Chicong 6: Linh kién ctia h¢ théng théng tin quang

Chuong 6
LINH KIEN CUA HE THONG
THONG TIN QUANG

6.1. Hé théng truyén din quang
6.1.1. So' 46 khéi ciia cac hé thong thong tin

So d khdi co ban nhét cia hé thong thong tin dién va quang dwgc mo ta trén
hinh 6-1a,b. Trong hinh:

Ngudn tin hiéu: cic dang thong tin thong thudng nhu tiéng néi, hinh anh, s0
li¢u, van ban...

Mach dién tir: c¢6 nhiém vu xir 1§ ngudn thong tin dé tao ra c4c tin hi¢u dién
dudi dang analog hodc digital.

Khéi E/O: mach bién ddi dién - quang c6 nhiém vu diéu bién tin hi¢u di¢n thanh
cudmg do birc xa dnh sdng dé phat di (bién doi tin hi¢u di¢n thanh tin hi¢u quang).

Soi quang c6 nhiém vu truyén dén tin hi¢u quang tir noi phét dén noi thu,

Khdi O/E: mach bién déi quang - di¢n con goi 1a by thu quang c6 nhi¢m vu tiép
nhén 4nh sdng tir sgi quang dua dén va bién doi trd lai thanh tin hi¢u dién nhu tin hiéu
dién da phat di.

_ Tai tin: Trong h¢ théng dién thi tai tin 1a céc séng dién tir cao _!:5:1, trong hé
thong quang tai tin 12 dnh séng va ciing 1a séng dién tir song 6 tan sO rdt cao (10" =
10"° Hz) do vdy tai tin quang rat thudn lgi cho tai cic tin hi¢u béng rong.
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Hinh 6.1. Hé thong truyén dan quang
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Chuwong 6: Linh kién cta hé thong thong tin quang

6.1.2. Tram lip quang dién (optoelectronic repeater)

Suy hao cua s¢i1 quang la nguyén nhan gidi han cy ly truyén cla céc h¢ thnng
théng tin quang. D4i véi cdc hé thong truyén dan quang cu ly dai, gidi han vé suy hao
dugc khic phuc bing cich sir dung céc tram 13p quang dién (optoelectronic repeater).
Trong céc tram ldp quang dién nay (xem hinh 1.1), qué trinh khuéch dm tin hiéu quang
dugc thuc hién qua nhiéu budc. Diu tién, tin hiéu quang s& dugc bién dbi thanh dong
dién bdi cdc bo thu quang (optical receiver) sir dung linh kién tich séng quang nhu
PIN hay APD. Dong quang di¢n thu dugc s€ dugce tdi tao lai dang xung, dinh tho1 va
khuéch dai boi cdc mach phuc héi tin hiéu va mach khuéch dai. Sau d6, tin hi¢u dién
s& duge bién ddi thanh tin hidu quang théng qua céc nguﬁn quang trong bd phit quang
(optical transmitter) va dugc truyen di trong s¢i quang.

Nhur viy, qud trinh khuéch dai tin hiéu dugc thuc hién trén mién dién.
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Hinh 6.2. Céu triic ctia mgt tram ldp quang dién (optoelectronic repeater)

Céc tram 13p quang di¢n da dugc sir dung pho bién trong cic hé thong truyén
din quang mdt budc séng nhu hé théng truyén din quang SDH. Tuy nhién, khi sur
dung cho cic hé thong truycn din quang da budc séng nhu hé théng WDM, rat nhiéu
tram 13p quang dién can dugc sir dung dé khuéch dai va ti tao cic kénh quang co
bude séng khac nhau. Diéu nay lam ting d6 phic tap ciing nhu ting gi thanh cia hé
théng truyén ddn quang WDM.

6.1.3. Uu diém ciia h¢ théng truyén din quang
So v&i hé théng thong tin dién , hé théng thong tin quang c6 mét s6 wu diém sau:
+ Soi quang nho, nhe hon diy kim loai, d& udn cong, ton it vét lidu.

+ Sgi quang ché tao tir thuy tinh thach anh khéng bj dnh hudng cua nudc, axit,
kiém nén khdng bi &n mon. f)nng thoi, soi 1a chat dién moi nén cich dién hoan toan,
tin higu truyen trong sgi quang khéng bj anh hudng cta nhiéu bén ngodi téi va ciing
khong gy nhiéu ra moi truomg xung quanh.
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Chirong 6: Linh ki¢n ctia h¢ thong théng tin quang
+ Pam bao bi mét thong tin, khéng s¢ bi nghe trdm.

+ Kha nang truyén dugc rit nhidu kénh trong mét s¢i quang c6 duong kinh rit
nho. Tiéu hao nho va khong phu thuge tin sb nén cho phép truyén din bing rong va
tdc 46 truyén 16n hon nhiéu so véi sgi kim loai.

+ Gi4 thanh rét ré.
6.2. Kh4i niém vé k¥ thuét ghép kénh phan chia theo bwéc séng -WDM
6.2.1. Sy twong téc giira 4nh sdng va vit chét

Nhu da biét, theo 1y thuyét dai niing hrgng cua vét chat, thi théng thucmg cic
hat déu ton tai & mirc co ban (Ey) vi mirc nay c6 ning lr.rt;mg thap nhét nén ciing bén
vimg nhit. Chi cén kich thich mét ning lugng nio d6, vi dy nhu quang nang, dién
nang, nhit ndng... thi cdc hat & mirc co ban s& di chuyén 1én mirc ning lugng cao hon,
goi la cdc mirc kich thch (E;). Cdc hat chi ton tai ¢ cdc mirc kich thich mot, thoi gian
rat ngin khoang 10°® gidy rdi n6 lai dich chuyén vé cic mic ning lugng thdp hon va
phédt ra dnh sdng, hay con goi 1a cic photon. Photon phﬁt ra theo dinh luét bao toan

ning lugng:

hv=E; - E;
va ta c6 tin s birc xa clia 4nh séng tinh theo céng thirc
v = 'El _Ek
h

Trong dé:
e v-tin sé birc xa cua dnh sing (v=c/A).
¢ h- hiing sé Plank (h = 6,625.10* I.s =4,16.10"° eV.s).
® C-vin téc cua 4nh sdng (c = 3.10° m/s).

A - dd dai bude séng cua birc xa 4nh sdng phat ra.

L= & ¢ 1240 |:eV,nm:| _ 124D[e\v'_nmi|

v E,-E, (E.-E,) E, eV
h
6.2.2. Khdi ni¢m vé ky thuit théng tin quang WDM

B loc quang lién quan dén ky thuat ghép kénh phén chia theo budc sdng -
WDM. Vi mbi mot nguon sing don sic c6 4o rqng phd hep, nén trong truyén dan né
chi sir dung mét phan rat nho bing truyén dﬁn ciia mét s¢i quang. Ghép kénh phén
chia theo budc séng sé tao ra rat nhicéu kénh phd sir dung dong thoi.
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Chuong 6: Linh kién cua hé théng thong tin quang
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Hinh 6.3. Mgt nguoén quang dom sir dung mot phdn rdt nhé bang rruyé:n dan cua pfm’;
c6 san cua soi quang ghép kénh phan chia theo bucoc song (WDM) tao ra rdt nhiéu
kénh pho su dung dong rhoi.

Ta th:?iy’cé rat nhiéu viing hoat dong phé c6 thé thém vao. Mot cdch 1y tuong,
su ting dot bién dung luong thong tin clia mot s¢i quang c6 the dat duge bang viée
truyén din dong thoi cdc tin hi¢u quang trén cing mét sgi quang tir nhi€u ngudn anh
sang khdc nhau c6 cdc budc séng dinh birc xa dit cach nhau mot céch chinh xdc. Boi
m&i ngudn séng hoat ddng tai mdt budc séng dinh khic nhau, tinh toan ven cua cdc tin
tirc dc 1ap tir mi ngudn dugc duy tri dé viée chuyén ddi tudn ty sang tin hiéu dién &
dau thu. Pay 1a co s& cia ghép kénh phan chia theo budc song (WDM).

Hai co cAu WDM khéc nhau md ta trong hinh sau:
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| Nawon \J i il / Tachquang )y p—

Keth? === |kién {Soiquangdon | luen
——Nanh N —

(M [y VM

iNe——/__| L

Hinh 6.4. Hé théng WDM dom hudmg két hop N tin hi¢u déc ldp dé truyén trén 1 soi
quang don. '



Chuong 6: Linh kién cua hé théng thong tin quang

Trong hinh trén, linh kién WDM don huéng dugc sir dung dé két hop céc budc

séng mang tin hi¢u khic nhau trén mot sgi quang don tai mot diu va dé tich ching
viio bd tich quang thich hop tai déu kia.
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Hinh 6.5. H¢ thong WDM hai hieong, trong do, hai budc song hodc nhiéu hon dugc
truyén dong thoi trong cdc hwdng nguoc nhau trén cing mgt sgi quang.

So db hé thing WDM hai huéng duge md ta trong hinh trén.

So d6 nay gom viéc g tin trc trong mot huéng tai mot bude song ., va dong
thoi trong hudéng ngugce lai tai bude séng 2.

Trong céc hé thong thong tin quang trong hai hinh trén, cdc bo ghép kénh phan
chia theo budc s6ng c6 hai loai dugce st dung rong rai nhat la cdc linh kién tan séc
canh nhu céc lang kinh hogc céc cdch tir, va cdc bd loc mang mong hodc cic linh kién
tich hgp quang don mot.

6.2.3. B loc quang bing céc linh ki¢n tén sic (hay bg ghép kénh t4n siic canh)

~ So do6 cua mot bd ghép kénh tin sic canh dugc mo ta trong hinh 6.6 d6i voi hé
thong 3 budc séng sir dung, & do do / d. 13 do tan sic canh cua linh kién.

ThiukihL, Phantirtan sic canh Thau Kinh L
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Hinh 6.6. So d6 biéu dién .:-n.;ir phcﬁn tir WDM tdn séc canh cho 3 budc song. Nhiéu
buérc séng cé thé két hop hodc phan chia voi loai linh kién nay.

Khi linh kién sir dung nhu mot bd phén kénh, dnh sdng tir s¢i quang di ra dugc
chuin tryc bing thau kinh L, (goi 1a thau kinh chuédn tryc) va di qua phan tir tan sic
canh vi né dugc phan chia thanh cdc kénh c6 budc séng di vao cdc chim tia ¢6 dinh
huéng khong gian khac nhau. Thiu kinh L, (thAu kinh hdi tu) s& hdi ty cdc tia dau ra
vio céic sgi quang thu thich hop hodc cic b tich quang thich hop.
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Chuong 6: Linh kién cua hé théng thong tin quang

6.3. B§ loc quang mang mong

Trong phan nay chiing ta s& nghién ciru vé& bé loc quang mang méng. Hoat dong
cia mot phan tir ghép kénh loai b loc dugc mb ta trong hinh 6.7 cho hoat dong cua
hai budc song.

Céic b loc dugc thiét ké dé truyén 4nh sdng cho mot bude séng cy thé va de
ho#c hap thy, hodc phén xa tit ca cic budc séng khéc.

Céc bé loc loai phan xa thudmg dugc sir dung vi tdn hao cua céc bd loc loai hép
thu ¢é xu hudng tdng cao hon (cao hon 1dB).

Bo loc phan xa gébm mot tim kinh phing, bén trén né nhiéu 16p mang mong
chét céch du;n khac nhau du-:;fc lang dong tu}r theo tinh chon loc ctia budc séng. Cac bo
loc nay co thé str dung noi uep thanh chudi dé phan chia thém cic kﬁnh budc séng. Su
phirc tap ciing ting theo s6 lugng céc bd loc ndi tiép va sy tang tén hao tin hiéu ciing
Xay ra vai viéc ting thém cic by ghép kénh ndi tiép. Nhin chung chi nén han ché hoat
dong dén 2 hodic 3 bo loc (c6 nghia 1a hoat ddng 3 hodc 4 kénh).

Hinh 6.7. B loc mang mong nhiéu lop phan xa sir dung cho WDM.
Linh kién nay trong suét tai bwde séng Ay va phan xa tai budc song 4.

_Trong thiét ké céc hé thung WDM, can phai chd ¥ 1am giam dén murc thap nhét
céc yeu té gdy ra sur giam sit pham chit ngoai bién ctia dudng t.ruyf;n Trén day la cic
linh kién WDM thu dong, d6 chon loc bude séng cia ching duge ¢b dinh. Ngudi ta
cling phdt minh ra céc phan tr WDM tich cyc, céc phén tir nay dugc chuyén mét cich
tich cyc hodc dugc di€u chinh theo budc séng. Giira céc phin tr WDM tich cuc l1a
nguon da budc séng va céc tf:- hop tich quang, cdc laser c6 kha néng diéu chinh buéc
song, va cic bg loc ¢6 thé diéu chinh budc song.
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Churong 6: Linh kién ctia hé thong thong tin quang

B§ loc c6 thé diéu chinh buwérc séng (a wavelengthtunable-filter)

Tam thach anh di \d\érng Tam yach anh ¢6 dinh
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Hinh 6.8. Vi du vé b§ loc diéu chinh budc séng. Mot tam thach anh di déng
thay doi d¢ dai tuyén duong di qua tinh thé dé thay d6i phé ra hinh sin.

_Trong phuong phdp nay, céc tin hi¢u tin tc khic nhau dugc gm vao céc keénh
tin sb riéng cua do rong bang B. Bing viéc sir dung mdt b loc véi déi thong ¢6 do
rong B ma né c6 the dieu chinh wrén khoang tin s6 cua céc kénh nay, ngudi ta c6 thé
chon dugc kénh theo yéu cau.

O day, mot phan tir da cép ludng chiét suit cu tao tir hai éng dan séng bing
thach anh (a birefringent multiple - order element) dugc dat giira hai by tach tia phén
cuc (polarizing beam splitters).

 Cong suat ra P ctia 4nh séng tai céc cang ra A va B lién h¢ v6i cong sudt vao P,
bang cong thirc

P 2
P = 2(1+ms——mmﬂ“)

A

Trong d6:

- An: d6 chénh Igch giira chiét sudt thong thudng va chiét suét khéc thudng cla
vat liéu ludng chiét.

- & : d¢ dai budc song.

- Déu = lién quan dén céc cang A (ddu +) va cang B (ddu -).

Su hlen d6i hinh sin cua pho ra ¢6 thé dugc thay ddi bing cich thay ddi do dai
dudmng truyén L di qua tinh thé. Dieu nay dat dugc bing cich di chuyén mdt trong cdc
tam thach anh 1én trén h{}ac xunng duéi. Sy thay dbi chiéu dai theo cap béc chu ky
quay phén cyc s& xédc dinh vi tri cia kénh.

Vi tuyen quang la thudn nghich, linh kién nay cé thé duge sir dung nhur 14 b
ghép kénh va hodc nhu 1a b phén kénh déu dugc.
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Churong 6: Linh kién ciia hé thng thong tin quang

6.4. Nguyén Iy ghép kénh theo bwrée séng quang (WDM)
6.4.1. Gidi thiéu chung

Sy phat tnen nhanh chéng cuia cc mo hinh truyén sé ligu, dic biét 12 Internet da
lam biing n6 nhu cAu ting bang théng . Trong bbi canh IP (Internet Protocol) dang ndi lén
nhu la nf:n tang chung ctia moi loai hinh djch vy trong u:ong lai, cdc nha cung cap du::h vu
truyén dan bit budc phai xem xét lai phuong thirc truyén din TDM truyén thong, v6n i
wru cho truyén thoai nhung lai kém hiéu qua trong viéc tén dung bing thong.

+ Luu lugng
/
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Hinh 6.9. Tieng quan giita nhu céu truyén theai vi truyén sé liéu

. Tém lai, ta phai giai quyct bai tedn ting bang thong cho vién théng tl.r{mg lai.
Céc nha cung cép dich vu truyén dén bit dau xét dén ba phuong thirc truyén din sau:

1. Truyén din ghép phin khong gian SDM (Space Devision Multiplexing):
don gian va khnng can sy phat trién u::c-ng ngh¢, chi don thudn 1 ting so lugng s¢i
quang, toc d¢ truyén din van giir nguyén. Ta cé thé chon SDM néu trén tuyén truyén
dan can tang bﬂng thong da c6 sin s0 lugng s¢i quang chua ding va khoang cich
tuyén truyén din 13 dt ngén dé khong cin dung céc b lap, bd khuéch dai. Néu khoang
céch 1a xa, khi d6 chi phi s&€ vut tang do mbi hé thong lap thém déu cin mot s6 lugng
bd lap, bd khuéch dai... nhu hé théng cii.

2. Truyén din ghép phin theo thoi gian TDM (Time Devision Multiplexing)

~ Tang toc do truyen din 1én trén s¢i quang. Khi uep tuc ding phuong thirc
truyén thong nay, ta phai xem xét dén hai vén dé:

Truéc va khi truyén trén s¢i quang. Trude khi chuyén thanh tin hi¢u quang dé
truyén di, cdc linh kién dién tir c6 kha nang xir If véi toc do bit toi da 1a bao nhiéu?

Thyc té hién ‘nay cho thdy, & da sb cdc mang truyén din, linh kién dién tir c6
kha nang dip ng mt d6i véi cdc dong tin hiéu ¢ toc d 2.5 Gbps hodc 10 Gbps. Nhu
vdy thi chua giai quyét tron ven bii todn ting bing thong.
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Chicong 6: Linh ki¢n ctia hé thong théng tin quang

Trong phong thi nghi¢m da cho céc linh ki¢n hoat déng & tbe d9 40 Gbps hoic
80 Gbps. D& TDM c6 thé dat dugc nhirng toc d6 cao hon, céc phuong phép thue hién
tich/ghép kénh trong mién quang, dugc goi la phan kénh théi gian trong mién quang
(Optical time Division Muinplmmg OTDM) dang dugc tich cyc trién khai.

Céc két qua nghién ciu trong phong thi nghiém cho thiy OTDM c¢6 thé ghép
dugc cic ludng 10Gbit/s thanh luéng 250Gbit/s. Nhung khi do6, truyen trén sqi quang
s& vap phai céc van dé nghlem trong anh hudng den chat lugng truyén dan: tén sic sic
thé, tan sic phén cuc, phi tuyén tinh.

3. Ghép phin theo bwéc séng WDM (Wavelength Devision Multiplexing)

Ghép thém nhiéu budc séng dé c6 thé truyén trén mot soi quang, khong cén
ting toc do truyén dan trén mot bude séng. Cong ngh¢ WDM c6 thé mang dén giai
phdp hoan thién nhét trong diéu kién cong nghé hién tai.

Thir nhét né van giit tbe do xur Iy cua céc linh kién dién tr & mirc 10 Gbps, bio
dam thich hop véi soi quang hién tai. Tha}f vao d6, cong nghé WDM ting bang théng
bﬁng cich tén dung cira s6 lam vige cua sgi quang trong khoing buéc séng 1260 nm
dén 1675 nm. Khoang budc séng nay duge chia lam nhidu bang séng hoat déng nhur
minh hoa trén bang 1.1.

Thoat tién, hé théng WDM hoat dong & bang C (do EDFA hoat déng trong
khnang bang séng nay). Vé sau, EDFA c¢6 kha ning hoat dqng oca bﬁng C vabang L
nén hé thdng WDM hién tai diing EDFA c¢6 thé hoat déng & ca bing C va bing L.

Néu theo chuin ITU-T, xét khoéng céch gifra cac kénh budc séng la 100 Ghz
(dam bao kha ning chung Xuyén nhleu kénh trong diéu kién cnng ngh¢ hi¢n tai), s€ c6
32 kénh budc séng hoat dong trén moi bing. (N hur vay, néu vén giit nguyén téc 46 bit
lrén mo_lguh_tm;.f_ﬁﬂ, dung cong ngh¢ WDM ciing di lam ting bing thong truyén trén
mot s¢i quang Ién 64 lar lan’

Bdng 1.1 S phin chia cdc bang séng

Bing song Mota Pham v1 birde song (nm)
Bang O Ongmal 1260 dén 1360
Bing E Extended 1360 dén 1460
Béng S Short 1460 dén 1530
Bang C Conventional 1530 dén 1565
Bang L Long 1565 dén 1625
BingU Ultra-long 1625 dén 1675




Chucong 6: Linh kién ciia hé thong théng tin quang

6.4.2. So a6 khdi tong quat
4. Pinh nghia

Ghép kénh theo budc séng WDM (Wavclength Devision Multiplexing) la cﬁng
ngh¢ “trong mét s¢i quang dong thoi truyén din nhiéu buédce séng tin hiéu quang”. O
dau phat nhiéu tin hi¢u quang c6 budc séng khic nhau dugc t6 hop lai [ghép kénh) dé
truyén di trén mdt s¢i quang. 0] dau thu, tin hiéu to hop d6 dugc phan giai ra (tich
kénh), khdi phuc lai tin hiéu goc roi dua vao_cac dau cudi khéac nhau.

b. So' dd chirc ning

Pé dam bao viéc truyén nhdn nhiéu budc séng trén mdt sgi quang, hé thong
WDM phai thue hién cac chirc nang sau:
Phat tin hiéu

‘Trong hé théng WDM, nguén ph4t quang duoc ding 12 laser. Hién tai da c6
m{t s6 loai ngudn phét nhu: Laser diéu chinh dugc bude song (Tunable Laser), Laser
da buéc séng (Multiwavelength Laser)... Yéu cdu d6i v&i ngudn phat laser 1a phai co

6 rong phd hep, budc séng phat ra 6n dinh, murc cong sudt phat dinh, budc séng trung
tdm, d6 rong phd.

Ghép/tach tin hi¢u

Ghép tin hiéu WDM la sy két h-;rp rnqt sb nguon sdng khic nhau thanh mgt
ludng tin hi¢u 4nh sdng téng hop dé truyén din qua s¢i quang. T4ch tin hiéu WDM la
sir phén chia ludng 4nh sing tdng hop d6 thanh céc tin hiéu 4nh sing riéng ré tai moi
cong dau ra bd tach. Hién tai da c6 cic bd Iéchfghép tin hi¢u WDM nhu: bo loc mang
mong dién méi, cich tir Bragg soi, cich tir nhiéu xa, linh kién quang to hgp AWG, bo
loc Fabry-Perot...

Khi xét dén céc b tach/ghép WDM, ta phai xét céc tham sb nhu: khoang cdch
gilta cac kénh, do rong bing tan cua cic kénh budc séng, budc séng trung tam cua
kénh, mirc xuyén am giira cic kénh, tinh dong déu ciia kénh, suy hao xen, suy hao
phan xa Bragg, xuyén am dau gan dau xa...

Tl _
e 1% |
© ™ Wi > DE
Mx | 1 HH :
; I__I Trwyentin hiéw wén soiquang | _ MUX
EDFA EDFA
Ti Khuéch dai tin hiéu Khuéch dai tin hiéu
s .. Thotin hiéu
PRAIBIED G i iy Tich tinhida |

Hinh 6.10. So dé chikc ning hé thong WDM
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Truyén dén tin hi¢u

~ Quétinh truyén dén tin hiéu trong s¢i quang chiu sy anh hudng clia nhiéu yéu
t: suy hao sgi quang, tén sic, cic hi¢u (ng phi tuyén, van d€ lién quan dén khuéch dai
tin higu ... M&i vin dé ké trén déu phu thudc rat nhiu vao yéu to soi quang (loai sgi
quang, chat lugng sgi...)
Khuéch dai tin hi¢u

_ Hé théng WDM hién tai chu yéu sir dung b khuéch dai quang s¢i EDFA

(Erbium-Doped Fiber Amplifier). Tuy nhién b khuéch dai Raman hién nay ciing da
dugc sir dung trén thyc té. C6 ba ché d¢ khuéch dai: khuéch dai cong suat, khu@ch dai
duﬁnggg?__ tién khuéch dai. Khi dung bo khuéch dai EDFA cho hé thong WDM phai
dam bao cic yéu cau sau:

o D0 lgi khuéch dai ddng déu dbi v6i tét ca cc kénh budc séng (mic chénh l¢ch
khong qué 1 dB).

o Sy thay d8i sb lugng kénh budc séng 1am vige khong duoc gdy dnh hudng dén
murc cong suat dau ra cia cic kénh.

e C6 kha nang phét hi¢n sir chénh léch mirc cong suat déu vao d¢ diéu chinh lai
cdc hé s6 khuéch dai nhim dam bao dic tuyén khuéch dai la bang phing 461 van
tat ca céc kénh.

Thu tin hi§u

Thu tin hiéu trong cdc hé théng WDM ciing sir dung céc bd tach séng quang
nhu trong hé thong thong tin quang théng thudng: PIN, APD.

c. Phén loai h¢ thong WDM

F— ALAZEILIN
-- R et =
T '|'i} 1 & - |"'.;-—|_ | _l ::
' mux |t QO B >l DE
| Ll 313200 kN L_. | MUX i
i EDFA - EDFA :
[ ' Hé théng WDM ddu hitdng
T -
— s
o1 e
| MUX el
t | _ MUX
| EDFA 5
[ }— He théng WDM song lnfdag R

Hinh 6.11. Hé thong ghép budc song don hwdng va song hwong
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— Hé thnng WDM vé co ban chia lam_hai loai: h¢ thcmg do’n hudéng va song
hudng nhu minh hoa trén hinh trén. Hé thﬂng don hu(mg chi truyén theo mot chleu
trén sgi quang. Do viy, dé truyén thdng tin giira hai diém can hai sgi quang. Hg théng
WDM song huéng, nguogc lai, truyén hai chiéu trén mét sgi quang nén chi cén 1 sgi
quang dé c6 thé trao d6i thong tin giira 2 diém.

Ca hai hé t!mng déu ¢6 nhimg wu nhugc diém riéng. Gia sir ring cong ngh¢ hi¢n
tai chi cho phép truyén N budc séng trén mét s¢i quang, so sdnh hai hé théng ta thy:

- Xét vé dung lugng, hé thﬂng don huéng c6 kha nang cung cap dung hrgng cao
gip db6i so v6i hé théng song huéng. Nguogce lai, sb soi quang cén ding gép d6i so véi
hé théng song hudng.

Khi sy cb dit cap xay ra, hé théng song huéng khong cin dén co ché chu}ren
mach béo v¢ ty dong APS (Automatic Protection-Switching) vi ca hai déu cua lién két
déu c6 kha nang nhén biét sy ¢d mot cach tirc thoi.

bimg vé khia canh thiét ks mang, h¢ thfmg song hudng khé thiét ké hon vi con
phai xét thém céc yéu td nhur: vén dé xuyén nhiéu do ¢6 nhiéu buéc s6ng hon trén mot
sgi quang, dam bao dinh tuyén va phén bd budc séng sao-cho hai chiéu trén s¢i quang
khong ding chung mét budc séng.-

Céc bé khuéch dai treng hé théng song hudng thudng c6 céu triic phic tap hon
trong hé théng don hudng. Tuy nhién, do ijijﬂ'B_Elﬂug khuéch dai trong h¢ thong song
huéng giam Y2 theo moi chiéu nén & hé thong song hudéng, céc bd khuéch dai s& cho
cong suat quang ngd ra 16n hon so v6i & hé thong don hudng.

6.4.3. Pic didm ciia hé théng WDM ¢

Thyec t& nghién ciru va trién khai WDM di it ra duge nhimg wu nhuge diém
cua cong nghé WDM nhu sau:

a. Uu diém ciia cong nghé¢ WDM

* Ting béng thong truyén trén sgi quang so lan trong Ung sO budc séng dugc
ghép vao dé truyén trén mdt sgi quang.

* Tinh trong sudt: Do cong nghé WDM thugc kién tric 16p mang v4t 1y nén né c6
thé ho trg céc dinh de_mg sO liéu va thoai nhu: ATM, Gigabit Ethernet, ESCON,
chuyén mach kénh, IP ..

* Kha ning m¢d rong: Nhitng tién b trong cong ngh¢ WDM hira hq:n(tfmg béang
théng tmyen trén s¢i quang 1én dén hang Tbps, dip img nhu cdu mo rong mang
& nhiéu cip d6 khac nhau.

* Hién tai, chi c6 duy nhit céng nghé WDM la cho phép xiy dyng mé hinh mang
‘lmjiéﬂ tai quang OTN (Optical Transport Network) gitp truyén tai trong sudt
nhidu loai hinh dich vy, quan 1§ mang hidu qua, dinh tayen linh ddng ..
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b. Nhwgc diém ciia céng nghi WDM

e Vin chua khai thac hét bang tdn hoat déng c6 thé cia s¢i quang (chi méi tin
dung duoc bang C va bang L).

e Qui trinh khai thic, bao dudng phirc tap hon gip nhiéu lan.

. Neu hé théng sqi quang dang sir dung la s¢i DSF theo chuin G.653 thi rat khé
trién khai WDM vi xuit hién hién tugng trdn bon budc séng kh gay git.

6.4.4. Lwr6i ITU

Viéc_chuén ho4 céc bd budc séng dung cho cic mang WDM la hét sirc cdn thiét
vi n6 bao dam cho céic thiét bj ctia cdc nha cung r:ap khéc nhau déu dugc san xuit theo
cling mét tiéu chuan, va déu 1am viéc tuong thich v&i nhau,

Khi chuén ho4 budc séng, van dé can phai xem xét dau tién I 12 khoang c4ch
gitra céc kénh phai dya theo tan s6 hay buéc séng. Khoang céch tin sé bing nhau sé
1am cho khoang céch budc séng hoi khéc nhau, Khong ¢6 mét tidu chudn k¥ thuét nao
dugc wu tién dé lya chon trong trudng hop nay. Trong khuyén cdo ITU-G.692 cic
kénh cich nhau m¢t khoang 50 GHz (twong dwong véi khoang cich budc séng la
0.4nm) v6i tin sb trung tim danh dinh 12 193.1THz (1552.52 nm). Tén s nay & giita
dai théng cia s¢i quang 1.55um va bo khuéch dai quang sgi EDFA (xem hinh_1.4).
Khoang céch nay phu hop véi kha nang phan giai coa cic bd MUX/DEMUX hién nay,
d6 6n dinh tan sb cia cdc bd laser, MUX/DEMUX,... Khi cong nghé hoan thién hon
khoang cach nay sé phai giam di.

Mét vin dé khéc, khé khin hon 12 chon lira mot bd budce séng tiéu chuén bao
dam cho cic hé Ihc-ng chu 4, 8, 16, Vh 32 budc sdng hoat dong tuong thich vai nhau
bi vi cdc nha san xuét déu 6 céc cau hinh kénh tbi vu riéng va cic ké hoach nang cap
hé thnng tir it kénh 16n nhiéu kénh khéc nhau. ITU da chuin hod (ITU G.959) bé 16
budc séng bét dau tir tan s6 192.1 THz, rong 200GHz mdi bén cho giao dién da kénh
giita c4c thiét bj WDM.

Cudi ciing 1a phai luu § khong chi /o bao dam céc tdn sb trung tAm ma con
phai bao dam d¢ 1¢ch tin sb t6i da cho phép. Pdi vdi Af > 200 GHz, ITU quy dinh do
léch tan s6 12 khong vuot qua +Af /5 GHz. Véi Af =50 GHz va Af =100 GHz thi dén

thoi diém nay ITU van chua chuén ho4.

1931 TH=

30 GHz 50 GHz

Hinh 6.12. Luwoi budc séng theo ITU
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6.4.5. Céic yéu t6 anh hwdng dén chit lvgng ciia h¢ thong WDM
C6 3 yéu t6 co ban ciia soi quang anh huéng dén kha ning ctia céc hé thong
théng tin quang, bao gom:
e Suy hao
o Tién sdc
e Hién tiwgng phi tuyén xdy ra trong sgi quang.

Tuy nhién, d6i vdi cic hé thong khéc nhau thi mirc d§ anh huong cia cdc yéu tb
nay cung khac nhau.

Déi véi céc hé théng cy ly ngén, dung lugng thip thi yéu td chi yéu cin quan
tim la suy hao.

Débi véi cdc hé thé-ng tbe db cao, cu ly tuong dbi 1én thi yéu té chi }'éu cén
quan tam la suy hao va tdn séc.

Dbi voi cdc hé théng cyr ly dai va dung Iugng rat 1o thi ngodi 2 yéu t6 trén can
phéi xem xét den ca cic hiéu g phi tuyén.

6.5. Céc linh kién trong ki¢n trong h¢ thong WDM
Cic linh kién duge sir dung trong céc mang quang hién dai bao gém

e Cic by ghép/tach (couplers)
e B¢ phét laser (lasers) .
e B¢ tich quang (photodetectors)
e B{ khuéch dai quang (optical amplifiers)
e B chuyén mach quang (optical switches
e B§ loc (filters) '
e B{ ghép/tich kénh (multiplexers).

6.5.1. B¢ ghép/tich tin hi¢u (Coupler)

a. Pinh nghia

— B ghépltach tin higu (Coupler) 1a thiét bi quang dang dé két hop c4c tin hiéu
truyén dén tir c4c sgi quang khéc nhau. Néu coupler chi cho phép anh séng truyén qua
n6 theo mét chidu, ta goi 13 coupler c6 huéng (directional coupler). Néu n6 cho phép
4nh séng di theo 2 chiéu, ta goi 12 coupler song huéng (bidirectional coupler).

( Coupler théng dung nhét I coupler FBT (Fused Bin€onical Taper). Coupler
ndy dugc ché tao bing céch dat 2 sgi quang canh nhau, sau d6 vira nung chay dé ching
két hop véi nhau vira kéo gian ra dé tao thanh mdt ving ghép (coupling region]JM@t
coupler 2 x 2 dic trung bdi ti s0 ghép a (0<a<1). « 12 ti 1¢ cong suét 4nh séng ngd vao
1 dén ngd sto véi tong cdng suat Anh sing vao ngd vao 1. Phan ti 1¢ 1-a cdng suat
4nh sdng con lai cta ngd vao 1 s& duge truyén dén ngd ra 2. Hinh 1.9 12 mét coupler
FBT 2 x 2 ¢6 hudng.
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Sdi quang

. &
Pau vio L Paural

Piu vao 2 Paura 2

Chiéu dai ghép

~Hinh 6.13. Céu tao coupler FBT 2 x 2

Coupler ¢6 thé 1 chon lya budc séng (wavelength selective) hay khdng phu
thudc vao budc séng, twong ing véi a phu thudce hay khong phu thude vao budce séng.

Trudng hop a = 1/2, coupler duoc ding dé chia cong suat tin higu ngd vao
thanh hai phan bang nhau & hai ngd ra. Coupler trong truong hop ndy dugc goi 1a
coupler 3 dB. Coupler hinh sao nxn c6 thé dugc tao bing céch két ndi cic coupler 3dB
nhur trén hinh sau.

1 dB couprlens

Hinh 6.14. Coupler hinh sao véi 8 ngé vao va 8 ngd ra dwgc hinh thanh tir cdc
coupler 3dB. Céng sudt tir mét ngé vao dugc chia déu cho cdc ngé ra
b. Nguyén 1y hoat dgng

[Khi hai s¢i quang dugc dit canh nhau, 4nh sing s& dugc ghép tir soi nay sang
s¢i kia va ngugce 1ai.)D6 1a do qui trinh truyén mét 4nh sdng trén sgi quang qua vnng
ghép s& khic so vai truyén trén sgi quang don. Khi d6 ( toan by dnh séng thudc mot sgi
quang s& dugc ghép hoan toan sang sgi quang ghép voi né, phan 4nh sang nay lai tiép
tuc duge ghép ngugce trd lai sang s¢i quang ban dau theo mét chu ky tuan hoan khép
kin.)Két qua ta c6 cudmg do truomg dién tr & diu ra cia bd ghép E,, E,; duge tinh
theo cudmg d trudmg dién tr dau vao E;;, E;; theo céng thirc

[Em(f} _if cos(xd) isin(x) [ E,(f)
E,(f) isin(xd) cos(x?) )\ E,(f)
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Trong d6:
B lahé s pha cia sy truyén dnh sang trong sgi quang.

e K Iah¢ s6 ghép. k phu thudc vio chidu rong clia sgi quang, chiét suit cuia 16i soi
va dén khoang cédch gan nhau cua hai s¢i quang khi thyc hién nung chay.

Néu chi cho 4nh sdng vao ngd 1 (cho E;»=0), khi d6 cong thirc (1.32) dugc viét

lai Ia;
E,(f)=e™ cos(xd) E,(f)
En(f)=e "' sin(xd) E, (1)
Ta nhén xét ring & 2 dau ngd ra c6 sy léch pha n/2.
c. Ung dung

Coupler 12 linh ki¢n quang linh hoat va c6 thé cho nhiéu tmg dung khic nhau.
B coupler véi ti s6 ghép o = 1 duge ding dé trich mét phan nhé tin hiéu quang, phuc
vy cho myc dich gidm sat,

Coupler con 12 by phan co bén dé tao nén cic thinh phin quang khic, ching
han nhur: cic b chuyén mach tinh, cdc b6 diéu ché, b giao thoa Mach-Zehnder MZI...
MZI ¢6 thé dugc ché tao hoat dong nhu bo loc, MUX/DEMUX, chuyén mach vi b
chuyén déi buéc séng.

Thuc hién ghép/tich bude s6ng trén soi quang. Nhor diéu chinh chidu dai ghép
thich hop khi ché tao, coupler 2 x 2 ghép 50:50 phan bé cang suét 4nh sang tir mot diu
vao ra lam 2 phan bang nhau & 2 ngd ra. Coupler niy con dugc goi 12 coupler 3 dB,
img dung pho bién nhat. Tir coupler 3 dB, ¢6 thé tao nén bd coupler n x n ghép n tin
higu khic nhau vao mt s¢i quang.

6.5.2. B{ isolator/circulator
a. Djnh nghia

Coupler va phén I6n céc linh ki¢n quang thu dong khéc la cic thiét bj thuédn
ngugc (reciprocal) theo nghia thiét bi s& hoat déng cung mét kiéu néu dao ngd vio va
ngd ra vl nhau.

Isolator 14 thiff*t bi khéng thudn ngugc (nonreciprocal). N6 chi truyén 4nh sing
qua n6 theo mt chi€u va ngin khong cho truyén theo chiéu ngugc lai. N6 dugc dung
tai dau ra cua céc thict bj quang (bj khuéch dai, ngudn phit laser) d¢ ngan qué trinh
phan xa nguge tré lai cic thiét bj d6, gay nhiéu va hu hai thiét bi. Hai tham sé chinh
cua Isolator 12 suy hao xen va d¢ cich ly.
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Circulator cting thyc hién chirc nang tuong ty nhu b Isolator nhung né thudng
¢6 nhiéu cong, thudng 12 3 hodc 4 cira. Chinh vi sur trong dong giita hai loai thiét bi, ta
sé chi trinh bay hoat déng cua bd Isolator ma thoi.

Dy s by
f——
ISOLAT®R \
—
(a) ib) (c)
Hinh 6.15: (a) So d6 khéi cuia bé Circulator 3 cira.
(b) So d@6 khéi ciia b Circulator 4 cira.
(c) So dd khéi ciia b Isolator.
b. Nguyén 1y hoat djng
Bé quav pha Faradav
1B ’ Anh sdng di
o ) |,|‘, © o Vo et
—| — —_— — — '
— e | | e —
Anh sdng di vie ' I{I y //
1 i . -
/ ///’ Aunh sing phan xa
Ect phm eife Bé phin cie
(a)
Bé guay pha Famdav ﬂ?g&
fas) ) @ %) &)
— -@ — — —
Anh sing divio \ ! h ) \

l\‘x \ Aohsé ng dira

U_l Ll L_lﬁt_jk

e

Anh shug phin xa

. t
Hinh 6.16. (a) Cau tao b¢ Isolator khi dnh sdng vao phin cuc dgo
(b) Cdu tao bé Isolator khi dnh sdng vao phén cuec bt ky
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Trang thai phan cuc cua 4nh sing truyén trong s¢i quang dugc dinh nghia 1a
chiéu phan cyc cua vector cuong do truong E nidm trén mit phang vudng géc voi
phuong truyen 4nh sang trong s¢i. Ta goi la phén cyc ngang va phan cyc doc. Qua
trinh truyén 4nh sing trong sgi quang la su két hop tuyén tinh truyén céc séng phan
cuc ngang va phin cuc doc.

M@ hinh don gian cta bd Isolator dugc minh hoa nhu trong Hinh 6.16. (a)( Gia
str 4nh sdng truyén 14 phéan cyc doc, truyén dén bd phan cuc (Polarizer), by nay thyc
hién chirc néng chi cho s6ng phén cuc doc di qua, khéng cho song phan cyc ngang di
qua. Sau bd phén cyc 1a bj quay pha Faraday. thue hién quay pha 451; theo chiéu kim
ddng hd khdng phan biét chiéu 4nh séng dén.

Tiép theo 12 bo phin cuc, bd niy thyc hién chirc nang chi cho séng phén cuc
45° di qua. Nhur vay, b Isolator ta xét chi cho phép séng phin cuc doc di qua theo
chiéu tir tri sang phai. Trong trudng hop_séng phan xa theo chiéu nguge lai, néu song
qua duge b phéin cuc thir hai, qua tiép theo by quay pha Faraday, thi cing khong thé
qua dugc bd phén cuc thir nhat (do ldc niy,séng phan cuc ngang).

Trén thye té thi song truyén trong soi quang ludn la sy két hop tuyén tinh cua
c4c trang th4i phin cyuc ngang va doc nén thiét ké b Isolator phirc tap hon. M6 hinh
thu nhé duge trinh bay trong Hinh 6.16. (b).

Anh séng truyén trong s¢i quang v6i trang thai phan cuc bt Ki dugc dua dén bo
tach/ghép trang thdi phan cyc SWP (Spatial Walk-off Polarizer), tich thanh hai dong
tin hiéu phin cuc doc va ngang theo hai duong doc lap nhau. Tlep theo, dén bd quay
pha Faraday, quay pha 45° theo chiéu kim dong ho. Mat phéng A2 (Half-wave plate)
thire hién quay pha 45° theo chiéu kim cl-:mg hd déi véi tin higu truyen tir trdi sang
phai, quay pha 45° theo chiéu nguoc kim dbng hd theo chiéu truyén ngugc lai. Cubi
cung, tin hi¢u & hai nhanh dugc két hop lai nho b SWP thir hai. Néu theo chiéu ngugc
lai, hai b SWP s& khir 14n nhau. Anh sang truyén qua b SWP thir hai, qua b quay
pha Faraday s& khong thé két hop lai dugc tai bd SWP thir nhét nhu minh hoa trén
Hinh 6.16.

c. Ung dung
B{ Isolator va Circulator ¢6 nhirng (g dung sau:

e B{ Isolator thudng dung trudc dau ra bd khut:ch dai quang hodc nguﬁn phat
laser 4 ngin 4nh sang phan xa ngugc trd lai thiét bi giy nhiéu va c6 thé 1am hu
thiét bi.

¢ B Circulator dugc diing nhu mét bd phan dé ché tao phan tir xen rdt quang
OADM.
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6.5.3. B§ lgc quang

a. Téng quan

AN

g ] 1 N LD ll
TN Boloc .i"uL f&.{lfxl\ﬂgﬂ I l.'

(al
Hinh 6.17. So d6 khoi cia bé loc.
{a) Bo loc 6 dinh bidc song Ak.
(b) Bé loc c6 thé diéu chinh budc séng dugc tronkhodangng AA.

Dinh nghia ;

[B6 loc 1a thiét bi chi cho phép mot kenh budc séng di qua, khod d6i véi t

cdc kénh budc séng khac ']{N Iguyén ljr_Jw ban nhét cta b loc 12 sy giao thoa giir:
tin hi¢u, buéc séng hoat dong cua bd lgc s& dugc cong pha nhiéu lan khi di qua n6
kénh bude s6ng khic, ngugc lai, s& bj triét tiéu vé pha.|

Tuy thude vao kha ning diéu chinh kénh budc séng hoat déng, ngudi ta chi

loc 1am hai loai: bd loc c¢b dinh (fixed filter) va bd loc diéu chinh dugce (tunable fili

Yéu cau ddi voi bd loc

Hién nay, c6 rit nhiéu cong ngh¢ ché tao bd loc. Tuy nhién, yéu cau chung dbi ve
ca cac cong nghé la:

»

B4 loc tét phai c6 gid tri suy hao xen-@t'}_lép.*\ TL Y WMy Him ﬂu’t t

B& loc phai khong phy thudce nhiéu vio trang thai phin cyc cua tin higu dua vi
Dai thong hoat dong cia bo loc phai khéng nhay cam voi sy thay ddi nhi
cla mo1 truong.

B0 loc phai dam bao trong khoang nhiét do hoat djng (thudmg la khoang

C), 46 dich dai théng hoat ‘déng‘phéi khong vugt qua khoang céich giil:
kénh budc séng hoat ddng gan nhat.

Khi tmg dung ghép néi uép nhiéu bd loc trong hé théng WDM, bing thong
dgng sé& bj thu hep lai. Bé han ché tdi da diéu nay, céc bg loc phai c6
truyén dat trong khodng budc séng hoat dong la bing phéng.

Ham truyén dat cta b loc phai c6 d@ﬁdoc I6n dé trénh giao nhau & phan va
hai budc séng 1dn cdn, gdy xuyén nhiéu giira cdc kénh.

Giam chi phi san xuit.
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Van dé nay lai phy thudc vao céng nghé ché tao. Tuy nhién, khi van dé nay dat
1én hang dau thi ta s& c6 hai lya chon.

Thir nhit 12 diing céng nghé 6ng din s6ng, cho phép san xudt trén nhitng vi
mach tich hop quang (bt lai hoat déng phu thudc vao trang thai phin cyc cia séng
quang).

Thir hai 1a ding cong ngh¢ san xu_:it cdc thiét bj thuin quang, tuy khé khin
trong tich hop mach nhung ¢é nhiéu vu diém 1a: khong phu thudc vao trang thai phan
cuc cla song quang, ghép séng tir s¢i quang vao thiét bj dé dang.

b. Théong s6 co ban
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(a) (b)
Hinh 6.18. (a) Cdc thong 56 ddc trung cua bo loc. (b) B gon séng ciia bé loc.

Hinh trén minh hoa céc dic tinh dic trung cho mét b loc, céc dac tinh d6 duoc
dinh nghia nhu sau:

* Budc s6ng trung tim: phai 1a budce séng tuin theo tiéu chudn ITU-T

¢ DO rong bang théng (Pass Bandwidth): do rong clia ham truyén dat ta1 muc suy
hao xen céch dinh 0.5 dB. Trong mét so truong hop, ngudi ta con c6 thé xét
bing théng di qua 1 dB, 3 dB)Bac tinh ndy rit quan trong vi laser trong trudmg
hop khéng ly tuéng chi phat tin hiéu cé budc song dao dong nhat dinh so vai
buéce séng trung tim dugc qui dinh theo chuén ITU-T.

* D réng bang chin (Stop Bandwidth): d¢ rong cia him truyén dat tai m].'m suy
hao xen cédch dinh 20 dB. Dai chin ciia by loc phai cang nho cang tot dé trinh
hién tugng xuyén nhiéu giira céc kénh.

* Do cich ly (Isolation): dé chi cong suit ciia mot kénh budc séng xuyén nhiéu
sang cédc kénh budc séng 1an cin.



