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Abstract: We propose and demonstrate bendduang, si quang c6 ranh cBi xuat thip [2-4], s
insensitive fibers equipped with higher-order mod@uang c6 &u triic micro hgc nano [5-7]. Hin nay,
strippers. The mode stripper is realized by filiag Soi quang c6 suy hao dodm cong @c thip (<10
section of air holes with epoxy to attenuate an§B/km Wi duong kinh cong 10 mmgia dugc chinh
higher-order modes that are excited at fiber juocti CAc tac gi thiét ké va clt tao tai cong ty OptoMagic
and are confined by the air holes surrounding th€0. Ltd. trén o s5 soi quang c6 &u tric micro, hgn
core. We found that the higher-order modes are wélpy trén th gisi cac lai soi quang nayduoc dit tén
suppressed with 5,5 cm-long epoxy columns. ARung la si quang khong nfy voi sy udn cong (BIF:
ultralow bending loss of 0.025 dB/turn at a benddend Insensitive Fiber [6]).
diameter of 10 mm, together with single-modeness, i Kénh khang khi
experimentally demonstrated in a bend-insensitive (a)
fiber diameter Léi sgi quang

|. PAT VAN PE Ving dan séng phy

Nhung nim gin day, cacing ding cong ngh cap
quangdén ting h gia dinh (FTTH: Fiber-To-The- (b)
Home) dang phat tdn mdt cach nhanh chéng dar s
gia ting bung B cia cac thué bao interneictdo cao
trén toan &u. Khi sr dung o) quangdon mjt (SMFs)
thdng throng cho cading duing FTTH, cap quang gh
dugc lip dat mot cach dt can thin dé tranh B Gdp  Hinh 1. BIF wi 6 15 khang khi chy doc theo 51 si
khac hdic usn cong Wi ban kinh qua nihtrén toan va chip mat cit trén kinh hén vi dién tir quét (16i @i
tuyén do hén trong suy hao do én cong (bending Aduang khong kh thi dugc trén kinh hén vi diér) tr so
loss) hay 14§ mét mét tin héu khi i quang b uén s chénh kch chét suat 16i soi va lop vo 1a qué nk)
cong [1]. Béi voi cac @i quang théng thong, ban Hinh 1 mé & ciu tric @a mdt BIF vaanh chup
kinh cong cho phép khong déthon 30 mm, g gioi  mat cit trén kinh hén vi dién tir quét.Diém khac bét
han nay lamang gia thanh va lang phi khdng gian khtia i quang nay so & soi quangdon mbt thdng
thiét 1ap duong truyén FTTH. C6 ndt sb pheong phap  thudng do 1a 6p cacdng khéng khi baodam 6 kénh
da dugc dua ra nfim giam ban kinh congi@ i c6 duong kinh 16pm chay doc theo I6i i quang.
quangdon mdt nhr la: giam chiét xudt viing \6 soi  Lép cac kénh khéng khi naga thanh mt ving c6
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chiét xut trung binh thp hon chiét xuét silica i vo
va hinh thanh nén ¢h hang rao ngn can hién trong
do tin héu tai ving $i quang b uén cong.

Véi cau trGc nay ving & soi nam gitra 16i va cac
kénh khong khi&tao thanh mt ving din séng ph.
Dudi diéu kién binh throng chH cé ndt mbt duoc
truyén trong 16i i quang gdng nhr soi don mbt
théng throng. Tuy nhién 4i cac diém ghép i, tin
hiéu anh sang thdng hi tan »xa va not phan bi do ra
khoi 16i sgi quang. Phn tin hiéu bi do nay & bi giam
giit va truyén di trong ving dn séng ph hinh thanh
nén cac rét bic cao [8]. Cac it bic cao nay la
nguyén nhan gay & trong giao thoa Bt va lam
cong sit tin hiéu dau ra khdngdn dinh. Coéng sét cac
mét bac cao trong viingih séng ph cang &n thi sr
dao dong aia cong sht dau ra cang dn. Bé minh
chang chodiéu nay, ching t6i én hanhdo dac do
thing giang éa tin héu dau ra ph thusc vao clt
lwong ghép Ai bang cach thaytoi khoang cach ghép
ndi tai dau nbi. Bang mdt md & sy phy thupe caa bién
do6 thang giang @a cong skt tai diu ra vao cht luong
tai cAc diém ghép Bi. Chang ta c6 th thdy ring sr
mat mat tin héu tai ving ghép di bing b nbi
(connector) quang cangn thi ar giao thoa cangsh,
hay cong siit cia mbt vo cang én. Hinh 2 md 4 thi
nghiém kiém trado bt 6n dinh aia tin héu phy thude
vao khang cach gra 2dau syi quang ai dau noi [9].

Connector
B % ]
SMF BIF
Z )

Hinh 2. M3t cit tai diém ghép 6i gitta SMF va BIF
sir dung dau nbi, khoang cach gia 2 @i quang
la c6 thé thayddi dugc dé khao sat
qua trinh kich thich 61 bic cao

Mot phuong phépdon gian dé tranh hén trong
nhiéu tin hiu do ndt bac cao gay ratd 1a to ra cac
viing chin mit bac cao #i hai dau sy quang. Trong
nghién ¢u nay ching téité xuat mot pheong phap
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hiéu qui va don gian nhit ¢6 1a bom epoxy vao cac
kénh khéng khiai hai dau syi quang (BIF). Nguyén ly
chin mbt bac cao va phong phap ch tao $ duoc
trinh bay trong pin tiép theo.

Bing 1 Biéndo thang giang cong it dau ra

phu thuoc vao khang cach dia 2dau i quang
tai diém ghép i sir dung dau nbi quang.

Khoa.ng céch dia cac 0.3 05 0.7
soi quang (mm)

Suthing giang cong | o 5 | g9 | 595
suat quang (%)

Il. QUA TRINH CH AN MOT BAC CAO

Nhu d& trinh bayo trén, cac rét bac cao & dugc
kich thich do vic han si quang hac ghép i va cac
mét nay € bi giam gir va truyén di trong ving dn
song ph. Khi ta bom epoxy vao cac kénh khéng khi
dau i quang, do chét suit caa epoxy én hon cia
Silica (Nepoxy™Nsiica) NEN cac rdt bac cao nay & khong
bi giam git boi hién twong phin xa toan pln tai
viing din séng ph nira. Thay vaato, ch mot phén rat
nho duoc truyén di do hién tugng phin xa Fresnel 4i
bé mit epoxy/silica [10].

“ung chan mode bac cao

(a)

¥
Léisci € pre— e
C  — —
| |
SMF SMF

Kénh khing khi trang BIF
(c)

Hinh 3. (a) G ché chin mdt bac cao lng
phuong phap bm epoxys haidau syi quang.
(b), (c) chi ra phan b truong xa ti dau ra trong
hai tnrong hop ¢6 va khéng cé vang gh mot bac cao
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Hinh 3 mé 4 co ché hoat dong aia viing ckin mbt BIF[ |
bac cao. Nu chiu dai ma &t epoxy trong i quang
dua 16n, thi toan B mdt bac cao & bi chan va ch duy

Epoxy
nhat mot mdt trong 18i i duoc truyén di. ‘
Hinh 3(b) va 3(c) chra phan b truong xa hi dau 1I_
ra aia ®i quang trong trong hop c6 va khéng co
epoxy. Phan & truong xa la phan & caa arong do — 40

anh sang raat dau )i quang. & phan I ddi xang _ -
tron déu trong Hinh 2(b) chrd ring day 1a phan b f; :
trudng xa dia mot co ban trong 16i, hoan toan khéng we 2 ‘

c6 mbt bac cao. Trong khité ar phic tap trong Hinh e SH |
3(b) 1a s tron 1an cia bt bac cao va mt co ban. o TS
Chung t6i €ing tién hanh kko sat & thing giang cong (d) op aning séu solrong Epoxy
SUt tai dau ra tin h¢u va thy rang tin hgu hoan toan  Hinh 4. Phrong phap4o viing ckin mbt bac cao:
6n dinh khéng c6 s thing giang cong dit, diéu nay nhung saud quang vao trong epoxy (a);

khing dinh thém it 1an nira @ng tin hgu truyén Soi quang c6 epoxy dau nhin tr mat bén (b);
“ng .1 13 h' R y R ;g ’ ¥ anh SEM &i mat cat (c); Sr phu thujc aia epoxy
trong ®i quang la hoan toadon mot. trong i vaodo nhling sau (d)

_3of
£
E

20}

Chiéu dai epoxy trong soi

C6 nhéu phrong phapdé dwa epoxy vao trong

kénh khong khi tronggs quang & dung cac may ém Connector Connector

microlitter. Tuy nhién cac ptong phap nay prc tap # E—O0PM

va khéiing ding trong vic ché tao hang lat trong sin SMF BIF SMF

xuit. Trong nghién €u nay ching toidé xuat mot  Laser Optical power meter

pheong phapdon gian d6 la nhang ei quang sau vao

trong 6ng chra epoxy. Epoxy &dugc dua vao trong

soi quang nky 4p krc cia ot chit long epoxy va lein Connector Connector

tuong mao dn. Boi vi sic cing k& mat cia epoxy la # E—1qOPM

kha cao va kich thoc cac kénh khéng khi cé kich SMF BIF SMF

thuéc Micro néndé dat duoc chidu dai vai cm epoxy ~ L8S€l Optical power meter

trong i quang chung ta @h nhing sau @ quang

trong epoxy khéng vai ctuc cm. Hinh 5. Thi nghém do dac cong St mot bac cao:

_ _ _ hinh trén la ¢i quang BIF tling, hinh ddi 1 syi

Trong nghién éu nay ching t6i s dung loai  guangduoc un cong not vong \6i ban kinh 5 mm

epoxy NOA 60d6ng fin bing tia arc tim wi chiét

suit phi lop 1,56 va cd@d nhot thip (300 CPS). Hinh Chung ta d dang thy rang, lrong epoxy trong@
4(a) mo 4 qua trinhdua epoxy vao kénh khéng khi vaquang cang dai thi &i tng chin mbt bac cao cang
Hinh 4(c) md & mit cit véi 6 kénh khong khilwgc  tét. Tuy nhién, bi vi viing epoxy trong@ quang la
dién ddy epoxy. VEc xacdinh chéu dai epoxyo trong  vling gia ¢ dic biét nén ching ta g toi uu hoa
soi quangduoc thec hién bing kinh hén vi quang b chiéu dai sao cho rign nhit ma vic chin mbt bac cao
nhe trong Hinh 4(b). 8 phu thwc cia chiu dai Vvan dat hiéu qua téi da. Trong qua trinhdt wu hoa
epoxy trong & quang vaodd nhdng sau trongng chiéu dai vang ciin mdt, ching téi chn ché do ghép
epoxyduoc thé hién trong Hinh 4(d). ndi soi quang sao cho &h bac caodugc kich thich bi
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da.Diéu nay § dam bao mbt bac cao § duoc loai bo
hoan toan trong o diéu kién thyc t.

Pé tim chiu dai i thiéu caa vang clin mbt, cach
don gian nhit 14 ching ta thagdi chiéu dai cia epoxy
trong ®i quang va quan sat phad buong xas dau
ra. Khi sr phan b nay t& nén tron vadéi xang déu
trong ang Wi viéc toan b mét bac caoda hi loai bo.
Tuy nhiénday ch la mjt pheong phap xadinh dinh
tinh. Trong nghiénteu nay kn dau tién ching toitua
ra mbt pheong phapdinh lrong moi dé tinh toan it I¢
cong sdt mbt bac cao/cdng sit mbt co ban. Sr dung
phuong phap nay chiing ta céétim dugc chiéu dai
t6i wu cho ving ciin mot bac cao. Hinh 5 méitso d6
thi nghiém cho véc tinh toan céng it mét bic cao.
Dau tién, anh sang cabc soéng 1,55m (budc séng
chuin trong céng nghthong tin cap quangjuoc dua
vao 1 &i quang BIF tling thdng qua 1¢6 don mbt
SMF. Tai diu radat 1 maydo cong sét quangdé xac
dinh cong skt ra P, Pay la tng cong sht cia nmbt
bac cao Raqva mbt co ban Py

I:’outz Pclad+ Pcore

1)

Saudo, quin )i quang thanh 1 vongditr véi ban
kinh cong trong d6i nhé (R< 6mm) va ép do cong
SUit ra Py, ta co:

P’ out = Poad€Xp(-0’2 7R) + Peore €Xp(-a27R)  (2)

O day, o’ va ala he sd mit mat do én cong
(beding loss factor)i@ mbt bac cao va ¢ ban trong
tng. Sr mit mat do én cong ph thuwc va ham

amV-1, $ 7 (27), thang 5/2012

Vi thé ta c6 tit xac dinh duoc gia ti Peoe trong
bidu thic (1) 1a

Peore = P’ ou/€Xp(-a2/R) (4)
Thay tt gia ti nay to lai biéu thic 1 ta co
Pout= Peiaa+ Pou/€XP(-a27R) (5)
Tur @6 tinhduoc
Petad = Pout - P'ou/€Xp(-a27R) (6)

Nhu vy, ta cé th tinh toandugc cong sét caa
mét bac cao trong ¢i quang BIF not cac chinh xac.

100
ml

80 - ., m  Thinghiém 1
" ¢ Thinghiém?2
0_3 60 - .2 Puéng cong fitting
~ _~
3 R
5 S 404 < 3
o &

20 - —

v 5
1 R S C R
-20 T

0 10 20 30 40 50 60
Chiéu dai ving chan mode (mm)

Hinh 6. Ti I¢ cong sét mét bac cao/cong sit
toan plan phu thujc vao chéu dai vang chin mot |

Chung tdi tinh ton coéng &umdt bac cao i cac
chiéu dai viing clin mdt | thaydéi tir 0, 20, 30, 40, 50
cm va & sy phu thujc aia R,q vaol (Hinh 6). Chung

exponetial ¥i bién & la ban kinh cong (REF). Chingta c6 ti¢ thdy rang khi ving clin mot dat chiéu dai

ta biét ring a’ Ién hon hang chc lan so \6i a nén ti
ban kinh congat nho thi $ hang Pyaq exp(a’2TR)
tién t6i 0. Va béu thrc & 2 tro thanh:

P’out = F)core exp(-anR) (3)

Hé sb mit méat n cong @a nbt co ban a tai ban
kinh cong R c6 thdo dac trec tiép va khadon gian
bing ¢ thuc nghém va md pbng. Ching ta co th
xem va fy két qua trong Hinh 8.

trén 5 cm thi toandmbt bac cao tén ti 0. Kiém tra
lai trén phan b truong xa ta thy két qua hoan toan
chinh xac, khil>5cm thi phan & truong xa to nén
tron déu ddng nHit (Hinh 7).

Dé khing dinh ki hiéu tng chin mbt bac cao hoan
toan khdnganh hrong i tinh chit mit mat do én
cong arc thip aia $i quang BIF,dd thi sr phu thuoc
cua mit méat do én cong pl thusc vao ban kinh cong
R dugc € trong hai teong hyp c6 va khéng cé vung
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chan mit bac caoPuong kinh congluoc thaydoi dan

tr 5,5 mm & 10mm Wi budc nhay 0,5 mm. Chdng ta

thdy rang do mat méat do én cong trong & 2 tnrong
hop gin nhr tring nhau (Hinh 8), ¢img © ring ving
chin mbt bac cao hoan toan khorimh hrong i dic
tinh aia i quang BIF.

@

Y (b)

‘% K
(e)

e 0

4
1

Hinh 7. Phan B truong xa ph thupc vao chéu dai
vung ctan mot (&) Omm; (b) 10m; (c) 20mm;
(d) 30mm; (e) 40mm; (f) 50mm

o 1000 * ¢ =
8 m
c @
Ng . :
8 £ 100
T T s
S o]
8 10F = Sgiquang cé epoxy L]
e Soiquang khdng cé epoxy i
0.006 0.008 0.010

(m)

DPwong kinh udn cong
Hinh 8. Sy phu thujc cia mit méat do én cong
vao ban kinh on cong trong hai trong hop
c0 va khéng co6 epoxy dau

. K ET LUAN
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cachdién day epoxy vao cac kénh khong khiecsyi
quang i chiéu dai 5 cm thi toandmét bac caoda b
loai bo. Soi quang BIF té thanh si quang hoan toan
don mdt va \Bn dam bio duoc tinh chit mit mat do
uén cong oc thip. Cac tac gi ciing dua ra not
phuong phap nii dé dua epoxy vao trong 16icé
quang va tinh todn céng&umdt bac cao nét cach
don gian va c6 nhiu kha ningang ding trong thrc .
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