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TOM TAT

Soi tinh thé quang tir 16i don lam tir thily tinh silica con ton
tai han ché vé do phi tuyén thap va do hdp thu cao trong
viing hong ngoai. Dé khdc phuc, soi tinh thé quang tir 16
kép (DC-PCF) lam tir thiy tinh mém PBG-08 dwoc nghién
ciru dé diéu khién linh hoat ddc tinh tan sdc va mat mat
giam giiz. Nghién citu nay s dung phwong phdap mé phong
s6 théng qua phan mém Lumerical Mode Solutions dé khdo
sdt anh hweong cia hang sé mang lén cdc déc tinh quang
hoc cua soi.

Nghién ciru cho thdy khi hang s6 mang tang, dwong cong
tan sdc dich chuyén vé phia budc séng dai, tré nén phang
hon va bude song tan sdc khéng dich chuyén lén gid tri cao
hon. Sw chénh léch tan sdc giika hai 16i giam dan va tré nén
rdt nho tai A = 4.0 um do sw tuwong tdc giita hai 16i suy yéu.
Pong thoi, mdt mat giam giit giam manh nho sw gia ting
dé twong phan chiét sudt giita 16i va vo.

Két qud nghién citu khang dinh cdu triic DC-PCF lam tir
vit liéu PBG-08 cung cdp kha néng kiém sodt tan sdc linh
hoat va mdt mat giam giit thdp trén ving budc song réng,
thé hién tiém néng iing dung cao trong viéc tao phé siéu
lién tuc. Cdc hiedng nghién civu tiép theo cé thé tdp trung
16i wru héa cdc tham sé céu tric khac hodc thue nghiém ché
tao thuc té logi soi nay.
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Nonlinear optics, dual- A single-core photonic crystal fiber (SC-PCF) made of
core photonic crystal silica glass still suffers from limitations such as low
fiber, dispersion, nonlinearity and high absorption in the infrared region. To
confinement loss. overcome these limitations, a dual-core photonic crystal

fiber (DC-PCF) made of soft PBG-08 glass is investigated
to provide flexible control over the dispersion
characteristics and confinement loss. In this study,
numerical simulations using Lumerical Mode Solutions are
employed to investigate the influence of the lattice constant
on the optical properties of the fiber.

The study shows that as the lattice constant increases, the
dispersion curve shifts toward longer wavelengths,
becomes flatter, and the zero-dispersion wavelength moves
to higher values. The dispersion difference between the two
cores decreases and becomes minimal at 4 = 4.0 um due to
weakened inter-core interaction. Confinement loss also
decreases significantly owing to the enhanced refractive
index contrast between the core and cladding.

The findings confirm that the PBG-08-based DC-PCF
structure provides flexible dispersion management and low
confinement loss over a broad wavelength range,
demonstrating high potential for supercontinuum
generation. Future research directions could focus on
optimizing other structural parameters or experimentally
fabricating this fiber type.

1. MO bAU

Hién nay, soi quang truyén thong duoc tmg dung rong rii trong nhiéu linh vuc nhu
vién thong, y sinh, quang phd va cam bién soi quang [1]-[2]. Trong cic s¢i quang nay,
anh sang dugc dan truyén dua trén co ché phan xa toan phén, dat dugc nho su chénh
1éch chiét suét giita ving 16i va viing vo. Tuy nhién, soi quang truyén théng thuong duoc
lam tur thay tinh silica, van ton tai mot sé han ché nhu do phi tuyén thép va do hép thu
cao trong ving gan hong ngoai gitra [3]. Vi vy, soi loai nay chi phu hop dé sur dung
trong ving anh sang nhin thiy va ving gan hong ngoai. Nham khéic phuc nhimng han
ché nay, soi tinh thé quang tir (Photonic Crystal Fiber - PCF) da duoc dé xuat va phat
trién manh mé trong nhitng nim gan day [4]. Nho linh hoat trong thiét ké va ché tao, soi
PCF cho phép linh hoat hon trong viéc diéu chinh cac dic tinh quang hoc cua soi [5].
Bén canh d6, PCF c6 thé dat do ludng chiét rat cao [6], hoat dong & ché d6 don mode
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trong dai budc song dai, thu dugce déac tinh tdn sdc cuc phéng [7] hay co thé thu dugc hé
s6 phi tuyén cao [8]. Pic biét, cac tham sé ciu tric nhu duong kinh 15 khi va hing sé
mang (khoang céch giira hai 15 khi gan nhau nhat) cung cap cac bac tu do bé sung trong
thiét ké PCF, déng vai trd quan trong trong viéc kiém soat cac dac tinh quang hoc nhu
hé s6 phi tuyén, tan sic va dién tich mode hiéu dung cua soi [9].

Tén sic 1a mot hién tuong co ban trong soi quang, trong d6 cac thanh phan budc
song khac nhau cta anh sang lan truyén vé6i cac van toc khac nhau, din dén sy gidn rong
xung va suy giam chat luong tin hiéu. Hiéu Gmg nay dic biét quan trong trong cac hé
thong thong tin quang toc do cao, noi viéc duy tri hinh dang va cuong do tin hiéu trén
khoang cach dai 1a yéu cau then chét [10]. Do d6, viéc kiém soét tan sac dong vai tro
quan trong trong viéc t6i uu hoa hiéu ning cua soi tinh thé quang tir. Trén thyc té, dac
tinh tén sic ciia PCF c6 thé dugc diéu chinh thong qua viéc lua chon vat liéu nham dich
chuyén budc song tan sic khong (Zero-Dispersion Wavelength - ZDW) ciing nhu thay
d6i hinh dang ctia duong cong tan sic [11]. Ngoi ra, tan sic cia PCF con c6 thé duoc
diéu khién hiéu qua bang cach thay ddi cac tham s ciu trac nhu hang sé mang va duong
kinh 16 khi [12]. Nho d6, viéc két hop giita vat liéu phi hop va cac tham sb ciu tric cho
phép dat duoc cac dic tinh tan sic pht hop vé6i yéu cau tmg dung thuc té.

Gan day, soi tinh thé quang tir 16i kép (Dual-Core Photonic Crystal Fiber - DC-PCF)
da thu hat nhiéu sy quan tdm nghién ctru nhd kha ning diéu chinh tan sic mot cach linh
hoat va hiéu qua [13]-[14]. Soi tinh thé quang ttr loai nay cung cdp mot cach tiép can moi
trong viéc diéu khién cac dic tinh cia mode phéan cuc, vbn ¢6 mdi lién hé chit chd véi tan
sic. Trong cau tric DC-PCF, su tuong tac giira hai 18i c6 thé dugc thiét ké nham dat duoc
cac dic tinh tan sic va phan cyc mong mudn. Cac yéu to nhu khoang cach giira hai I6i,
cAu trac mang va thanh phﬁn vat liéu c6 anh hudng manh dén mirc 46 tuong tac nay. Hién
tuong ghép mode giita cac 16i cho phép khai thac dong thoi viéc diéu khién tan sic va phan
cugc, tir d6 tao ra cac dic tinh tan sic ma soi 161 don khong thé dat dugc, khing dinh tiém
ning tmg dung ctia DC-PCF trong cac hé quang tir tién tién [15].

Trong cong trinh nay, chiing toi nghién ciru anh hudng cia hang sé mang 1én dic
tinh quang hoc ctia soi tinh thé quang tir 161 kép bang phuong phap mé phong sd. Soi
duoc lam tir thity tinh mém PBG-08 vé6i tam vong 16 khi duoc xép déu nhau theo mang
luc giac déu & 16p vo. Ching t6i Iywa chon thuy tinh chi-bismuth-gallium-silicat (PBG-
08) lam vat li€u boi vi dac tinh luu bién tt va dic biét 1a do phi tuyén cao cua no (chiét
sudt phi tuyén nz = 4.3 x 10-'° m?»W [16] 16n hon khoang 20 14n so véi silica). Péc tinh
nay cho phép ting cuong cac hiéu Gmg phi tuyén xay ra trong qua trinh xung lan truyén
trong soi. Cac dic tinh quang hoc ciia soi bao gdm tan sic, mat mat do giam giir duoc
khao sat d6i voi mode co ban trong dai budc song tir A = 0.5 pm dén A = 4.0 pm bang
phuong phap mé phong khi str dung phan mém Lumerical Mode Solutions [17].
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2. THIET KE SOI QUANG TINH THE HAI LOI, CO SO LY THUYET VA
PHUONG PHAP NGHIEN CUU

Soi PCF hai 15i dugc thiét ké v6i ving vo gdm tam vong 16 khi sdp xép déu nhau
theo mang luc giac déu, duoc biéu dién nhu Hinh 1. CAu trac hinh hoc cua soi duge
ddc trung boi hang s6 mang A va dudng kinh 16 khi d. Hé sé 14p ddy tuyén tinh cua
vung vo duoc xac dinh boi f = d/A. Trong truedong hop nay, s¢i 161 kép duoc lam tir thuy
tinh mém PBG-08.

Chiét suat ctia thuy tinh mém PBG-08 dugc xac dinh tir phuong trinh Sellmeier [16]:

n(1) = JAl + f;f; + ;2_1; + ;3_2 (1)

Trong d6 A1 =1, B1 =2.211153, B, = 0.355174, B3 = 1.16141, C1 = 0.01834 [um?],

C2=0.073012 [um?], va C3 = 127.3884 [um?] 1a cac hang sb Sellmeier, A 1a budc song.

Hinh 1. M6 hinh mit cit soi tinh thé quang tir 16i kép 1am tir vat li¢u PBG-08 véi
tam vong 16 khi xép déu nhau theo hinh luc gidc déu & 16p vo
Tén sic cia soi con dugce goi la tan sdc van tdc nhom, dong vai tro then chét trong
viéc 1am mo rong pho ciia xung dau ra trong qua trinh lan truyén. N6 quyét dinh mirc d6 ma
cac thanh phan phd khac nhau ctia xung cyc ngén lan truyén trong soi véi cac van toc pha
khéc nhau. Tén sic c6 thé dugc tinh tir chiét sut hiéu dung ner, dugc xac dinh boi [18]:

A d*Re[nefr]
D) = —c—24L (2)

Véi ¢ 1a van toc anh sang trong chan khong. Re[Ner] 1a phan thuc ciia chiét suét
hiéu dung cua soi.

Trong qua trinh xung lan truyén trong soi, mot trong nhiing yéu té quan trong
quyét dinh dén chit luong xung 1a suy hao. Thuc té, ¢ nhiéu nguyén nhan gay ra su suy
hao trong qué trinh xung lan truyén, bao gdm suy hao vat liéu, suy hao uén cong va suy
hao giam gii. Suy hao vat liéu xuat phat tir su hap thu ning luong quang bai ban than
vat liéu 16i va vo, va né ciing phu thudc rat nhiéu vao khoang céach lan truyén. Trong khi
d6, suy hao ubn cong xuét hién khi soi bi cong 1am phé v& diéu kién phan xa toan phan,
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khién mot phan ning luong mode dan rd ra ngoai. Loai suy hao nay phu thudc vao ban
kinh cong tng thé cua soi. D6i véi soi ¢b chidu dai ngan c& centimet, suy hao vat liéu
va suy hao uén cong c6 thé bé qua. Vi vay, suy hao giam giit Lc dong vai trd quan trong,
1a thuée do kha ning giam gitt 4nh sang trong ving I8i. Thuc té, viéc ting sé vong 16 khi
gitip ting cuong sy giam gitr &nh sang trong vuing 16i va dan dén suy hao thip hon so véi
cac md hinh c6 it vong 15 khi hon. Ngoai ra, viéc tang ban kinh 16 khi 1am tang hé s6 1ap
day khong khi va do d6 lam giam suy hao giam gitt twong tng. Suy hao giam giit cd thé
dugc xac dinh bang cach st dung cdng thic [18]:

Le = 8.686 k Im[n/] 3)

Trong d6, k = 27” la hang sé lan truyén, Im[n,s/| 1a phan ao cua chiét suat hiu
dung cua vat liéu soi.

Dé nghién ciru anh huong cta hang sé mang 1én dic tinh tan sic va mat mat giam
giit cuia soi, ching t6i xem xét hang sé mang vai cac gid tri 2.0 um, 3.0 pm va 4.0 pm
v6i hang s6 lap day f = 0.55. Do anh hudng cua sé vong 16 khi 13 khong dang ké, nén
tham s nay khong dugc thao luan chi tiét trong nghién ctru ndy. Trong tt ca cac trudng
hop mé phong, ching t6i chi xem xét ché do lan truyén co ban véi bude song thay doi
trong ving tir L = 0.5 pm dén A = 4.0 pm.

3. KET QUA VA THAO LUAN

3.1. Anh hwéng cia hang sé6 mang Ién dic tinh tan sic cia sei tinh thé quang
tir 16i kép

Anh huong cta hang sé mang 1én d6 tan sic trong soi tinh thé quang tir 16i kép
duoc thé hién nhu Hinh 2. Két qua cho thay su gia ting cua hing sé mang 1am cho duong
cong tan sic tré nén phang hon va dong thoi 1am giam gia trj tan sic dwong. Vi duy, dbi
Vi 16i A, tai budc song A = 2.0 um, d6 tan sic cua soi co gia tri 77 ps/nm/km khi hé’mg
s6 mang A = 2.0 pm. Gia tri ndy giam xudng con 54 ps/nm/km va 31 ps/nm/km tuong
g voi hang s6 mang A = 3.0 pm va A = 4.0 pm. Ngoai ra, budc song tan sic khong
dich chuyén vé phia budc song dai hon khi hing s6 mang ting do su gia ting cua chiét
suat hiéu dung ctia mode dan. Gi4 trj budc song tmg voi tan sic khong 1a A = 1.48 pm,
A=1.64 pm va A= 1.77 pm twong tg voi hang sé mang A =2.0 pm, A =3.0 pm va A
= 4.0 um. Pdng thoi, su gia tang cua hang sé mang A lam ting do tap trung cua anh séng
trong vung 151 do d6 twong phan chiét suét giita 18i va vo ting 1én. Két qua nay ciing thu
dugc tuong ty nhu trong 161 B.
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Hinh 2. (a-b) Pic tinh tan sic ciia ché 39 mode co ban ciia s¢i tinh thé quang tir 15i
kép véi cac hing s6 mang khac nhau véi hé s 1ap diy f = 0.55. (c-e) So sanh dic tinh tan
sic ciia ché dd mode co bén ciia 16i A va 16i B trong soi tinh thé quang tir 16i kép véi cac

hang s6 mang khac nhau, hé s6 1ip diy f = 0.55

So sanh giira hai 16i cho thay khi hang s6 mang A = 2.0 um, trong dai budc song tir
A=0.5 um dén A = 1.6 um, dudng cong tan sic ciia hai 15i co dang gan nhu tuong dong.
Tuy nhién, & ving budc séng 1én hon A = 1.6 um, 15i A thé hién gia tri tan sic duong cao
hon va duong cong tan sic kém phang hon so vé6i 16i B nhu Hinh 2(c). Diéu nay khing
dinh trong viing budc soéng nho (A < 1.6 um), sy tuong tac giita hai 13i 1a khong dang ké.
Tuy nhién, khi budc song tiép tuc ting, dan téi su twong tac giita hai 16i 16n hon, lam ting
d6 chénh 1éch do tan sic. Khi hang s6 mang ting va c6 gia tri A = 3.0 um, Su tuong tac
gitta hai 16i chi xay ra trong ving budc song dai hon (A > 2.6 um). Néu tiép tuc ting hang
s mang va c6 gia tri A = 4.0 pm, lic nay dudng cong tan sic cta hai 16i hau nhu thay doi
rat nho. Piéu nay khang dinh khi hing s6 mang 16n (tirc 1a khoang cach gitra hai 1i ting),
qua trinh lan truyén trong cac 15i 1a doc lap va khong tuong tac voi nhau.
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3.2 Anh hwéng cia hiang sé mang 1én mat mat giam giir caa sei tinh thé quang
tir 151 kép

Hinh 3 md ta anh huéng cia hang s6 mang A 1én mat mat giam giir trong soi tinh
thé quang ttr 16i kép trong ché do lan truyén co ban. Két qua chi ra rang, véi mdi hang
s6 mang A, trong ca hai 18i, mit mét giam giir cua soi thay d6i theo bude song. Khi bude
song tang thi mat mat giam giit ciing ting. Ca hai I8i cua soi c6 mat mat giam giit nho
duoc thu duoc trong ving budc séng tir A = 0.5 pm dén A = 3.2 um. Khi budc séng 16n
hon A = 3.2 um thi mat mét giam giir trong 18i A 16n hon so véi 16i B. Trong trudng hop
hang s6 mang A = 2.0 um va hé sb lap day f = 0.55, tai budc séng A = 3.5 um, mat mat
giam giwr cua 18i B c06 gia tri 1a 0.15 dB/cm, va I8i A c6 gid tri 12 0.45dB/cm.

N
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Hinh 3. Mat méat giam giir trong sei tinh thé 16i kép véi cac hiang s6 mang khac
nhau khi h¢ sé lap day f = 0.55

Ngoai ra, cac két qua con cho thay mat mat giam giir trong soi tinh thé quang tir

phu thudc rat 16n vao hang sé mang A cua soi. Khi hé s6 lap day khong doi, néu hang
s6 mang A tiang Ién thi mat mét giam gii cua soi tinh thé quang tir 18i kép giam rat nhanh.
Vi du, tai budc song A = 3.5 um, trong truedng hop hé soi c6 hang sé mang A = 2.0 um,
d6 mat mat giam giir cua 16i A cua soi ¢6 gia tri 1a 0.45 dB/cm. Khi hang s6 mang ting
lén véi gia tri A = 3.0 um, mat mét giam giit cua I6i A giam xudng va c6 gia tri 1a 1.8 x
10"° dB/cm. Khi A = 4.0 pm, mat mat giam giir cua I18i A chi con 3 x 108 dB/cm. Két
qua nay thu dugc 14 do khi ting hing sé mang s& lam ting su khac nhau giita chiét suat
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16p vo va 16p 16i. Ngoai ra, khi ting hing sé mang, ciing dan ti qué trinh tuong tac gitra
hai 16i giam xudng. Diéu nay dan t6i 4nh sang sé tap trung va it bi phan ky trong 16p 16i,
va do d6, mat mét giam giir trong soi giam.

4. KET LUAN

Trong bai bao nay, chiing t6i nghién ctru anh huéng cua hang sé mang A 1én cac
dic tinh quang hoc cua soi tinh thé quang tir 161 kép. Soi duoc ché tao tir thily tinh mém
PBG-08, gom tam vong 16 khong khi duge sap xép d6i xting theo mang luc gidc déu
trong 16p vo. Thong qua phuong phap mé phong s6, anh hudng cua hing sb mang 1én
dic tinh tan sic va mat mat giam gilr cua soi da dugc phan tich chi tiét.

Két qua mo phong cho thay khi hang sé mang A tang, duong cong tan sic dich
chuyén vé phia cac budc song dai hon va tré nén phiang hon. Pic biét, budc song tan sic
khong tiép tuc dich chuyén dang ké vé phia budc song dai khi A ting, nguyén nhén la
do sy gia ting ctia chiét suat hiéu dung ctia mode lan truyén. So sanh dic tinh tan sic
giira hai 161 cho thdy, véi hang sb mang nho, su twong tac giita hai 15i 1a 1o rét, dan dén
su chénh léch déng ké vé tan séc giira hai 15 trong ving budc song dai (1on hon L= 1.6
um ddi véi A = 2.0 pm). Trong ving nay, 16i A thé hién gia tri tan sic dwong 16n hon
va dudng cong tan sic kém phang hon so véi 161 con lai. Khi hang s6 mang ting, mirc
d6 chénh 1éch tan sac giita hai 16i giam dan. Pac biét, tai A = 4.0 pm, do chénh 1éch tan
sic giita hai 18i trd nén rat nho. Két qua nay 1a do trong soi 161 kép anh sang lan truyén
dudi dang cac supermode (siéu mode) v6i hang sé truyén va chiét suat hiéu dung khéc
nhau. Ngoai ra, trong quéa trinh lan truyén ciing xay ra qué trinh twong tac gitra cac thanh
phan cua supermode (cac 13i). Khi ting hang s6 mang, 1am gia ting khoang cach giira
hai 16, khién 4nh sang lan truyén trong mdi 16i gan nhu doc lap va sy twong tac giita
chung tré nén khong dang ké. Pong thoi, viée ting hang sb mang ciing 1am giam mat
mat giam giir trong cac 15i ctia soi PCF hai 161, do su khac biét chiét suét giira 16p 161 va
16p vo dugce ting cuong. Ngoai ra, sy gia ting A con gop phan lam suy giam tuong tc
quang hoc gitra hai 16i.

Két qua nghién cau cho thay rang viéc lua chon thich hop hiang sé mang va cac
tham s6 cau trac cho phép diéu chinh hiéu qua dic tinh tan sic cua soi tinh thé quang tir
16i kép trén mot dai budc song rong. Hon nita, viée sir dung thity tinh mém PBG-08 két
hop véi ciu tric 16 khong khi cho phép ky vong ton hao truyén dan thap, dong thoi don
gian héa dang ké quy trinh ché tao soi.
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