Bai gigng: “Mang truyén tii quang” Chuwong I- Hé thong théng tin quang WDM

- CHUONG I -

HE THONG THONG TIN QUANG WDM
1.1- NGUYEN LY GHEP KENH PHAN CHIA THEO BUOC SONG (WDM)
1.1.1- Gi6i thi€u chung
Mot hé thdng truyén dan thong tin quang ma ¢ d6 nhiéu kénh budc song dugc
ghép lai va truyén chung trén mot dudng truyén quang dugc goi 1a hé thong thong
tin quang ghép kénh theo budc song (WDM - Wavelength Division Multiplexing).
Thuc chit ¢6 thé hiéu hé théng WDM nhu mot hé thong ghép kénh theo tan sb

FDM. Diéu khéc biét & day chi 1a cac tan sd hoat dong nim trong ving budc séng

anh sang.

Y tuong vé hé théng truyén dan da kénh budc séng dd dugc dé ra tir kha som.

N6 xuat phat tir hai luan diém chinh sau day:

- Vung phé cua mot kénh truyén dan duoc gid1 han boi toc do truyén dan. Vi du,
mdt kénh truyén din 10 Gbit/s s& c6 ving pho c& khoang 10 GHz. Gia tri ndy c6
thé thay ddi tuy theo dang ma tin hiéu st dung, tuy nhién ciing khong thé vuot
xa cach qua mot vai 1an.

- Bing tan truyén dan cua soi quang 13 rat 16n. Ving phdé ma & d6 suy hao cua soi
quang van cho phép truyén dan cu ly xa co thé 1én t6i vai chuc THz. Vi du, ving
phd cta bang S, C, L 13 ¢& 15 THz, vang phd cta bang O 1a ¢& 12 THz (hinh
1.1).
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Hinh 1.1. Ving phd suy hao cia sgi quang va vi tri cac kénh buoc séng c6 thé
dung trong WDM
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Cu thé cac dai bang tan hoat dong trong WDM bao gdm:
+ Biang O (Original band): La bang tin quang phu ving budc séng 1310 nm, c6 gia
tri budc song tir 1260 nm dén 1360 nm.
+ Bang E (Extended band): Bing E 13 ving phu cic budc séng tir 1360 nm dén
1460 nm. Ving budc séng nay pha trim 1én ving budce séng 1390 nm — 1a dinh hap
thu OH trong s¢1 quang thong thuong.
+ Bing S (Short wavelength band): Gia tri budc séng ctia bang S tir 1460nm dén
1530 nm.
+ Bang C (Conventional band): La biang tin quang phil ving budc séng 1550 nm,
c6 gia tri budce song tir 1530 nm dén 1565 nm.
+ Bang L (Long wavelength band): La bang tan quang c cac budc séong dai hon so
v6i bang C. Gia tri budc song cua bang L tir 1565 nm dén 1625 nm..
+ Bang U (Ultra-long wavelength band): La bang tin quang phtl viing budc song tir
1625 nm dén 1675nm.

1.1.2- So’ d0 khdi tong quat

Hinh 1.2 dudi ddy mo ta so dd khdi tong quat cua mot hé thdng WDM ciu
hinh diém-diém, truyén don hudng.
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Hinh 1.2. So db khéi tong quat hé thong WDM

Hé thdng thong tin quang WDM nay vé co ban gdm 3 phan chinh: khéi phat
quang, khéi thu quang va phan truyén dan quang.
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+ Khdi phat quang gdm N bd phat quang tuwong tmg v6i N budce séng A1, A2,... AN
va mot bo ghép kénh quang theo budc song. Pau ra cua khdi phat quang 1a N bude
song da duoc ghép lai dé co thé ghép 1én duong truyén quang.

+ Phan truyén dan quang gdm cac doan soi quang va cac bd khuéch dai duong
truyén. Cac bod khuéch dai duoc dit doc theo duong truyén quang tai cac khoang
cach hop 1y nham dam bao bu suy hao cho tin hiéu dén duoc phia dau thu. Soi
quang duoc dung trong cac hé théng WDM chu yéu 13 soi don mét tiéu chuan da
duoc lép dat cho cac hé théng don kénh trudc d6. Tuy nhién, néu mot hé théng
WDM duoc lép mai, loai sgi quang dugc dung céd thé 13 soi don mdt dich tan sic
khong bang khong (NZ-DSF — Non Zero Dispersion Shifted Fiber) hodc soi c6 dién
tich hi€éu dung 161 sgi 16n (LMA — Large Mode Area).

+ Khdi thu quang gém mot bd tach kénh budc song va N bo thu quang dé thu duoc
N kénh budc song riéng biét.

Mot hé théng WDM song huéng s& bao gém hai hé thng WDM don huéng
dat nguoc chiéu nhau. Nhu vay, tai mdi diém truyén thong, s€ co ca khéi phat va
khéi thu quang. Cac budc séng cua cac kénh quang truyén ngugc chiéu nhau co thé
st dung chung trén mot sg1 quang hodc trén hai s¢1i riéng biét.

1.1.3- Cac tham s ciia h¢ théng WDM

Dé danh gia, so sanh cac hé théng WDM, ngudi ta dua ra cac tham sé hé théng
nhu dudi day:

a. S luong kénh budc song N
b. Khoang cach gitra cac kénh budc séng DI
c. Bang thong str dung cuia hé théng N x DI
d. Téc do truyén tin trén mdi kénh budc soéng B
e. Dung luong ctia hé théng N x B
f. Dung luong truyén dan ctia hé théng N x Bx L
g. Hiéu suat st dung kénh bude séng B/DI
Hinh 1.3 m6 td mot s6 tham s trén mot cach truc quan hon.

Vi du, mot hé théng WDM hoat dong ¢ bang C, gém 32 kénh, v6i khoang
cach kénh 100 GHz, toc do truyén dan mdi kénh 10 Gbit/s, khoang cach truyén din
500 km s& ¢6 cac tham sb sau: S6 lugng kénh N = 32, khoang cach kénh AA = 100
GHz = 0.8 nm, bang thong str dung = 3200 GHz = 25.6 nm, tbc d6 truyén tin trén
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mdi kénh B = 10 Gbit/s, dung luong cta hé thdng = 320 Gbit/s, dung lugng truyén

dan cua hé théng = 160 Tbit/s-km va hiéu suit sir dung kénh budc song 10%.

I
A

ong sua

C

t quang

#1 #2

#k ...

#N-1 #N

Budc song A

Bing thong sir dung cuia hé théng

»
»

A 4

Hinh 1.3. M6 ta truc quan cac tham sé cua hé théng WDM

Thong thudng, cac tham sé chinh dugc quan tim chu yéu 1a s6 luong kénh, tbc

d6 kénh, khoang cach truyén din va dung luong truyén dan cua hé thong.

Bang 1.1 dudi day liét ké cac tham sé chinh ctia mot s6 hé thong WDM trong

cac phong thi nghiém.

Bang 1.1- Cac tham s chinh cia mot s6 hé thong WDM trong cac phong thi

nghiém.
S6 kénh | Téc @9 | Khoang Dung Trich din
buwéc | kénh B cach lwgng
song N | (Gbit/s) | truyén din | truyén din
L (km) (Th/s-km)
10 2 68 1.3 | N.A.Olsson et al., EL., 1985
17 20 150 51.0 | A.R. Chraplyvy et al., PTL, 1995
273 40 117 1277.6 | K.Kufuchi et al., OFC, 2001
26 100 410 1066.0 | D. Mongardien et al., ECOC,
5 320 525 840.0 | P. Guan et al., ECOC, 2009

Bang 1.2 duéi day liét ké cac tham s chinh ctua mot s6 hé théng WDM hién

dang duoc khai thac trén thé gidi.

Hoc vién Céng nghé Buwu chinh Vién thong

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bai gigng: “Mang truyén tii quang”

Chuwong I- Hé thong théng tin quang WDM

Bang 1.2- C4c tham s6 chinh ctia mot sd hé théng WDM hién dang dugc khai thac

trén thé gidi.

S6 kénh | Téc @0 | Khoang Dung H¢ thong
buwéc | kénh B cach lwgng
song N | (Gbit/s) | truyén din | truyén din
DI (Pb/s-km)
8+4| 10+40 1 700 0.4 | Mang duong truc DWDM
backbone VNPT (2010)
48 10 39 000 18.7 | Mang lién luc dia SEAMEWE3
(2007)
64 10 18 800 12 | Mang lién lyc dia SEAMEWE4
(2008)

1.1.4- Phan loai va cic chuin ciia hé thdng WDM

C6 rat nhidu cach phén loai cac hé thdng WDM. Tuy nhién, phd bién nhét 1a
phan loai theo khoang cach cac kénh budc song st dung trong hé théng.
1.1.3.1. H¢ théng WDM bing tin rong (BWDM — Broad passband WDM)

Pay 1a hé théng WDM ra doi sém nhét trong lich st phét trién cia WDM. N6
thuc hién truyén dan 2 kénh buéc song trong d6 mdi kénh bude song thude mot cira
sO truyén dan (ving 850 nm, 1310 nm hodc ving 1550 nm). Nhu véy, khoang cach
gita cac kénh trong hé théng nay ¢& vai trim nm.

Dic diém cua hé thdng nay 1a chi phi hé théng thip, tuy nhién dung luong va
khoang cach truyén dan bi gidi han.

1.1.3.2. H¢ théng WDM ghép mdt dé thip (CWDM — Coarse WDM)

Pay 1a hé thong WDM ra doi tir ddu nhitg nam 1990 cho phép ghép nhiéu
hon 2 budc song trén hé théng. Khoang cach giita cac budc song kha 16n (c& 20
nm).

ITUT d dua ra chuan G.694.2 quy dinh vé khoang cach cac kénh, budc song
trung tim cua hé thong nay nhu sau:

- Khoang céach céac kénh: 2500 GHz

- Budc song trung tam: 1552.52 nm

- Dai budc séng hoat dong tir 1270 nm dén 1610 nm

1.1.3.3. H¢ théng WDM ghép mit dé cao (DWDM — Dense WDM)
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Day 14 hé thong WDM ra doi tir gitra nhitng nam 1990 va ciing chinh 14 cac hé
thdng WDM hién tai dang khai thac trén thé giéi. Hé théng nay cho phép ghép rét
nhiéu cic budc song trén hé thong. Khoang cach giira cac bude song chi ¢& 200
GHz, 100 GHz, 50 GHz va tham chi la 25 GHz.

ITU- T da dua ra chuan G.692 quy dinh vé khoang cach cac kénh, budc song
trung tAm ctia hé théng DWDM nhu sau:

- Khoang cach céac kénh: 100 GHz
- Budc song trung tam: 1552.52 nm

- Vung budc song hoat dong: Bang S, C, L, U.

1.2- CAC PHAN TU CO BAN TRONG HE THONG WDM
1.2.1- Ngudn quang va thu quang
1.2.1.1. Nguén quang

Ngudn quang str dung cho WDM c6 thé 1a cac laser don mét hodc mét laser da
mdt hodc ngudn siéu bang rong (supercontinuum) két hop véi bo loc dang rang lugc.
Duéi ddy ching ta s& 1an lugt xét cic ngudn quang trén.

a. Laser don mét cho WDM

Thong thuong, mot laser don mdt st dung cho hé théng WDM ciing khong
qué khac bi¢t so vd1 mot laser don mot st dung cho h¢ théng don kénh. Tuy nhién,
c6 mot sd yéu cau ngit nghéo dbi véi laser trong WDM, d6 1a:

- Str dung diéu ché ngoai: Pidu ché ngoai cho laser cho phép tao ra cac dinh dang
ma tin hiéu khac nhau nhu NRZ, RZ, CS-RZ hay DPSK. Cac dang mi diéu ché nay
khong nhiing cho phép giam phd kénh tin hiéu diéu ché ma con c6 kha ning chiu
dung cac anh huong khac tot hon nhu tan sdc mau, tn sic mét phan cuc. Ngoai ra
diéu ché ngoai con cho phép tdc d6 didu ché cao, khong bi chirp tan sd.

Hién tuong chirp tn s trong diéu ché truc tiép laser 13 su thay doi tan s ¢
sudn 1én ciia xung tin hiéu (bit 1). Hién tugng nay lién quan dén qu4 trinh thay doi
mat d6 hat tai dot ngdt trong ving nghéo cia tiép giap p-n. Sy thay d6i mat do hat
tai dot ngot s& khién cho chiét suat ving tich cuc thay doi khién tan sé chon loc tir
khoang cong hudng ciing thay ddi theo.

- Bo rong phd hep: thong thuong, laser DFB hodc DBR 1a nhitng lua chon thich hop
cho yéu cau nay. Tuy nhién, mot ngudn quang c6 do rong phd qua hep lai khong
hoan toan thich hop v&i hé thong WDM bai ngudng cong suat cia hidu tng tan xa
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kich thich Brillouin, mot hiéu tmg phi tuyén lam suy giam chét lugng hé théng, ti
1¢ thuan véi d6 rong phd ngudn quang.

- D6 6n dinh tin sb cao: Pay 1a yéu cau thiét yéu ddi voi mot hé théng WDM boi
khoang cach ciia cac kénh budc song trong hé thong 14 rat hep (<1 nm) nén chi can
mot kénh budc séng trdi khoi bude song dinh ciia né ¢ nm 1a hé thong khong thé
hoat dong binh thuong dugc nitra.

Nguyén nhan cuia viéc troi tan s c6 thé do nhiét d6 hodc su gia hoa vat li¢u st
dung trong laser. Khi nhiét do thay dbi tirc thoi trong khoang cong hudng, chiét suat
ctia khoang cong hudng ngay 1ap tic thay doi theo khién cho tinh chon loc budc
song cua khoang cong hudng ciing thay doi. Do dé, budc séng phat xa bi thay doi.
Ngoai ra, khi nhiét do thay ddi, ning luong ving cidm cua electron ciing thay ddi
khién budc song phat xa thay doi theo. Trong trudng hop nhiét do trong khoang
cong huong thay dbi trong mot thoi gian du dai, chiéu dai khoang cong hudng ciing
s& thay di theo khién cho budc song phat xa thay doi. Két qua thuc nghiém cho
thdy, v6i laser Fabry — Perot, su thay d6i 1 do C trong khoang cong huong s& din
dén sy dich tan sd khoang 0.4 nm.

Pé dam béao 6n dinh tan sb cao, cac ky thuat lam lanh cho laser phai dugc ap
dung tri¢t dé.

b. Laser da mét cho WDM

Y tudng st dung laser da mdt cho WDM xuat phat tir nhu cau cin mot phan tir
phat cung luc nhiéu budc song voi khoang cach déu nhau cho hé thong WDM. Viéce
str dung chi mot phan tir phat ra nhiéu budc song cung lac ¢6 mot vu diém 13 rang
vé viéc On dinh tan sb tuong doi.

Laser da mot thuong chi duoc dé xuit st dung cho hé théng WDM c6 khoang
cach truyén ngin.

c. Neuon siéu bang réng két hop véi b loc dang ring liroc

Van giit nguyén ¥ tuéng tao ra cic ngudn quang ré va on dinh vé mit tan sb
mot cach tuong ddi, nguoi ta dé xudt st dung mot ngudn quang cd phd siéu rong
duoc cit boi mot bo loc ¢ dap ung hinh rang luogc dé tao ra cac bude song co
khoang cach déu nhau phu hop véi chuin quy dinh.

Nguon si€u bang rong c6 thé dugce tao ra bang cach loi dung cac hi¢u ung phi
tuyén mé rong pho tin hi€u laser nhu hi¢u ung tdn xa Raman ndi kénh, hiéu ung tu
di€u ché pha, hi¢u ung tu dich tan so soliton.

1.2.1.2. Thu quang
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B thu quang sir dung trong hé théng WDM ciing giéng nhu sir dung trong cac
hé théng don kénh. D6 c6 thé 1a photodiode PIN hay APD (chi tiét vé& cac loai
photodiode nay c6 thé tim thiy trong bai giang mon “Co s& ki thuat truyén thong
sQ1 quang”).

1.2.2- Ghép va tach kénh buéc song quang
1.2.2.1. Mt sé phén tie co bin

Trude khi tim hiéu vé cac ki thuat ghép tach kénh budc séng quang chung ta
hay tim hi€u v€ céc phan tir co ban hay dugc st dung dé tao nén céc bd ghép tach
kénh quang. Céac phan tir ndy gom co:

- Coupler cong suat

- Coupler lya chon budc song
- Coupler sao

- Cach tir

- B0 loc quang

Duéi déy 1a chi tiét cac phan tir nay.
a. Coupler
Khai niém:

Coupler 13 mot phan tir quang 4 cira cho phép ghép/tach cong suat tin hiéu tir 2
ctra dau vao dén 2 cua dau ra. Coupler 3dB 1a mét truong hop dac biét trong do
cong suat ghép/tach l1a 1/2 cong suat tong.

Céu tric:
CAu triic co ban ctia mot coupler gdm hai dng dan séng (soi quang) don mdt

dat song song canh nhau. Khoang céch cua hai 6ng dan song hodc s¢i quang nay
phai da gan dé co thé xay ra hi¢u img cong hudng lan truyén tir sgi nay sang soi kia.

Hinh 1.4 mo ta hoat dong cua hién twong ghép/tach cong suit qua hién tuong
cong huong. Tin hidu quang di vao cira s6 4 va lan truyén trong soi quang phia dudi.
Doc theo dudng truyén quang, do hiéu tmg cong hudng, mot phan cong suit quang
duogc truyén trén soi thi 2. Phan cong suat nay tiép tuc duoc truyén sang cho dén
hét phan cong suét trén soi phia duéi. Hién twong nay tiép tuc lip lai nhung theo
chiéu nguoc lai: Cong suét truyén tir soi phia trén xudng soi phia dudi. Qua trinh
nay tiép dién ra doc theo soi quang tao ra mot ‘dao dong’ vé cong suit quang doc
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theo chiéu dai hai soi. Khoang cach cua nira chu ky dao dong nay duoc goi 1a chiéu
dai ghép cong suat. Chiéu dai nay ti 18 thuan v6i khoang cach giira hai soi quang.

(a) TapRonniann

®) M\cac 16i |/OE' '\/OO |
N N
———7 Nungnéng . Mt cét D Soi

Chéy \ I4 J4 1~
Vo danh bong hai 161

Hinh 1.4. (a) Hiéu tmg cong huéng cong suit trong hai éng din song dit canh
nhau va (b) irng dung lam coupler ghép/tach cong suat

Nhu vy, tiy theo ti 1& ghép/tach cong suit quang dit ra, ciu trac cta coupler
s& khac nhau & chiéu dai va khoang cach giita hai soi.
Dic diém:
- Anh sang di tir cong vao t6i mot cong ra hét mot chiéu dai ghép cong suat s& bi
dich pha 180°.

- Trong coupler 3dB, anh sang di vao mot cong, di ra trén cong khac soi so véi cong
vao s& bi dich pha 90°.

- Gia tri chiéu dai ghép cong suat la khac nhau véi cac bude song khac nhau.

- Néu hai budc song gidng nhau, hai soi quang gidng nhau, ta khong thé thuc hién
duogc bd ghép cong suat dat hiéu suat 100 % trén mot céng.

b. Coupler lva chon buoc song

Dua vao dic tinh cac budc song khac nhau c6 chiéu dai ghép cong suat khac
nhau, ngudi ta tao ra cac coupler lya chon budc séng. Coupler ndy cé thé ghép/tach
100 % cong suat trén mdi cong. Hinh 1.5 mé ta hoat dong tach/ghép budc song st
dung loai coupler nay.
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Hinh 1.5. Coupler lua chon budc song: (a) ghép budc song, (b) tach budc song

c. Coupler sao

V¢é co ban, mot coupler sao la coupler c6 nhiéu cong dau vao va nhi€u cong
dau ra.

d. Isolator

La mot phan tr khong d6i xting quang hoc. N6 cho phép tin hiéu di theo mot
chiéu va ngin khéng cho di theo chiéu nguoc lai.

Nguyén 1y hoat dong cua isolator dugc mé ta trong hinh 1.6. Phan tir co ban
ctia bo isolator 1a bd quay pha Faraday c6 dic tinh quay pha tin hiéu 45° bat ké anh
sang di vao theo chiéu thuan hay nguoc.

- X¢ét tin hi€u anh sang di vao theo chiéu thuan: Anh sang di qua bd loc phan cuc
(phan cyuc dung), tiép d6 di qua bo quay pha Faraday. Khi nay 4nh sang duoc
quay phan cuc 45° va di qua hoan toan b loc phan cuc dat cung huéng 45° phia
sau do.

- Xét tin hiéu anh sang di vao theo chiéu nguoc. Anh sang di qua bo loc phan cuc
45° tiép d6 di qua bd quay pha Faraday s& co trang thai phan cuc 13 phan cuc
ngang. Nhu vay, tin hi€u dnh sang nay sé bi chac lai bdi bo loc phan cuc dung
va khong thé di qua bo isolator.

Pé tranh truong hop tin hiéu di vao theo chiéu thuan cé thé s& khong di qua
dugc bo isolator (hodc mit mot phan ning lugng) do khéng phan cuc ding theo
phuong dimg, ngudi ta sir dung trude hét mot bd chia phan cuc rdi xir 1y trén hai
nhanh song song va két hop chung lai v&1 nhau tai dau ra. Khi d6, b isolator s&
khong phu thudc vao phan cuc nira.

B chia phan cuc duoc 1am tir vét liéu c6 tinh chat 1éch phéan cuc (birefingent).
Anh sang di tir vat liéu d6 ra ngoai khong khi s& tach hai thanh phan phan cuc ra
theo hai huéng. Mot thanh phan s& khic xa ra khoi vat liéu (vi chiét suat ddi véi
thanh phan nay 1a ¢ dinh) va mot thanh phan s& phan xa tré lai vat lidu va di ra
theo mot duong khac (vi chiét suat ddi voi thanh phan nay khac so v6i thanh phan
kia).
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Chiéu thuan . B6 loc phan cuc
B quay pha

B6 loc phan cuc Faraday (quay 450)

(phan cuc dung)
, | \ \)

) Huong
QHHB' Hutng /dlentnrorng
dién truong

Chiéu nguoc

\

(, ’T i

W
= % Hutng |
Huéng / dién truong
@ dién truong

Hinh 1.6. Nguyén ly hoat dong cua isolator

Tham sb quan trong cua b isolator 13 suy hao xen (theo chiéu thuin) va suy
hao chin (theo chiéu ngugc). Thong thudng, suy hao xen cang thap cang tot va suy
hao chin cang 16n cang tbt.

Mot bd isolator thong thuong co6 suy hao xen nhé hon 1 dB va suy hao chan
16n hon 50 dB.

d. Circulator

La mot phan tir khong d6i xting quang hoc. N6 cho phép truyén anh sang tin
hiéu tir mot cira vao sang cira lan can va khéng cho truyén nguoc lai.

Dang dién hinh ctia mot circulator 13 mot phén tir 3 cong (hinh 1.7)

»
»

Hinh 1.7. Dang dién hinh ctia mét circulator 3 cong
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- Tin hiéu di vao cong 1 thi dugc truyén thong subt téi cong 2
- Tin hiéu di vao cong 2 thi duogc truyén thong subt téi cong 3

Hinh 1.8 dud1 day mo ta nguyén 1y hoat dong cua mot circulator trén thuc té. B
circulator nay gdbm cac phan tir :

- B0 quay pha Faraday 45°
- BO tré pha 45°

- Khéi léch phan cuc

B0 quay pha
. Faraday
Cong 3 o A o B B
Khéi tach tia
phan cuc Céng 2
Cong 1
Lang kinh :
phéan xa = —
Bo 1éch Lo + Bo 1éch
han cu h phéan cuc
phan ede B¢ tre pha
B0 quay pha
Cong 3 T Faraday
A B B
Khoi tach
tia phan cuc Céng 2
Cong 1
Lé;lgikinh
phin xa Bolich L T Bo léch
phancuc * _, . phén cuc
Tam tre pha

Hinh 1.8. Nguyén Iy hoat dong cua circulator: (a) duong anh sang tir cong 1 ra
cong 2, (b) dudng anh sang tir cdng 2 ra cong 3.

Anh sang di vao cong 1 (hinh 1.8.a) s& khong di qua cic guong ling kinh ma
di théng dén bo léch phan cuc A. B0 nay chia anh sang thanh hai chum phan cuc
khac nhau va c6 hai goc 1éch khac nhau (chum phan cuc dimg di thang, chum phan
cuc ngang di léch xudng dudi). Ca hai chum phan cuc nay di qua bd quay pha
Faraday va quay pha 45° théng thuong dé c6 su quay pha 90°. Khi ndy, trang thai
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phan cyc cua hai chum tia nay ddo cho nhau. Chum phia duédi tré thanh phan cuc
dung nén di thang qua bo léch phan cuc B. Chum phia trén tré thanh phan cuc
ngang nén di 1éch xudng dudi va két hop v6i chum phan cuc ding dé cung ra cong
2.

Theo chiéu nguoc lai (hinh 1.8.b), &nh sang di vao céng 2, bg 1éch phan cuc
lam 1é€ch chum sang theo hai duong: chum &nh sdng phan cuc ding s€ di theo
duong phia trén (di thang), chim anh sang phan cuc ngang sé bi 1éch xudng dudng
phia dudi. Ca hai chum nay di qua bd quay pha 45° va quay pha Faraday s& khong
anh huong dén tinh phan cuc hién c6 (do chiéu quay pha cia bo quay pha va bd
quay pha Faraday luc ndy nguoc nhau). Nhu vay, khi dén bo 1éch phan cuc A, chum
phan cuc ngang (phia dudi) tiép tuc bi 1am léch duong di xudng dudi con chum
phan cyuc dimg van tiép tuc di thang. V& mit khong gian, hai chum tia nay di léch
khoi dudng di cua chum tia di vao ctra 1 nén s& khong hé c6 anh sang di ra cira 1.
Hai chum tia nay sau d6 s& duoc két hop v6i nhau thong qua cac guong ling kinh
varacua 3.

e. Cdach tir phing:

- Khai niém:

La mot phén tir quang, duogc cAu tao tir mot mat phéng chira nhiéu duong noi
(hoic ranh) song song va cach nhau nhimg khoang ¢ dinh.

- Nguyén ly:

Khi mét chum sang chiéu dén mat cach tu, tai diém dén cua chum sang, anh
sdng s€ bi tan xa trd lai va giao thoa 1an nhau tao thanh cac gbéc phan xa ma ¢ do
anh sang duoc ting cuong 1an nhau (hinh 1.9.a). Cac goc nay cé gia tri rdi rac va
xac dinh theo cong thurc:

mA = A(sin0 + sind,,) (1.1)
trong do6: m la bac phan xa, ¢,, goc phan xa tuong ing véi bac m, 0 1a goc té1, A la
chu ky céach tr va A 1a budc song toi.
Truong hop m = 0, géc phan xa bang goc téi.
- Pic diém:
Céach tir ¢ mot s6 dic diém nhu sau

- Hinh dang cta céac ranh cach tir c6 thé khac nhau. Goc phan xa cta cac bac phan
xa khong phu thudc vao hinh dang cia rinh cach tir nhung phan ning luong
phan bd trén mdi bac lai phu thudc. Nho do, nguoi ta co thé thiét ké cac cach tur
sao cho phan 16n ning luong tap trung vao mot bac phan xa nao do.
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- Khi chu ky céch tir nhé hon budc song, ta co thé tao ra cach tur chi phan xa hai
bac phan xa (twong ing m=0vam=1).

(b)

-

Tin hiéu
vao

Cac budc song Cflc budc song
duoc chon ' khong duoc chon

Hinh 1.9. Nguyén 1y hoat dong cua céach tu thuong (a) va cach tor Bragg (b)

a. Cach tw Bragg soi quang

- Khai niém:

La mot doan sgi quang co chiét suét 16 thay ddi tuan tu. N6 cho phép phan xa
mot budc song xac dinh va cho qua cac budc song con lai.
- Nguyén ly:

Nguyén 1y hoat dong ctia cach tor Bragg hoan toan khac véi nguyén 1y hoat
dong clia cach tir phang.

Thuc chat, bude song bi phan xa s€ dugc phan xa tung phén tai mdi chu ky
cach tir dugc xac dinh danh gidi boi cac 16p chiét suat khac nhau. Cac phan phan xa
nay sé& ting cudng 1an nhau theo chiéu phan xa vé (hinh 1.9.b).

Budc song phan xa s& dugc xac dinh theo diéu kién gidng nhu trong hop cong
hudng F-P ma & d6 bude séng phan xa chinh 1a mét doc dau tién..

A = 2Anes (1.2)

f. Bo loc quang kha chinh
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- Khai niém:
La mot linh kién quang cho phép mét s tan s (budc song) anh sang truyén
qua va chdn nhitng budc song con lai.

Tham s6 dic trung cua b loc 1a ham truyén dat mé ta hé sb truyén qua cua bo
loc theo ham cta tan sd anh sang. Tham s6 nay dugc thé hién qua tan sé cho qua
trung tAm va do rong phd ctia ham truyén dat.

Mot bo loc ¢ ham truyén dat diéu chinh duoc goi 1a bo loc quang kha chinh.
Nhu vay, néu bo loc d6 co do rong phé hodc budc song trung tam thay ddi duoc sé
duoc xép vao loai bd lgc kha chinh. Tuy nhién, nghia thong thuong duoc hiéu khi
no6i dén bo loc kha chinh 13 kha ning thay d6i budc séng trung tam.

C6 nhiéu ky thuat dé tao ra nhitng b loc kha chinh. O day, chung ta chi xem
xét mot sb loai dién hinh.

- Bo loc Fabry — Perot

Bo loc Fabry — Perot st dung tinh chon loc budc song ctia khoang cong hudng
Fabry Perot lam nguyén 1y hoat dong. Nhimg budc song nio théa mén diu kién
cong hudng sé& duoc cho qua. Piéu kién cong hudng 1a mot chu trinh quang trong
khoang cong hudng phai 1a s nguyén 1an cta budce song. Tan sb anh sang di qua bd
loc Fabry — Perot tudn theo biéu thirc (1.3).

f=m.c/(2Ln) (1.3)

V&1 m 1a mot s6 nguyén, ¢ 1a van toc anh sadng, L 1a chiéu dai hoc cong hudng va n
1a chiét suat.

T biéu thire trén, ta théy, néu chiéu dai L hodc chiét suit n cta khoang cong
hudng thay ddi, tinh chon loc tan s6 cua bo loc cling thay doi.

Hinh 1.10.a mé ta ciu tao mot bo loc FP kha chinh sir dung khoang cong
hudng 14 khoang cach gitta hai ddu soi quang. Khoang cach ndy c6 thé diéu chinh
dugc nhd vao hé vi didu chinh co dién (piezo)

- Bo loc Mach-Zehnder

Bo loc MZ sir dung tinh giao thoa cua giao thoa ké MZ lam nguyén 1y hoat
dong. Mot budc séng di chuyén trén hai nhanh (hai méi trudng khac nhau) sé c¢6 do
dich pha khac nhau tai dau ra. Néu d6 dich pha 1 sé nguyén lan cta 2w, budc song
do s¢€ giao thoa va xuét hién tai dau ra, véi nhiting budc song khac h¢ $6 truyén dat
s& nho hon 1. Trong truong hop co thé thay d6i duoc do tré pha trén mot nhanh giao
thoa ké, tinh chon loc tan sd ra s& thay ddi theo. Nhu vay, ta co thé diéu chinh duoc
tan sb trung tam bg loc.
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Hinh 1.10.b m6 ta cAu tao mot bd loc MZ kha chinh st dung bd tré quang chi
trén mot nhanh cua giao thoa ké.

- Bo loc Michelson s dung cach twr soi quang

Nguyén 1y hoat dong cua bd loc kha chinh Michelson gidng nhu bo loc MZ.
Diém khac biét duy nhét gitta hai bd loc nay 1a cach thirc tao ra hai quang trinh
duong di cua 4nh sang trén hai nhanh. Véi giao thoa ké Michelson, duong di cta
nhanh chiu su tac dong ctia bo tré s& di qua bo tré 2 1an (nho cach tir phan xa Bragg)
va coupler 3dB dugc str dung chung cho ca duong vao va duong ra (hinh 1.10.c).

Bo chuyén déi co dién
Soi quang AT T T
“ Guong é

i: S & 27

{a)
Dauvao 3-8 — 3.dB
coupler T | coupler
1}
'I ‘A—L |
Bo tré

Dau vao 3-dB i

el

Hinh 1.10. M6t s6 bo loc kha chinh: (a) bd loc Fabry — Perot, (b) bd loc Mach-
Zehnder, (¢) bo loc Michelson.

1.2.2.2. Ghép kénh buoc song
- Khéi niém:

La linh kién quang cho phép ghép vé mit khong gian nhiéu budc séng tir nhiéu
cong vao t6i mot cong dau ra.

- Nguyén 1y: C6 rat nhiéu nguyén Iy hoat déng cho cac bd ghép kénh budc song tiy
theo ciu trac va cong nghé str dung. Tuy nhién, ta c6 thé chia ra thanh hai nguyén Iy
dién hinh 14 tin xa va giao thoa.

Duéi ddy ching ta xem xét mot sd cau tric dua trén hai nguyén 1y nay

a. Ghép kénh sir dung cdc phan tir tin xa géc
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Hién tugng tan xa anh sdng duogc hiéu 1a cac anh sang co tan sd khac nhau sau
khi va dap vao phan tir tin xa sé& thay d6i huéng truyén khac nhau. Loi dung tinh
chat ndy, cac phan tir tan xa goc dugc tmg dung dé ghép nhiéu ludng anh sang véi
cac tan s6 khac nhau duéi cac goc t6i khac nhau dé huéng ching ra chung mét dau
ra.

Hinh 1.11 mo ta céu trac, hoat dong cua bd ghép sir dung cach tir phang lam

phan tir tan xa goc.

A

Al —— I
(a) A2 ——

3 —> :\\x

AL, A2, A3
<4+— _/"

Al —
(b) 22—

A3 —

AL A2, A3 GRIN
‘—

Hinh 1.11. Nguyén Iy bo ghép sir dung tan xa cach tur phang két hop thau kinh
(a) va két hop moi trudng chiét suat bién ddi déu

b. Ghép kénh sir dung cdc phan tir giao thoa

V&1 mot budce song riéng 1€, sau anh sang khi di qua mot coupler s€ tach thanh
nhiéu duong di. Trén mdi duong di, quang trinh cua chiung khong gidng nhau, vi
vdy, tai ving giao thoa cta coupler dau ra, s& chi c6 mot cong ra ma & d6 anh sang
s& tang cudng 1an nhau.

Nhu vay, voi hai bude song khac nhau, hoan toan cé thé lya chon thiét ké cac
nhénh quang trinh sau coupler sao cho cac budc song khac nhau di vao tir cac cong
khéac nhau s€ di ra chung mot cong.
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Duéi day 1 cdu triic mot s6 bd ghép kénh sir dung cac cdu tric giao thoa khac

nhau.

- Str dung céc giao thoa ké MZ

1: :Lj HZ]
NS\
L A A A 7.
2 Py 2 1+ A7 Mfi‘
Az by MZz /)\*
—_— T \ hy+ Ay i+ Ag+ hg+ by 2z
2 -

Hinh 1.12. B6 ghép kénh str dung cac giao thoa ké MZ

- Str dung mang cach tir dan séng

Si02/Si or InP
waveguides

Coupler

Coupler
sao

1
2

Cac
A \ [ ]
dau vao A
N 1 daura

Hinh 1.13. Bo ghép kénh quang str dung mang cach tir dan séong - AWG

1.2.2.3. Tach kénh budc song
N6i chung, c6 3 phwong an dé thuc hién tach kénh budc séng trong WDM.

- Phuong &n 1: St dung bd chia cong suat va cac bo loc. Nhém kénh N budce song
dugc chia cong sut trén N cong ciua mot bo chia roi tiép do6 sir dung bo loc trén moi
cong ra tuong Gmg v6i cac bude song. Hinh 1.14.a dudi ddy mo ta mot vi du ding
cac bo chia 3 dB nbi tiép nhau két hop véi cac bd loc Fabry-Perot. Hinh 1.14.b mb
ta mot vi du dung bd chia cong suat két hop vo1 cac b loc cach tir Bragg soi quang.
Nhuoc diém cta phuong 4n nay 1a suy hao cong suit & cong dau ra va gia thanh s&
ti 16 thuan voi sd luong kénh bude song (s6 luong cong dau ra).
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) 1 Cac bg loc Fabry-Perot
Céc coupler —

]
1

L
!

Déu vao —
-

D

Cac
« daura

- S

1

I

Cac coupler
N e
A N e
Dau vao B(:) ‘B_'_ FBG
————— | Chia A2
AM#12403+04 | 1x4 —3_8:_ FBG
A

FBG

— T FBG

Hinh 1.14. Tach kénh budc song st dung bo chia cong suét va céc bo loc

- Phuong 4n 2: Sir dung céac bo tach don kénh ndi tiép. Nhém kénh N budc song s&
duogc tach dan timg budc song. Cac bd tach budc song don s& dit ndi tiép nhau. Mot
vi du sir dung phuong 4n nay 13 ding cac bo quay vong 1 chiéu (circulator) két hop
véi cach tir Bragg soi quang (hinh 1.18). Mdi mot cach tir Bragg sgi quang s& chi
phan xa toan phan mot budc séng quang thda man diéu kién phan xa Bragg.

- r— \
[}

P R R N
A 2 AZ AN\ g v 1 W4 N _:{', A N _:_’ A e Sther i
1' 1 1' 2 1' 3 I 4
Hinh 1.15. Tach kénh budc song sir dung cac bo tach don kénh ndi tiép.

- Phuong 4n 3: Str dung mot bo tach kénh budc song song song. Vi du dién hinh
dung phuong 4n nay 13 mang cac éng din song (hinh 1.16)
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Hinh 1.16. Tach kénh str dung mang céach tir 5ng dan song
1.2.3- S¢i quang

Soi quang sir dung trong hé thong WDM 1a soi quang don mdt. Cac hé thdng
thong tin quang don kénh trén thé gidi hau hét di dugc xay dung tir diu nhitg nim
80, sir dung sgi don mot chuan SMF. Khi cong nghé WDM ra doi, cac hé thong
truyén din don kénh duoc nang cip. Vi vay, hau hét cac hé théng WDM hién dang
hoat dong str dung loai soi quang don mbt chuin SMF.

Tuy nhién, mot nhugc diém cta hé théng st dung so1 SMF 1a hé s6 tan sic cao
& vang budc séng bang C, chinh vi viy, nguoi ta dd khuyén nghi nén st dung soi
quang co tan sic thip cho cac hé thong théng tin quang.

Bang cach thay doi phan bd chiét suit trong 18i va vo soi quang, ngudi ta cé
thé tao ra nhiéu loai soi quang véi gid tri tin sic rat thip ¢ ving bang C:

- Soi DSF c¢6 gia tri tan sic béng 0 tai budc song lan can 1550 nm va gia tri tan
sic rat nho & cac budc song trén biang C (gia tri gidi han trong khoang —
Ips/nm/km va 1 ps/nm/km).

- Soi NZ-DSF c¢6 gia tri tan sic khong bang 0 tai 1n can bude song 1550 nm. Gia
tri tan sic cua né c6 thé Am hodc duong nhung gia trj tuyét d6i s& ndm ¢ khoang
tr 2 ps/nm/km té1 8 ps/nm/km & trong vung bang C.

Trong hai loai soi noi trén, sgi DSF khong duoc khuyén nghi dung cho hé
théng WDM boi nd s& 12 moi truong 1y tuong dé tao ra hiéu tng tron bdn song -
mot hiéu tng d& gay xuyén kénh tin hiéu trong hé thong s& duoc trinh bay chi tiét
trong phan sau. Thay vao d6, soi quang NZ-DSF s& 14 giai phap dung hoa giira hiéu
g tan sic va hiéu Gmg tréon bén song.

Dudi day 1a mot s6 loai sgi quang NZDSF dién hinh.
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Tén sac :D Pp doc tan sig  Duong kinh trudong

TT (ps/km/nm) (ps/km/nin 2) mode (um) tai 1550nm San pham
I 2.6 ~6.0 =0.05 84+0.06 TrueWave RS
1530 ~ 1565 nm
2 —1.4~—46 =0.112 9.5+0.6 TrueWave XL
1550 nm
3 —1.4 ~—4.8 =0.05 8.44+0.06 TrueWave SRS
1550 nm
4 —10.0 ~ —1.0 — 7.6 ~8.06 MetroCor
1530 ~ 1605 nm
5 2.0 ~6.0 =0.12 9.2 ~ 10 LEAF
1530 ~ 1565 nm
O 5.5 ~10.0 ={.058 92405 Teralight

1530} ~ 1565 nm

Hinh 1.17. M6t s6 loai soi quang NZ-DSF dién hinh.
1.2.4- Khuéch dai quang da kénh
- Khai niém: La thiét bj ting cudng coéng suat tin hiéu sau khi né bi suy giam boi
cac mat mat cong sudt trong qua trinh truyén dan nham dam bao tin hiéu c6 du ning
luong tiép tuc truyén dan di xa.

Khuéch dai tin hiéu c6 thé duoc thuc hién trong mién dién hodc trong mién
quang. Néu thuc hién trong mién dién, tin hiéu quang budc phai chuyén doi vé dang
tin hiéu dién thong qua bd chuyén doi quang di¢n, sau do tin hi¢u dién duoc khuéch
dai bai cac mach khuéch dai trong mién dién va chuyén nguoc lai thanh tin hiéu
quang nho bo chuyén d6i dién quang.

Khuéch dai trong hé thdng WDM yéu cau phai thyc hién trong mién quang bai
néu thuc hién khuéch dai da kénh trong mién dién, ta phai dung thém cac bo
tach/ghép kénh quang va N bo chuyén ddi quang dién (dién quang) ciing nhu N bo
khuéch dai dién. Chinh vi 1y do d6 ma lich st phat trién k§ thuat WDM dugc gin
lién véi lich sir phat trién cua ki thuat khuéch dai quang ma dién hinh 1a gan lién
v6i su phat trién cua ki thuat khuéch dai quang soi EDFA.

Chi tiét vé& cac ky thuat khuéch dai quang da kénh s& duoc trinh bay trong
chuong 2.

1.2.5 — Mt s6 phan tir khac
1.2.5.1. By xen/ré quang OADM

Khai niém: La thiét bi quang c6 giao tiép 3 hudng, cho phép tach xudng hodc ghép
1én mot (vai) budc séng tir huéng 1, 2 ra huéng 3 dong thoi cho chuyén tiép cac
budc song khac gitra hai huéng 1 va 2.
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a. Su dung cdc bg tach/ghép kénh quang

5 A
A, A2, 03, A4 K A2 | M| a1,a2,13, 04
U » X
< R

A
v

Hinh 1.18. B§ xen ré quang st dung céac bd tach ghép kénh quang

Trong cu hinh nay, bo tich kénh quang lam nhiém vu tach ra cac kénh budc
song tir bén trai dén. Kénh budc song ndo can ré luu lugng xudng (drop) s& duoc
tach riéng ra. Theo hudng ghép 18n, budc séng nao can xen luu lugng vao (add) s&
dugc bd xung vao trén cong vao cua bd ghép.

b. Swr dung cdch tw Bragg soi quang

Circulators

TN

bau vao

P

Cach tr
Céng Bragg soi

ré

Cong 1

Couplar

Céng 2 | | l (] Céng 4
Hinh 1.19. B xen 1€ quang st dung cach tir Bragg soi quang két hop véi
circulator (a) va két hop vo1 giao thoa ké MZ (b)

Trong ciu hinh 1.19a, buéc séng can 1& luu lugng (drop) s& chinh 13 budc
song phan xa tai cach tir Bragg soi r0i theo circulator r& xudng. Ciing chinh budc
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song nay dugc ghép vao theo cong xen, téi cach tir Bragg va phan xa lai theo
circulator dé di ra cung dau ra voi cac bude song khac di tir bén trai qua.

Trong cdu hinh 1.19b, mot budce séng phu hop véi diéu kién phan xa Bragg soi
quang dit trén hai nhanh cta giao thoa ké MZ s& di vao tir cong 1 va truyén hoan
toan ra cong 2 (do anh sang xuét hién & cong 1 di qua coupler 3dB rdi phan xa
nguoc lai s& chia thanh hai nhanh nguoc pha nhau trén dudng vé cong 1 va triét tiéu
nhau, do d6 toan bd anh sang phan xa lai déu xuit hién trén céng 2). Tuong tu nhu
vay, budc song phan xa Bragg s& dugc dua vao tir cong 4 va ghép chung ra trén
cong 3 v6i cac bude song khac dua vao tir bén trai qua.

1.2.5.2. Bé chuyén doi budc séng toan quang
Hau hét cac bo chuyén doi budc song toan quang déu tan dung cac hiéu tng

bdo hoa khuéch dai trong SOA hoic cac hiéu tng phi tuyén trong SOA va trong soi
soi quang. Dudi day, chung ta chi xem xét mot vai ki thuat dién hinh str dung SOA.

a. Str dung hiéu iing diéu ché tang ich chéo trong SOA

Hinh 1.20a mb ta k¥ thuat sir dung hiéu tung diéu ché ting ich chéo (Cross
Gain Modulation - XGM) trong SOA dé chuyén d6i budc song. Trong k¥ thuat nay,
budc song A1 mang dir liéu dugc khuéch dai véi cong suét 1on duge ghép vao SOA
v6i bude song A2 1a séng lién tuc ¢ cong sudt nho. Khi nay trong SOA (SLA) s&
xuat hién hién tuong diéu ché tdng ich chéo, tic 1a khi tin hi¢u mang cong suét 1on
(bit 1 & budc song A1) s& khién SOA ¢6 tang ich nho (budc song A2 khuéch dai rat
it ) con khi tin hiéu mang coéng suit nho (bit 0 & budc song A1) s& khién SOA c6
tang ich 16n (budc song A2 duoc khuéch dai nhiéu). Nhu vay, budc song A2 s€ bi
diéu ché theo dang duong bao tin hiéu cua budc séng 11 nhung nguge pha nhau: bit
1 trong A1 tr¢ thanh bit 0 trong A2 va nguoc lai.

b. Sir dung hiéu irng diéu ché pha chéo trong SOA

K¥ thuat nay st dung tin hiéu budc song 11 c6 cong suit 16n 1am thay doi
chiét sut trong SOA trén mot nhanh giao thoa ké, khién d6 1éch pha ciia budc song
12 di qua SOA trén nhanh d6 bi thay d6i tuy theo dang duong bao tin hiéu cta budc
song 11 (bit 1 hay bit 0). Cu thé ¢ hinh 1.20b, coupler 3dB (ddi v6i budc song 12) s&
déu cong suit budc song 12 trén hai nhanh, chia 1éch tin hiéu 11 trén 2 nhanh sao
cho phan 16n tin hiéu 11 dwoc di 1én mot nhanh (gia str nhanh trén). Khi budc song
A1 mang bit 0, cac SOA khong bi thay d6i chiét suat, pha tin hiéu anh sang A2 trén
hai nhanh trén va dudi thay doi nhu nhau, toan b cong suit 12 s& di ra & cong ra
bén trén (tc 1a A2 & nhanh dudi mang bit 0). Khi budce song A1 mang bit 1, SOA
nhanh trén bi thay doi chiét suat, pha tin hiéu anh sang A2 trén hai nhanh trén va
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dudi thay ddi 1éch nhau mot lugng sao cho toan bg cong suat A2 sd dira & céng ra
bén dudi (tirc 1a A2 & nhanh dudi mang bit 1)
c. Sir dung hiéu vmg tron bon séng trong SOA va trong soi quang

Vi ky thuat nay, cac budc song A1 va Ap s€ tron voi nhau va sinh ra budc
song A.2. Hién tugng tron bon sdng s& xdy ra trong moi trudng phi tuyén 1a 16p tich

cuc cua SOA. Budc song A2 khi d6 da mang thong tin cua Al va dugc loc ra bdi bd
loc (hinh 1.20c¢).

Pulsad
Al

Az
gl

Hinh 1.20. Cac k¥ thuat chuyén d6i budc song toan quang sir dung SOA

1.3- MOT SO VAN DE ANH HUONG PEN HIEU NANG HE THONG WDM
1.3.1- Bing thong cac bd khuéch dai
1.3.1.1. Dy rong bang thong

Nhu cac phan trén di phan tich, bing tan ma hé théng WDM c6 thé st dung 1a
rat 16n (trong Gmg v6i bang tan suy hao thip cua soi quang). Tuy nhién, dé co thé
truyén tai tin hieu WDM di xa, cac bo khuéch dai quang phai dugc sir dung tai cac
khoang cach thich hop. Lic nay, chinh biang thong cua cac bo khuéch dai quang 1a
yéu t6 quyét dinh bing thong st dung cta cac kénh trong hé thong WDM.
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Bing thong cua cac bo khuéch dai quang sir dung soi pha tap Erbium (EDFA)
thudng chinh 13 bang C. Gan dy, ngudi ta da c¢6 thé mo rong bang thong bd khuéch
dai EDFA sang bing L. Dy ciing chinh 13 1y do tai sao cac hé théng DWDM chu
yéu str dung cac budc song trén hai bang tin quang nay.

1.3.1.2. Pé bang phing

Do bang phing khuéch dai trong bang thong hoat dong cua cac bd khuéch dai
st dung trong hé thdng WDM rat quan trong. Do trong mot hé théng WDM dudng
dai, rat nhiéu bo khuéch dai quang dugc su dung. Cac sai khac vé do khuéch dai
gitra cac kénh budc song sé duoc tich iy khién cho tai mot vi tri nao dé trén duong
truyén, cong suit tai moi kénh bude song s& khong con dong déu va chét luong cia
mot s6 kénh budc song s& suy giam va khong thé tiép tuc truyén di xa.

Hinh 1.21 dudi ddy mo ta pho cac kénh tin hiéu sau khi di qua mot bo khuéch
dai ma hé sb khuéch dai khong dong déu trén toan biang thong va sau khi di qua
nhiéu bd khuéch dai co cung dic tinh nhu vay.

Dau vao } ’ ’ ’ ’ Dau ra
l"'. / “'
Pap ung cua mot Pap ng hé thong sau nhiéu N J '
khuéch dai -+ tang khuéch dai WSS

Hinh 1.21. Phé céc kénh tin hiéu sau khi di qua mot bo khuéch dai va
sau khi di qua nhiéu by khuéch dai

Dé giai quyét vin dé do bang phang khuéch dai, c6 hai giai phap:

- Str dung cac bo loc két hop vo1 bod khuéch dai mét cach hop 1y dé san phéng phé
khuéch dai. Nhuoc diém cua phuong phap nay 1a d6 khuéch dai sir dung k¥
thuat nay s€ khong dugc cao nhu cac bd khuéch dai thong thuong do mdt phén
cong suét quang da bi loc bd boi cac b loc.

- Str dung phuong an phat tin hiéu quang khong déng déu vé mit cong suit ngay
tai cic bod phat quang. Nhu vay, cac kénh quang nim ¢ ving khuéch dai thap
hon s& duoc phat di véi cong suat 1on hon. Nhuoc diém cia phuong phap nay la
viéc thiét ké cac bod phat quang s€ hoan toan phu thudc vao dac tinh cua cac bg
khuéch dai quang.

1.3.2- Xuyén kénh
1.3.2.1. Khdi niém
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Xuyén kénh 13 mét van dé rit quan trong trong WDM. D0 13 su can nhiéu tin
hiéu tor mot kénh budc song nay sang mdt kénh budc song khac. Qua trinh can
nhiéu nay cé thé xdy ra do dac tinh loc cua cac bd loc, bo tdch kénh quang hodc
chuyén mach quang khong dam bao ngin hoan toan cac kénh budc séng ké cin
(dugc goi 1a xuyén kénh khong phi tuyén) hodc ¢ thé xay ra do xuat hién cac hién
tuong phi tuyén nhu tdn xa Raman kich thich hodc tron bén song (con dugc goi la
xuyén kénh phi tuyén). Cac anh huéng xuyén kénh cua cac hiéu tng phi tuyén s&
duoc tiép tuc trinh bay chi tiét trong phan 2.3.4. Trong phan nay, chung ta s& chi xét
dén xuyén kénh tuyén tinh.

1.3.2.2. Xuyén kénh tuyén tinh

Hinh 1.21 md ta mét vi du vé dic tinh loc cia mot phén tor quang st dung
trong hé thdng WDM va hién tugng xuyén kénh xay ra sau khi di qua phan tir do.

20 A .20 -1 1 il 12 L
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a
> (a)
en
=
<«Q
O |-
Budc song
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Hinh 1.22. M6 ta hién trong xuyén kénh tuyén tinh: (a) pho cac kénh budc
song trude khi qua phan tir c6 chirc nang loc. (b) déc tinh truyén dat cua bo
loc cho kénh thtr 1. (c) pho tin hi¢u cho kénh budc song thir 1.

Hoc vién Céng nghé Buwu chinh Vién thong 28

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bai gigng: “Mang truyén tii quang” Chuwong I- Hé thong théng tin quang WDM

Gia str phd tin hiéu cac kénh budc song trude khi dén phan tir loc 1a dong déu
gitta cac kénh. Sau khi di qua bo loc thiét ké cho kénh th{r i, pho tin hiéu & dau ra
khong nhiing chira thanh phan pho ciia kénh thir i ma con chita ca cc thanh phan
phé cua cac kénh lan can (i-1, 1-2, i+1, 1+2...). Khi d6, tai phia thu trén kénh tht 1,
xét vé cong sut quang chung ta co:

N
P=E+2 PT, (14)
J#i
Trong d6, j 1a cac kénh khac véi kénh i, N 1a tong sé kénh budc song, Pj 1a
cong suat cua kénh budc song j trude khi qua bd loc, Tj 1a hé sb truyén dat cua bod
loc tai budc song j.

Sau khi tach thanh dong di¢n nho photodiode, dong tin hi¢u cho kénh i lic nay
s€ la:

N
I[=1+Y 1T =1,+I, (1.5)

J#i

Trong d6, Ii 1a dong dién quang twong tmg véi cong sut quang Pi, Ij 13 dong
dién quang twong tmg voi cong sudt quang Pj. I, duoc ky hiéu cho dong quang dién
ctia kénh can tach va I, ky hiéu cho dong quang dién do tir cac kénh khéc sang.

R rang, trong thanh phan tin hiéu kénh cin tach c¢6 ca thanh phén tin hiéu cac
kénh khac. Pay 1a hién tugng xuyén kénh.

1.3.2.3.Anh huwéng ciia xuyén kénh tuyén tinh

Xuyén kénh tuyén tinh lam suy giam tin hiéu kénh truyén. Cac tin hiéu trén
kénh khac cung do sang kénh can quan tdm khién cho thong tin ctia kénh nay (cac
bit 0 va 1) bi sai 1éch. Trudng hop xau nhét xay ra khi tai thoi diém c6 xuyén kénh,
mAu tin hiéu trén cc kénh khac dong thoi déu mang ning luong (mang gia tri bit 1).
Phan nang luong nay co thé coi nhu ning luong ciia nhiu. RS rang, dé dam bao
chat lugng tin hiéu tai phia thu nhu trong trudong hop khong cd xuyén kénh, cong
sudt cua kénh tin hiéu can quan tAm phai ting thém 1én dé dam bao ty sb tin hiéu
trén nhiéu can thiét hay rong hon 1a dam béo ty sb 15i bit (dwoc danh gia thong qua
hé sd chat lugng Q néu phan bd mat do xac suit mic cao va muc théip cua tin hiéu
tuan theo phan bd chuan Gausian). Phan cong suit tin hiéu can ting thém nay duoc
goi 1a ‘d0 thiét cong suit — power penalty’.

Viéc tinh toan do thiét cong suat co thé xét trong mét trudng hop don gian
nhit dya trén do mo biéu d6 mit tin hidu. Téc, xét trong trudng hop khong cé
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xuyén kénh tin hiéu, d6 mé biéu dd mat phai bang véi trudng hop cd xuyén kénh tin
hiéu va co bu cong suét trén kénh can xét (hinh 1.23).

(2) (b) (©)

Hinh 1.23. Biéu d6 mit cua tin hiéu trong cac truong hop: (a) khong co xuyén
kénh tuyén tinh, (b) c6 xuyén kénh tuyen tinh va (c) c6 xuyén kénh tuyén tinh
kém theo bu cong suat trén kénh bi anh hudng

- Khi chua c6 xuyén kénh tin hiéu, d6 mé mét (theo bién do) duoc gia sir bang
chinh I, (hinh 1.26.a).

- Khi c¢6 xuyén kénh tin hiéu, 6 mé mét bi hep lai do bién dudi ciia biéu d6 mat
tang thém mot luong I, trong khi bién trén (bén trong) ciia biéu d6 mat khong
thay di (hinh 1.26.b). D6 mé mit lac nay 1a Iy, — L.

- Néu can bu cong suat dé dam bao chét luong tin hidu trén kénh khong thay doi
so voi trudng hop khong bi xuyén kénh, d6 md mit ctia biéu d6 mét khi bu thém
cong suat phai bang gia tri ban dau (I). Gia st phai ting cong sut kénh 1én F

lan, ta c6:
F-Ich - Ix = Ich (16)
2> F={q t L)/ n =1+ /1. (1.7)

Vay, do thiét cong suét cua kénh duoc tinh ra la:

Penalty (dB) =10 .log (F) = 10 .log (1 + /L) (1.8)

1.3.3- Céan bang bu tan sic cic kénh quang
1.3.3.1. Khadi ni¢m

Tan sic 1a mot tham sd quan trong trong soi quang. D6 1a hién tuong céc
budc séng khac nhau c6 cac van tdc nhém khac nhau khi di chuyén trong sgi quang.
Trong thong tin quang sb, diéu nay s& khién cac phan ning luong twrong tng véi cac
budc song khac nhau trong mot xung thoi gian s& dén phia thu tai cac thoi diém
khéac nhau. Ttrc, xung tin hi¢u s€ bi dan rong ra. Cac xung lién tiép sau khi dan rong

Hoc vién Céng nghé Buwu chinh Vién thong 30

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bai gigng: “Mang truyén tii quang” Chuwong I- Hé thong théng tin quang WDM

ra s& tryc tiép anh hudng 13n nhau tai cac ving chdng lan giy suy giam chat lugng
thu.

Pé dam bao chat lugng truyén din, can phai co cac bién phap bu tan sic cho
kénh tin hiéu trén dudng truyén hodc tai phia thu (trudc khi di vao bo thu) tham chi
tao nén mot hién twong nguoc véi tan sic ngay tir phia phat. Co rat nhiéu phuong
phap bu tan sic. Chi tiét vé& cac phuong phap bu tan sic s& duoc dé cip dén trong
phan 4.1. Tuy nhién, dé 4p dung trong hé thong WDM, mét giai phap don gian va
hiéu qua thudng hay duoc str dung 1a dung soi quang bu tan sic (DCF — dispersion
compensation fiber). Trong phan nay, ching ta chi xem xét van dé bu tan sic cho da
kénh budc song quang.

1.3.3.2. Bu tdn sic sir dung DCF

Nhu cic phan trén da dé cap, phan 16n cac hé théng WDM hién nay dang
khai thac trén thé gidi sir dung soi quang don médt chuan SMF va hoat dong & ving
budc song 1550 nm. Soi quang nay c6 tham s suy hao nho nhit tai ving budce séng
1550 nm (c& 0.2 dB/km) nhung tham sd tan sic lai co gia tri kha 1on (c& 17
ps/nm/km). Piéu ndy c6 nghia 1a néu mdi kénh sir dung tin hiéu 40 Gbit/s (B ~ 40
GHz ~ 1/3 nm), thi sau mdi 3 km lan truyén trong soi quang, thanh phan budc séng
ngin hon trong phd tin hiéu (ngoai cing, mép trai) s& di truéc thanh phan budc
song dai hon (ngoai cung, mép phai) trong phd tin hiéu moét khoang thoi gian 1a 17
ps. Nhu vy, chi qua 5 km chiéu dai soi quang SMF, khoang cach nay ting lén
thanh 28 ps. Didu d6 c6 nghia 14 cac thanh phan phd & mép ngoai cling phd tin hiéu
ctia mdt xung bat ky da vuot qua pham vi khe thoi gian cta né (vi khe thoi gian cho
mot xung tin hiéu ¢ tdc d6 40 Gbit/s 1a 25 ps.)

So1 quang DCF duoc ché tao mot cach dic biét nho thay ddi dién tich 15i soi
va thay ddi phan b chiét suat trong 16i/vo soi mot cach hop 1y khién cho gid trj tan
sic c¢6 ddu nguoc v6i truong hop cua soi SMF. Khi tin hiéu quang da bi tan sic
duong trong soi SMF di qua phan soi quang DCF ¢6 gia tri tn sdc 4m, thanh phan
budc song ngin hon luc nay sé di chuyén cham hon so vé&i thanh phan budc séng
dai hon. Dé dam bao hiéu ung dan xung dugc bu hoan toan, can phai thoa man diéu
kién sau:

Dgsmr X Lsmr + Dper X Lpcr =0 (1.9)

Dic diém cua phuong phap nay 14 tit ca cac kénh budce song déu cé thé dong
thoi duge bu tan sic sau khi di qua soi quang DCF. Tuy nhién, do gia tri tan sic tai
moi budc song tin hiéu 1a khac nhau (trong trudng hop cua SMF va ca DCF), do
vay cung mot lac, cac kénh bude song khac nhau khong thé hoan toan duoc bu tan
sic & muc d6 nhu nhau.

Hoc vién Céng nghé Buwu chinh Vién thong 31

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bai gigng: “Mang truyén tii quang” Chuwong I- Hé thong théng tin quang WDM

1.3.3.3. Cén béng bu tdn sic cdc kénh quang.

Viéc cac kénh budc song khong thé cung mot luc duge bu tan sic voi cing
mot mirc d6 sé& khién tao ra hién tuong tai mot vi tri trén mang, sau nhiéu bo bu tan
sic st dung s¢g1 DCF, mot s6 kénh bude song s€ mang gia tri tdn sdc Am, mot sd
kénh budc song s& mang gia tri tan sac duong va mot s6 kénh di hoan toan duoc bu
tan sic.

DxL

SMF

v

Tan sic trén cac kénh budc
(b) song sau khi qua nhiéu bo b

tan sic boi sgi DCF
DxL

Téan sac trén cac kénh
budc song sau khi bu tan
sac boi soi DCF

v

Hinh 1.24. (a)T4n sac tong cong trén mot doan SMF va DCF va (b) tan séc trén
cac kénh budc song sau khi qua mdt va nhi€u bo bu tan sac

1.3.4- Cac hiéu &ng quang phi tuyén

1.3.4.1. Khdi ni¢m cdc hiéu ieng phi tuyén
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Bai gigng: “Mang truyén tii quang” Chuwong I- Hé thong théng tin quang WDM

Céc hiéu tmg quang phi tuyén xay ra khi cong suit quang tin hiéu trong phan
tir, thiét bi quang 16n hon mot ngudng nhat dinh.

Céc hiéu tng phi tuyén c6 thé chia ra 1am 2 loai.

e Loai thir nht phat sinh do tac dong qua lai gita cac photon anh sang
v6i méi truong truyén dan anh sang. Hai hiéu Gng chinh trong loai nay
la tan xa kich thich Brillouin (SBS) va tan xa kich thich Raman (SRS).

e Loai thtr hai sinh ra do sy phu thudc cua chiét suit méi truong truyén
din vao cong suit quang cia tin hidu. Cac hiéu tng phi tuyén quan
trong trong loai nay 1a hiéu ung ty didu pha (SPM - Self-Phase
Modulation), hiéu tmg diéu ché pha chéo (XPM - Cross-Phase
Modulation) va hi€u ung tron 4 song (FWM - Four-Wave Mixing). Loai
hi¢u tng nay duogc goi 1a hi¢u ing Kerr.

Trong hé théng truyén din thong tin quang s6 don kénh, cic hiéu Gng phi
tuyén gdy anh huong trong hé thdng chi 1a SPM va SBS. Ngudng xay ra hiéu tng
SRS cao hon rét nhiéu so v6i SBS do vay hé théng don kénh hau nhu khong chiu
anh huong cua hiéu tng nay. Tuy nhién, trong hé théng WDM, mirc anh hudng cia
cac hiéu ung phi tuyén khong chi ting cuong ma sb luong cac anh hudng ciing
nhiéu 1én.

Trong phan dudi day; ching ta s& lan luot xét cac anh hudng cia cac hiéu tng
phi tuyén dén hiéu ning hé théng WDM.
1.3.4.2. Hiéu vrng tan xa Raman kich thich
a. Khai niém

Hiéu tmg tan xa Raman 13 mot hiéu ung phi tuyén lién quan dén qué trinh
tuong tic ctia song anh sang va méi trudng truyén dan. Séng anh sang tGi bi hp thu
mdt phan ning luong cho cic dao dong phén tir (goi 13 hat phonon) . Phin ning
lwong con lai chuyén héa thanh photon c6 budc séng dai hon so v6i bude song téi.
Song anh sang duogc sinh ra goi 1a sdng Stokes. Song bi mat mat nang luong boi qua
trinh ndy goi 1 séng bom (chuyén ning luong cho song Stokes).

Khoang cach tir budc song bom dén budc song stokes trong hiéu Gng tan xa
Raman 1a 13.2 THz.
b. Anh hudng

Trong hé thong WDM, cac kénh budc song trai dai trén mot ving phd, khoang
cach gitra hai budc song tin hi¢u 1a kha 16n (c& vai chuc nm), do vay nhiing budc
song & vung thap (budc séng ngin) s& giy ra tan xa Raman va chuyén sang budc
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Bai gigng: “Mang truyén tii quang” Chuwong I- Hé thong théng tin quang WDM

song & vung cao (budc song dai) gy nén hién tuong khong dong déu cong suit
gita cac kénh budc song va xuyén kénh tuyén tinh.

Hinh 1.25 md ta dinh tinh dnh hudéng cia hién tugng tdn xa Raman trong h¢
thdng WDM.

Céc budce song dau vao Céc budce song dau ra
T Soi quang
(O . T T
ek XL N e e

Hinh 1.25 . Hiéu tmg Raman trong hé thdng WDM

1.3.4.3. Hiéu vwng Brillouin kich thich
a. Khai niém:

Hién tuong nay tuong tu nhu hién tuong tdn xa Raman kich thich. Anh sang
t6i cling twong tac véi moi truong truyén va mat mot phan ning luong dé chuyén
1én budc song dai hon. Tuy nhién, budc song Stokes & hién tugng Brillouin co
khoang cach c& 11 GHz so v6i bude song bom.

Mbt diém khac biét nita gitra hi¢n tuong tdn xa Raman va Brillouin chinh 1a
huéng truyén cia song Stokes. Vi tan xa Raman kich thich, song Stokes duoc sinh
ra trén ca hai huéng con vaéi tan xa Brillouin, song Stokes chi sinh ra trén hudng
nguoc lai véi song bom.

b. Anh hudng

Anh huéng cua hiéu Gmg ndy trong hé thong da kénh khong hé khac biét so véi
hé théng don kénh bai khoang cach giita cac kénh trong WDM 16n hon rat nhiéu so
v6i 11 GHz. Song Stokes tao ra sé& khién cong sut tin hiéu anh sang toi bi suy giam.
Trudng hop song stokes tiép tuc gay ra hién tuong tan xa Brillouin, ta goi cac budc
song d6 1a cac bac tan xa Stokes. Véi cac budce song Stokes bac cao, nd co thé gay
xuyén nhiéu giita cac kénh budc song.

1.3.4.4. Hiéu teng tron bon séng

a. Khai niem
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Hiéu tmg tron bdn song 1a hiéu tng sinh ra cc tan s6 hai 1a tong hop tir 3 tan
sd géc fi, fj, fk khi c6 diéu kién twong hop vé pha. Cac tan s6 hai tao ra co thé 1a 2f;
-fj, fi + fj - fi... (hinh 1.26)

o134 f231 . fofefog K

H i ik =-fi=f-fi (i,j <

f123 fa12 fa1 i = =1 - fic (1) )
f113 T fr12 fa23 fr32 fao1 fa32 fas1 T

Hinh 1.26. Hiéu tmg trén bon séng

b. Anh hudng

Hé thong WDM bao gdm cac tan sd voi cac khoang cach déu nhau. Cac tin
hiéu méi sinh ra s& chong chap 1én phd tin hiéu gbc va giy ra xuyén kénh trong hé
thdng. Xuyén kénh nay anh hudng dic biét nghiém trong khi khoang cach giira cac
kénh hep. Viéc giam tan sic GVD sé& lam ting xuyén kénh giy ra bdi hiéu ing tron
bdn budce séng boi tan sic cang thap, diéu kién tuong hop vé pha cang dé dang dat
duoc. Vi vay, hé théng st dung so1 quang dich chuyén tan sic chiu anh hudng ctua
hi€u tng tron bdn budce song nhiéu hon 13 hé théng st dung so1 don mbt chuan.

1.3.4.5. Mjt sé higu iing khic (SPM, XPM)

Trong truong hop tu diéu pha SPM, pha cua tin hiéu s& thay d6i mot cach phi
tuyén tinh khi bién d6 dudng bao xung tin hiéu thay d6i (do chiét suat thay doi). Vi
vay, cac tan s6 m&i duoc sinh ra tai cac vi tri suon 1én va xuéng cla cac xung tin
hiéu. Piéu nay khién pho tin hiéu bi gidn rong ra khién anh hudng cia tan sic ting
cuong (do gidn xung do tan sic ty 18 thuan véi hé s tan sic, do rong phd tin hiéu va
chiéu dai tuyén truyén din).

Trong hé théng WDM, pha cta tin hiéu trén 1 kénh khong chi chiju anh hudng
tir ban than su thay doi cong suit trong kénh d6 ma con chiu anh hudng tir cac kénh
khac. D6 1a hiéu ung diéu ché pha chéo. Xét vé anh huong, XPM va SPM gay ra
nhimg anh hudng twong ty nhau nhung mirc d6 anh huéng cia XPM 1a 16n hon rat
nhiéu so v6i SPM.

Chi tiét vé& hiéu tng phi tuyén va ing dung cta nd s& dugce trinh bay trong
phan 4.2.
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1.4 — MANG TRUYEN TAI WDM
1.4.1- Phan loai

1.4.1.2. Phan loai theo ciu hinh

a. Mang dwong thang

Mang WDM dudng thang c6 cau tric nhu hinh vé 1.27. Trong mang nay, cac
diém truyén thong duogc d4u ndi véi nhau tao thanh mot dudng théng. Hai diém
truyén théng ngoai cung chi c6 mot két ndi dén diém lan can. Cac diém truyén
thong con lai déu d4u ndi véi hai diém lan can. Tuy thudc vao nhu cau truyén tai
cua cac nut nay, mot hoac nhiéu budc song s¢ dugc xen vao/ 1€ ra.

A B C D E

& s s

Hinh 1.27. C4u hinh mang dudng thing WDM

§44

i34

b. Mang vong

Mang WDM vong dugc md ta nhu trén hinh v& 1.28. O mang nay, cac diém
truyén thong dugc ddu ndi tiép nhau thanh mot vong tron. MSi mot nit mang duoc
két ndi voi hai nat mang 1an can. Cac nat nay déu budc phai cd cac budc song xen
€ luu lugng.

£

oA

> —
4

§44

\E
b

Hinh 1.28. C4u hinh mang vong WDM

c. Mang hinh sao

Hoc vién Céng nghé Buwu chinh Vién thong 36

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bai gigng: “Mang truyén tii quang” Chuwong I- Hé thong théng tin quang WDM

Mang WDM hinh sao dugc mé ta nhu trén hinh v& 1.29. O mang nay, cac
diém truyén thong duoc dau ndi voi nhau thong qua mot coupler sao.

i

i34

A Coupler /

Sao

{34

D

&

Hinh 1.29. C4u hinh mang hinh sao WDM

1.4.1.1. Phan loai theo vang phu dia ly

Cong nghé WDM cho phép ting dung luong truyén dan 1én rat nhiéu lan so
v6i truyén dan quang don kénh. Vi vay, cong nghé nay di duoc trién khai ap dung
rong khip voi vai tro 1a mang truyén tai quang dé két ndi cac diém truyén thong.
Tuy thudc vao ving dia Iy ma mang truyén tai duoc ap dung, cac phan tr quang c6
thé duoc lya chon sao cho phii hop vé tiéu chudn k¥ thuat cling nhu gia thanh. Xét
trén tiéu chi vang phu dia 1y, mang WDM quang c6 thé duoc phan thanh:

e Mang duong truc WDM (mang 15i): Mang nay thudng duoc trién khai
& cap qudc gia va dong vai tro 1a mang truyén tai xwong séng. O mang
nady, cac phan tr quang dugc dic biét chi trong vé cac tiéu chuan k¥
thuat. Téc do truyén dan va sb lugng kénh thuong rat 16n. CAu hinh
dién hinh thuong 1a N x 10/40 Gbit/s véi N tir vai chuc dén hang trim
budc song. Cau triic mang duong truc WDM thudng ¢ dang lién vong
(multi-ring) véi cac diém xen/r& két cudi cac mang truy cap.

e Mang d6 thi WDM: Mang nay thudng duoc st dung dé phu cho nhimg
d6 thi 16n vé6i clu tric mang dang vong. DPay la mang phuc vu lién lac
cac diém truyén thong trong ving d6 thi va két nbi 1én mang dudng truc.

e Mang truy cip: Mang nay thuong duoc st dung dé két cudi cac thué
bao voi cac diém truyén thong. Cong nghé WDM duoc ap dung cho
mang truy cdp (acces) dugc goi la cong nghé da truy cap theo budc
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song quang (WDMA). Trong mang ndy, ciu tric mang sao (star)
thuong duoc ua dung. Khi cac phan tir str dung trong mang 1a phan tir
thu dong, mang nay dugc goi la mang WDM-PON (Passive Optical
Network). Yéu cau chung d6i voi cac phan tir str dung trong mang nay
1a gia thanh thap. Nhiing chi phi cho cac phan tir thudng tip trung tai
phia két cudi ciia mang chir khong day vé phia thué bao.

1.4.2- Cac phan tir mang trong hé théng truyén taii WDM

Xét trén quan diém mang, mdi mot diém truyén thong dugc coi 1a mot phén tr
mang va phai thyc hi¢n nhi¢ém vu phat/thu hoac chuyén tiép mot hodc nhiéu bude
song. Tuy thudc vao vi tri ciia phén tr mang do, no co thé 1a mot phén tir dau cudi,
lap, xen & hoic két nbi chéo. Duédi ddy chung ta s& xem xét cdu tao/ chirc ning cua
tig phan ti.
1.4.2.1. Phan tir dau cudi

Phan tir dau cubi lam chire nang két cudi luu luong. Tai ddy, cac budc song
duogc ghép vao va tach ra trén cac bd ghép/tach budc song.

Phén tir dau cudi thudng duoc st dung trong cac mang duong thang hoic sao.
1.4.2.2. Phan tir lap

Phén tir l3p 1am chirc ning khuéch dai, 13p tin hiéu. Thong thudng phan tir nay
chi thuc hién chirc nang khuéch dai tin hiéu trong mién quang. Phan tir ndy dugc sir
dung trong cac mang c6 khoang cach truyén tai xa (> 50 km)
1.4.2.3. Phan tir xen ré (OADM)

Phén tir xen r& thyc hién chtrc ning xen ré mot vai bude séng va chuyén tiép
cac budc song con lai. Phan tir xen r& don gian thuong 1a mét OADM. Phan tir nay
thudng duoc st dung trong mang vong hodc duong thang.
1.4.2.4. Phén tii néi chéo(0XC)

Phan tir ndi chéo thuc hién chirc ning giéng nhu phan tir xen ré. Tuy nhién, né
con thyc hién thém chirc nang két ndi chéo cac duong quang. Phan tir nay thuong
duogc sir dung trong mang da vong nham chuyén tai chéo cac budce song tir cac vong
truyén tai.

1.4.3- Quén ly va bao vé trong mang WDM
1.4.3.1. Qudn ly
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Chte ning quan 1y trong mang WDM c¢6 thé duoc thuc hién trén mot budc
song riéng biét so vdi cac budc song dir licu.

Thu quang

jommmmmno-PRAQUANG - Khuéch dai quang (TTTTTTTTTTT T 1
| | ! 1
| | A 1
| M | E ! |
1 ' | PA i 1
l : u mea ' M . i
1 | 1 n
- S gra) 0 Lo |
| : : % ,
: _______________________________ }\_'S ______ : ________ s - T :

Bo phat tin hiéu diéu Thu/ phat tin hiéu diéu B0 thu tin hiéu diéu

khién giam sat kénh khién giam sat kénh khién giam sat kénh

quang quang quang

11

Hé théng quan ly mang

Hinh 1.30. So d6 khdi hé thong WDM véi cac chirc ning quan 1y

1.4.3.2. Bio v¢

Chtic ning chinh cua bao vé quang trong mang WDM 1a cung cip cac két
n6i diém- diém tin cay dé lién két cac nat 16p dich vu. Nhu ITU-T d3 xé4c dinh c¢6 ba
16p mang quang trong khuyén nghi G.872 “Kién triic mang truyén tai quang”, viéc
bao vé quang ciing c6 thé duoc 4p dung cho ba 16p khac nhau nay. Tai 16p doan
truyén din, sir dung bao vé dudng truyén. Tai 16p doan ghép kénh thudng st dung
co ché bao vé ciia SDH. Tai 16p kénh quang sir dung bao vé kénh quang, nhu minh
hoa trén hinh 1.31.

Bao vé kénh quang
Lo6p kénh quan
Bao vé 1+1 P anang
Bao vé doan ghép kénh quang I'épdSan
Béao v¢ 1+1 (W-UPSR) ghép kénh quang
Bao vé 1:1, 1:n (W-BLSR)
Béo vé duong truyén quang Lép doan
Béao v¢ 1+1, 1:1 truyén dan quang

Hinh 1.31. Bao vé trong kién tric OTN
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a) Bao vé duong truyén quang

Khi thuc hién cau hinh diém- diém hoic mang vong WDM thi thudng sir
dung co ché bao vé 1+1 hodc 1:1 cho 16p doan truyén dan.

Khi str dung co ché bao vé 1+1, toan bo tin hieu WDM duoc bao vé béng
cach chia thanh hai tin hiéu tai nait WDM va truyén dan trén hai soi quang riéng biét,
nhu mo ta trén hinh 1.32. Tai nuat phia thu, ca hai tin hi€u dugc so sanh va tin hi¢u
6 chét lugng tdt hon s& duge chon.

T K T K
[ I [ I
| Coupler | | Chuydn mach 5 g
L P | o ,  Choslnmech | [y [ Bt [
! Tuyén hoat don: !
: ) : Y atdong h e E ' :
v 1
: i U < | N M | |
T i nl
- X ! Tuyén bao vé i U Bo thu > !
1 OTU \ 1 X N
1 1
! : ! :
[ | [ |
1 1
: ! B6 th Chuyén mao:h : Coupler i
6 thu :
| D quang P . | 3dB v )
| | E M Tuyén hoat dong | M M
| : p r L "\ 1 1
| | M —o_L . | > U b
n
! q | U : eyt b0 e ; X L
. X 1 . OTU 1
[ | ! |
! 1 J 1
] | ] |

Hinh 1.32. Co ché bao vé 1+1

Khi str dung co ché bao vé 1:1, tin hiéu WDM chi duoc phat trén mot soi
quang. Néu soi lam viéc ¢6 su ¢d, tin hieu WDM s& duoc chuyén mach td1 so1 bao
v€¢, nhu mo ta trén hinh 1.33.

___________________________ A e |
l ! l !
| ! | 1!
Rl VR v B | D e
1 a A 1
: ) M ” : Tuyén hoat dong | ~ E i :
: ; U o | [ o e M | :
1 | % . ~ | ~ n:
: n oTU X : Tuyén bao vé : )Lé > > :
[ | [ |
| | | |
1 ! 1 !
Loy | ! |
| ; quang Tuyén hoat dong | quang M !
| I E P : L P , :
! ] M (_;______________:___\ U ' !
1 n h T ! h
[ Bothu {¢ U | Tuyén bao vé ! X nt
ey 5 e
1 1
l ! l !
Hinh 1.33. Co ché bao vé 1:1
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Chuong 1-

H¢ thong thong tin quang WDM

V&1 nhiing co ché nay, tat ca cac kénh quang sé dugc bao vé khi c6 su co dut

s¢1. Thot gian thyc hién bao v¢ nho hon 10 ms.

b) Bao vé doan ghép kénh quang

Phén 16n co ché bao vé doan ghép kénh quang thuong sir dung cic co ché
bao vé SDH. Cac thiét bi ghép kénh xen/ 1&8 WDM c6 thé tai c4u hinh lai s& dua ra
su phan phdi kénh budc song dong va chuyén mach dé bao vé cac kénh quang khi

mang co sy cO.

¢) Bao vé kénh quang

Bao vé kénh quang lién quan dén kénh hoat dong va kénh bao vé tai két cudi

WDM dé cung cip co ché bao vé 1:1 cho cac kénh quang. Khdi bao vé gdm phan

phat va phan thu. Phia phat, tin hiéu quang tir khach hang dén s& duoc chia bai

coupler 3 dB va sau d6 gui t6i bd chuyén phat cua thiét bi két cudi hoat dong va bao

v€, nhu mo ta trén hinh 1.34. Phia thu, cac tin hi¢u quang téi tu tuyén hoat dong va

bao vé s& dugce dua vao khéi chuyén mach quang 1x2 dé Iya chon trong truong hop

khi ¢6 su ¢b trong 16p quang. Kénh dugc lya chon sau d6 sé dugc gui td1 khach

hang. Thoi gian khoi phuc toi da tir khi xut hién su cb téi khi hdi phuc hoan toan

tuyén quang 12 nhé hon 50 ms.

___________________________________

___________________________________

i Coupler i i Chuyén mach i
! 3dB ' ! quang !
| | ] ~ |
I e PP |
| | U — — M i :
: X | | U :
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: quang : Tuyeén hoat dong : 3dB :
P e Dl e, >
Lo I:l¢_ U i | oTu : i
I Khéi chuyén X ! i P Knéi chuyén !
| mach quang : i mach quang :
A 5 | | D[ e |
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| ' X | U |
! L P : DX | :
' i Tuyén bao vé ' i
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Bai gigng: “Mang truyén tii quang” Chuwong I- Hé thong théng tin quang WDM

1.5- KET LUAN

Soi1 quang don mbt suy hao thép xuét hién d3 tao diéu kién co ban cho su
hinh thanh céng nghé ghép kénh theo budc song (WDM). Qua trinh phat trién cua
WDM gén lién khong nhiing véi trinh do ché tao soi quang, ma con gén lién véi su
phat trién ctia cong nghé ché tao cac phan tr quang nhu laser don mét, diode tach
quang, khuéch dai quang soi v.v.

Soi quang don mdt ¢ 3 cira s6 truyén tai tin hiéu quang, trong do cira sb
thir ba c6 budc song trung tdm 1a 1550 nm rat phu hop cho ghép kénh theo budc
song mat d6 cao (DWDM). Piéu kién dé dat dwoc DWDM la khoang cach giita cac
kénh budc song phai hep (khoang cach tiéu chuan 1a 100 GHz), sir dung laser don
mbt phé hep, chéng han laser DFB, DBR, két hop v6i céc bo loc diéu hudng nhu
Fabry - perot, Mach- Zehnder v.v.

Trong hé théng DWDM xuét hién nhiu xuyén kénh do tan sic va hiéu ung
quang phi tuyén. Dé han ché anh hudng cta nhidu xuyén kénh can sir dung mot sb
giai phap nhu bu tan sic, laser 6n dinh tan sb va diéu ché ngoai.
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CAU HOI VA BAI TAP
1- Ky thuat ghép kénh phan chia theo budc song twong tu nhu:
a. Ghép kénh phan tan s6 (FDM)
b. Ghép kénh phan thoi gian (TDM)
b. Ghép kénh phan chia theo ma (CDM)
a. Ca ba cau trén
2- Bing thong hoat dong cua hé thdng WDM la:
a. Bang O va bang E
b. Bang S va bang C
c. Bang L va bang U
d. Tét ca cac cau trén
3- Khoang cach chuan hoa giita cic budc song trong hé thing DWDM bing:
a. 10000 GHz
b. 2500 GHz
c. 100 GHz
d. Tét ca cac cau trén
4- Pé chia cong suét tin hiéu quang thanh hai phan bang nhau phai sir dung phan tir
gi?
a. Coupler 3dB
b. Bo ghép kénh quang (OMUX)
c. Bg loc quang (Optical Filter)
d. Circulator
5- Dé xen/ r& kénh quang nao d6 phai st dung thiét bj gi?
a. OXC
b. OADM
c. Transponder
d. Bo khuéch dai quang (OA)
6- Dé 1y ra mot kénh quang nao d6 phai sir dung phan tir gi?

a. Coupler 3dB

Hoc vién Céng nghé Buwu chinh Vién thong 43

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bai gigng: “Mang truyén tii quang” Chuwong I- Hé thong théng tin quang WDM

b. BJ loc quang (Optical Filter)

c. Circulator

d. B tach kénh (DEMUX)
7- Hiéu tung Kerr bao gom:

a. Hiéu ung tu diéu pha (SPM)

b. Hiéu tmg diéu ché pha chéo (XPM)

c. Hiéu tng trén bén song quang (FWM)

d. Tat ca cac cdu trén
8- Haly cho biét dau 1a hi¢u tmg phi tuyén:

a. Tan xa Rayleigh

b. Tan xa nguogc

c. Tan xa Brillouin kich thich (SBS) va tdn xa Raman kich thich (SRS)

d. Tat ca cac cau trén
9- Pdi véi 16p doan ghép kénh quang co thé st dung co ché bao vé nao khi soi
quang cua hé thong hoat dong bj dut?

a. Co ché bao vé 1:1

b. Co ché bao vé 1+1

¢. Co ché bao vé 1:N

d. Ca 3 loai co ché
10- Cho mé hinh hé théng WDM don huéng diém-diém st dung 4 budc séng &
bang C. Mdi budc song hoat dong & téc do 10 Gbit/s. Khoang cach giita cac bude
song 13 100 GHz. Khoang cach truyén tin gitta hai diém 1a 100 km. Hé théng sir
dung soi quang don mdt co hé sb suy hao 0.2 dB/km tai biang C. Hay tinh:
a. Tong dung luong cua hé thng (don vi Gbit/s) va tinh téng bang thong sir dung
ctia hé thong (don vi nm).
b. Néu cong suit phat tai budc song thir nhat A1 13 1 mW, bd qua cac suy hao tai
cac thiét bj ghép/tach budc soéng va cac mdi han ndi, hiy tinh cong suét ciia budc
song Al tai phia thu theo don vi mW.

Hoc vién Céng nghé Buwu chinh Vién thong 44

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

