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BANG POI CHIEU THUAT NGU ANH VIET

Viét tit  Tiéng Anh Tiéng Viét

ADM Add/Drop Multiplexer B6 ghép kénh xen/ré

APD Avalanche Photo Diode Diode quang thac

APS Automatic Protection Switching Chuyén mach bao vé tu
dong

ASE Amplifier Spontaneous Emission Nhiéu ty phat duoc
khuéch dai

BER Bit Error Ratio Ty s6 161 bit

DCF Dispersion Compensated Fiber Soi b tan sic

DCM Dispersion Compensator Module Module bl tan sic

DEMUX  Demultiplexer Thiét bi tach kénh

DSF Dispersion Division Multiplexer Soi dich chuyén tan sic

DWDM Dense Wavelength Division Multiplexer Ghép kénh theo budc
song mat do cao

EDFA Erbium Doped Fiber Amplifier Bo khuéch dai quang
soi pha tron Erbium

FWM Four Wave Mixing Hiéu tng tron bon budc
song

IP Internet Protocol Giao thic Internet

LED Light Emitting Diode Diode phat quang
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LD Laser diode Diode laser
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NE Network Element Phan tr mang

OADM Optical Add/Drop Mutplexer B6 xen/ré budce song
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OBA Optical Booster Amplifier Bo khuéch dai cong
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day
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TFFs Thin Film Filters B0 loc mang mong
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SBS Stimulated Brillouin Scattering Tan xa do kich thich
Brillouin

SMF Single Mode Fiber Soi don mode

SNR Signal to Noise Ratio Ty s6 tin hiéu trén tap
am

SONET Synchronous Optical Networrk Mang quang dong bd
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LOI MO PAU

Trong nhitng nim gan ddy, chung ta di chung kién sy phat trién chua
ting c6 vé nhu cau str dung bang thong truyén dan, chinh diéu nay da san sinh
ra mot luong thong tin rat 16n truyén tai trén mang tao ra nhiéu ap luc méi
cho mang hién tai. Bing tan truyén dan tré thanh tai nguyén quy gia hon bao
gid hét.

Pé dap tng yéu cau trén, cho dén nay soi quang van dugc xem la moi
truong 1y tuong cho viée truyén tai luu luong cuc 16n. Dbi v6i hé thong dung
luong thap, cong nghé TDM thudng duoc st dung dé ting dung luong truyén
dan cta mot kénh cap don 1én 10Gbps, tham chi 1a 40Gbps. Tuy nhién, viéc
tang tbc cao hon nira 1a khong dé dang vi cac hé thong téc do cao doi hoi
cong nghé dién tir phirc tap va dat tién. Khi téc do dat t6i hang tram Gbps,
ban than cac mach dién tir s& khong thé dap tmg duoc xung tin hiéu cuc ky
hep, thém vao dé chi phi cho cac giai phap trd nén ton kém va co ciu hoat
d6ng qua phtrc tap doi hoi cong nghé rat cao.

Dé nang cao tdc d6 truyén dan, khic phuc dugc nhimg han ché ma cac
mach dién hién tai chua khic phuc duoc, cong nghé ghép kénh quang phan
chia theo budc song mat 46 cao DWDM ra doi. DWDM c6 thé ghép mot sb
luong 16n budce song trong ving bude song 1550nm dé nang dung luong hé
théng 1én hang trim Gbps. Vi thé, DWDM ngay cang dugc ung dung rong rai
& nhiéu nudc trén thé gidi ciing nhu ¢ Viét Nam.

Véi wu thé vé cong nghé dic biét, ghép kénh theo budc song mat do
cao DWDM d4 tré thanh mot phuong tién toi uwu vé ky thuat va kinh té dé mo
rong dung luong soi quang mot cach nhanh chong va quan 1y hiéu qua hé
thong. DWDM dé dap ung dugc hoan toan yéu cau phat trién cac dich vu
bang rong trén mang va 1a tién dé& dé xay dung va phat trién mang toan quang

trong tuong lai.
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Khi thiét ké mot hé thong DWDM, nguoi thiét ké phai d6i mat véi mot
s6 van dé& nhu: bao nhiéu budc song duoc ghép trén mot soi va ¢ nhitng toc
d6 nao? Cac budc song s& duge giam sat va quan 1y nhu thé nao? CO6 bao
nhiéu loai luu lugng khac nhau ma khach hang yéu cau? Céc thuét toan va
giao thirc hiéu qua nhét 1a gi? Do dai cia mot ching ma khong can tram lip 1a
bao xa? Bo khuéch dai nao duoc st dung dé thoa man yéu cau vé hé sb
khuéch dai va tap 4m? Va dé co thé tra 16i dugc nhitng cau hoi trén doi hoi
nguoi thiét ké phai nam viing dugc nguyén ly, cau trac cling nhu thudng
xuyén cap nhat nhing k¥ thuat méi dé cé thé dua ra dugc nhitng giai phap tot
nhat cho hé thong dang xay dung. Chinh vi Iy do d6 nén em da tién hanh tim
hiéu dé tai: “Thiét ké mang DWDM va cic giai phap cong nghé”.

Em xin dugc bay to 10ng cam on sdu sac toi thay Th.S Poan Hiru Chuc
d3 tan tinh gitp d&, huéng dan nghién ctru dé em c6 thé hoan thanh dd an nay.

Do c6 han ché vé mat thoi gian va kién thirc, 46 an tot nghiép cua em
con nhiéu thiéu sot, kinh mong nhan duoc su dong gop v kién cua cac thay
gido trong b mon va cac ban dé dé tai cia em duoc hoan thién hon.

Em xin tran trong cam on!

Hai Phong, ngay 10 thang 7 ndm 2010
Sinh vién

Trdn Thi Kim Chi
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Chuong 1
TONG QUAN VE CONG NGHE DWDM VA CO SO
KY THUAT GHEP KENH THEO BUOC SONG

Dé thay duoc vai trd quan trong ctia cong nghé nay d6i véi viéc phat
trién hé thong mang, trong chuong niy chung ta s& xem xét nhiing nét chung
nhit vé cong nghé DWDM so vdi cac cong nghé truyén din khac.

Dé giai quyét van dé bang thong va phat trién hé thong da dich vy trén
cung mot mang, cong ngh¢ DWDM da thyc hién ghép nhiéu buéc song trén
ciing mot soi quang. Véi viée tang s6 budc song ghép trén mot soi quang mot
cach dang ké so voi cong nghé WDM  trude ddy, diém ndi bat caia DWDM
chinh 13 kha ning cho phép truyén trén soi quang mot luu luong khong 16 1én
t6i hang Terabits/s. Tuy nhién, dé dat dugc diéu nay mot cach c6 hiéu qua thi
hé théng DWDM c6 nhiing yéu cau rat dic biét ddi véi cac chirc ning quang
nhu: do linh hoat cao, két cau dau chéo nhanh, cac bd loc va nguén laser phai
c6 kha nang diéu hudng, cac bo thu phai co tap 4m thp va do nhay cao.

Cac hé théng DWDM hién nay lam viéc trén cac kénh budc soéng theo
khuyén nghi ctua ITU-T danh cho DWDM. Nhiéu budc soéng ghép trén mot
so1 quang da mang lai sy linh hoat va mém déo cho ca cac dich vu va bang
thong. Mbi kénh budc song co thé truyén tai mot loai luu lwong khac nhau
nhu SONET/SDH trén mét kénh, ATM trén mot kénh khac, tin hi€u thoai
TDM hay Internet trén mot kénh khac nira.

1.1. KY THUAT GHEP BUGC SONG QUANG

Trong hé théng don kénh, khi tdc do duong truyén dat dén murc d6 nao
do, nguoi ta théy céc han ché cua cic mach dién tur trong viéc nang cao tbc d6
cling nhu kéo dai cy ly truyén dan. Thém vao dé, chi phi cho cac giai phap
trén tuyén truyén din rat ton kém vi ciu triic hé thong kha phirc tap. Do do,

k¥ thuat ghép kénh quang ra doi nham khac phuc duoc nhiing han ché trén.
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Céc phan tir quang trong hé thong thiét bi s& dong vai tro chu dao trong viée
thay thé hoat dong cua cac phan tir dién & cac vi tri xung yéu doi hoi ki thuét
xtr ly tin hi¢u nhanh.

V& 1y thuyét, ta c6 thé 1am ting dang ké dung luong truyén din cua hé
théng bang cach truyén dong thoi nhiéu tin hiéu quang trén cung mot soi néu
cac nguodn phat c6 phd cach nhau mét cach hop 1y va dau thu co thé thu duoc
cac tin hiéu quang riéng biét néu phan thu c6 bo tach budc song, Day chinh 1a
co s& k¥ thuat ghép budc song.

1.2. NGUYEN LY CO BAN CUA GHEP BUGC SONG QUANG

Nguyén 1y co ban cta ghép budc soéng quang ¢ thé minh hoa nhu hinh
1.1. Gia sir c6 cac ngudn phat quang 1am viéc & cac budc song Ay z,. .. A
Cac tin hiéu quang lam viéc & cac budc song khac nhau nay sé dugc ghép vao
cung mdt soi dan quang. Céc tin hiéu c6 budc song khac nhau dugc ghép lai &
phia phat nho bo ghép kénh, b ghép bude song phai dam bao c¢6 suy hao nho
va tin hiéu sau khi ghép s¢ duoc truyén doc theo soi dé dén phia thu. Cac bd
tach séng quang khac nhau & phia dau thu s& nhan lai cac ludng tin hiéu voi

cac budc song riéng 1€ nay sau khi ching qua bd giai ghép budc song.

Soi
quang
0]
" O  ow)
MUX > > DEMUX
In n
(4,) o4 A.) (A A,) Onln)

Hinh 1.1: M ta tuyén thong tin quang c6 ghép budc séng

Dic diém ndi bat cua hé thong ghép kénh theo budce song 1a tan dung
hiru hiéu nguon tai nguyén bing thong rong trong khu vuc ton hao thap cia
soi quang don mode, nang cao 1o rét dung luong truyén dan cia hé théng,

ddng thoi ha gid thanh cua kénh dich vu xubng muc thap nhat.
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Hé théng WDM dua trén co sO tiém ning bing tdn cta soi quang dé
truyén di nhidu budc séng anh sang khac nhau, diéu thiét yéu lac nay 1a viéc
truyén dong thoi nhiéu budc séng cing mot lac khong gay nhidu 1an nhau.
Mbdi budc song dai dién cho mdt kénh quang trong soi quang. Cong nghé
WDM phat trién theo xu hudng ma sy riéng r& budc song cua kénh co thé 1a
mot phan rat nho cua 1nm hay 10° m, diéu nay din dén cac hé thdng ghép
kénh theo budc séng mat do cao DWDM. Cac thanh phan thiét bi trude kia
chi c6 kha ning xir 1y tir 4 - 16 kénh, mdi kénh hd tro ludng dit liéu dong bd
tbc do 2.5Gbps cho tin hiéu mang quang phan cap s6 dong bo (SDH/SONET).
Céc nha cung cdp WDM d4 sém phat trién cac thiét bi nham cho viéc truyén
nhiéu hon cac kénh quang. Cac hé thdng véi hang tram kénh gio day da sin
sang duoc dua vao st dung, cung cip mot téc do dir liéu két hop hang trim
Gbps va tién toi dat toc d6 Tbps truyén trén mot soi don.

C6 hai phuong an thiét 1ap hé théng truyén din st dung ghép budc
song quang WDM.

% Truyén dan mot chiéu trén hai soi.
WDM mét chiéu 1a tit ca cac kénh quang cung trén mot soi quang
truyén dan theo cing mot chiéu, & dau phat mang cac tin hiéu c6 budc
song khac nhau va da diéu ché Aq,)y,..., A, thong qua bd ghép kénh to
hop lai voi nhau va truyén dan mot chiéu trén mot soi quang. Vi céc tin
hi¢u dugc mang thong qua cac budc song khac nhau, do dé s€ khong
1an 16n. O dau thu, bo tach kénh quang tach nhing tin hiéu c6 budc
song khac nhau, hoan thanh truyén dan tin hiéu quang, & huéng nguoc

lai truyén dan qua mot soi quang khac, nguyén 1y gidng nhu trén.
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Hinh 1.2: So' @6 truyén din mét chiéu trén hai s¢i quang
% Truyén dan hai chiéu trén mot soi.

WDM hai chiéu 1a kénh quang trén mdi soi cing truyén dan theo hai
chiéu khac nhau, dung cic budc song tach roi nhau dé thong tin hai chiéu
(song cong).

Hé théng WDM song hudng yéu cau phét trién va tmg dung cao hon,
¢ co ciu phuc tap hon doi héi yéu cau ki thuat cuc ky nghiém ngat. C6 rat
nhiéu van dé can luu ¥ nhu phan xa quang, xuyén am giita cac kénh, mic
dién cta cong suat truyén dan. O phia phat, cac thiét bi ghép kénh phai co suy
hao nho tir mdi ngudn quang téi dau ra caa bd ghép kénh. O phia thu, cac bd
tach song quang phai nhay véi dai rdng ctia cac budc song quang. Khi thuc
hién tach kénh can phai cach ly kénh quang that t6t véi cac budc séng khac
bang cach thiét ké cac bo tach kénh that chinh xac, dai lam viéc 6n dinh. Do

sir dung bo khuéch dai quang hai chiéu nén hé théng song huéng giam dugc

s6 lugng bo khuéeh dai va tiét kiém dugc soi quang.
' , it 1 Maythu | 1
| Mayphat | "1 » v
. atens Ay A2 e An quang
——> -
. —_ May thu
n May phat | B qu);ng )
quang _\_) Bo ghép/tach| | khuéch| o [Bo ghep/tach /
kénh dai soi kénh _
: uan: \_| May phét
Lo Mayi ‘/ quang —& qgaﬁg g
- quang — .
.
Méy thu }Ln+1| }Ln+2 ....... 7\'2n Méy phét n
n <«—— quang Aon quang [—

Hinh 1.3: So' @6 truyén dan hai chiéu trén mét sgi quang
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Vé nguyén 1y, bat ky mot bd ghép bude song nio ciing co thé duogc
dung 1am b giai ghép bude séong. Nhu vdy, didu don gian 13 “Multiplexer”
trong truong hop ndy thudng st dung & dang chung dé tuong thich cho bd
ghép va bo giai ghép, trir truong hop can thiét dé phan biét hai thiét bi nay.

Nguoi ta chia loai thiét bi ghép budc soéng quang thanh ba loai: Cac bd
ghép (MUX), cac bo giai ghép (DEMUX) va cac bo ghép va giai ghép hon
hop (MUX - DEMUX). Cac b MUX va DEMUX duogc dung cho cac phuong
an truyén dan song huéng.

Phan loai cac bd ghép budc song trong ky thuat ghép bude song:

Céc bd ghép
budc song
| Thu dong | Tich cuc
[
[ | Céc bg thu
| Vi quang | | Ghép soi | | | phat nhiéu
Quang té hop | | Céc thiét bi budc song
khéac
| Tan sic | | Bo loc | I
| | Phituyén | | Giaothoa | | Phan cuc
| Tanxavatlieu | | Céchtr |

Hinh 1.4: Phan loai cac bg ghép bwdée song quang

Cac bo ghép budc song thu dong duoc sir dung hién nay thudng la cac
bd vi quang hoc (micro-optic) va bd ghép soi kiéu dan song (guided wave
fibre coupler). Mdi loai déu c6 vu nhuoc diém.

Céc bd vi quang hoc thuong doi hoi hé thdng ghép nbi cac thau kinh dé

ghép vao soi quang. Cac kho khan trong viéc dinh vi va ghép ndi lam han ché
cac dic tinh k¥ thuat, dic biét 1a d6i voi cac soi don mode. Tuy nhién, viéc sir
dung cac bd vi quang hoc cho phép lua chon dac tinh ctia bg loc rong rai hon.
Céc bo ghép soi it chiu anh hudng cta cac kho khan néu trén nhung lai
bi han ché trong viéc lya chon céc dac tinh can c6 cua bo loc, chrfmg han nhu

mirc d6 bang phing cia bang thong.

Sinh vién: Tran Thi Kim Chi 22 Lop DT1001



Do dn tot nghiép

C6 3 tiéu chudn co ban dé xac dinh dic tinh ctia bo ghép budc song:
v Suy hao xen
v' Xuyén am
v' D6 rong phd cua kénh
%+ Suy hao xen
Suy hao xen ¢ day duoc xac dinh nhu luong ton hao cong suit trén tuyén
truyén dan quang do viéc thém vao cc bd ghép bude song. Khac véi cac coupler
thong thuong, & diy suy hao xen duoc xem xét ddi véi timg bude song:
Ly = -1010g O(u)/I(M) MUX
L; = -10log O;(A)/1(L) DEMUX
Trong do:
I(\i), O(\) 1a cong suat tin hiéu duoc ghép & trén duong chung.
I (A 12 cdng suat tin hiéu budc song A« di vao cira thir k cua bo
ghép, tin hiéu ndy duoc phat tir ngudn phéat quang thi k.
Oi(\i) 1a cong sut tin hiéu budc song Ak di khoi cong thir i ciia bo tach.
Suy hao nay bao gom suy hao sinh ra tai cac diém ghép néi cia bo
ghép budc song ma nguyén nhan chii yéu 1a do hap thy hoic do phan xa. Muc
d6 anh hudng tuong ddi cia hai nguon suy hao trén hé thong con tly thudce
vao loai cdng nghé duoc lua chon dé ché tao bo ghép bude song.
% Xuyén am
Xuyén am 1 sy do tin hiéu tir kénh nay sang kénh kia. N6 1am ting nén
nhiéu, do vay lam giam ty s6 tin hi¢u trén nhiéu SNR. Hién tuong nay
duoc sinh ra do cac yéu té sau:
v Do céc dac tinh ctaa bo loc khdng hoan thién.
v" Do phan xa hay hi tu khong hoan toan lam cac tia sing bi tan mat.
v' Do phé cua c4c ngudn phat chong lan 18n nhau.
v' Do céc hiéu tmg phi tuyén xay ra khi dua céng suat cao vao

So1 quang.
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Trong mot b giai ghép kénh Iy tudng, s& khdng co su do cdng suat tin
hiéu tir kénh tha i cé bude séng A; sang kénh khac cd bude séng khac véi A;.
Nhung trong thuc té ludn tén tai mot mirc xuy@n am nao dé va lam giam chat
lwong truyén dan cua thiét bi. Kha ning dé tach céc kénh khac nhau duoc
dién giai bang suy hao xen va duoc tinh bing dB nhu sau:

Di(Ai) = -10log Ui(Mo)/1(M)

Trong d6: Ui(Ay) 14 luong tin hiéu khong mong muén & bude song A do
c6 su do tin hi¢u & ctra thir 1 sang, ma dung ra thi chi c6 tin hiéu & budc song A;.

Trong thiét bi ghép - giai hdn hop, viéc xac dinh suy hao xen kénh ciing
duoc ap dung nhu bd giai ghép. O trudng hop nay phai xem xét ca hai loai
xuyén kénh. Xuyén kénh dau xa 1a do cac kénh khac duoc ghép di vao duong
truyén gay ra, vi du nhu I(A) sinh ra Uj(A). Xuyén kénh dau gan 1a do céc
kénh khac & dau vao sinh ra, né duoc ghép ¢ bén trong thiét bi nhu Ui(A;). Khi
cho céc san pham, cac nha ché tao ciing phai cho biét suy hao kénh d6i véi
ting thiét bi.

% Do rong pho cua kénh:

Do rong pho cua kénh 1a dai bude song danh cho mdi kénh. P9 rong
nay phai dam bao dé tranh nhiéu giita cac kénh. P9 rong pho gitta cac kénh
tiy thudc vao timg ngudn phat. Ung voi cac tée do truyén dan khac nhau s&

c6 d rong pho mdi kénh 1a khac nhau va d6 chinh xac khac nhau.

D0 rong kénh Do dich tan
25 GHz +5 GHz
50 GHz +10 GHz
100 GHz +20 GHz
200 GHz +50 GHz

Bing 1.1: P9 rong phd cia kénh
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1.3. CAC THAM SO CHINH TRONG DWDM

DWDM thuc hién ghép mot sé luong 1én céc bude song quang da dugce
diéu ché trén mot soi quang. Nhitng kénh quang trong hé théng DWDM
thudng nam trong mot cira sé6 bude séng, cha yéu 1a 1550 nm vi mdi truong
g dung hé thdng nay thuong 12 mang dudng truc, cu ly truyén dan dai va co
dung luong truyén dan 16n. Gidng nhu bat cir mot cong nghé nao, DWDM
cling t6n tai nhitng gidi han va nhitng van dé k¥ thuat. Trong chuong nay,
chling ta s& xem xét mot s tham sé nhu: suy hao, nhidu xuy@n kénh, s kénh
budc song, bé rong pho nguon phat, quy cong suat, tan sic va anh hudng cia
cac hiéu tng phi tuyén.
1.3.1. Suy hao cua s¢i quang

Suy hao trong soi quang déng mot vai trd rat quan trong trong viéc thiét
ké hé thdng. Suy hao soi duoc tinh bang ty sb giita cong suat cudi soi quang
P, ctia soi dan quang dai L(km) v&i cong suat dua vao soi quang P1. Néu goi

a 1a hé s0 suy hao cua soi thi:

A(dB)= 10Iog% (11)
_ AldB)
a(dB/km)—m (1.2)

Cac nguyén nhan chinh gay suy hao trong soi quang 1a: Suy hao do hap
thu &nh sang, trong d6 ¢ hap thu tir ngoai va hap thu hong ngoai. Hap thu
chu yéu do hap thu dién tir, hip thu tap chat va hap thu vat liéu. Ngoai ra, con
phai ké dén suy hao do ghép ngudn quang vao soi quang, suy hao do méi han,
suy hao do ubn cong soi va suy hao do tan xa do tinh khong dong nhat quang
hoc cua 161 sgi gay ra. Co 3 loai suy hao do tan xa co ban cua 18i sgi quang la

tan xa Rayleigh, tan xa Brillouin va tdn xa Raman.
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1.3.2. S6 kénh buéc séng

Mot trong nhitng van dé quan trong 1a hé thong st dung bao nhiéu kénh
budc song va s6 kénh cuc dai hé thong co thé sir dung duoc. S6 kénh budc
song str dung phu thudc vao:

e Kha ning caa cong nghé dbi véi cac thanh phan quang nhu:
v' Kha ning bang tan cua soi quang.
v Kha ning tach/ghép cac kénh budc song.
e Khoang cach giita cac kénh gom cé4c yéu t6 sau:
v' Tdc d6 truyén dan cia timg kénh,
v' Qu¥ cdng suat quang.
v' Anh huéng cua hiéu tmg phi tuyén.
v' Do rong pho cta nguon phat.
v' Kha ning tach/ghép cua hé théng DWDM.

Mic du cira SO truyén dan tai ving budc séng 1550 nm c6 do rong
khoang 100 nm, nhung do dai khuéch dai cta cac bo khuéch dai quang chi c6
d6 rong khoang 35 nm (theo quy dinh cta ITU - T thi dai khuéch dai nay 1a tir
bude song 1530 nm dén 1565 nm d6i véi bang C; hodc bang L tir 1570 nm
dén 1603 nm) nén trong thuc té, cac hé thong DWDM khéng thé tan dung hét
bang tan cua soi quang.

Goi A4 la khoang cach gitra cac kénh bude song thi tuong tng ta co:

Af =—CcALI X (1.3)

Nhu vy, tai budce song A = 1550 nm, voi AL = 35 nm thi Af = 4,37.10*
Hz. Gia sir toc d6 truyén din cia mdi kénh bude soéng 1a 2.5Gbps thi theo
dinh nghia Nyquist, phd co s& cua tin hiéu 12 2 x 2,5 = 5Gbps thi s6 kénh
budc song cuc dai co thé dat duge N = Af /5 = 874 kénh trong dai bang tan
khuéch dai quang. Pay la sé kénh tinh theo Iy thuyét, tuy nhién, véi mat do
kénh cang Ion thi doi hoi cac thanh phan quang trén tuyén phai c6 chat lugng

cang cao. DBé tranh xuyén am giira cac kénh nay can cé bo phét on dinh va
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mét bo loc quang c6 kha nang chon loc bude soéng cao. Bat ky su dich tan nao
ctia ngudn phat ciing cd thé 1am dan phd sang kénh 1an can.

Dua vao kha ning cong nghé hién nay, ITU - T dua ra quy dinh vé
khoang cach gitra cac kénh budc séng la 100 GHz (0,8 nm) hoac 50 GHz (0,4
nm) véi chuan tan s6 14 193,1 THz.

Véi cong nghé hién nay, DWDM chu yéu st dung dai bang tan C (1530
- 1560)nm va bang L (1560 - 1600)nm.

1.3.3. P rong pho ciia ngudn phat

Viéc chon do rong pho cua ngudn phéat nham dam bao cho céc kénh
budc song hoat dong mot cach doc 1ap nhau, néi khac di la tranh hién tuong
chéng phd ¢ phia thu giira cac kénh 1an can. Khoang céch gitra nhitng kénh
nay phu thudc vao dic tinh caa céc thiét bi nhu MUX/DEMUX, b loc, do
dung sai ciing nhu mtrc d6 6n dinh caa cac thiét bi nay.

V& ban chat, viéc ghép cac budc séng khac nhau trén cing mot soi
quang la dua trén nguyén tac ghép kénh theo tan sé. Cac kénh khéac nhau lam
viéc & cac kénh tan sé khac nhau trong clng bang thdng cua soi quang. Theo
ly thuyét, bang thong cua soi quang rat rong nén sb lugng kénh bude séng
ghép duoc rat 16n (¢ ca 2 cira s6 truyén dan). Tuy nhién, trong thuc té, cac hé
théng WDM thuong di lién véi cac bo khuéeh dai quang soi va lam viéc chi ¢
ctra s6 budc séng 1550 nm. Vi vay, bang tan cua soi quang bi gigi han boi
bang tan cta bo khuéch dai. Nhu vay, mot van dé dit ra khi ghép 1a khoang
cach gitra cac budc song phai théa man duoc yéu cau tranh cong phd cia cac
kénh 1an can ¢ phia thu. Khoang cach nay phu thudc vao dic tinh phd cua
ngudn phat va cac anh huong khac nhau trén duong truyén nhu tan sic soi,
hiéu tmg phi tuyén. ..

Mot cach ly tuong, c6 thé xem hé théng DWDM nhu 1a sy xép chong
cta cac hé thdng truyén dan don kénh khi khoang cach giira cac kénh budc

song du 16n va cdng suat phat hop ly. Méi quan hé gitta pho cong suat phia
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thu véi phd cong suit ngudn phat duoc thé hién boi tham sé dic trung cho
gidn phd, ki hiéu A, bang tan tin hiéu B va bl tan sic D. Néu goi € 1a hé sb
dic trung cho su twong tac giira ngudn phat va soi quang, ta c6 biéu thic:
& = B.D.Arus (1.4)
Trong d6: B 1a d6 rong bang tan tin hiéu truyén dan.
D 1a d6 tan sac twong ung khoang céch truyén dn.
Armsla do gi&n rong pho.
1.3.4. Quy cong suit
Trong méi trudng truyén dan cap soi quang, quy cong suat la mot yéu
t6 rat quan trong nham dam bao cho hé théng hoat dong binh thuong. Muc
dich cua quy cong suat la bao dam cong suat dén may thu du I6n dé duy tri
hoat dong tin cay trong suét thoi gian séng caa hé thong.
Suy hao cdng suét trén toan tuyén bao gém: suy hao trén soi dan quang,
trén cac bo ndi quang va tai cac moi han. Tong suy hao trén toan tuyén nhan
dugc tir cac phan bo suy hao lién tiép caa timg phan tir trén tuyén. Suy hao

cta timg phan tir dugc tinh:

A(dB): 10I09% (15)

)
Trong dé: Py P, 1a cac cong suat quang dau vao va dau ra ciia phan ta.
Ngoai cac suy hao do cac phan tir trén tuyén quang gay ra nhu da néu &

trén, ta con phai c6 mot luong cong suat quang du phong cho tudi tho caa cac

thanh phan, sy thay ddi nhiét d6 va cac suy hao tiang lén ¢ cac thanh phan. Dy
phong cho tuyén thudng thudng tir 6 - 8 dB. Chinh vi vy ma quy cong suat
cta tuyén c6 thé xem nhu 1a cong suét tong P+ nam giita ngudn phat quang va
bo tach song quang. Suy hao tong nay bao gom suy hao sgi, suy hao bo ndi
quang, suy hao mdi han va dy phong cho hé théng.

Néu goi Ps 14 c6ng suét quang ctia ngudn phat duge dua vao dau ghép

sgi va Pg la d6 nhay cua bo thu quang thi:
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P:=Ps- Pr=2lc + a +.L + du phong hé théng (1.6)
Trong d6: Ic 1a suy hao bo néi quang
afla suy hao soi
L 1a cy ly truyén dan
O day, suy hao do mdi han lsp dugc gan vao trong suy hao soi dé don
gian phép tinh.
1.3.5. T4n sic
Khi truyén dan tin hiéu sé doc theo soi quang, xuat hién hién tugng
gidn xung & dau thu. Tham chi trong mot sé trudong hop cac xung 1an can de
Ién nhau, khi @6 khdng phén biét dugc cac xung véi nhau nira, gdy méo tin
hiéu khi tai sinh.
Sé di ¢6 hién tuong méo nay la do tan sic & bén trong mode va hiéu
ung gitra cac mode gay ra.

% Tan sic bén trong mode bao gdm tan sic vat liéu va tan sic din song.

Tan sic vat liéu do chi sb chiét suat caa vat lidu 16i phu thudc vao bude
séng tao nén. N6 gay ra su phu thudc cua bude s6ng vao van toc nhdm
cua bat ky mode nao.
Tén sic dan song phu thudc vao thiét ké soi vi hang s6 lan truyén mode
B. NG thuong duge bé qua trong soi da mode nhung lai can quan tam
trong soi don mode. Goi 14 tan sic din séng vi hién tugng nay thuong
xay ra trong cac 6ng dan song ké ca ¢ song cao tan va siéu cao tan.

% Tan sic gitra cAc mode
Tén sic nay chi anh hudéng dén cac soi da mode, né sinh ra do ¢ nhiéu
duong khac nhau (cac mode khac nhau) ma mét tia sang c6 thé truyén lan
trong soi da mode dan dén tia sang truyén qua nhimg quang 16 khac nhau,
lam cho xung truyén dan bi gian rong ra, tan sic nay phu thudc vao kich

thudce cua soi quang, dac biét phu thudc vao duong kinh cua 161 soi.
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L)

Céc phuong phap dé 1am giam thiéu sy anh hudng cia tan sic dén hé
thdng DWDM tdc d6 cao c6 ding khuéch dai EDFA gdm: lam hep bé
rong phod cta ngudn phat hodc str dung cac phuong phép bil tan sac nhur:

v Str dung soi quang c6 hé s tan sic nho.

v/ BU tan sic bang phuong phap tu dich pha SPM.

v/ BU tan sic bang cc thanh phan bu tan sic thu dong.

v BU tan sic bang sgi DCF.

v BU tan sic bang cac modul DCM sir dung céch tir soi Bragg.
Céc hé thong truyén dan TDM ciing nhu WDM bi anh huéng nhiéu hon
d6i véi mot loai tan sac khac, khi ting téc do truyén dan cua hé thong con
phai quan tAm dén anh hudng cua tan sic mode phan cuc (PMD). Anh
hudng nay thuong dugc bo qua d6i véi hé thong toc do thap.
Khai niém tan sic mode phan cuc PMD
Téan sic mode phan cuc PMD [a mét thude tinh co ban cua soi quang
don mode va cé4c thanh phan hop thanh trong d6 nang luong tin hiéu ¢
bat ky budc sdng nao ciing dugc phan tich thanh 2 mode phan cuc truc
giao ¢6 van tc truyén khac nhau. Do van toc caa hai mode chénh léch
nhau d6i chit nén thoi gian truyén qua cing khoang cach 1a khac nhau
va duoc goi 1a sy tré nhom (DGD). Vi vay, PMD s& lam gian rong xung
tin hiéu gay nén suy giam dung luong truyén dan. Vé phuong dién nay,
anh huong cua tan sic mode phan cuc ciing gidng nhu anh huéng cua
tan sac. Tuy nhién, c6 mot diém khac biét I6n d6 1a: tan sic 1a mot hién
tugng twong ddi 6n dinh, trong khi d6, PMD cua sgi don mode ¢ bat ky
budc s6ng nao ciing 1a khéng 6n dinh. Ngoai nhitng anh hudng trén con
phai ké dén suy hao phu thudc phan cuc (PLD) cta cac thanh phan hop
thanh. PLD phan biét sy thay d6i phan cuc trong thanh phan cudng do
duogc tach ra tir tin hiéu mong mudn théng qua su suy hao trang thai

phan cuc c6 chon loc.
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L)

Tén sac mode phan cuc duoc tinh theo cdng thuc:

PMDotar = K.LM 1.7)
Trong d6: PMDya 12 tén siac phan cuc cua sgi quang (ps)

K 14 hé sé tan sic phan cuc (ps/km*?)
L 1 chiéu dai cua soi (km)

Nguyén nhan cua tan sic phan cuc
Do céu tric khong hoan hao cua soi quang ciing nhu cac thanh phan
quang hop thanh nén cé sy khéc biét vé chiét suat doi véi cap trang thai
phan cuc truc giao, duoc goi la sy ludng chiét. Sy khac biét chiét suat
s& sinh ra d6 chénh léch thoi gian truyén séng trong cac mode phan cuc
nay. Trong cac soi don mode, hién tuong nay bat ngudn tir su khéng
tron hoac ovan cua I8i soi theo 2 cach: dng dan séng ovan (von ¢ tinh
ludng chiét) va trudng luc cing co hoc tao nén bai 16i ovan gom c6 ca
ludng chiét phu. Nhin chung, anh huéng cua dng dan séng ovan c6 vai
tro 16m trong soi PMD thap.
Su ludng chiét cua cac vat lidu trong sudt gidng nhau nhu thach anh
dugc tao ra tir cau trdc tinh thé can xung. Va nhu vay, PMD trong céc
thanh phan quang c6 thé sinh ra tir sy ludng chiét ctia céac thanh phan
con trong céc thanh phan quang hop thanh. Tin hiéu truyén trén cac
duong song song nhau c6 d¢ dai quang khac nhau ciing sinh ra hién
tuong tré nhom.
Sy phan cuc trong soi dic trung cho ludng chiét do luc co hoc. Nhiéu
phan tir khdng phai 14 thiy tinh duoc cho vao trong 16p vo cta sgi nén
& 181 xuat hién truong luc khdng ddi xtémg nhau doc theo chiéu dai soi.
Khi &nh sang phéan cuc bi ghép trong mot doan soi nay thi truong dién
dau ra cia anh sdng dau vao duoc phan tich thanh 2 modul phan cuc
truc giao véi tée do truyén khac nhau. Cac modul phan cuc duge duy

tri doc theo sgi va nang lugng ctua ching sé khdng bi ghép.
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Ngoai nhirng nguyén nhan trén, ludng chiét con sinh boi sy udn cong

cta soi. Su udn cong nay lam thay d6i mat d6 phan tir cia ciu tric soi,

lam cho hé sé khlc xa mat ddi xtng. Tuy nhién, ludng chiét do udn

cong khdng phai 12 nguyén nhan cha yéu sinh ra PMD.
1.3.6. Van dé anh huéng cia cac hiéu ing phi tuyén

Pbi voi hé thdng thong tin soi quang, céng suat quang khdng 16n, soi
quang c6 tinh ning truyén dan tuyén tinh. Sau khi dung EDFA, cong suét
guang tang 1&n, trong diéu kién nhat dinh soi quang s& thé hién dic tinh truyén
dan phi tuyén, han ché rat 16n tinh nang cua bo khuéch dai EDFA va cu ly
truyén dan dai khéng cé chuyén tiép.

Nhin chung, c6 thé chia hiéu tmg phi tuyén thanh 2 loai:

v Hiéu g tan xa: bao gom tan xa do kich thich Raman (SRS) va tan
xa do kich thich Brillouin (SBS).

v Hiéu ung lién quan dén chiét suat phu thudc vao cdng suit quang:
bao gom hiéu tng tu diéu ché pha (SPM), diéu ché pha chéo(XPM)
va tron bon bude song (FWM).

1.3.6.1. Hiéu trng tan xa Raman SRS

Hiéu tmg Raman la két qua cua qua trinh tan xa khéng dan hoi ma
trong d6 photon ctia 4nh sang toi chuyén mot phan niang luong cua minh cho
dao dong co hoc cua cac phan tir cdu thanh méi truong truyén dan va phan
nang leong con lai dugce phat xa thanh anh sang c6 budc song 16n hon budce
song cua anh sang toi (&nh sang véi bude song mai nay dugce goi la anh sang
stoke). Khi &nh sang tin hiéu truyén trong soi quang c6 cuong do Ion, qué
trinh nay tré thanh qua trinh kich thich (dugc goi Ia SRS) ma trong doé anh
sang tin hiéu dong vai tro song (goi l1a bom Raman) lam cho phan ning luong

cta tin hiéu duogc truyén toi budc séng stoke.
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Néu goi Ps(L) 1a cOng suat cua bude song stoke trong soi quang thi:

P,L
P<(L)=P, exp| Jro= 1.8
S( ) 0 p( Kseﬁ } ( )

Trong do6: Py 1a cdng suat dua vao soi tai budce séng tin higu
Or la hé s6 khuéch dai Raman
L 1a khoang cach anh sang lan truyén tong sgi quang
Seff 1a dién tich vung 161 hi€u dung
K dac trung cho mbi quan hé vé phan cuc gifra tin hi¢u, budc
song stoke va phan cuc ciia soi. Doi voi soi thong thudng thi
K=2.

Tir day c6 thé tinh toan muc cong suit Py ma tai d6 hiéu ung SRS anh
hudng 16n dén hé thdng, duoc goi 14 ngudng Raman (PM) (PM, 14 cong suit
ctia tin hiéu ddu vao ma tmg véi nd cong sudt bude song stoke va budce song
tin hiéu tai dau ra 1a bang nhau).

32S
Ptho ~ [ eff j (19)
Lg,

Tir day, nguoi ta tinh toan duoc rang, d6i voi hé thong don kénh, dé
hiéu tng SRS ¢6 thé anh huong dén chit luong hé théng thi muc cong suit
phai 16n hon 1W (néu nhu hé thong khong sir dung khuéch dai quang trén
duong truyén). Tuy nhién, trong hé théng WDM thi mitc cong suat nay s&
thap hon nhiéu vi c6 hién twong khuéch dai d6i véi cac bude song 16n, trong
khi d6 cong suat cia cac kénh co budc song ngin hon lai bi giam di (do da
chuyén mét phan niang lugng cho cic budc song 16n) lam suy giam hé sb
SNR, 4nh huong dén chét luong hé théng. Pé dam bao suy giam SNR khong
nho hon 0,5 dB thi muc cong suit cua timg kénh phai thoa méan:

10,28.10%
N(N —1)L, Af

(1.10)
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Trong d6: N 1a sb kénh budc song
Af 1a khoang cach giira cac kénh budc song

Nhu vay, trong hé théng WDM, hiéu tmg nay ciing han ché sé kénh
budc song, khoang cach gitta cac kénh, cong suét cua ting kénh va tong chiéu
dai cua hé thong. Hon nita, néu nhu budc song méi tao ra lai tring véi kénh
tin hiéu thi hiéu tng nay ciing gdy xuyén nhiéu gitta cac kénh.
1.3.6.2. Hi€u trng tan xa Brillouin SBS

Tén xa Brillouin duoc hiéu nhu 13 sy diéu ché anh sang cta ning luong
nhiét trong vat li¢u. Photon dnh sdng vao sgi quang chiu su tuong tac khong
tuyén tinh va tao ra ning lugng rung dong trong thiy tinh ciing nhu tao ra 4nh
sang tan xa. BJ dich tan sb va cuong do tan xa bién ddi theo ham cua gbc tan
xa, v6i gia tri 16n nhat 1a nguoc véi hudng truyén va nho nhat bang khong
theo huéng truyén. Do d6, tan xa Brillouin chu yéu vé huéng nguoc hudng vé
nguon va xa bo thu, vi vay lam giam cong suat anh sang tai bo thu. Mirc cong
suat ma tai d6 tan xa Brillouin trd nén dang ké trong soi quang don mode tuan
theo cong thrc:

Pg=17,6 X 10°x a* X A* X a. X Av (1.11)
Trong d6: Pg 13 mirc cong suat (W) can thiét dé tan xa Brillouin tré nén
dang ke.
a la ban kinh sg¢i quang (um)
A 12 budc song ctia ngudn phat (m)
a la suy hao cua sgi1 quang (dB/km)
Av 1a d6 rong phd cua ngudn (GHz)

Hi¢u ung SBS 1a hi€u tng tuong ty nhu hi€u tng SRS, tuc 1a c6 sy tao
thanh cua budc song stoke voi budc song dai hon budc song ctia anh sang téi.
Piém khac nhau chinh cua hai hiéu tng nay 1a: hiéu tmg SBS lién quan dén
cac photon 4m hoc, con hiéu tng SRS lién quan dén cac photon quang. Chinh

do su khac biét nay ma hai hiéu tng c6 nhitng anh hudng khac nhau dén hé
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théng WDM. Trong hiéu trng nay, mot 4nh sang bi tan xa do cac photon 4m
hoc va 1am cho phan 4nh sang bi tan xa nay dich ti budc séng dai hon (twong
duong véi do dich tan 1a khoang 11 GHz tai budc song 1550 nm). Tuy nhién,
chi c6 phan 4nh sang bj tan xa theo chiéu nguogc trd lai (tc 1a nguoc chiéu
v6i chiéu cua tin hidu) méi c6 thé truyén di ¢ trong soi quang. Vi vy, trong
hé théng WDM khi tit ca cac kénh déu cung truyén theo mot hudng thi hiéu
ung SBS khong gy xuyén am gitra cac kénh.

Trong tit ca cac hiéu tng phi tuyén thi ngudng cong suit dé xay ra hiéu
tmg SBS 1a thap nhét, chi vai mV. Tuy nhién, do hiéu Gmg SBS giam ty 1& vai
AVE/AV sser (AV 12 bing tan khuéch dai Brillouin, AV s 12 46 rong phd cua
laser) va bang tan khuéch dai Brillouin 1a rat hep (chi khoang 10 — 100 MHz)
nén hiéu tmg nay ciing kho xay ra. Chi cac hé thong véi ngudn phat c6 do
rong pho rat hep méi c6 thé bi anh hudng cua hiéu tng SBS. Ngudi ta tinh
toan dugc muc cong suat ngudng ddi voi hiéu img SBS nhu sau:

kAeff AVB + AVP

Pn=21
gLeff AVB

(1.12)

Trong d6: g 1 hé s6 khuéch dai Brillouin
A 12 ving 161 hiéu dung
k: dic trung cho mdi quan hé vé phén cuc giita tin hiéu, budc
song stoke va phan cuc cta soi. Poi véi hé thong thong
thuong thi k~2.
AV 12 bing tan khuéch dai Brillouin
AVp 1a d6 rong phé cua tin hiéu

Nhu vay, hiéu tmg SBS sé& anh huéng dén mirc cong suat cia timg kénh

va khoang céach gitra cac kénh trong hé thong WDM. Hiéu ting nay khong phu

thudc vao so kénh cua hé thong.
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1.3.6.3. Hiéu trng tu diéu ché pha SPM
Hiéu tmg SPM thudc loai hi¢u timg Kerr, tirc 1a hi¢u Umg trong dé chiét
sudt cia mdi trudng truyén dan thay doi theo cuong do anh sang truyén trong do:
N = No +ANNL= N + Ny [E|° (1.13)
Trong do: ny 1a chiét suét tuyén tinh
n, 1a hé sb chiét suat phi tuyén (n, = 1,22.10%(V/m)? déi véi
soi Silic)
E la truong quang
Hién tuong nay tao nén sy dich pha phi tuyén @y, cua truong quang
khi lan truyén trong soi quang. Gia str bo qua suy hao quang thi sau khoang
cach L, pha cua truong quang s€ la:

_2mL 27y 40y Ef)
A A

o (1.14)

Péi véi trudng quang cd cuong do khong doi hiéu tmg SPM chi lam
quay pha cta truong quang, do d6 it anh huong dén chat lugng cua hé thong.
Tuy nhién, dbi voi cac truong quang co cudng do thay doi thi pha phi tuyén
@y, s& thay d6i theo thoi gian. Su thay doi theo thoi gian nay ciing c6 nghia la
trong xung tin hiéu sé& ton tai nhiéu tan sd quang khac véi tan sd trung tim v,

mot gia tri 1a dvy, VOi:

1 0Dy,
SV = o (1.15)

Hién tugng nay con goi la hién tugng dich tan phi tuyén lam cho suon
sau ctia xung dich dén tan s v<v, va suon trudc cta xung dich dén tan sb
v>V,. Diéu nay c6 nghia 1a pho cua tin hiéu da bi gidn trong qua trinh truyén.
Trong hé théng WDM, dac biét khi khoang cach gitra cac kénh g?m nhau, hién
tugng gidn phdé do SPM c6 thé dan dén giao thoa giy nhiéu gitta cac kénh.
Hon nita, néu xét dén anh hudng cia tan sac thi thdy dang xung bi bién doi

doc theo sgi. Néu goi D 1a hé s0 tan sac cua soi thi:

Sinh vién: Tran Thi Kim Chi 36 Lop DT1001



Do dn tot nghiép

- Vé6i D < 0: thanh phan tan sd cao sé& lan truyén nhanh hon thanh phan tan
s6 thap. Do d6, xung bi gian ra.

- V¢i D > 0: thanh phan tan s6 cao s& lan truyén cham hon thanh phan tan s
thap 1am cho xung bi co lai (nguyén Iy truyén dan Soliton). Tuy nhién,
viéc tao ra Soliton phai duoc kiém soat, néu khong s& c6 hién tuong lic
dau xung co lai, sau do lai gian ra rat nhanh.

1.3.6.4. Hiéu &ng diéu ché pha chéo XPM

Dbi voi hé thong WDM, hé sé chiét suat tai mot bude song nao do
khong chi phu thudc vao cuong d6 cua song d6 ma con phu thude vao cuong
d6 cua budc song khac lan truyén trong soi. Trong trudng hop nay, chiét suat
phi tuyén g véi bude song thi i s& 1a:

Aan_ :nZQEi‘2+Z‘Ej‘2) (1.16)

Trong d6: N 1a téng s6 kénh quang

Ei, Ej 1a cuong do truong quang cua budce song thir i, j

XPM c6 quan hé dén phuong thire diéu ché, khi diéu ché PSK thi anh
huong dén tinh ning ctia hé thdng 1a 16n nhat. C6 thé thong qua viéc giam
cong suat ciia cac kénh tin hiéu dé giam XPM. Ngoai ra, XPM khong chi phu
thudc vao cong suét cua kénh tin hiéu ma con phu thudc vao s6 kénh tin hiéu.

S6 kénh tin hiéu cang nhiéu thi anh hudong ctia XPM cang 16n.

1.3.6.5. Hiéu trng tréon bon buée song FWM

Hién tuong chiét sut phi tuyén con gy ra mot hiéu ting khac trong soi
don mode, do 1a hi¢u tng FWM. Trong hi¢u tng nay, 2 hodc 3 séng quang
v6i cac tan sd khac nhau s& twong tac voi nhau tao ra cac thanh phan tan sd
moi. Tuong tac ndy c6 thé xudt hién giira cac budc song cua tin hiéu trong hé
théng WDM, hodc gitta budc song tin hi€u véi tap am ASE cua cac bd

khuéch dai quang, ciing nhu giita mode chinh hodc mode bén ctia mot kénh
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tin hi€u. Gia st c¢6 3 budc song vaoi tan sd oj, 0,0 thi to hop tan s6 mai tao
ra s€ la nhitng tan sd ojjk thoa man:
Wijjk = O T ©j - Ok
Theo quan diém co luong tir, hiéu tng FWM 14 hiéu tng ma trong do
c6 sy pha hity photon & mot sd bude song va tao ra mot s photon & cac budc
song méi sao cho van bao toan vé ning luong va dong luong. Néu goi Pi(L)

la cong suat cua budc song wjj trong so1 quang thi:

10247° L2
Pi(L) =n—"— (6] —PP,P..exp(—al) (1.17)
r]Oﬂ‘ijkc Seff

Trong d6: n 14 hiéu suét ctia qua trinh FWM
¢ 1a van téc anh sang trong chan khong
Sefr 12 dién tich vung 161 hi€éu dung
Pi, P, Pk 1a cong suit trong Gmg cua budc song Ai, Ai, Ak,
v 1a d6 cam phi tuyén béc 3

Hiéu sudt n ctia qua trinh FWM phu thudc vao diéu kién phu hop vé
pha. Hiéu tmg FWM xay ra manh chi khi diéu kién nay duoc thoa méan (ttc 1a
dong luong photon duoc bao toan). Vé mit toan hoc thi diéu nay co thé biéu
thi nhu sau:

B(wik) = B(wi) + B(ey) - Box)

Vi trong soi quang ton tai tan sac nén diéu kién phu hop vé pha rat kho
xay ra. Tuy nhién, véi moi trudng truyén dan 1a loai soi co tan sic thap va
khoang cach truyén din twong d6i 10n va cac kénh gan nhau thi diéu kién nay
c6 thé coi 1a xap xi dat duoc.

Do viéc tao ra cac tan sb moi 1a to hop cua céc tan sb tin hiéu nén hiéu
tmg FWM s& lam giam cong suat ctia cac kénh tin hiéu trong hé thing WDM.
Hon nita, néu khoang cach gitta cac kénh 1a bang nhau thi nhiing tan s6 méi
duoc tao ra co thé roi vao cc kénh tin hiéu, gdy xuyén am gitra cac kénh, [am

suy giam chat luong ciia hé thong.
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Sy suy gidam cong suét s& lam cho dang hinh mét cua tin hiéu & dau thu
bi thu hep lai nén s€ lam giam chét luong BER cua h¢ théng. Vi cac hé théng
WDM chu yéu 1am viéc & cira s6 bude song 1550 nm va do tan sic cta soi
quang don mode thong thudng (soi G.652) tai cira s6 nay 1a khoang 18 ps/nm
km, con tan sic cua soi tan sic dich chuyén (soi G.653) 12 0 (< 3 ps.nm), do
d6 hé thong WDM lam viéc trén soi don mode chuan thong thuong (SSMF)
s€ it bi anh hudng bdi hiéu itng FWM hon hé théng WDM lam viéc trén soi
tan sac dich chuyén (DSF).

Anh huéng cua hiéu tng FWM cang 16n néu nhu khoang cach giita cac
kénh trong hé thong WDM cang nhé ciing nhu khi khoang cach truyén dan va
mirc cong suat ctia mdi kénh 16n. Vi vay, hiéu ing FWM s& han ché dung
lwong va cu ly truyén dan cua hé thong WDM.

1.3.7. Dai budc séng lam viéc cia DWDM

Soi quang thach anh c6 3 ctra s6 suy hao thip 860 nm, 1310 nm va
1550 nm, trong d6 tai ctra s6 1550 nm dic tinh suy hao cta sgi quang 1a nho
nhat, cira s6 ndy dugc ap dung dé truyén din tin hiéu SDH véi khoang cach
ngan va dai. Hon thé nita, cic bo khuéch dai quang EDFA sir dung hién nay
c6 didc tinh do loi kha bang phang trong cira s6 nay, boi vay day 1a cira so hoat
dong rat tot ciia hé théng DWDM. Cac budc song lam viée trong cira sb
1550nm dugc chia thanh 3 dai: bang S, bang C va bang L.

1460nm 1530nm 1565nm 1625nm

Short Conventional Long
band band band
1460-1530nm  1530-1565nm  1565-1625nm

Hinh 1.5 : Sw phan chia dai bwéc séng l1am viée tai cira s6 1550 nm
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Trong do:

e Bang S (1460 nm — 1530 nm): hién tai, dai budc song lam viéc cua
bo khuéch dai quang EDFA thudc biang C va L. Do dé, bing S
khdng st dung trong hé théng DWDM.

e Bang C (1530 — 1565 nm): day la dai budce séng lam viéc ciua cac hé
théng DWDM str dung 40 budc séng (khoang céch gitta cac budc
so6ng 1a 100 GHz), hé théng DWDM str dung 80 budc séng (khoang
cach giira cac budc song 1a 50 GHz) va hé théng SDH.

e Bang L (1565 — 1625 nm): day la dai budc song lam viéc cua cac hé
théng DWDM str dung 80 budc séng (khoang céch gitta cac budc
song la 50 GHz).

Dua trén s6 lugng kénh dugc ghép va khoang céch gitta cac kénh trong

hé thong DWDM, cac budc séng lam viéc trong hé théng DWDM c6

thé 1a: 40 budc s6ng, 80 budc séng va 160 budc séng.
% Heé théng DWDM ghép 40 budc séng
v' Dai budc song lam viéc: bang C (1530 — 1565 nm)
v’ Dai tan s6: 192.1 THz — 196.0 THz
v Khoang céch gitra cac kénh: 100 GHz
v Central frequency offset: +20 GHz (tai toc d6 thap hon
2.5Gbps) va +12.5GHz (tai toc d6 10Gbps)
1.4. CAC UU PIEM CUA HE THONG DWDM
< Tan dung duoc phan I6n bang théng cua soi quang, tao ra duoc dung
lwong truyén dan 16n. Cong nghé DWDM cho phép sir dung toan bo tai
nguyén bang thong rat 16n cua soi quang (khoang 25THZ) dé nang cao
dung luong truyén dan caa hé thong.
< Khoang céch truyén dan xa bang céch sir dung cong nghé khuéch dai

quang soi EDFA.
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% Cho phép truy nhap nhiéu loai hinh dich vu: cac budc séng trong hé
théng DWDM ddoc lap nhau, do d6 c6 kha nang truyén nhiéu loai hinh
dich vu trén cung mot cap soi quang nhu: SDH, GE hay ATM...

% Han ché duoc sb soi quang can sir dung: hé théng DWDM ghép nhiéu
budc s6ng trén mot soi quang nén tiét kiém dugc rat nhiéu cap quang,
tir d6 ¢6 thé giam duogc cho phi xay dung dudng day.

< Kha nang nang cip va mé rong dé dang.

% P06 linh hoat cao, mang kinh té va 6n dinh.
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Chuong 2
CAC THANH PHAN CO BAN CUA MANG DWDM

2.1. CAU TRUC TRUYEN DAN CO BAN CUA MANG DWDM
Hé théng DWDM thyc hién ghép budc song danh dinh khac nhau (tuong
g véi cac tin hiéu kénh quang riéng 1¢) thanh mot chum sang va duoc truyén
dan trén mdt soi, trong d6 mdi kénh quang mang dich vu khéc nhau.
Céu tric co ban cua hé théng DWDM gdm céc thanh phan chinh sau:
B stra dang tin hiéu
Céc bo tach ghép kénh quang OMUX, ODMUX
Cac bo khuéch dai quang soi EDFA
Céc bo xen/ré quang OADM
Céc modul bl tan sac DCM
Bo két nbi chéo quang OXC
2.2. KHOI PHAT PAP QUANG OTU
OTU (Optical Transponder Unit) 1a thiét bi duoc sir dung dé thuc hién

YV V.V V VYV V

stra dang tin hiéu. N6 chuyén do6i nhing tin hiéu ciia cac kénh quang dau vao
& phia Client side thanh c4c tin hiéu quang chuan theo khuyén nghi G.692 cua
ITU-T dé c6 thé truyén trén hé théng DWDM.

Nguyén ly hoat dong:

OTU thuyc hién viéc chuyén d6i quang - dién véi cac tin hiéu quang dua
vao ghép kénh theo khuyén nghi G.957 va thyc hién tai tao tin hiéu, khoi
phuc dinh thoi va khoi phuc dit liéu ddi véi cac tin hiéu quang da duoc
chuyén d6i thanh dién. Sau d6 thyc hién chuyén di dién - quang dé dua ra tin
hiéu kénh quang DWDM ma c6 budc song, do tan sic va cbng suat phat
quang theo chuan G.692.
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G.957 G.692
Tai tao dang tin hi¢u
———» OIE > J . L » E/O
khoi phuc dinh thoi
Tin hiéu Tin hiéu
quang dau quang dau
Vao ra

Hinh 2.1: Nguyén ly cia bé thu phat quang OTU

Sau khi chuyén d6i O/E néu chi thuc hién tai tao dang tin hiéu, khoi
phuc dinh thoi (thuc hién chirc nang 2R: Reshape, Retiming) thi OTU thuc
hién chirc nang sira dang tin hiéu cho truyén dan ¢ khoang cach ngan.

Néu sau khi chuyén d6i O/E, OTU xt ly tai tao dang tin hiéu, khoi
phuc dinh thoi va khéi phuc dir ligu (chie nang 3R: Reshape, Retiming,
Regenerator) duoc thuc hién thi OTU d6 cé chae nang caa mot bo repeater.

Phén loai va ung dung:

Phu thudc vao vi tri caa OTU trong mang DWDM ma OTU c¢6 thé
duogc chia lam 3 loai: OTUT (OUT Transmitter), OTUR (OUT Receiver) va
OTUG (OUT Generrator). Ung dung cua ching trong hé théng nhu hinh vé:

—» OTUT B OTUG P #» OTUR —p»

XC=ZO0
xXc<ZoOo

—» OTUT P B OTUG P # OTUR —»

XCc<ZLOOo
X C<ZLO0O0

Hinh 2.2: Vi tri ciia b chuyén ddi bwéc song OTU trong hé thong

OTUT (OTU ¢ dau phat): dat gitta cac thiét bi cuaa khach hang va
OMUX. Thuc hién chuyén d6i tin hiéu quang tir phia khach hang thanh tin
hiéu quang dau ra theo chuan G.692 rdi dwa vao OMUX. Loai OTU nay
khong chi thuc hién chirc nang chuyén d6i O/E va E/O ma con thuc hién viéc
tai tao dang tin hiéu, khéi phuc dinh thoi (chirc nang 2R) va co6 chirc nang tim
byte B1 (byte giam sat 15i bit ting doan lap).
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OTUR (OTU ¢ dau thu): dit gitta ODMUX va céc thiét bi caa khéch
hang. Tin hiéu quang dau ra tt ODMUX dén OUTR phai tuan theo chuan
G.692. Loai OUT nay c6 chic nang gidng nhu OTUT, nd thuc hién stra dang
tin hiéu, chtrc nang 2R va tim kiém byte B1.

OTUG (OTU chuyén tiép): dat gitta OMUX va ODMUX. Tin hiéu dau
vao va dau ra cia OTUG phai tuan theo chuan G.692. OTU loai nay khéng
chi ¢é chac ning chuyén d6i O/E, E/O ma con co chirc nang tai tao lai dang
tin hiéu, khéi phuc dinh thoi va chic nang khoi phuc dir liéu (chuc nang 3R).
Vi vay, OTUG tuong duong nhu mét bo lap thong thuong va ciing co chic
nang tim byte B1.

2.3. BO GIAI/GHEP KENH QUANG

Gia str cac ngudn phat quang 1am viée ¢ cac bude song khac nhau A4,
A2,..., An. CAC tin hi€u quang & cac budce song khac nhau nay sé dugc ghep vao
cung mot soi quang ¢ phia phat. Bd ghép kénh theo bude song phai dam bao
c6 d6 suy hao nho va tin hiéu sau khi dugc ghép s& duge truyén doc theo soi
dé t6i phia thu. Téi bén thu, qua bd giai ghép kénh (ODMUX), tin hiéu s&
duogc tach ra thanh céc budc song riéng ré va dén céc bo thu thich hop.

Co0 3 loai WDM chinh thirc dugc stir dung do la:

v" St dung bo loc dién modi mang mong (Dielectric thin film
filters - DTF) dung dé loc cac bude song riéng biét trong dai
bude song cu thé ciing nhu dé dang thich tng trong viéc
truyén dan mot chiéu hoic hai chiéu. Bo loc DTF duoc sir
dung dé ghép budc song tai hai cira so.

v Str dung cach tir nhidu xa ding dé ghép va tach nhiéu tin hiéu
trong cling mét cira So.

v Ghép dinh hudng theo phuong phap han soi.

Sinh vién: Tran Thi Kim Chi 44 Lop DT1001



Do dn tot nghiép

2.3.1. Phuong phap ghép kénh sir dung bg loc mang méng

B6 loc dién méi st dung trong ghép kénh quang hoat déng dua trén
nguyén tic phan xa tin hiéu & mot dai phd nay va cho phan phé con lai di qua.

Phan tir co ban dé thuc hién ghép kénh theo budc song 1a bo loc dién
moi giao thoa, nd c6 ciu tric da lép gdm cac mang mong cb chi sé chiét suat
cao va thap dit xen k& nhau. Hau hét cac bo loc giao thoa lam viéc dua trén
nguyén ly budng cong huéng Fabry - Perot, gdm 2 guong phan xa thanh phan
dit song song cach nhau bai mot 16p dién mdi trong suét.

Nguyeén ly hoat dong ciia n6 nhu sau: Khi chim tia sang cham vao thiét
bi, c4c hién tugng giao thoa s& tao ra nhiing phan xa nhiéu lan trong khoang
cong hudng. Néu bé day cua Iop dém 1a s6 nguyén lan cia nira bude song anh
sang thi giao thoa xép chong xay ra va cng suat quang cua budc song dat gia
tri cuc dai. CAc tia anh sang cua cac budc song khac véi bude song cong
huong phan Xa tron ven, chi cé mot bude song di qua bd loc. Guong phan xa

la cac 16p thiry tinh nam trén 16p dém trong suét.

M, A2, e A
\ }\‘
\\1
Aoy eoes M —N\__ B6loc

Hinh 2.3: B tach bwéc song dung bé loc

Theo dic tinh phé thi thi ¢ thé phan céc bo loc giao thoa thanh:

v' B0 loc thong thap hoic thdng cao c6 budc song cat A.

v B0 loc thdng dai cé budce song trung tam Ay va do rong dai AA.

Cac bo loc thong thap hodc théng cao thuong st dung dé ghép hoic

tach 2 budce séng khac nhau, chiang han 850 nm va 1310 nm hoic 1310 nm va
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1550 nm. Loai bo loc nhu vay thich hop cho ngudn quang c6 dai pho rong
(LED). B9 loc thdng dai duoc sir dung trong WDM khi ngudn quang c6 phé
hep (LD). Ddi véi bo loc théng dai c6 mot vai yéu cau, do 1a do doc suon
duong cong ham truyén dat phai da 16n dé tranh xuyén am giita cac kénh ké
nhau, mat khac do rong giai AA c6 dung sai cho phép dé dé phong dich budc

s6ng trung tm cta ngudn quang do nhiét do thay doi.

Chiét suat thap Chiét suat cao

\— Lép phan céch trong sudt

Hinh 2.4: Céu tao bd loc

2.3.2. Mot s6 thiét bi tach kénh ding bd loc dién mdi mang méng
% Bo tach 2 budce song:
Do thiét bi ghép va thiét bi tach budc soéng cé cau tric thuan - nghich,
nghia 12 gitra bo ghép va bo tach chi thay dbi cong vao va cong ra, cho nén
trong phan ndy cha yéu chi trinh bay céu tric va hoat dong cua cac bo tach

budc song.

Thau kinh Kinh loc

A, Ao I: I M
_S:yi quang ) {

|-

Hinh 2.5: B§ tach 2 kénh ding thau kinh phing va bd loc

Sinh vién: Tran Thi Kim Chi 46 Lop DT1001



Do dn tot nghiép

Lang kinh Grin (1/4 P)
A1, Ao

I
Bo loc

Hinh 2.6: B¢ tach 2 kénh dung bd loc va lang kinh Grin

CAu tric co ban cta bd giai ghép 2 kénh nhu & hinh 2.5, trong khi d6
viéc thuc hién trén thue té ciu tric nay chi don gian nhu ¢ hinh 2.6. Cac phﬁn
ttr chuan truc va hoi tu 13 cac lang kinh Grin - rod 1/4 budc. Bd loc duoc thiét
ké dé phat di A, va phan xa A, s& duoc dit giita 2 ling kinh. Cac thiét b giai
ghép nay cé sin trén thj trudng thuong mai va duoc sir dung rong rai & cac hé
thng théng tin quang st dung cac ngudn phat LED & budc séng 850 nm va
1300 nm hodc st dung cac ngudn phat phd hep cia cac té chirc budc song
nhu 800 nm va 830 nm; 800 nm va 890 nm;..., véi suy hao nho hon 3 dB
(cho moi cdp) va suy hao xuyén kénh cao hon 25 dB.

¢ B0 tach 16n hon hai budc song:
Thiét bi nay str dung cac bd loc ndi tiép nhau va mdi bo loc cho di qua

mot budc song va phan xa cac budc song con lai.

A2

Ay

Hinh 2.7: Céu tao co ban ciia bd loc nhiéu buwée séng
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Trong thuc té, thiét bi tach nhiéu buéc song ngoai cac bo loc con co
thau kinh, cic soi quang,...Hinh v& 13 b tach 5 budc séng dung thau kinh
Grin va khéi thiy tinh trong sudt.

Mtyoooer A Ao e

Soi quang

Lang kinh GRIN

A 7 AN
— Khdi thiy tinh
trong suot
\Vi Y \

7\.1 7\.3 7\.5
Hinh 2.8: B tach kénh vi quang nhiéu kénh trén thue té
Doi khi c6 thé thuc hién tao ra bd tach kénh ma khong can str dung dén
cac phé‘m ttr truc chuén, thiét bi khong co thau kinh ma céc bd giao thoa ¢ day
duoc dit trén timg doan mot cach thich hop va dau soi dugc mai nhén.

A A A

\ \ \
NN\
Q

— yd
/

3
Soi quang
/ A
0 —

Bo loc
Hinh 2.9: Cau tric co bin ciia b tach kénh sir dung b loc gin true tiép vao soi

2.3.3. Phuong phap ghép kénh sir dung cach tir nhiéu xa
Do nhuge diém khéng tach duoc céc tia sang c6 budc song gan nhau

nén thau kinh ngay nay hau nhu khéng dugc sir dung nita, thay vao d6 nguoi
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ta st dung cach tir nhiu xa 1a chu yéu. Cac bd tach/ghép budc song sir dung
b0 loc khong thé thuc hién duoc khi sb luong kénh 16n va $6 luong budc song
sat gﬁn nhau. Thuan lgi chinh ctia cich tir 1a ¢ thé nhidu xa déng thoi tat ca
cac budc soéng va cod thé thuc hién duoc véi cac bo tach ghép nhiéu kénh.
Nguyén 1y co ban cua ghép budc song sir dung cach tir dua trén hién tuong
g6c nhiéu xa phu thudc vao budc séng anh sang.

Céach tir nhidu xa 12 mét thiét bi quang thu dong, nhiéu xa chum sang
t6i theo cac huéng khac nhau tity theo goc toi ctia chim sang trén bé mit cach
tr, budc séng cua anh sang tdi, cac dic tinh thiét ké cua cach tir, khoang cach
gitta cac ranh (chu ky cach tir), goc cta ranh cach tir ®. Trén 1mm cua cach tur
c¢6 hang chuc hay hang ngan ranh nho, s6 ranh trén mot don vi chiéu dai cua
cach tr dugc goi 1a hang sb cach ti.

Nguoi ta ché tao cach tir bang cach dung mot miii kim cwong nhon rach
nhimg dudng song song cach déu trén mot tim thity tinh phang. Chd bi rach
c¢6 tac dung nhu nhiing chan sang, chd con lai ¢6 tic dung nhu nhiing khe
sang. Cach tir thu duoc bang cach d6 goi 1a cach tir truyén xa. Cach tir truyén
xa ngdy nay dung rat it vi miii kim cuwong mau mon khi rach 1én thuy tinh
hodc thach anh, khién cho cac khe cubi khong con rong nhu khe dau. Thay
vao d6 nguoi ta sir dung cach tir phan xa bang cach rach 1én bé mit kim loai
phu trén thiy tinh, tao ra cac chan sang, phan con lai phan xa anh sang c6 tac
dung nhu cac khe. Céc 16p kim loai phii thuong 1a bac hodc nhom, kha mém
nén mili kim cwong rat 1au mon.

Tuy theo cac bude song khac nhau ma cach tir nhiéu xa anh sang theo
cac huéng khac nhau. Do vay, chum tia t6i v6i nhidu bude song khac nhau s&
dugc tach ra theo chiéu hudéng tiiy thudc vao budc séng. Nguoce lai cac anh
sang don sic tir cac huéng khac nhau ciing c6 thé duoc ghép lai thanh mot

chum sang truyén theo cting mot hudng.
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2.3.4. Cac bg tach ghép budc séng sir dung cach tir
NOi chung, cac bo ghép kénh hoic tach kénh sir dung cach tir gdm 3
phﬁn chinh: cac phﬁn tor vao va ra (la mang soi hoac mot soi truyén dan véi

cac thanh phan thu - phat), phan tr hoi tu quang, phan ttr tan sic goc.

Théu kinh héi tu

Cach tu

Céch tu

A

b)

Hinh 2.10: B§ tach Littrow: a) B tach budée song dung thau kinh hgi tu, b) Bo
tach buée song dung thau kinh Grin

Hinh 2.10 a,b 1a bd tach Littrow v&i ciu tric co ban va ciu tric thuc té
st dung thdu kinh Grin cta bd tach 2 kénh. Trong cdu hinh nay, ca tin hi¢u
anh sang di vao va anh sang di ra khoi bd ghép chi st dung mot thau kinh,
dung thau kinh chuén truc hodc thau kinh Grin.

2.3.5. Phwong phap ghép sgi

Phén trén ta xem xét cac thanh phan thiét bi vi quang di duoc sir dung
rong rai cho céc loai soi da mode, nhung lai kho sir dung cho sgi don mode
bdi vi qua trinh xtr Iy chum sang phai qua cac giai doan nhu phan xa, chuan
truc, hoi tu,..., tr d6 dan téi quang sai va cac van dé tré khéc tao ra suy hao
tin hiéu qua 16n & thiét bi. Thiét bi DWDM ghép soi pht hop hon dbi véi cac
soi don mode vi c6 thé tranh dugc quang sai, giam tré, giam suy hao do cac

qua trinh xtr Iy chum sadng qua cac doan phan xa, chuan truc, hoi tu gay ra.
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Nguyén 1y hoat dong: khi 18i cac soi quang dit gan nhau thi cong suit
quang tir mot soi s& chuyén vao céc soi khac.

Céc thiét bi DWDM ghép soi ¢ thé co 2 dang d6 1a: nung ndng chay
cac soi ké nhau va mai ghép chd tiép xUc giira cac soi.
2.3.5.1. Phwong phap ghép xoén s¢i va mai ghép

<% Phuong phap ghép xoén soi

Cac soi dugc bén véi nhau va duge dit dudi mot ngudn nhiét cé didu
khién, sau khi cé4c soi di dat toi trang thai mém déo thi ding luc kéo va xoin
cac soi lai v6i nhau 1am cho céc 16i soi ghép lai gan nhau. Bang céch diéu
khién cac yéu t6é nhu: nhiét do, viing dugc dot ndng, cac luc kéo va xoan ta co
thé thay ddi dugc kich ¢d, hinh dang va d6 dai caa ving ghép. Do d6 1am thay
d6i duoc dic tinh cua soi.

Déi véi cac bd ghép kiéu xodn néng chay, nguoi ta nhan thdy rang khi
tang chiéu dai ghép 1én thi c6 kha ning tach duoc cac budc song gan nhau hon.

Trong cau tric néng chay, doan ghép dugc kéo dai cho dén khi gia tri
ghép theo yéu cau dat duoc ¢ nhitng budce séng c¢d dinh. Vi du: ghép nong
chay 1300/1550 nm c06 d6 dai ghép 20 nm, suy hao xen nhé khoang 0,04 dB.

% Phuong phap mai ghép soi

O phuong phap nay, hai soi quang duoc dit trong hai rdnh cong nam
trong hai khdi thach anh. Tiép do, nguoi ta mai cho dén khi cac 16i soi nay
gan 16 ra va duogc dat tiép x(c véi nhau qua mét 16p dau hay epoxy. Do dé, su
ghép néi cé thé thuc hién duoc. O day, hé s6 ghép ndi c6 thé dat dén gia tri
tly y bang céch thay d6i khoang céch gitra hai soi hay sir dung céac vat liéu c6
chiét suat khac nhau giira hai khoi.

Uu diém chinh cta ghép don mode theo phuong phap mai ghép so véi
phuong phéap néng chay 1a c¢6 thé diéu hudng duoc bang cach dich chuyén vj tri
tuong ddi cta hai soi v6i nhau. Ghép theo phuong phap nong chay thi gia thanh
ha, Vi vay c6 thé két hop ca hai phuong phéap dé dat dugc hiéu qua ti uu.
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Khi can ghép nhiéu hon hai buéc séng thi phai ghép néi tiép cac bo
ghép. Hinh v& 12 bo ghép gdm 3 méi ghép ndi tiép & cac bude soéng 1320 nm,
1280 nm va 1200 nm.

. Vé soi
Viing xoan néng chay Soi quang don mode

X L=k
=

— 7»2 7»1+7\«2
A2 Aeha

Hinh 2.11: a) Phwong phap ghép xoin sei; b) Phwong phap mai ghép soi

2.3.5.2. Nhwoc diém ciia phwong phap ghép soi

Thuc té cho thay, bang thong cua cac bo ghép budce song ding phuong
phap ghép soi c6 dic tinh gan nhu hinh sin. Vi vay kho khan trong viéc lya
chon budc séng cua ngudn quang. Do do, viée sir dung LED dbi véi cac
phuong phép nay la khdng thé duoc vi phé caa ching qué 16n. Nhu vay, chi
c6 cac Laser c6 do rong phd hep duoc sir dung dé tranh suy hao ciing nhu
Xuyén am gitra cac kénh.
2.4. BQ KHUECH PAI QUANG SU DUNG CONG NGHE EDFA
2.4.1. Tong quan vé cdng nghé EDFA

Bo khuéch dai EDFA ra doi lam cho cong nghé truyén dan soi quang
phét trién nhanh chong. Cho dén nay, EDFA da duoc dua vao khai thac va sir
dung & hau hét cac hé thdng thdng tin quang, ching duoc dung dé thay thé
cac tram lap thong thuong.

EDFA Iam viéc & bude séng 1550 nm véi hé s khuéch dai cao, cong
suat ra 16n va nhiéu thap. Bé cho cac EDFA hoat dong trén céc hé théng
théng tin quang thi can ¢ mot ngudén bom. Cac Laser diode ban dan cong

suat cao la cac ngudn bom thuce té dé cung cip ngudn anh sang cho EDFA.
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Hé s6 khuéch dai cia EDFA khong bi anh huéng do anh hudng phén cuc
ctia 4nh sang, boi vi bio hoa xay ra trong EDFA ton tai trong mot thoi gian kha
dai, do d6 khong tao ra nhidu xuyén am khi truyén tin hiéu téc do cao.

2.4.2 Nguyén ly hoat dong ciia EDFA

Khuéch dai quang soi hién nay chu yéu dung soi pha tap Erbium, viét
tat 1a EDFA (Erbium - Doped Fiber Amplifier). Nguyén ly khuéch dai duoc
thue hién nho co ché bire xa trong ba mirc hodc bén muc nhu sau.

EDFA c¢6 céu triic 1a mot doan soi quang ma 16i cua ching duoc ciy
Er®* voi nong do it hon 0,1%. Khi mét ngudén bom photon budc séng 980 nm
hodc 1480 nm dugc bom vao 18i soi dic biét nay, cac ion Er** nay s& hép thu
cac photon d6 mot dién tir ciia né chuyén mic nang luong tir mic co ban E1
lén mac kich thich E2, do ton tai mot mic nang luong siéu bén E3 & giira
(xem gian d6 nang luong), nén céc dién tir ndy chuyén xubng mirc nang luong
E3 theo co ché phan ra khéng biic xa (tha khdng birc xa xudng E3), sau mot
khoang thoi gian dién tir duoc kich thich nay roi tro lai miac E1 phat xa ra
photon. Hién tuong btrc Xa binh thudong cd thé 1a birc xa tu phét (1a co ché
binh thuong khi dién tir nhay mac nang lugng), hodc blrc xa sé xay ra manh
theo co ché birc xa kich thich, tirc 13 do sy c6 mit cua ca photon mang nang
lwong bang véi nang luong dich chuyén muc cua céc dién tir (trong EDFA, thi
d6 1a photon cua tin hiéu can dugc khuéch dai) sé kich thich sy phat ra va tao
ra thém nhiéu photon ty 18 véi s6 photon cua chim séang. Rat may la birc xa
nay lai & viing budc song 1550 nm. Nho vay tin hiéu dugce khuéch dai khi di

qua soi pha tap Erbium.
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A Mouc kich thich E,
A Phan ra .
\ khong buc xa Murc siéu ben E3
A=980nm /
A=1480nm
photon bom phtortion -
o Tin higu t6i dwoc
Ep khuéch dai
f
' 4 4

Mt co ban E1
Hinh 2.12: Gian d6 niing lwong cia Erbium

Cau tric ctia mot bo khuéch dai quang soi EDFA:

L EDF
Pau vao WDM

— ©
—_— ] —) - - —)

— —
I

B6 cach li ‘ B6 cch li

Z§ nguon bom

Hinh 2.13: Ciu triic mot EDFA don tang

Piu ra

2.4.3. Phan loai EDFA
Phu thudc va vi tri trong mang quang, EDFA dugc chia thanh: khuéch
dai cong suat OBA, khuéch dai duong quang OLA va tién khuéch dai OPA.
OBA 1 thiét bi EDFA c6 c6ng suat bdo hoa l6n duoc st dung ngay sau
Tx dé tang muc cdng suat tin hiéu. Do mirc cdng suat ra teong d6i cao nén tap
am ASE c6 thé bo qua nén di véi BA khong doi hoi phai ¢d yéu cau nghiém
ngat trong viéc sir dung cac bo loc tap am. Tuy nhién, véi mic cong suat ra

cao, viéc str dung BA c6 thé gay ra mot sd hién tuong phi tuyén. Cac chic
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ning OAM déi véi BA cd thé tach riéng hoic chung véi Tx. BA c¢6 thé tich
hop véi Tx (goi la OAT) hoac tach riéng véi Tx.

OPA 14 thiét bi EDFA c6 muc tap am rat thap, duoc st dung ngay
trude bo thu (Rx) dé ting d6 nhay thu. St dung PA, d6 nhay thu duoc ting
thém dang ké. Cac chirc ning OAM d6i v6i PA c6 thé tach riéng hodc chung véi
Rx. Pé dat dugc mirc tap 4m ASE thip, ngudi ta thuong str dung cac bod loc
quang bang hep (nén st dung céc loai bd loc c6 kha ning diéu chinh budc song
trung tdm). PA ¢ thé tich hop véi Rx (goi 1a OAR) hoic tach riéng véi Rx.

OLA Ia thiét bi EDFA c¢6 muc tap &m thap dugc sir dung trén duong
truyén (gitra hai doan sgi quang) dé tang chiéu dai khoang lap. TUy theo chiéu
dai tuyén ma LA c6 thé dugc ding dé thay thé mot sé hay tat ca cac tram lap
trén tuyén. Do6i voi cac hé théng cd str dung LA, doi hoi phai c6 mot kénh
thong tin riéng dé thuc hién viéc canh bao, gidm séat va diéu khién céc LA.
Kénh giam sat nay (OSC — Optical Supervise Channel) khéng dugc qua gan
Vvéi bude song bom ciing nhu kénh tin hiéu dé tranh anh hudng giita cac kénh
nay. Tai mdi LA, kénh giam sat nay dugc chén thém céac kénh thong tin méi
(vé trang thai LA, céc thong tin vé canh bao), sau d6 duoc phét lai vao duong
truyén. Vé mat Iy thuyét, khoang cach truyén dan 16n (c6 vai nghin km) c6 thé
dat duoc bang cach chén thém LA vao dudng truyén. Tuy nhién, trong trudong
hop trén tuyén c6 nhiéu LA lién tiép nhau, chat luong hé thong co thé suy
giam nghiém trong do c6 cac hién tugng nhu: tich Ity tap &m, su phu thudc
ctia pho khuéch dai vao tong hé sd khuéch dai, anh hudng cia tan sic, phan
cuc va c4c hiéu tng phi tuyén, dic biét 1a viéc hinh thanh dinh khuéch dai
xung quanh mot budc séng nao d6 dan dén viéc thu hep dai phd khuéch dai
cua LA.

So véi thiét bi dau cubi thdng thuong, viéc sir dung cac thiét bi khuéch
dai quang (BA, LA, PA) s& tang quy cong suat Ién dang ké. Véi phd khuéch
dai tuong doi rong (khoang 35 nm), kha nang khuéch dai khéng phu thudc
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vao tdc d6 va dang tin hiéu, sir dung khuéch dai quang rat thuan loi trong viéc
nang cép tuyén (ting tbc do hodc thém kénh budc séng).

Nhin chung, sir dung khuéch dai quang c6 thé bu lai suy hao trong hé
théng. Nhu vay, nhimg hé thdng trude day bi han ché vé suy hao thi nay c6
thé lai bi han ché vé tan sic. Trong truong hop d6, phai st dung mot sd
phuong phap dé giam bét anh hudng cua tan sic, vi du nhu st dung Soi bi tan
sic hay cac ngudn phét co do rong phd hep két hop véi didu ché ngoai. ..

Do dic diém khac nhau cua céc loai thiét bi khuéch dai quang nén muc
uu tién sir dung d6i voi timg loai ciing khac nhau. LA doi hoi phai c6 mot
kénh giam sét riéng, hon nita thém cac diém trung gian vao trén duong truyén
cting lam cho viéc bao dudng tré nén phtrc tap hon. Do d6, mic uu tién su
dung ddi véi LA Ia thap nhat, chi trong truong hop ma khi duing ca BA va PA
ma van khong dap tmg noi yéu cau vé cong suat thi mai sir dung LA.

Pon gian nhat 1a viéc sir dung BA va PA dé tang quy dao cong Suét.
Tuy nhién, do cau hinh ciia PA phirc tap hon BA (vi phai sir dung cac bo loc
quang bang hep dé loai bo bét tap &m ASE) nén giita BA va PA thi BA van
duogc uu tién st dung hon.

Mot trong c4c han ché ctia EDFA d6i véi hé théng WDM 1a phé
khuéch dai khdng déng déu, cac bude song khac nhau s& dugce khuéch dai véi
cac hé s6 khac nhau, dic biét 1a sy ton tai ctia dinh khuéch dai tai budc song
1530 nm. Hon nira, trong truong hop trén tuyén cé sir dung nhiéu EDFA lién
tiép thi s& hinh thanh mot dinh khuéch dai khac xung quanh budc 1558 nm.
Nhu vay, véi nhiéu EDFA lién tiép trén duong truyén, dai pho khuéch dai s&
bi thu hep lai (c6 thé tir 35 nm giam xubng con 10 nm hoic hon nita, tly
thudc vao sb bo khuéch dai quang lién tiép nhau).

Hién nay, dé can bang hé s6 khuéch dai cia EDFA c6 thé str dung mot

s6 phuong phap sau:
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Str dung bo loc dé suy hao tin hiéu tai dinh khuéch dai: xung quanh
budc song 1530 nm va xung quanh budc séng 1558 nm (trong truong hop cé
str dung nhiéu EDFA lién tiép trén duong truyén).

Hoic diéu chinh mic cdng suat dau vao cua cac bude séng sao cho tai
dau thu, mirc cng sut caa tat ca cac budce séng nay 1a nhu nhau.

Ngoai ra, trong truong hop sir dung nhiéu EDFA lién tiép trén duong
truyén, mot vin dé nita ciing can phai xem xét & tap am ASE trong cac bo
khuéch dai quang: tap am ASE trong bo khuéch dai quang phia trudc s& duoc
khuéch dai boi bo khuéch dai quang phia sau. Su khuéch dai va tich Iy tap
am nay s& lam cho ty s6 S/N cua hé théng bi suy giam nghiém trong. Néu
murc cOng suat tin hiéu vao 1a qua thap, tap am ASE c6 thé 1am cho ty s6 S/N
bi giam xuéng tdi mac cho phép. Tuy nhién, néu mic cong suat tin hiéu vao
la qué cao thi tin hiéu nay két hop véi ASE c6 thé gay hién tuong bdo hoa &
bo khuéch dai.

Theo tap chi Lightwave thang 11-1999 da c6 mét cai tién dang ké trong
viéc san bang va mé rong pho khuéch dai ctua bo khuéch dai quang. D6 1a su
ra doi cua b khuéch dai c6 tén 1a EDTFA (Erbium Doped Tellurite - Based
Fiber Amplifier).

Vé ban chat, EDTFA giéng nhu EDFA hay EDSFA, chi khéac Ia
EDSFA dua trén nén ban dan Silic, con EDTFA dua trén nén ban dan
Telurrium. EDTFA cho phép mé rong phd khuéch dai 18n ti 90 nm tir bude
song 1530 nm - 1620 nm (so vai 35 nm ciia EDSFA).

2.5. BO XEN/RE KENH QUANG OADM

OADM la mot thiét bi dugc st dung trong cac hé théng ghép kénh
phan chia theo budc séng dé ha mot kénh budce séng tir soi quang xudng, dinh
tuyén tin hiéu sang mot mang khéc hoic ghép thém mot hay nhiéu budc séng

vao ludng tin hiéu quang truyén di trén soi quang.
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OADM 1a node mang c6 vai trd rat quan trong trong mang DWDM,
lam cho mang quang DWDM tré nén linh hoat va don gian hon nhiéu véi
nhiéu cau hinh mang khéc nhau.

Chac nang cia OADM tuong tu nhu bo ghép kénh tach nhap ADM
(Add Drop Multiplexer) trong mang SDH, nhung ddi tuong thao tac truc tiép
la tin hiéu quang. Trong cac node OADM, dir liéu can tach/ghép duoc truy
nhap théng qua viéc loc 1dy mot sb bude song quang tir ludng tin hiéu da
budc song trén soi quang tai node hoic mot s bude song quang dugc ghép
vao ludng tin hiéu trén soi tai node do.

Diém node OADM c6 thé chia 1am hai loai: diém node OADM tinh va
diém node OADM dong. Trong diém node OADM tinh, thuc hién viéc xen/r&
cac budc séng cb dinh. Trong diém node OADM dong, 6 thé can cir vao nhu
cau dé chon tin hiéu quang c6 budc séng xen/r& nhau.

Hau hét cac chte nang chinh ctia mang quang duoc thuc hién tai node
OADM. Mb hinh chung ciia mot node OADM gom cac phan tir nhu: modul
xen/r& budc song co thé didu chinh dugc, cdc modul bu tan sic diéu chinh
theo timg kénh DEM (Disperation Equalizier Module), céc thiét bi giam sat
quang OPM (Optical Performance Moniter). Mdi modul nay sir dung sgi cach
tir Bragg hay cac phan tir ddn song AWG nhu 13 cac thanh phan cong nghé
chinh, nén ching c6 duge cac wu diém nhu suy hao thap va thiét bi duoc tich

hop nho gon.
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Hinh 2.14: Se db vi tri cac thiét bi trong mot node OADM

Thiét bi OADM nhu trén hinh 2.14 c6 thé cho phép xen/ré mot kénh
budc song don hodc nhidu kénh budc séng dong thoi. Trong tuong lai, khi vai
trd ctia 16p chuyén mach dinh tuyén duoc chuyén dan cho 16p quang thi thiét bi
OADM can c6 mdt qua trinh chuyén giao tir cAu hinh tinh sang cdu hinh dong.
Khi d6, cac thiét bi OADM nay sé& cho phép chuyén ludng sb c6 budc song nay
sang mot budc song khac néu chang may mang gip su ¢b tai mot nhanh nao do,
do d6 tranh dugc mét thong tin. Hodc viée chuyén budc song mang nay nham
muc dich can bang luu lugng giita cac nhanh ctia mang dé dat hiéu qua cao nhét

cho mang 1udi, tir d6 cai thién dugc hiéu qua truyén thong.

Céc k¥ thuat st dung trong OADM hién tai chu yéu dua trén cac bo loc
dién moi mong, cac bo loc quang am diéu chinh duge, cac b dich pha dinh
tuyén budc song AWG, hoic soi cach tir Bragg.

Vi cac bo loc dién moi, thiét bi OADM dat duoc khodng cach gitra
cac kénh la 100 GHz va 16n hon con voi khoang cach kénh 1a 50 GHz thi b
loc dién moi chua thé dap tng dugc. Cac bd loc quang &m mac du c6 vu diém
la pham vi diéu chinh budc song rong, song lai bi han ché bsi cac dic tinh

khong thich hop cua bg loc bang thong. Cac bd dich pha budc song AWG
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mic du ¢6 vu diém cho hé thong mat d6 kénh cao, nhung ching van co suy
hao xen 16m, ciing c6 cac dic tinh vé bang thong chua that hoan hao. Cach tir
Bragg 14 mot trién vong tot cho cac thiét bi OADM c6 khoang cach kénh 1a 50
GHz v6i suy hao thap, dic tinh phod loc tuong ddi tét.

Module OPM (Optical Performance Moniter) c6 nhiém vu do dac cac
thong s6 cua kénh nhu: bude song lam viéc, cong suét cua kénh, ty s6 S/N, sb
luong kénh dang hoat dong, khoang céach gitra cac kénh do khuéch dai va do
gon khuéch dai...nhdm muc dich giam sat roi thong bao cho module diéu
khién hiéu chinh céc thong s trén cho phu hop. Thuc chat, OPM nhu mot
may phan tich quang pho, thuc hién phan tich va do phd cia ngudn tin hiéu.
Yéu cau d6i voi OPM 1a phai c6 do tin cdy cao, toc do phan tich va do dac
cao dé cac ban tin ciia n6 dua ra phan anh chinh x4c tinh trang cia mang.
Chinh vi vay, viéc thiét ké OPM trén mang 13 hét strc quan trong.

2.6. BQ KET NOI CHEO QUANG OXC

Chtic ning cua diém node OXC tuong tu nhu chirc nang ndi chéo tin
hiéu s6 cua thiét bi DXC (Digital Cross Connection) trong mang SDH, chi
khac 1a OXC thyuc hién viéc ndi chéo tin hiéu trén mién quang, khéng can
thuc hién chuyén d6i quang dién/dién quang va xu ly tin hiéu dién, cho nén
tbc do xu Iy rat nhanh, dap ung duoc mang théng tin téc do cao va hudng toi
mang toan quang. Nhu vay s& tao ra nhiéu dich vu méi, mang lai loi ich cho
ca nha cung cap dich vu va khach hang.

Piém node OXC dugc chia ra thanh diém node OXC dong va diém
node OXC tinh. Trong diém node OXC tinh, trang thai ndi vat ly cua cac
kénh tin hiéu quang khac nhau 1a cé dinh, vu diém caa n6 1a dé thuc hién vé
cong nghé. Trong diém node OXC dong, trang thai ndi vat ly cua cac kénh tin
hiéu quang khéac nhau c6 thé thay dbi theo yéu cau tac thoi, mac du rat kho

thuc hién vé cong nghé.
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Trong diém node OXC, ki thuat bién doi budc song 1a rat quan trong vi
nd gilp giam ngh&n cua mang ludi, thuc hién két ndi dinh tuyén 4o va van

dung tdi da tai nguyén bang tan caa soi quang.
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Hinh 2.16: OXC véi ma tran chuyén mach N x N

Sy phét trién ciia mang quang DWDM doi héi dinh tuyén buéc séng
quang dong dé co thé thay do6i cau hinh mang linh hoat ma van gitr dugc ban
chat “trong sudt” cua mang. Chuc nang ndy duoc dam bao bang viéc tng
dung cac bo dau ndi chéo quang OXC. C6 hai loai OXC la: OXC chuyén
mach khdng gian va OXC dinh tuyén budc séng.

Céu tric OXC chuyén mach khéng gian gom N cong vao, mdi cong thu
mot tin hiéu DWDM chira M kénh bude song. Bo tach bude song s€ chia tin
hiéu thanh cac budc séng riéng biét va phan phdi ching téi M bd chuyén
mach quang. Pay la cac bo chuyén mach khéng gian, mdi bd chuyén mach
thu duoc N tin hiéu dau vao c6 ciing mot bude song. Mot dau vao va mot dau
ra khéac cia bo chuyén mach duoc thém vao dé cho phép xen/ré cac kénh dic
thi. Céc bo chuyén mach sé& chuyén céc tin hiéu téi dau ra twong ung dé ghép
thanh M budc séng hinh thanh mot duong tin hisu DWDM. Mbi OXC nhu
vay can N bd ghép séng, N bo tach séng quang va (N+1)x(N+1) bo chuyén
mach quang. Bo chuyén mach thuong dugc sir dung 12 dng dan song N dau

vao va N dau ra.
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Hinh 2.17: B két noi chéo chuyén mach khong gian

Cau tric OXC chuyén mach theo nguyén tic chuyén d6i budc séng
quang. Pau tién, mdi tin hiéu quang tir mot soi duoc phan chia véi s6 nhanh
bang tong s kénh quang can lay ra tai dau ra nhd bd tach. Sau do, ching
dugc dua téi bd chuyén mach quang dé lay ra tin hiéu can thiét. Tin hiéu duoc
lyra chon ra lai tiép tuc qua bo lya chon budc song, tach ra b kénh quang yéu
cau dé dua ching vao dang budc séng quang can ghép dau ra.

2.7. KHOI BU TAN SAC

Bén canh suy hao cua soi, tan sic cling la mot hiéu Gng gidi han
khoang cach truyén trong tuyén théng tin quang. Trong truyén dan quang,
hiéu ing tan sac tang tuyén tinh véi do dai va do rong phd nguon quang va la
nguyén nhan gay méo xung. Thiét bi bl tan sic dwa ra mot mirc tan sic bang
va nguoc lai dé diéu chinh sy gian xung anh sang.

Soi bul tan sic (DCF — Dispersion Compensate Fiber) 1a loai soi dic
biét ma budc séng cua anh séng & ving cira s6 1550 nm ¢ hé sé tan sic
khéng am vai khoang 80 ps/(nm.km). Do d6, 1 km sgi DCF ¢6 thé bu tan sac
cho 5 km soi don mode, khi hé sb tan sic caa sgi don mode 1a 17 ps/(nm.km).

Hé s6 tan sic cua soi DCF ciing thay d6i theo tan sé nhu sgi SFM, do d6
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khong thé c6 kha nang bu tan sac tot néu dai tan s6 mo rong. Suy hao cia soi
DCF c6 gia tri ¢d 0,6 dBm/km va lén hon sgi SFM.
2.8 CAC LOAI SOI QUANG SU DUNG TRONG CONG NGHE DWDM
2.8.1. S¢i quang G.652

Pay la soi quang don mode dugc st dung rong rdi hién nay, con goi la
soi don mode khéng thay d6i vi tri tan sic, n6 c6 thé 1am viéc & hai cua s6
truyén dan 1310 nm va 1550 nm. Khi 1am viéc & ctra s6 1310 nm, G.652 c6
tan sic nho nhat ~ 0 ps/(nm.km) va suy hao twong d6i I6n. Nguoc lai, khi 1am
viéc & cira s6 1550 nm, G.652 c6 suy hao nho nhat (0.19 dB/km) nhung hé sé
tan sic twong doi lén ~ 20 ps/(nm.km), chi s6 PMD nhé hon 0.1 ps/(nm.km).
Do d6, véi nhitng hé théng DWDM véi toe do mdi kénh 2.5 Gbps thi st dung
t6t, tuy nhién, néu toc d6 mdi kénh I6n hon 10 Gbps thi khong thé sir dung
duoc soi quang G.652.
2.8.2. S¢i quang G.653

Muén xay dung tuyén thong tin quang téc do cao ma cu ly dai thi phai
str dung Soi quang c6 suy hao va tan sic tbi uu tai mot budc séng nao do.
Hién nay, bang cach thay d6i mat cat chiét suat cd thé ché tao duoc soi tan sic
dich chuyén, tuc 1 soi c6 tan sic va suy hao toi uu & cing mot bude song.
Soi G.652 ¢6 tan sic 16n & dai séng tir 1500 - 1600 nm, do vay khé &p dung
vao hé thong DWDM tbc d6 cao. Soi dich chuyén tan sic DSF hay con goi la
soi G.653, n6 dich chuyén ving tan sic bang khong tir 1310 nm dén ving
1550 nm, tai d6 tan sic soi quang l1a nho nhat. G.653 sir dung tot trong dai
song tir 1500 - 1600 nm vi tan sic nho. Tuy nhién, trong hé théng DWDM voi
mat do kénh budc séng cao thi DSF lai gap phai hiéu tng phi tuyén rat
nghiém trong, cu thé 1a hiéu tng tron bén budc séng nén it dugc sir dung
trong DWDM tdc d6 siéu cao.

Hé s6 suy hao cua sgi DSF thuong nhé hon 0.5 dB/km & cira b

1300nm va nhé hon 0.3 dB/km & ctra 6 1550nm. Hé s6 tan sic ¢ viing budc
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song 1550nm khoang 20 ps/(hm.km), con ¢ vung bude song 1300nm nho hon
3.5 ps/(nm.km). Buoc s6ng cat thudng nhé hon 1270nm.
2.8.3. S¢i quang G.654

G.654 1a soi quang don mode t6i han thay doi vi tri buéc séng cat. Loai
soi nay co dic diém: suy hao & budce s6ng 1550 nm rat nho vi 16i soi lam bang
Silic nguyén chat. N6 c6 thé truyén cac kénh mic cdng suét cao, tuy nhién né
van ¢0 tan sic 16n tai viing bude song 1550 nm. Diém tan sic bang khong van
& buéc song 1310 nm. G.654 duge sir dung cha yéu trong cac tuyén cép
quang bién cu ly 16n.

2.8.4. S¢i quang G.655

G.655 hay con goi la soi quang dich chuyén tan sac khac khong (NZ-
DSF), diém tan sac bang khéng cua n6 khong nam & 1550 nm ma dich téi
1570 nm hodc gan 1510 - 1520 nm. Gi4 tri tan sac trong pham vi 1548 - 1565
nm la ¢ 1 - 4 ps/(nm.km) di dé dam bao tan sac khdng bang khong, trong khi
van duy tri duoc tan sac twong doi nho.

Soi quang G.655 ¢6 wu diém cua ca hai loai soi quang G.652 va G.653,
ddng thoi khic phuc dugc nhimg diém yéu ¢b hiru cua soi G.652 (bi han ché
boi tan sic) va soi G.653 (bi anh huong boi hiéu tmg phi tuyén “tron bon
budc song” nén khé ap dung duoc vao mang DWDM). Béi voi G.655 thi cac
hiéu tng phi tuyén nhu FWM, XPM va FPM 1a nho nhat. Soi NZ-DSF sir
dung rat tét trong hé théng DWDM siéu tdc, tuy gia thanh nd hién con cao
nhung doi lai hé théng giam di bo bu tén sac.

C6 hai loai s¢i: soi NZ-DSF 1a soi NZ. (dich chuyén ving tan sac
khong t6i trude bude séng 1550 nm) va soi NZ, dich chuyén viing tan séc
khong toi sau bude song 1550 nm.

Vé mat ly thuyét da chiing minh téc do truyén dan quang cua soi
quang NZ.DSF c6 thé dat duogc it nhat 80 gbps. Vi vay soi NZ-DSF c6 thé dat
duoc i nhit 80 Gbps. Vi vay, soi NZ-DSF 14 lra chon Iy tuéng dé thiét ké

tuyén truyén dan tc do cao, cu ly dai.
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Chuong 3
THIET KE TUYEN THONG TIN QUANG DWDM

3.1. CAC YEU TO ANH HUONG PEN VIEC THIET KE HE THONG

Pé trién khai duoc cong nghé DWDM trén mang c6 rat nhiéu van dé
duogc dit ra, trong d6 c6 van dé thiét ké tuyén. Véi céc tuyén don kénh quang
(chi c6 mét kénh budc song), viéc thiét ké tuyén twong ddi don gian, nguoc
lai dbi voi cac tuyén DWDM, viéc thiét ké tro nén phirc tap hon nhiéu, doi
hoi phai hiéu rd vé cac giéi han do suy hao, tan sic, quy cong suat, quy thoi
gian 18n va cé4c hién tuong phi tuyén trong soi quang tao ra. Do tinh chat caa
soi quang phu thude vao budce song, nén viéc chon lua bude song hoat dong la
mot van dé quan trong trong thiét ké.

Llc dau, sw ton hao cua soi quang dugc xem 1a yéu té 16n nhit trong
viéc han ché d6 dai cia mdi kénh quang. Tuy nhién, véi toc do dir liéu 16n, s6
xung chiém it hon va it khe thoi gian. Téc do tan sic va phi tuyén (SPM,
XPM, FWM) la nhimg van dé& dang quan tdm. Nhu da biét, lién két quang
duoc thiét ké bai hé s6 pham chat do 1a ty 1¢ 15i bit (BER) cta hé thong. Thuc
té, v6i mang WDM, BER = 10" (10® — 10", nghia 1 téi da c6 1 trong 10*
bit bi 16i trong qué trinh truyén.

Sw tan sic 1a sy mé rong cua mot xung trong mién thoi gian, thuong
do tac dong 16n cua quang phéd. Tac dong c6 hai cua sy mé rong xung 1a 1SI.
Néu gia sur I1SI khoéng bao gio xay ra thi van c6 mot lwong nho tan sac 6 hai
tac dong vao.

Bang viéc dat cac bo khuéch dai quang cé thé 1am nang cao hiéu suat
cua tin hiéu quang dé tach quang. Cuong do cta song dién tir truyén qua Soi
quang dan dén phi tuyén. Chiét suat c6 thanh phan phi tuyén phu thudc vao

mtc tin hiéu. Phi tuyén tao ra su dich pha phi tuyén gy,
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_[]-_eaL]
=) . (3.2)
Y A, (3.2)

Trong do: 7 1a hé s6 phi tuyén
N, 1a hé s6 vé
A 12 dién tich mit cét ngang cua 101
Trong thong tin quang, lightpath can dugc thiét ké gilt & mic dich pha
cho phép 16n nhat gy, < 1. Piéu ché tu dich pha (SPM) khong hoat dong mot
minh ma thuong hoat dong cing véi van toc nhom (GVD) tuong tmg qua do
dai cta soi quang. Cong suat kénh dau vao can duoc toi vu hoa dé dam bao

dd tan sic. Theo toan hoc. do dich pha dugc biéu dién:

NL 1_e—0¢|— w
A=y P+2> "R (3.3)
“ o

Trong d6: W 1a tong s cac kénh
Pk 1a cong suat cua kénh k"

D6 dich pha 16n nhat (cho 1 bit) 1a:
ot =| Z Jow-1p (3.4
a

Quy cdng suat: Myc dich ctua quy cong suit 1a bao dam cong suit dén
may thu da 16n dé duy tri hoat dong tin cdy trong sudt thoi gian séng ctia hé
théng. Quy cong suit cua tuyén co thé xem nhu 13 cong suét tong P nam gitra
ngudn phat quang va bo tach séng quang. Suy hao tong nay bao gom suy hao
soi, suy hao bd ndi quang, suy hao mdi han va du phong cho hé théng.

Néu goi Ps 1a cong suat quang ctia nguon phat dugc dua vao dau ghép
so1 va Pg 1a d0 nhay cua bd thu quang thi:

P1=Ps- Pg=2lc+ a L + du phong hé thong (3.23)
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Trong d6: Ic 14 suy hao bd ndi quang
a ¢la suy hao soi
L 1a cy ly truyén dan
Quy thoi gian 1én: Muc dich cta quy thoi gian 1én 14 bao dam ring hé
théng c6 kha ning hoat dong ding ¢ téc d6 bit mong mudn. Thoi gian 1én

tong cong cua toan hé thong c6 thé 1dy gan dung nhu sau:

1

T2 =(T2+Ta, +T2 )

Trong do: Ty, Triver V& Trec 1a céc thoi gian 1én twong img v&i may phat,
so1 quang va may thu. Thoi gian 1€n cia may phat va may thu thuong duoc
biét khi thiét ké hé thong.

3.2. THIET KE TUYEN DIEM - DIEM

Tuyén diém - diém 14 loai kién trac don gian nhat cta hé théng thong
tin quang. Vai trd cta chiing 1a chuyén tai thong tin trong dang ludng s bit tir
mot noi nay dén mot noi khac mot cach chinh xac nhat c6 thé duoc. Chiéu dai
tuyén co thé thay do6i tir nhé hon 1 km (cu ly ngan) dén hang ngan km (cu ly
dai), phu thudc vao ung dung.

Khi chiéu dai tuyén vuot qua mot gia tri nao d6, nam trong khoang tir 20
- 100 km phu thudc vao budc séng cong tac, can thiét phai bu dip cac suy hao

trong soi quang, nguoc lai tin hiéu c6 thé qua yéu dé c6 thé tach ra ¢ phia thu.
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Transmitter Regenerator Regenerator Receiver

TX O Amp Amp Rx

Transmitter Amplifier Amplifier Receiver

b)

Hinh 3.1: Cac tuyén diém-diém co bu suy hao dinh ky bang céch a) sir dung
C&c tram tai tao ; b) sir dung khuéch dai quang

Hinh 3.1 trinh bay hai so d6 thudng sir dung bd suy hao quang. Céc bd
13p quang dién con duoc goi la tram tai tao boi vi chung tai tai lai tin hiéu
quang. Hinh 3.1a), bo tai tao 1a mot cap thu - phat tach tin hiéu quang dén,
khoi phuyc lai bit dién roi chuyén doi nguoc lai thanh tin hiéu quang bang cach
diéu ché mot ngudn quang.

Céac bd khuéch dai quang giai quyét van dé suy hao nhung chiing bd
sung thém nhiéu va 1am tram trong thém anh hudng cia tan sic va cac hiéu
g phi tuyén bai vi su suy giam tin hiéu s& dugc tich liy ¢ cac ting khuéch
dai. Thuc té, cac hé théng thong tin quang duoc khuéch dai mot cach dinh ky
thuong bi gio1 han boi tan sdc trir khi céc ky thuat bu tan sic duoc st dung.
Céc bo lip quang dién khong bi anh hudng boi van dé nay béi vi ching tai tao
lai cac ludng bit ban dau, do d6 bu trir hiu qua tit ca cic ngudn suy giam tin
hi¢u mot cach ty dong. pé thay thé cho bd l1dp quang dién tur, bo tai tao quang
phai thuc hi¢n ba chirc nang tuong tu - tai tao (regenerator), stra dang
(reshaping) va dinh thoi lai (retiming) tin hi¢u, nén dugc goi 1a bo 1ap 3R.

Khoang cach L gifta cac bd tai tao hoac bd khuéch dai quang thuong

dugc goi 1a khoang lap (repeater spacing) 1a mot tham sé thiét ké chu yéu vi
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gia thanh hé théng giam khi L ting nhung tan sic khoang cach L phu thudc
vao toc do bit B. Tinh toc do bit - khoang cach, thong thuong dugc sir dung
nhu 1a thudc do chét luong cua cac tuyén diém - diém. Tich BL phu thudc vao
budc séng hoat dong vi ca suy hao va tan sic trong soi quang déu phu thudc
vao budc song.
3.3. MANG QUANG BA VA PHAN BO

Nhiéu tmg dung cta hé thdng thong tin quang doi hoi théng tin khong
chi dugc truyén di ma con phai duoc phan bd dén mot nhom thué bao. Cac
mang phan b c6 khoang cach truyén 13 ngan (< 50 km) nhung toc do bit c6

thé cao (dén 10 Gbps va hon nita).

/

AR

®
-

v

Bus

—
—

/

™
N

b)

Hinh 3.2: a) Topo hub ;b) Topo bus danh cho mang phan bé
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Trong truong hop topo hub, phan bd kénh dit ¢ vi tri trung tdm (hay
cac hub), noi ma thiét ké két ndi chéo tu dong chuyén mach cac kénh trong
mién dién. Nhitng mang nhu vay dugc goi 1a mang do thi (MAN) bdi vi cac
hub thudng duoc dit ¢ cac thanh phd 16n. Vai trd cta soi quang tuong tu nhu
truong hop d6i voi tuyén diém - diém boi vi bang thong cua soi thong thudng
16n hon yéu cu boi mot tram hub riéng bi€t, mot vai tram co thé chia sé cung
mot soi quang duoc xuat phat cho hub chinh. Van dé cin quan tam ddi v6i mo
hinh hub 1 sy gian doan cip quang c thé anh huong dén dich vu ddi véi
phan 16n mang. C6 thé st dung cac tuyén ndi diém - diém bd sung ndi cac
hub quan trong truc tiép v6i nhau dé bao vé chong lai su ¢ nay.

Trong truong hop topo bus, mot sgi quang mang tin hi€u quang da
kénh subt ca vung dich vu. Su phan b6 duge thue hién béng cach st dung cac
ndi phan nhanh quang (optical tap), c6 tac dung lam chéch hudng mot phan
nho cong suit quang dén mdi thué bao. Mot van dé véi topo bus 1a suy hao tin
hiéu tang theo ham mii véi sd luong ndi phan nhanh va sd luong thué bao
dugc phuc vu bé1 mot bus quang. Khi suy hao sgi c6 thé bo qua, cong suat ndi
& phan nhanh tha N 1a:

Py =PC[(1 - 8)(1 - CO)I™* (3.5)

Trong d6: Py 1 cong sudt phat

C 1a phan cong suét duoc tach ra trén mdi ndi phan nhanh
8 1a suy hao xen dugc gia dinh 12 nhu nhau tai mdi ndi phan
nhanh.
Mot giai phap cho van dé nay 1a st dung bd khuéch dai quang c6 thé
lam ting coéng suat quang mot cach dinh ky, do d6 su cho phép phan bd dén
mot s6 luong 16n cac thué bao dai cho dén khi anh hudéng cua tan sac con cd

thé bo qua.
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3.4. MANG CUC BOQ LAN

Nhiéu tng dung cua cong nghé truyén din quang doi héi cac mang
trong do phén 16n nguoi dung trong mang cuc bd duoc két ndi véi nhau theo
cach ma bat ky ngudi dung nao ciing c6 thé truy nhdp mang mot cach ngiu
nhién dé truyén dit liéu dén nhimg nguoi dung khac. Cac mang nay duoc goi
la cdc mang cuc bo (LAN). Cac mang truy nhdp quang dugc st dung trong
vong thué bao noi hat ciing thudc loai nay. Do khoang cach truyén dan twong
d6i ngan (<10 km), suy hao trén soi quang dang quan tdm d6i voi cac tng
dung trén mang LAN, dong co chinh thiic day viéc str dung soi quang chinh 13

bang thong rong.

1 3 I node

Star
N cupler 4

b)

Hinh 3.3: Cau tric a) mang vong ;b) mang hinh sao trong mang LAN
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Trong topo vong, cac node lién ké duoc két nbi bang céc tuyén diém -
diém hinh thanh mot vong khép kin. Mdi node co truyén hoac nhan dir liéu
bﬁng cach sir dung mot cap may phat - thu, co thé hoat dong nhu mét tram
lap. Mot thé token duogc truyén quanh vong. Mdi node s& giam sat ludng bit
dé lang nghe dia chi riéng va nhan dir liéu. N6 ciing c6 thé truyén bang cach
nbi vao mot thé rong.

Trong céu hinh sao, tit ca cic node duoc két ndi dén node trung tim
goi 13 hub hay don gian 14 hinh sao bang cac lién két diém - diém. Cac mang
LAN nhu vay tiép tuc phan loai nho hon thanh cdc mang hinh sao tich cuc
hay thu dong, phu thudc vao node trung tam la thiét bi thu dong hay tich cuc.
Pbi v6i cau hinh sao dugc hinh thanh tir cac bd coupler dinh hudng, cong suét
con giam hon nita do suy hao xen va dugc tinh nhu sau:

Pn = (P/N)(L - 8)"%" (3.6)

Trong d6: & 1a suy hao xen ctia mdi coupler dinh huéng
3.5. THIET KE MANG PIEM - PIEM DUA TREN HE SO Q VA OSNR

Pé thiét ké mot mang bat budc phai thiét ké hé thong co ty sb 13i bit
BER cho trudc.

10°1 \§. ‘
‘0’3 \\
Ty
s6 105
15i
bit 107
109 f
|
10-11 ' ' \ $ : ]
6 8 10 12 1;1 16 i8
Q (dB)
Hinh 3.4: Quan hé¢ cia Q véi BER
. I, -1
Tac6: Q=2 (3.7)

o, +0,;
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Trong do: |, la gia tri caa dong bit 1
lo lagiatri caa dong bit O
o, 12 d6 léch chuan cua dong bit 1
o, 1a d6 léch chuan cua dong bit 0

Méi quan hé cua hé sé Q véi BER:

BER = %erfc(%j (3.8)

3.5.1. Céch tinh hé s6 Q tir OSNR
OSNR la tham sé quan trong nhat dugc két hop voi tin hiéu quang. B

la mot dai luong do duoc.

Qus = 20log_|OSNR \/E: (3.9)

Qi = OSNR + 10l0g (3.10)

Trong d6: By la dai quang cua thiét bi cubi (tach quang)
B. la dai dién cua bo loc thu
3.5.2. Cach tinh OSNR cho mang diém - diém
Xét duong AB. Khuéch dai duoc dit theo chu ky véi khoang cach lap
lai dé nang cao cong suét tin hiéu 1én. M&i 1an khuéch dai, n6 1a thanh phan
riéng ctia nhidu khuéch dai phat xa tirc thoi va 1am giam bot OSNR. Mdi bo
khuéch dai s& van khuéch dai tap 4m hién tai.

N\ A
TN /

- (1
: A ‘ N gD N ':::;g{ N ao [ B =
. [ /""’—_- :. /".’-— ‘ ~_> /'""—__. = R /_———‘ .
_ F NFy o [TUNR ~NF3 r/ NFN :
= I/ Pm Pin2 Ping PinN 4

Hinh 3.5: Khuéch dai da mién trong mang diém-diém
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Duya trén OSNR dé thiét ké phai dam bao OSNR & mirc cubi pht hop
véi hé thbng OSNR, do d6 BER méi dat yéu cau.
OSNR & mdi mire 1a:

_ P
OSNR = (3.11)

Trong d6: NF 4 1a h¢ s6 nhiéu cua muc

h: hang s Plank = 6.6260 x 10

v : tan s6 quang = 193 THz

vf : dai théng dugc tinh bang NF (thuong 13 0.1 nm)
Toéng OSNR cua toan hé thong:

S S S S (3.12)
OSNR  OSNR, OSNR, OSNR,, 4~OSNR,

Cho khuéch dai don ¢6 do lgi G. Ta co:

OSNR = -1 — Fin (3.13)
Pee 2N, (G —DhVi

(3.14)

Trong do: ng, 1a h¢ $6 phat xa tu phat
N,: sb hat electron & trang thai cao hon
N1: s6 hat electron & trang thai thip hon

Hé s6 phat xa tu phat ciing dugc tinh theo cong thic:

NF

N = 0.5 x 101 (3.15)
Do do:
OSNRg, = 1.5893 + Pj, - T'(db) - NF4, - 10logN — 10log vif (3.16)
Cho vf =0.1 nm hay 12.5 GHz. Ta sé co:
OSNRg, = 58 + Pj, - T'(db) - NFq;, - 10logN (3.17)
Trong d6: NF 13 hé s6 nhiéu & mdi b khuéch dai 1a nhu nhau

I 1a hé s6 chong lap
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3.5.3. Tinh toan OSNR biing khuéch dai Raman

1 Pin= Pstage + GRA Pin=Pstage+ GRA i
. R KA NG \ N —v{2
. | NN QOX .
= - —{ W
—iw] Backward Raman Backward Raman wh—
d Pump Pump

Hinh 3.6: Khuéch dai Raman da miic

OSNR cua muc cubi duge tinh theo cong thuc:

1 1 1
= +
OSNR ZOSNRi(mUC) ZOSNRRA (3.18)
. — PiniGRA(i)
OSNR|(mUC) - NFihVVf (3_19)

3.6. QUY THOI GIAN LEN

Muc dich cua quy thoi gian Ién 1a bao dam rang hé thong c6 kha ning
hoat dong dung & téc do bit mong muén. Tham chi, néu dai théng cua cac
thanh phan riéng 1é cta hé théng vuot qué toc do bit, van co thé xay ra truong
hop toan hé thong co thé khong hoat dong dugc o toe do bit d6. Thoi gian 1én
T, cia mot hé thong tuyén tinh dugc dinh nghia 14 thoi gian trong khoang do
dap tng tang tir 10 - 90% cua gia tri ngd ra cudi cung khi ngd vao bi thay do6i
dot ngot.

Trong mot hé théng tuyén tinh, gitta dai théng Af va thoi gian 1én T, c6
mbi quan hé nghich dao. Ba thanh phan cua hé théng théng tin quang co cac
thoi gian 1én riéng. Thoi gian 1én tong cong cua toan hé thong co thé lay gan
dang nhu sau:

1

T2 =(T2+TE, +T2 ) (3.20)
Trong do: Ty, Triver V& Ty 12 C&C thoi gian Ién twong Gng vai may phat,
sgi quang va may thu. Thoi gian Ién cua may phat va may thu thuong duoc

biét khi thiét ké hé thong. Thoi gian 1én cia may phat T, dugc xac dinh cha
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yéu bai cac thanh phan dién tr cia mach diéu khién va cac phan ti ky sinh
dién lién quan dén ngudn quang. Thudng T, khoang vai ns ddi voi may phat
st dung Led, nhung c6 thé nho hon 0.1 ns dbi voi may phat sir dung Laser.
Thoi gian 1&n ciia may thu T,e duge Xac dinh chu yéu boi dai thong dién 3 dB
sau tach quang.

Thoi gian 1én cua soi quang Triper:

2 2 2
Tfiber = Tmode +Tchr (3.21)

Trong d6: Thoge 12 tdn sdc mode
Ty 12 téan sdc mau trong so1 quang

3.7. YEU CAU VE QUY CONG SUAT

Trong moi trudng truyén dan cap soi quang, quy cong suat 1a mot yéu
t6 rat quan trong nham dam bao cho hé thdng hoat dong binh thuong. Muc
dich ciia quy cong suit 1a bao dam cong suat dén may thu du 16n dé duy tri
hoat dong tin cdy trong sudt thoi gian sdng ctia hé thong.

Suy hao cong sut trén toan tuyén bao gdm: suy hao trén soi dan quang,
trén cac bo nbi quang va tai cac moi han. Tong suy hao trén toan tuyén nhan
duogc tir cac phan bd suy hao lién tiép cta timg phan ttr trén tuyén. Suy hao

ctia timg phan tir dugc tinh:

A= 10l0g (3.22)

2
Trong d6: P; P, 1a cac cong suat quang dau vao va dau ra clia phan tir.
Ngoai céc suy hao do cac phan tir trén tuyén quang gy ra nhu di néu o
trén, ta con phai c6 mot lugng cong suat quang du phong cho tudi tho cia cac
thanh phﬁn, su thay ddi nhiét do va cac suy hao tang 1én & cac thanh phﬁn. Du
phong cho tuyén thuong thuong tir 6 - 8 dB. Chinh vi vAy ma quy cong suit
ctia tuyén c6 thé xem nhu 1 cong suat tong P nam giita ngudn phat quang va
bd tach song quang. Suy hao tong ndy bao gom suy hao soi, suy hao bo ndi

quang, suy hao mdi han va du phong cho hé théng.
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Néu goi Ps 14 cong suat quang ctia ngudn phat dugc dua vao dau ghép
so1 va Py 1a d0 nhay cua bd thu quang thi:
P:=Ps- Pr= 2lc + a L + du phong hé théng (3.23)
Trong d6: Ic 14 suy hao bd ndi quang
« ¢1a suy hao soi
L 1a cy ly truyén dan

O day, suy hao do mdi han lsp dugc gan vao trong suy hao soi dé don

gian phép tinh.
Hai bang sau dua ra cac thanh phan ton hao va quy dy phong cua

chung:

Thanh phan Murc ton Budc song | Phan cuc dya | Nhiéu xuyén

dya vao ton | vao ton hao kénh
hao
hao

Ghép/tach 5dB <1dB 0.1dB -40 dB
kénh (AWG)

Chuyén mach | 1.2dB <0.2dB 0.1dB -40 dBm

xen/ré quang

2X2
Coupler thu 3dB - - -
dong
B0 loc mang 1dB 0.1dB - -40 dBm
mong
B0 loc 1dB 0.1dB - -35 dBm

AOTF/MZI

Két ndi chéo 3dB <0.4dB 0.1dB -40 dBm
guang (OXC)

Bang 3.1: Sw ton hao & buédc song 1550 nm
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Thanh phan T6n hao quy du

’ phong
Tan sac soi 1dB
Du phong SPM 0.5dB
Du phong XPM 0.5dB
Bu DCU 6 dB
FWM 0.5dB
SRS/SBS 0.5dB
PDL 0.3dB
PMD 0.5dB
Khuéch dai nghiéng 3.0dB
Do nhay nghiéng may thu 0.5dB
Chirp truyén 0.50dB
Nhiéu xuyén am AWG 0.2dB
MBoi nbi soi quang 0.5dB

Bang 3.2: Yéu cau vé quy du phong

3.8. ANH HUONG CUA TAN SAC SOI PEN VIEC THIET KE TUYEN
THONG TIN QUANG TOC PQ CAO THONG QUA PHUONG PHAP
XAC PINH TON HAO CONG SUAT

Phuong phap tinh todn dugc 4p dung cho ty 18 15i bit nho BER = 10
nham bao dam theo yéu cau cua hé théng co st dung khuéch dai quang theo
khuyén nghi ITU-T.

Phat quang Tx Thu quang Rx
_________________ SMF G.§ e,
I ; F P,

! LitbO, || FT m

|7 L : () P. \
: LIJ' = 2 Ll : - ||II

| | P $P rr)/
T som —! i zpFa EDFA . omx

__________________________________

Hinh 3.7: Céau hinh hé théng thdng tin quang tiéu biéu
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Cac hé thong hoat dong tai ving buéc séng 1550 nm st dung bo
khuéch dai quang EDFA thuong c6 téc d6 bit cao va cu ly xa nén ¢ dau thu
ctia cOng suat tin hiéu quang thu duoc thudng rat nho. Hon nita, gia tri tan sac
I6n ludn xuat hién trong hé théng. Vi vay, ngoai tin hiéu truyén dan, méo
dang song va giao thoa giita cac ky tu ISI do tan sic van tbc nhom GVD gay
nén va tu diéu ché pha SPM céan dugc tinh dén.

Phuong phap xé4c dinh anh huong cua tan sic dén hé thdng théng tin
quang théng qua tinh todn quy cong suat hé théng Pg bang viéc thiét ké do dai
tuyén:

Pg = Py(t) — Ps(G,NF) — Py — Pp — Po— (Nclc + Nsls) (3.24)

Trong d6: Py(t) 1a cong suat tin hiéu phét c6 tinh ca anh hudng chirp phi
tuyén

G la do khuéch dai cua cac bo EDFA

P 12 cOng suat dy phong cua hé thong

Pp 12 dén bul ton hao cong suit

Pp 12 ton hao cong suat do tan sic, day chinh la cong suat
tuong duong do nang luong phé caa xung tin hiéu bi gidn ra ngoai khe thoi
gian da dinh sinh ra

Ps(G,NF) 1a d6 nhay thu ¢ tinh ca anh huong caa bo khuéch
dai va nhiéu cua EDFA

ls va lc tuong tng 1a suy hao méi han va suy hao b ndi
quang

Ns va N¢ tuong tng 12 s6 méi han va sé bo ndi quang

Chét luong truyén dan dugc xac dinh thong qua viéc tinh ty sb 16i bit
BER = 10" cho d6 nhay thu cua thiét bi thu quang.

Cong suét tin hiéu tai dau vao thiét bi thu quang:

Ps = (GlsLg)’ (3.25)

Trong do6: Is la dong tin hiéu dién thu duoc sau tach quang
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7 L la suy hao gitra khuéch dai quang va bo thu quang
Ton hao cbng suat tin hiéu:

Po =[1- (8R2PB,L)* T (3.26)
Véi B, 1a tham sé tan sic van téc nhém
Tur day, ta c6 thé xac dinh duoc luong cdng suat ton hao khi co tac

dong cua tan sic soi.

Tham sb Ky hiéu Gi4 tri tham s6
Budc song tin hi¢u A 1544.5 nm
Cong suat phat quang Py -1dBm
Suy hao sgi G.652 gom ca moi O 0.24 dB
han ’ ,
Tham s0 tan sac sgi D 18ps/km.nm
Khuéch dai cia EDFA G 30dB
Hé s6 nhiéu cua EDFA NF 5dB
Bing tan quang bo loc F Bo 0.5nm
Bing tan dién B, bd thu B. 7.5 GHz
Du phong hé thong Pwm 6 dB
Ty s6 161 bit BER BER = 10"
Tai bg tdch song quang R. 50 Q
Suy hao bo ndi quang (2 bo) Lc 0.5 dB/bd
Cong suat dén bu Pp 1dB

Bang 3.3: Céc tham sé dé tinh toan thiét ké ciu hinh tuyén 10Gbps

Dbi voi hé thdng 10 Gbps, cac ngudn phét thudng ¢d do rong pho rat
hep. Pé xac dinh duogc cu ly truyén dan, c6 hai tham sé quan trong can xac
dinh 1a @6 nhay thu quang Ps(G,NF) va gi4 tri ton hao cdng suat Pp do tan sic

trén tuyén gay ra.
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Trong thuc té, thiét ké tuyén 10 Gbps s& con them mot sé tham sé khac

nhu cé4c hién tuong phi tuyén, tan sic bac cao, tan sic phan cuc ... tac dong

vao va 1am giam cu ly truyén dan.
3.9. PHAN LOAI CAC MANG QUANG

Long-haul Core

Ny Metro Core ™~
Transport

Hinh 3.8: Phan loai mang Long Haul, Metro, Access

\ )
)

Lép dau tién 1a mang truy nhap, 16p tiép theo 1a mang d6 thi va 16p cao

nhat 12 mang Long Haul. Khach hang cubi duoc két ndi véi dich vu cung cap

mang.
Mang truy nhip Mang do6 thi Mang Long Haul
Topo Ring Ring/Mesh Piém-diém/Ring
va Mesh
Luu luong Hub Phén tan/Mesh Hub
van chuyén
Vong ring/d | 40 — 75 km <100-250 ~ 300 | < 300-2000 km
dai km
Budc song tu 1én téi 16 A 32 — 64 loai 64
do
S6 nut trong 6~8 8~ 16 5-12
vong ring
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hudéng

Chuyén mach dién
va dinh tuyén/gidi
han tit ca chuyén

mach quang

Khoang cach 10-30 km ~ 40 — 300 km 300 km
gifta cac nut
Mux/Demux Mux/Demux Mux/Demux
OADM OADM OADM
Chuyén mach va | EDFA EDFA
Ky thuat | dinh tuyén DCU DCU
DWDM Budc song diéu | PMD

Budc song diéu
hudng
Chuyén mach va

dinh tuyén

Bang 3.4: Phan loai va so sanh cac mang quang

3.9.1. Thiét ké mang truy nhap

Pay 14 mang phl hop nhat véi mang quang. Mang truy nhap dugc Xac

dinh nhu 12 mot phan mang ma phia khéch hang cé thé truy nhap dén. Mang

nay c6 do dai truyén lén nhat 1a 40 - 75 km nghia la néu mang nay duoc trién

khai mot vong tron thi n6 sé < 75 km.

Mang truy nhap duoc xéac dinh tir phia nguoi st dung cudi, d6 1a mot

tap doan hay mot hang nao do. Pay chinh 1a su tiang truong nhat vé ciu trdc

mang d6 thi. Muc dich chinh ciia mang truy nhap la dinh tuyén, tong hop va

van chuyén.
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Céng ré .__.{7
Céng xen ___{S

E; Céng xen

Céng ré

T ST
—

[;’\V" [7'1
sz

Coéngré  Cong xen

Hinh 3.9: B§ loc mang méng (Mang truy nhip)

Céu tric chi ¢ ciu tao n(t xen/r& mot phan budc séng nén né khéng
can thiét cho phan ghép quang. Tuy nhién, & nat hub can nhat 1a nat xen/ré
quang. Thuan loi caa hé théng hybrid khéng chi c6 gia thanh thap ma phan
thiét ké hé théng duoc cai thién.

Céu tric mang truy nhap co6 thé bién doi tir dudng truc chinh diém -
diém dén vong truy nhap chuan trong mang yéu cau, s6 ndt mang...vVong truy
nhap tao ra tir hub va vong nan dé diéu khién nat hub dung vi tri va hoat dong
nhu mot bo gop van chuyén truy nhap cong téi mang d6 thi. Ma tran van
chuyén 1a don cuc ma tat ca cac nit c6 thé van chuyén hai chiéu voi nat hub.

Pé giam va du phong lightparth trong mang truy nhap, khi thiét ké can
van chuyén hub xung quanh. Hau hét c4c mang truy nhap trong thong tin
quang c6 khoang cach trong vong tron ring < 75km, do dai span 16n nhat
khdng qua 40km. Do vay, khoang céch chi < 40km.

* C4u trdc nat truy nhap

NGt hub c6 cau tric khac voi nat truy nhap riéng lé. NGt truy nhap
khéng can kha nang xen/ré nén tir diém thiét ké tong quat, nat truy nhap phai
dua ra muc ton hao it nhat cho timg kénh. C6 thé thuc hién nit truy nhap bang

viéc stir dung bo loc mang mong (TFF). Mot s6 nha cung cap da co dé nghi
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ding ciu hinh nay. TFF c6 3 cong: cong vao, cong lya chon va cong truyén.
Tin hiéu ghép nguyén dugc dat & cong vao TFF phu thudce vao cau hinh bo
loc. Mot s6 bude song (dai budce séng hay bude song don) duoc tach & cong
lwa chon. Tin hiéu con lai nho hon duoc tach dai 12 ¢6 sin & cong truyén.

Mtc tén hao xuyén qua bo loc khoang 2 dB khdng dang ké dé so sanh
véi OADM déi xtmg trong vong metro. Dai tach dugc phan ra dé s dung bo
tach va nhiéu bo loc hoic gia thanh thap, dai tach kénh nho (4 — 10 nm). Céng
suat dau ra = P(dB) — 10 logN.

3.9.2. Thiét ké mang dé thi

Pay la 16p tiép theo trong ba phan 16p ciia mang quang. Mang nay dugc
biét dén tir mang truy nhap dién rong. Tong d6 dai duong truyén caa mang do
thi I6m la 100 - 300 km.

Mang d6 thi duoc m6 ta nhu mang da hub véi diém truy nhap Long
Haul va vong truy nhap Metro. Mang d6 thi con ¢ mang du trir nén duoc goi
la mang cuc, van chuyén tir mang truy nhap va cung cap cho vung ring. Trong
maot vong tron, kich ¢& caa ring < 200 km va luu legng duong 1€n tGi 40 bude
song.

Mang d6 thi thi thdng dung nhat mang quang trong céng nghiép bai vi
doanh thu cua nd rat cao.

Mang d6 thi c6 thé duoc phan loai nhu mang cuc va mang 16i. Mang 16i
dugc phan biét nhd sy phie tap rat 16n, chiing duoc lién két & mot hay nhiéu
nit dén dau cudi mang Long Haul. Nguoc lai, mang cuc duoc biét nhu mot
bo phdi hop van chuyén. Mang d6 thi ¢ dich vu cap khac nhau tir mang
quang ddng bd (SONET) cd trude. Mot sb bude song véi dai tée do tir OC-3
> 0C-192 dén Gigabit Ethernet va 40 Gbps lightpath 1am thir nghiém.
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Local

F1

F2

F3

Switch

F4

[ N/ N/ N/ N
NIV NIV VANV

vy

Local Drop

Hinh 3.10: Pinh tuyén buéc séng véi bwée song khong ddi

Giao thtrc phu thudc vao toc do bit. Mot vai su ting da tao ra giao thire
budc séng bién doi ty do nhung viéc thuc hién bi han ché. Tuy nhién, trong
tuong lai, giao thie bién bdi bude séng tu do hy vong sé& théng dung hon. N6
doi hoi ky thuat bién d6i budc séng trong sudt toi toc do bit va giao thuc.

Bién d6i budc soéng cho mang d6 thi khéng thé thuc hién duoc. Kich
thude 1on, d6 giam nay c6 lgi cho ciu hinh két ndi chéo qua cdu hinh xen/r&
OADM théng thuong.
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Mux/Demux Mux/Demux
] WC [
] WC [
Switch
Mux/Demux Mux/Demux

Hinh 3.11: Dung buéc song bién déi (bwée séng A nhé) gitra cac
kénh trén cung mot soi
Khi thiét k¢ OADM cho mang d6 thi can phai ch( y dén mot vai loi
ich. Dau tién 1a thiét ké ngudn chi phi vi c6 nhiéu budc sdng va nit mang, can

phai dam bao nguon chi phi cho kénh lightpath, tiép theo la thiét ké BER:

-1 A2
BER = oTon exp(-Q/2) (3.27)
Q(dbB) = OSNR(dB) + 10 log(B/B.) (3.28)

Chi dua ra cau tric mang d6 thi 1a ton hao span va ndt mang. Mot
duong tin hiéu 1a da dé tinh toan OSNR cho mang. Tinh OSNR caa mot
lightpath bai sy phan tan lightpath thanh céc phan tir span caa nd. Su ton hao
span duoc Xac dinh nhu su tén hao span thuc té (d6 suy giam, tan sic, phi

tuyén, bo néi,...) cling voi ton hao nit ké tiép.
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3.9.3. Thiét ké mang Long Haul

Lép cudi cung trong ba phan lép cia mang quang 1a mang Long Haul.
Mang Long Haul 1a mang dic trung hay mang lién luc dia két ndi véi cac do
thi khac hay véi cac luc dia khac. Mang nay c6 dai 1én t6i hang nghin km.
Mang Long Haul duoc xay dung dau tién bing soi quang boi vi soi quang tao
ra luu luong van chuyén dit lidu bit véi mot vai sai sé6 mic du tée do bit cao
hon. Tuy nhién, khi toc do bit ting, trén do dai duong truyén gia tri quang
khac nhau c6 hiéu tmg &m. Vi vdy, mang Long Haul c6 kha niang suy yéu do
d6 loi nhu sy suy giam, tan sic, phi tuyén. Hé thong Long Haul Ia hé thong
diém - diém véi bo tai tao lai & cudi va & gitra.

Mang ngam 1 loai mang ¢ dudi bién duoc ding dé chuyén dit licu
xuyén lyc dja. Ching ciing ¢6 duong Long Haul diém - diém v6i mang khoi
phuc quang soi dudi dudng bién sau khi soi quang cat hau nhu 13 khdng thé.
Thém vao d6, gia thanh soi quang la thanh phan chinh cho gia thanh cua
mang.

Trong mang Long Haul, dit liéu truyén qua hon 100 km hay 1000 km.

Trong mang quang, du trir tap am ASE la vung mai khi nghién cuu,
giai phap do la bo loc tap am am mac du ky thuat nay khéng kha quan cho
lim. O khoang cach 16n (céng suat cao), tin hiéu quang bién dang tir hiéu tng
phi tuyén. Diéu ché ty dich pha SPM va diéu ché pha chéo XPM xay ra hai
suy yéu duy nht.

Piéu ché pha chéo nhat 1a trong mang Long Haul WDM va chi tiéu
nhan duoc trong thiét ké hé thong téi hiéu ung nay 1a sy tinh toan ngudn bd
sung bang hiéu tng am nho XPM. Hiéu ung phi tuyén khac 1a tron bén budc
s6ng FWM tao ra nhiéu sy cé trong viéc thiét ké hé thong va két qua 1a thiét
lap gan budc song khac nhau dé tranh hiéu tmg c6 hai cia FWM.

NGt mang Long Haul bao gdm ghép/tach kénh ¢ ngoai nit, tach biét

nho ndi bo khéi phuc.
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3.10. BAO VE MANG DWDM

3.10.1. Bao vé kiéu 1+1 trén I¢p SDH
3.10.1.1. Bo vé kiéu 1+1:

Bo Bo
TXLw) =" ghép LA tach | ] Rx1(w)
Tx1 kénh kénh Rx1
x1(p) H¢ thong x1(p)
DWDM céng tac
Tx2 Rx2
x2(w) o o x2(w)
Tx2(p) ghép = tach Rx2(p)
kénh kénh
Hg¢ thong
Txn(w) DWDM bio vé Rxn(w)
Txn(p) Rxn(p)

Hinh 3.12: Bdo vé kiéu 1+1 trén Iép SDH

O phuong thtic bao vé nay, toan bo thiét bi cua hé théng nhu: dau cudi

SDH, bo tach ghép/kénh, bo khuéch dai quang, duong day cap quang... déu

phai c6 bo phan du phong. O dau phat tin hiéu SDH duge ndi bac cau ¢ dinh

giira hé thong cong tac va hé thong bao vé. O dau thu giam sat trang thai tin
hiéu SDH thu dugc tir hai hé thong DWDM va chon ra tin hiéu thich hop hon.

Phuong thirc nay cd tinh tin cay cao nhung gia thanh ciing cao.

Trong mot hé thong DWDM, su chuyén doi cac kénh SDH khong co6

quan hé véi su chuyén déi cua cac kénh khéc, tirc 1a Tx1 trong hé thong cong

tac cia DWDM c¢6 su ¢6 va chuyén dbi sang hé thong bao vé cia DWDM thi

Tx2 c6 thé tiép tuc 1am viéc trén hé thdng cdng tac cia DWDM. Mot khi phét

hién thay thoi gian khai dong viéc chuyén giao thi phai hoan thanh chuyén

giao bao vé trong 50 ms.
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3.10.1.2. Bio vé kiéu 1:n

Tx11 Rx11
L__F—"B6 ohd 5 t4
<12 BQk Aghep A BQAtach Rx12
_+——1 kénh =1 kénh
Tx1lm Hg¢ thong cong tac Rx1m
Tx21 — _— 1 cuia DWDM — R1
22| o " | LA | énh Rx22
Tx2m He¢ thong cong tac Rx2m
2 cuia DWDM
Txnl Rxnl
L1 5 ohé 5 t4
Txn2| [ F—— Bokégnhhep LA | Blgétr?ﬁh Rxn2
Txnm|] — H¢ thong cong tac Rxnm
nia DWDM
Txpl] — feta Rxpl
1| kénh L= kénh
TXpm H¢ thong bao vé Rxpm
cua DWDM

Hinh 3.13: Bao vé kiéu 1:n trén l6p SDH
Hé théng DWDM duya trén mot budc song, thuc thi bao vé 1:n trén 16p
SDH. Tx11, Tx21,..., Txnl dung chung mot doan bao vé, vdi Tx1 ciu thanh
quan h¢ bao v¢ 1:n. Tiép tuc nhu vay, Tx1lm, Tx2m,..., Txnm dung chung mot

doan bao v¢, vd1 Txpm cau thanh quan hé bao v¢ 1:n.

Trong mot hé théng DWDM, su chuyén doi 1an nhau ctua kénh SDH
khong c6 quan hé gi voi sy thay doi ciia cac kénh khac, tirc trong hé théng
cong tac 1 cia DWDM, Tx11 chuyén d6i sang hé thong bao vé cia DWDM
thi Tx12,..., Tx1m co thé tiép tuc lam viéc trén hé théng 1 cia DWDM. Mot
khi phat hién thiy thoi gian khoi dong chuyén giao thi chuyén giao bao vé
phai hoan thanh trong 50 ms.

3.10.1.3. Bio vé kiéu 1:n trong hé thong DWDM

Tx1 [—.cOng tac cong tac — Rxl

Tx2 :I congtac | Bo Bo | congtac :I Rx2
; ghép ghep

Txp bao vé bao vé Rxp

Hinh 3.14: Bao v¢ kiéu 1:n trong h¢ thong DWDM
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Mot dudong ddy DWDM c6 thé mang nhiéu kénh SDH, do d6 ciing co
thé str dung budc séng rdi trong cung mot hé thong DWDM dé 1am kénh bao
ve.

Pay 1a hé théng ghép kénh budc séng gdbm n+1 kénh, trong d6 n budc song
dung lam budc soéng cong tac, 1 budc song dung lam kénh bao v€. Nhung khi
xét t61 hé thong thue té, tinh tin ciy cua soi quang va cap quang kém hon tinh
tin cay cta thiét bi, cho nén néu chi bao vé hé thong ma khong bao vé dudng
day thi y nghia khong 16n. Mot khi phat hién thiy thoi gian khéi dong chuyén

giao thi chuyén giao bao vé phai hoan thanh trong 50 ms.

3.10.2. Bao vé doan ghép kénh quang (OMSP)

lhé¢ théng cong tac|
| LA

Tx1 L duong day 1 Rx1
BS phén cta DWDM _\_ BS
™ ghép || nhanh khoa tach Rx2
kénh quang quang kénh
1:2 duong day 2 1x2
’ R
T :
| [

| hé thong bao vé |

Hinh 3.15: Bao vé doan ghép kénh quang
Cong nghé nay chi bao vé 1+1 trén kénh quang ma khong bao vé
duong day dau cudi. Tai dau phat va dau thu st dung bo phan nhanh quang
1x2 va khoa quang, & dau thu chon dudng cho tin hiéu quang. Dic diém cua
khoa quang 1a ton hao nhd, trong sudt d6i véi khu vuc khuéch dai budc song

tdc do nhanh.

Hinh 3.15 ding phuong 4n bao vé doan ghép kénh quang gdm bo phan
nhanh quang va khoa quang. Trong hé théng bao vé nay chi c6 hé thong
duong ddy DWDM 1a ¢6 bd phan du phong, ddu cudi SDH cua tram dau cudi
hé thong DWDM va bo ghép kénh khong co dy phong. Trong thyc té, nguoi
ta dung n:2 bd phdi ghép dé thay thé cho bo ghép kénh va bo phan nhanh 1:2.
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So v&i bao vé 1+1, nd ha thap gia thanh. Bao vé doan ghép kénh OMSP chi

thuc thi trong hai soi cap quang doc 1ap mdi thuc su ¢ ¥ nghia.

3.11. UNG DUNG TRONG MANG RING

Hé thong DWDM ciing duge sir dung trong mang ring. Ung dung dé
két néi hé thdng DWDM diém - diém dya trén bude song don.

WDOM terminal

Hinh 3.16: Hé théng DWDM diém-diém dang ring

Puong ring bao vé va ring bao vé MSP cua hé théng SDH ¢6 thé duoc
cai dat. DWDM chi tao ra soi quang “a40”. Mdi budc song bao vé trén SDH

doc lap véi bao vé cia bude song khac. Ring c6 thé c6 2 soi hay 4 soi.

/‘

WDOM terminal

WDOM terminal

OADM

OADM

-

/)

WDM terminal

OADM

\

L OADM

Hinh 3.17: OADMs dang ring
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Dung OADMs véi xen/ré kénh quang dang ring 1a tng dung khac cua
cong nghé DWDM. Hién tai, mang ring OADMs dugc phan thanh 2 kiéu: thi
nhat 1 dudng budc séng bao vé dya trén bao vé budce séng don, vi du bao vé
kiéu 1 + 1 cta budc séng don gidng véi duong bao vé cua hé thong SDH.
Thi hai 1 dudng ring bao vé dé bao vé tin hiéu ghép bude séng. Khi mot soi
quang bi cit, chizc nang “vong ngugc” c6 thé duoc lap dat ¢ hai ndt gan véi

diém cat. Do vay, tat ca cac dich vu déu duoc bao vé.
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Chuong 4

PANH GIA KHA NANG HOI PHUC MANG IP/DWDM

Trong nhimg nim gan day, luu luong qua mang Internet ting trudng
dot bién, nhimg nha cung cap dich vu ICT, dic biét 1a cac cong ty sé hitu va
khai thac co s& ha ting mang phai lién tuc nang cp mang dé dap Gmg nhu cau
vé bang thong va dich vu. Da c6 mot sy dot pha vé cdng nghé nham giai
quyét van dé dung luong va chat lugng mang cho x& hoi thong tin, cong nghé
DWDM xtmg dang 1 giai phap hop Iy cho van dé hién nay va ca trong tuong
lai. Khai niém IP/DWDM mé ta cdng nghé cho phép chuyén goi tin IP thd
trén 16p DWDM, mé ra mot s6 dinh huéng méi cho mang toc do siéu cao
Terabit, dong thoi cling 12 nén mong vimg chéc tién dén ky nguyén mang toan

quang (All Optical Network).
4.1. IP/DWDM

Hién céng nghé mang dang dién ra xu hudéng chuyén dan tir
IP/ATM/SDH/DWDM sang IP/Ethernet trén nén DWDM. Hinh 4.1 mé ta ciu

trdc theo md hinh 16p ciia xu hudng nay, ké ca dé cap dén I6p Ethernet trén

nén DWDM.
ATl AT - el g
Services Services A Services
: > E - :
(e w
o ocr 7 NP :T. a - é PRt m‘ PO .

owvom DWDM DWOM

Hinh 4.1: Xu hwéng chuyén sang céu trdc da lép mang IP

Cong nghé IP/DWDM cho phép thuc hién mdt sé tinh ning cua giao
thie IP nhu dinh tuyén (routing), tdp hop (aggregation) luu luwong véi kha
nang dap tmg cia DWDM. Khai niém co ban ctia IP/DWDM chinh 1a truyén
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nhiing goi tin IP thd (raw IP packet) trén 16p quang (optical layer) hd tro
DWDM.

4.1.1. Lop quang

Lop quang da duoc gidi thiéu trong mang quang, 16p nay duoc goi la
l6p chu (server layer), cung cap kénh quang (light path) cho cac 16p tram. Hé
théng DWDM cho phép téc d6 va dinh dang goi tin doc lap véi nhau va co
thé chip nhan bat ky tap hop cua cac tbc do goi khac nhau (dong bo, bat dong
bo, OC-3, OC-12...)trén clng soi quang tai cung thoi diém. Nhu vay, 16p
quang hd trg tich hop céc ky thuat khac nhau vao trong mot ha tang vat ly, uu
diém quan trong cua mang quang nay chinh I1a kha nang chuyén chg van
chuyén céc loai hang héa goi tin khac nhau trén cing xa 16 - 16p vat ly. Lép
quang bao gom 2 Ip con: I6p van chuyén (Transport layer) va lép dich vu

(Service layer).

Hai l6p con nay thuc hién céc tinh nang cua I6p 4 cia SDH/SONET.
Chung lam viéc vai cac tinh nang riéng biét khong trung lap. Ky thuat hay
giao thuc chuyén mach da giao thic theo nhdn MPLS diéu phéi chirc nang
thiét ké luu lugng gitra 16p IP va I6p van chuyén quang.

4.1.2. Chuyén mach da giao thirc theo nhin MPLS

Giao thac MPLS la giao thie chuyén mach ding tap hop cac nhan
duogc cai dat dé chuyén tiép céac goi tin. Cac bo chuyén mach dugc thiét ké va
lam viéc trén co s¢ duy nhat 14 do tim cac nhdn va thay thé ching. Nhiing
nhan hién thi trong gai tin s& quyét dinh dudng tiép cua gai tin va khong ding
bat ky thong tin nao khac trong sudt qué trinh chuyén mach.

4.1.3. Chuyén mach da giao thirc theo buéc song MPAS

Giao thtic IP/DWDM tich hoi cac tinh nang caa bo chuyén mach ATM,
bo ghép kénh SDH/SONET va bo dinh tuyén IP vao trong mot lép va mo
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rong thanh khai niém “Chuyén mach da giao thuc theo bude song 1. MPAS
phat trién tir MPLS va hoat dong ngay trén 16p quang. Mang céc 16p kénh
quang hd tro két ndi dau cudi dén dau cudi thong qua cac diém truy cap. Mot
kénh quang lién két hoan tat mot chudi cac bude séng mang cac goi tin IP
trong khi truyén tai. Chudi ndy ciing giéng nhu bo nhan trong giao thuc
MPLS. MPAS chinh la 1ép trung gian gitra 16p IP va DWDM.
4.2. KHA NANG HOI PHUC CUA MANG IP/DWDM

Phan nay s& hé thong va dua ra mot s cach tiép can dé nghién ciu,
danh gia kha nang hoi phuc ciia mang IP/DWDM. Hinh 3.2 trinh bay vi du co
ban vé nang luc bao vé cua mang IP/DWDM, bd ghép kénh DWDM dich c¢6
kha nang chon budc séng dang hoat dong dé chuyén tiép dén bo dinh tuyén IP
dich.

\ Working /
IP = ", |
router | T . Protecter router
Source Destination
DWDM DWDM
multinlexer multinlexer

Hinh 4.2: Kha ning bao vé biang cach chen bwéc séng hoat dong ciia mang |P/DWDM

4.2.1. Khai niém kha niing phuc hdi ciia mang

Kha nang hoi phuc mang rat quan trong khi giai quyét van dé cung cap
dich vu véi cac yéu cau cao vé chat luong dich vu lién két. Kha nang hdi phuc
mang duoc dinh nghia nhu 1a nang lyc mang ludi dam bao hdi phuc céc hu
hong vat 1y caa mang (hu hong cac thanh phan thiét bi mang hoic xay ra dut
cap). Kha niang nay gilp mang tai dinh tuyén céc két néi vong tranh phan
mang bi 16i sang phan mang du phong hoic thay thé, tranh dugc cac mat mat

gay tén hai dén hang Gbps, tham chi Tbps.
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4.2.2. Mot so cach dat van de tiép can nghién ctiru van dé nang lwc hoi

phuc mang

Cach tiép can pho bién nhat la theo hudng nghién ciru van dé nang luc
phuc hdi mang theo 2 thanh phan: mang 16i va mang truy nhap. Uu diém cua
cach tiép can nay 1a phd bién, phi hop véi cac thé hé mang, c6 nhiéu co s& dé
thuc hién. Tuy vdy, véi cac dac diém thiét ké, t6 chirc va hoat dong ciia mang
IP, kha nhiéu cach tiép can khéc rat dang chl y va s& duoc trinh bay tiép theo

Sau.
% Céch tiép can theo kiéu phan 16p mang

Kha nang hdi phuc cia mang IP/DWDM dugc xem nhu 1a kha nang
phuc hoi phan 16p, do kha nang ndy dugc xem xét trién khai trén ca 2 1op:
IP/DWDM va [6p mang quang. Lép IP hd tro giai phap hoi phuc nho cac b
dinh tuyén IP luu trit, tai dinh tuyén va cap nhat bang dia chi IP theo tinh
trang mang ludi. Khai niém vé co ché hdi phuc caa 16p quang sé khac biét voi
l6p IP, voi dong luc chinh 1a thoi gian phan tmg va phuc hdi mang s& ngan
hon cua l6p IP/MPLS. Ngoai phwong phap phan tich kha ning hdi phuc theo
l6p, mot so cach khac dé tiép can va danh gia kha nang nay cua mang
IP/IDWDM s¢& dugc trinh bay.

Hinh 4.3: Kha ning héi phuc phan Iép IP/DWDM

% Céch tiép can thir hai dé phan tich kha nang hdi phuc ctia mang 1a phan
no thanh ki thuat hoi phuc tuyén va héi phuc link. K§ thuat hoi phuc tuyén sé

xu Iy 16i mang & cac node két cudi tuyén, trong khi phuc hoi link lai xtr Iy 16
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mang tai c4c node cua link. Cach tiép can nay gilp tinh toan kha ning hoi

phuc mang theo viing mang toan tuyén hoic theo timng link.

Path based Link based

Hinh 4.4: Hoi phuc mang theo tuyén va theo link
% Céch khéc d6 1a phan thanh k§ thuat hoi phuc cdu hinh sin ¢ dinh va
cau hinh hdi phuc dong. Piém khac nhau cua hai cach tiép can nay Ia quy
trinh va chon thoi diém chon tuyén va nang luc mang dé phuc hdi khi tuyén

két ndi ban dau bi 18i. Thoi gian hdi phuc ciia mang theo d6 ciing s& khac biét.

Hinh 4.5: Thoi diém tinh toan nang lwe phuc hdi mang

< Mot cach quan trong 1a danh gia kha nang hoéi phuc théng qua co ché
bao vé va co ché khoi phuc ctia mang ludi.

v’ Co ché bao vé dua trén kha nang tinh toan va thiét ké truge do
du phong cho mang, d6 chinh cac tuyén du phong cho timg két
nbi luu lwong. Thiét ké nay duoc thuc hién khi xay dung hodc
mé rdng mang dé sin sang bao v¢ mang trude khi co cac su cd
xay ra. Nang luc bao vé mang c6 thé chinh 1a cac duong cap
hodc thiét bi du phong. Khi c6 su c¢d xay ra, luu luong s& duoc
chuyén sang tuyén (hoic thiét bi) du phong ma khong can bét ky

su xu 1y hodc ra quyét dinh nao. Co ché bao vé do khau thiét ké
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quyét dinh va khong lién quan dén viéc quan 1y va kiém soat van
hanh mang ludi.

v Co ché khoi phuc, khéc voi co ché bao vé, dua hoan toan trén
kha ning quan 1y va van hanh mang lugi. Co ché nay giup tinh
toan va chon lua tuyén thay thé khi Xay ra su cb két ndi. Vi su
tinh todn bao vé ban dau, co ché khoi phuc giup chon lya tdi wu,
giam thiéu rui ro mat két ndi do khong chon dugc tuyén va nang
cao hiéu qua du phong bao vé tinh toan tir khau thiét ké mang.

% Vé dinh lugng, néu tam gac qua cac thong sb tdi wu cta khia canh kinh
té, vé k¥ thuat, van dé hoi phuc mang chi yéu xem xét dya trén cac thong sb
thot gian.

v' Thoi gian phat hién 16i (Failure dectection time, FDT): thoi gian
can thiét dé thu thap duoc thong tin 161 d6i véi vi tri xay ra 15i.

v" Thoi gian khéi phuc (Recovery completion time, RCT): thoi gian
can thiét dé luu lwong bi anh hudng boi 16i dugc tai dinh tuyén
vao phan tai nguyén (thiét bi/tuyén) du phong. RCT thuong
dugc phan tich tir ba khoang thanh phan: thoi gian tinh toan
tuyén Tcal, thoi gian chon tai nguyén du phong Tsel va thoi gian
chuyén luru lugng qua tai nguyén méi Tsw.

v D6 du phong mang (capacity redundancy, Cr): 1a d6 bao an, két
qua cua mot ham $6 phu thudc chu yéu vao:hésbbaove 1 : X

ctia tuyén hodc link (vidu 1 : N hodc 1 : 1), FDT va RCT.
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Chwong 5
TIM HIEU THIET BI OPTIX METRO 6100 CUA HUAWEI

5.1. GIOI THIEU CHUNG VE THIET BI
Véi su phét trién vé cac dich vu voice va data, nhu cau biang théng cho
cac mang Metropolitan Area Network (MAN) dang duoc gia tang rat nhanh.
Bang cach sur dung cac ki thuat DWDM, cac hé théng Metro DWDM dang
chting minh 1a hé thong véi dung luong 16n c6 thé dap ung duogc tat ca cac
dich vu hién tai cé trén mang va cac dich vu cho tuong lai. Hon nira, voi mot
hé thong Metro DWDM ta c6 thé tich hop, truy nhép, truyén tai hau hét cac
dich vu v&i moi tbe do (Multi rate) moi giao thac truyén tai (Multi-protocol
transparently) béi thé n6 c6 thé giam duoc dau tu cho ngudi khai thac mang
va chi phi it hon cho phan OAM (Operation Administration and
Maintenance). Ngay nay, Metro DWDM dang la su lua chon cho céng nghé
tuong lai d6i voi mang truyén dan.
< Mot s6 thdng tin cua thiét bi Optix Metro 6100
e Thiét bi chuan theo Metro DWDM thiét ké diing cho mang I8i.
e Nén tang cong nghé 1a DWDM/CWDM.
e Mot site c6 thé hd trg Add/Drop 40-channel C-band.
e Hb trg cac dich vu co toc d6 34 Mbps ~ 2.5 Gbps hoic 10 Gbps

trén mot budce séng.
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Hinh 5.1: Optix Metro 6100

5.1.1. Vi tri trong mang truyén din

¥_I—/

Metro Core

; Mul-tenant
T 1 Metro | Metro BWS 320G/1600G ||.- o
6100 6040 J1 " buikding
M | Inizrnetdata % ; Intelligent i !
E cenire - P Bank J l’ residential area H.i Enterprise

Hinh 5.2: Vi tri ciia Optix Metro 6100 trong kién tric mang
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5.1.2. Cong nghé
Optix Metro 6100 st dung céng nghé ghép budc song mat dé cao
(DWDM), véi khoang cach kénh 12 0.8 nm (100 GHz), téc db tbi da truy nhap
la 10 Gbps.
5.1.3. Dung lwgng truyén din
Hé thdng Optix Metro 6100 DWDM c6 thé hd tro truy nhap t6i da 40
budc séng, mdi bude séng hd tro toe do tdi da la 10 Gbps.
5.1.4. Khoang cach truyén din
Optix Metro 6100 hd tro mot khoang céch truyén téi 80 km ma khong
can st dung bd khuéch dai va c6 thé dat duoc 360 km néu cd sir dung bo
khuéch dai quang.
5.1.5. Topo mang
Optix Metro 6100 hd trg cac topo nhu poin-to-poin, chain va mang
ring. N6 ciing c6 thé két hop vai Optix Metro 6040 dé tao ra mot giai phap
Metro DWDM day du.
5.2. MOT SO TiNH NANG CUA THIET BI
5.2.1. C4c tinh ning vé dich vu
5.2.1.1. Kha nang truy nhap cac dich vu
Optix Metro 6100 rat thuan tién cho céc hé thdng da truy nhap dich vu.
NG c¢6 thé cung cap hau hét cac toe do dich vu tir 34 Mbps — 10 Gbps, bao
gom:
v SDH: theo khuyén nghi cua ITU-T G.691 va ITU-T G.957 v&i
cac téc o STM-64/STM-16/STM-4/STM-1.
v' ATM: méc néi vao SDH nhu cac VC-4-4¢/VC-4-16¢/VC-4-64c.
v Mang quang dong bo (SONET) va néi SONET: OC-3/OC-
48/0C-192, STS-3¢/STS-12¢/STS-48¢/STS-192c.
v Dich vu Ethernet: Fast Ethernet (FE), Gigabit Ethernet (GE), 10
GE.
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5.2.1.2. Kha nang héi tu cac dich vu
e Hoi tu 2 tin hiéu GE thanh moét tin hiéu STM-16.
e Hoi tu 4 tin hi¢u GE thanh mdt tin hiéu 5 Gbps.
e Hoi tu 4 tin hiéu dich vu STM-16 ciia SDH hoac SONET thanh mot tin
hi¢u OTU2.
e Hoi tu 8 tin hiéu SDH tbc dd thép VOl téng tbc do it hon 2.5 Gbps
thanh mot tin hiéu STM-16.
e Hoi ty 8 tin hi¢u 200 Mbps ESCON thanh mot tin hiéu STM-16.
e Hoi tu 4 tin hiéu véi téc dd khoang 200 Mbps — 1.20 Gbps thanh
mot tin hiéu STM-16.
e Hoi tu 8 tin hiéu véi tbc dd khoang 200 Mbps — 1.20 Gbps thanh
mot tin hiéu STM-16.
5.2.2. Cac tinh ning vé k¥ thuat
5.2.2.1. Kha nang update va mé rong

Optix Metro 6100 c6 thé thém va tach cac tin hiéu dich vu thong qua
OTM hoac OADM. Dung lugong mé rong la rat mém déo va thun tién.

Néu Optix Metro 6100 dung board M40/D40, dung luong c6 thé duoc
mo rong s€ khong lam ngét cac dich vu dang ton tai va tai tat ca 40 kénh ghép
va tach déu hd tro.
5.2.2.2. Kha ning giam sat kénh va kénh dong b

Giam sat kénh ctia Optix Metro 6100 c6 thé dugc giam sat bang céc
kénh quang (OSC) hoic bang cac kénh dién (ESC).

v/ OSC doi héi cdu hinh cua cac khdi giam sat kénh quang
(SC1/SC2/TC1/TC2) ma hoat dong tai budc song 1510 nm.
Board SC1/SC2 cung cip 2Mbps thong tin giam sat, board
TC1/TC2 cung cap 8Mbps.
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v' ESC khéng yéu cau cau hinh cac khéi giam sat kénh quang. Céc
khéi phat dap quang s& ghép cac thong tin quan 1y giam sat vao
cac kénh dich vu (hién nay, Viettel dang st dung theo cach nay).

5.2.2.3. Kha niing hd tro truyén 2 huéng

Heé théng Optix Metro 6100 CWDM h trg truyén 2 hudng trén mot soi
quang (single-fiber bi-directional).
5.2.2.4. Kha niing sira 16

Cac OUT cua Optix Metro 6100 c6 chirc nang FEC. V&i chic nang
FEC giup giam ty 1& 15i bit trong subt qua trinh truyén va cai thién chat lugng
cua mang DWDM.
5.2.2.5. Kha ning biao v¢é mang

Optix Metro 6100 dua ra 2 cach dé bao vé mang bao gom: bao vé kénh
quang va bao vé dudng quang. C6 3 cau trac bao vé kénh quang nhu: inter-
OTU 1+1 protection, intra-OTU 1+1 protection va client-side protection.

5.3. CAU TRUC PHAN CUNG CUA THIET BI
5.3.1. T (Cabinet)

Trong cau hinh binh thudng, Optix Metro 6100 duoc lap dit trong mot
ti ETSI 300 nm. Tt c6 mot cira phia trude. mot panel phia sau duoc ¢b dinh
bang bc¢, hai bén 1a hai panel.

Trong mdt ti, bo phan phdi ngudn & phia trén ciing, subrack va OADM
duogc lap & gitta, khdi DCM dugce thiét ké 1ip cudi cuing. Mot ti co thé hd tro
lap dugc 3 subrack Optix Metro 6100.

Tu 300 nm ETSI c6 thé chia 1am 2 loai véi chiéu cao khac nhau. Hinh

dudi dua ra mot sd thong sé ki thuat vé 2 kiéu ti 2.2 m va 2.6 m.
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Item

2.2 m cabinet

2.6 m cabinet

Kich thudc

2200 mm (H) x 600 mm
(W) x 300 mm (D)

2600 mm (H) x 600 mm
(W) x 300 mm (D)

Trong lugong 69 kg 80 kg
Cong sut tiéu thy 2000 W 2000 W
t6i da
Dién 4p hoat dong | -48V DCor-60V DC | -48V DC or-60 V DC
binh thuong

Dai dién ap lam viéc

-38.4V1to-72V DC

-384V1to-72V DC

5.3.2. Subrack
5.3.2.1. Chu tric

1.Interface area

2.DC power filter board (DPFU)

3.Air baffle

5.Board area

6.Cover of optical attenuator area

7.Fan tray assembly

4.Cover of air exhaust vent

8.Air filter

9.Fiber spool

10.Rack-mounting ear

Hinh 5.3: C4u truc Subrack
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5.3.2.2. M6 ta chire niang cac khoi

< VUng giao dién (Interface area): nam ¢ phia sau khdi mang chén bui,
day 1a phan giao dién chua tit ca cac giao dién cua Subrack.

% Bo mach loc ngudn (DC power filter board: DPFU): cung cép giao dién
d4u ngudn -48V DC va mot cong tic cho ngudn cua Subrack. Mdi
Optix Metro 6100 duoc cung cap voi 2 board DPFU dé cung cip
ngudn. Do vy, chiing c6 thé du phong cho nhau.

< Mang chan khong khi (Air baffle): Huéng cac dong khi ra ngoai. Céc
dong khi nay duoc tao ra boi hé thong quat va khdng khi bén ngoai thoi
vao.

< Khu vuc cam céc board (Board area): cung cip 14 khe cam cac board
dich vu.

< Khay quat (Fan tray assembly): cung cip 6 quat dé giam sirc néng cho
thiét bi. Phia truéc panel ¢d 6 dén chi thi mau xanh véi dén dang hoat
dong binh thuong va mau do tmg vai truong hop ¢6 bao canh.

% B0 loc khi (Air filter): ngan chan bui vao trong Subrack.

< Ong di day quang (Fiber spool): cac vong dé quan cac soi day quang du
thura.

% Tai gan vao rack (Rack-mouting eare): C dinh Subrack vao tu.

5.3.2.3. Vi tri ciia cac khe cim

Subrack c6 14 khe cim. duoc dinh nghia tir IU1 — IU14 tir trdi qua
phai, dugc md ta nhu hinh v&. Khe 1U7 1a khe ¢b dinh danh cho board SCC,
khe 1U14 danh cho khéi diéu khién nguén PMU.
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Hinh 5.4: C4c khe cim board trén Subrack
5.4. CHU'C NANG CAC CARD

5.4.1. Chirc ning va so dd khoi ciia card OTU
< So dd khdi ciia LWF

Performance
and alarm

Lado Cliente Lado DWDM

STM-64 G.694 .1

Optical transponder module
STM-54 G.6941

_.CPU__
| ehidbedy 0

SCC board

Hinh 5.5: So’ d6 khéi chire ning caa card LWF

Phan tich: Tin hiéu tir phia khach hang véi cac toc d6 STM64, tin hiéu
dugc chuyén téi transponder module. Tai ddy, tin hiéu s& dugc chuyén thanh
cac budc song chuan theo ITU G.694.1 tai phia WDM. Board nay duoc két

néi véi SCC board dé cung cap cac thong tin diéu khién va béo canh.

Sinh vién: Tran Thi Kim Chi 106 Lop DT1001



Do dn tot nghiép

% So dd khéi cua LRF/ TMR/LWXR/LWMR/TRC

Performance
and alarm

Lado WDM Lado WDM
Regenerating module

———
CPU

SCCboard

Hinh 5.6: So' d6 khéi ciia LRF/TMR/LWXR/LWMR/TRC

Phan tich: Béi véi cac khdi ndy, ca dau vao va dau ra cia ching déu 1a
tin hiéu chuan cia WDM nén sé& c6 khéi Regenerating module thay vi khéi
Transponder nhu doi véi card LWF. Qua trinh nay ciing duoc giam sat vé qué
trinh hoat dong va bao canh.

Chu y: Vi tin hiéu truyén theo 2 hudng, ta st dung cac card LWXR,
LWMR va véi tin hiéu truyén theo 1 hudng, ta sir dung céc card LRF, TMR,
TRC.

¢ Phan tich va bao canh trén dén chi thi

Xét so ¢6 md ta giao dién trude cua mot sb card OTU:

1
i i
1 1
1 1
1 1
oo LWF THEX : : LG Lo
[ ]
F,? RUM HLI.N F’J(I : .53 534
1
.u..u ALM ALM 1 IOUT Aa g
1
1
" Te ouT . . out 1 : U= oUT1_ouTz:
' = i Lado Gliente | Lado DWDM — %
Rz 1 I LTl
= i ! = 15}
- Tx: 1IN
Tel Tz Ted Teb e _';:": 1 : - e
E R 4 g 1 ] Rt
Tk : 1 Ll | ]
Pl Pez P Pad 1 1 [y =
1
i ] vz [y | me e |
1 1
1 1
1 1
1 1
1 1
1 1

Hinh 5.7: So' d6 miit trude ciia cac board OTU

1
]
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ALM:

v' Néu dén tat > khong co alarm.

Ta thay c6 2 dén canh bao trén céc card 1a: RUN va ALM

v' Néu dén nhay 3 lan trong mdi s khac nhau = bao canh rat

nguy hiém.

v' Néu dén nhay 2 lan trong mdi s khac nhau = béo canh

quan trong.

v' Néu dén nhay 1 lan trong mdi s khac nhau = béo canh

binh thuong.

RUN:

v' Nhay 5 lan/s = khdng c6 dich vu.
Nhay 1 lan/2s - dang c6 dich vu.

<

v' Nhay 1 lan/4s > két ndi voi cac khdi SCC bi ngét va dang

¢ trang thai lam viéc online.

5.4.2. Chirc ning va so d0 khoi ctia cac card Mux/Demux

% So dd khéi cua khdi Mux/Demux

> Optical Opt_ical S Opt_ical » MON
multiplexer i spliter >IN spliter  ——> Optical >
> demultiplexer >
Single MON >
channel I Single
signals channel
input signals
CPU CPU Output
Mailbox Mailbox
SCC board SCC board
Hinh 5.8: So d6 khéi ciia khéi Mux va Demux
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Phan tich:

v MUX: Tin hiéu sau khi di qua cac khéi OUT sé& duoc giri
toi bo ghép quang (Optical Multiplexer). Tai day, tin hiéu
dugc tach ra 1am 2 phan (90% va 10%), mot phan dua ra
quan ly truc tiép (online) théng qua céng MON, tin hiéu
quang con lai s& duoc dua Ién duong truyén.

v DEMUX: Tin hiéu tir duong truyén duoc dua téi cong IN
cia khdi DEMUX. Tin hiéu nhan duoc s& duge chia lam 2,
mot phan dua ra quan Iy truc tiép (online) thong qua cong
MON, mot phan s& dua toi khdi tach quang (Optical
Demultiplexer) va dugc dua t6i cac khdi OUT trude khi

truyén téi cac thiét bi cua client.

B

40

Phan tich canh bao trén dén chi thi:

.

AUH
A

® .. ALM
. MONIN DoDozCozloa Doshos
e
MT MIE MOD MO W11 M12 W13 W14
T — D450 04T0ME DHB020081 D22
T
= ]}
WA MEZ W33 W34 WIS MG 0151032 Dadred sl
L

Das Deelan

P B B

Hinh 5.9: Mat trwéc cia board M40 va D40

ALM:

o Néu dén tit > khong cé alarm
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e Néu dén nhay 3 lan trong mdi s khac nhau = béo canh rat nguy
hiém.

e Néu dén nhay 2 lan trong mdi s khac nhau = bao canh quan
trong.

e Néu dén nhay 1 lan trong mdi s khac nhau > bao canh binh
thuong.

RUN:

e Nhay 5 lan/s > khdng c6 dich vu.

e Nhay 1 lan/2s = dang c6 dich vu.

e Nhay 1 lan/4s = két ndi véi cac khdi SCC bi ngat va dang o
trang thai lam viéc online.

* Card FIU (Fiber Interface Unit)

So @6 khéi cua khéi FIU:

Supervisory
channel
Line signal
™ < WDM | — N
< ]
TC
Main path Line signal
RC ouT
— .
.| WDM ——y Splitter %
RM > »” MON
Supervisory
channel

Hinh 5.10: So dd khéi caa khéi FIU

Phan tich: Nhiém vu cia hé thong 1a ghép va tach tin hiéu duong chinh
véi tin hiéu giam sat kénh quang. Déi véi tin hiéu vao, nd duoc tach ra lam 2
phan. Phan tin hiéu chinh duoc qua bo Demux dé tach va ra dua téi cac OUT

tuong Gmg. Phan tin hiéu con lai duoc dua ra khéi giam séat quang. Pi vai tin
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hiéu ra, tin hiéu tr ddu Mux dugce dua vao cing tin hiéu giam sat kénh va
ghép lai trude khi dua ra ngoai theo hudng OUT va cong quan Iy online.
5.4.3. Chirc niing va so' @6 khoi ciia card khuéch dai OA
Gom 3 loai card:
+ OAU (Optical Amplifier Unit)
+ OBU (Optical Booster Unit)
+ OPU (Optical Pre-Amplifier Unit)
% So d6 khéi ctia board OA

L~ our

MON

———">| EDFA optical module

|

CPU

|

Mailbox

1

SCC board

v

Hinh 5.11: So d6 khéi caa board OA

Phan tich: Tin hiéu truyén trén sgi quang duoc dua vao théng qua port
IN dua vao khéi khuéch dai. Tin hiéu tai dau ra chia lam 2 phan, mot phan
dua ra quan 1y truc tiép (online) thong qua cong MON, phan tin hiéu con lai
s& duoc dua 1én dudng truyén. Qua trinh khuéch dai duoc diéu khién thong
qua khdi CPU dugc két ndi voi board dé trao doi cac thong tin.
5.4.4. Card giam sat OSC

Pé thyc hién chiic ning giam sat quang, thiét bi Optix dwa ra mot s6

board cho chirc ndng nay nhu TC1/2, SC1/2.
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% So do khoi:

™

SCC board
y N
Y
RM Optical Overhead Optical
C———— > receiving »| processing P trasnmitting
module module module
S
» CPU [ y
Mailbox
a
Y
SCC board

Hinh 5.12: So do khdi ciia OSC

Phan tich: Tin hiéu quang sau khi da qua bo coupler chung duoc tach

mot phan (khoang 10% tin hiéu) va chuyén sang khéi OSC dé xir ly. Cuy thé &

day Ia tin hiéu s& duoc gui téi cong RM va cac khéi chirc nang trong board.

Sau khi xtr Iy tin hiéu cac thong tin vé dudng truyén tin hiéu s& duoc phan

tich va gui dén khoi board SCC dé dua ra céac diéu khién can thiét. Phan tin

hiéu tiép tuc guri ra ngoai va qua bo ghép dé ghép cing voi tin hiéu duong
truyén. Board SC1/TC1 c6 thé st dung tai cac tram OTM va SC2/TC2 ¢ thé

st dung trong cac tram OLA hoic OADM. Cac card nay dugc cam vao Cac

khe 1U6,1U8.
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5.4.5. Card diéu khién két n6i SCC
< So do khéi

Optical supervisory boards

A

Y
DCC
Interface
Dat_e _ Overhead
R i T S
A
Mailbox
S
A 4 A 4
Other boards

Hinh 5.13: Se d6 khéi ciia board SCC

Phan tich: Board SCC duoc két ndi véi cac board khac dé lay cac
thong tin ciing nhu giri cac thdng tin diéu khién tir xa. Mat khac, nd giao tiép
truc tiép véi hé théng quan ly mang (Network Managerment). Thong qua
kénh DCC (Data Common Channel) két ndi véi board gidm sat kénh quang dé
lay ciing nhu diéu khién cac kénh quang.

ALC: Cong tic dé tat c4c canh bao &m thanh

RST: Khoi dong lai phan cing

Sinh vién: Tran Thi Kim Chi 113 Lop DT1001



Do dn tot nghiép

5.4.6. Cac card phu trg (Card Auxiliary)
5.4.6.1. Card VOA (Variable Optical Attenuation)
< So d6 khoi:

Variable optical
IN' === attenuation ~ OUT

A
Y

CPU
y
\ 4

Mailbox
A
Y

SCC board

Hinh 5.14: So d6 khéi cia board VOA

Phan tich: Tin hiéu quang can khuéch dai s& dugc dua tdi bo khuéch

dai quang cd thé diéu chinh dugc. Tin hiéu diéu chinh dugc gui dén théng qua

khdi board SCC. Pong thoi, né ciing théng bao lai cac thong tin lién quan téi

suy hao va cac bao canh néu co.
5.4.6.2. Card VA4-Card suy hao quang bién d6i cho 4 kénh
< So d6 khbi:

IN »  Variable optical | R
OUT attenuation

IN »  Variable optical | R
oUT attenuation

) ) CPU

IN »  Variable optical | R
OUT attenuation

IN »  Variable optical | R

attenuation N e

o
C
5
A

SCC board

Hinh 5.15: So d6 khéi caia board
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Phan tich: Chac nang gidng nhu board VOA nhung cd thém 4 kénh
dau vao cha khong phai 1 kénh dau vao nhu VOA. Chtic nang 1a diéu chinh
cdng suat quang cua tin hiéu dén dua theo Iénh diéu khién duoc gui toi card
SCC. Kiém tra cdng suat quang, suy hao quang va dua ra cac bdo canh. Dai
suy hao bién dbi tir 2 — 25 dB va diéu chinh nho nhat 0.1 dB.
5.4.6.3. Card PMU

> Giam sét dién &p cua 2 bo ngudn cua subrack va dua ra cac canh béo
trong truong hop dién &p qué cao hodc dién ap qua thap va gui gia tri
dién 4p t6i SCC.,

» Giam sat nhiét @6 card, dua cac canh bao va thi hanh téi card SCC.

> Cung cap 5V DC cho OADM.

> Cung cip cac canh bao audio va cac switch kiém tra canh bao.

5.4.6.4. Board OLP
< So d6 khoi:

Working channel

RO Signal selection | — RI1
module — RI2

Protection channel

Working channel

—

——————{ Optical splitter :E TO1

TO2
—

TI

Protection channel

Hinh 5.16: So @6 khdi bo mach OLP

Phan tich: Muc dich 14 tach tin hiéu thanh 2 duong. Véi tin hiéu dau
vao thi dugc chia 1am 2 phan va day ra ngoai theo 2 hudéng: mot hudng bao vé
va mot hudng 1am viéc. Vi bén nhan s& nhan 2 tin hiéu va qua khéi lra chon

dé chon ra tin hiéu c6 chat luong tot hon dé nhan.
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5.5. CAC KIEU NUT MANG TRONG HE THONG DWDM
Ta c6 so dd tong quan cho hé théng DWDM:

snd
Lo aade | Eam
e Q,J—— 2L S - 803 & (Y s
- oo

Hinh 5.17: Céc kiéu nt mang trong hé théng DWDM
Optix Metro 6100 DWDM c6 thé cau hinh theo 3 kiéu ndt mang:
e Ghép kénh quang dau cudi (Optical terminal multiplexer: OTM).
e Gheép/tach quang (Optical add/drop multiplexer: OADM).
e Khuéch dai duong diy quang (Optical line amplifier: OLA).
5.5.1. Nt mang ghép kénh quang dau cudi OTM
5.5.1.1. Nguyén ly ky thuat
DWDM OTM dugc st dung tai cic tram dau cudi va chia tin hiéu
thanh 2 hudng: huéng phat va huéng nhan.
> Trong hudng phét: thong qua cac OTU, OTM hai tu /bién ddi cac tin
hiéu truy nhap thanh cac tin hiéu theo khuyén céo caa ITU-T G694.1
thanh cac budc song cia DWDM. Sau do, tin hiéu dugc ghép lai bai

mot bo ghép quang thanh mot duong quang chinh rdi duge khuéch dai
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va ghép vai tin hiéu giam sat kénh quang. Cubi cung, tin hiéu duoc giri
Ién duong quang va phat di.

» Trong hudng nhan: tin hiéu gidm sat kénh quang va tin hiéu quang
chinh dugc tach ra. Tin hiéu giam sat duoc gui t6i khéi xt Iy kénh
giam séat quang. Sau do, tin hiéu quang chinh s& cho qua khéi tach
quang thanh cac tin hiéu c6 budc song khac nhau. Cubi cing s& dua toi
cac thiét bi dau cudi cua khach hang phd hop sau khi duge khdi OTU
chia ra va dinh dang chén tu.

5.5.1.2. Cac kiéu nit mang OTM
Optix Metro 6100 DWDM OTM node c6 2 kiéu:

e OTM vé6i board M40/D40.
e OTM véi board OADM.

% OTM véi board M40/D40
Kiéu OTM nay st dung tai cac tram véi nhiéu budc soéng duoc kich

hoat (thuong thi nhiéu hon 16 budc s6ng). Cau tric cua khdi OTM nay duoc

thé hién trén hinh vé sau:

{ i oTu
[ow A
o . e > I
3 - :
& oTv ’ 3
a —— — )
’r; SC1 o i Fiv I g
0 - - — ' 1 (o)
c 4
’g I Ll,opf’,,,, ; >
$e 1 {ow |
e D40 “_OA :
l { o ,

Hinh 5.18: Céu tric cia DWDM OTM node sir dung board M40/D40
OTU: Khéi phét dap quang
SC1: Khéi giam sat kénh mot hudng
FIU: Khéi giao dién soi quang
M40: Khéi ghép quang
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D40: Khdi tach quang
OA: Khéi khuéch dai
% OTM st dung cac OADM
Kiéu OTM nay thuong dugc st dung tai cac vi tri ma cd it budc song
do (thuong chi it hon 16 budc song).

wawdinba sprs-uan)
O
-1
< |
|
(____,
£/
W
2
<
-
\
400 spis-aun

o !

i

Hinh 5.19: Céu tric cia DWDM OTM node sir dung board OADM

OTU: Khdi phat dap quang

SC1: Khoi giam sat kénh quang

FIU: Khéi giao dién soi quang

OA: Khéi khuéch dai quang

OADM Unit: Khéi da tach ghép quang
5.5.2. Nut mang xen/ré quang OADM
5.5.2.1. Nguyén ly ky thuat

Cac nit mang DWDM OADM phu hgp cho céc quang trinh truyén tin
hiéu theo nhiéu hudng. N6 chia tin hiéu giam sat quang tir tin hiéu quang
chinh va giri t6i khéi xtr ly ciia kénh quang giam sat. Khéi tin hiéu chinh con
lai dwoc khuéch dai va giri t6i khéi OADM. Tai day, bude song duge tach va
dua toi cac khdéi OTU va két ndi véi phia thiét bi két ndi khach hang. Céc
budc song truyén qua s& duge ghép véi bude song thém vao cung véi kénh
giam sat kénh quang, sau d6 qua bod khuéch dai quang va truyén 1én duong

truyén.
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5.5.2.2. Cac nit mang OADM
Khdi xen/r& quang cia Optix Metro 6200 DWDM c6 2 loai:
e OADM voi broad M40/D40
e OADM voéi board OADM
% Nut mang OADM vai board M40/D40
Khbi OADM kiéu nay duoc sir dung & cac vi tri trung tam. N6 thuong
bao gom thém cac OTM back — to — back. Cau tric cua loai OADM nay duoc

thé hién trén hinh vé sau:

— —
- | 8CT i
< \\‘
l %U‘/:‘ Do . WO oA — [ ]
L . ) g g S S
‘ =g Nlpm @il - — o
| ‘ 1 —A‘
a [ i
<OAL L i e CAl—
L N [ "’"{'{T"'_: L) grey
\\: rdﬁ’j @ H

Hinh 5.20: Céu tric cia khéi OADM sir dung board M40/D40

SC2: Khéi giam sat kénh quang mét chiéu

FIU: Khéi giao dién soi quang

M40: Khéi ghép quang

D40: Khéi tach kénh quang

OA: Khéi khuéch dai quang

% NGt mang xen/r€ st dung board OADM

NGt mang OADM nay duoc sir dung tai cac vi tri bién. Uu diém cuaa
kiéu OADM nay la suy hao nho va gia tri dau tu thap. Cau tric cia khoi
OADM nay thé hién trén hinh vé sau:
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IIFIU~ {OA >

| A {oa =

200 won-a

Hinh 5.21: Céu tric cia khoi OADM sir dung board OADM

OTU: Khdi phat dap quang
SC2: Khoi giam sat kénh quang hai chiéu

FIU: Khéi giao dién soi quang

OA: Khbi khuéch dai quang

OADM Unit: Khéi xen/ré kénh quang
5.5.3. Nt mang khuéch dai dwong diy OLA

Cac nit mang OLA trong DWDM duoc str dung dé khuéch dai tin hiéu

quang tir 2 hudng tin hi¢u. NO chia tin hiéu giam sat quang tur tin hiéu duong

quang chinh va trudc tién, n6 gui tin hiéu giam sat kénh quang toi khéi xir ly

giam sat kénh quang, cac tin hiéu quang chinh s& duoc khuéch dai sau do lai

ghép vai tin hiéu gidm sat kénh quang ma da dugc xu ly va gui 1én duong

quang dé truyén di.
West East
line- > SC2 line-
side FIU FIU side
ODF (S ODF
<‘,:>}:
Hinh 5.22: Céu tric cia DWDM node OLA
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5.6. BAO VE MANG

5.6.1. Bao v¢€ kénh quang

5.6.1.1. Bao vé kénh quang kiéu 1+1
D

D
A|§I Nomal E|C AE Protection EC

— Waorking wavelength j E
— Fiber cut

B B

Hinh 5.23: So @ ring sir dung bao vé kénh quang

< Intra - OTU 1+1 bao vé kénh quang: Mét sé card OUT nhu LWM,
LWX, LDG, LQS, LGS, AP4 va EC8 c6 mot s6 chirc nang dugc goi 1a:
“lya chon tin hiéu tir hai ddu vao” ma c6 thé nhan ra kénh quang bao
VE.

WOI’kIng ‘..................E —p Protection
................... Channel

V A 4
OUT (dual-fed
signal selection)

A

\ 4
Client-side
equipment

Hinh 5.24: Bao vé kénh quang kiéu Intra-OUT 1+1
Tai phia khach hang (client), tin hiéu dugc truy nhap thong qua card
OTU sau dé, cac tin hiéu quang nay s& duoc thue hién ché do 3R - dinh dang,
lap, can chinh (Reshaped, Regenerated, Retimed) va dugc gui tdi ca kénh
working va kénh protection nho b chia (splitter). Tai phia nhan, b OTU s¢&

Sinh vién: Tran Thi Kim Chi 121 Lop DT1001



Do dn tot nghiép

nhan dang tin hiéu quang tir 2 hudng working va protection, tin hiéu nao tot
hon sé dugc chon va gui tdi khach hang.
5.6.1.2. Bao vé 1:N (N<=8) OTU

Cac dich vu quan trong cd thé bao vé bang cach dy phong (backup) mot
card OTU nhu hinh vé:

Working channels ) Working channels
— Al \ / A i
—— S—
—_— e
—— ’ 4
a= e [ "%
@ I =
g — 4 } —*c
= O — OTU s p e OTU m———O =
5 ¢ ' ' 4 —— 4 C S
=— 2 0 P&
e —=
— (=
& —_— Praotection channel Protection channe
— - . —
—s OTU —— A8 / \—»—*5I oTy  ——

Hinh 5.25: Bao vé kénh quang kiéu 1:N

Theo hinh vé thi cac budc song tr 1 - 8 dugc st dung nhu cac kénh lam
viéc, kénh 9 dwoc dung cho kénh bao vé. Trong truong hop binh thuong thi
khong cé dich vu trén kénh bao vé. Khi 1 trong 8 budc séng ¢ 1 kénh bi 161,
OTU d6 s& chuyén sang ché do Standby va tat nhién, dich vu nay s& duoc
chuyén qua cho budc séng s6 9. Trong trudng hop ¢ nhiéu kénh bj 15i thi
qua trinh chuyén mach sé& chuyén sang kénh nao c6 mirc uu tién cao hon.
5.6.2. Bio v¢é dudng quang

Optix Metro 6100 cung cip bao vé cho dudng day tai Iép quang thong

qua chirc nang lya chon duong quang cia card OLP. So d6 bao vé dugc mo ta

nhu hinh vé:
Station A Station B Station C
] Working path 1 [_] Working path [ ] [ ]
|—'a*—| L |—@—-
Y 1™ 8 ! | ™
o o Vel (2] (el Wole ol
T L) |oe] (e | : {|L T
al |F] flel el e ) NEEL
‘._II II I| (. E o |I I| ]
— = ré = 1 [= n E—-’ +——
L | L | Protected path | LI ] Protectected path L L

Hinh 5.26: Bao vé dwong quang
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Hai s¢i quang trong mot cap quang duoc su dung nhu mot duong lam
viéc 2 chiéu va hai soi quang khac tir soi cap thtr hai dugc st dung nhu mot
duong bao vé. Thong thuong, dudng working mang cac théng tin vé luu
lwong. Trong truong hop ¢6 su ¢b véi dudng working, vi du dudng working
dang bi duat, tin hiéu s& ty dong chuyén mach sang hudng bao vé thong qua
OLP. Bao vé dudng la bao vé thoi gian thyc, thiét bj c6 thé phat hién ra 16i va

tu dong chuyén ddi ngay lap tuc.

Sinh vién: Tran Thi Kim Chi 123 Lop DT1001



Do dn tot nghiép

KET LUAN

Truyén dan dung lugng cao theo hudéng st dung cong nghé DWDM
dang c6 mot stc hdt manh ddi véi cac nha cung cap dich vu vién thdng hang
dau thé gisi. Ba c6 hang loat tuyén truyén dan dang van hanh va khai thac
theo cdng nghé méi nay, nhat 1a khi ma nhu cau dung luong ngay cang cao

nhu hién nay.

Cong nghé DWDM c6 thé ghép nhiéu buéc séng trong dai 1550 nm,
tan dung duoc bang thong rat rong va kha nang dan séng cua soi quang, tir d6
nang cao dugc dung luong truyén dan trén soi quang, dap tmg duoc nhiing
yéu cau vé truyén dan téc do cao. Hién nay, céng nghé DWDM dang duogc
nghién ctru va tiép tuc phét trién theo hudng: nang cao toc do kénh, ting sb
budc song ghép, truyén dan quang ¢ khoang cach rat xa, phat trién tir mang

toan quang diém - diém thanh mang toan quang trong tuong lai.

Véi thoi gian nghién ciru va tim hiéu thuc té mang ludi, ciing nhu tim
hiéu cong nghé mgi DWDM con han ché, nhitng gi duoc dé cap trong dd &n
nay that su nho bé nén khong thé tranh khoi nhitng thiéu s6t. Em kinh mong
cac thay gido va cac ban dong gop v kién dé dd an caa em hoan thién hon.
Mot lan nira em xin cam on thay gido Th.S Poan Hitu Chuc da nhiét tinh giup

dd em hoan thanh d6 an nay.
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PHU LUC

1. BANG TRA VI TRi CUA TUNG BOARD

Loai Tén Chirc nang bo Khe cé thé
board | board rong cam
board
(nm)

LWF | Board chuyén d6i buéc song| 32 U1-1U6,
phat-nhan giao dién STM-64 IU8-1U13
véi chie nang FEC

LRF | Board chuyén d6i tai tao budc| 32 U1-1U6,
song voi giao dién STM-64 véi IU8-1U13
chtrc nang FEC

LBE |Board chuyén doi budc séong| 32 IU1-1U8,
v6i giao dién 10GE voéi chuc |U8-1U13

Khdi nang FEC
phat TMX | Board chuyén d6i buéc song 4 | 64 IU1-1U5,
dap kénh STM-16 can dong bod IUS-1U12

TMR | Board chuyén doi budc séng| 32 IU1-1U8,
doan 1ap véi duong 10.71G véi IU8-1U13
AFEC va G.709

LWC | Khéi chuyén d6i budc séong| 32 U1-1U86,
phat va thu giao di¢n STM-16 IU8-1U13

TRC Board 1ap phat voi tin hiéu 32 IU1-1U6,
quang STM-16 IU8-1U13
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LWM | Board chuyén d6i nhiéu toc d6 | 32 U1-1U8,
budc song quang IU8-1U13
LWMR | Board tai tao nhiéu téc do budc | 32 U1-1U86,
song quang IU8-1U13
LWX | Board phuc hdi buéc song bat | 32 U1-1U8,
ky |U8-1U13
LWXR | Board phuc héi toc do bit bat| 32 U1-1U6,
ky |US-1U13
LQG |Board hdi tu ghép 8 x GE| 32 |U1-1U5,
quang IU9-1U13
LDG | Khéi 2 x Gigabit Ethernet 32 U1-1U86,
|U8-1U13
LQS | Board hoi tu ghép 4 x STM-1/4 | 32 |U1-1U86,
|US-1U13
EC8 | Board hoi tu 8 x ESCON 32 U1-1U8,
|US-1U13
AP4 Board hoi tu 4 kénh giao thirc 32 IU1-1U6,
doc lap vé dich vu |U8-1U13
AP8 Board héi tu 8 kénh giao thuc 32 IU1-1U6,
doc 1ap vé dich vu |U8-1U13
AS8 | Board hoi tu 8 kénh SDH bat| 32 U1-1U8,
ky |U8-1U13
M40 | Board ghép 40 kénh quang 64 IU2-1U6,
1U9-1U13
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V40 | Board ghép 40 kénh quang véi | 64 IU2-1U6,
VOA IU9-1U13
Khéi D40 Board tach 4 kénh quang 64 IU2-1U6,
ghép/ta IU9-1U13
ch tin FIU Khéi giao dién cap quang 32 IU1-1U6,
hiéu IU8-1U13
qUang | EFIU | Board mo rong giao dién| 24 OADM
duong quang frame:
IU15-1U22
ACS | Board truy nhap cua OADM 24 OADM
frame:
IU15-1U22
MB4 | Board xen/r€ 4 kénh quang 24 OADM
frame:
IU15-1U22
MB2 | Board xen/r€ 2 kénh quang 24 OADM
frame:
Kho 1U15-1U22
xen/ré -
MR2 | Khoi xen/ré 2 kénh quang 24 OADM
guang frame:
IU15-1U22
SBM2 | Board xen/ré¢ 2 kénh quang 2 24 OADM
hudng trén mot soi quang frame:
IU15-1U22
SBM1 | Board xen/r€ 2 kénh quang 2 24 OADM
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hudng trén mot sgi quang frame:
U15-1U22
OAU |Khbi khuéch dai quang: OAU-| 64 U1-1U5,
Khéi C01, OAU-C02, OAU-CO03 |U8-1U12
khuéch Board khuéch dai khoi dong: U1-1U6,
dai | oBU |0OBU-COL 32 | 1UB-IUI3
quang ]
OBU-C03 64 | 1UL-IUS,
|US-1U12
OPU |Board tién khuéch dai quang:| 32 U1-1U6,
OPU-C01, OPU-C02 |US-1U13
SC1 |Khéi giam sat kénh quang theo 32 UG, 1U8
giam SC2 |Khéi giam sat kénh quang theo | 32 U6, 1U8
sét 2 huéng
Kenh | 1c1  |Khéi gigm sét kénh quang va| 32 | U6, 1U8
quang truyén dong bd theo 1 hudng
TC2 [Khdi giam sat kénh quang va 32 UG, 1U8
truyén dong bo theo 2 hudng
Khéi
diCu | ScC [Board didu khién va két ndi hé | 24 U7
khién théng
va két
ndi
Khéi SCS  |Khdi chia dong bo kénh quang 32 U1-1U8,
bao vé |US-1U13
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quang OLP |Board bao vé dudong quang 32 IU1-1U6,
|U8-1U13
VOA |Khéi suy hao quang bién d6i 32 U1-1U86,
phutrg | VA4 |Board suy hao quang bién ddi| 32 U1-1U6,
cho 4 kénh IU8-1U13
MCA | Khdi phan tich pho da kénh 64 U2-1U6,
U9-1U13
PMU | Khdi gidm sat ngudn 32 U14

2. BANG TAN SO VA BUOC SONG TRUNG TAM CUA HE THONG
OPTIX METRO 6100

STT Tan s6 (THz) Budc song (nm) | STT Tan s6 (THz) Budc song (nm)
1 192.1 1560.61 21 194.1 1544.53
2 192.2 1559.79 22 194.2 1543.73
3 192.3 1558.98 23 194.3 1542.94
4 192.4 1558.17 24 194.4 1542.14
5 192.5 1557.36 25 194.5 1541.35
6 192.6 1556.56 26 194.6 1540.56
7 192.7 1555.75 27 194.7 1539.77
8 192.8 1554.94 28 194.8 1538.98
9 192.9 1554.13 29 194.9 1538.19
10 193.0 1553.33 30 195.0 1537.40
11 193.1 1552.52 31 195.1 1536.61
12 193.2 1551.72 32 195.2 1535.82
13 193.3 1550.92 33 195.3 1535.04
14 193.4 1550.12 34 195.4 1534.25
15 193.5 1549.32 35 195.5 1533.47
16 193.6 1548.51 36 195.6 1532.68
17 193.7 1547.72 37 195.7 1531.90
18 193.8 1546.92 38 195.8 1531.12
19 193.9 1546.12 39 195.9 1530.33
20 194.0 1545.32 40 196.0 1529.55
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