soéng khdng thé duoc kich thich
tryc tiép bai anh sang toi vudng géc voi bé miat
PhC-2D va cong huong Fano bién mat [49, 50].
Mot uu diém nita cta cau tric nhu hinh 2(b) l1a
sy khdng phu thudc vao phén cuc cta song dién
tir chiéu téi (TE - dién truong ngang va TM - tir
trudng ngang) Vi ciu trac nay la déi xing trong
mit phang.

Cuc dai © &
e 1 :
ANIIN)
£3 1
= =0 > T
'-g'g %y 3=\ 3% DG léch pha @(rad.)
£
C 4
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o @ s
'-8"2 ' ¥ 5 16ch pha @ (rad.)
, g c | - .
Cyctien “ -1t

Hinh 4. Sy phén b cua dién truong tai budc séng A = 639,3 nm (a) va A = 632,8 nm (b) twong ng vai c&c dinh cong hudng cia
cAu tric nhu hinh 2(b) véi r =0 va r = 60 nm.

Hinh 5(a) va hinh 5(b) md ta cac duong biéu
dién sy phu thudc cua budc song tai dinh phd
cong huang, hé sé pham chit Q cho bai ciu tric &
hinh 2(c) theo do dai khe (wx) twong tng vai do
rong khe wy = 50 nm va 100 nm khi ngudn sang
t6i phan cuc TE véi thanh phan Ex Su dich
chuyén cua dinh cong huong Fano theo wy ting
v6i hai gia tri khong doi cia wy hoan toan phu
hop véi ly thuyét cong huong dan song. Khi ting
Wy, kich thuéc cua khe khong khi ting, dan dén
chiét suat hiéu dung cua cau tric giam nén dinh
cong huong sé dich chuyén vé vang séng ngén.
Hinh 5 cho thiy buéc séng cong huong giam tir
637,02 nm dén 627,92 nm khi wy = 50 nm va wy
tang tir 50 nm dén 370 nm (hinh 5(a)) va giam tir
633,02 nm dén 619,68 nm khi wy = 100 nm va wy

tang tir 100 nm dén 370 nm (hinh 5(b)). Su bién
thién cta budc song dinh cong hudng theo kich
thudc wx c6 thé dugc xap xi bai mot ham tuyén
tinh. Hé s6 pham chit Q cua cong hudng thay ddi
theo wx phu thudc vao su két hop giita buc xa téi
tir moi truong ngoai véi cac mode dan song trong
mat phang ciu truc PhC-2D, diéu nay phu thuc
Va0 su tuong tac gitra hai mode din song léch pha
va c6 bién d6 va pha khac nhau tao nén tir cau
trac nhu hinh 2(c). Hinh 5(a) cho thay véi wy = 50
nm, hé s6 Q tiang don diéu tr 548 dén khoang
217000 khi wx ting tir 50 nm dén 370 nm; véi
truong hop wy = 100 nm hinh 5(b), hé s Q ban
dau ting va sau d6 giam khi ting wy, gia tri cuc
dai cua Q~98200 khi wy = 165 nm.
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Hinh 7(a) va 7(b) lan luot 1 cac duong biéu
dién sy phu thudc cua budce song tai dinh cong
huong va hé sb pham chit Q cho boi cau tric &
hinh v& 2(c) theo wy khi wy =50 nm va 100 nm

trong tmg khi ngudn sang phan cuc TE véi
thanh phan E,. Hinh 7 cho thiy véi ca hai truong
hop wy khong ddi, budc song tai dinh cong
huong Fano dich chuyén vé ving séng ngan khi
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ting Wy va giam don diéu tir 637,02 nm dén
627,55 nm khi wy ting tir 50 nm dén 370 nm
hinh 7(a) va tir 633,02 nm dén 623,00 nm khi wy
tang tr 100 nm dén 370 nm hinh 7(b). Do su
giao thoa giita hai mode dan dugc tao ra trong
mit phang ciu tric PhC-2D dan dén hé sé phdm
chat Q thay d6i theo Wx. Ca hai trudng hop gia tri
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wy duoc giit ¢d dinh, ta déu thdy rang hé s6 Q
ban ddu ting va sau d6 giam khi ting wy. Tuy
nhién, véi Wy = 50 nm (hinh 7(a)), hé s6 Q bién
dbi it hon so véi truong hop wy = 100 nm (hinh
7(b)) va gia tri 16n nhit cuia Q ~ 1776 khi
Wy = 185 nm (hinh 7(a)) trong khi d6 gia tri 16n
nhét ctia Q ~ 10423 khi wy = 185 nm hinh 7(b).
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Tom lai, béng cach dua thém hinh try tron (ban
kinh ro) hoac hinh tru chit nhat (kich thudc wy X
Wy) giita mdi 6 don vi cia mang hinh vudng ciia
céc hinh try tron (ban kinh r), c¢6 thé ting hé sb
pham chit Q cta cong huong 1én rat nhidu lan ma
van gitt budc séong dinh cong huong trong ving
kha kién. Céu trac Hinh 2(b) c6 tinh d6i ximg
trong mdt phing xy nén dic trung phd phan xa
cong huong va hé sb pham chat Q chi phu thude
vao ban kinh r; nguoc lai, cau triic cho boi Hinh
2(c) 1a bat d6i xung trong mat phang Xy nén dic
trung phd phan xa cong huong va hé s pham chat
Q khong chi phu thugc vao kich thude hinh tru
chlt nhat (wx v wy) ma con phy thudc vao sy
phéan cuc cua anh sang t&i. Ngoai ra, budc song
cong huong va dic biét 1a hé sé pham chat Q cho
b6i cdu trac Hinh 2(b) thay d6i manh theo ban
kinh r trong khi it thay ddi theo Wy Va Wy ctia hinh
tru chit nhat voi cdu trac hinh v& 2(c).

Trang thiét bi sir dung dé ché tao ciu trac PhC-
2D nhu Hinh 2 véi vat liéu nén silic, duge nhidu
phong thi nghiém quang tir tién tién trén thé gidi
uu tién st dung 1a h¢ thiét bi an mon bé'mg chum
dién tir c6 kha nang ché tao duoc cac phﬁn tr
(hinh tru khong khi nhu Hinh 2(a) c6 kich thudc
nhé nhat ~10 nm va sai s6 +3 nm [51]. Sai s6 ché
tao ¢6 anh huong dén hé sé pham chét Q va sai sd
d6 <10% (theo két qua ciia tinh toan mé phong
duge cho trén Hinh 3). Sai sb nay dam bao cac
yéu cu va muc tiéu dat ra.

4 KET LUAN

Bo loc phd cong huong din séng dang Fano
viing kha kién dua trén sy giao thoa cac mode dan
séng léch pha trong phién PhC-2D d3 dugc thiét
ké va tinh todn md phong véi cac théng sb cu thé.
Hai cdu tric phién PhC-2D bang cach thém cac
hinh tru tron va hinh tru chir nhat vao gitra cac 6
don vi cua Ciu trac ban diu da lam ting hé sb
pham chat Q va khong thay doi dang ké budc
song cua dinh cong huong trong ving kha kién
ctia Cdu trac ban dau. Céu trac hinh tru tron cho
thdy su khong phu thudc vao phéan cuc, trong khi
c4u trdc hinh tru chit nhat phu thudc vao phan cuc
cua anh sang t6i. Ca hai cu tric duoc d& xuat déu
don gian va c6 thé ung dung cho cac nghién ctu
cua linh kién quang tur trén nén tang cong huong
dan séng sir dung phién PhC-2D.

Loi cam on. Nghién ciru nay duwoc tai tro boi
Quy Phat trién khoa hoc va céng nghé Quéc gia
(NAFOSTED) trong dé tai mda so *“103.03-
2017.02”.
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Abstract—This paper presented the design,
calculation and simulation of the Fano-like guided-
mode resonances (GMRs) in the visible spectrum
range based on the interference of the two in-plane
waves oscillate towards the opposite directions with
a phase difference in two-dimensional photonic
crystal slabs (2D-PhCs). Narrowing linewidth or
enhancing Q-factor of the GMR in 2D-PhC slab was
based on the innovative PhC lattice, which was
formed by introducing an additional cylinder or
rectangular in each unit cell to enhance the light
confinement in the waveguide slab. As such the
induced Fano-like GMRs’ Q-factor was significantly
increased about two orders of magnitude compared
to the traditional PhC without additional cylinder or

rectangular. The Finite-Difference Time-Domain
(FDTD) method was used to determine the reflection
spectra and simulated optical characteristics of the
GMRs. The simulated spectra had Fano forms and
were fitted to the theoretical model to determine
precisely the resonant characteristics such as Q-
factor and asymmetric factor (g-factor). The results
showed that the resonant spectrum, optical
properties, and characteristics influenced the shape
and size of the addition elements. As a result, the
innovative 2D-PhC slab excited Fano-like GMRs in
this work would find fascinating applications in
efficient free-space optic devices.

Index Terms—Two dimensional photonic crystal slab, Optical filters; Finite-Difference Time-Domain
method.



