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TOM TAT

Béo cdo trinh bay viéc thiét k&, tinh toan va mo6 phong bd loc cong huong dan séng
(Guided-Mode Resonances, GMR) vung anh sang do phdm chat cao dua trén sy
giao thoa ctia cac mode cong huong léch pha trong phién tinh thé quang tt hai
chiéu (2D-PCS). Hé s§ pham chat (Q) ctia bd loc GMR duoc ting cuong bang cach
khic thém vao gitta tim mdi 6 don vi clia c&du trac mang don mot hs tru tron
khong khi ban kinh r. Phuong phép sai phan hitu han mién thoi gian dugc st
dung d€ tinh toan, m6 phong phd phan xa cho boi bo loc GMR. Phd GMR duoc
lam khép véi biéu thic dic trung ctia phod cdng huong bat d6i xiing d€ xac dinh
chinh xac cac tham sd ctia phé: budc séng cong huong Ao, hé s6 phdm chat Q va
tham s6 bat d6i xting g. Cac két qua thu dugc cho thdy phé phan xa va dac trung
quang hoc ctia bd loc GMR phu thudc vao ban kinh r. Két qua nay cd y nghia rat
quan trong, la co s d€ nghién cttu cac linh kién “quang hoc khong gian” hiéu sudt

cao.

Tw khéa: bd loc quang hoc, phuong phap FDTD, tinh thé quang tu.

1. MO PAU

Cdu trac 2D-PCS véi kha ndng ton tai vung cdm quang (Photonic Band Gap,
PBG) da duoc nghién ctru, thiét ké va ché tao cac linh kién quang tx ding dé¢ dan
truyén, giam gitt, diéu khién va kiém soat anh sang trong khong gian hai chiéu. 2D-
PCS dang dugc xem 1a ciu tric then chdt cho cac mach tich hgp quang ting dung trong
thong tin quang, cam bién quang va cac hé thong may tinh luwgng tit trong tuong lai.
Vi kha nang kiém soat s lan truyén va biec xa tu phat cua anh sang, cau trac 2D-PCS
da va dang duoc quan tdm nghién ctu do tiém nang ung dung da dang cua nd. Céu
tric 2D-PCS c¢6 thé duogc sit dung d€ ché tao diode quang [1], thiét bi cam bién sinh hoc
[2], 6ng dan séng va bo diéu huéng (Circulator) véi dd udn cong dot ngdt suy hao cuc

73



B§ loc séng quang hoc viing dnh sdng d6 phim chit cao st dung phién tinh thé' quang ti hai chiéu

thap [3, 4], b cach ly quang (Isolator) [3, 5], bd tach song da kénh hiéu suét cao [6], b
tao tré lan truyén quang [7], chuyén mach quang nang luong cuc thap [8], cong logic co
ban [9, 10], bd loc séng quang hoc phang [11],...

Mot trong nhitng ing dung cua cau truc 2D-PCS dang dwoc quan tam nghién
ctu 1a stt dung ching d€ thiét k&€ cac phan t chon loc budc séng quang. Cac bo loc
séng quang hoc phang dua trén sy két hop ctia cau triic 2D-PCS dan séng va hdc cong
huong yéu cau su chinh xac ctia kich thudc hdc cong hudng vi mdi sy thay d6i nho ctia
kich thudc hoc cdong huwong thuong dem lai nhitng thay d6i rat 16n vé budc song va hé
s6 pham chat Q cua phd cong huong [12]. Ngoai tinh chat dan truyén va diéu khién
song trong mat ph:fmg, cdu truc 2D-PCS con ¢6 kha nang két hop véi song tdi tix moi
treong ngoai dé& hinh thanh cdng hwdong dan séng (GMR) khi diéu kién can bing pha
gitta hai song duwoc thoa man [13, 14]. B loc GMR st dung cdu triac 2D-PCS c6 uu
diém la khong can ché tao hdc cong huong va dé dang két hop véi cac kénh dan séng
vao/ra. Cac bd loc GMR vung kha kién dugc quan tdm nghién ctru nhiéu trong thoi
gian qua vi nd c6 nhiéu tng dung cho cac linh kién hién thi, cdm bién hinh anh nhu
man hinh tivi, may tinh, dién thoai di ddng, may anh s0, thiét bi doc sach dién tir, may
chiéu ky thuat s6 va nhiéu tng dung déc biét khac [15]. Nhiéu vat liéu da duoc nghién
ctu, stt dung d€ ché tao cac bo loc GMR vung kha kién nhu hat nano kim loai va cac
chat mau nhay sang [15]. Tuy nhién, viéc sit dung cac chdt mau nhay sang va cac hat
nano kim loai bgc 16 nhiéu nhuoc diém nhw hiéu suat quang thap do hap thu anh sang
va phat nhiét nhiéu, d6 chon loc budc song khong cao,... Gan day, viéc st dung cdu
tric 2D-PCS cho cac bg loc GMR vung kha kién da khic phuc dugc nhiing nhuoc diém
cua viéc stt dung vat liéu chat mau nhay sang va hat nano kim loai [16, 17]. Hién nay,
hudng nghién ctru st dung ciu trac 2D-PCS trén nén vat liéu phién silic nitrit (SisNs)
véi d€'la thay tinh cho cac bo loc GMR vung kha kién dé€ han ché cac ton hao cua viéc
st dung vat liéu kim loai va silic tinh thé la mét hudng di mdi ¢d tinh thoi su trong
cong nghé ché tao linh kién quang tr [16, 18]. Van dé dat ra cho nghién ctu la bo loc
GMR vung kha kién st dung cau tric 2D-PCS phai c6 hé s6 pham chat Q cao va c6 thé
don gian trong ché tao linh kién. Cach tiép can cua nghién cttu nay la dé xudt cau trac
2D-PCS don gian tng dung cho bo loc GMR vung anh sang dé cé hé s6 pham chat Q
cao dong thoi tinh toan va md phong dé'ly giai, chtitng minh dé xudt la hop ly.

Trong bao cao nay, chiing toi trinh bay viéc thiét k&, tinh toan va moé phong phd
GMR st dung cau tric 2D-PCS tng dung cho b0 loc séng quang hoc vung anh sang do
v6i hé s6 pham chat Q cao. Cac tham s6 quang hoc ddc trung cho bo loc GMR nhuw
budc song cong hwong Ao, hé s6 pham chat Q va tham sd bat d6i xtiing g ctia phd dugc
xac dinh gian tiép thong qua viéc st dung biéu thirc ddc trung ctia phd cong huong bat
ddi xtiing dang Fano.
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2.COSOLY THUYET

Hiéu ting GMR cho boi cau truc 2D-PCS 1a sy két hop cong hudng gitra song
clia &nh sang téi va mode cong hudong ctia ciu tric 2D-PCS khi diéu kién can bang pha
duoc thoa man. Phé GMR thuong c¢6 dang bat doi xing (dang Fano). Cong huong
Fano c6 nguodn gdc tir vat ly nguyén ti va duwoc Ugo Fano dé xudt nam 1961 [19]. Ban
chat vat ly cua cdng huong Fano la sy giao thoa gitta moi trwong lién tuc va cac tan xa
cong hudng dan dén phd cong hudng cé dang bat ddi ximg.

2
Phé cong huong Fano duoc cho boi: R(g) =F (e+0)" (1)

1+ &2
—_ 2’ 4 2 Y A ~ A 2 - A
trong d6: ¢ = 2M , Q="2: h¢ sd pham chat, F: hé sd nhan ctia bién
g I T P

dd, ¢: tham s6 bat ddi xtng, ¢: toc do anh sang trong chan khong, 77 d6 ban rong pho,
2: bude séng khao sat, lo: budc séng cong hwong (nam gitta cuc dai va cue tiéu gan
nhau nhat ctia phd cong huong bat d6i xing).

Nguodn gdc cua phd GMR bat doi xiing dang Fano trong cdu tric mang kép st
dung 2D-PCS lién quan dén su kich thich cta cong huong tap hop mang nguoc pha
(ALCR) va cong huong tap hop mang dong pha (ILCR) duoc lai ghép thong qua hiéu
tmg ghép ndi mang [20]. Dang phd bat ddi xting c6 thé duwoc giai thich bang viéc st
dung ly thuyét lai ghép [21], mdi mang don ctia cdc hd khong khi trong ciu tric 2D-
PCS cho mot mode cong hudng tap hop mang tuong ting, khi hai mang hé khong khi
véi ban kinh khac nhau dugc két hop d€ tao thanh mot mang kép, hai mode cong
hwong tap hop mang véi nang luong cong hudng khac nhau sé lai ghép dé tao thanh
mode ILCR va mode ALCR. V6i mode ILCR, hai mode ctia mang don luén dao dong
cung chiéu cung pha hodc ngugc pha voi anh sang téi, do dé truong tai birc xa cta hai
mang don giao thoa ting cuong & treong xa, dan dén buc xa dugc ting cuong téi
khong gian ty do, mode ILCR ghép néi hiéu qua voi dnh sang t6i. Voi mode ALCR, hai
mode cta mang don dao dong nguoc chiéu nhau, dan dén treong tai btec xa bi huy
diét o treong xa, mode cong hudng ALCR c¢6 thoi gian sdng cua photon 16n va ghép
ndi yéu voi anh sang toi. Sy tuong tac cia mode ALCR va mode ILCR sé sinh ra dang
bat doi xting ctia pho phan xa.

Pho cong huong dac trung cua mang kép 2D-PCS duoc tao thanh tir hai mang
don ctia cac hd hinh tru khong khi ¢ cling d6 sau, ban kinh khac nhau hodc bang nhau
(h6 cua mang nay nam & tam 6 don vi cta mang kia) cd thé dwgc giai thich boi hé hai
mode dao dong diéu hoa ddc trung twong tng cho hai mang don la si(f) va sx(f) voi
biéu thurc c6 thé dugc viet dudi dang: si(f) = Avsin(wit), s2(f) = Az.sin(aet + @), dao dong
tong hop ctia hai mode 1a s(f) = si(f) + s2(t). Khi ban kinh hé tru khong khi ctia hai mang
don khac nhau, tan s6 va bién d6 dao dong ctia hai mode sé khac nhau, s(t) c6 thé duoc
tang cuong hodc suy giam tuy thudc vao quan hé vé pha cua si(t) va s2(t) (Hinh 1(a)).
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Khi si1(t) va s2(t) nguoc pha nhau, mode ALCR dwoc kich thich, hé s6 két hop gitta cdu
tric va anh sang toi tir khong gian tu do giam, két qua cho ta dinh phan xa ctia phd
cong huong. Khi hai ban kinh hé tru khong khi c6 gia tri tién lai gan nhau, tan s6 va
bién do dao dong cua si(t) va s2(t) tién dan vé nhau va c6 do léch pha xap xi 7, mode
ALCR duogc kich thich, hé s& pham chat Q ctia phd sé tang lén. Truong hop ban kinh
hd tru khong khi ctia hai mang don bang nhau, si(t) va sa() 6 cting bién d9, cting tan
s0 nhung nguoc pha nhau, dao dong tong hop s(t) sé bi triét tiéu (Hinh 1(b)), ltic nay
GMR khong thé dwgc kich thich truc ti€p bdi dnh sang téi thong thuong nén phd cong
huong cting bién mat [20, 21].
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Hinh 1. Gian d6 thoi gian ctia hai mode cong huong tap hop mang
6 bién d9, tan s6 khac nhau (a) va hai mode cong hudng

tap hop mang cuing bién d9, cing tan s6 nhung nguoc pha nhau (b).

3. THIET KE CAU TRUC VA PHUONG PHAP NGHIEN CUU

C4u trac 2D-PCS cong huéng dan séng duoc dé cap dén trong bao cao nay
duwoc mo ta nhu 6 Hinh 2. Hinh 2(a) 1a cdu trac 2D-PCS ban dau gom mot 16p dién moi
silic nitrit (SisNs) c6 dd day d va chiét suat n = 2,02 tai budc song vung anh sang do dat
trén nén dé thuy tinh c6 chiét suat n=1,45. Lép dién moi SisNi cé thé dé dang ché tao
trén dé thuy tinh bang k§ thuat boc bay trong chan khong hodc phin xa. Cau trtc 2D-
PCS c6 kiéu mang hinh vudng dugc tao ra bang cach khéc tuan hoan theo chu ky p cac
hd tru tron khong khi ¢ ban kinh 7o va d6 sau h tinh tir bé mat khong khi 1én nén 16p
dién moi SisNa. Anh sang téi dugc chiéu vudng géc voi bé mit c&u trac 2D-PCS, dnh
sang nay két hgp véi mode cong hudng trong 2D-PCS tao ra phé GMR khi diéu kién
can bang pha gifta hai séng dwoc théa man. Hé s6 pham chat ctia bd loc GMR nhu cdu
truc Hinh 2(a) phu thudc vao ban kinh hd tru tron ro, d6 sdu h va chu ky tuan hoan p
ctua chung. Khi 7o va h giam hodc p tang, hé sd két hop gitta mode cong huong trong
2D-PCS va anh sang téi giam, dd ban rong phd phan xa cong hwong gitra ching sé
giam, dan dén hé s& phdm chat Q cho boi cau tric sé duoc ting cwong [22]. Tuy nhién
day khong phai la phuong an tdi wu vi trong ché tao thuc nghiém déi véi cau trac nhu
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Hinh 2(a), ban kinh ro va d¢ sau i khong thé giam hoac chu ky p khong thé tang qua
mot gidi han cho phép. Do vy, viéc tim kiém cau trtic don gian va tdi vu d€ ting duoc
hé s6 pham chat Q ma khong thay déi ro, h va p cta cu truc ban dau duoc dé xudt nhw
trén Hinh 2(b). Trong Hinh 2(b), cac hé tru tron khong khi ban kinh r ¢6 cung d6 sau h
duoc khac thém vao gitta tam mdi 6 don vi ctia cdu tric 2D-PCS ban dau.

Phuwong phap sai phan hitu han mién thoi gian dugc sit dung dé€ mo phong pho
phan xa ctia kiéu cdu tric 2D-PCS cho boi Hinh 2(b) véi diéu kién bién tuan hoan theo
phuong x va y nam trong mat phang chtta hai phuong tuan hoan ctia cdu trtc va diéu
kién bién hap thu hoan hao (PML) theo phuong thing diing z. Anh sang ti 1a ngudn
xung Gaussian phd rong duoc chiéu thang goc 1én bé mat cau triic, song phan xa tuong
tng duoc thu cung phwong nhung nguoc chiéu vdi dnh sang téi. Budc song cong
huong Ao, hé s6 pham chat Q va tham sd bat d6i xing g ctia pho bat déi xting duoc wéc
lwgng qua viéc lam khop pho phan xa nhan duoc ttr s6 liéu mo phong véi biéu thiee (1)
dac trung cho phd cong huong Fano.

Séng phan xa

Dé thilly tinh: n = 1,45 Dé thiy tinh: 7= 1,45
Hinh 2. C4u trc 2D-PCS mang hinh vudng cta cac hd tru tron khong khi ban kinh ro,

dd sau h, chu ky p khéc trong nén dién moi SisNa c6 d6 day d (a); cau triic 2D-PCS sau

khi khic thém cac hé tru tron khong khi ban kinh r, d¢ sau h vao gitta tam mdi 6 don vi (b).

4. KET QUA MO PHONG VA THAO LUAN
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Hinh 3. Pho phan xa cta bd loc GMR véi cac gia tri khac nhau ctia ban kinh r (a); minh hoa viéc

lam khép phd phan xa véi biéu thiee déc trung cua phd Fano trong treong hop » = 60 nm (b).

Dé& GMR xay ra trong vung anh sang do, cac tham s6 hinh hoc cta 2D-PCS cho
bdi Hinh 2(a) duoc lua chon nhu sau: chu ky tuan hoan p =370 nm, d6 day 16p dién
moi SisNs d =180 nm, ban kinh va d¢ sau cta hd tru tron tuwong tng la ro =80 nm va
h =70 nm. Hinh 3(a) hién thi két qua mo6 phong phd phan xa GMR cho boi ciu trac ¢
Hinh 2(b) tng v6i mdt sO gia tri ban kinh r khac nhau ctia cac hd hinh tru tron khong
khi dwoc khic thém vao gitta tim mdi 6 don vi ctia cdu trtic & Hinh 2(a). K&t qua cho
thdy phd cong huong dich chuyén vé viing séng ngén khi ting ban kinh r (giam chiét
sudt hiéu dung ctia cu trtc), diéu nay hoan toan phtt hop véi cac cong bo trude day vé
sw dich chuyén phd GMR theo chiét suat hiéu dung ctia cau triac 2D-PCS [20, 23, 24].

Phd GMR c¢6 dang bat d6i xtiing Fano. Vi vy, dé€ xac dinh chinh xac cac tham s6
dac trung cho phd, ching t6i thiee hién viéc lam khop biéu thire (1) véi cac phd phan xa
thu dwoc ¢ Hinh 3(a), Hinh 3(b) la mot vi du minh hoa cho viéc diéu chinh nay tng voi
treong hop r = 60 nm. Két qua, ching t6i nhan dwgc sy phu thudc cua cac tham s6 dac
trung cho phd cong hwong Fano theo cac gia tri ciia ban kinh r nhu trong Bang 1.

Bang 1. Gia tri cac tham s6 ctia pho cong huong Fano phu thudc vao ban kinh r

Béan kinh hé 7 (nm) 0 20 60 100 120 160
Budc song cong hueong Ao (nm) | 639,3 638,3 632,8 | 627,1 |623,6 615,5
Hé s6 pham chat Q 328 400 3270 3900 1115 605
Tham s6 bat doi xting gq -4,2 -4,4 -5,6 -12,0 | -55,0 5,0
Hé s6 nhan F 0,0536 | 0,0490 [ 0,0309 | 0,0069 | 0,00033 | 0,0385

Tt cac s6 liéu ¢ Bang 1, chung t6i nhan duoc d6 thi biéu dién sw phu thudc cua
budc song cdong huwong o va hé s6 phdm chat Q cua phd GMR theo ban kinh r nhu ¢
Hinh 4. Tt két qua ¢ Hinh 4 cho thdy: khi r tang ttr 0 1én gia tri ro = 80 nm, hé s6 phdm
chat Q tang lén; ddc biét véi truong hop r=ro =80 nm, phé GMR bién mat. Khi r tiép
tuc tang ttr gia tri r0=80nm lén gia tri =160 nm, hé s6 pham chat Q giam. Két qua
nay c6 thé duoc giai thich nhu sau: khi r tang tir 0 1én gia tri ro, hai mode cong huwong
tap hop mang cua hai mang don thanh phéan 1éch pha nhau giao thoa véi nhau lam
giam hiéu qua ghép néi gitra song t6i tir khong gian ngoai voi mode cong hudng cua
cdu tric nén d6 ban rong phd cong huéng giam, dan dén hé s& pham chat Q cta pho
tang 1én. Khi r =70 = 80 nm, hai mode cdng hudng tap hop mang thanh phan cé cung
bién dd cuing tan s& nhung nguoc pha nhau nén ching triét tiéu 1an nhau, nghia 1a d&i
voi truong hop 7 =ro0 =80 nm, GMR khong thé dwoc kich thich truc ti€p boi anh sang
t6i va pho cong huong bién mat [20]. Ngoai ra, két qua trén Hinh 4 cling cho thdy: hé
s0 phadm chét Q cho bdi cau trac 2D-PCS Hinh 2(b) ludn c6 gia tri 16n hon so véi hé sd
pham chat Q cho bdi cau tric mang don Hinh 2(a) (twong ting véi r = 0), nghia 1a viéc

78



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 14, S8 1 (2019)

dé xuat cau trac 2D-PCS nhu trén Hinh 2(b) dé€ thiét k€ b loc séng quang hoc GMR
vung anh séng d6 nham nang cao hé s§ pham chat Q cho bo loc 1a hoan toan hop ly.

Hinh 5 hién thi sy phan bg dién truong trong c&u triic 2D-PCS theo mat phang
xz va mit phang xy tai budc séng cong huong 1o =639,3 nm va lo=632,8 nm tuong
tng cho hai treong hop r =0 va r = 60 nm véi cung mot thang d¢ 16n ctia gia tri bién do
dién treong. Két qua Hinh 5 cho thay: truong hop =0 chi ¢c6 mot mode dién truong
phan bd trong cdu truc 2D-PCS, trong khi d6 véi treong hop r =60 nm ta nhan dwoc
hai mode dién treong phan bd trong cdu tric; ngoai ra, mat dd nang lugng dién truong
phén bd trong cdu tric voi treong hop r = 60 nm 16n hon so véi treong hop 7 =0, diéu
nay hoan toan hop ly vi hé s6 pham chat Q tng véi truong hop r =60 nm 16n hon so
véi treong hop =0 hay thoi gian giam gitt photon trong cau trtc véi truong hop
r =60 nm dai hon.
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Hinh 4. Sy phu thudc ctia bude séng cong huong Ao va hé s& pham chét Q theo ban kinh 7.
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Hinh 5. Sy phan bo cua dién treong tai bude song cong huong Ao = 639,3 nm (a)

va Ao =632,8 nm (b) cho boi cdu truc Hinh 2(b) tng véi truong hop r=0 va r = 60 nm.

5. KET LUAN

B loc song quang hoc lam viéc trong vung anh sang do trén co sé hiéu tng
GMR cua cau trac 2D-PCS véi hé s6 pham chat Q cao nho ¢ sy giao thoa cua hai
mode cdng huong léch pha trong cau trac 2D-PCS da dugc chung toi thiét k€, tinh toan
va mo phong véi cac thong s6 cu thé. Cdu triac 2D-PCS dwoc tao ra bang cach khéc
thém cac hd tru tron khong khi vao gitta tdm cac 6 don vi ctia cdu truc mang don da
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tang cuong duoc hé s6 pham chat Q cta b loc nhung budc song cong huong trong

vung anh sang do cua cac pho thay doi khong dang k& so vdi cau truc ban dau. Cau

truc 2D-PCS dugc dé xudt don gian, pho cong huong khong phu thudc vao su phan

cuee ctia anh sang toi. Két qua nghién ctru c6 thé sit dung dé thiét ké va ché tao cac linh

kién quang chon lgc budc séng tng dung trong cdng nghé man hinh hién thi, LED,

laser,... trén nén tang GMR st dung cdu trac 2D-PCS.
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GUIDED-MODE RESONANCES IN TWO-DIMENSIONAL PHOTONIC
CRYSTAL SLABS FOR HIGH QUALITY RED FILTER APPLICATIONS

Nguyen Van An", Nguyen Hoang Ha?
1Faculty of Electronics and Telecommunications, University of Sciences, Hue University
2Faculty of Information Technology, University of Sciences, Hue University
*Email: ngvanan2009@gmail.com
ABSTRACT

This report presents the designs, calculations and simulations of the high quality
guided-mode resonance (GMR) filter in the red region 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-PCS). The quality factor
(Q-factor) of the GMR filter is enhanced by introducing in the center of each unit
cell of a single lattice structure of a radial air cylinder r. In this work, the Finite-
Difference Time-Domain (FDTD) method was used to determine the reflection
spectra and simulated optical characteristics of the GMR filter. The simulated
spectra have asymmetric forms (Fano-like) and were fitted to the theoretical model
to determine exactly the resonant characteristics such as resonant wavelength Ao,
Q-factor and asymmetric factor (g-factor). The results show that the reflectance
spectrum and the optical characteristics of the GMR filter depend on the radius r.
These results are very important, they are the basis for studying efficient “free-

space optic” devices.

Keywords: optical filter, finite-difference time-domain method, photonic crystals.

R - ,
‘ Nguyén Vin An sinh ngay 08/12/1973 tai Quang Nam. Nam 1996, 6ng t5t
nghiép ctt nhan nganh Vat ly tai truong Dai hoc Khoa hoc - DPai hoc Hué.

Nam 2000, dng t5t nghiép thac si chuyén nganh Vat 1y chat ran tai truong
Dai hoc Khoa hoc - Dai hoc Hué. Hién tai dang la nghién cttu sinh tién si
chuyén nganh Vat liéu quang hoc, Quang dién ti va Quang tt thudc Vién
Khoa hoc vat liéu - Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Tt
nam 1996 dén nay, ong cong tac tai treong Dai hoc Khoa hoc - Pai hoc

Hué.
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