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Abstract— Trong bai bao nay, ching toi trinh bay
nguyén ly hoat dong vé mat 1y thuyét va phuong phap mo
phong s0 dua trén 1y thuyét ghep mode cua cach tir nhidu
xa Bragg 6ng dan song WGBG va nguyén ly phan xa budc
song cong huong Bragg. Sau do, chung toi trinh bay mot
dé xuat thiét ke moé phong sb va déanh gia dac trung quang
hoc ctia mot cdu triic cach tir Bragg dng dan song két hop
vi cong huong vong thong qua mo phong FDTD cho vige
loc cac budc song DWDM. Két qua do ludng théng qua
md phong cau tric cho thdy cach tr WG BG dat hi¢u suét
cao 100% cung bang thong FWHM ludn nam trong khoang
cach kénh 0.8nm. Thém vao do, cau trac cong hudng vong
dé xuat c6 dactinh truyen dat higu Suit cao (>86%) Nhitng
gia tri tot nhu vay c6 thé dua cu tric thiét ké tiém ning
16n cho tmg dung lam cac thiét bi tach ghép kénh mat do
cao trong cac hé théng thong tin quang DWDM.

Keywords— DWDM, céch tur Bragg ong dan song
WGBG, m6 phong s6, CMT, FDTD, hé s6 hiéu dung.

l. GIOITHIEU

Do sy gia tang bung n6 vé s6 luong thiét bi dau cubi di
dong va sy phat trién nhanh chong cua cic ung dung da
phuong tién va dich vu dién toan ddm may, nhu cau vé
dung luong truyén va bang thong cuia mang quang ting
theo cap s0 nhan. Cong nghe ghép kénh phan chia theo
budc song (WDM) da noi 1én nhu mot giai phap duoc su
dung rong rdi nhat dé dap tmg nhu cdu ngay cang ting vé
bang théng [1]-[3]. Mot thiét bi quan trong trong mang
WDM la b ghép kénh thém/tha quang (OADM). N6 co
thé loai bo/thém mot cach c6 chon loc mot hodc nhiéu kénh
budc séng tai mot nat mang ma khong can thuc hién
chuyén d6i quang-dién-sang-quang (OEO) dit tién.

Céach tr Bragg da dugc str dung trong nhiéu tmg dung khac
nhau, chang han nhu b6 loc, bu tan sdc, dinh hinh xung [4],
V.V.. Gan day, su tich hop cta cach tir Bragg dng dan song
trén nén tang silicon-on-insulator (SOI) d4 va dang thu hit
sy quan tdm nghién ctu ngay cang tang. Cach tr Bragg
bang thong hep rét hitu ich trong nhiéu Gmg dung, chang
han nhu bd loc kénh ghép kénh phan chia theo bude song
(WDM) Dé han ché mot bang thong hep, can phai xay
dyng céc ludi Bragg dai hon véi khép noi yéu. Cach tir
Bragg ong dan song dai nano c6 sy chong chéo manh mé
ctia ché do quang hoc v&i su nhidu loan trén cac thanh bén,
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Hinh.1. Cdu triic ciia mét cach tir Bragg éng ddn séng
duoc thiét ké d@é loc 5 buéc séng trong ddi C-band ciia ludi
ITU-T.G694.1.

dan dén hé sb ghep nbi 16, ngay ca khi bién do uon nep
cach tur chi 1a vai nanomet. Dé giam hé s ghép ndi, nhleu
loan chiét suit theo chu ky khong gian dugc dit ¢ xa ong
dan song dai [5] hodc dugc xay dung trén phlen cua ong
dan song sudn [6]. Vi chiing 1a thiét bi hai cong nén can co
bd ghép chénh léch da ché d6 2 x 2 [7], nhanh Y khong d6i
xtng [8] hodc bd ghép doan nhiét [9] dé loai bo phan xa
Bragg. Tuy nhién, rat khé dé dat dugc ché tao chinh xac
nhu viy.

Bai bao nay trinh bay nghién ctru hoat dong cua cach tir
Bragg 6ng dan song thang dua trén diéu bién kinh loc
apodization chi bang phwong phap hinh hoc st dung nén
vat ligu SOI (5111c0n on-insulator) twong thich véi cong
nghé ché tao vi mach dién tir tich hop ¢& 16n VLSI (ve
large scale integrated mrcmts) Sau do, bai bao dé xuit thiét
ké cach tir nhidu xa Bragg ong din song két hop cac bd
cong huong vong dé tao ra bo loc budc song DWDM theo
tidu chuén ITU-T G.694.1 cho ky thuat ghép kénh DWDM
cta thong tin quang thong qua cac cong cu thiét ké cau triic
quang tur GratmgMode va FullwaveFDTD ctia phdn mém
thuong mai hoa Rsoft.

Il. NGUYEN LY HOAT PONG CUA CACH TU
BRAGG ONG DAN SONG VA PHUONG PHAP
NGHIEN CUU

Mot cach tir Bragg ong dan song WGBG (WavegUIde
Bragg grating) bao gom mot ciu tric diéu ché c6 tinh chu
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ky tuan hoan ctia h¢ sd chiét suat doc theo 15i ctia sgi trong
mot sgi quang don mode hoic 1a diéu ché do rong cham
ndi bo vién (relief) kiéu ring lugc véi mot khau do kinh
loc (apodization) c6 hinh dang theo kiéu dong nhét
(unlform) hodc theo kiéu hinh cosin | (cosing). Hinh.1 m6 ta
cau truc co ban cua mot cach tur nhiéu xa Bragg soi voi cac
tin hiéu phan xa va truyén di khi dau vao la mot nguon phd
bang rong BBS (broadband source). Nhu dugc thé hién
trén Hinh.1, cach tir Bragg ong dan séng co chiéu rong w
6 0.2+0. 5um va chiéu cao 220nm (hinh cit theo phuong
truyén duoc thé hién & mat cit ciia Hinh.1 dugc ché tao tir
vat li€u silic va ¢6 16p vo (cladding) dugc ché tao tir vat
lidu silica (SiO,). Chiét sudt lop 161 va vo tuong ung Nsi ~

3.465 va Nsioz ~ 1.45 ¢ bude séng 1550 nm. Lép 4o bao vé
dugc ché tao tir plastlc hay 16p phu polymer. Céu truc 15
dugc ché tao thanh cac cach tir v6i chu ky tuan hoan véi N
cach tir (N thuong 16n ¢& hon 1000) va c6 khoang bé day
cich r A~ c& 0.2+0.5um. Lép kinh loc (apodization)
duoc thiét ké véi rang cua hinh chit nhét. Toan b céu tric
dan song duoc ché tao tur phlen SOI tiéu chuan (standard
SOI wafer) cung cap cho cong ngh¢ ché tao CMOS cua
VLSI. M6t nguon pho rong dugc truyen vao dau vao sé co
mot phd hep budce song phan xa véi bude song cong huong

duoc goi 1a bude song Bragg | 5, phd truyén di vé phia dau
ra 1a pho thiéu hut di phan pho véi bude song |

Theo luat Bragg, cach tu nhiéu‘ xa Bragg dya trén éng
dan song dién moi hay ban dan thuan nhat (nhu silic chang
han) s€ chi phan xa mét budc song riéng dugc goi la bude
song Bragg va dugc xac dinh boi hé thuc:

I = 2n4 A 1)

m
0] day Alachuky cach tir va neft 1a hé sO chiét suat hiéu
dung cua 156i éng din séng cua cach tr quang hoc va
m=1,2,3... 1a bac nhiéu xa, bac cong hudng hay bac cach
tur. Nguyen 1y hoat dong cua cach tir Bragg 6ng dan song
cling tuong tu cach tir Bragg soi FBG (fiber Bragg grating)

Khoéang cach budc séng giira cuc tiéu dau tién (xem
Hinh.2), hoac bang théng Al la (trong gidi han céach tu
manh) véi can tric cach tir diéu ché theo hé sb chiét suét
161 (1a ham bién do61) dugc dua ra bdi hé thie:

Al :[Zinh}l i @)

V6i truong hgp WGBG theo kiéu didu ché didu ché
theo do rong canh theo chiéu rong hodc diéu ché theo do
khic cua chiéu cao thi biang thong Al duge xac dinh theo
Iy thuyét ghép mode boi [11][12]:

2 [(n?—n
A=t ke (p /Oy |<:—(n1 :)

p ng I Oneff

O day, |4 1a bude song cong huong (bi phan xa) theo
lut Bragg, n,la vén téc nhom cua song lan truyén trong
cach tir, K 13 hé sb ghép (coupling coefficient) cua cach tir,
L 1a chi€u dai cua cach tir. D6 manh cta hé s6 K phu thude
vao hé so xép chong quang hay ciing 1a sy khong phu hop
phaI . Véi song theo phan cuc TE thi g1a1 hé phuong trinh
Maxwell cua song dan trong cach tir ong dan séng ching
ta thu dugc phuong trinh siéu viét (transcendential
equation) la:
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Hinh.2. Ddc tinh d phan xa (theo cong sudt) cuia phé phan
xa la ham cua budc song: phé dat dinh tai budc song Bragg.
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O day, k, = I_p 1a s6 song trong khong gian tu do vdi bude
0

song hoat dong |, , V duge goi 1a tham s6 V duoc x4c dinh

boi: V =kw(n? —n2)"”,

tr. Su phan xa R cua 6ng dan séng tai budc song cong
hudng Bragg dugc xac dinh boi:

w 1a do rong cta phan 15i cach

2 a3 2 1—~2
R= k S'“hr‘ﬂL [ diy g° =k +- (9)
g?cosh®g L+Tsinhzg L
O day, hé sb ghép tai budc song Bragg xac dinh bai:
2(n,—n
=k, = 20N ®)

le
Luc nay, hé s6 khong phu hop pha I duge xac dinh boi:
'=2b-K @)

Vi b 1a hing s6 truyén song, K 14 hé s diéu ché bé rong
cach tir (modewidth).

Chi y ring cach tir phan xa anh sang trén mot phan nho
nanomet vi | ; thuong khoang 1 um. Do do, tinh chat nay
cling 1am cho cach tir rat hiru ich trong cac hé théng vién
thong céap quang.

Hinh.2 thé hién su phy thuéc ham theo budc song cua
cong suét bi phén xa thu duoc tir biéu thirc (5) C6 thé thiy
rang, cong suat phan xa cuc dai tai bude song cong hudng
Bragg | ; . BUp song chinh c6 do r6ng bang thong AL duge
xéac dinh tir h¢ thirc (2). Voi cac cu trac cach tir ¢6 hinh
dang hinh hoc khac nhau vé kleu dang hinh dang cua cac
thanh bén nhu kiéu dang cham noi rang cua céch tir 1a hinh
chit nhat hay hinh sine (relief), kiéu kinh loc (apodlzed
type) khac nhau, khic cham theo d¢ sau khac nhau d6i voi
cach tir Bragg dng dan song khac nhau, ban kinh 15i (néu
6ng dan song 16i 1a hinh try tron thay vi hinh chit nhat), hé
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s6 chiét sut 18i 6 chénh 1éch An = n, —n, khéc nhau, chu
ky cach tir A khéc nhau hay sb luong cach tir N khac nhau
thi budc song Bragg va bang thong cung khéc nhau. Tucng
ty, tuy thudc vao cau tric ma hé s0 phan chia ty s cong
sudt h, von dic trung cho hiéu suit truyén dat twong doi
so voi mirc cyc dai ma cong sudt phan xa dinh c6 thé dat
cuc dai 1a bao nhiéu (phan tram). Vi du, trong Ung dung
thong tin quang, mong mudn phan xa budc séng | ; tot thi
ham R= P, (1 ) dat cang gan 100% thi chat lugng thong tin
cang tot.

Mot tham s ciing quan trong dic trung cho phd bup song
chinh chinh dugc goi 1a FWHM (full width at half maxum)
ctia phd bup soéng chinh. FWHM c6 dinh nghia Ia hiéu giita
hai gi4 tri ctia bién doc 1ap ma tai d6 bién phu thudc bang
mot nira gia tri 16n nhat cta nd. Xét trong biéu dién pho thi
FWHM la khoang bang tan giira hai diém ma bién d6 dinh
giam di mot nira (hay chung ta quen goi 1a bang thong 3-
dB vi 10*10g10(0.5) ~ 3).

Chiing ta da trinh bay nguyen 1y hoat dong clia cu triic
cach tr Bragg 6ng dan song (WGBG) da dugc trinh bay
theo phan tich ly thuyet vé mat toan hoc. Tuy nhién, giong
nhu truong hop truyén song trong dng dan soéng quang,
céch thirc hanh xir ctia tin hiéu quang truyén qua 6ng dan
song tudn theo nhitng dic trung ctia phuong trinh vi phan
bac hai phi tuyén la phuong trinh Schodinger phi tuyén
NLS (Nonlinear Schodmger equation). O d6, chiét suit
hi€u dung nett chi co the co nghlem xap xi thong qua 101 gidi
bang phwong phép sb. Ciing vay, cac dic tinh truyén dan
hay phéan xa theo m6 hinh quan h¢ truong dién tir hay mach
dién tr thi phai duge nghién ctru bang ma tran tan xa. V&
phuo’ng dién cac phuong phap s6 cuia toan 1y, phuong phap
m6 phong vi phan hiru han mién thoi gian FDTD 1a phuong
phap chinh xé4c va day du nhat dé nghién ctru vé quang song
va truong dién tur. Tuy nhién, phuong phéap nay can ti€u ton
thoi glan va tai nguyén mo phong 1on nén c6 thé khi glam
sat cac yéu to truong dién tur trong céu tric 16n s€ vuot qua
kha ning ctia hé thong véi su giéi han vé tai nguyén tinh
toan va nang luc vi xu ly.

Dé nghién ctru cach tir, ngoai viéc str dung phuong phép
FDTD hay phuong phap truyén chum BPM dé tim chiét
sut hiéu dung, mot phuwong phap dwa trén Iy thuyet ghép
mode CMT (coupled-mode theory) va ma tran truyen dan
duogc st dung de nghlen clru dac tinh cua céac bién dbi
Fourier giita mién thoi gian va mién tan s dé xac dinh cac

dic trung budc séng cong huong Bragg |5, phd Al cua
cau tric WGBG, hay dich tan s6 cong huong Bragg Al

Theo 1y thuyet ghép mode CMT, quan hé tuong tac gura
cac thanh phan bién do truong ngang tu do cho mot 6ng
dan song duoc x4o tron va cam mg dién tir theo quan hé
ctia cap phuong trinh vi phan nhu sau [10],[11]:

da,(z) ¥ (K 4k ) (2)e
= 8
SR
kt _kz 7 ei(berbp)z
dbp(z) i M ( p.m p,m)am( ) (9)

dz ~ "‘(ktp,m +k zp'm)bm(z)e—i(bm—bp)z

Trong do, S la hang s6 lan truyen a va b tuong tng bleu
dién cho bién d6 cuia mode tién va Iui theo phuong truyén
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Hinh.3. M6 phéng sé cho phé phan xa ciia cdu triic WGBG
theo burée séng trong dai phé bude song cira s6 1550nm véi
kiéu cham khdc vién (relief) khic nhau ciing chu ky (duty
circle) la 50% cho: (a) kiéu hinh chi nhdt va (b kiéu hinh
cosine.

s6ng z, p va m 1a chi sb thtr tu (hay bac) cua mode thir p va
thar m twong tac voi nhau. HE phuong trinh vi phén trén ngu
¥ truong phy thudce thoi gian theo ham diéu hoa cua héng
sO truyén song va phuong truyén song. Hé s ghép mode
k pm CUa cac mode bac p va m dugce xac dinh nhu sau:

[ns 06y, 2) =1, (%, ¥) B p O Y) €, (% y)dS

kt :V\b; S
p.m
2 Jeus O y)xhy , (x y)ds
S
(10)
Z e, ,
0=
2 2 n22 (Xr y)
¥ ] - y y B y dS
! [n2(xy,2)-n2(x y)]mez,p(x y)€,n (% y)

[eunx y)xh, , (x y)ds
S (1)
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Bang.1. Cac tham s thiét ké thu duec tir md phéng sb
cho b$ loc DWDM.

Tan | Budcséng | HEso Chu
sO trung tam hiéu ky
trung can loc dung cach
tam (nm) tr A
(THz) (nm)
193 1553.32 | 2.6098 | 297.59
193.1 1552.52 | 2.6105 | 297.36
192.2 1551.72 | 2.6112 | 297.13
193.3 1550.92 | 2.6118 | 296.91
193.4 1550.12 | 2.6124 | 296.68
193.5 1549.32 | 2.6130 | 296.46

Trong d6, ta ky hiéu e va h la cuong do cua truong dién va
truong tr (1a cac dai lugng véc to) va S 1a dién tich khong
gian phan b6 trudng dién tr, ny(X,Y,z)l1a ham chiét suit
theo truc toa dd cua cach tu, n, (X, y) 1a ham chiét suit &
mat phépg cit vubng goc truc z (trc mit phing Oxy) cia
chiét suat 16i.

Phuong trinh vi phén thong thuong két hop (11) va (12) co
theé dugc bicu dien dudi dang ma tran nhu sau:

(o))

O day, C 1a ma tran ctia cac hé s6 ghép. Gia thiét C 1a doc
18p v¢i z trong mot khoang (z1, 22). Ma trén C c6 mot dang
xep chong gia tri riéng:

(12)

C=U'DU (13)

O day, D 1a ma tran duong chéo thyc va U 1a chuyén vicua
ma trin véc to riéng (eigenvector matrix). Do do, ching ta
thu dugc ma trén truyén dat T cua mdt cau truc mach 4 cuc
trong khoang (21, z2) boi quan hé:

W), e
v), v),
Phan phan xa duoc dinh nghia 1a [12]:
v(z,d)
((20)= o (15)

Trong d6 d dac trung cho phan ty 1€ voi su khac biét gitra
song tdi va tan sb Bragg va ho so cach tu phuc q(Z) ma hda
tat ca thong tin v€ qua trinh thay dbi vé bd vién va canh
trong cic vong nhidu xa trén bé mit quang hoc
(apodization) va su dich chirp cta cach tir.

Tir day, ching ta tim ra quan hé ctia hé s6 ghép mode [12]:
20 7 .
k(z)== [ r'(zd)dd (16)
p —00

Nhu vy, cdu tric cach tir Bragg dng dan song <o thé duoc
x@y dung lai va dac tinh héa timg budc mot bang phuong
phép so.
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Hinh.4. M6 phéng dic tinh phé phan xa va bude séng
cong hudng Bragg tai 1550nm véi dé rgng apodization la
Sw = Inm, dg réng cdach tir w=0.5um ld ham cua chiéu dai

cach tir cho: (a) @6 rong FWHM va (b) dinh hiéu sudt
truyén dat.

lll. THIET KE MO PHONG CAU TRUC WGBG CHO
CHUC NANG LOC BUO'C SONG DWDM VA DANH
GIA BAC TINH QUANG

Trong phan nay, mot thlet ké mo phong sb cho mot bd
loc budc song dua trén chu triic WGBG duge dé xuét va
mo phong sO. Pau tién, chiing ta xét cau trac WGBG 1a mot
cu trac ong dan soéng dang kénh (channel waveguide) hinh
chit nhat v6i 16 silic ¢6 do rong w=0.5um va c6 16p vo bao
quanh la thuy tinh silica (silic di 6 xit SiO2). Chiét sut 16p
16i va vo lan lugt co gia tri 14 3.465 va 1.45 tai gia tri budc
song & ving 1550nm. Cach tir dugc tao ra theo kiéu khéc
cham rang luge ¢ phuong ngang theo ky thudt quang khic
bang chum di¢n tir (electron beam lithography) hodc tia
cuc tim rat siau EUV _(extremely ultraviolet
photolithography) theo chu ky bién diéu cham khac vién la
ow = 1nm. Chu ky cach tir dwoc giir ¢6 dinh la A =0,005
pum véi cac vach cach tir hinh sine (grating profile). Cach
tr duoc tao dang theo khéu d¢ loc (apodized apature) theo
kiéu dong nhat Céch tir ciing ¢6 thé didu ché theo kiéu diéu
bién chiét suat I5i bang cach pha tap germanium vao 15
silic. Tuy nhién, trong nghién cau nay, chung ta chi xét cau
trac cach tir duge diéu bién hinh hoc theo kleu thuan nhat
vé hinh hoc. Diéu nay la twong thich véi tién trinh CMOS
ché tao ong dan song tir cac phlen SOl tiéu chuan (day
220nm 16i Si trén nen BOX bang thuy tinh 0 xit SiO, day
3umva I6p chat nén day 2mm) caa cong nghé ché tao chip
vi mach dién tu cd 16n VLSI (very large scale integrated
circuit).

St dung cong cu mo phong GratingMode ciia phan mem
thuong mai hoa Rsoft, chung ta khao sat dic tinh phd va
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Hinh.5. M6 phéng ddc tinh phé FWHM phdn xa va chu ky
cach i tai budc song phan Xa cong huong Bragg o
1550nm véi chiéu réng apodization sw=1nm, chiéu dai
L=10000um theo s phu thugc ham sé ciia chiéu rgng cdch
ter w cho: (@) FWHM va (b) chu ky cdch tir 4.

budc song cong hudng cia nhiéu xa Bragg cua céu trac da
dé xuat. Cac tham s6 mo phong dugc thiét 1ap d6 rong chu
ky cach tu (grating pitch) Acd tir 0.2um dén 0.5 um, do
sau diéu ché cach tir la 6w = 1nm kiéu cham vién la hinh
chir nhat hoac hinh sine véi do rong chu ky nhiém vu (duty
cycle) la 50%, do rong than 15i chinh cua cach tir 6ng dan
song la w=0.5 pm vei chiéu cao I3i Si la 220nm trong co
ché 6ng dan song dang kénh sé& chi hd tro hoat dong don
mode cua trang thai phan cuc di¢n ngang (TEo mode) va
chiéu dai ng cach tir dan song WGBG duoc xét ¢& lon,
dai tir 100pm tr¢ 1€n. Hinh 3(a,b) cho thay khi chiéu dai
cach tur L=10000pm, vé6i hai kiéu aprodization hinh chir
nhat va hinh cosine thi d budc song cong hudng dé co
phan xa Bragg tai | ; =1.55 um thi hé sb hiéu dung déu co

gia tri nhu nhau, va do vay, tir cdng thac (1) ta thu dugc
chu ky cach tir twong (g diéu kién phan xa cong husng
Bragg la khoang 0.2966um=296.6nm v&i hiéu suat tai
budc song Bragg van la Py(I;) =100% nhung do rong
FWHM tuong tng Véi kiéu aprodization hinh chit nhat Ién
hon hinh cosine mét chut do xuat hi¢n nhiéu bup song phu
rt hep hon don sat cAn bup chinh di véi kiéu hinh chix
nhat ma di véi truong hop kiéu hinh cosine thi hinh dang
dap ung phd lai min va khdng xuit hién cac bup cong
huéng yéu phu & canh bén phd budc song trung tam.

Tiép theo, chang ta xét khi do rong diéu ché rang cach
tr ow=Inm, budc song phan xa Bragg mong mu0n la
1550nm, chung ta khao sat thong qua mé phong s tir cong
cu GratingMod dé do luong dac tinh d6 rong day du tai nira
cuc dai FWHM va hiéu suit truyén dat tai dinh tuong tng
budc song trung tam cua cong huong Bragg theo chieu dai
cach tur L. Hinh. 4(a b) cho thay khi chiéu dai cach tir tang
Ién thi FWHM noi chung gidm nhanh va hi¢u suét truyén
dat tang nhanh. Dén khi chiéu dai dat mot gia tri ngudng
nhat dinh ¢& 2000pm=2mm thi FWHM va dinh hi¢u suét
truyén dat (gan 100%) duogc gir hiu nhu khéng ddi, tire dat
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Hinh.6. Hiéu nang quang hoc theo su phu thuéc ham vao
dé sdu diéu ché hé sé apodization ow cho: (a) FWHM va (b)
dinh higu suat truyén dat tai buoc song Bragg.

bio hoa. Trong bai bao nay, dé phu hop véi viec phdi ghép
V6i cac vong Vi cong huong nham loc Cac_budc song
DWDM ra riéng r&, chiéu dai cach tir cho mdi phan tach
mdi budc song duoc lya chon la dai L=10000um=10mm.

Gia sur chiing ta muén tim ra cach tir v6i chu ky Ama
tai do, budc song cong hudng dé co phan xa Bragg la cac
budc song riéng ré trong vung cia s6 théng tin quang thu
ba (third telecom window) tai mot sb budc song theo tiéu
chuan ludi tan s6 va budc song trung tdm caa khuyén nghi
ITU-T.G694.1 vo6i do rpng kénh (channel spacing)
A2=0.8nm thi m6 phong s6 tur cong cu GratingMod tim ra
gia tri hiéu dung va twong tmg 1a chu ky cach tir, nhu thé
hién cac gia tri két qua tuong tng dugc trinh bay trén
Bang.1l.

Tiép theo, chting ta khao sat va dénh gia dac tinh quang
hoc cua cau trac cach tir da duge dé xuat thiét ké. Hinh.5
thé hién cac két qua mé phong khi bude séng phan xa mong
mubn |5 =1.55 pm, chiéu dai L=10000pum, d6 rong diéu
ché vién rang cua (apodization) 6w = Inm theo vai gia tri
clia cac bién sb chidu rong cach tir w dwoc khao sat. Két
qua cho thay, khi do rong w tang tir 0.2um den 0.5um, do
rong bang thong FWHM giam dan tir 35nm xudng khoang
0.5nm (nam tron trong khoang cach kénh AA=0.8nm cua
khuyen nghi ITU-T.G694.1), nhu dugc thay o Hinh.5(a) va
chiéu rong cua chu ky cach tr A ciing giam dan nhu duoc
thay trén Hinh.5(b). Cung can luu ¥ rang, tai chiéu dai dugc
xét la 10000um, hé s6 cong suat dinh tai bugc song phan
Xa Bragg dat gan nhu 100%.

Bén canh do, ching ta khao sat cac dac trung quang hoc
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Hinh.7. M6 phong ddic tinh phé FWHM phan xa va chu ky
cach tik tai budc song phan xa céng hwong Bragg ¢ 1550nm
véi chiéu dai L=10000um, dé réng cdach tir w=0.5um va
chiéu rgng apodization dw=1nm theo si phu thugc ham ciia
ddp g phé bude séng chira dung cdc budc song Bragg
can thiét ké cho: (a) FWHM va (b) chu ky cach tir A.

thong qua do rong didu ché ow (apodization) cua cach tu.
Hinh.6 the hién ket qua mo6 phong cua cac dac trung quang
hoc cua cdu trac WGBG da dé xuit tai budc song Bragg
1550nm va chiéu dai cach tir L= 10000um Hinh.6(a) the
hién FWHM ting theo sy ting v6i d6 dbc gan tuyen tinh
theo ham cua éw vi bac cua CaCh, ter duoc thiét ké la bac
mot. Hinh.6(b) cho thay cong suat dinh ciing taing nhanh
khi ow tang tir 0.1nm dén 0.3nm thi dat dinh 100% va khi
oW vuot qua 0.3nm, dinh cong suat tai buge song phan xa
Bragg dat bdo hoa 100%.

Pap ing phd cua mot vi mach hay thiét bi quang tir la
rat quan trong vi né thé hién dac tinh dong cua hé thong
Chung ta nghién cuu théng qua mé phong so6 bang ly thuyét
ghép mode CMT (coupled mode theory) ddi véi cach ta
theo su phu thudc vao pho cia budc song duoc khao sat
trong phé bing C cua cac budc song trong lusi cua ITU-
T.G694.1 va khOang cach kénh quét 1a 0.8nm cung mot sb
tham s thiét ké giir cd dinh nhu: L = 10000um, w = 0.5um
va éw = 1nm. Hinh.7(a) cho thay FWHM téng theo su ting
clia budc song voi mot ty 1é gan tuyén tinh ‘trong ddi budc
song duoc xét & Bang.1. Chung ta co thé thiy FWHM tang
nhe nhung trong dai buéc song DWDM duoc thiét ké va
str dyng thi van nho hon khoang cach kénh A1=0.8nm.
Ciing vay, Hinh.7(b) cho thay ring chu ky cach tir tang ty
I¢ tuyen tinh theo budc song Bragg can phan xa. Dicu nay
c6 dugc la bai vi chung ta thiét ké cu trac bac nhidu xa
trong cach tir [a bac mét va trong mot dai phd bang C, voi
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Hinh.8. M6 phong FDTD cho cdu tric ré birgc séng 1550. .92
qua ong dan séng cong huong vong véi chiéu reng cac ang
ddn séng w=0.5um, khodng cdach ghép giiza ong ddan séng
thang va vong la g=150nm, ban kinh vong r=3.74um.

6ng dan song co be rong kha 16n w=0.5um c6 dap tng phé
rong véi chiét suat hiéu dung (nex) s& gitt gia tri gan nhu
khong dbi trong khoang rong tir 1525nm-+1625nm (chtra
bang C+L cua cta s6 budc song théng tin quang thur ba),

2ng A

do d6 ma tur hé thuc (1) véi |, = chung ta sé thu

dugc dac tinh tuyén tinh cua A theo dap (g budc song.

Cubi cung, trong mét kich ban ng dung dé loc cac budc
song phan xa ra cac kénh riéng ré ¢ cac ong dan séng don
mode neng ré, chung ta st dung co cAu cong huong vong
két hop vai cau trac cach tu dé tach riéng ré timg budc song
mot. Theo ly thuyét vé cong huorng vong thi ghép mode
gitra ong dan song thang va mét vi vong (ban kinh r) voi
do rong ong, dan song bang nhau (ca ve chieu rong va chiéu
cao trong cau trac ong dan song dang kénh) thi diéu kien
xay ra cong huang vong khi co sy phu hgp vé moment cua
song dan boi [13]:

MAn=27r Neft a7

O day, m la s6 mode dan cua vi vong, m tuong ung la budc
song cong huong (ng vai mode bac m, r la ban kinh cua vi
vong, netla chiét suat hieu dyng cua vi vong tuong {ng voi
khi buéc song la im, N6 phy thugc vao chieu rong ong dan
song, khodng cach ho g (gap) ghép néi giira 6ng dan song
théng va ng dan séng vi vong.

] Theo ly thuyet vé dng dan sqng vicong hu(’mg V(‘)ng, mot
cau trac vi cong huong vong gdm c6 mot vong cong hudng
1ao ong dan song hinh nhan vong (ring resonator) duoc ghép
v6i hai éng dan song thang dinh hucmg song song boi
khoang hé (gap) lan luot 1a g1 va g2 v6i h¢ so ghép do cam
tmg di¢n truong lan luot 1a ki va ko, h¢ sd suy hao ctia vi
Vong do tan xa uén cong va hap thy 14 a, hé s6 suy hao chén
do 6ng dan song thang dinh hudng 13 y va ban kinh cua vi
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cong huong vong la r. Khi do, ham truyén dat cua trudng
dau r€ dau ra (drop port) va dau vao (input port) dugc xac
dinh bai hé thirc [14]:

E __ ~fafkbeen(il) o
E 1-1-kJI-kc?exp®(jf)
Trong d6, D=(1-g)"*, ¢ =D.exp(-aL/4), L=2pr,

f =2Lpng /1
song.

, A 12 bude song hoat dong trong éng dan

Trong diéu kién thiét ké dbi xung, ching ta xac dinh
01=0>=0, khi d6 do y hét nhau vé mit cau tao va tinh dbi
xtng hinh hoc, ki=k.=k. Cac phuong trinh trén glup thiét
ké bo cong hudng vong nhu mot cong tac va gilip tim ra
gia tri t6i wu cuia cac tham s6 khac nhau.

Dau tién, bang cach st dung méd phong FTDT véi do
rong dng dan séng la w=500nm, g=150nm, chung ta thay
doi ban kinh r ¢& 3+4pm dé tim ra budc song cong huong
tai 1=1550.92nm véi gi4 tri ban kinh duoc tim thay boi md
phong FDTD la r=3.74um. Pho truyén dan (transmission)
theo sy phu thudc budc song duoc cua ciu trac ghép vi
vong dé loc budc séng don trong dai DWDM da chon
tuong ung voi loc budc song 4=1550.92nm dugc trinh bay
trén Hinh.8(a) va su truyen mau duong bao dién trudng
(contour map) nhu dugc thé hién trén Hinh.8(b). Hinh.8(b)
cho thay dac tinh truyén dan cua cong huong vong trong
dai bugc song bang C vang cua s6 1550nm c6 higu Suat
cao khi muc suy hao thip hon 0.3dB. Bing cach tuong tw
nhu vay, khi ta didu chinh cac gia tri cua r khac s& lan luot
tim ra ban kinh thich hop diéu kién cong huong véi cac
budc song khac ma da duoc li¢t ké nhu trén Bang.1 dé tach
ra hoan toan cac budc song con lai. Cac gia tri dugc tim
thiy boi mo phong FDTD cho vi cong huong Vong duoc
trinh bay nhu cac két qua & Bang.2. Cac két qua cho thay
muc suy hao do cong huong vong chi trong g101 han pham
vi khoang tir 0.52dB dén 0.65dB, tuong Umg véi higu suat
kém nhat 1 86% (suy hao 0. 65dB) dén  khodng 89% la co
thé tmg dung duoc trong thuc té khi thiét ké ché tao cac bo
ghép kénh quang xen ré€ cac budc song trong dai ITU-T.
G964.1. Nhu vay, viéc loc cac budc song DWDM khi sir
dung cau tric cach tir Bragg ong dan song két hop véi cac
Vi cong hudng vong da dugc hoan tat.

Cac kétvqué nghién ctu béng phuong phép tuong tu
cling ¢o6 thé ap dung cho viéc thiet ké cac bo loc cac bude
song xen 1€ voi pho budc song hoat dong & vung cira s6
thong tin quang thir hai (ph6 1310nm).

KET LUAN

Bai_bdo ndy trinh bay nguyén ly hoat dong cua cach tir
nhleu xa Bragg 6ng dan Song va dé xuat thiét ké mo phong
s6 mot cdu trac WGBG tng dung cho loc cac budc song
DWDM d¢é tao ra cac bo ghép/phan kénh phan chia theo
budc song mat d6 cao véi khoang cach kénh la Ax=0.8nm.
Két qua thiét ké va md phong bang phuong phdap CMT cho
thay cach tir co thé hoat dong véi higu suat phan xa theo
diéu kién cong huong Bragg dat hi¢u suat cao 100% voi
FWHM lu6n nam trong trong khoang Ai va két hop
phuong phap mo phong FTDT cho cau trac vi cong hudng
vong dé tao ra cac mach chon loc buéc song DWDM thich
hop. Cau trac thiét ké dé xuét do vay c6 tiém nang Ging
dung cho h¢ théng DWDM véi cac budce song hoat dong &
viing cira s6 1550nm va theo tiéu chuan luéi AA=0.8nm phu
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Bang.2. Cac tham sf) thiét ké vi cong hwéng vong thu
dwgc tir md phéng s6 FDTD cho b loc xen ré DWDM.

Tan | Budcsong | HEso Bén Suy
sO trung tam hiéu | kinh vi hao
trung can loc dung cong | truyén
tam (nm) huong dat
(TH2) vong (dB)

(nm)

193 1553.32 2.6098 | 3.65 0.51
193.1 1552.52 2.6105 | 3.69 0.54
192.2 1551.72 2.6112 | 3.72 0.56
193.3 1550.92 2.6118 | 3.74 0.58
1934 1550.12 2.6124 | 3.76 0.61
193.5 1549.32 2.6130 | 3.77 0.65

hop véi khuyén nghi ITU-T.G.694.1. M rong ra, nguyén
ly ciing 4p dung dugc dé tach cac budc song DWDM mat
d6 cao hon véi khoang cach kénh nho hon nhu AA=0.4nm
cho @ng dung vao cac hé théng thong tin ghép kénh
DWDM dung lwong cao.

LOI CAM ON

Nghién ctru nay dugc tai trg boi Hoe yién Cong nghé Buu
chinh Vién thong trong dé tai c6 ma s 14 -HV-2022-VT1
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RESEARCH AND NUMERICAL DESIGN OF A
TEMPERATURE SENSOR BASED ON FIBER
BRAGG GRATING

Abstract— In this paper, we present the theoretical
operating principle and numerical simulation method
based on the mode-coupled theory of the WGBG
waveguide Bragg diffraction grating and the Bragg
resonant wavelength reflection principle. Then, we present
a design proposal for numerical simulation and optical
characterization of a waveguide Bragg grating structure
incorporating ring microresonance through FDTD
simulation for filtering DWDM wavelengths. The
measurement results through structural simulation show
that the WGBG grating achieves 100% high efficiency and
the FWHM bandwidth is always within 0.8 nm channel
distance. In addition, the proposed ring resonance structure
has high transmission efficiency (>96%). Such good values
can give the design structure great potential for application
as high-density demultiplexers in DWDM optical
communication systems.

Keywords— fiber optic sensor, temperature, fiber
Bragg grating (FBG), diffraction, numerical simulation
methods, effective index.

Tran Thi Thanh Thay tbt nghiép
Hoc vién Céng nghé Buu chinh Vién
théng twong tng cac cap dé B.E
nam 2021 va dang theo hoc chuong
trinh Thac si. Hién tai, cd &y la gidng
vién khoa Ky thuat Dién t&r tai Hoc
vién Céng nghé Buwu chinh Vién
| thdng. Hudng nghién ciru quan tam
“  chinh cta cd &y bao gém: vi mach
quang dién t& tich hop, cac hé théng théng tin quang tbc
do cao, loT, rng dung tri tué nhan tao trong loT.

o

Trwong Minh Birc tbt nghiép ky sw
tai Hoc vién Cong nghé Buwu chinh
Vién théng nam 2014, Tét nghiép
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chinh Vién théng nam 2022. Hién tai,
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chinh Vién théng. Hwéng nghién cliru
quan tam chinh cla anh 4y la: tich
hop hé thédng nhung, xay dwng giai
phap va nghién ctru ché tao hé théng
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loT, tng dung tri tyé nhan tao va khai thac cac mé hinh hoc
may trong cung cap giai phap.
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