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BO TACH GHEP KENH RGB QUANG KICH
THUOC NANO DUA TREN CAC ONG DAN
SONG MIM-PLASMONIC
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Hoc vién Céng nghé Buwu chinh Vién théng

Toém tit - Trong bai bao nay, ching toi trinh bay mot dé
xuat vé bo loc budc séng RGB nhé gon va thiét bi tach
budc song dua trén cau tric kim loai-cach dién-kim loai
nanoplasmonic. Céac két qua di duoc nghién ctu chinh
X&c bang cach sir dung ly thuyét ghép mode theo thoi
gian. Phuong phap mo phong s trién khai mode riéng
EME ciing da dwoc sir dung cho qua trinh thiét ké téng
thé. Két qua md phong cho thy hiéu suat truyén cua bo
loc r& kénh RGB c6 thé dat hiéu qua dang ké bang cach
ap dung ong dan séng khoang cong huong Fabry-Perot
kich thuéc nano duoc téi wu hoa. Hiéu niang quang hoc 1a
twong ddi t6t vai suy hao truyén < 8 dB, muc tin higu trén
nhiéu quang I6n hon 10 dB trong 30-nm bang thong cho
ba dai RGB. Céu tric dugc dé& xuit c6 tiém ning manh
mé& cho viéc thiét ké cac mach tich hop siéu nho gon hiéu
qua cao ciing nhu cac hé thong truyén théng quang hoc ¢
kich thuéc nano.

Tir khoa - cac phan cuc plasmon bé mat (SPP), b loc
buwéc song RGB, cdng hwéng nano Fabry Perot, kim
logi-cdch dién-kim logi (MIM), md phéng trién khai
mode riéng (EME)

1. GIOI THIEU

Thong tin &nh sang kha kién VLC (visible light
communication)ld mot hinh thuc giao tiép khong day
trong d6 thong tin dién ra bang cach sir dung viing quang
phé cua anh séang kha kién [1]. Thong thuorng di 6t phat
quang LED trong pham vi nhin thay va di ot tach séng
quang duoc st dung lam b6 phat va bd thu twong (ng
trong hé théng VLC. VLC dang duoc phat trién nhanh
chong ngay nay do su phat trién cua den LED trang hiéu
Ssuit cao moi dé giam tic nghén trong bing tan 2,4 GHz
[2].[3]. K§ thuat VLC duoc tng dung trong nhiéu hé
thong thong tin va cac tng dung nhu: tich hop trong cac
phuong ti¢n di chuyén hién dai voi nhiéu cam bién dién tir
dé theo ddi toc do, vi tri, huorng di, gia toc ngang va doc
cua xe [4]; truyén di Ileu am thanh, hinh anh [5]-[7]; cac
hé thdng truy nhap internet dua trén cong nghe Lifi
[8].[9]. So véi thong tin lién lac bang tan sé vo tuyén,
VLC co nhiéu vu diém va dic tinh hiru ich, trong do bao
gom bing thong khong bi diéu chinh, kha ning truyén
dan cao vai toc do buc xa thap [10], khong bi anh huong
boi nhidu dién tir, cho phép thiét 1ap cac hé thong thong
tin lién lac an toan [11].
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Dé tang hon nira toc do bit truyén trong hé théng
VLC, ky thuat ghép kénh phan chia theo budc séng
(WDM) co the duoc su dung Ky thuat WDM cho phép
két hop mot sé tin hi¢u véi nhau va truyén chung dong
thoi trong khi mdi tin hiéu dugc mang boi mot budc song
khac nhau. Theo cac nghién citu cong bo gan day, hé
thdng s& cd thé hd tro toc do truyén bitrate 1én dén 8 Gb/s
[12],[13] va c6 thé dat dwoc toe do cao hon [14],[15]. Bo
tach/ghép kénh RGB la mot phan quan trong cot yéu caa
hé thong WDM/VLC cho phép tach cac budc song tir mot
dau vao thanh nhleu dau ra nhung can yéu cau co do tré
lan truyén thap, tbc do truyén dir liéu cao va ty 18 13i bit
thap [16][17]. Mot hé théng LED anh sang trang cia hé
thong VLC c6 thé duogc tong hop tir cac LED pho hep cua
cac anh sang do (Red), xanh 14 cay (Green) va xanh lam
(Blue).

C6 nhiéu cach dé tong hop nén cac anh sang phd hep
¢ cac mau riéng ré nhu vay. Chang han, ¢6 the s dung
mach dién tir dé didu khién thu chon loc cac tan s6 quang
cia ving nhin thay tuong Gng cac mau R, G, B riéng
thdng qua cac mach lai diéu khién bang dién &p [18] hoic
thong qua cac mach logic c6 thé dao nguoe (reversible
logic gates) [19]. Tuy nhién, nhitng kien trdc st dung
mach diéu khién dién tir tuy linh hoat nhung can phdi
ghép véi vi mach dién tir nén téc do hoat dong bi gisi han
boi dap ung dign tu thap ciing nhu khong thuan loi cho
tich hgp trén mién quang. Mat khac, bo ghép kénh RGB
nhé gon danh cho didt laser rat hap dan dé st dung trong
c4c man hinh bang kinh, man hinh gan trén dau va cac
thiét bi thu nho gon. Cac tng dyng hinh anh laser nhu vay
str dung nhiéu nguon laser va ghép chidng thanh mot chum
tia duy nhat, sau d6 dwoc quét Ién man hinh bang may
quét chum ching han nhu guong hé théng vi co dién tir.
Bo ghép kénh RGB thudng duoc xay dyng béng cach sir
dung lang kinh guong [20], phim nhiéu I6p va céc loai soi
quang nhu s¢i PCF (photonic crystal fiber) da 18i, soi
polymer da 151 [21]-[23] nhung kich thuéc la kha lén va
khdng thé tich hop don khdi va nho gon véi cac thanh
phan quang khac dwoc. Bo ghép kénh RGB duya trén mach
quang tur phing PLC (planar lightwave circuit) haa hen s&
giam kich thuéc xudng mét chip duy nhét tich hop cac
chirc nang duoc sir dung trong bo ghép kénh RGB thdng
thuong [24],[25]. Tuy vay, cong ngh¢ PLC dua trén hi¢n
tuong phan xa toan phan quang hoc hién nay da dat dén
gidi han nhiéu xa nén _klch thude khong thé vuot qua kich
thuéc dan song téi thicu ¢ ¢& vai tram nm dén vai pm. Do
do, bo tach kénh RGB can dat dugc céc yeu cau vé kha
nédng tich hop don khéi, xir 1y toan (quang va dic biét la
kich thudc phai rat nho (c& nano) va hiéu suit tuong ddi
cao nham dap tng nhitng yéu cau téc do thong tin cao
[26]. Céac phan cuc plasmonic bé mat SPP (surface
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plasmon polariton) 1a séng dién tir bi giwr lai trén cac mat
phan cach kim loai-di¢n mdi va ket hop voi sy lan truyen
dao dong cua dién tir tu do trong kim loai. SPP duoc coi
la cach htra hen nhét dé hién thuc héa cac mach quang
tich hop cao vi chung c6 thé vugt qua déng ké gioi han
nhiéu xa ¢ dién cua anh sang va diéu khién anh sang trén
thang budc séng [27].
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Hinh 1. So dé ca b loc plasmonic dya trén hiéu (ng dao
ham céng huwdng cda khoang nano trong éng dan séng
MIM.

Vi su phat trién cua cac cong ngh¢ ché tao ky thuat
cao hién dai, cac thiét bi nay cd thé duoc ché tao va tng
dung trong truyén théng toan quang va mach quang tich
hop trong tuwong lai [27],[28]. La mot 6ng din song
plasmonic quan trong, cau triac kim loai-dién méi-kim
loai MIM (metal-insulator-metal) c6 kha néng han ché
anh sang manh véi d6 dai chap nhan duoc dé tl’uyen SPP.
Ong dan séng MIM hua hen cho viéc thiét ké céc thiét bi
quang toan phan nhé gon do ché tao tuong dbi d& dang da
va dang dwoc nghién ciu phat trién manh mé cho nhleu
thanh phan quang khéc nhau nhu cic bo diéu ché téc do
cao [29][30], cac tnlet bi chuyén mach plasmonic [31],
dac biét 1a céc thiét bi ghép/téch kénh phén chia theo
budc song [32],[33]. Tuy nhién, cac nghién ctu su dung
ong dan song _plasmonic chu yeu 14 tng dung cho cac bo
ghép kénh phd hong ngoai va phé telecom va khéng nhiéu
cong b cho cac bo ghép kénh RGB. Mot vai nghién cuu
vé loc mau RGB cho anh sang tring st dung cach tir
nhiéu xa (gratings) [34] sir dung vat liéu SisNa va ong dan
song MIM ding hoc cong huorng hinh lyc gidc déu [37]
va vat liéu Ag/LiNbO3 hay c6 hiéu suét truyén dat khong
cao, hoac cach tir dua trén MIM véi vat liéu Al co bang
thong bo loc mdi mau twong ddi thap (chi ¢ 12 nm)
[35][36].

Trong bai b&o nay, ching toi trinh bay thlet ké va tol
uu héa dua trén phuong phip mé phong s6 khai trién
mode riéng EME (eigenmode expansion method) dé thiét
ké mot bo loc ba pho kénh quang RGB cua anh sang kha
kién Vvéi kich thuéc cuc nhé va hi¢u ning quang hoc
twrong ddi cao. CAu triic cong huéng st dung la cac budng
cong huong Fabry-Perot hinh chit nhat don gian.

2. MO HINH VA NGUYEN LY THIET KE

Hinh 1 cho thdy cau tric b loc r& kénh plasmonic ba
cong bao gém ong dan séng hinh céi va 6ng dan song
cling nhu hai héc nano hinh chir nhat trong 16p phu kim
loai. Chat cach dién trong cac khe va héc kim loai la
khong khi. Kim loai duoc gia dinh la bac, c6 hing sé dién
moi tuong dol c6 thé dugc mo ta theo md hinh Lorentz -
Drude nédi tiéng [38]:
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trong d6 &, dai dién cho hang s6 dién méi ¢ tan sb vo
han, yvaw, lan luot |2 h¢ s va cham electron va tan so

plasma m& rong, o a tan s géc cua anh séng téi trong
chan khong. Trong hau hét cac nghlen ctu vé 6ng dan
s6ng MIM ¢ phé tan s6 viing ctra s6 1550 nm thi kim loai
dugc chon la kim loai bac (Ag) Bai vi kim loai nay co
phan a0 cua hang sé dién mdi nho khong dang ké ¢ dai
tan cira s6 telecom thu ba nén suy hao do hap thu hat dan
d6i véi séng quang 1a rat nho. Véi kim loai bac, cac théng
s tir (1) cho bac c6 thé dugc dit 1a ¢, =37, w, =9.1
eV, vd y=0.018 eV [39]. Sdng phan cuc TM dugc phat

ra tir P va truyén dén Q. Su truyén qua khoang ré (drop
cavity) ¢ dau ra dugc dinh nghla 1a Pp/Pq, & day Pe va Pq
Ian luot 13 viét tit cua dong cong suat t6i cong Suit ré& ra
cong ra. C6 hai loai mode SPP trong dng dan séng MIM.
Mot 1a mode doi xing, va mode kia 1& mode phan doi
xutng. Thuat ngit nay dua trén dién truong doc. Do do, ca
thanh phan truong dién ngang (TE) (Ey) va truong tu
truong ngang (TM) (H,) deu thé hién phan bé phan déi
Xng ¢ mode dbi xang va phan bé doi xting & mode phan
ddi xang, Ché d6 ddi xtiing thuc hién mot diém cét khi w
giam Xuong dudi do rong khoang hang trdim nanomet
[40]. Vi chiéu rong cua ong dan séng trong cau tric caa
chung t6i d& xuét thip hon chiéu rong ngudng, nén chi cé
mode phan ddi ximg dwoc xem xét ¢ day. Khi mot song
phing phan cuc TM can tro dén cau tric MIM, song téi
duoc ghep vao 6ng dan song va song SPP hinh thanh trén
cac glao dign kim loai. Cong suit tgi mot phan dwoc két
hop vao trong lyc nano gan dng dan séng dang bus (6ng
dan séng ngang chinh trong Hinh 1). Khoang nano hoat
dong nhu mot chirc nang cuia b cong huong co the ding
tin hi¢u anh sdng c6 budc song Cong hudng. Dé kham pha
su truyen cua cau true, bién do cua song den va song di trong
6ng dan séng dugc mo ta bang c4c tham s6 tan Xa S.i, S+ Va
S, 87 (i=1,2,3) theo ly thuyét ghép mode theo thoi gian boi
céac quan hé sau:

da/dt=[j-1/Q, -1/ (2Q3)]woaa+\) o (2Q3)ej03 SI+3 )

db/dt =[j-1/Q, -1/(2Q) -1/ (2Q,)]
><a)obb + ‘\;’a)ob /(ZQl)ejBl (S+1 + S+1) (3)
S,=S.

3\ D / (ZQs)e_ja3 a (4)
S, =—Jm, 1 (2Q)e*a ®)

S, =S, (6)
Sl+1 = SL3eijDﬁsw (7
S,=S, —\ Do /(2Q)e b )

S—l = SI+1

—Jo, 1 (2Q)e b )
S, =@, 1Q,e%b (10)

Trong d6 Qoa V& Qb dai dién cho céc hé sb chét luong
cua cac khoang Cong huéng Cawtya va Cavityb do mét
mét ndi tai, woa V& wop dai dién cho cac tan s cong hudng
cua Cavitya va Cavityb, tuong tng. Q. la hé sb chat
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hrorng cua khoang cong huorng ré do sy phan rd cong suét
vao 6ng dan song ré. Q1 va Qs lan luot 1a hé 50 chét luong
cua CaV|tyb va Cavitya do sy phan ra thanh 6ng dan song
bus. 6, va 0; Ién luot la céac pha ghép tir Cavityb va
Cavitya den ong din song bus, 6, la pha ghép giira
Cavityb va ong dan séng rg, ﬁspp dai dién cho hang sé
truyén cua song SPP trong ong dan song MIM. D la
khoang cach gitra cac mat phang tham chlqu cua hai héc.
Pha ¢ gitra hai mat phang tham chiéu c6 thé dugc biéu thi
bang:

Q= D,BSpp =Dn

Ner bicu thi chi so khic xa hi¢u dung ERI (effective
refractive index) cua mode SPP. Chi s6 nerr ¢0 lién quan
dén budc song 4 va chiéu rong we cua éng dan séng bus.
Mai quan hé tan sac cua chung duogc chi phoi boi phuong
trinh tan sic sau day[41]:

(11)

eff kO

e tan| 1 4K
enrfNes —&4 tan| h

O day eq VA &m 12 hang s6 dién mdi cua 6ng dan séng
bus va l6p Kim loai, ko = 2m/2 1a vecto séng (wave
number) cua anh sang téi trong chan khong, biéu thi cho
md men cua song. Hi¢u suat truyén cua tach kénh duoc
biéu thi bang [32]:
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Hinh 2. Phé truyén qua ctia c4u tric éng ddn séng MIM
cho céc chiéu dai khoang khac nhau d véi g = 10 nm va w
=50 nm.

O day,

r=[1/ Q) I(w/ o, -1)+1/(2Q)+1/Q,]  (14)

3. THIET KE TOI U VA MO PHONG

Chang toi st dung phuong phép EME Ia phuorng phap
mo phong hi¢u qua va chinh xac cao ddi véi cac cau trdc
ong dan song plasmomc dé khao sat cac dac tinh truyen
dan cua 6ng dan séng plasmonic MIM két hop véi céac
hoc [42]. Nhu trong Hinh 2, khi ta chon céc gia tri ban
dau cua g1=g,=g = 10 nm, w = w;= 50 nm ng din séng
MIM két hop véi mot khoang c6 thé hoat dong nhu mot
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b6 loc dumg bang tan quang hoc. Béng cach thay d6i tham
s6 hinh hoc d, dai dién cho chiéu dai cua khoang, budc
song hoat dong (Cong huong) c6 thé duge diéu khién mot
cach hiéu qua Tai cac khoang cach hinh hoc khac nhau
cho vai gia tri cua d tir 120 nm dén 180 nm, cac dinh cong
hudéng nam trong dai phd anh séng nhin thay tr 500 nm
dén 700 nm.
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Hinh 3. (a) Quang phé truyén qua véi sw phan tach
khoang-khoang khac nhau trong hé théng éng dan séng
ghép dbéi khoang véi d = d2 =180 nm, g =10 nm vaw =50
nm. (b) Hinh d4nh md phéng sw phan bé truong cda budc
séng dinh trong sudt trong éng dan séng ghép khoang kép
véi D =110 nm.

Dé6i voi he thong 6ng din song ghép hai khoang
(cavity), phd truyén qua véi sy phan tach khoang -
khoang D dugc tinh toan va thé hién trong Hinh 3(a). 0
day, chiéu dai cua hai khoang duoc cb dinh 1a d = do=
180nm. Cac anh sang t6i & budc song cong huong cua cac
15 sau s& bi phan xa va dan hudng trong cuc hip dan, nhu
the hi¢n trong Hinh 3(a). Chung ta cling co thé ;hay ro
rang c6 mot dinh truyen gitra cac diém I6m truyén qua,
diéu nay 1a tuong d6i vai sy phan tach D. Khi cong huong
Fabry-Perot (FP) hinh thanh trong dng dan song bus gitra
hai khoang, phd dic tinh truyén theo buéc song thé hien
tinh chat cua hiéu ung trong sudt cam ung dién tir EIT
(electromagenically induced transparency) Sy tach biét
duoc t6i wu hoa giita hai khoang c6 thé dugc biéu thi nhu
sau:

A

~ 2Re(ny (A) (15)
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Hiéu qua truyén caa bo loc kénh ré (drop channel) c6
thé dugc nang cao bang cach thiét lap pha giita hai mat
phing tham chiéu 1a Ap=(2m+1)z/2. D& nhan ra bo tach
RGB kich thuéc siéu nho gon, ta chon m = 0. Bé thiét ké
ciu tric bd loc RGB bing cach sir dung tach kénh hiéu
gua cao, ching t6i chon bd phan kénh ba bugc song véi
ba bo loc ré kénh dé khao sat phan ang truyén, nhu dugc
thé hién trong Hinh 4(a).
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Hinh 4. (a) So dé nguyén ly cda mét bé tach kénh ba
buéc séng plasmonic, cac tham sé duoc t6i wu D1 = 209
nm, D2 = 241 nm va D3 = 304 nm. (b,c,d) Phan bé triromg
cla | Hy | twong tmg v&i cac buwéc song 465 nm, 520 nm
va 640 nm. (e) Dac tinh truyén dén cda quang phé truyén
qua cla éng dan séng téch ba kénh cé (dwong cong déc)
va khéng c6 (duwong cong dit nét) cac héc nano phan xa.

Budc song lan luot 12 465nm, 520nm, 640nm ciia cac
anh sang do, luc, lam. Két qua c6 thé duoc mo rong cho
c4c cdu trac phén kénh da budc song khéc. Chiéu rong
cua 6ng dan séng va cac khoang duoc ¢ dinh 1a 50 nm.
Chiéu dai cua cap khoang 1-4, 2-5 va 3-6 lan luot duoc
dat 1a 245, 291 va 162 nm. Khoang cach ghép ndi gitra tat
ca cac khoang va 6ng dan séng 1a 10 nm. Do dé, trong
ong dan séng bus, cong suat truyén & cac budc séng hoat
doéng dugc phan xa mot cach hiéu qua boi cac khoang
tach doi nay. Khoang céch ti uwu Dy, D, va D3 dé truyén
cuc dai ¢ budc séng 465nm, 520nm, 640nm lan luot 1a
209nm, 241nm va 304nm. Hinh 4(b,c,d) m6 ta cac phan
b truong cua |Hy| vai viéc phong séng lién tuc & budc
song 465nm, 520nm, 640nm twong wng théng qua md
phong EME. Cac phan b6 truong phi hop tét voi pho
truyén qua trong Hinh 4(b,c,d). Hinh 4(e) cho thay dac
tinh truyen qua cua dap tng phd quang ddi vai ba cong ra
cia ba dng dan séng ré kénh tuong @ng vai ba cong ra
Ouput1, Output2, Output3 cho lan lugt ba phé mau R, G,
B la 465nm, 520nm va 640nm. Hiéu qua duoc cai thién
hon 50% khi so sanh véi truong hop khong c6 16 nano
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phan xa ghép doi. Bén canh d6, hinh anh mé phong &
Hinh 4(e) cho thay phd 3-dB cho mdi kénh la khé rong
(hon 30nm cho méi tin hi¢u R, G, B) véi suy hao khoang
8dB tai dinh cua ba budc séng RGB va chénh léch gitra
tin hiéu trén nhiéu quang trong dai 3-dB bang thong luén
I6n hon 10dB. Pay la cac két qua hiéu ning quang hoc
tuong d6i tot. Mac du suy hao 8dB 1a kha 16n so véi suy
hao cua cc mach quang tir dua trén dng dan séng phan xa
toan phan chang han nhu dya trén cong nghé quang tur
silic (khoang 2dB) [24] tuy nhién diéu nay la d& hiéu vi
mach quang tir plasmonic bi suy hao do hap thu cia kim
loai 1a khong thé tranh khoi ma loi thé cia cua cac mach
plasmonic dya trén 6ng din séng MIM la cac mode quang
duogc bit giir trong kich thudc chi vai chuc nano mét va
kich thuéc toan mach chi vai um?2. Kich thuéc nhé gon va
dién tich mode cuc nhoé cho phép vi mach tich hop véi
mat d6 rat cao véi dap ung xung quang cuc nhanh va hira
hen cho c&c vi mach xir ly tin hiéu toan quang tich hop
trén chip trong cac hé théng thdng tin quang thé hé mai.

4. KET LUAN

Tom lai, ching t6i da dé xuat va nghién ctu ky thuat
sb mot hé thdng 6ng din séng plasmonic de tao ra dap
ng giéng nhu hiéu ung EIT trong hé thong ong dan séng
plasmonic MIM bao gom mot ong dan song bus duoc
ghép noi véi mot loat cac héc khe cho truyenﬂthong anh
séng kha kién VLC ciing nhu cac ung dung hién thi bang
cach gheép kénh RGB. Két qua mo phong cua chung toi
cho thay budc song cong huong cua khoang ranh co thé
dugc diéu khién bang cach diéu chinh chiéu dai khoang.
R& rang d¢ trong sudt do plasmon gay ra s& xuat hién khi
on‘g dan séng plasmonic giira cac khoang lién ké thoa man
diéu kién cong huong. Do trong suét cam ung da diém céd
thé duoc thuc hién bang cach xép tang nhiéu khoang c6
d6 dai va do phan tach khéac nhau. Hé théng 6ng dan song
plasmonic dugc dé xuét s& tim thay nhiing g dung tiém
nang trong céac thiét bi quang tich hop cao, chiang han nhu
b6 loc RGB hoac WDM plasmonlc da kénh kich thudc
nano, chuyén mach quang va céc thanh phin anh sang
cham.
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NANOSCALE OPTICAL RGB FILTER BASED ON MIM
PLASMONIC WAVEGUIDES

Abstract: In this paper, we present a proposal for compact
RGB filters wavelength and wavelength separators based on
nanoplasmonic metal - insulator - metal structures. The results
have been accurately investigated using the temporal coupled-
mode theory. Numerical simulation method eigenmode
expansion (EME) propagation simulation has been also used for
the overall design process. The simulation results show that the
transmission efficiency of the RGB drop filter can be achieved
significantly efficient by applying specifically optimized of nano
Fabry-Perot resonance cavity waveguide. Optical performance is
good with transmission loss is less than <8 dB, signal-to-noise
level is greater than 10 dB in 30-nm bandwidth for three RGB
bands. The proposed structure has strongly potential for the
design of highly efficient ultra-compact integration circuits as
well as nanoscale optical communication systems.

Keywords:  Surface plasmon polarizations (SPP),
frequency filter RGB, nano resonance Fabry - Perot, Metal -
Insulation - Metal (MIM)
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