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LOINOI PAU

Hién nay, thong tin quang di tr¢ thanh tuyén nuycn din trong véu trén mang luéi
vién thong. D€ ddp tng nhu ciu truyen tai do biing né thong tin, mang truyén din can
phai phit 1ién ca vé quy mo vi ciu tric mang. Do viy dé¢ xay dung dude cdc he théng
thong tin quang chiing ta ciin phai tim hiéu day di vé he thong thong tin quang.

Nham gii thi¢u mét ciich téng quan va chi Gét vé h¢ thong thong tin quang va
ciic vin dé lién quan dén h¢ thong thong tin quang, NXB Buu di¢n xudt bo sdch (02 tap)
"Hé thong thong tin quang” do TS. Vi Vin San bién soan v GS.TSKH. Bo Trung Ta
hi¢u dinh gidi thi¢u dén han doc.

Bé sich gom 1 chuong chia thanh 02 tap:

Tap I: gobm cic chuong tif chuong | dén chuong 6, gidi thiéu cy thé vé tich sir ra
doi théng tin quang, qud trinh phat trién h¢ thong thong tin quang, cdc thanh phdn chinh
cua h¢ thong théng tin quang, va tdc gia di sau vao phiin tich cic thanh phan cha hé
thong thong tin quang nhu: soi v cip quang, thict bi phit quang, (hiét bi thu quang.
Ngodi ra téc gia giét thiéu cdch thiét k& he théng thong tin quang mang lai hiéu suat
cao. Bén canh d6 chuong 6 gidi thiéu vé he thong théng tin quang coherent, 1 mot hé
thong toi vu: nhu hoat dong, cdc dang di¢e ché, phueng phip giai didu ché, ti s6 16
BER, cic yeu 16 dnh hudng dén do nhay thu, hién trang va uu diem coa hé théng nay.

Tap 2: gom cic chuong tir chwong 7 dén chuong 11 gidi thiéu vé hé thang thong
tin quang nhi¢u kénh, khuéch dui soi quang pha tap Erbium, k¥ thuat bu tan sac va
mang thong tin quang. Phin cudi ¢6 chuong hé théng theng tin quang Soliton.

Bo sdch 1a tai licu tham khaio hiru ich cho nhiing chuyén gia, kv su. ky thuat vién
dé ¢6 thém nhitng thong tin hiiu hi¢u trong viéc hoach dinh phat trién mang, tinh todn
thiet k¢ cau hinh teyén va lua chon dp dung nhitmg tién bo k¥ thuat. cong nghé méi vé
thong tin quang. Ngoai ra bo siich ciing gilip cho sinh vién dai hoc va hoc vien sau dai
hoc chuyén nganh Bién 1 - Vién théng mudn tim hiéu mot cich hé thong vé thong tin
quang dang duoe sir dung hi¢u qua trén mang luéi vién thong Viét Nam cling nhu trén
thé gidi.

Nha xudt ban rat mong nhian dugc y kién déng gép cua ban doc. Moi ¥ kién gop v
xin guti vé Nha xudt ban Buu dién - 18 Nguyén Du, Ha Néi hoac gii true 1i€p cho tic
gid theo dia chi email: vvsan@ mic.gov.vn.

Tran trong gidi thiéu./.
Ha Noi, thdang 01 nam 2008

NHA XUAT BAN BUU DIEN



LOI GIOI THIEU

Hon 10 nim doi méi, co 0 ha tang vién thong vi cong nghé thong tin cua Viét Nam
cé nhitng bude phdt trién dot phd g6p phin rit quan trong vie viéc thic day qud trinh
phit trién Kinh t€ clia dat nude.

Tir mot mang Tudi vién thong véi cong nghé analog lac hau, Vién thomg Viét Nam
di tien himh mot cude cdeh mang khoa hoe vit cong nghé chura tmg cé. di thang vio
hi¢n dai, bang chién luge ting t6¢ dé chuyén toan bo mang {udi el sang mang méi linh
hozt v ky thudt 6 tién ién, ddp tng moi nhu cdu vé dich vu vién thong cho dat nude.
Mung vién thong Viet Nam di ¢d mang dudng truc cap sol quang hién dai K& ndi voi
cac mang cdp quang quoc & trén bién va luc dia v hé théng cic dai vé tinh dé lien fac
VoI cie quoce gia trén the gici.

Trong su phiit trién cia mang vién théng Viet Nam, thong tin quang did ¢é nhimg
dong gop dan tién va ridt quan trong vé ci quy mo phit trién cing nhu ning cao chat
liong toan mang. He thong thong tin biing cip soi quang [4 hé thang truyén dan véi ky
thuat va cong nghe tién tién nhit, cho phép o ra cic wyén truyén dan dii va dung
lromg rat [on, né ném tang khi nang truyén tai heu lugng bing rong va cung cip ciing
lic nhiéu dich vu linh hoat. chat fuong cao. Vi vay, thang tin quang s&¢ ddp tng nhu ciu
phdt trien mang truyén dan trong thoi glan téi day. die bi¢t i phue vu cho phat 1rién
dot phi Internet toe dé cao vi cie dich vu [P

Ciic h¢ thong thong tin quang dang khai thic hién nay méi chi tin dung duse maot
phin nho kha ning cua né. Cong nghé thong tin soi quang vin dang HEP tue phat trién
rit manh o trinh dé cao v vi the can Gep tue tim hidu, khai phd va ¢6 giai phip ip dunyg
na ¢ hicu qua hon trén mang ludi,

La mot cin ho nghien ciu véi nhicu nam chuyén sau vé Tinh vie thong tin quang,
voi kién thie va két qua thu duge trong qud tinh {am viée 1ai Vien Khoa hoe Ky thud
Buw di¢n thuge Hoe vien cong nghé Buu chinh Vién thong ciia minh. Tién si Vi Van
San di tam huyét bic¢n soan bo ~ich “Hé thong thong tin quang™ nayv. Bo sich gom ha
tip ¢o noi dung phong phi mang tinh hién dui 1iép can véi cong nghé cip soi quang, hé
thong théng tin quang va ciu tiic mang guang. Cic phan né1 dung duoc din dat va
phan tich khi siu sie theo hudng gan lién vai thue 1ién. Bo sdch & rat bo ich ¢ho NELC
am cong tdc ky thudt chuyén nginh dé ¢é thém nhing thong tin hiu hiéu trong viéc

hoach dinh phdt wién mang. tinh todn thiét k& cau hinh tuyén vi lua chon dp dung



nhitng tién bo k¥ thuit, cong nghé maéi vé thong tin quang. Cudn sdeh cling gidp cho

cdce ban tré, cic hoe vién dai hoc v sau dai hoe mudn tim hiéu mar cich hé thong vé
. . N . . Lo .. o . .. '

thong tin quang dang duge s dung cd hiéu qua trén mang ludi vién thong Viet Nam

clng nhu nhimg xu huéng phit trién thong tin quang trén thé gidi.

Xin tran trong gidi thiéu cung ban doc.

GS. TSKH. P06 Trung Ta



Chuong 7
HE THONG THONG TIN QUANG NHIEU KENH

Trong cdc hé thong thong tin quang truyén dan s6. cdc ludong tin hiéu ¢ cap thap
s¢ duoge ghép lai véi nhau dua trén kv thuat ghép kénh phan chia theo thoi gian TDM
(Time Division Multiplexing) dé tao nén ¢ic ludng tin hi¢u cdp cao han. sau dé luong
tin hieu nay duge truyén dan trén s¢i quang. Nhu vay, déi véi hé thong thong tin quang
binh thudng s¢ c6 mot ludng tin hiéu quang truyén trén mdt soi cho mal hudng théng
tin, va dé ¢6 chiéu ngioe lai thi ¢in ¢é mot luong tin hi¢u quang trén soi thi hai. He
théng nhu vay duge goi 1a h¢ thong mot kenh quang (hay con goi 1 hé thong don kénh
quang) ma ta dd xem x€t trong cic chuong trén cta cuon sich nay. Trong vai nam ro
fai day, cong ngh¢ thong tin quang di dat duge nhiéo tién bé ding cha ¥ va tao ra cde
h¢ thong thong tin quang hién dai vai dung luong cao vi cur ly xa. Noi bat nhat 1 cic hé
thong thong tin quang ~ir dung k¥ thuat ghép kénh quang. Trong hé thong s& ciing mat
hic truyén nhicu ludéng tin hi¢u quang trén mot soi nhim muc ticu tang dung lwgng
kénb truyén dan. Cic h¢ thong nay duge goi 1a hé théng thong tin quang nhiéu kénh
quang (hay h¢ thong da kénh quang) va dé don gian con goi 1 hé thang thong tin quang
nhiéu kénh.

Trong thye 1€ he théng don kénh, khi (6c do dwong truyén dat 161 mot mic nio dé
nguol ta di thity cdc han ché coa cde mach dién trong viée nang cao t6¢ do ciing nhu
kéo dai cu ly truyen dan. Khi toe do dat (61 hing chue Goit/s, khoang cich truyén din
ngan fai. ban than ¢ic mach dién tir s& khong thé dam bao dap ung duge xung (in hicu
cue ky hep: thém vio d6, chi phi cho cdc gidi phip trén tuyén truyen dan ro nén ton
kém vi ciu trie he thong qui phite tap doi hoi cong nghé ral cao. Do d6. k§ thuat ghép
kénh quang dii ra doi nham khae phuc diroe nhimg han ¢hé trén. Cic phan tur quang
trong h¢ thong thiét bi s& déng vai 1o chu dao trong viée thay the hoat déng cta cic
phin tr dién & cde vi o xung yéu doi héi k¥ thudt xa 1§ (i hicu nhanh. K¥ thudt ghép
kénh quang con tin dung dioe phé hep cta laser, phit huy kha nang st dung bing tan
rat lém cua sgi quang don mode. o ra cde cdu tiic hé thong vi mang thong tin quang
het site Tinh hogt nham cong hién cho mang ludi vién thoug nhig dong 26p to 16n cho
hién tai viv rrong lai. Cie he thong thong tin quang nhiéu kénh cung dong vai tro chu
dao trong mang truyén tai ciia mang the hé sau NGN (Next Generation Networks).

Ta thay rang, vé co ban thi bang tan tin hicu trong cic hé thoeng théng tin quang
¢6 the 16n hon 1 THz vi tin & mang cua song mang quang I6n. Tuy vay. trong thuc &



8 He thong thonyg tin guanyg (tap 2

toe do bit truyen dan thudng bi gidi han tai 10 Gbit/s hoidc nho hon ki do cic anh hudng
cla tin sic soi. cdc hiéu Gng phi tuyén soi va téc do cla cic linh kién dién ot Su truyén
din cta nhic¢u kénh quang trén cing mot soi ¢d thé coi 1 mot phuony thice don gidn su
dung dung Tugng khong han ché cua et quang. Trong thue (&, nhu dd néi o wén, ghép
TDM hi¢n chi duge st dung cho cde hé théng thong tin quang dom kénh. Trong chuong,
nay s¢ (4p trung vao ciac hé thong s dung k¥ thudt quang i OTDM (Optical Time
Division Multiplexig) va ghép kénh phan chia bude séng WDM (Wavelength Division
Multiplexing). Ky thuat WDM la mét cich got cho k¥ thuat ghép kénh phan chia theo
tan s6 quang OFDM (Optical Frequency Division Multiplexing). Cic h¢ thong thong
tin quang s dung cde k¥ thudt ndy duge goi I cde hé thong thong tin nhiéu kénh. Sy
phit 1rién cla cic hé thong ndy da thu hit mét sy quan tam 16n sudt nhimg nam 1990
Cic h¢ thong thong tin quang WDM d3d duoc thue su thuong mai hoa rong ral v co
hi¢t qua tir nam 1996, Trong nhing nam (61 ngoiai hé thong WDM | & con ¢6 cic hé
théng OTDM trién khai rong rii trén thue tién.

7.1. CAC HE THONG THONG TIN QUANG WDM

Quan niém vé ghép kénh phin chia bude song WDM, hayv dé cho tién xin goi 1a
ghép bude song quang, 161 by gi6 khong con maéi nira {56]. Cho 16i nam 1977, Khi ma
cong ngh¢ gquang s¢i bat dau ¢d nhiéu tidn bo thi nguoi ta méi ¢o duge giai phap thue t&
dau Gén. Sau dé it thot gian, vio dao thap ky 1980, cic thiét bi ghép bude song quang
dd duge thuong mai hod dau tién. nhung cie bude song duge ghép lai chi véu nim ¢
hai ving ctta 56 khic nhaw. Trong dang don gian nhat thi WDM duce st dung dé phét
di 2 kénh khic nhau nam trong hai cda $6 truyén dan kliic nhau cta sgi quang. Vi du,
mot he thong thong tin quang hoat dong tai bude séng gan .3 pm hién tai ¢6 thé duge
nang cap vé dung lugng bang cdch thém mdt kénh khic ¢é bude song hoat dong gan
.55 pm., do viy khoang céch kénh 1 250 nm. Sudt trong nhitng nam 1980, ngudi ta di
tap trung vao vice giam khoang cich kénh, vi cde hé¢ thong da kénh ¢ khoang cdch
kénh nho hon 0.1 nm da thanh thue (8 viio nam 1990, D¢ tang hicu qua. kv thuat WDM
di ghép duge nhico bude séng trong mot viing cita so. ticu bicu la ving cie bude séng
gdn 1.55 pm trong nhimg nam 1990, Nam 1996, cic hé thdng WDM hoat dong véi tong
dung luong 40 Gbit/s di duge thuong mai hod. Bén nam 2001, ngudi ta dd 1rién khai
nhi¢u hé théng vurot bién 16¢ do cao, ¢4 hé théng dat 100 Gbit/s. Con trong thue nghiém
nam 199¥, cic hé thong 640 Gbit/s DWDM vai cur Iy 300 km. v he thong 1,04 Thit/s
DWDM dua trén OTDM di duge trién khai thanh cong |37, 58]

Trong cic tuyén thong tin quang diém ndi diém don kénh théng thudng, mdr mot
SOl quang s€ ¢6 mot nguon phit quang & phia phdt vi mot bo tich séng quang 6 phia
thu. Nguén phit quang s& phat ra luéng dnh siing mang tin hiéu viy ghép vio soi quang

xidc dinh rieng bigt. bo tach song quang tuong dng sé nhian tn hicu tie s nay. Nhu vy,
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mu6n ting dung luong cua hé thong thi phai st dung thém soi quang. Ky thuat ghép
kénh theo bude séng quang WDM sé& cho phép ta tang dung lugng kénh ma khong can
tang toc do bit dudng truyén va cung khong dung thém soi din quang; n6 thuc hién
truyén cdc luong dnh sdng va6i cic bude séng khice nhau trén cung mot soi. Ly do la ¢
cho. cic nguon phit cé do rong pho kha hep, cic hé thong thong tin quang thong
thuong chi st dung phan rit nho bang tan truyén dan cua s¢i san ¢6. Tir hinh 7.1 mo ta
cic ctra 5O truyén dan suy hao thap cta soi quang nam gan 0,85 um, 1.3 pm va 1,55 pm.
Ta ciing ¢6 thé thay rang nhiéu ving phé ¢6 thé st dung dé truyén tin hiéu. Ly tuong thi
¢6 thé truyén mot dung luong khong 16 kénh quang trén mot soi tr nhi¢u nguon phat
quang khic nhau hoat dong & cic budc song cich nhau mot khoang hop ly. Tai dau thu
¢6 thé thuc hién thu cdc tin hiéu quang riéng biét nho qua trinh loc cic bude song khic
nhau nay. Hinh phu nho nam trong hinh 7.1 mo ta co ché ghép nhi¢u kénh trong ving

budc séng 1,55 pum.
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Hinh 7.1: Cdac viing buoce séng ¢6 suy hao soi nho

cho phép truyen nhiéu biiée song khdace nhau

V¢ thue chat, WDM 1a mot co ché trong dé nhiéu kénh song quang tai cdc budc
song khidce nhau duoc diéu ché bai cic chudi bit dién doc lap, cic chudi bit nay von da
su dung k¥ thuat TDM hoac FDM, va sau dé duoc phat di trén cung mot soi quang. Tin
hiéu quang tai dau thu dugc giai ghép kénh thanh cic kénh riéng ré nho mot ky thuat
quang. Ky thuat WDM tiém tang kha nang khai thic bang tan rong cua soi quang. Vi
du. hang tram kénh 10 Gbit/s ¢6 thé duge phat trén cing mot soi néu khoang cach kénh
dugc giam t6i 40 + 50 GHz. Moi cura s6 bao tram mot viing bang tan 16n hon 10 THz,

cho thiay dung luong cua cic hé thong WDM c¢6 thé vuot qui 10 Thit/s.
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7.1.1. Nguyén 1§ co ban cia ghép kénh theo budc song quang

Nguyen 1y co ban cua ghép bude séng quang ¢ (hé minh hoa nhue & hinh 7.2. Gia
st he thong thiét bi phia phit ¢6 cdc nguon phit quang lam viée & cic bude song khic
nhau 7oL 2as Zoes b 2 Cie tinhigu quang duoe phit ra 6 cice bude song khiac nhau
nay ¢ duge ghép vio cling mot soi quang. Cic tin higu ¢d bude séng khic nhau duoe
ghép lai & phia phit nho bo ghép kénh quang: bo ghép bude séng phii dim bao ¢é suy
hao nho. Tin hicu quang sau khi dwoe ghép s& duoe truyén dong thot doc theo soi dé 16
phia thu. Cic bo tich séne quing khic nhau ¢ phia dau thu s& nhan L cde ludng tin

hi¢u vei ciic bude séng riéng & niy sau khi ching qua bo a1t ghép kénh bude séng.
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C6 hai phuong dn thiét 1lap hé théng truyen dan st dung ghép bude song quang
WDM nhu ¢ hinh 7.3 [1. 25]. Phuong dn truyen din ghép bude séng quang theo mat
huéng nhu o hinh 7.3 a) 1a k€t hop cde tin hi¢u ¢ bude song khdac nhau vao soi tal mot
dau vii thue hién tich ching dé chuyeén di cdc bo tach song quang ¢ dau kin. Nhu vay,
phuong dn nav cin phai st dung hai soi quang dé thye hién truyén tin hicue thong tin
cho chidu di va chidu vé. Phuong dn truyén dan hai hudng nhu o hinh 7.3b) thi khong
qui dinh phdt & mot daw vi thu & mot diw: dicu niy tire [a ¢d the truyen thong tin theo
mot hudng tai cde bude song 2, 7. £, v dong thoi eling truyvén thong tin khice theo
hudng nauoe lai tai cdc bude séng 27 2.7, 27 Vi vy, phuong an nay chi cin su
dung mot soi cling ¢d the thiét lap duge mot hé thong truyén didn cho ca chidu di v
chicu v,

Pé thue hién mat hé thong WDM theo mot hudng. thi cin phai ¢é bo ghép kénh
bude séng MUX & diu phdi dé két hgp cie tin hidu quang (r ¢ic ngudn phit guang
khie nhau dua vio mot soi quang chung. Tai diaw thu, ¢in phii ¢6 bo giai ghép kénh
bude séng DEMUX d¢ thire hién tich cde kénh gquang tuong tng. Nhin chung, cic taser
don made thudng khong phat mét luong cong sudt ding ké ndo ¢ ngolu do rong pho
kenh di dinh trude cia chdng, cho nén van dé xuyén kénh 1a khong ding T tim o dau
phit. Vin dé ddng chi ¥ hon & day 12 bd ghép kénh can ¢6 suy hao thap dé sao cho tin
hidu tr ngudn quang ¢ daw ra bo ghép it bi suy hao. Dol véi bo giai ghep kénh, vi cde
bo tich séng quang thudng nhay cam trén ca mot ving rong cic bude song cho néu no
¢6 the thu duoe todn bo cde bude séng di duoce phat di tir phia ihiét bi phit. Nhu vay, dé
ngin chin cic tin hiéu khong mong muon mot cich ¢é hiéu qua. phai ¢6 bién phip cich
Iy 61 cite kénh gquang. D¢ thuc hién dicu nay. can thict k& cde bo giai ghép that chinh
xide hoae st dung cdc bo loc quang ril 6n dinh ¢6 bude song cit chinh xidce.

V& nguyén Iy, bat ky maot bo ghép bude séng nio cing <o the duoce dung Tam bo
gidi ghép bude séng. Nhu viy, hico don gian, tir "bo ghép - Multiplexer™ trong trudmng
hop niy thudng duge st dung & dang chung d¢ twong thich cho ¢d bo ghép va bo gia
chép: loal tric trudng hop can thict phai phian biét hai thict bi hojc hai chie nang. Vi vay
ro rimg rang, khi cdc tuong tin hicu quang duge giai ghép o phia thu 1hi bd ghép keénh
tro thinh bo giai ghép vi nguge lai.

Neudi ta chia loai thiét bi ghép bude song quang thinh ba loai: Bo ghép (MUX).
bo gidi ghép (DEMUX) vii ciac bo ghép va giai ghép hon hop (MUX/DEMUX). Cic bo
MUX v DEMUX duoc diing cho cdc phuong dn truyen din theo mot huéng, con loai
thit ba (MUX/DEMUX) dudce st dung cho phuong an truyén dan theo hai hudng trén
mat soi. Hinh 7.4 mo 4 ciu trie thiét bi ghép viv giai ghép hdn hop. Viée phan tich
chinh xdc (hiét bi ghép phai dua trén ma trdn chuyén doi doi véi cie phan 1 cha ma

iran 15 A (v). Cic phan tir nay 1a cic hé s6 phu thuoe vio bude song. no bicu thy cac tin
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hicu quang di vio cira vio tht 7 v ra cira ra thir /. Ciach ticp can phan tich niy kha phiic

tup khi dp dung dé thict k& vi xay dung cic hé théng WIDM.
Cac tin higu duce ghep

L) . //_

Lz} , 147 Sen gquang

< T ] \"\

L Cac tin higu duge gidn ghép
Hindy 7.4 Mo 1 thict bi ghép - gidi gliop hén hop (MUXDEMUX)

7.1.2. Cac tham s co ban cua thanh phin thiét bi WDM

Cic tham so ca ban d¢ mién ta die tinh cia cdc bo ghép - giai ghép hon hop i
suy hao xen. xuyén kénh vi do rong kénh. ¢ don aran. ta hily phan hiét ra thanh thiél
by mot huong (gom cic bo ghép kénh va giai ghép kénh nhu dd mo 1 o hinh 7.2) va
thict bi hai hudng (bo ghép - giai ghép hon hop nhu ¢ hinh 7.4). Cic Ky hicu /(4 vi
OCZ ) Wwong g 1a cde tin higu da duoe ghép dang 6 mat o dudng chung. Ky hiéu
1,04 La tin hiéu dau vio duoc ghép vao et thir A, tin hico nay duoe phar i nguon phail
quang tha & Ky hicu 0,(24) L tin hiéu ¢o budic song A dd duoe gii ghép v di ra cira
th /- Biy gior ta xem &1 ba tham s6 ¢o bin 13 suy hao xen, xuyen kénh, va dé rong
Kénh nbu sau

Suy frao ven duoge xde dinh 1 luong cONg suidt 1on hao sinh ra trong (wyén truyén
din quang do tuyén ¢o6 thém cie thiel bi ghép bude song quang WDM. Suy hao nay bao
2om suy hao do cdc didm ghép noi e thiét bi WDM vdi sqi viv suv hao ban than cic
thict bi ghép gay ra. Vi vay, trong thuc (¢ ngudl thiet k& tuyén phii tinh cho vai dB &
moi dau. Suy hao xen duoe dién giat twong wnhu suy hao déi vai cic bo ohép (coupler)

chung. nhung can luu ¥ 6 WDM 1 xét cho mot bude song dae trung:

()7 . e
L :—](llng—(-fk—"_) dor vér thict bi MUX (7-1)
O (A UV
L =-10log —)—}--’(n ) doy voi thict bi DEMUX (7-2)
(A)

vt L, 1 suy hao i bude séng A khi thiét bi duge ghép xen vio tuyven truyén dan. Cic
tham <& nity luén phaii duge cic nhiv ¢hé tao cho bidt dai véi tng kénh quang cla
thict bi.
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Xevén kénh ngu ¥ mo ta mot luong tin hiéu (0 kénh nay bi rd sang kénh khice. Cic
mite xuyén kénh cho phép nam & dai vt rong oy thude vio truong hop dp dung. Nhu’tig
nhin chung. phai dam bao nho hon (-30 dB) trong moi trudng hop. Trong mdot bo giai
ghép kénh ly twrong. s€ khong ¢o su rd cong sudt tin hiéu tir kénh thit 7 ¢6 bude song 4,
sang cic kénh khic ¢6 bude séng khide vii A Nhung trong thuce &0 luon Juon ton tai
mat mde xuyén kénh nio do, v diéu dd 1am giam chat luong truyén dan cta hé théng.
Kha ndng dé tich cic kénh khic nhau duge dién giai bing suy hao xuyén kénh vi duwoc
tinh bang dB nhu sau:

U (&)

Dk, )y=—10log
) I(h,)

(7-3)

Theo so do don gian mo ta bo giai ghép kénh ¢ hinh 7.5a) tht U4, 10 lueng tin
hicu khong mong mudn o bude séng A, do ¢6 sy ro tin hiéu ¢ cua ra thw /. mi ding ra
thi chi ¢ tin hicu & bude song A, Trong thi€t bi ghép - giai ghép hon hgp nhu 6 hinh
7.5b), viée xdc dinh suy hao xuyén kénh ciing duoc dp dung nhu bd gidi ghép. Trong
truong hop nay, phai xem x¢t ca hai loa xuyén kénh. “Xuyén kénh diu xa™ {a do cic
kénh khdc duge ghép di vio dudmg truyén gay ra, vi du nhu /(4 sinh ra U (4,). “Xuyén
kénh diu ¢dn” [A do cic kénh khic & diu vao sinh ra, nd duge ghép ¢ bén trong thiét b,
nhu U,(4). Khi tao ra céc san pham, cic nha ¢hé tao ciing phai cho biét suy hao kénh
dér vén timg kénh cua thiét bi.

1§} g A7)
. — Ofi)+ Ui, —_— e} ) -
TS DEMUX [ " | Soquang
Wb i) a W
- + . £
a) Ofa ) Un )+ U-{"l} b)

Hinh 7.5: Xuvén kénh ay 0 bo gidi ghép kénh va by o bo ghép - eidi ghép hon hop

Xuyén kénh thuong xudt hién do cde nguyén nhan sau: do dace tinh cta bod loc tao
ra thiél bi ghép khong hoan thién, do pho cua cidc ngudn phat chong 1in sang nhaw, do
cic hicu ung phi tuyén nhit [A doi véi truong hop cong sullt cic kénh bude séng 1on.

Do rong kénh la dai bude séng dinh cho mdi kénh mia néd dinh ra cho timg nguon
phdt quang riéng. Néu nguon phil quang 1a cdc diode laser thi cdc do rong kénh duge
yéu ciu vio khoing viii chuc nanémét dé diam bao khong bt nhidu gifta cic kénh do su
bit &n dinh clia cic nguén phdt gay ra, vi du nhu khi nhiét do [am viée thay d6i s& lam
trdi bude song dinh hoat dong. D& vdi nguon phat quang 13 diode phiit quang LED, yéu
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cau do rong kénh phit [6n hon 10 dén 20 lan bai vi do rong pho cua loai nguon phit
nay rong hon. Nhu viy, do rong kénh phai dém bio du 16n d¢ trinh nhiéu gitta céc

kénh. vi th¢ néd duoe xac dinh tuy theo timg foai nguon phat.
7.1.3. Cong nghé thanh phan thiét bi WDM

Thanh phin thiét bi (hay con goi [a phin tr) ghép bude séng quang rat da dang,
nhung ¢é thé phan chiing ra nhu hinh 7.6 |12]. Trong phan loan ndy, ta chi y 161 cic phan
tir hoat dong theo phuong phip thu dong. né duoc sir dung pho bic trong cdc hé thong.

Thigt bi WDM Tich cue F Cac ngudn phat quang
1 va cac bd tach sang

guang nhidu budc song
I Thu déng ]

l .
[ Thiét b vi quang—l [ |

Thiél bi guang & hop Cac th:ét bi khac Ghep cé hudng

Phan tan goc ] Thigt b bo loc [ !

3 Phi tuyén Giao thoa I Phan cut ‘

I Phan tan vat héu I Cach tr i

Cach W

Hinh 7.6 Phan cdp cde thand phan thict hi WDM

Dé xem xét ciic thanh phan thigl bi WDM. sau day chu yéu ching ta lay bo giai
ghép Kénh bude song dé phan tich. bai vi nguveén 1y cde thict b1 WDM ¢4 tinh thuan
nghich vé ciu tric nhu da dé cip o rén. Nhu vay hoat dong clia cée bo ghép kénh cling
duoe gial thich ciing kiéu bing cdch don thudn L thay déi huéng 1 hicu dan vao va
dau ra.

Cie bo giai ghép (hay cic bo ghép) duge chia ra Tam hai loai chinh theo cong
nghé¢ ché tao la:

- Cong nghé WDM vi quang

- Cong nghé WDM ghép sot

O loai thit nhit, viée tich ghép kénh dua trén co 4 lap rép cic thanh phan vi
quang. Cic thiet bi nady duge thiét k€& chu y&u sir dung cho cic tuyén thong tin quan

i
[
dung sgi da mode. Ching ¢6 nhiing han ¢hé déi véi soi quang don mode. Loal thi haj
dua vao vice ghép giita cdc truomg lan truyén trong cdce 161 soi ké nhau. Ky thuat nay
phit hop véi cic tuyén s dung s don mode.
7.1.3.1. Cdc cong nghé WDM vi quang

Cidc thiet bi WDM vi quang dugc ché 1ao dua 1rén hai phuong phdp cong nghe
khic nhau Jac cde thiét bi ¢6 bo loc v cde 1hiét bi phan tin gée. Sau day ta xem xét ciic
loat thiét bi nay.



A
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Bo loc quang cho thiét hi WDM

Thigt b WDM su dung bo loc quang duge xem xét dau tién vi né duoce s dung
nhicu nhit, va cdu trie coa nd thuong phic tap hon. So dé hoat déng cia loai nay duoc
mo ta nhu ¢ hinh 7.7, Thiét bi loc quang cho WDM thuong [ bo loc dién méi lam viée
theo nguyén tic phan xa tin hiéu ¢ mot dai pho ndo do va cho dai phé con lai di qua.
Nhu vay ¢é nghia [& né c6 co ché hoat ddng mo cho mot bude séng (hoac mét nhdm
cde bude séng) tai mot thoi diém, nham dé tich ra dugc mot bude séng trong nhiéu bude

song. DBE tao ra duoc thiét bi hoan chinh, ngusi 1a phii tao ra cau tric loc theo tang.

e

Bd lac

Hinh 7.7: Nguyen Iv hoat dong cita phan ur WDM v6i cdv trie sit dunge loc giao thoa

pDUT

L

Hinh 7.8: Duong cong phd triuvén dan cia buong cong hwong Fubry-Perot

Phan 1 co ban dé thue hién thanh phin thi¢t bi WDM ¢é bo loc 1 bo loc dién
mol giao thoa, né ¢ cau trice nhiéu 16p gém cic mang mong ¢4 chi s6 chiét suit cao va
thap dat xen k& nhau. Hau hét cic bo loe giao thoa 1am viée dua trén nguyén 1y budng
cong hudng Fabry-Perot, gém hai guong phan xa thanh phan dit song song cich nhau
boi mot [6p dién moi trong sudt. Khi chiim tia sdng cham vio thiét bi, cic hién trong
giao thoa s& tao ra nhitng phan xa nhiéu lan trong hée. Néu dé day cua khoang cidch la
mot s6 nguyén lan nira bude séng cua chim sdng t6i, thi giao thoa xiy ra v bude séng
dé sé duoc truyén dan thong sudt nhiat. Pudng cong pho truyén dim cho thiét bi hoat
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dong nhu viy duoe chi ra nhr & hinh 7.8, O day. cic chim dnh sing & cic bude song
khic trong buong cong hudng hiun nhir bi phin xa hoan toan. Trong ¢ic bo loc cia thiét
bi WDM. cic grong la cdc vo boe nhicu 16p duge dat ¢ trén cic 1ap dien mai phan cich
trong sudt nhw hinh 7.9,

Chiét sudt thap Chigt sudt caa

Lap phan cach trong sudt

Hinh 7.9: Cau triic ciia biong Fabry-Peror dicn moi
Cic bd loc mang mong thuong ¢6 d¢ day bang mot phan w budc séng truyén din
ion nhat. Ching duoc ciu tyo Hr cde mang mong ¢6 chi s6 chiét sudt thap (nhu Mgk, ¢6
n = 1.35 hoic S10, ¢6 n = 1 46) va c¢ic mang ¢d ¢hi s6 chigt suat cao (T10, ¢ 1 =2.2)

dat xen k& nhau. Theo dac tinh phd thi ¢6 the phan cic bo loc gtao thoa thanh hai ho:

, b T .
T Thong thap / < /., T | Thongcao 2>/

aj b}

T 4 Bang thong

Lo N2 S S P2

Hinit 7.10: Cac ddace tinh pho truvén dun

cite cde bo loc giao thoa cat a) va bj. va bang thong ¢}

- Ciic bo foc cat chuin, duge dac trung boi tan 6 cit A, vi ¢ ddp ing phé thong
thip hoic théng cao nhu chi ra ¢ hinh 7.10a) va b).
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- Cidc b loc bang thong. duge dic trung bdi bude séng trung taim bang A va do
rong bang FWHM la A4, nhu thé hién ¢ hinh 7.10¢).

Cic bé loc cat chuan duoe sit dung rong i trong cic thiét bi hai kénh dé két hop
(hodc tich} hai bude séng hoan toan phan cich. ching han nhu hai bude séng & hai viing
cla s6 850 nm va 1300 nm. hoace 1300 nm va 1550 nm. Cic phan tir niy duoe st dung
khi hi¢u qua cho ca cic nguon ¢é pho rong (nhu LED hoac laser da mode ching han).

Cic b toc biing thong duge st dung t6t cho cde thanh phin thi¢t bi WDM, né rit
phu hop véi cic nguén phat cé pho hep nhu laser. Hon thé nifa, n6 cho phép sir dung ¢
Khi ¢6 sur dich bude song cua nguédn phit do inh hudng cha nhict do, vi vay ma duong
cong pho truyén dan ciia bo loc bing thang, nhur hinh 7.10¢), phéi ¢6 dang vuéng vin,
¢6 vimg xung quanh bude séng trung tam phing. Canh cla dudng cong phé truyén dan

phai cang sac nét cang tot dé ngan ngira xuyén kénh tir cdc kénh lan can.

Kinh foc Thau kinh

P I
— —
S0 quang
Lang kinh GRIN (1:4 g}
R /
aj — - —— ——____ I
ol A
] . [
l }-2
f.a
Bd loe b}

Hinle 7.11: Cdir triic bo gidi ghép 2 kénh sit diung bé loc givo thou
) Cau hinkt cobdn va bj bo gidi ¢hép sit dung hai lang kinh 114 bise GRIN-rod

Cau tric co ban cia bo gidi ghép hai kénh nhu & hinh 7.11a), trong khi d6 viée
thye hien trén thue (€ ciu triic nay chi don gian nhu & hinh 7.11b) |27]. Céc phan tr
chudn fryc va hoi 1y 13 cie lang kinh GRIN-rod 1/4 bude. Bo loc duoc thigt k& dé phat
di A, vi phan xa A, s& duge dit giita hai lang kinh.

Cdc phan i thit bi gidi ghép nay ¢6 sdn trén thi trudng thuong mai va duoc sir
dung rong rii § cdc hé théng thong tin quang str dung cic ngudn phit LED & céc hide
song trong vang 850 nm vd 1300 nm, hoac sir dung céc nguén phit phé hep cia cic 16
hop budc séng khic nhau (nhu 800 nm va 830 nm: 800 nm va 890 nm: 1200 nm va
1300 nm; hoac 1300 nm v 1550 nm. v.v...}, vdi suy hao xen nho hon 3 dB (cho méi

cap) va suy hao xuyén kénh cao hon 25 dB.
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Sai guang

L ang kinh GRIN

= Khotrong sudt

Ba oo

Hinh 7.13: Mot bo eidi ghép vi quang nhicn kéndi trén thire 18

Cie thigét bi WDM ¢d nhicu hon 2 kénh s& duoe ciu tao dua trén ¢iu hinh bo loc
tang. O day moi mot bude trong tang s& hra chon tai mot bude toe nhu hinh 7.12 minh
hoa vé thict bi nay. Tréen thue t€, thiét bi ghép vii gidi ghép nhi¢u kénh s& nhur dang &
hith 713,

Poi khi. 6 the thue hién tao ra bo gidi ghép md khong ¢in st dung dén cic phan
tir chuan trwe. Vi du nhu 6 hinh 7,14, thiét bi khong ¢6 lang kinh, ma cic bo loc giao

thoa o ddy duge dat rén timg doan mot cich thich hop vi diw soi dude didnh béng.
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F Sdi quang

Poridey 5

- ' d ~ O —

\— Bdloc

Hinl 714, Cdit triic co bdn cria bo gidi ghép nhicu kénl

s g bo loc giao thoa gan trice Hep vao soi

Phan ti phan tin goc cua thiét bi WDM

Mot k§ thudt vi gquang khic dé tich cic bude séng khic nhau khd tin cay [a
phuong phip s dung cdc phan tr phan tdn gée nhu ¢hi ra hinh 7.15. Cham tin hiéu
quang dau vao chuin troe s8 dap vdo thiét bi phan tin, thiét bi phan tin & tich ra cdc
kénh khidc nhau tuy theo timg bude séng cua ching thimh cic chiim huéng theo cic goc
khic nhau. Cic chim dau ra da duoc tach s& dugce hot tu nho mot hoiae mot so cide lang

Kinh va duoe dua viro cic soi quang riéng ré,

Fhan tif phan tan goc

Hinh 715 Phan ne phan tan goéc cho WDM

Trong thai ky dau cta cong nghé¢ WDM, ngudi ta thudng dung lang kinh dé tam
phan tit phan tén goc. Do hién tugng chi s6 chiét suat phu thuoe vio bude séng dnh sing
cho nén khi cho cée chum tia sing ¢é bude séng khde nhau di qua ling kinh, ching s&
bi lang kinh phan thanh cidc tia sdng don sic theo cdc hudng khac nhau tai dan ra lang
kinh nhu thé hién trong hinh 7.16.

Hinh 7.16. Dung lang kinh dé tich cac tia sang o6 ifée séng khde nhan
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Theo dinh Tuat Snell thi chiét suit cua vt licu L lang Kinh phu thuoe vio bude
song ¢6 the duge vidt nhu sa:
didn sinn A
Dl (7-4)
dic dictcasr /feosi’)

-

trong d6 n la chi¢t sudit cua var ligu fam lang kinh, A [ gde dinh cua lang kinh, 7 14 gée
(G con 7 La gde 1.

Nhuoe diém cia vige ding Tang kinh e do phan tin thip cho nén kho tich
duge cide ta sing ¢6 bude song gan nhau. Vi thd mi ngudi ta ¢hi ¢o thé ding ling kinh
trong cic truong hop tich cic kénh quang cé bude séng 1ai cic ving ¢ s suy hao soi
khilc nhau. Phuong phip nay ngiy nay hiu nhu khong duge st dung trong thong tin
quang ntra: thay vao dé ngusi ta di su dung edch tr nhicu xa lam phan 1 phan tin géc
trong WDM. Cich tir nhiéu xa duoce ciiu 1ao bao gédm nhidu rinh hinh rang cua, vi trén
rinh nidy ¢6 phu mét 16p phian xa. Khi ¢6 dnh sing di vio bé mat cdch tr, nd s& dige
cich wr phan xa chéch hudng theo cée gée khdc nhau g thuoc vio bude séng. Tuy
nhién. di kem véi hién twong nay con ¢d hién tugng gizo thoa cla cic tia sing bi phan
xa. Khic vadi lang kinh, cdch tr nhiéu xa cho kha nang phan tin tia sing 1on hon, va vi
thé ¢d the tdch duge cac tia sdang dé dang hon.

Cach tr dugc
phéng lo

Hinh 7.17: So dé nguven Iv hoat dong ciia cdel ur nhiéu v plana

Céc phan tor phian tin gée duge st dung trong thiét bt WDM hau hét 1a cdch tir
nhiéu xa. Cdc thigt bi WDM st dung cde cich 1 niy ¢6 the duoc thict ké theo hai kidu
cdu trie co ban la:

- Cich ur tuyén tinh k€t hap véi cde phin t hoi 1

- Cach nxwy hoi tu

Cic nguyén Iy hoat dong ctia cie cau tnic ndy nhu o hinh 7.17 vii 7.18. Trude day,
cdu hinh theo kiéu Littrow nhu thé hién & hinh 7.19a) duoc sit dung nhidu béi vi ciu
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tritic cua n6 chi ¢é mot lang kinh, va né gidam 16i mic t6i thidu Unh Astimatic (tinh foan
thi) cua h¢ thong. Bo giii ghép Litirow dite ¢6 cau tric si dung cic lang kinh GRIN-rod
1/4 budc nhu trong hinh 7.19b). O day ciach ur duge dat véi mot gée thich hop ta dau
cuia lang kinh.

/— Cach tir ldng chao

~— CAc soi Jau ra
;< |
rd

Hink 7.8 So dé cau trie i héi we sii ding cdch i 1one chdo

Cach tur

Lang kinh chudn tiug

a)
. Lang kinh GRIN
~ _— ] et rme L Cach
by e

Hinh 7.19: Bé gidi ghép Littrov: a) Cin triie co b,

hi Cdn trive thite 16 it duie tang kinh GRIN-rod cric ho giari ghep 2 kenh

Mot cau triic nita 6 st dung cich tr nhidu xa phiing v guong ling chao duge chi
ra nhu o hinh 7.20. Trong cau tdc nay, cich ti cung o trong dang ciu hinh Littrow. Cdc
soil din quang vio vicra s€ di qua mét 16 tréng & tam cua cich nr. Cic chim sing philt
ra i soi diu vao s& duoe chuan true nhes guong long chio va s& duge cdc cdch wr phan
tan theo goée. viveust cing ching lai duoce guong hoi tu dé dua vio soi dao ra.
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Gudng lang chao

Cack ur

Hinft 720 Bo gidi ghdp sit dung cach ni adié xa plana va greony tong chdo

7.1.3.2 Cac cong nghe WDM ghép soi

Nhu 1rén di xét, ta bict riing cac thimh phan thiét b vi quang dd duoe su dung
rong rii cho cic Toai soi da mode, nhung L rit kho & su dyng cho soi don maode b
viqud trinh xa 1y chim dnh sing phal qua cde giar doan nhu phan xa. chuan truc, hoi
W vaveL [ d6 dan 161 gquang sai va cde viin &8 tré khie tao ra suy hao 1in hico qua kin ¢
trong thiét bi.

Yung xodn
néng chay

|

Yo sal

Ky thudt xoan nang chay

S guang don mode W sl

Chiét suat dung hoa  Bl1a thuy tinh nong chay
Ky thuat ghep danh bong
Hinh 721 Hai plusong phap tao ra cde bo ghép hone WDM cho soi don mode

Hien nay. cic bd ghép hudng sol da ¢o san. ching o cic dang bo chia quang v

ket hop gquang. Chiang thudmg 15 thict bi ¢d bon cira van 2 e vio v 2 cwa ras Ciio trie
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cua chung dua trén vice ghép hai trudmg dnh sdng phia ngodi 1ai. Cic bo ghép (coupler)
nay ¢d tinh lua chon bude song o rong né, v vi viy néu thidl k& can than cic bo ghép
nav thi hoan toin ¢6 the s dung ching dé két hop hode tich cic tin hi¢u ¢6 bude song
Khie nhau, HE <6 ghép £ ¢d lién quan dén luong anh sing qua lai tr sai ndy dén soi kia.
Cham dnh sdng xudt hién o ca hai dau ra s¢ pho thuoe vio nhicu yéu 1o: dé 1 khoang
cich gl cide 101 so1, chy 8¢ chiél suat v lidu o gifta, dudng kinh cde 161 soi, do dai
tong tic va bude song dnh sing.

Cic bo ghép hudng soi don mode dimg cho WDM ¢6 thé ¢ ¢ hai dang nhu ¢
hitth 7.21. Dang thd nhat 1 dang bo ghép xoin nong chay, c6 ¢au trie hai soi xoan vio
nhau & dice kien dot ndng ¢é sao cho hai 161 di gan (61 mie ¢6 thé ghép vai nhaw. Dang
thiv hai [a bo ghep dua trén vice min bong cdce soi: ¢d har ~ot1 duoc gilt rong ranh cha V
cong va dirge mat bong cho 131 khi cic 101 cua ¢ching gan nhu 10 ra. San do tién hann

ahep tiep xiie vao nhau dé tao ta bo ghép. Dane nay coi 1h bo shép khoi.
o " PR . Fand - i Pl —
10
0.6

2.4

02

¥

oL

Hinhe 722 $dp aine bude sang cria bo taclh bigoe song {3000 13560 pan

vl do dai vt thon = 20 nyn

Trong trudng hop bo ghdp nhi viée xoan néng chay sgi, chu k3 na bude song
grim cham vi dé din doan xoan vudt thon dudge ting len. vi the mia nen dua ra cho thiér
b1 cie bude song ¢ duoe tich. Vidu nhu bo ghép xein sol ndng chiy 130071550 am
nhu & hinh 7.22 ¢6 do dai vaét thon khodng 20 mm. suy hao xen nho hon 0.05 dB v do
ciach Iy bude séng (ot hon -30 dB. Bing cich tang do dii vadt thon téi vi trant milimet
s giam duge chu ky nira burde song 16i 2 nm hoac it hon. Nhung néu nlne vy thict bi s8
kho thue hien ghép bang hep duoe bai vi bo ghép diai <& suy Lao nhic¢u hon, khong on
dinh. nhay cam voi tie dong bén ngodi v dé nhay ¢dm phan cue. Déi véi bo ghép khoi.
kha ning ghep ¢o the duoe dicu chinh theo v 1¢ yéu cin bit kv bang cdch di chuyén

cie 1on so1 thich dng véi nhau, hoic tho ra cde v licéu ¢6 chi s chiét suat khde nhau o
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giita ¢de khoi. Vé mit hinh thiic, ching thudng ¢é ding to hon bo ghép xoin soi. Bang
thomg coa cic bo ghép soi nhu vay (xem hinh 7.22) ¢6 dang gan nhu hinh sin lam han
ch¢ viéc lua chon nguon phdt. RS ring ring cde LED khong thé duoe st dung trong bo
ghép dong bd don made vi pho cla 16 rong. Nhar viy chi ¢é cic diode laser ¢6 do rong
phé hep duge ste dung néu trinh dudc suy hao xen v xuyén kénh lén.

Cho 16i nay. chi ¢6 cdc bo ghép ddng bo 13 duge thio luin xem xét, day 1A cde bo
ghép sot sirdung cie soi dong nhat. Cic bo ghép st dung cde sgi khong déng nhit goi
lia bo ghép khong dong bo.

Ciic bg ghép sgi chi ¢6 thé mat lic hoat déng duoe véi hai bude song. néu so kénh
ciin ghép 16n hon hai thi phai xit Iy bang ciu hinh r& nhdanh. Hinh 7.23 1a ¢iu trie bo
ghep bon kénh su dung ba thigl bi WDM soi don mode.

JE—— Fore s

? —
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Hinh 7 23: Bé ghép bon kénli thiee hién ghép hai tang
7.1.4 Cac thiét bi trong hé théng WDM

7.1.4.1. Cdc thiét bi ghép va giai ghép

Ciic thict bi ghép vi gidi ghép kénh trong hé théng théng tin quang WDM ¢é ciu
trae dya trén cde thanh phian thiét bi co bin nhu dd mé 14 trong muc 7.1.3 & en. Cic
thi€t bi niy cé the duge cdu triic tir cie bo loc quang hay cach i nhidu xi. Bo giar ghép
st dung bé loc giao thoa ciing duoe quan tam.

a1 voi bo gt ghép thi ¢6 the st dung hién twong nhidu xa Bragg tir cich tr
quang. D¢ thiét ke, cich tir long chio ¢6 1thé duoc 16 hop vao trong phién dan séng silic.
Ngoai ra com ¢o giai phip khide [dcde cich ur elip khae trye tiép ¢a 1hé duoe ding dé
"o ra ciac bo gial ghép din séng bang cong nghé silic. Van dé doi véi bo giai ghép cich
tu fa cde dac tinh bang thong cita ching phu thude vio kich thude cua cic soi din vio
vit ddu ra. Pdc bigt, kich thude 180 cua cde soi diu ra phii 16n d€ bio dam bang thong
phang va suy hao xen thap. Vi thé, thai gian dau ngudi ta thuong thict ké cic bo ghép
st dung soi quang da mode. Vao nam 1991, cong nghé diy cic vi lang kinh duge dp
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dung de giai quyél van dé nay va cho phép ghép thanh cong 32 kéunh su dung soi quang
don mode. Day soi don mode duge ¢o dinh trong cic rinh chit V dirge khac trong manh
silic. Cée vi lang kinh chuyén doi dudng kinh mode tuong déi nho cia soi thinh duong
kinh 1én hon nhiéu (vio khoang 80 ). Phuong phip nay cho phép ché tao ra duge bo
ghép kénh ¢6 thé ding trong hé théng ¢é khodng cich kénh chi khoang gin | nm tai
bude song gan 1550 nm.,

Cdc bo giai ghép sir dung bo loc rén co s6 giao thoa quang dé lwa chon bude
song. Cic bo giai ghép ¢6 bod loe MZ (Much-Zehnder) gay duoe su chu ¥ nhat. Naudi ta
¢d thé dung két hop vii bo giao thoa MZ dé tao ra bo giai ¢hép WDM. Hinh 7.24 minh
hoa nét co ban cua bo ghép 4 kénh. NG gom ¢6 ba bo giao thon MZ. C6 mot nhinh
trong moi mot bo giao thoa M7 duge 1am dan hon. Su khic nhau vé do dai niy duge lua
chon sao ¢ho ¢ong suat diu vao 1ong 1 hat ¢va vio tai ¢dc bude song khde nhau chi
xudt hién tai mét ctra va. Todn bo cau tric c6 theé duge ché tao trén 1am silic bing cach

st dung cde ong dan séng SiO. theo dang ctia mach séng quang plana.

X MZ,
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MZ,

Hinh 7.24: M6 ra khddi qudt bo ghdp rich hop 4 kénh dica trén cde bo giao thoa MZ

Tir quan diém thi¢t k& he théng, cic bo ghép 16 hop ma ¢6 suy hao xen thap li phi
hop. Cic bd ghép cich wr trén cong nghé silic phai chiu suy hao ghép do cic soi duoc
noi 16i cde ctra vio va ra cua thiét bi. Van dé niy ¢ thé gidi quyet néu nhu cich tir duoc
T tir cong nghé mGaAsP/InP vi né ¢6 thé duwoe 16 hop vai ba thu quang.

Co mot cich tiép can khice cho bo giai ghép kénh 1y s dung nidng (dav) pha cia
cile ong din séng quang déng vai tro nhu 13 moit cich (0. Cie cich 1 nhur vay thudng
duge goi 1a cich wr dan séng v ¢ sie hap dan diang k¢ vi né ¢é 1thé duoc ché tao bing
ciich dp dung cong nghé InGaAsP/InP, vii nhu vay cho phép 16 hap né trong cic thiét bi
phit hodc thu WDM. Tin hiéu WDM t6i duge ghép thainh mot mang cic ong dan séng
plana sau khi di qua doan ghép. Trong gud trinh lan truyén cua né. tin hiéu trong mai
mot dng dan séng s& trai qua nhimg su dich pha khic nhau do céc ong din séng cé do
dai khic nhau. Hon nita su dich pha phu thude vio bude séng do tinh phu thude vio tin



26 He thong thony tin giwang (1ip 2

6 e hang 56 L troyén mode. Nhu vy, cie kénh khie nhau 5@ hot ty vio cde cong
Khong glan khae nhau kb daw ra cna cde ong dan séng & nhiéu xa véi nhau thong qua
doan ghép. VE thue chat, mang pha nhu viv dong vai tro nha mét cach tr nhico xa thong
thuomg. Néu thiet ke 101, hicu sudt cua cdch tr din séng co the dat gan 161 100% . Bo giai
ghép cich wr dan song ¢é kha nang thue hien cho 16 kenh vai khoane cich 1.8 nm trong

-

vang bude sang 1535 + 1365 nn.

Bace tnh can quan tim chn véu coa ba ghép kenh B fuong suny hao xen cho méi
kenh, Nhung bo gian ghép kénh hi b ¢é nhime veu cau nghicm ngat hon. Tha nhat, bo
gial ghép kenh phin hio dam 1t nhay cam dol voi <o phan cue cua tin hicn WIDM 61,
Thu hais bo grar ghép can phai tich duoe cic kénh mi khong ¢o suro ti cic kenh lan
cin sang. Trong thue t& luon ¢6 mot luong cong suat rd ndo do. dic hict doi véi cie he
thong WDM mat do cao DWDM véi khoang cdeh kenh nho. S o nhu vy duge god L

xaven kenho va néen nha hon =20 dB dé thod man chit Tugng hié thang.

7.1.4.2. Thiet bi ghép va loc xenire

Cic bo ghép xen/re Lo ridd can thiet cho cic mang WDM trona dé mot hay nhidu
kenh can duoe tich ra hode xen vao trong khi van phii bio toin tinh nguyén ven clia
cic kénh khde, Ngudi ta co the coi mot thiét bi WDM nhir vay gione nhu mot ¢iap tich
kenh-ghép kenh hon hop vioguy tinh hoat dong coa no doi hoi vice giil ghép tin hiéu
WDM dau vao. chuvén doi ndr dung div ficu cua mot hav nhicu kénhb bude song va roj
sau d6 L ghép ching Lai Hinh 7.230) mo ti nét chung v& cau trie ena b ghép kénh
xenfic bang so dd khét, Vi mot bo giiai ghép (tichy kénb hoat dong nhy mot bo ghép
kenh nhung thee chic¢u nguoe fail cho nen bo ghép kénh xen/ré s dung hai bo gidi ghép
Kenh duoe bo i mor cach hop [v. Bat k¥ bo tich kénh ducic ndi dén o phin trén déu o
the dimg d¢ tao thinh cic bo ghép keénh xen/r Tham chi nd con ¢o thé khueeh dal tin
hicu WIDM ¢ cin bang cie cong suiat Kenh tai bo chép kénh xen/ie vi mai kénh ¢6 the
dicu khien duoe mot cich ri¢ng ré.

Nen nhu mot kénh nao dé ¢ nhu cau tdeh ra viy khong doi hot sudica khién riéng
re. thi nguoi taed the dang mot hict bi nhidu cong d¢ gui kenh niy 161 maot cong trong
khi toian bo cac kenh khic duge chuyen 161 mot cong khiie. do do ninh duoce s ¢an
thict phai tich (it ca cie kénh. Nhitmg (hict bi nhu vay thudme dude goi 1 ciae bo loc
zenfre vt chung loc radirge mot kenh xide dinh miakhong anh hudng 161 tin hicu WM.
Neuw chi mot phan nho cong suit kénh dugce loc ra thi thict bi nhu vas s¢ hoat dong nhu
mol “khait quang™ v no bo gua mat luong o hicu WDM khong dung 161,

Co maot so loai bo loe xenfré di duoe phit tricn gan diy. Ciu triae don giin nhat
s dung mot chuoi cic bo ghép hudng ket ndi vai nhau, tao thianly mot chudi M7 wong
(r nhue mot bo loe MZ da de cap trude day. Tuy nhien. nuuge val bo foe M7, trong moi

bo giao thoa M7, ¢6 mot do wé trong doi t,. Thict b nhu vay doi khi deoe goi 1 bo
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¢hép cong huong. né ghép mot kénh bude song xac dinh t6i mot cong dau ra trong khi
ciie kenh con lai xuat hién tat cong dau ra khidc. Dac tinh cua nd ¢6 thé 101 uu hoid bang
ciach didn khién cde tv 50 ghép cla cic bo ghép huong khie nhaw. Mic divcac bo ghep
come hudme ¢é the dude thue hién thee mot cdn hinh hodn todn bang x¢i nha vige sa
dung c¢ic bo ghép soi. nhung cong nghe dan song silica-on-silicon di dua ra mot sy hra

chon ¢hie chan cho vice thict k& ciac ba loe xen/ié nay.
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b} BS loc xeniré bang bd giao thoa Mach-Zehnder M2

Bé ghép

Hinh 7.25 Bo ehiep valoc xeni'ré

Nhéy ¢ tindt chon loe bude song. cie cich nr Bragg ¢ling ¢é the duge ding d¢ 1am
bo loc xen/ré. Thidt bi niy duge coi 1 mat bo ghép hadng ho tro edch e (gratring-
assisted) hay cich wr gd@p khac (grarting-foldedy; cich ur Brage duoce dac o gida bo ghép
hudng. Trong mot so thiét bi khde thi co hai cich to giong nhau hinh thanh tén ha
nhinh cia bo eino thon MZ. Toat déng cua i hai loai thigt bi ndy <6 the mo ti nhu
ten hinh 7.25b), o day cdu tric MZ duoe chira dudi dang so do. Mot kénh ¢6 bude
song A, roi trong dai gidi han cia cdch wr Bragg, duge phan xacoan phin va xudt hién

tal cong 2. Cice kénh con lai khong duge cich tu phan xa thi xudt hien tai cong 4. Thiét
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bl twong W nhu vay ¢4 the them vio mét kénh tai bude song A, néu tin hic¢u tai budc
song da duge bom vao tr cong 3. Néu nhut cde qui trinh xen v 1€ duoc thue hién dong
thoi thi dicu quan trong 1 phai tao ra cich 1 ¢é do phan xa cao (gan 100% ) dé lam
giam xuyen kénh.

Bo ghép hudng cich wir gip khic duge ¢hé tao bing cic dng dén sONg
IGuASP/InP. Cich nay cho phép tich hop ba Joc xen/ré vii b tich song quang hodc
nauon laser. Viée thict k& cde bo Toc xen/rE hoan oin oi cang duge quan tam dén vi nd
trdanh duge suy hao ghép co thé xay ra khi sor dung cic bo loc xen/ié hin dan. Cau tric
M7 cua b loc xen/ré duve ding dé tao ra o Toe xen/r hoin toan soi véi hiéu suit tich
dat hon 99% _trong Khi mide xuyén kénh vin giit duge dudi 16 Ngol i con ¢d mot s6
phueng thic kKhic li dimg cich w dé im cic bo loe xen/re. Tha nhat 13 sie dung mon
ong din song ¢6 cich 1 dich pha dé xen hoie tich mot kénh tir tin hicu WDM dang
truyén trong ong dim séng bén canh. Thi hai 13 phoi hop ha cdeh ta dan song giong
nhaw véi ciac bo khuéch dai d¢ thue hién bo loc tdch kénh.

Ciic thiet bi xen/ré kénh cling di trat qua cde bude phit trién va duge tng dung
phithop trong tmg giai doan cua thong tin quang soi sir dung cong nghé¢ WDM. Trong
thue 1€, cic he thong WDM the h¢ dau tién duge phit tricn chi yéu cho cic tng dung
diem-diem. B¢ xen/re leu luong i mot bude song ndo do (rén tuydn thi can phai tich
£hép oin bo cie burde séng nhu mo ta trén hinh 7.26.
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Hinh 7.26. Cau hinh thict i xemiré WM the he thur nhdr

Do cic nat xen/ré thutng chi co nhu ciu xen/té luu fuong nho hon nhiéu so voi
luong luu luong tong nén cie nha nghicn ctu di cho ra mot loai thict bt xen/r¢ méi cho
cice hé thong WDM. do 1a thiét bi ghép kénh xen/rd WADM nhir minh hoa trong hinh
7.27. Loai thiét bi ndy cho phép tich ra/xen vio kénh bude sdng mong muon ma khong
can phai thue hién qua trinh gidi ghép a1 cd cic kénh bude song. Poi voi cice thict bi
WADM ngudti ta chia thinh hai loai d6 15 loai fixcd-WADM (WA DM co dinh) v loai
reconfigurable-WADM (WADM 6 the thay doi cdu hinh). Loat Tixed-WADM cho
phép tich/xen mot s6 nhat dinh cic kénh bude song da dinh trude. v di duoe thuong
mai hod trnam 1999, Con loai reconligurable-WADM 1 loar thiét bi ¢o kha nang thay

doi viee két nai bude séng. cho phep xen/r¢ bat ky mot bude song nio trong luéng tong
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nho diéu khién bang phan mém hoac nhan cong. Vai kha nang xen/i¢ cic kénh bude
song mot cich linh hoat wy theo nhu cau luu luong tai timg diém xen/rd, loal
reconfigurable-WADM cho phép st dung Tuu lugng trén mang mat cich hiéu quit. Tuy

nhién hi¢n nay loai thiét bi nay dang con tiép e trong qud trinh nghi¢n ciu thit nghiém.

WADM WaADM

D—AA O @
T

£ £ s £

Hinl 7 27: Cdu hinh thiét bi xenire WADM

7.1.4.3. Bo ghép hinh sao quang ba

Vai 1rd ctua mot bo ghép hinh sao 1a két hop cdc tin hi¢u quang vio tr c¢dc cong
diu vio va chia déu né gitta cic cong dau ra, nhu chi ra & hinh 7.28. Ngwoe véi cic bo
giai ghép kénh. cic bo ghép hinh sao khong chita cic phian tir lwa chon bude séng, vi
chiing khong 6 kha nang tich cdc kénh rieng 8. S6 luong cic cong dau ra Vil cic cong
dau vio khong can phdi giong nhau. Vi du nhu trong trudmg hop phan bo kénh truyén
hinh, mot 56 luong khd nho kénh truyén hinh duge quing bi e hang nghin, tham chi
hang triéu thu¢ bao. S6 lugng cdc cong diu vao va ddu ra néi chung Ii twong tu doi véi
cic ang dung mang LAN. Bo ghép hinh sao thu déng nhu vay dugce £ol 1 sao guang bd
N x N, vai N a6 hugng cong diu vio (hoie cong diu ra). Cau tric hinh sao phan xa
dot ki duge ding cho cdce ting dung mang LAN bing céch phan xa tin hi¢u dd duoc két
hop nguoe 1rd lai cdc cong dau vio cia né. Ching han nhu guong dit tai trung tam cha
hinh sao nhu trong hinh 7.28 s& chuyén ddi sao truyén dan thanh sao phan xa. Cau tric
hink hoc shur viy tiet kiém duge ding k€ soi quang khi phan phéi cho ngudi si dung
trén mot pham vi dia 1y rong 1én.

Cé mot 56 kigu bo ghép hinh sao di dwoe phét 1rién. Loai bo ghép dau tién 1a s
dung cdc bo ghép soi 3 dB. Méi bo ghép soi ¢d kha ning ghép hai tin hiéu dau vao va
phin chiw deu trén hai cong dau ra, qud trinh twong tur doi vai bd ghép hinh sao 2 x 2.
Cdc hinh sao bic cao hon N x N ¢6 thé 1ao ra biang cdch 20p mot so bo ghép 2 x 2 vdi
nhau v&i N 1a boi 56 nhan clia 2. Hinh 7.28 mo (4 so dé két hop nhu vay cho ciu trac
hinh sao 8 x 8, yéu cau két ndi gifta 12 bo ghép soi. RS rang 1a tinh phttc tap cua cic bo

ghep hinh sao ngiy cang tang lén rit 16n cing véi s6 lugng cong.
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[inh 728 Bo ehép hinh sao 8 x 8 taa ra bang cdel

s g 12 Do ghdp soi don mode

Co mot giat phap dua ra 1 s dung cic b ehép hiconical-taper (thar fam hai
chopi nong chidv 4@ tao ra cde bo ghdp hinh sao vimg vang, chiie chan. Hinh 7.29 mo ta
sor do sao truvén didn v sao phian xa duoe tao ra bing cong nghe nin . Bo ghép hinh sao
Kich ¢& 100 x 100 duge ¢hé tao nam 1979 siedung cong nghé biconical-taper. Ky thuit
nay L dé 1am nong chay mot <6 luong Idn cde soi lai vaéi nhau vic kéo did phan ndng
chay ra thinh dang cau trice that 1am hai phian. G phan ¢6 dang hinh ném. tn hiéo i
mai soi duge ghép hai véi nhau vie chia déu ra trén cde cong dau ra. Cau trie nhu vay
hoat dong tuong doi 10t dor vér s da maode. Con trong truong hop soi don mode thi no
bi han ¢hé do chi ¢6 the 1am nong chay diwge ¢d mot vii soi. Cie bo ahép ndng chay 2 x 2
st dung soi don mode duoc ché tao W khd sém. Ching ¢o the duoc thict k& d¢ howt
dong (rén mot pham vi bude song rong. Ngudi ta ¢d thé (o ra cdc sao hae cao hon biing
ciach su dung so do két hgp nhu dd mo ta wén hinh 7.23 cho b ghép hinh sao 8 < 8. Cic
ba ghép hinh sao thudng duge st dung nhicu hon trong thue t¢ do ban chat wong doi
vitg chae cua ching.,

Phuwong thite thuong dimg nhit dé tao ra bd ghép hinh sao quang bd 1a k¥ thuat
silica-on-silicon trong dé hat mang éng dan séng SiO- plana, duee tich ra tir vimg trung
tam. duoc o ra trén nén silicon. Bo ghdp hinh sao nhu viy duge dua ra dau tGén vio
nam 1989 véi cin trie 19 x 19, Cic ong dim song Si0. cich xa khodang 200 pm tai dau
vile, nhung khodng cich cudi ciing gin viing trung 1am chi bing & um. Bo ghép hinh
sao diai 3 e ¢ hiéu suit khoang 55% . Gan day, ngudi ta siv dung k¢ thuat silicon-on-
msulator dé ché 1ao cde bd ghép hinh sao. Bo ghép hinh sao 35 x 9 duoe am bang cic

ong dan séng silicon véi suy hao thip (1.3 dB) véi qud trinh ghép wong doi dong bo.
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Hintt 7.29: Cac bo ghép hinh sao:

) Bo ghép sao triven dan, by Bo ohép sao phan xq

7444, Cac bo dinh tuyen budgc song

Dang thiet by WDM quan trong 13 bo dinh tuvén N x NoThiél bi ndy da két hop
chire nang cua bo ghép hinh sao véi cde qua tiinh ehép kénh v tich kénh. Hinh 7.30
mo G hoat dong clia mt bo dinh tuyvén bude séng nhu vay dudi dang so dé vor N = 4
Tin hicu WDM vio tr méi cong diu vao duoe chia ra thanh N phan hudng v¢ phia cong
dau racta bo dinh tuvén. Pay 1wl du cho mét bo dinh tuyen thy dong vi vice s dung
nd Khong gin 1ién véi phin ur tich cue nio von doi hoi phar ¢o ning luong dién. N6
cung con duoe gor 1 bo dinh wyén tinh vi ky thudt dinh tuyen nay khong ¢6 kha nang
t thict gl can hinh dong. Mac dit ¢6 ban ¢hat tinh cia no. nhung thict by WDM nay
viun ¢o nhiéw g dung trong mang WDM.

Bo ghép kénh N x N ¢é the duoe siv dung nhu mot bo djnh tuycn bude song.
Nguoi ta di thiet ke cau triie s dung 2 b ghép inh sao N x M dé sao cho M cong diu
ra cua bo ghép hinh sao ndy duge néi véi M cong diu vio clia bo chép hinh sao khic
thong gua mot ming M ong dan séng 1am viée nha mot cach 1t dén song. Thict bi nhur
vay duge goi la bo dinh tuyén cich tr dan séng WGR (Waveguide-Grating Router) nhue
duoe chi ra trong hinh 7.31. Bo ghép hinh sao N x M thit nhat s¢ phin chia déu cong
suat cua N kénh dau vio cho M eong diu ra. Cach 1l duge 1ao ra (i M ong dan song s&

tach ciic kenh khide nhau theo cde bude séng ciia chiing. Bo ghép hinh sao N x M tha
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hin x& phan phot cae tin hiéu da duge tach cho cic cong daw ra. K&t qua k cde tin hiéu
WM diau vio dén tir N niit mang khie nhau s& duge dinh tuyén tdr mot tap hop khic
cua N mit mang khide, vi viée phan luong chi dua vio ¢ic bude song cua cic kénh

dau vio.
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Hinh 7.30: So dé bo dinh tuvén bude song

{ing d&n soéng Si0,/Si hoae InP

8¢ ghép hinh sao

Céch t dan song

N 1
Cacdaura

Cac diu vao
Hinlt 7.31: Thiee 16'bo dinh ruvén cdach nir dan sény
st ddung 2 bo ghép hinl sao va mdng dan séng plana

ol

Cich tr dan song la phan tr quan trong nhit cua bo dinh tuyén cich tir dan séng
WOGR vi no thue hién qud trinh tich kénh. Mang dan song durge thiét ké sao cho chénh
I¢ch do dai luén khoug doi tir ong din séng niy dén dng din song tiép theo, nhi dé dan

dén do léch pha khong doi. Do dic tinh nay, mi dac tinh truyén dan bién do T, ticcong

"
dau vio thi p dén cong dau ra thit ¢ duoe cho nhu sau:

i P exp [;‘mh (27 A)(p—vy )]

Tw = r"x* nrr “= Ay (?“5)

> P,
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Chisong 7. Hé thong théng tin guang nhiéu kénh

Va1 i, viv 77, 14 cdc hé sé ghép cua hai bo ghép hinh sao, & lachang so phu thude vio su
phéan chia gée gilta cic cong cua mang dan séng, va P, [a cong sudt trong éng dan séng

thd 7. RS rang la tr bicu thitc (7-5) thily ring phé truyén dan cia WGR 13 ¢é chu ky.

Vi gid tri p cho trude, cic dinh 7

. tal bude séng khie nhau do ¢ s& bi thay doi, va
- 1 . I Tha

thiét bi s& hoat dong nhu mot bo tich kénh 1 x N. Do dé, WGR ¢6 thé duoc coi nhu 1
N bo giai ghép kénh lam viée song song vdi dic tinh sau day. Néu tin hiéu WDM tix
cong dau vio dau tién duge phan phai cho N ¢ong diu ratheo thirtu /2, 4., A, A, thi
tin hicu WDM tir cong dau vio thit hai s€ duge phan phéi nha sau A, A, A, vii chu
ky ti€p theo ciing twong tu nhu viy déi voi cde cong dau vio khic. Viée téi uu hod
WGR nham giam xuyén kénh va tang 1én nhit hé s8 ghép doi héi su diéu chinh chinh
xic nhicu thong 6 thiét k&, va thiét 1ap mot s6 nguyén tac thist ke, Vi du. s6 luong éng
dan song 1am cdch tr din séng nén gan véi 2N, didu do s& cho phép khoang cich kénh
trong doi nho véi luong xuyén am nho nhat.

Miic du thiét ké phitc tap, WGR van duge ché tao bang ca hal cong nghé silica-on-
silicon va InGaAsP/InP; két qua 14 ¢6 thé tao ra thiét bi tich hop. chic chin (khoang | em?).
Thot gian dau. s6 lrong cdc cong diu vio va dau ra bi han ché dudi 16 céng, nhung vao
niam 1996 thi cic cich 1r WGR 128 x 128 ¢4 128 cong diu vio viv dau ra dudi dang
mach sdng dnh sang hai chi¢u dd sin ¢d. Ching ¢6 thé hoat dong trén cic tin hicu
WDM véi khoing cach kénh nho t6i 0.2 nm trong khi d6 muc xuyén kénh vin giir duoe
& mite thap hon 16 dB. Cic WGR déu rat can thiét cho viée dinh tuyén trong cic mang
WDM., nhung ching ciing ¢é thé duge st dung cho nhiéu ng dung khic ngoai kha
nang dinh tyén. Chiing ciing duoce st dung dé¢ 1am cic bo phdt va cic bo thu quang
nhicu kénh, cdc bo loe xen/re ¢6 diéu chinh, va cic bo ghép kénh xen/ré. Cic tng dung
cta ching dan dén mot ky thudt méi duge goi 1a k¥ thuat cdr lar phé’. cho phép sir dung
LED nhu mét nguoén da bude séng gid thanh thdp cho cic tng dung mang noi hat. Y
twong co bdn cta né khd don gian. Néu ddu ra clia LED duoe diéu ché dé tao ra mot tin
hi¢u not véi mot WGR, phé gidn rong cia LED bi cat thanh nhiéu phin tuong tng véi
s0 luong cie cong dau ra WGR. Két qua 1a, tin hiéu diéu ch€ duge phin phéi cho nhiéu
ngudi s dung tai nhitng bude séng khde nhaw duge xéic dinh bang WGR thaong qua viée
cit 11 pho.

Trong thue t€, cdc mang thong tin quang hién nay hau hét déu sit dung cic tin hiéu
quang cho viéc chuyén tdi thong tin gifia cdc ndt mang, déng thoi it dung tin hiéu dién
cho vige dinh tuyén wong cdc nat. Cie két néi chéo s6 chi sir dung tin hiéu quang nhu
cdc giao dién mang va chuyén mach vin dugc x(r ly dudi dang dién. Vi vay s& kéo theo
ca thoi gian va chi phi cho viée thue hién mot 6 fugng 16n cic bién déi dién/quang.
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Trong tuong lai. vé1 ¢ic mang giao thie hoternet 1P (Intemet Protocol) thi vide
bao vé vi dinh tuyén quang 1 dicu vo cling can thi¢t, Cic thanh phan co ban cua cde
mang toan quang nay la cdie khoi xen/rd (mia ching ¢6 thé tich va xen mot hoic nhicu
bude séng) viv cide bo diu chéo quang: cde bo dau chéo ndy s¢ st dung chuvén mach
quang nhiam cung ¢ap do thong suot v& giao thie va tae do bit. Trong wong lai cling <@
co rat nhicu cic cde ma-dun dinh tuyén quang cho phép cic hé thong nay chuyén tir

eian doan nghién etu tha nghiém thanh cic hé thong thue (&)

Chuyén mach va dinh tuyén hién tai bi han ¢hé bai (60 do xit 1y e cde phan
dien . Hién nay. ngudi ta dang phdt trien mot the hé thict bi dinh wivén s dung ciie ke
thude xar Iy song song nhim md rong dung lugng x& 1y el cdc bo dinh wyén dién .
Tuy nhién tinh kha thi cta phuong dn nay vin chua duge ching minh. Trong xu huéng
thict k& cie ho dinh tuyén quang dua trén cong nghé WDM. cic nhit nghién ciu dang
quan tam phat trien cde bo dinh toyén dung luong Tén dua trén cong nghé noi tai. vi du
nhu bo dinh tuyén quang 1P multi-Terabit cia Aleatel. Didm mitu chét cla cong nghe
nay la cde thiet by dién wrtoe do cao lam e vae liéu ban dan nhom 11-V vi Si-Ge. Su
tich hop cac chice nang tir 2 cong nghe nay ¢o thé xay dung nén cic bo dinh tuvén
chuyen mach goi multi-Terabit hoat dong taii mot ¢ do ma ¢o kha NANg Nang cip ca ve

toc do grao dién va tong dung luong hé thong.

7.1.4.5. Cac thiét bi noi chéo quang

Trong cic mang quang hién nay. hau hét vice dau néi chéo van thire hién tai lop
tin hicu dién nho cic bo daun chéo s DXC (Digital Cross Conunecty. Su phit trién cic
mang thong tin quang WDM di¢u rong doi hoi viée dinh toyén bude song dong dé cé
the tat 1ap lai edu hinh mang trong khi viu duy 1l duoe ban chit khong khod (thong suoty
cua no. Chiie nang ndy duge tao ra nhd bo ndi chéo quang OXC (Optical Cross Connect).
Cic bo noi chéo niy ¢6 chidie nang tira nhu cta cde chuyén mach so dién tr trong mang
di¢n thoai. Viée sir dung dinh tuyén dong cliing ¢6 thé gidi quyet duge vin dé han ché so
luong bude song sian ¢d thong qua Ky thudt sie dunge Lai bide séng. Viee thidt k¢ vacheé
tao cic bo nai chéo la van dé chinh duge nghién ciu trong sudt thap ky 1990,

Hinh 7.32a) mé ti s d6 cau trie cita thiét by OXC. N6 bao gom N eong diu vio,
Mol mot cong the mot tn hicu WDM gém ¢ M bude song. Cic bo gidi ghép kénh s
tich tim hicu thanh cic bude séng riéng 1€ vie phan phai timg bude song cho M chuyén
mach: moi chuyén mach thu N tin hicu diu vio tai ciimg mot bude sang. Cong ddu vio
vii cang ddu ra phu duce thém vio chuyén mach cho phép tach ra hode xen vio mot
kénh xdc dinh. Cic chuyén mach dua diu ra cita ching 161 N bo ghép kénh. cic bo nay
s€ phoi hop M daw vie cta ching dé tao thanh tin hicu WDM. Bo OXC nhu the s& ¢in
N b ghép kénh. N bo giai ghép kénh v MIN+1)x(N+1) bd chuyén mach guang. Cic
chuven mach ndy 1 cic chuyén mach phan chia theo khong gian vi ching hoat dong

tren co s ndt bo vimg khong gian cda cdc dau vio cha chiing.
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Chuy&n mach
khang gian

B) Vi du chuyén mach 4 = 4 trén cd sd SLA

Hinhi 7.32-Thict bi néi chéo quanyg

o

C6 nhiéu cdch dé thuce hién qua trinh chuyén mach. Cdch thi nhat 1 sit dung mot
bo chuyén mach quang kiéu phan phit v ghép (deliver-and-coupling ) dé tao thanh mot
bo OXC dang 8 x 16 bang cong nghé mach séng quang plana. Do ¢é 128 ludng quang,
mol luong mang mot tin hiéu 2.5 Gbit/s, duoc néi chéo theo phuong thite khéng khod:
thiét b1 OXC ¢6 [uu Juong 1a 320 Gbit/s. Nam 1997, thi¢t bi OXC nhu vay da duoce ché
lao dudi dang cdc bang chuyén mach ¢é dién tich chuan 1a (33 x 33 ¢m”). Cich thit hai
Ja st dung bo khuéch dai laser bin dan (SLA) nhu mot chuyén mach cong, hinh 7.32b)
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Mo ti chuyén mach 4 x 4. Méi diu vio duge chia thinh mét s6 nhinh bang c¢dc bo chia
3 dB, vii méi nhdnh di qua mot SLA, SLA niy chan né i bing cich hilp thu hoac cho
no tuyvén qua déng thai voi qud trinh khuéeh dai tin hicu. Cic bo chuyén mach phan
chia theo khong gian ¢6 uu di¢m 13141 ca cic thanh phan linh kién déu ¢é thé duoe tich
hop bing cong nghe InGaAsP/InP ma vin bao dam suy hao xen thip. Ching ¢6 thé hoat
dong o tac do bit cao 161 16¢ do 2.5 Ghit/s,

Bicu tré ngai chinh cta OXC 1a s6 lugng linh kien 16n va viée két ndi doi hoi phai
tang theo him s6 mii vi $6 ndt mang N vi 6 burde séng M tang 1én. Mat khic chinh ciic
bude song tin hi¢u s& wu chuyén mach bang cich st dung cdc chuyén mach phan chia
theo bude song. Cich niy siv dung cde bo dinh tuyén bude séng tinh nhw WGR cling vdi
mot thiét bt mai la bo chuvén doi bude song.

Nhimg vin dé vira thao luin & trén trong phan niy ¢6 thé duoe xem nhir 13 thiét bi
chuyén mach quang. V& khia canh tng dung déi véi cic OXC trong thong tin quang,
OXC ¢6 the thue hién dau néi chéo, thiét 1ap lai cdu hinh mang ta {0p bude sdng. Dieu
nay rat quan trong khi cic hé théng DWDM phit trién, trén mang ¢é mot s¢ luong 1dn
cic bude sdng. Va OXC la mot trong cic phan tr co bin dé xay dung mot mang truyén
tai quang OTN. Viée st dung cic OXC trén mang cho phép thue hién cdc tng dung sau
[64]: Cho phép quan Iy bang tan vit két néi, cung ¢dp cic két néi cla cic kénh téng
(danh cho cie dich vu bude séng kénh riéng) vi cla “ede kénh quang™ (véi kha ning ho
trg cde tai non-SONET/SDH), cling nhu cung cap cic chite nang xen/ré (bude song),
v.v.... Grooming bude séng, dé tang hi¢u qua sir dung co s6 ha tang sin ¢6. OXC cho
phép bao vé v khoi phuc tai lép bude séng nham tang 61 da hiéu suat va dé tin cay cla
co 80 ha tang mang théng tin quang dung luong 1én (nhu mang duong truc) véi g
thanh mang nho hon. Cho kha nang két ndi vi dinh tuyén tai 16p bude song, do viy thay
the dan mét sa loai sgi dii ¢fi; quan 1y cde bude séng gifta cic vong ring duoe két néi.
Cuosi ctng. OXC cho phép dinh vi bude séng linh hoat bing cich ghép OXC véi cic bo
dinh tuyén 161 d¢ thue t€ hod giai phip 18 e gid thanh cho cdc yéu cau bang tan thuong
xuyén thay doéi trong mang dir licu. Cdc ing dung niy ¢ thé duoe cung cap bang mat
hé théng quin Iy mang thdng nhét, cho phép cung cap cic dich vu toan tinh (end-to-
end} mot cach nhanh chaong,

Cé thé md rong vé phuong dién tng dung tht hién nay ¢ 3 loai OXC & OXC
chuyén mach soi FXC (Fiber Cross-connect), OXC lua chon bude séng WSXC
(Wavelength Selected Cross-connect). va OXC trao déi bude séng WIXC (Wavelength
Interchange Cross-connect) nhu trén hinh 7.33.

Loat FXC thuc hién chuyén mach tit ca céc cic kénh bude song tr mot soi 161 vio
dén mot sqi 161 ra, nd hoat dong nhu mot bang dau sgi nr dong. FXC 13 OXC it phuc tap
han cidc Toai OXC trao d6i va lua chon buse séng, do dé né cing r¢ hon. Trong mot so



Chirong 7. Hé thong thong tin guang ihién kénh 37

phin mang. viéc bao vé chong dut sgi 12 vim dé chinh thi FXC ¢6 thé 1 mot gia phip
hop Iy. Ching tan dung 161 da cic cong nghé quang hién tai. Ching ¢6 thé cung cap céce
kha ning khoi phuc va du phong don gian nhung lai khong ¢é tinh linh hoat trong viée
ho 1rg cie dich vu bude séng di¢m-diém mdi.

Loan QXC
chuyén rmach
sdi FXC

Loai OXC
lva chon ouoc
song WSXC

Loai OXC
trao ddi budc
song WIXC

Hinh 7.33: Cdc loai thiét bi nei chéo OXC

Loat WSXC chuyén mach mot nhém cic kénh bude song (o mat soi 161 vao dén
mot sgi 161 ra. V& mat chie nang thi ching yéu cau gidi ghép (theo tin s&) cde tin hicu
dén thinh bude séng ban dau ctia ching. Loai OXC nay ¢é tinh linh hoat cao hon FXC,
cho phép dur phong cie dich vu bude séng. do viy ¢6 thé hé tro cic dich vu video phin
ba. hode 1ir xa. WSXC con ¢6 tinh linh hoat trong viée khai phue dich vi. Cic kénh
budc séng ¢6 the duge bio vé rieng bigt nhd co ché bio vé dang et (mesh), ring hoic
ket hop.

Loai WIXC ¢6 kha nang chuyén doi hodc thay déi tan s6 (hoic budc NONE) cula
kéuh tir tan 56 nay dén tan 5§ khic. Dac tinh nay lam gidim xdc suit khong duge dinh
tuyen (r 801 161 vio dén sgi 161 ra do su canh tranh budc song. WIXC ¢é tinh linh hoat
cao nhilt trong viée khoi phuc v du phong dich vu. Ta sé xét cu thé treng phan sau,
7.1.4.6. Bo bién doi buéc song

Bo chuyén doi ¢hay con goi la trao doi) budce song thue hién chuyén bude song
ddu viio sang mot bude séng méi ma khong thay déi noi dung cua tin hicu. C6 nhicu
phuong phap tao ra cic bd chuyén doi bude song: trong dé cd 4 loai nhr duge mo 1
trong hinh 7.34. Phuong phip duge coi la don gian nhat 1a su dung bo tii 1o
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(regencrator) quang di¢n nhu hinh 7340}, trong dé, trude hét bo thu thue hién bién doi
tin hicu quang tw bude song diu vao A4, thanh dong dién /(7). 1i&p 46 bo phit ding dong
Ity deé di¢u ché phit ra tin hicu quang tai bude song mong muon Z.. Cich ndy ¢6 the
thue hién khid dé dang vi né st dung cie thimh phin linh kién thidt bi chuan. Né ¢6é
nhitng wu diém khdc 1a: khong nhay cam doi véi phan cyc dau vio vi ¢o khd nang
khuceh dai trén mang ludi. Cic nhuge diém cua né L bi han ché vé tinh trong suot
{(thong suot) cho luong quang cho (¢ do bit viv dang dir li¢u do han ¢hé 0 cie thist b

dién t va gid thanh wong déi cao.

— e} BOTHU 8O PHAT

ab Tram lap uvang Gién

I 1 1 Lap tich cuc

SLA

b} BAo hoa khuéch dai trang SLA

(cw) u Xy

¢) Digu chet pha trong SLA duge dat trong
mdt nhanh cla b giao thoa MZ

Ldp tich cuc Bd o

s

(oW SLA

di Trdn hén s6rg bén trong St A
Hinh 7 34: So do 3 loai thiét bi bién doi budc sony

C6 mot s6 phuong phip k¥ thuldt 10in quang d¢ chuyen doi bude séng Ly vice sie
dung cac bo khuéeh dai Faser ban dan SLLA. Phuong phdp don gidn nhat 14 dua trén sw
bio hoa do khuéch dai trong bo SLLA nbhu duove ¢hi ra wrong hinh 7 34b). Tin hidu 16i tai

bude song A, duoe dua vio bo kKhuceh dat SLA cimg véi chim dnh sdng song Lién tuc
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CW (Continuous Wave) tai bude séng 2. mi tai dé tin hicu di chuyén doi duoc thea
man. Ci ha dong tin hicu quang déu 1am bdo hoa bo khudceh dai Tuy nhién. dong CW
duoe khuéeh dal boi mot luong [6n cac bit 07 mia L rat it cae bie 717 K&t qua 1a dang
bit cta tin hiéu 16i duoc chuyén thanh bude song moi. Ky thuit nin dd duoe st dung
trong nhiéu thi nghiém v ¢6 (he Lun viée o toc do cao 161 20 Gbit/s. Né con ¢ kha
nang khuéch dai mang lué nhd do khoéeh dat va tinh khong nhay cam phan cue.
Nhuoe diem chinh cta né la: Phiai ¢é6 mot ngudn faser CW ¢6 kha nang didu chinh
nhanh: sy suy gidm tin hicu do bic xa wr phat: vic méo pha do chirp tan s6 luon thay doi.

Chirp tin 56 ¢6 the duge dp dung d¢ lam ting vu diem bang cich sir dung SLA
trén mot hode ca hat nhdanh cta bo giao thoa MZ. Hinh 7.34¢) ma ta trudng hop s dung
har bo SLEAL Tin iéu dang sung tan bude song A; vi song CW tn bude song 4. cing
truyen dong thot trén ca hat nhdanh. Tuy nhién, Khi xuat hicén cic bic =17 thi Lai ¢6 sy
dich pha tin hicu. Bé giao thoa MZ duoce thiét ke sao cho han séng <& @iao thoa k&t gop
L hoae trigt tieu nhaw tuy thuoe vao do dich pha nav. Keét qua Lo song CW duoe dua 1an
cac cong diu i khde nhan caa bo giao thoa MZ iy theo dang bit. Dau ra 1ir mot cong
La ban sao chinh xde coa tin hicu i tai bade séng mai. Cae loai bo giao thoa kiiie (nhu
ho giao thoa Michelson vi Sagnac) cing ¢ the duge diing v6i két qua tuong ta. Trong
thue 1€ ngudi ta thudng st dung bo gixo thoa MZ vi né ¢o the tich hop dé dang bing cic
ong dan song Si0OJ/Si hoie InGaAsP/InP. Thiét bi niy ¢6 the hoat dong o to¢ do bit cao
i 10 Gbit/s hoae hon tao ra su twong phan 1on v lum giam tn hicue doi chat. mae du
phat xa wr phdt ¢é anh hudng té (v sa tin hicu teén nhicu SNR. Nhuoe diém cha véu cla
né lavdar dong coa cong sudt dan vao furit hep vi pha do bé khaceh dan tae ra pho thuoo
Vi o,

Trong mét cdch Uép can khide, ngudn ta dang SLA nhu mot moi truong phi tuyén
de tron bon séng FWM {Four-Wave Mixing). hién twong phi tuyén d6 [nguyén nhan
chinh gay ra xuyén kénh trong cde hé thong WDM. K¥ thuil nay con duoe zoi 14 két
hop pha quang. Nhuomo i trong hink 7.34d), vice su dung né ¢in phil ¢6 dong bom
CW bhom viw ciimg vai tin hicu mi bude séng cua nd ¢6 nhu cau chuven doi. Néu v, vi
o 2 cde @n so cta tin hicu dau vio vioin hicu chuyén doi, 1an so bom v, duoe Tua
chon sao cho v, = (1 + 14)/20 Tai dau ra bo khueeh dail bin sao caa i hicu dao vio
xuat hién t tn so mang v vi FWM can sueé mat ctia ca han tin hicu vivdong bom. Ta
¢G the hicu qud trinh vat I niyy nhue By sy Gin xa coa hai photon bom ¢é nang Twong 1a
2/ry thanh hai photon ¢6 nang fuong Ta fivy v fovss Tinh phi tuvén dan véi qua trinh
FWM hat ngudn 1 qua (rinh phuc hoi nhanh trong bang xav ra tai khodang thon gian L
() ps. K&t qua e sy dich 1an s6 1on tai 10 THz, teong dng véi st chuven dol budc
sang tren pham vi 80 nm. 13 ¢4 the xay rac Vi 1y do do. K thodt niy ¢6 thé Thm viee &
1o¢ do cao tdi 100 Gbit/s va thong suot dol véi ¢i toe do bit vii dang div liéw Vi do
Klwech dai sinh rac o do bo khoech dai nén hi¢u suat chuvén doi cling khd cao. tham chi



40 HE thong thony tin quang (1ip 2)

tao ra do khuéch dai thye. Uu diem cha ky thuat nay 14 ¢6 su dio nguge cig chirp tan
SO VI vice strdung né <& [un dao nguoe phé tin hiéu. Trong thuc 1€, dac tinh hé thong ¢6
the duge cai thién khi st dung hai b6 khucch dai SLA trong cau trie hai tang.

Nhuoe diém chu véu cta k¥ thuat chuyén doi bude song sir dung bo khuéch dan
laser ban din i né doi hoi phai ¢ mot nguon laser ¢é kha nang di¢u chinh duge trong
do dnh sing can duge ghép duge vio bo khouceh dai; diéu nay thuong dan dén suy hao
ghep khi lon. Cich duy nhit 1a tich hop chic ning ciia bo chuyén doi bude séng vio
trong mot nguon laser bin dan ¢6 khi ning diéu chinh. Phuong thic don gian nhat la
tin hicu co bude song can chuyén déi dude bam truc HEp vao laser. Su thay déi vé
nguding laser s¢ 1am cho qud trinh bom chuyén sang gud trinh diéu ché tin hiéu dau ra
cua laser. sao chép lal mau bit coa tin hiéu duoc bom. Thiét bi ndy doi hoi lugng cong
sudt diu vao khad 16n. Thiét bi ¢6 mie cong suat thiip sir dung tin hiéu dau vio tao ra
chirp tin so (thudng [d 16 GHz/mW) 6 diu ra cta laser doi véi temg bit 717 T hién
CW di dicu ché tan s6 ¢é the duge chuyén sang dicu ché bien do bing bd giao thoa
MZ. Thi€t bi niy ¢é the lam viée & tée do bit cao nhu tin 6 dao dong phuc héi cha
laser dicu chinh duoce (161 25 GHz). Mot thiét bt khac st dung FWM bén trong hoc cla
laser ban dian, né cling dong vai trd nhu laser bom. Laser DFB dich pha s& thuc hién
chuyén doi budc séng trén pham vi 30 nm bing k¥ thuat niy.

7.1.4.7. Cdc thiét bi phat va thu WDM

Mic db cdc bo phit va thu WDM da gay duoe su chi vyt nhiing nam 1980,
nhung phai dén thap ky 1990 chiing mdi duge phit trién nho st dung cong nghé mach
tich hop quang-di¢n OEIC trén nén InP. day i cic thist b1 phat vit thu WDM duoe tich
hop nguyen khoi hoat dong & vimg budce song 1550 nm véi khoang cich kénh nho hon
hoac bang T nm. Mt khdce. ngudi ta tao ra duge c¢dc mach séng anh sdng plana ché tao
bing cong nghé¢ silica-on-silicon dé phat trien cdc ba phdt v bo thu lai ghép tich hop.
Cac phin wr cua mach tich hgp quang dién OEIC 1A rit quan trong cho viéc thue hién
cong nghe hé théng WDM.

C6 nhicu phuong thie dé 1ao ra cdc bd phat WDM nguyén khow Phuong thiae thit
nhil la két hop dau ra cta mot s6 nguén laser bin dan DEB hoac DBR. ¢6 kha ning
dieu chinh doc lap qua cic cich tr Br agg, hang cic ong din séng thu dong. Bo khuéch
dai s¢ khuech dai cong sudt cua tin hiéu duge ghép dé lam tang cong sudt phdt. Trong
maot thi nghiém nam 1993 |65], bo phit WDM khong chi tich hop 16 nguédn laser DBR
vl khoang cich bude séng 12 0,8 nm, ma bo diéu ché hap thu di¢n caing duge tich hop
vao timg nguon laser. Trong mot thi aghicm khic. 16 laser DEB khuéeh dat dwge tich
hop véi nhau, va cic bude séng cita chiing diéu khién duge bang cich thay déi do rong
cua cdc ong dan séng véi mice didu chinh trén khoiang [ nm thong qua mét dién (0o
mang mong. Cic nguon laser phit mit ¢é hde theo chiéu dimg VCSEL (Vertical Cavity

Surface-Emitting Laser) dua ra mét phuong thic dac thir khic doi véi cic bo phat
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WDM ¢6 kha nang cho gid thinl thép trong khi vice ghép mang laser hai chidu [ trai

rong dai bude séng.

Mat Mat

Céch
dan song

Vung khiéing
gian by do

—

S0t quang

B3 khuéch dgi

Hinl 7.35: Cdte triie nguon faser nhiciu bude song s dung ciach ui din séng

Mot phuong thic khéc 1a o hop cich tir vivo trong hac laser de thue toén phadt tin
hi¢u dong thai tai mot x6 buée song. Laser ¢6 hac ghép cdch w mang 6ng xEp doc thich
hop véi vice st dung cich 1 khac. Ngudi ta ghép cich (v din song vio trong hac laser.
Nim 1996, d thuc hién duge vice phit tn hicu dong thai tai 18 bude song, dit cich
nhau 0.8 nm. bang cich str dung mang cich ur din song WGR bén trong hae. Hinh 7.35
mo 1 dang cua mot hae laser. Biie Xa ty phiit cria bo khudch dai o ben e duoe tdch ra
thanh 18 ddi phé nhas WGR thong qua k§ thuat car 1 pho. Mang bo khudeh dai & bén
phii s& khuéch dai ¢6 lua chon Hp gom 18 bude séng do. didu nay fam cho laser phat ra
donig thot tai (at ¢i cic budce sang. Phuong phip con ¢6 thé thie hien phat dong than 32
budc séng.

Cic bo thu WDM nguyén khoi thue hién ghép mang photodiode véi bo gral ghép
rénh. Trong phurong thiic thit nhit, bo giai ghép kénh ding cich wr 1o (hinh long chio)
plana duge ghép véi mang bo tich song quang. Trong phuong thite (hi hai, WGR duge
1o hop vai mang photodiode. Ngay ¢a cdc b khudeh dai dién cing duge ghép vio trong
cimg mot chip. Cin triic cta ba thu nay twong W nhw ciau tiic bo phat nhu da mo 4 trong
hinh 7.35 ¢hi trir mot diéu 1a né khong tao thanh hoe v mang khuéch dan duoe thay
the biang ming photodiode. Bo thu WDM nhu thé di duoc thue higén vio nim 1995, N6
da tich hop duoe WGR 8 kénh (v khoang cdch kénh 12 0.8 nm). 8 photodiode p-1-11, v
8 bo tién khuéeh dai bang cdch s dung cde tranzito ludng cue di the Kép. Bo thu WDM
¢6 kha nang tich 8 kénh, méi kénh <6 t6¢ do 2.5 Ghits,

Ta xét maot phuong phip dic thir ma cde nguon WDM bich déi dai thong pho khi
lén coa cie xung quang e ngan thimh nhiéu kénh WDM., B¢ thiee hicén ¥ d6 nay, trude
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hét ciie xing cte ngan ¢d ps 1 mot nguon laser soi khoa mode b grin rong phd ra (16
200 i) thong qua qud twinh phit lien GEp vao soi quang. Sau do thue hién cat 1t pho
cta tin hieu dau ra bang mot bo Gich kenh (WGR ) d¢ tao ra nhicu kenh WDM (t6i 200
kenh) vai kKhodng cach kenh 13 khong 16n hon 1 nm. Trong mot thi nghi¢m khic. cice
sung cue nedn ¢d fy (lemtosecond) var da rong pho 50 nm bi chirp vic duoe tran di mot
Khodng 13 ns bang cich truyén ching di trén mot tuyén soi chudn 15 kme Vice cat i
pho tin hicu diau ra bang bo giii ghép kénh ¢6 the lai tao ra uhicu kénh nda, moi mat
kenh duoe diéu che mat ciach doc 1ap. Ky thuat nay cing cho phép dicu ¢hé dong tha
n ca cde kenh bang each st dung mat bo dicu ché trudge bo g ghdép kenh néu bo dicu
che duoe diéu khicn bang mot dong bit dién thich hop duoc tao nen thong qua ghép
kénh theo thai gian TDM. Nguon tin hi¢a WDM 32 kénh ¢ 1he thue hien duge bing
cich s dung k¥ thuat ndy. Cie ngudn tin hica WDM nay phichop khi truven dan tin
hicu dang RZ (Return-to-Zero) hoae ¢o khii ning chuyén doi (RZ-to-NRZ).
7.1.5. Céc he thong diém-diem dung lugng lin

Poi i cie tindn thong tin quang dicm-diem cu ly das, o do bit don kenh
thuong bi gidi han 1Gi 10 Gbit/s hode thap hon nlta do ¢6 o siic sor khr dung son don
mode thong thusng, Nhievay. vai trd cia cong ngh¢ WDM trong h¢ thong ndyv don glan
B dd 1ang toe do bit ong. Dicu nay khde xa vai vai ro et WDM rong cde miamg
quang. uoi thong tin duoe phin bo nho cde kv thudt ghép kenh. Hinh 7.36 Mo (a can
prtic cta mot hé thong thang tin quang sol st dung cong nghe WDM. Tai [oi ma cud cic
thict bi phit, méi mot thict bi hoat dong tai mot tan <6 mang ricng thoae g mot budc
séng ricng), rai duoe ghép la vdi nhaw. Tin hicu dd duge ghép kenh duoc phit vio sa
quang dé truyén dén diu kia. noi ¢6 bo giai ghép s¢ tich cic kénh viv g mar kénh dén
bo thu cua né. Néu cd N kénh tai cie 1o do bit 8,0 8., B duge phi dong thol vao
mot soi quang <6 chiéu did L thi tich toe do bit ong v khodang ciich T BL <6 thé vi¢l

b sl

BL=(B +B + +B L (7-6)
g Spy
L
: 3 quang :
1 N
T, R
™ "

Hinh 7 36 Sordo hé thong thone tin gnang WM diém-dicm
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Doi véi cac 1o do bit bang nhau thi dung lugng he thong & duoc nang 1én N 14n.
Mot thi nghiém viio nam 1985 di cho tich BL 13 1.37 (Thit/s).km 100 bude séng gan
L35 m nhaphit 10 kénh 2 Gbit/s qua 68,3 km so1 don mode thong thudmg vai khodng
cich kenh 1a 135 nm. Véi cic he thong don kénh thi khong the ¢6 duge dic tinh he

thong nhu vay vi tin sac soi gidi han BL xuong thip hon 1 (Fbit/s) ko nhu di xem xét
frong chuong 5.

Dung luong 1én nhat cia cic tuvén WDM phu thude vio khoang cich giita cdc
kénh nam an dinh rong vimg budc song. Khoing cich kénh nhé nhat bi gidi han boi
pPlam vi et xuvén am gitia cic kénh, nhu di 161 den trong muc 7.1.2. Khoing cdch
kenh tieu bicu nen lay 16n hon gap 4 idn 16¢ do bit. Vung suy hao thap cua cde soi quang
chiém 120 nm trong viing bude song gan 1,55 pum nhu d3 mo i trong hinh 7.1, Khodang
cich kénh nho nhat ¢ the nhd 6 80 GHz hoace 0.6 nm d6i voi cie kénly 20 Gbi/s. Do
dé ¢S the chia duoc 161 200 kénh 1rén mot ving biang tin réng 120 nm. vi vi vay cho
nén toe dé bit ¢d the dat duge (6 4 Thit/s. Néu gia thiét rang tin hicu WDM ¢ thé duoe
phitt qua 150 km soi quang mi khong cdn ¢6 su i o dign hodce khudeh dai quang nio
ca thi tich BL hi¢u dung sé 16n hon 600 (Thit/sy.km néu su dung k¥ thuat WDM. bidu
niy ¢é the trdl nauge véi cdc h¢ thong thong tin quang thé hé ba. cic hé thong nay co
the truyén mot kénh qua 80 km hoic e do bit 16n (& 2.5 Ghit/s, do viy tich BL (61 da
s¢ 4 0.2 (Thit/s).km. R6 ring 1a viée sie dung WDM s& rilt ¢6 1ot trong viée cai thién

dic tinh cua cic hé thong thong tin qu: g the hé tha t 1én han 100 Lan.

Trong thyce 1€ co vt nhicu véu (6 g¢iGi han vice st dung todn bo ciia sé suy hao
thip. Vi du nhu cic bo Khuéeh dai quang thuong duge sirdung dé trinh vice tdi tao dicn
cua tin hicu WDM. 88 cic kénh quang kht dé bi gigi han bot bang tan khuéch dai
phing md qua dé cic bo khuéeh dar ¢é the ¢6 do khudch dai gan nhu dong déu. Bang
tan cta cic bo khuéch dai quang soi pha tap Erbium bi gidi han dén 30 + 35 nm tham
chi ngay ca khi ¢6 st dung cde k¥ thudt liun phang do khuéeh dai (chuong 8 s¢ gi6i
thicu vian dé nay). Nhimge yéu 18 khic 2iG1 han so kénh quang ¢6 the ohép dé L do on
dinh va kha ning diéu c.hmh cua cde laser bin dian DFB. sy suy giam (i hicu trong qui
rinh truyén dan do ¢é nhimg dnh huong phi tuvén khiic nhaw. v suyén am g cic
kénh trong qud trinh giai ghép. Su thuong mai hod cua cde tivén WDM dung luong 16n
doi hoi phiti ¢6 nhiéu cdc thiét bi ¢ chi luong cao nhu cic bo phdt tich hop nhiéu laser
DFB. ciic bd ghép kénh vl pidi ghép ¢6 khi n: ang xen/re kénh, va cde bo khuéeh daj
bang tan 16n ¢6 do khuceh dai khong det.

Cide ket qua thue nghicm vé tuyén WDM ¢6 thé duge chia thanh 2 nhém dra trén
khoang cich truyén din xap xi 100 km hay 160 hon 100G k. Tir mot thi nehiém niam
I9%85 trong dé 10 kénh 2 Ghit/s da duge phat qua 68.3 km soi thi ¢i s kénh v 16¢ do

bit cua ciie kénh riéng Ié dii duoc tang fen ddng ke, Nam 1995, di dat duoe dung lugng
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340 Gbit/s qua 17 kénh. moi kéunh 20 Gbit/s qua khodng cdch 150 ki Chi mot ndm sau
dé 3 thi nghiém khic da dat duoc toc do bt tong 1 1 Thit/s vi cao hon nita. Bén cudi
nam 1996, ngudi ta di dat duge tée do bit 2.64 Thit/s trong mot thue nghiém ghép 132
kénh cdich nhau 0.27 nm. Nam 1998 mot thue nghiém di dat duge 1oc do 640 Gbit/s

(32 x 20 Gbit/s) DWDM véi khoang cdch kénh 0.4 nm. trén dé dan sor 1200 km |60].

Nhom thi nghiém WDM thd hai vdi khoang cdch truyén dan lon hon 1000 km ¢o
thé duoe c¢hia thanh 2 loal tuy thude vao dé la tuyén soi quang wyen tinh hay mach
vorg soi. Mat thi nghiénr nimr 1994 thye hién truyén din 16c do 40 Ghit/s qua tuyén sai
tuven tinh dau 1420 km nha ghép 16 kénh 2.5 Gbit/s trong khi van duy 1l khoang cich
khuéch dai 13 khoang 100 km. Tigp theo dé 1a rit nhicu cic thi nghiem hodce tang
khodang cdch truyén dan hoic tang tée do bit. Trong dé mon thi nghi¢ém da dat khoang
cich truyén dan 6000 km tai 20 Ghit/s (8 kénh 2.5 Gbit/s) véi khoang cdch khuéch dai
12 75 km [39]. Mot thi nghiém khie di ¢6 thé mo rong 1oe do bit déu 40 Gbit/s (8 kénh
5 Gbit/s) nhung khodang cich truyén dan chi i 4500 km tham chi ngay cia khi cé su
dung dang ma RZ dé cai thién SNR. Theo mot hudng Khie thi nguo ta di st dung mot
doan cdp vuot bien dang khai thdc (TPC-5) d¢ thue hién truyén din qua 6600 km biang
ciach ghép mot vii kénh 3 hoac 10 Gbit/s, do dé tac do bit s¢ 16n (61 25 Gbit/s. Nam
1997, mét thi nghiem di thue hién truyén dan 320 Gbit/s qua 640 kim s¢i bang cich
ghép 32 kénh (khodang cdch kénh 10 0.8 nm va moi kénh <6 tée do 10 Gbit/s) su dung
cice bo khudch dai quang soi bang rong ¢é dé khudch dai phang. Trdi L thi mot thi
nghiém mach vong soi di truyén dan 100 Gbit/s (20 kénh 5 Ghit/sy qua khoing cich
virot bién 9100 km nho s dung cic ky thudt sua 161 trude v tedn phian cue. So cide kénh
vé sau di duoe tang 18n 6 32 do dé ma toce do dd tang tdi 160 Gbit/s qua khoang cich
9300 km.

Suephdt trien coa cae tuydn WDM di dan dén thé he thit te caa cac he thong thong
tin quang sit dung k¥ thuat WDM d¢ tang 16¢ do bit vd ede bo khudeh dai quang dé
tang khoang ciach truyén dan. Cic wyén WDM 4 kénh méi kénh 2.5 Gbit/s da duoc
thuong mai hod vao nam 1995, Nam 1996. cic hé thang WDM ¢6 dung hugng 40 Gbit/s
(16 kénh 2.5 Ghii/s hoac 4 kénh 10 Gbit/s) cong di tre thanh hién thye. Cic hé thong
16 kénh 10 Ghit/s trong ving 1,55 um véi khoang cich kénh 1 0.8 nm ciong da duoc
dua viio st dung thuong mai niam 2000. Sap téi cdc bé thong 32 va 64 kénh 10 Ghit/s
cing s¢ duoce pho bicn, R rimg L viee su dung WDM da cich mang hod vice thiét ke
cic he thang thong tin quang.

7.1.6. Cac mang phan b va quang ba
Trong qua trinh phdt tricn cdc hé théng thong tin quang. ¢é mot s6 mang quang

bd hoac phan phdi tin hiecu WDM da kénh 161 mot nhom cde thue bao va dé cho bo thu

quang fua chon lay méi kénh théng qua vige gial ghép. Cic mang truyen hinh cap
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(CATV) i mot vi du: mang nay phin phit cdc kénh video qua mat bus quang. Mac du
cic mang CATV twong tu (analog) thuong str dung co ché ghép kénh theo sOng mang,
ma L s¢ xem xét & phin sau, nhung cde mang video so (vi du truyén hinh phan g1l cao
hodac HDTV) vimn ¢6 thé st dung kv thuit WDM. Hinh 7.37 [ mot vi dy vé mang WDM
phinn bé st dung mot thict bi sao quang bi. Moi mot kénh duoc phit véi mot tan sé
mang quang riéng. Loi ra cha 1t cd cdc bo phat 8 ducc k€ hop trong mot thiét bi sao
thu dong va r6i duoe phan phit déng déu dén tat ¢ cdc bo thu. Mot thué bao & thu 14t
ca cic kénh va¢6 thé lua chon mot trong cic kénh doé nher sir dung cor ché didu chinh.
Mot mang nhu vay s& duoe goi 1a mang quang bd va lua chon.

C6 rat nhiéu cic thi nghiém d3 ching minh tiém nang cua ciic mang quéing b va
lua chon. Mot thi nghiém thot ky dau da sir dung maot thiét bj sao quang bi 8 x 8 d¢
phan phit 7 kénh vai khoang cich kénh 13 15 nm. Méi bo thu sir dung mot ba loc ¢é the
di¢u chinh bing co khi ¢6 bang tin 10 nm va ving dicu chimh 400 nm dé tich lay tin
hicu 280 Mbit/s |61). Trong mot thi nghi¢m khic, ngudi ta di thanh cong khr truyén
10 kénh sit dung k¥ thuat tdch song Coherent, méi kénh hoat doug tai 70 Mbit/s véi
khoing cach kénh chi 6 GHz. Thi nghieém dé da sic dung mot thict bi sao quang bi
128 x 128 dé phuc vu cho mot luong thué bao 16n. Tiép theo cic thi nghié¢m thai kv dau
nay lirit nhién cde thi nghiem khic ¢é cdi thién chat lwong. C6 mot thi nghiém da
thanh cong véi 16 kénh, (3¢ do bit cha kénh 16n ¢d 2 Gbit/s. Nhung & mét thi nghiém
khic. t6c do bit cua kénh lai tuong déi nho i B = 622 Mbit/s, nhung lai truyén duce téi

100 kénh nho st dung mot thiét bi sao quang bd 128 x 128 [62].

Phat cac budc séng Thu ¢d diéu chinh
riéng bict

Hinl 7.37Sit phdn phoi cde kénh thong qua thiét bi sao qidng i

Dung luong ciie mét mang quing b bl gidi han boi suy hao xen vi phan bé. Suy
hao phin bé cua mot bus quang tang rat nhanh khi s6 bude song N ting theo cong
thire sau:
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po=pPCla-81-C)] (7-7)

o day P, 1 cong sudt phdt, C la phin cong suat ghép ra tai moi dau sei. o Ty luong suy
hao xen dwoe gid thidt ¢é cling gid tri 1ai moi daw soi. NCu nhu so dung 0 = 0.05 va
P, = 1 mW vai P, = 0,1 pW thi ¥ khong nén vuot qua 60. Tu bi¢u thic (7-7) 1a thay
ring mot kidn trde nhu vay S8 bi gidgi han 61 ¢de gid w1 N ridt nho (nho hon 100} trir khi
¢ s dung ciac bo khudch dai quang dé bir suy hao phan tin. Trong rruong hop ding bo
sao quang bd thi suy hao phian bd lai nhoe hon nhicu, Vo mot thict by sao NN, cong

sudt trung binh <P > thu duge 1t moi thud bao ¢6 the diroe viet nh s

( <{)|?> \l| ; foge - %y 4 )
(py=1~—2L{(1-8)" (1-C,) (7-8)
T T .
:'\‘ }

vl <P,> 1 cong suit phat trung binh vit 3 1a suy hao xen cia moi b ghép hudng trong
mot thict bi sao quing ba. Tham sé €, chita nhi¢u loai suy hao khdc. nhu suy hao so1 va
suy hao bd nai quang (connector). Cong suit thu duoe ¢o thé vuot qud do nhay thu
<P .. > néu mang duoc Khat thic thod ding. Néu ta mé a <P > dudi dang ~6 photon
trung binh trén bit <N >_thi <P, > = <N >B. S dung <P > = <P, > trong cong thue

(7-83 thi bang tan hiéu dung. ky hiéu 14 tich BN, ¢6 the duge viet nhur sau:

BN = [ —<-fi>— (1-8)""(1-¢,) (7-9)
(N b

Co thé str dung bicéu thite (7-9) dé dinh gid dung luong cua mang quang ba. Gid

tri nen bien cia <N, > doi véi cic b thu Coherent f 100 nhu d3 @iér thiidu trong
chuong 6. Cong sudt phat thuong bi gidi han (61 1 mW. Nang luong photon 1= 0.8 el
doi voi cdac he thong thong tin gquang 1,55 pm. Doi véi truong hop mot bo ghép sao
khong gay suy hao (5= 0) v truyén dan khong ¢6 suy hao (€ = 0), thi cong thie (7-9) s¢
cho BN = 78 Thit/s. Gid tri nay giam 61 7.8 Thit/s doi vai trudong hop thu trge 1€p néu
su dung <N, > = 1000 1 gid i dién hinh. Trong thue . BN thudng nho hon rit nhicu
do ¢é suy hao xen v nhimg loai suy hao khie (C, = 01, do viy € lam giam cong sudt phit.
Vin dé suy hao trong mang phian bé ¢d thé duge giai quyct nho s dung cde bo
khuéch dai quang. Trong mot thi nghiém nam 1990 ¢6 st dung 2 bo khueeh dan pha tap
Erbium trong mdt mang quang bd ¢é kha nang phuc vu 39.500.000 thué bao [63]. Thi
nghiém nay da st dung 12 laser DFB véi khoang cdch bude séng ta 2 nm. Méi laser ¢d
thé duoe diéu ¢hé tai 2.2 Gbit/s. Vai trd clia cde bo khucch dai duge ding o diy 1a d¢ bi
suy hao phan phai nhim dam bio ring méi thué bao ¢é kha nang nhan du cong suit dé

diéu ¢hé lai tin hiéu tai chd. Vin dé nay di duge mo rong nham thue hién mot mang
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WDM quing bi ¢4 khi ning phuc v 43.800.000 thué bao trong khi né hoat dong 1ai
toc do 3981 Ghit/s qua 507 kim.

7.1.7. Mang WDM da truy nhap

Ciie mang da truy nhip khic véi cdc mang quang bi & mot dicm quan trong la:
Chung cung ¢dp dudmg tray nhip hat hudng ngdu nhién 16i madi thue bao. Méi thué bao
khong chi ¢o kha nang thu ma con phat duoe thong tin (@i bl kv mot thué bao nio cua
mang. Dich vy di¢n thoai [d mét vi du vé cic m: mg nay. va nhin chung duge goi 1a cic
mang mach vong ndoi hat hodc mach vong thue hao. MOt vi dy khae 1a cde mang k&t noi
nhicu miy tinh, vi du nhu Internet. Tr ong nam 1996 ca cic mang miy tinh v mach
vong not hat déu da s dung cic k¥ thuat dien i d¢ cung cap da truy nhip hai huéng
thong qua chuyén mach kénh hodc g1 Nhu vay. cin phai thict lip cide ludt giao thie dé
dat duge sw van hinh thoa ding cua mang. TCP Ethernet/IP (Giao thite didu khién
truyen dan/giao thie Internet - Transmission Contro! Protocol/Internet Protocol) vi
phuong thic chuvén giao khong dong bo ATM (Asvuchronous Transter Mode) [ cic
Vi du ve giao thiie thong thuomg. Gidi han chi véu cua cic k¥ thudt nay 1a moi mit trong
mang phai ¢4 kha ning xar ly toian bo Tuu luong mang. Do rat khé ¢6 the dat duoe cdc
toe do xar Iy dien wr 16n hon 10 Gbit/s nén cdc mang nhu viy déu bi han ¢hé boi cic
phan t dién o,

Vige sir dung cong nghé WDM cho phép ta xay dung mat phuong thiic mang
trong do bude séng cita kénh tw né ¢6 the duge sir dung cho chuyén mach, dmh tuyén
hoac phan phdt timg kénh dén dia chi coa né. dé 1a mot mang 1oin quang AON (All-
Optical Network). Vi budc song duoc su dung cho da truy nhi ap nén mot mang WDM
nhu viy duoc xem 12 phuong thite da truy nhép theo bude séng WDMA (Wavelength
Division Multiple Access). Co rit nhiéu cong trinh nghién cdu vii rién khai di duge
thue hign sudt thap ky 1990 dé phit 1rién cic mang WDMA. N6 rong ra thi cic mang
WDMA ¢6 thé duoe chia thanh 2 loal, goi 1d mang toin quang AON don frop {don
ching) vii dy hop (da chang). Nhu tén cua chiing da thé hi¢in, mor nit dén duoc kétl néi
trire Hep dén il ¢d cace ndt khac trong mot AON don hop, do vay do 1a mang k&t nai
hoan toin. Neuge lai. cdc AON da hop chi dirge két nai mot phan. do vay ma tin hiéu
quang dugc guri 1r mot nit ¢é (hé di dén ot vin hop thong qua ndt trung gian trude khi
di dén dich cia né. Trong méi phuong thnte trén thi tin 6 hoat dong cua ciic bod phat va
thu ¢6 thé vira ¢ dinh vira thay doi duoe. do vy ¢6 thé cd bén 10 hop thict bi.

Ngudi ta di dua ra mot s6 kien trde dianh cho cdc AON da nop. Kién trie bo xir 1v
song song [ mot vi du: n6 diroe st dung dé két ndi nhiéu bo xur 1y trong mot siéu mdy
tinh. Cau hinh bo xur Iy song soug ¢é thé nhin thily  dang 3 kich thude do dé 8 nit &
NAM O Vi U tai 8 gée cla mot hinh lap phuong don giin. Néi chung. sé cic nit N phai

co dang 2" vai m 1A kich thude cua bd x(r ly song song. Mai mit duoc k&t nét dén m ndt
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khdc nhau. SG hop lén nhit duge gidi han dén . trong khi do so hop trung binh Ia
khodang m/2 d&i voi N 1dn. Mol mot mit cén ¢o m bo thu 86 cdc bo thu ¢ thé duge
giam néu s dung mot mang bicn thé, duoc hidu I mang deBraijn: tay nhién ching lai

¢in s6 hop trung binh 16n hon /2.

! MNut 1
| Phat LD 7. .
i Giao dign . .
| den — WDM .
| Cac bé thu SR
________ Thiét b sac
PTTTTTTIIIITTT = : G
: 5 hat LD 7., .
| Grao dién ;_D’—! - |
. dién — | T l
| I
| Cac bd thu WDM L

Nt 2 DEMUX

Hinh 7.38: Sor dé Lanibdaner 6 N it moi mit 6 1 bo pheat va N Do thir
0 | 4

Kién tric Lambdaner thé hien trén hinh 7.38 13 mot vi du vé AON don hop. Thiét
bi sao quang bd duge st dung dé phan phit tin hi¢u dén mei mit. Lambdanet ¢6 mot dic
tinh méi 12 mdi nut duoe trang bi mot bo phat dé phat tin hig¢u tai mat bude séng duy
ahat. vit N bo thu hoat dong tai N bude séng, o day N 1 so it (hode s6 nguoi sa dung).
Méi ndt 58 thu toan bo luu luong mang. Pac tinh ndy tao ra mot mang k&t noi holdn toan
mi dung luong vir kha nang k&t noi cua no co thé duge cau hinh lai bang k¥ thuat dién
tir tuy theo timg tng dung. Mang nity con thong suét vé t6c do bit hoge dang diéu ché.
Nhimng thué bao khic nhau ¢6 th¢ phdt dir licu tai cic 16¢ dg bit khie nhau hay cic dang
diéu ché khic nhau. Mang tai mot bude séng ndo dé ¢6 the sir dung truyén dan tuong tue
(analog) hoic s6 (digital) mién 1a cde bo thu tuong g véi bude song dé duge lua chon
thich hop. Tinh linh hoat cda Lambdanet khi¢n cho né rit phu hop cho nhicu dng dung.
NG 6 thé duge st dung cho truyén tdi lan lugng theat trong mot mang lién dai. Do cic
bo phit vi thu hoat dong tai mot bude séng ¢6 dinh va khong dor hor thay doi budc
song (trong thyc 1€ 1a mot hoat dong tuong doi cham), cho nén Lambdanet con ¢ thé
duge st dung cho cic mang st dung chuyén mach géi. Mot thi nghiem nam 1987 da suf
dung 18 kénh hoat dong tai 1,5 Gbit/s cho dung lugng mang la 27 Gibit/s. Cic kénh cd
thé duoe phdt qua 57.8 kim ma khéng ¢6 sy mit mit cong sudt qui lon. Bat igi chinh
clia Lambdanet [ s ngudi st dung bi gidi han boi s6 cdce bude séng hién cd. Hon nua.
mdi nit doi hdi nhiéu bo thu twong duong véi s6 cic ndt, do dé can mot lugng dau
diing ké vao phin ciing thiét bi.

Néu ding bé thu ¢6 thé diéu chinh thi ¢6 thé lam giam chi phi va do phuic tap cua
Lambdanet. Diéu nay duoc gidi quyél bang mang Rainbow, mang nay ¢6 thé ho trg toi
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32 ndt. moi it ¢é theé phat cac tin hicu 1én dén 1 Gbit/s qua 10 = 20 km. Mang nay st
dung mat thi¢t by sao thu dong trung tam (xem hinh 7.3%8) vdi cing mot giao dién song
song dac tinh ¢ao HIPPL (High - Performance Parallel Interface) d¢ két nai nhicu mdy
tinh. Bo loc quang dic¢u chinh duoe dugce str dung dé lua chon mot bude séng wiong dng
vai moi niit. Nhuoe diem 1on nhat cia mang Rainbow 1 st diduw chinh cua bé thu dién
ra wong dai cham, khién cho rit kho khan trong viée st dung chuyén mach géi. Stamet
l2e mot thi du vé mang mdy tinh WDM st dung chuyén mach géi. Mang nay st dung
thu Cohcrent dé truyén dir liéu vidi t6e do bit 1én 161 1.25 Gbit/s tai nioi nil.

Ciac mang WDM s dung bo ghép sao thu dong thuong duoe got la ¢ic mang
quang thu dong PON (Passive Optical Networks) do mai nidt déu thu 1ay 1odn bo e
lrong. khi khong tinh dén chuyén mach tich cire. PON ¢6 kha nang kéo sgi quang dén
tin nhi thué bao, hodc it nhat i dén cum dan cw. Frong so dé mach vong quang thu
dong. nhi¢u bude song duoe st dung d¢ dinh tuy€n cde tin hién trong mach vong néi
hat. Hinh 7.39 mo ta so dd khai cia mdt mang nhu vay. Tang dai trung 1am gom N bo
phat hoat dong tai cic bude séng A, ... Ay v N bo thu hoat dong tal cic budce sdng
Avein Asy doi vol mot mang N thué bao. Cic tin hiéu dén moi thué bao duge mang
trén mol biede séng riéng ¢ moi hudng. Nit diu xa s& ghép cdc tin hicuo tir cic thue bao
roi ewi tin hiéo tap hop nay dén tong dii trung tam. Nt do con giai ghép tin hiéu cho
cie thué bao khie nhau. Nt dau xa 1 ndt thu dong v doi hoi bao dudng khong nhiéu
néu mang ¢ st dung cac thiét bi WDM thu dong. Bo chuyén mach tai 1ong ddi trung
tam s€ dinh tuyén cde tin hiéu iy theo cde bude song cua né.

1
" |
! S |
| N bd phat :
! 1
l " 1
L E ¥ ¥ 1
o MUX | Phi-do 10 km MUX
| ,g DEMUX ;. = DEMUX 7.
: — :
X bt om0 -
: ) ' N
: - 5 th 1
1 .
l s T : Nt dau xa
l 1
! 1

Tdng dai trung tam N thug bao

Hinh 7.39: Mach quang thi dong ditmg cho mang 0ot hat

Vin dé thiét k& PON cho cic tng dung mach vong noi hat vin tiép tuc phdi wrién
1 ndam 1996. Muc dich cua thiét ké nay [a dua ra mot phuong thiae truy nhip biang rong

dén tiing thué bao vi dé phan phdi cic kénh thoai, hinh dnh vi 5o [1éu theo yéu cau
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frong khi van gil duoc gid thanh gidm. Cé mot ky thudit duoe bict dén 1a k¥ thudt phan
chia pho s dung phé phdt xa rong ciia LED dé cung cip nhicu kénh WDM véi gid ré.
Ben canh do thi Joai thict bi WDM duoe goi i bo dinh 1uyén cdch 1 dan séng WGR
(Waveguide Grating Router)y di duoc st dung cho muc dich dih yén bude séng.

Mot phueng thie mang WDM khac dua trén vice si dung cong nghe lal cip dong
va cap quang HFC (Hybrid Fiber-Coaxial). Phuong thie ndy st dung cde mang cip
dong CATV sin ¢6 trong khi van cung cip dong thei cic dich vy thoai vi hinh anh trén
mach vong noi hat. Cie soi quang duge sir dung dé phan phoi cic tn hiéu hing rong
dén viing phue va noi hat. noi mi tin hiéu duge bicn doi thanh dang dién va phan phat
den moi thue bao thong qua ciac méi truding truyén dan thong thuong. Mang HI'C
khong phai hoin toan 1 mét mang WDM i viee ghep kénh dwoc thue hién dudi dang
dien. Tuy vay. loai mang nay da duoc thuong mai hod diu tién vi ¢6 gid thanh thap.
Bing tan lén coa mdi thué bao s& duge cung cdp nhd mat kicn triic mang cdp thu dong.
Vice sudung ching cho phép phan phai bang tan 10 M1z ¢ luong di (dén thué bao) vi

mot kénh di licu 1.5 Mbit/s & ludng vé nguoce Tai.

PON ¢6 the chi duge sw dung cha cic mang ndi hat va vimg trung tam do thi
(MAN) do so cide it thudng bi gidi han dén 100 hode do can thiét phai an dinh mot
budic séng duy nhat cho ting nidt. Mot vii mang MAN ¢6 the duge két néi véi nhau dé
tao thinh mdt mang dién rong (WAN), mang nay ¢é thé 1o thinh mét backbone cia
mang WDMA bang rong ¢6 quée gia. Mang nity ¢om 3 lop. Tai Iép LANC mét thiét by
sa0 duge surdung theo phuong thite tuong e nhu trong hinh 7.38 d¢ tap hop nhiéu kénh
thong tin. Tai 16p 1i€p theo, mot vii LAN duoc kél noi dén mot MAN nhe vice dinh
tuyén birde séng thu dong. Tai ldp cao nhat. mot vai MAN s¢ k&t ndi dén WAN mi cic
nie cua WAN dé duoe ket néi vidi nhau theo dang mat luGi (Mesh). Tal [Op WAN. mang
N¢ s dung cie bo chuyén mach v cie thiét bi dich chuyén budc séng. do vy day la
mang linh hoat vé ciu hinh. Cic bude séng ¢6 mat duge chia thinh 3 loal. Mot loa
danh cho cic LAN, loai the hai diuth cho MAN va loar tha ba danh cho WAN.

7.1.8. Cac dac tinh hé thong thong tin quang WDM

Trong muc 7.1.2 chiing ta di ¢6 dip khio sit so bo vé mot s6 tham s6 ¢6 bin cia
thanh phan thi¢t bi WDM. C6 thé néi ring van dé guan trong nhat trong thi¢t k& hé
thong WDM I xuyén kénh. Pic tinh he thong s€ bi giam xudng khi ¢é xuyén kénh din
dén cong sudt bi chuyén déi tr kénh niy sang kénh khdc. Su chuyén doi do xdy ra i do
anh huong cua cic hiéu dng phi tyén ben frong sgi quang, hién tuong nay duoc goi [
xuyén kénh phi tuyén vi nd phu thude vio ban chat truyén dan phi tuyén cta kénh
thong tin. Tuy nhién, xuyén kénh xdy ra ngay ca khi kénh 1 tayén tinh hoin toan 1a do
tinh khong hodn hdo cla cdc phin tr WDM khic uhau nhu bo loc quang. bo gidi ghép
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kénh vie cie bo chuyveén mach. Trong phan nay. ching ta & dé cap cu thé dén su tic
dong cua xuyén kénh tuyén tinh va phi tuyén trong hé thang truyén dan, sau dé s¢ xét
dén cdace vim dé khide ¢6 lién quan dén cdc he thong WDM.
7.1.8.1. Xuyén kenh tuyén tinh

Xuyén kénh tuyén tinh ¢6 thé chia thinh hai loai tuy theo nguén gée clia nd. Cice
bd Toc quang vii ciie bo tich kénh thuong dé rd mot phian cong suit tin hiéu sang cic
kenh Lan can. xen vio qud trinh tich song. Xuyén kénh ndy duoc goi l1a xuyén kénh
khong dong nhitt bude séng (hay xuyén kénh ngoai bang), v do tinh khong két hop clia
no. nén nd it anh huong han so véi xuyén kénh dong keénh (hay xuyeén kénh trong bang)
xay ra khi dinh tuyén tin hicu WDM tr nhi¢u nit mang. Sy khdc nhau gidta hai loai

xuyén kénh & duge gidi thich cho timg trudng hop cu thé sau.

® Xuyén kénh gay ra do bo loc
Ta hy xét rruong hop he thong trong dé sit dung mét bg loc quang ¢d didu chinh
dugc dé chon ra mot kénh trong N kénh t6i. Néu bd loc quang cho qua kénh thit n2, th

cong sudt quang 16i duge bo tich séng ¢d thé duoe vict nhu sau:

y
P=P+31.P (7-10)
voL P, 14 cong sudt eia kénh thitm v T, 13 he 50 truyén din cta bo loc cho kénh » khi
kénh e duoe chon. Xuyén kénh xay ra néu T, =0 v6i i = m. Xuyén kénh nay i xuyén
kénh ngodi bang vi né thude vé cie tin hi¢u naim 6 ngoai dai phé ma kénh duoce tich ra
di chiém git. Tinh khong két hop ciia né cling duge thé hién trong bidu thie (7-10) trén
vinég chi phu thuée vio cong sudt etta tin hiéu trong cde kénh lan can.
be dinh gid sy tde dong coa xuyén kénh lén chie nang hé¢ thong, ta nén xét su
dén bl cong sudt duge xdc dinh khi tang thém cong sudt tai bo thu dé han ¢hé su anh
huong cta xuyén kénh. Dong photo duge phdl ra tuong \mg véi cong suit quang 1di
duoe xde dinh bang:

Y
I=R P + Z RT. P =1,+1, (7-11)

TR o

N

oday R, = n,elhv, la dip l'rl]g bo tich s6ng quang cho kénh thit »7 tai tan s6 quang v,
v, [ hiéu sudt hrong t mi né ¢6 the khice nhau déi véi cic kénh khice nhau. Thanh
phan /, trong biéu thic (7-11) bi¢u thj xuyén kénh thém vio dong { cta bo thu. Gid tni
cua no phu thudée vao dung bit va dat cue dai khi tat ca cdc kénh déu mang cac bt 17

DPay i trieong hop xéu nhat.
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Phirong phip don gian dé tinh mdc thi¢t thoi cong suat xuvén kenh 12 diga vao do
khep hinh miat. DO khép Ian nhat cua hinh mit xay ra trong truang hop xiu nhat vé /7,
la-cue dai. Thye (&7, 1ang [&n d& duy 1t chit luong hé théng. Néu /, tang Ién theo hé
O Oy thi dong dinh tuong tng vai dinh cda hinh mat 137, = 8./, + 1. Dong ngudng
quyct dinh duge thict 1ap i £, = 7,/2. Do md hinh mat tir /,, t6i mie dinh nén durge it

nauyen tan g trr ban dau cia nd £ 42 néu nhars

- . . _ |
(8,1, +1,)~1, - (00, + )=, (7-12)
hoace Khi
- /
o, =l+— (7-13)
| /

d, lathict thoi (hay su mat mét) cong suit déi véi kénh thit oz, S dung 7, vi £, tr bicu

thite (7-113 thy o, ¢o thé duce tnh theo dB nhur sau-

> ORI,

o, =10log, | |+ =t 2 0 (7-14
' R.P,

¢ diy cde cong sual tong (ng vai cde gid i trang thili ma caa ching, Néu QI s
cong suat dinh cua 1dt ci cde kénh 1 nhu nhaw, thi¢t thoi cong suit do xuyén kénh
tro thinh khong phu thude cong suill. Hon nita, néu dip ing bo tich SORY cua it cd
cile kéuh déu nhu nhau (R, = R j. (hi &, xap xi bang:

hr

S, =10log, (14 X) (7-15)

. W -p - - - L - - F . F . . -~ N ~t -

vl X = Z Il luone xuyéen kénh neodd bang vi né biéw tht mot phan ¢ong suat by

YT e . [ - — D . L™= D

ro vao mot kenh nao do i nhimg kénh khdce. Gid tri cta X phu thuoe vio cde die tinh

truyén ddn cta bo loc quang xdce dinh. Dot v bo loc FP, ¢6 thé dat duge X trong dang
khép kin.

Cde phan tich trén vé surmit mat do xuyén kénh dira vio do khép cua hinh mat

hon La ty so BER. Ngudi ta ¢6 thé viet bi¢u thice cho BER néu 7, 1a mot bién ngdu nhién

trong phuong trinh (7-11). Bén b cong sudt xuyén am o, tinh duoe bing cdch xic dinh

gid iri tang 1én cta [, can thidt d¢ gitt nguyen gid tri BER xéc dinh.
® Xuyén kénh gay ra do WGR

B¢ hicu r6 nguon goc gay ra xuyén kénh trong bang, ta xét bo dmh wyén cich tu

din song WGR tinh. Bai véi bo dinh tuvén N x N, 1én tar N7 k&1 nG1 qua dé cac tin hiéu
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WDM ¢é N bude sdng ¢ 1thé duoe chia ra. Xé tin hiéu dau ra 1l mot bude séng A,
Trong N7 - | tin hicu giao thou ¢6 thé di cling ti hicu mong mudn, A-1 tin hi¢u ¢6 clng
bude séng mang A, . trong khi N A-7) tin hicu com lgi thuoe vé cde bude séng Khde v
s& bi loal tlr khi chung di qua cie phan wr WDM khédce. N-1 tin hi¢u xayén kénh tn cde
bude sémg gidng nhau (xuyén kénh trong bing) bt nguon 1r qui tinh Toc khong hoan
toan cia WGR do su chéng lidn gifta & dinh truvén ddn cia nd. Traong quang tong chi
bae ham xuyén kénh trong bang duoce xdc dinh nhue sau:
(
E.,.,(z):g E + > L W.c.\p(—f(o_“l_r'} (7-16)
\ oS
trong dd £, 14 tin hicu mong muon v o, = 20/ 4, Bin chat K& hop caa xuyén kénh

trong himg duoce bicu tht ro trong phuong trinh (7-16).

P& xét sur tie dong cta xuven kénh trong biang vio dac tinh he thong, ngudi

thuong dinh gid su dén bt cong suat. Tuy nhién, dong tai bo thu 7 = KIE {7} trong

treomg hop ndy bao gom cic thanh phan giao thoa hoae phiach giy ra do tinh chat két
hop cua xuyén kénh. Ta ¢6 the phan bict hai loai phich: phdch tin hi¢u-suyén kénh ¢
cie thanh phan £, E, . va phiach xuyén kénh-xuyén kénh ¢é cic thimh phan £,E,, trong
do ca & v n déu khie véiom. Cice thinh phin phia sau trong thuc ¢ 1a khong ding ké

nen ¢ the bo qua. Dang bo thu ¢d 1hé tinh xdp xi nhu sau:

.

Hy=RP {0+ ERZ JEANP L‘os[(pm (1)~ o (!]J (7-17)
ol

var Po= E | Tacong sudd va ¢.rt) 1pha. Thue @& Po<< P ovGl o # bt vi WGR duge

tao ra d¢ Fum giam xuvén kénh. Vi cie pha gan nhue bich dong mot cich ngau nhién nén

¢ the viet lai bicu thae (7-17) nhu ta K = RP, + AP vi coi xuvén kénh L nhiéu

cudmg do, vir ¢é the st dung cich fidp can dé tinh todn sumat midt cong suat. KEét gqua

dat duoe grong nhu sa

P.o=—10log, (1-770") (7-18)
hl Al‘(} -
trong do r= <(———}——> =X(N-1 : {7-1%)

VGi X = PP

dieoe cor L nhu nhau doi véi tat ca V-1 nguon xuvén kénh trong bang két hop vai gia

. [ mue xuvén kénh duoe xdae dinh nhu 16 phan cong suat ro qua WGR v

thidt cde cong sudt déu bing nhau. Gid i trung binh pha duwoc tinh bing cos 0= 1/2
Hon nita, 2~ duge nhan [én theo hé so 172 cho thay thue 1€ P ¢ gid trn trung binh 14 0

VO phan it <6 bit cia moi kénh xuvén kénh.
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Vice tinh todn mat mdt do xuyén kénh cho truemg hop dinh tuyén bude song déng
thong qua ket noi chéo quang s& trg néa rit phiic tap do s6 luong rat Ién cdc phin o
xuvén kénh ma qua do tin hi¢u ¢6 thé truyén qua. ching han nhu cic mang WDM. Viéce
phiin tich cho trudng hop xdu nhat ¢6 1hé dy dodn duge mite dé mat mdt cong suit khi
lén (> 3dB) khi 56 lugng phan (i xuyén kénh uhiéu hon 25 dit cho nic xuyén kénh cua
moi phan tr ¢hi bang -40 dB. RS rang Ia xuyén kénh tuyén tinh vim dé co ban trong
thiet k¢ mang WDM viucin phai xem xét didu chinh nd. Timg phan te WDM phii duoce
thict k& sao cho giam duge mite xuyén kénh cang nhicu cing 166 Xuyén kénh ndy ¢6
the gidim xuéng thang qua gidi phip bir thue hién & bé thu
7.1.8.2. Xuyeén kénh phi tuyén

Cie higu ang phi tuydn trong soi quang s@ duoc xem xét trong mot ¢ 14 héu
[30. 31. 32]. Tuy nhién. dé phan tich cdc dac tinh hé thong thong tin quang WDM, ta
hiy khao sit so bo mot s6 higu dng phi tuvén cé thé dan dén xuyén kenh trong kénh.,

tie L cudng do vi pha bi anh hudng baéi cic kénh khdc. Sau day ta s¢ xem xét vim dé na.

o Tan xa Raman kich thich

Tdn xa Raman kich thich SRS (Stimulated Raman Scattering) néi chung kKhong cé
licn quan dén cic he thong don kénh quang boi vi mie ngudng cla né tuong déi cao
(khoang 300 mW 6 viing bude séng 1550 nm). Poi vai cic h¢ thong WDM thi hoan
toan khice: sai quang ¢ day hoat dong nhur mot bo khuéch diar Raman sao cho cic kénh
bude song dian duge khuéch dai boi ¢ide kénh budc sOng ngan vai sy sai khice bude séng
nam trong dai théng cuia do khuéch dai Raman. Pho khuéeh dai Raman cia sot silie bi
etiin rong khién cho su khuéch dai ¢6 (hé x xay ra doi véi cic kenh ¢6 khodng cich khi
xa 11 200 nm. Kénh bude song ngan nhit sé bi suy giam nhiéu ohat, vi né co thé bom
nhi¢u kénh ciing mot lie. Su chuyén doi ning luong gitta cic kénh nay ¢ the eay hai
cho chat luong hé thang vi né con phu thude vao dmﬁ bit: khuéch dai xav ra chi khi cic
bit =17 sudt hién dong thai trong ca hai kénh. St khuéch dar phu thuoe tin hiéu s& lam
tang muc do thang gidng cong suit do dd s& lim tang nhi¢u o bo thu v lam xuong cdp
bo thu,

Cé the trinh duoe vuvén kénh Runan néu cic cong suit kenh nho sac cho khuéeh
dar Raman 1 khong ding k¢ wén chiéu dai soi quang. Day i diéw rit yuan trong cho
vice dinh gid gid tri gidi han cla cong suit kénh. Ta hily khdo sit mor mo hinh danh gid
susuy giam cta kénh tan sé cao nhat trong trudng hop xiau nhil mivtai dé tat ca cic kénh
déu truvén di bit =1 cong mot hic. He sé khuech dai ciia médi kenh 1 G, = explg L, ).
VoI L= |1 - expl-al)l/a 12 do dii twong tdc hicu dung. ¢ = g, 2P /A, Ta do khuéeh
dwl Raman i 2= @, - . VA P, 1) cong sudt kénh. Khi g2, << I, kénh tan sa cao
nhat tai ay, bi giam xuang mot luong gL . 1% do khuéch dai Raman cua kénh tha /. Tong
suy giam xde dinh bai cong thide sau:
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D=Y ¢ 0P L4, 330

Keét qua tong ctia bicu thiic (7-20) ¢6 the xde dinh duoc néu pho khoéch dai
Raman dude tinh xap xi bing dang tam gidc sao cho g,/ () tang 1én moét ciach tuyén tinh

var £2tng 1én e 15 THz vacsau dé giam xuong 0. K&t qua la:

Av, "L NN -1

D L
6x107A,

(7-21)

o day da gid thiet ring it ca cic kénh ¢6 khoing cich kénh khong doi Av,, v 2, 1a
gid 11 dinh cta do khu¢eh dai Raman. Do khuéch dai aidam xudng theo hé s6 2 1 dé
tinh d&n s phan cye khong dong déu xay ra bén trong cdc soi quang. Sy mdt mat cong

sudl (tinh theo dB) ¢d méi quan he vai D duoe tinh nhu sau:

o

P.=—10log (1-D) (7-22)
Ja vi cong suat kénh dau vio phii tang lén theo mot he o 10 (1 - Dy dé duy tt dac tinh
hé thong nhu nhau, D can phai nho hon 5% dé gilt dén blt cong sudt thap hon 0.5 dB.
Bicu thic (7-22) dua ra cong sudt kénh gidi han hiing cich sir dung £ = 0.05. Gigi han
niy duge mo @ trong do thi hinh 7.40 cho s¢i ¢6 dudng kinh 161 1a 8 (un vie suy hao
0.2 dB ti1 bude séng vimg 1.55 wm. SRS gid han cho cong suat kénh thip hon | mW
khi xo lrong kénh WDM vuot qui 80 kénh.
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Vice xem x&L o trén di bo qua mot thue (€ 1a cdc tin hidu trong timg Kénh bao
gom mot chudi ngdu nhién cic bit "07 va bit ~ 1. Qui trinh phan tich thong ké cho thay
ring xuyén kénh Raman thip hon viio khodng hé s6 2 khi ¢6 tinh toin dén didu ¢hé tin
hi¢u. Co mot mo hinh khic hoan chinh hon xem xét dén sy suy gisim cua timg kénh
thong qua bom Raman cic kénh bude séng dai hon vicsir khudeh dai cua chinh né do
bon tir cic kénh bude song ngan. Sy khuéeh dai theo chu ki cua tin hicu WDM trong
Mot tuyen soi ey ly dai cling ¢6 the am tang anh hudng ¢oa susuy giam do SRS AL
Nguyen nhan B o chd cdc bo Khuéeh dar duong truyvén thém nhi¢u ¢é mic suy huo
Raman thap hon cua chinh tin hicu, dan dén suy giam ty s6 SNR. ‘Trong thue 1, 1ong
dung luong cua cic hé thong WDM bi giéi han thip hon 100 Gbit/s vdi cu 1y truyén dén
(r 5000 km tro lén.

e Tan xa Brillowin kich thich

Tan xa Brillouin kich thich SBS (Stimulated Briltouin Scatiering) ciing ¢é thé
chuyén nang luong tie mot kénh tin s6 cao xuong mot kenh tan s thiap khi khoing cich
kénh bing vai do dich Brillowin. Tuy nhién. nguoce vai truong hop SRS, sur thuyén
chuyen ning lugng nhie vay s& tranh duge dé dang bang cich thiél ke thich hop cic hé
thong thong tin da kénh. Ly do L ¢ho dai thong khuéch dai Brillouin qud hep (khoang
SO0 MITz) so v dai thong khuech dai Raman (khodng 5 THz). Do d6 khodng cich kénh
phii duoe diéu chinh chinh xéic v6i do dich Brillouin (khoang 10 GHz wong vimg bude
song 1.5 pum) dé SBS ¢6 thé xay ra. Hon nita, hai kénh phai duoe truyen nguoce chicu
nhaa ¢ khuéch dai Brillouin xay ra.

Mac di SBS khong gay anh huong dén xuyén kénh trong kénh khi tat ci cic kénh
truyén xuoi theo mot hudng, tuy nhién né vin han chd cic cong suil kénh. Nguyén
nhan ki do mot phin cong sudt kénh ¢ thé bi chuyén thimh séng Stokes truyeén theo
hudng nguoce lai. séng nay duoc phat ra tir nhiéu khi didu kién nguong duoe thoi min.
Dicu Kign ndy doc Tap vé sa luong vau 13 su hién dien cla cic kénh khic. Tuy nhién,
ngutng Brillouin déi v6i mdi kénh cd the dat 161 cong suat kénh nho 161 2 dén 3 mw.
Do vor sot co dién tich hi¢u dung A, = 50 pn® vihé s6 suy hao o = 0.2 dB/km, thi ¢6
th¢ thu duge cong sudt ngudng chi 1a 2.4 mW khi chiéu dai s du dai (1on hon 20 ki
d¢ L., ¢6 the bang /u. Gid i nav di duge chi ra trong hinh 7.40 bing dudmg chan.
Buong cong nay bo gua cic hi¢u dng di¢u ch¢ tin hi¢u. Néi chung. ngudng Brillouin
phu thuoe vao dang dicu ché cling nhur ty 88 cha 16c d bit dai vaéi dii thong khuceh dai
Brillowin. Hon nita né ¢d the tang 1én (61 gian 100 mW bing cich dicu ¢hé pha ¢ song
mang quang tai tan s6 0.2 dén 0.5 GHz. Sy dicu che pha nhu vay <& [m eidn do rong

pho nguon phit, han ché dang ké SBS.



Clurong 7: H¢ thong thong tin quane nhici kenh

h
-1

e Pi¢u ché pha chéo XPM

Mot ca che xuyén kenh quan trong trong cic h¢ thang thong tin quang da kénh i
hicn tuong phi tuyen cda didu ¢hé pha chéo XPM (Cross-Phase Modulation). XPM bit
nguon 1 s phu thuoe vio cudng do cia chi s6 chidt suat, ma chi <o nay ki nguyén
nhan gay ra s dich pha phy thuoe cudng do khi tin hicu truyén doc qua sei quang. Su
dich pha doi véi mot kénh rigng bict phu thuoe khong nhitng vito cong sudt ctia kénh do
Ma con ¢ vao cong sudt cia cic kénh kKhic. Do dich pha tong cong dai véi kénh th
co the duoce cho bot bidu thife sau:
3
| (7-23)
)

Pl =P A2 P
o ~

VoL L duge thay the biing 1o bing cich gia thict ring of. >> 1. Tham s& ¥ duoc
xie dinh véi gid i ticu bicu khoang | W 'km'', Doi véi cic he thong IM-DD. do
dich pha phi tuyén phy thude vio dang bit et cic kénh khie nhait, vii 6 the thay
doi 1l O dén @i ti cue dui (T /a)(ON - | P ncu ta gii thich cde cong suit kénh bang
ihau. Tuy nhién, né khong danh huong dén chat luong he thong néu cde hiéu tng
GVD 1a khong dang ké vivbo thu quang chi dip ing doi var cong sudl 1.

Finh the 1a hoan oan khice doi véi cie he thong da kénh Coherent do tinh nhay
pha cua bo thu. Hicu tmg XPM phu thuoe vio ding di¢u ché. Trudng hop xau nhat s&
xay ra doi v6il dicu ¢ché ASK vi do dich pha phit thude vio midu bit ciia ede kénh khie
nhau. Anh huong cua XPM 6 the duge bo qua bing cich chon cong sudt kénh P, d¢
do dich pha cuc dai L

S(2N - DP, << ] (7-24)
a

Cong suat kénh bi gisi han trong khoiang 1 mW ngay ca dor var 10 kénh.

Tic doug cua XPM lén cic hé thdne Coherent it nghigm trong hon dot vér cic
dung dicu ché FSK vit PSK v cong sudl kénh khong phu thude vio mau bit. Thuc ra.
XPM 1a vo bai néu cde cong suat kenh 1a khong doi. vi do dich pha khong doi trong
phuong trinh (7-23) khong dnh hudng 16i chal luong he théng. Trén thie (&, cic cong
sudt kénh bi bién dong 1a do nhiéu cudmg do licn quan dén cic laser phat. XPM sé bicn
doi s bign dong vé cudmg do thimh st thang giding vé pha qua phuong irinh (7-23). Néu
o, 12 bicn doi caa su bién dong cong suit. duoe gia thict 1a giong nhau cho tat ci cic
kenh. thi bién doi pha o, ¢ the thu dirge bang cdich thém vio cde bicn doi riéng ¢ vi
cong sudt trong mor kénh bign dong doc ap vai nhaw. Do dé, o, d&i vai A lon duoc tinh

Xap X1 nhu sau;
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o, = Lo JN (7-25)

Thong thuong thi @, =5 x 107°P . v6l P, 1 cong sul kénhirung binh. Ngay ca
doi vai £, = 100 mW vl & = [0, @, nhd han 0.1 rad. mot gia ti dan dén bo qua mid
mil xuyén kénh.

Su mdt mat xuyen kénh lén hon ¢d the xay ra khi di¢u ché pha hay @n so duge
thue hien bing didu ¢hé bicn do du. Dicu nay co the xdy ra khi nguon laser bdn dén
duoe dicu ché true 1iép hode khi i sac soi du lon dé bien dai dicu bién pha thanh dica
bien bicn do. Gid w1 @, trong rudng hop niy <o (hé dat 0.2 P .. Hon nia. a, tang 1én
tuven i vai N hon B vai JN . Dé han ché sy thit thor cong suat dudi 1 dB, cong
swat kénh trung binh (tinh bang mW) nén nho hon 2178 v6i cie gia il ucu bidu cua «
vi ¥ . Bicu kien niy duoe chi ra trong do thi inh 7.40 v duge so sinh var gidi han
cong suat phit ra do SBS vi SRS, Hi¢u ring XPM uo thanh co ¢h¢ xuy&n kénh chu yeu
doi vai cice he thang WM (e 10 kénh tro fen, No han chd cong sudt kénh thip hon
O 8 mW vt Vo= 100,

o Tron bon song FWM

Hicu ting tron bon <ong FWM (Four-Wave Mixing) g thanh nguon xuyén kenh
phi tuyén cha véu khi kKhoang cich kénh va tin sac soi diconho dé thed man dicu kicn
tuong dong vé pha. Tae dong cia nd i nghiém trong nhat trong cic he thone da kénh
Coherent. mi ¢6 khading cich kénh khodang 10 GHz. Dol vai cde hé thong WDM Khong
ket hop, FWM 1rd nén ¢6 lien quan chu yéu khi cdce bude song kénh ain vai bude somg
tin sae bang O (zerod cla soi. Piy W orudng hop cho cic he thong hoat dong ¢ hude
song vimg 1.5 wm khi st dgng cie soi tidn sie dich chuyen. Trong thuc &, eiic soi quang
thudne duoce ché tao sao cho tdn sae cua chiing do nho dé 161 thicu hod cie hicu dng tdn
sde. nhung dong thai cling du 1du d¢ xuyen kénh gay ra boi FWM cting nho ol

Neudn goe var IV cda xuyén kénh do FWM gay rava dan dén suy gian he thong
co the duoe hicu 11 FWM phit ra mdt song mdi O tin 8o @, = ¢+ ¢ - . khi basong
G ede TN RO L @ v e ciing truvén di bén trong <oi. Dot vai mot he thong N kénh. 7.y
Vil h co the thay doj tir 1 dén AL din dén mot 16 hop 1an cie tin <0 méi phit ra boi
FWM. Trong trudmg hop khodng cdch cdc kénh bang nhau, cic an s6 mai trang Khap
Vol cde 1an so dang (6 tal, dan den xuyén kenh trong bing ket hop. Trong cad hai truong
hop ning hee hé thong bi suy gidm do suy hao vé cong sueit kenh, nhung xuyén kéuh ket
hap lam giam chit lwong hé thong nhidu hon. Vi ly do niy. ¢ic h¢ thong WDM doi khi
duoe 1hict k& ¢é khodng cdach kénh khong déu nhan vivcae kénh bude song duoe chon

<0 cho 181 ci ede dn s6 do FWM phil ra rot o ben ngoai pho tin hi¢u
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Hi¢u suit FWM thay doi theo P° 5 NEW L @id (i€l cong sudlt moi kénh déu bang
nhau. Né cling phu thuoe vio khoang cich kénh do yéu can hicu chinh pha. Véi khodng
cich kénh cho trude. P, nen duge gidam xudng thap hon maot 21 xde dinh ndo do
nham giim tic dong cua FWM lén chal lugng hé thong. Hinh 7.40 mo ti han che nay
cho trutmg hop khedng cich kénh B 10 GHy. Han ¢hé twong wr xav ra trong cic hé
thong WDM <6 khoang eich kénh 100 GHz khi sir dung sai tdn sac dich chuyén. Thong
thuemg. FWM gi6i han cic cong suat kénh 161 dudi | mW loal trir trudng hop si dung
cac khoang cich kénh khong déu: mat sa do dac thue nghi¢m d3 xdc dinh duge au diém
cua khoang cich kénh khong déu nay. Tuy nhién. day khong phai 12 gia; phap thue 1€ vi

¢ nhicu 1hict by WDM (nhur bo loc FP hay WGR) thutmg duge ché o ¢ Khoang ciich
kénh biang nhau.

Nhir vay, mét so cdc hi¢o iing phi tuydn trong soi yuang ¢ danh huong {on 161 chat
lwong heé thong v doi hoi phai cé su 161 thicu hod xuyén kénh phi tiyén qua viée thiér
k& he thong thich hop. Hinh 7.40 ¢6 the dioe su dung nhu mot nguven tie dé 1hict ké
cic heé thang WDM,

7.1.8.3. Bac diém thiet ké hé thong WHM

Thigt k& cac h¢ thong thong tin quang WDM doi hoi can phai xem xét Ky ludng
cie dac tinh et bd phiat va bo thu quang. Mot vin dé quan trong ¢o licn quan dén tinh
on dinh ¢ia 14n s my g (hay bude séng) gan lién vdi ting kénh. Tin <6 cta anh sing
phat ra 1 cde nguon laser bin dian DFB vii DBR ¢6 (he thay déi ding ké do su thay doi
ve nhict do hoat dong (khodng 10 GHz/'C). Nhimg sie thay doi trong ciing ¢é the xay
ra doi voi cie nguon phit ¢6 s gia hod. Nhitng su thay doi tin so nhi vay noi chung
khong ¢o lien quan doi vai ciie he thong travén din don kenh quing. Nhung trong
truong hop cia cic hé thang WDM. diéy quan trong ki tan 56 mang cla moi kénh can
duy tri khong doi. it nhat 1a tuoig dot, sao cho khoang cich kénh khong bicn dong theo
thon gian.

Hi¢n tai ¢6 mot s6 cong nghe duge su dung cho viée én dinh tan o, Ky thuit
thong thutng 1a sir dung su hoi 1ép dién nr duge thue hién bang mot b phan bigt {chon
loc) tn s ¢6 s dung cong huong nguyén wr hoiac phan wr dé ngin tan s laser (6i an
O cong huong. Vi du ¢o thé sur dung amonia, krypton hoic axetylene cho cic nguon
laser bdn dan hoat dong & vang bude sdng 1,55 pun vi ci ba ¢ cong hueng gan budc
song do. Viee an dinh tin so trong vong I MHz <6 thé thue duoe bing kv thuit nay.
Mot k¥ thuat khiie 13 s dung hi¢u tng quang di¢n dé ngin n s faser voi su cong
huonﬂ nguyen wrhode phan . Vong khod phia cling <o the duac st dung dé on dinh tan

- Trong mét k¥ thudt nita, gino thoa k& Michelson. e chia do bing cich su dung
nguon laser DFB 6a dinh tan so. duoce diung dé tao ra mot WP cac 1an so chuan ciach
déu nhau.
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Vin dé quan irong trong thict k& cic he thong WDM L licn quan dén suy hao
cua cong sudt tin hiéu do suy hao xen. suy hao phan ha vt suy hao lruyén dan xdy ra
licn tye. Cie bo Khudeh dai quang soi dua ra mot gidi phip don gian 13 Khuéeh dan cong
sudt tin hicu theo chu kv, mac di chi do suy giam ty so SNR thong quasu phat xa tu
phdt. Nhicu kénh ¢o theé duge khucch dai mol cach déng thoi do cie bo khuech dai
quang soi ¢o bang thong twong doi lén. Tuy nhién. khong phai a1 ¢d cice kénh déu duoc
khucch dai theo ciing mot hé xo boi vi pho kKhuéeh dai khong dong deu. Keét qua la cic
cong sudl kénh ¢é thé chenh lech mot fuong lon (161 khodng 10 dB hoac hony khi tin
hicu truvén qua nhicu bo khuceh dat duong truven trude Khi duoe tich ra, C6 mot so Ky
thudt cim bing khuéeh dai ¢6 thé s dung d¢ lam bing phang pho khucch dan clia cie bo
khuéeh dai quang sai v lam giam tinh Khong dong déu khong mong muon cua cong
it kenh: ta ¢6 (he tham khio chuong 8. Trong cic k§ thudnt doo co mot giad phip ¢6
the diéu khién suy hao cua cde kénh riéng 1¢ fqua suy hao chon loc tal mai nat trong
mot mang WDM d¢ tao ra cong sudt kénh gin nhu nhau. Vin dé quain Iy cong sual
trong cdac mang WDM 1 mot chd dé rit phie tap vi don hot ¢ surhue v 16t nhicu khia
canf, Su tich Tud cia nhiéu bo khacch dai quang ¢6 thé cling tro thinh mot yéu o gid
han dae tinh he thong Khi tin hicu WDM di qua maot SO fuong 1on cie bo khuceh dar quang.

Mot vitn dé quan frong nita trong thict k& cde he thong WDM 14 vai tro cla tin sie
ol Nhur dit (¢ cdp o tai chuong 20 ndng lue coa cic he thong don kénh guang thuong bi
han ¢h¢ bai tdn sac van toc nhém (GVD). Nhimg su han che nay cling ¢d trong cice hé
(hong WM va 0o xic lap toe dé bit cuc dai cho méi kénh. Fa e (he s dung kv thudt
bl tin sie dé gisim s anh hidng coa GVD: kS thudi niy s& duoe no den trong chuong 9.
Tay nhicn. ri kho thue hién bt GVD che 1at ca cie kenh mat ciach dong thoi, Hon nita,
cic hicu ting phi tuvén trong soi quang ciing bi anb huong w GV, va ca hai déu khong
(he didu khidn duoe ma khong xét dén sy ide dong wong tde gitta chung, C6 the lay i
du dai véi hicu dng FW ML tde dong cia nd tang 1én rat nhanh néu he thong duee thict
ke dd hoat dong gin bude séng ¢ tin sic bang 0 cta soi guang, Thong thuong nén su
dung k¥ thudt gian I rin sde néu nha thict k& he thong <6 guyen lhua chon cic sai ¢o
dae tinh tin sic khie nhau. Y tweng & diy 1 ordn hon hop cde soi cd GVD am va dirong
a0 cho khong chi laim ¢ho tin sic ong giam xuong doi véi @i ca cae kénhoma con ca
cie hicu tmg phi tuvén cing duoe 1oi thidu hod dong thar, Nam 1998, AL Sano va cic
cong s di nghién cidu v tién hinh thue nghiem hé thong truven dan diu Khong ¢o tram
fap su dung k¥ thudt quin 1y tin sic thong qua do rong xung [66] A K. Srivastava va
cic tae gia ctng da xav dung he thong 6410 Gbit/s DWDM vau cu ly truyven dan
300 km trén soi DSF (57] HE thong ¢6 Gin sice thip seng van duy ti mot luong du nho
d¢ giam cic hicu dng phi tuyen. Ngodi ra nguoi ta con thue hien duoe he thong WDM
tren cu 1y dii 9288 ki tai 10¢ do bit 25x 10 Ghbit/s. tuyen nay duoe quan 1y tan sac sol

hac cao hon [6Y].
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7.2. HE THONG GHEP KENH QUANG THEO TAN SO OFDM

Nhu ta da bict. ghép kénh 1 mot bi¢n phip nham b6 gop mot <6 cde kenh thong
tn Tai thinh mot kénh chung mang dung hrong kenh (hay lwong thong tiny Ién hon.
Troug ciic he thong thong tin quang ma ta quen thuge truge day, ghép kénh theo tin s6
FDM da duoe su dung trong cic hé thong truvén din tong ur. Khi cic hé thong thong
tin quang phat tricn. nhat 1 trong thap ky 1990 va vai nam 16 Lai diy, cling vai su phat
trién nhay vot cia cong nghe thong tin, ciac ky thuat ghép kenh quang lai xuat hién nhu
ghep bude song quang da trinh bay o muc 7.1 v ghép kénh quang theo thai gian
OTDM ¢ xem xé1 & mue 7.3 sau, Mot k¥ thuat ghép kenh quang khic ding dé thong
tin bang dnh sing 13 ghep kenh quang phan chia theo 1an s6 OFDM (Optical Frequency
Division Multiplexing). Trong ghép kénh OFDM, bang tin cua séng dnh sing duoc
phin chia thinh mot s¢ ¢ic kénh thong tin riéng bigt; & day. cic kenh dnh sing o cie
tan o quaing khic nhau s& duoe bidn dor thimh cic luéng song song dé cung triyen

dong thot trén mat soi g uang,
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Hinle 7.41: 06 réng bang 1651 hon 200 000 GH= trén SOT din grang

Cic séng dnh sdng ¢6 mot 1iém nang thong tin rit 16n béi vi né ¢6 1dn s6 cao. 16
hon 200000 GHz (1 GHz = 10" Hy) [67]. Hon thé niia. sot quang von ¢6 suy hao nho o
dai bude séng tir 0.8 um = 1.8 pm. cling tuong duong & bing tin 200000 GHy |6R]. Vi
the, mot s luong 16n cic kenh quang FDM s& duge truyén trén SOl v moi mot kénh
quang rieng bict ¢é the ¢ bang tin rong. Chang han, trén soi quang on tai vimg ¢é soy
hao nho nam trong khoing 1,5 i dén 1,6 um nho hinh 7.41. Vg ndy s ¢6 bang tin
la 12500 GHz va nhu vay ¢é thé gheép 161 hon 1000 kénh quang néu nhu khoang cdch
kénh a 10 GHz. Méi mot kénh ¢é 1hé o6 (6c do lon han | Ghat/s dé mang thong tin can
truyén. Vay thi ¢6 thé thiét 1ap duge toe do trayén dan rén soi 1a hon 1 Thit/s nhis ghép
kénh quimg theo tan so.



62 Hé thong thong rin quany tidp 2}

Mic dit cong nghé OFDM hién nay dang o muc tricn khai thue nghié¢m, nhung
ngudi ta da tién hinh duge he thong ghép 16i 100 kenh quang khoang 10 nam trude day.
Mat khide, vai cong nghé cdp quang phat trién., ¢ic cip ¢6 161 hon 100 so1 did dugc ra doi
Im cho cic hé theng thong tin quang ghép kénh theo tan 5o Khong can phai dat hicu
<uil s dung cao 16 mide khé thue hién nhua o ghép kénh FDM doi vai cae he thong
VO luyen.

Nhur vav. ghép keénh quang theo tan s6 OFDM duge xem x¢t nhu o cao cap hon
WDM vi 50 kénh co thé ghép duge ¢ trong bitng tin quang san ¢d rit Ion. OFDM ¢6 th¢
coi nhu la giai phdp ghép kénh quang ¢6 mat do ghép diy dac hon. Hinh 7.42 minh hoa
n1ot he thone ghép kénh quang theo 1an s6: o diy tin hi¢u quang duoe ghép duge xay
dung theo mot phueng phip twa nhu cdce k¥ thuat thong thuong, nhung qud trinh ghép o
dav hoan toan 1 thue hién rén tin hiéu quang mi khong ¢6 mot gui trinh bién dai dién
nio. Tone so cic chiim bit duge ghép & phu thude vao 1oc do cua mai luong (kénh).
Tai dauw thu, tin hi¢u quang s¢ duge tich ra, cong sudt quang duoc chia v cide kénh

ricng r& s& duoe khoi phuce la [ 14].
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Hinh 742 8o dé khoi hé theng ghép kénl quang OF DM

V¢ thue chat. OFDM da khai thac kha nang bang tan rat I6n coa soi quang bing
cdch ghép cic kénh o cde bude séng khic nhau vio thinl mot luéng thong tin ion. Nhu
vay OFDM [ chung cho ghép kénh theo bude song WDM. OFDDM hodc WDM cho
phép ta tang dung lugng kénh ma lai vuot qua duge gidi han ctia tan sic soi dan quang.
OFDM sé& doéng gép vai rd quan trong trong cde hé thong thong tin quang mén tai va
twong lai, nd T van dé trong yéu dé st dung vio muc tiéu thue hign mang cdp quang

hod hoan toan.
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7.2.1. Cac cong nghé ban dau cia OFDM

Cic he thong ghép kénh quang theo tan s6 OFDM phai dua trén cic nguon phit
quang cd tin 5o on dinh, cic thie bi quang thu dong nhur edc bo loc quang. cic bo
Khucch dai guang biing rong ¢6 phéd phang dé¢ ¢ thé khudeh dat nhi¢u kénh OFDM
cimg mot lic.

Cde ngudn phit quang on dinh vé 1an s I3 rat cin thiet dé¢ ngan chan xuyén kénh.
Cdc laser ban dan ¢6 do rong pho hep ¢o (hé duge sirdung Taim nguon phiit cho hé théng
OFDM. Tuy nhién khi laser ¢6 do rong pho hep thi lai rat khé 6n dinh v 1an 56, do dé
phai dung hod vé mat niy. Bé ¢6 nguon phat laser ¢ do rong pho hep mi lai én dinh
thi phii sir dung loai mach w0 tn s quang (g3 mode). Hién nay cic he thong OFDM
thu nghiém da s dung cdc mach g6 tin 56 quang co bo loc hi¢u chinh dip ing tan
SO quang.

Cie thict bi quang thu dong cing rat quan rong dé k&t hop cidc tin hicu quang
OFDM rieéng &. D1 véi cac song quang ¢ do rong pho hep duoe on dinh tan so. cong
huong gizo thoa v cic hién wong khic luon doi hoi phii ¢6 ¢de bo loc quang chinh
xac. Cde bd loc nay ¢6 tinh chuin xdc ttra nhu cde bo loc trong ¢dc he thang viba. Cong
nghé gan day di cho ra dwoe bo loc quang trén 100 keénh o6 kha ning tao khoing cich
kénh 5+ 10 Gz

Viée bign doi tan sé quang mot cich true ticp (khong c6 su bicn doi vé dién nio)
s€ thue hién duoe qud trinh xi Iy tin hi¢u quang frong ving tan so quang. Qua trinh
bién d6i nay duoc thute hién dita vio hi¢u tmg quang phj tuy€n caa cie vat lica bin dn
hoac cic vt lién dien moi. Dai dich tan 8¢ quang hién L dat viio khoang 1000 GHy.

—_—
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Hinl 743 Thire nehiénr ¢hép 100 kénh quang trong OFDM 6 kineth dui Giang
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Ciic bo khugeh dai quang s& thue hién Khueeh dai cic kénh quang FOM dong tho
mot e, 06 o ra ety bing tan truvén dan cta he thong duge dai hon. Hi¢n nay. cic
bo khucch dai quang dimg cho OF DM di ¢6 kha nang khuéch dai duoe trén 100 kenh
quang. Hidu nidy mad ra mot hudng ing dung OFDM vao cic moi triong Khai thic da
dang. Hinh 7.43 mo ti mot phuong phip st dung Khuéeh dai quang vao mot h¢ thong
thong tin quang ¢6 ghép kénh quang theo Ldn so trong he thong OFDM.

7.2.2. Ung dung cua OFDM trong mang vien thong tuong lai

Nhitng thanh cong gin day cha cong nghe cic phin (It gquang ¢hio OFDM di tao ra
sir phdt tridn cde mach xw ly tin hicw quang rit da dimg. Chiing cd the ddp ting cie chue
nang nhar

- Sap x¢p cie kénh thong tin mot ¢ich hop 1y,

- Cho phép truyén dé dimg tin higu qua cic phian ur thu dong.

Bicu do tao ra mot tiém ting idn cna OF DM trong mang v i¢n thong. cho ra cic hé
thong thong tim hién dul ¢d dung lugng &, tinh mém déo, dé ding mo rong, dé dang
khai thac. Tuy nhien, de ¢6 duge cie cong nghé OFDM thuye ticn thy phai dat ducce

i sau:

|- Cac edqu tric he théng phii tao ra duge vice dp dung 101 nhat ¢dc dac tinh
OFDM. k& ¢a tinh linh hoat v kha ning mo rong.

2. Cic cong nghé co bin OFDM phai dam bao dat duge 1660 kénh trén mot s
dan quang.

3- Cong ngh¢ gidm sat kicm tra cae kenh OFDM. cic thiét bi quang thu dong cén

¢d khi nang dinh tuyén tan s6 quang.

7.3, GHEP KENH QUANG PHAN CHIA THEO THOI GIAN OTHM

Trong su phdl trien coa mang vién thong, xu hudng tang toce do rruyén dan di
duoce day manh trong miy nam pdn day, cic hé theng thong tin truveén din so toc do
cao di 1 nhu cau can thiét rén mang Judt. bé xay dung cic tuyén so toc do cao nhu

viy. ngudi ta 14y thong tin quang lam ¢d s0 dé thue hién vi né ¢d mot wuong truyén dan
véi bang tan khong 10, Tuy nhién dé ¢6 duoe thiét bi hoat dong o 10c do cao, cong ngh¢
di¢n tir - thong tin phai phit trien cidc chip dién W ed kha nang dip ing duoce toc do
chuyén mach cao hode lam viée & mor truong ¢ bang tan rong. Gin day, cic thict bi
nay did duge san xuit va san ¢o een thi trudmg thod min duoce 16¢ do ot 10 Ghit/s. Cac
san pham nhu viy trude hét didp tng duge cho cic thit bi phit vi thu quang lam viée o

bang tan cao. mdt khiac nod thoa man duoe vGi cdce thiet bi ghép vir gidi ghép kénh

Trong nhimg nam 1, viée xiy dung cic hé thang thong tin quang (6¢ do cao trén
10 Gbit/s TDM c¢ho m6i luong don kénh quang Ta chiic chdn thi viée phdl trién cée thanh
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phan thiét bi dién o & toc do 20 Gbiy/s va 40 Gbit/s 1 rat khé vi vin phai dwa vao nén
tang ciu tric cong nghé hon hop NP [70]. Vi viy k¥ thuat ghép kénh quang theo thoi
gian OTDM di khic phuc duge han ché trén bdi vi qud triinh ghép ciic Tudéng tin hi¢u
quang thanh cic ludng 1in hiéu ¢d t6c do cao hon khong théng qua mot qui trinh bién
dsi vé dién nao. Ghép kénh quang OTDM c6 nhic¢u kha nang thanh ¢ong vi tién nhanh
hon bat ky mot san pham ghép kénh dién nao vi né st dung cdc k§ thuat xir Iy quang
ticn 1i¢n. Mac dit van chua duoe thuong mai hod, cdc hé thong OTDM di dugce nghién
citu rong rii trong sudt thip ki 1990. Su phdt trién ctia ching doi hoi nhiéu loai bo phit
quang va thu quang mdi su dung cic k¥ thuar ghép va tich kénh toan quang. Nho cong
nghe¢ OTDM ma cé thé xay dung duoc cic hé théng t6¢ do cao t6i hing tram Gbit/s dén
trén | Thit/s [58, 711,

Nhu viy cé thé tém tat rang ghép kénh phan chia theo thoi gian TDM thutmg
duge st dung trong mién dién nham thuc hién cdc phan cip s6 cho c¢dc hé thong truyén
dan. Theo phuong thite niy, ngay ca cdc hé thong thong tin quang (truyén séng dnh
sing) don kénh cang tai duge nhiéu kénh TDM. Phuong thac nay ngay cing khé thuc
hién duge vér t6e dé bit [on hon 10 Gbit/s do nhitng han ché gay ra bdi cic dién tir tée
do cao va kha nang dicu ch€ truc ti€p civa nguén laser. Giai phip ghép kénh quang theo
thot gian OTDM cho ta mot phuong thite ¢6 kha nang tang td¢ dé bit ¢cho mot tin hiéu
quang don I¢n 61 gid tr1 rat cao hang Thit/s. Trong phan niy trudce tién ta dé cap t6i cic
k¥ thuat mdéi ndy va sau dé tip trung vio cdc van dé vé thiét k& va dic lien quan dén cic
hé thong OTDM.

7.3.1. Nguyen ly ghép kénh trong hé thong OTDM

Qua trinh ghép kénh trong hé thong truyén dan quang sir dung k¥ thuat ghép kénh
quang theo thoi gian OTDM ¢6 thé mo ta nhu hinh 7.44. Trong ghép kénh quang
OTDM, chudi xung quang hep duge phit ra tir ngudn phat laser thich hop. Céc tin hiéu
nity ¢6 thé duge dua vao khuéch dai dé nang mic tin hiéu di 16n dé dap ing duoe yéu
cau, néu can thi€t. Sau dé duge chia déu thanh N ludng, méi ludng sé& duge dira vao didu
ché nho cdc bo dieu ché ngoai vai tin hi¢u nhanh tde do B Gbit/s. Dé thuc hién ghép cic
tin hiéu quang nay véi nhau, cdc tin hi¢u nhdnh phai duoe dua qua cde bo tré quang.
Tuy theo vi tri cia tirng kénh theo thoi gian trong khung mia cdc bo tré nay sé thue hién
tré d¢ dich cdc khe thdi gian quang mét cich tuong tng. Thai gian tré 13 mét nira chu
ky cua tin hiéu clock. Nhu vay, tin hiéu sau khi dge ghép s& ¢o 16¢ do 1a (NxB) Gbit/s.
Sau khi duge truyén trén dudng truyén, thiét bi tich kénh & phia thu s& thue hién tich
kénh va khoi phuc xung dong hé (clock) va dua ra duoc timg kénh quang riéng ré tuong
tng voi cac kénh quang ¢ dau vao bo ghép phia phit; ta s& xem xét qud trinh tdch séng
cu thé sau.

Nhu vay trong cic hé thong OTDM, cic tin hi¢u quang diéu ché tai tdc d6 bit B st
dung clng mét tin s6 mang s&€ duge ghép theo cong nghé quang dé tao thanh mot tin
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hieu quang hon hop toe do NxB.vai N aso lugng cic kénh quang duoe ghép. Phin bén
trdi cua hinh 7.44 ¢6 thé duoe coi 1 cdu tric co ban cta mot thi¢t bi phit OTDM. No
dor hoi nguén phit laser phai ¢ khd ning phat ra chudi xung tnin hoan tai toc do Lip
bang vdi 1d¢ do bit don kénh B. Hon niia, né ¢in 1ao ra duoe cde xung ¢6 do rong T, sao

cho T, < (NB)"' dé dam bio ring xung s& phit hop véi khe thoi gian di chi dinh,

Vig¢e thye hién bang ky thuat ué thai gian trong qud trinh ghép nay ¢6 thé thuc
hi¢n duge trong mién quang bing mot phuong thite don gian. Ludng bit di duoce diéu
che¢ trong nhanh thi #2 duge tré mot lugng biang (- 1YINB). vé&i n=1.2.... N, vii diu ra
et 1t ca cde nhinh duge ghép vao tao thanh maot tin hic¢u hdén hop. Ré rang ring luéng
bit duge ghép ¢é khoidng bit 1a T, = (NBY'. Bd ghép tong (trir cic bo diéu ché doi hoi
LiNbO, hay cic ong dan song bin dan) ¢6 the thue hién duge bing cich sir dung cic
sol don mode. Vige tdch v ghép cde tin hiéu trong N nhdnh ¢ the thue hién bang cdc
bo ghép soi chuyén mach 1xN di duge thuong mai hod. Sy 1wé quang ¢6 thé thue hién
bang cdch str dung cde doan soi ¢6 chidu dai diéu khién duoce. Vi du mot soi dai 1 mm
s& ¢ tré [a 5 ps. Picm chinh cin phai chi v 13 1 twong ddi trong moi nhanh phai duoc
di¢u khién mot cach chinh xde dé ddm bio sip xép phit hop cice bit thude vé cic nhanh
khidc nhau. Véi do chinh xdc 0,1 ps cho tin higw OTDM 40 Ghit/s, thi do dai tré ¢é the
diéu khicn duge 1a trong khoang 20 pm.

C6 mot phuong thire khie sir dung cho cic mach séng quang planar duge ché tao
bang cong nghé silica-on-siticon. Cic thiét bi nhu viy ¢6 thé khong nhay cam phan cuc
mi van cho sir diéu khién chinh xdc cde chidu dii wé, Tuy nhié¢n. rit khé thue hién ho
ghép 1ong the trén mach séng quang planar vi cdc bo diéu ché khong 1hé tich hop dugce
bang cong nghé nay. Du sao viée st dung ching cho phép lam giam kich thudc vat Iy
va tang do on dinh cho bo ghép.

Tin hi¢u Khii
phat
clock

B& gidu ché
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7.3.2. Phat tin hiéu trong hé thong OTDM

HE thong thong tm gquang so dung Ky thuit OTDM thuding ap dung har k¥ thuat
phiit chu. Dang thit nhat ¢6 thé 1ay ludng (tin hicu quang ~6 RZ thong qua vice x|y
quang 1 luéng NRZ. Dang thd hai dua vio vice didu ché ngodit cic xung quang ngin.
Bai vai dang dau, tr tuong tin higu NRZ. nguoi ta thue hién bicn doi ching dé dua vé
dimg tin hicu RZ bing cdch cho luéng (in hiéu NRZ qua phin o xur v quang co cic dic
tinh chuyén doi phit hep. Phin tr ndy ¢6 the 13 mot bo didu ¢hé o dicu khién bing dién
(phan wr dién - quang hoic 14 dién - hdp thuy hay cac thiét bi ¢d dicu khicn quang nhae
cic guong vong phi tuyén (et hodae ban ding. Qud uinh bicn doi dnh ~dng lign e (CW
- Continuous Wave) thimh cie xung dua vio cde bo di¢u ¢hé dién - quang. Din vio CW
i luong tin hi¢u quang NRZ vi thudng thi moi luong NRZ véu caw mot phan 1 xar 1y
qurang niéng. Tuy nhién, véi cic hé thong tién tién hon, s& cho phép dong thol thee hién
¢ bign doi v xen quang NRZ thinh RZ nha mat thiél bi chuyén mach tich cue dién -
quang 2 x 2. Thict bi nay ¢6 chie niang chuyén doi dien - quang giong nhu bo didu ché
Mach- Zehnder: nhung tién bo hon Ta ¢d hai cda rac Nhu vay chium tin hicu ban dau
NRZ 16¢ do B Gbit/s & duge Lty mau nho bo dicu ¢hé Mach - Zehnder, bo dicu ché niy
duge diéu khién vor mot séng hinh sin tan s6 8 GHz v dioe [ bimg bién do (61 gid
tri di¢n dp chuyén mach. Tin hi¢u s quang s¢ duoe bign doi thanh dang RYZ o toc B
Gbit/s vai do rong xung bang mot mva chu ky bit. Dicu niy co nghia L o duoe mot
khodng dé xen mot Judng tin hicu dang RZ (it hai vio. Viee xen kénh tha hai duoe
thue hign nhé bo ghép (Coupler). Hinh 7.45 mo ta ha nguyén Iy howt dong dac trung
cua phia phat 4 kénh OTDM dua trén viée xir 1y cde ludng tin hién <6 NRZ, & day su
dung ket hap cde chuyén mach ¢o cic dicu kién didu khicn twong thich, Luu ¥ ring, su
khdc nhau gida hai so dé Taosu xen tin hiéon & trang i tha hais Tin hicu dicu khién 28
GHz 1a duge yéu cau, tin hieu nay ¢6 (he ihu duoe bing cich hoic [ st dung tin hién
dieu khién tai tin so do ¢6 bien do bing véi dien dap chuyén mach, hoac 1 sic dung dicu
khicn B GHz véi hai lin dién dp chuyén mach.

Trong qua trinh nghién cdu vé ghép kénh quang theo that gian. ngudi ta da luu ¥
nhién 161 cong nghé nguon phidt. DAy i cic laser ¢6 thé phat ra cic xung rat hep 6 16¢
do cao. Bau ra cidc nguon niy 14 cic bo chia quang thu dong (coupler), cdc bo diéu ché
ngoial vit iép dé Ta cde bo wé thai gian, cic bo tré tdi hop van sit dung coupler nhir da
mo ta o hinh 7.44. Ciic sin pham cua phia phit OTDM duoge phat tricn hau nhu dua vio
wide cong nghé 16 hop mach fai ghép. didu nay 1ao didu kién thuan 1o cho viée tien himh
nghicn cten trong phong thi nghiém bai vi véi nhitng thanh phin sin pham quang soi

nay. ¢6 the tién hanh cde thi nghiém ¢6 cde dicu kién twong tr nhr viy.
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Khi lua chon cac nguoén quang cho hé theng OTDM, ty [¢ “ddnh diém-khoang
trong” 1a rat quan trong va nd tuy thuoc vio mite do ghép kénh dat ra. Vi du nhu trong
h¢ thong OTDM bén kenh, ty lé “dinh diém - khodng tréng” 16i thiéu phai dat 1/3 dei
vOi 16¢ dé truyén dan trung binh, diéu nay ngu y rang ty s6 “ddnh diéi - khoang trong™
lén hon 1/12 déi véi nguon phat xung quang. Déi véi khoang truyén din rit xa thi 1y 8o
nay phai dat cao hon. Céc nguén phat xung phi hop cho ciic hé théng OTDM hién dang
duge st dung rong rii trong cic thue nghiém la:

- Cédc laser hoc cong huong ngoii gd mode cho 4 x 5 Gbits.

- Cic laser DFB chuyén mach khuéch dai cho 8 x 6,25 Gbit/s

- Cic laser vong soi Khod mode cho 4 x 10 Gbit/s v 16 x 6.25 Gbit/s

- Ciie nguon phdt cao cap cho 16 x 6,25 Gbit/s.

7.3.3. Nguyen 1y giai ghép kénh va xen/ré trong hé thong OTDM

Khi xem xét cic hé théng OTDM va cic hé thong thong tin quang c6 ghép kénh
TDM. ngudi ta thily ¢6 su khic nhau chi yéu o day la viec ghép va gidi ghép trong ving
thii gian quang, ma né duge thé hién nhu 1a mot chie nang tich cuc. Thuc hién viéc
giar ghép trong hé thong OTDM di¢m nét diém & phia thu chinh [a viéc tich hoan toan

cic kénh quang. Tuy nhién, khi xem xét trén cue dien mang OTDM thi lai phai xem xét
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ca kha nang xen vi & kénh (i luéng truyén dan. D61 véi bo gidi ghép kénh, can phii
xem xét cie tham s6 co ban vé tach kénh, ké cd ty s6 phian bigt quang. suy hao xen va
mat ¢t cra 6 chuyén mach ¢é thé dat duoc. Dai véi ciac nit xen va ré kénh thi phai
dinh gid ca hi¢u sudt chuyén mach. do dac phan cong sudt duge 14y ra tir kénh ong
ting. O day ty s6 phin biét rd rang la ¢é dnh huong 161 mie do xuvén kénh. Ngodi ra,
xuyén keénh cling s€ bi ting do ¢é s phi chom giita cdc kénh lan can véi nhau tao
thinh cira 6 chuyén mach. Két qud Ia do rong ctia cuta 86 chuvén mach s¢ ¢6 anh
huong true tiép dén toe do duomg truyén. Nhe vay phdi dit ra cic véu cau vé do rong
xung tin hiéu sau khi truyén dan dé giam nho xuyén kénh.

(6 nhicu so do gidi ghép, nhung chung quy lai thi ¢6 hai loai chinh [a Joai dicu
khi¢u dién va diéu khién quang. Thai gian ddu, cde thue nghiém co ban ap trung vio
hudng su dung cic bo dieu ch¢ Mach-Zehnder Lithium niobate, né cho phép khai thic
chire nang ddp tng hinh sin dé giai ghép bon lan tée dé tin hiéu co bin. Trong cac thic
nghi¢m gan day, ngudi ta lai chi trong dén viée ing dung cdc cong nghé xiv 1y quang
hoan toan cho giat ghép. Nhu viy, viée tdch cic kénh ri¢ng & 1r mot tin hicu OTDM
can phai st dung cic &5 thudt quang dién nehay &5 thidt hoan toan gitang. Mé1 phuong
thic dén ¢é nhimg mat thuan lgi va nhitng mat khé khin. Hinh 746 mé ta ba so dé
duge d¢ ¢ip den trong phan nay. Tal ca cic k¥ thuat giai ghép kénh déu can mot tin
hicw dong ho clock, chudi xung win hoin tai 16e dé bit cia mot kénh don. Tin hi¢u
xung dong ho & dang tin hi¢u doi véi gidi ghép kénh quang - dién. nhung lai & dang
chuoi xung quang doi véi giii ghép kénh todn quang. Saw day. ta »& xem xét cde qud
trinh gian ghép kénh niy.

K¥ thuat quang dign sir dung mét s& bo diéu ché MZ loai LiNbO,. Méi ba diéu
che chia doi toe do bit biang cdch logi trir cie bit luan phién nhau trong tin hic¢u dau vio.
Do d6é mot h¢ thong OTDM ¢6 8 kénh cin 3 bg diéu ché ndi tiep nhau nhu duge chi ra
trong hinh 7.46a), duoc di¢u khién bai cling tin hién clock nhung vai dién dp khdc nhau
bing 4V,. 2V, va V. & day V, L dién dp ¢an cho déd dich pha rong mot nhinh cua bo
glao thoa MZ. Cidc kénh khite nhau ¢é the¢ duge chon bang cdch thay déi pha cia tin
higu clock. Uu diém chinh cta k¥ thuat nay i né st dung ¢é hicu .Lillill cdc thimh phan
thiet bi dd dugc thuong mai hod. Tuy nhién né cling ¢6 mot vii nhuoce diem. N6 doi hoi
mot s6 lugng lén cic linh kién thigt bi dit tién, trong d6é mot s6 cin dién dp diéu khién
cao. N6 cling bi han ¢hé bési t6¢ do clia cde bo diéu ché do tinh chit quang - dién cta
6. Dl sao cde bo dicéu che LINDO, hoat déng & tée do 20 Gbit/s hicn nay déu sén cé

trén thi trudng, tao cho ky thuat ndy maot su tua chon vitng chac.
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Hinh 7460 Bu so dd giai ghép cho tin ién OTDM

Mot so Ky thudt wan quang su dung girone vong quany phi tivén NOLLM
{(Noulmear Optical Loop Mirror) ¢é cdu trac su dung vong Lip soi ma cac dau cia 1o
duoe nei vot hat cong din vio cia be ehép soi 3 dB nhu ¢hi ra o hink 7.36b). Thidl bi
nhu vay 1 mot thict bi an quang cia b giao thoa Sagnac. NOLM duge goi 1 guong
vi nd phan i hodn toan tin hicu diu vao khi cie song truyén nguoe chiu cing mot do
dich pha trén mét hanh trinh vong quanh. Tuy nhién, néu sw doi xune bi phii v& mi o
ra do dich pha tuong dor 7 gitta chdng. thi tin hicu duge truvén di holn toin bang
NOLM. Hoat dong cua NOLM dua wren co so XPML cimg mot hien wong phi tuyén
twong . thong thudng tao ra xuyén kénh rong cic he 1thong WDM. Tin hic¢u xung
clock, bao gom mot chudi cie xung quang ¢ t6¢ do bit don kénh duge bom vio vong
lin <ao cho no chi truyeén theo hudng thuin chi¢o kim déng hé. Tin hicu OTDM vao
NOLM sau khi duoc clna déu theo cde huong (ruyén nguoe Tai biang mot bo ghép 3 dB.
T hicu xung clock 1o ra sy dich pha thong qua XPM d6i vdi cdc xung thuoe vé mol
kenh rieng bict trong tin hicu OTDM. Trong trudng hop dain giin nhat, chinh soi quang

fan o ra XPML Cong sudt cua tin hica quang va chidu dii vong soi duoce ¢hé tao da 1én
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dé tao ra do dich pha twong doi 7z K& qua i, mét kénh don duge tdch ra bang NOLM.
Trong phuong thic niy, NOLM L ban sao TDM cua cie bo ghép kénh xen/ré WDM di
dwrge dé cap dén trude day. Tat ca cic kénh ¢6 thé duoe giai ghép mot cich dong thoi
bing cich st dung mét val NOLM miic song song véi nhau. Dac tinh phi tuyén sot duo
nhanh sao cho mot thiét bi ¢é thé didp ung véi mat do thai gian 6 mude femito giay.

Han ¢hé cho yéu coa NOLM L su dung XPM trong vong son, xudt phat tictinh phi
tuvén soi véuw. Chidu dai vong nén vio khodng tor 10 km tro lén dé o ra su dich pha
véi cde mite cong suit thue (€ cua tin hi¢u clock. Theo mor cach khie dua trén khii
niém co ban, bo SLA duce xen vio vong soi vit sit dung tinh phi tuyén cia nd dé thuc
hien viee tich kénh. SLA gay ra su dich pha do biio hoa do khuéch dai theo cich tuong
e nho so dé chuvén déi bude song mo di ta teude day, Su dich pha nay ¢6 the duge
thay déi doi véi cie bit dit Tiéu thuoe v¢ mot kénh xide dinh bing cich bom tin hiéu
xung clock vio, do do sé tdch duoe kénh dé. Tinh phi tuyén cia SLA phai du lon de tao
ra do dich pha twong doi wnhd bo SLA dai | min. Tuy nhién, tinh phi tuyén nay toong
déi cham do nd dbi hoi su tdi hop cla cdc cap dien tr - 16 trdng trong vimg tich cue cua
SLLA va bi chi phéi bdi thisi gian song cta tin hiéu mang (khoang 1 ns). Bang cich bom
mot tin higu CW bang tin hicu clock (tai mot bude song khic). thoi gian séng cha tin
hiéu mang ¢6 thé bi giam xudng dudi 100 ps. Neay ¢i mot dap ing nhanh hon ciing ¢6
thé xdc dinh duoe bing cach diat SLA khiong doi xdng trong vong soi. Thiét bi nhir vay
duoe goi [a bé giai ahép kénh quang khong doi xing quang THz (TOAD) boi vi nd ¢o
thé ddp tng tai ty 1& thoi gian 1 ps. Hoat dong cita né & 16¢ do cao 1651 250 Gbi/s di
duge dua vio tho nghiém.

Phuong thic ghép kénh th ba duge mo (4 trong so do hinh 7.46¢), so dung FWM
trong maoi trudmg phi tuyén va i viée theo mot cich tuong tu nhu phivong thiic chuyén
do1 bude song da phan tich trong philn trudge day. Tin hicu OTDM cing duge phat véi
tm hiéu clock (tai mét bude séng khie) vao man truong phi tuyén. Tin ncu clock hoat
dong nhu mat bom déi véi qui tinh FWM. Chuoi xung mdi sé duge phit ra ¢ bude
sdng thl ba, 13 mot ban sao giong hét véi kénh can gidi ghép. Mot bo loc quang duge
ding d¢ tich cic kénh ra tir tin higuw OTDM va tin iéu clock. Sei duy tri phan cuc
thudmg duoe dimg nhuy mot moi truting phi tuvén matrong do FWM xay ra do tinh chat
cue nhanh ctia tinh phi tuyén va kha nang ctia né duy ti trang thai phan cue bit chip su
thay doi bat thuong vé méi truong. Thue viy, viée aidi ghép kénh khong 161 cua mol
kénh 10 Gbit/s tor tin hicu OTDM t6c do 500 Gbit/s di duge thue hién bang cich su
dung cdc xung clock cé khoang cich 1 ps. Tinh phi tuyén cia mot bo SLA ¢é thé ding
cho FWM. D6 nhay phan cuc th vin dé chinh khi sir dung SLA dé Gich kénh. Vin d¢
nly ¢6 thé giai quyél duoe bing cich st dung hai doan xic dinh cia cdc soi duy tr

phin cue trude vie sau bo SLA sao cho cie true chinh cua chang trie giao véi nhau,
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Vice giai tin hiéu OTDM doi hot phai ¢6 sy khoi phuc tin hiéu clock tal 6¢ do bit
cua mot kénh don. Do céc t6c do bit cao gan lién véi tin hicu OTDM nén cin st dung
phuong thitc toan quang. Thong thudng, vong khod pha quang OPLL. dua vao qua trinh
FWM duoc ding cho muc dich ndy. Mot phuong thic khic dua vio NOLM hoic laser
so1 cling ¢6 thé duge st dung. Phuong thiic FWM cé thé sir dung bat k¥ moi truomg phi
tuyén nao. Cic soi quang thudng duge dung do dip ing cta ching nhanh. Vige st dung
cic bo khuech dai SLA 1a khd hip dén do gidi phdp nay kha chic chian va cho phép khoi
phuc tin hiéu clock tai cde t8¢ do bit xap xi 100 Gbit/s. Thanh phin F'WM duge ding dé
phdt rta mot tin hiéu khic pha hoi tiép tra lai bo dao dong dicu khien dién dp dé xdc
dinh pha dang khoa.

Trang thai phan cyc A A A
ﬂ o 86 chia
AJ\ JAN ﬁ \ ﬂ

Thiét bi Kerr gquang phan cuc

Xung tin hiéu quang i1 AA f\M 21
* j\ ]\ '
Xung diéu knién quang »2 A A
;'\n,’,((b \_
1 Xung tin hiéu 2
< b~ = 7

)(ung tin higéu 1

Thay déi eni
36 chift suat
{thay dé&i pha)

Trang thai phan cuc

Xung digu khién ;.2

Higu (ng Kerr quang

Hinh 7.47: Nguyén Iv ciu bé giai ghép thoi gian (DEMUXj sit dung

chuvén mych phdn cire guang

Hink 7.47 1a so d6 nguyén ly cha DEMUX Kerr quang |72]. Trude hét ta hidu
hi¢u ting co quang 1 hiéu tng ma trong dé dac tinh phan cuc cha soi quang phu thude
viio sit dong nhat theo hinh tru cua chi s6 chiét suit. Anh huang coa hién tuong phi
tuy€n lén su déng nhit nay va cic hiéu g truyén din xay ra sau dé thuong duoc goi
chung [ hi¢u dng Kerr. Trong so dé hinh 7.47 nay, thanh phin phan cye cua céac tin
hicu dnh sing duge chuyén mach 90" nhd cde tin hi¢u dieu khién quang. Hudng phan
cue duge quay di mot gée 90" khi 6 léch pha gitia cdc thanh phén x vi y cua tin hiéu bj
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thay doi tir 0" dén 180", Sy lech pha cic tin higu sau khi truyén qua moi truong thiét bi
Kerr ¢6 do dai trung binh s& duge ghép nhty sir khdc nhau vé chi s6 chict suat el né
gita cic true x vay. Do sur dung hiéu ting Kerr mi cuong do quang 1ién we dii tao ra su
thay doi chi 88 chict suat, chi ¢6 thanh phan phéan cuc tin hi¢u duge cdc tin hicn diéu
khién ¢6 cudng do 16n chang 16n 1a ¢6 (hé bi chuyén mach di 907 Cdc dnh sing phan
cue true giao s€ duoc tich bing bg chia phan cue, e nay chim xung tin hieu da duoc
ghép s& duge giai ghép thianh cic tin hicu ¢é t6¢ do thap hon tng véi chium xung
dicu khién.

Deé tao ra bo gidi phép quang su dung thiet bi Kerr quang, cde thiét k€ phai cé cai
tién phit hop. trang thdi phan cuce phai én dinh. Ngoat ra cic k¥ thudt méi vé cong nghé
laser nhu phit c¢dc xung cyc nhanh, phat cic xung dicu khién déng bo va khuéceh da
phat dugc quan tam rit nhiéu.

B¢ didu mién guong
vong phi tuyén

10 GHz clack

Coupler WM Coupler WM

Coupler 3 dB
D liéu 40 Ghit/s 3 = 100 Ghit's + xen 10 Ghitis

Coupler 3 dB Coupler 3 dB

Ré& 10 Gbitis Xen 10 Ghitis

Hinlt 748 So do dong bo hia chon kénh bine sicony vone phi tinven
g0 C g g & i

dé ré ve xen kénh véi cie bo cotipler 3 (B

Hinh 7.48 minh hoa mot phwong phip thue hién mat nit mang ¢o xen va ¢ kénh
st dung guong vong phi tuyén {70]. Tin hiéu dén dugc bo chia 3 dB chia ra gitia cic
nhinh cua guong vong. Sau khi lan tuyén vong quanh vai kilomét ~oi trong vong. hai
chudi xung ré giao thoa, tdi hop vi duoc phan xa 1ir girong vong duéi cic diéu kién
tuong thich. Chu trinh hoat dong niy co bin 14 thu dong vi tuyén tinh. Tuy nhién néu
¢6 chudi cde xung clock cong suit cao hon duce dua vio vong ma trimg hop vdéi tin
hi¢u s6 nhung chi lan truyén theo mot hudng, thi cic xung ctock s¢ bién doi cht s6 chiét
suat cua 161 soi thong qua hiéu tng Kerr. Viée diéu ché ngang pha vira du da cho ¢é thé
€6 ¢ tén cdc xung tin hiéu dé o ra cic xung trung hop duoc chuyén mach sang phia
doi dién cia guong vong. Keét qua la, tin hiéu can thi¢t lay ra ¢ ndt duoe thigt bi phan
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xa. trong Khi do ciac kénh con L s& di qua v tdi hop tai cho véi tin hiéu duee phat cho
hudng truyén dan phia trude. Cla s6 chuyén mach cia thiét bi duee xde dinh khong chi
bang dang cta cic xung diéu khién, ma con bang cde van toc tuong dor coa cde tin
hicu. Do cd su sip xép cdc bude song xung tin hicu vi xung diéu khién mot cich doi
xting & ci hai phia cta diém ¢6 tin sic soi bing khong, ma e so chuyCn mach toi
thi¢u s& thu duoe tir cic xung tin hi¢u vi diéu khién 1 twong hop ve van 16e. Khi thay

doi van 1ae twong doi s& dat duge cde cua so chuyén mach phang dinh. Thiét hi &
chuyén mach cde xung tin hieu mién 1 ching cling lan truyén voi cic xung diéu khién
it phan guong vong.

Cac guong vong phi tuyén NOLM cing ¢6 theé duge ciu trie tr thidt bi Jaser bin
dan thay cho soi trong mot sé trudng hop. Nhuge diém chi yéu ctia NOLM 14 do do dai
cua soi (thudng (6 10 km), ma can lua chon cian than tin sic bang khong vi bude song
tin hicu dicdu khién dé dat duoe el 50 chuyén mach hop 1y,

Nhi¢u bo gidi ghép kénh quang ¢ thé duoe bién doi thinh ¢ic thiét b ¢6 chuce
nang xen vi ¢ kénh bing cich thém coupler 3 dB tai dau ra ¢l chuyén mach quang
duge dung dé ¢ mot hoie vin kénh. Tuy nhién, phai luu v (681 vice dong bo phit hop gita
kénh duoe xen va cde kénh di thing qua ndt e dé han ché xuyen kénh,

7.3.4 Nang luc hé thong OTDM

Trong thue &€, cu Iy truyvén din L cla cide tin hiéu trong hé thong thong tin quang
st dung kv thuat ghép kénh quang theo thai gian OTDM bi han ¢hé boi tdn sac soi
Trong khi dé hé thang OTDM ¢6 16¢ do bit rit cao viu st dung cde xung quang ngan
(khoiang | ps). Trong truvén dan tuyén tinh tin hi¢u RZ trén soi ¢o tan sac, dén b cho
hé thang theo nghia bit trir tin sie ¢hi thiét Llap khi cdac xung tin hicu br mat nang luong
vio cic khe thai gian lan can. Tuy nhién, mot khi dicu nidy xay ra thi hé thong bi suy
ciam nhanh. Vay, d¢ tang cuce dai khoang cich truvén dan thi phai dua cic he thong
OTDM vio cic tuyén ¢d tan sic tén 161 khong. Gidi phip tiép can dau ticn la ngouon
phat phai fim viée tai bude séng ril gin véi bude sdng cla dn sie sgi bang khong.
bicu ndy khong phai dé dang thue hien nhie dd ndi bot vi véi cde dicu kién nay, mic
cong sual mi tai dé nhitmg sie st kém hé théng do phi tuyeén xiy ra c6 (e 1 hoan toan
thap. nic 12 giam cong sudt tin hicu dé (rdnh dan xung can thi¢t, nhung di¢u ndy ¢6 the
I cho nang lue hé théng bi gidi han do ty s& tin hiéu trén nhicuw. Thi hai Ta cic ky
thuat diéu tiét tan sic ¢6 thé duoe siv dung d¢ duy tri hinh thie truyén dan tuyén tinh dé
trinh cic gidi han nhu & trén hodie d¢ bl day du tin sie tuydn tinh cua tuyén. Viée thue
hién cdc k§ thudt b tin sdc trong cic he théng OTDM doi hoi ¢in ¢ mdt bude kiem
tra ngat nghéo chat lwong cia subivi rang & day st dung cde xung rat ngan.

Vin dé cu the & day rd ring [d khong hé don giin. Thue (& khi sw dung tin hicu

OTDM dé& 1ai N kénh véi tae dé bit B thi didu dd wong duong vai viée truyén di mot kénh
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don ¢ toe do bit tong NB: tich ey ly - 10c do bit NBL bi han ¢hé boi cic gidgi han 1in séc.
Vidu. ro rang R trong hinh 2,33, he thong 200 Gbit/s bi han ¢hé o cu by L < 50 ki
ngay ca khi hé thong duce thiét ké dé hoat dong chinh xic 1ai bude song ¢6 tin sic 0
et soi. Do do vige thue hién cie hé thang nhu vay dat ra véeu cau la Khong nhitig can
phai su dung cie soi tin sic dich chuyén mi con phii sir dung ¢i kv thuat b tin sac dé
giim tde dong cua ede hic¢n dng tin sic bic cao.

Quii trinh can nhae dé thue hién di duge tién hinh trong suot nhimg nam 1990
trong cde tuyén soi dicm néi diém sie dung cong nghe OTDM. Trong mat thi nghigm vé
tin hicu OTDM 1ae do 100 Gbit/s, bao gom 16 kénh 6.3 Gbit/s, duge truyén di trén e
Iy 560 km v6i khoang cdch cic bo khudeh dai 1080 km ¢o s quan Iy tin sic |73
Neuon laser trong thi nghiém nay 1 Laser soi khoid mode di tao ra duge cic xung rong
3 ps v toc do Tap 1 6.3 GHz, toc do bit cta don kénh. Mat so do ehép kénh twong
nhu hinh 744 dd duoe sit dung dé phiit thanh cong tin hieu OTDM 6 tée do 100 Gbit/s.
Toc do bit tong saw nay phdt tricn dat & 400 Gbit/s bing cdch s dung nguén xung

sicu fien tye o ra cie xung tong 1 ps [74]. C

Ac xung ngan nhu vay rat can thiét vi khe
bit chi rong 2.5 ps tai toc do 400 Gbit/s. Do cic xung 1 ps bi méo nghicm trong vai
phan dudi xung bl gidn rong ra t6i 5 ps (dac tinh tiéu bidu tin sac biac 3) nén can thidt
phai bit che dudng bao tdn sac (tin sic bac 3. B, Mac div thé, cy v truyén dan vim bi
i han o 40 kim.

Co mot k¥ thudt dé thye hién xay dung cic hé théng thong tin quang hoat dong &
16¢ do bit 1ém hon 1 Thit/s 12 phoi hop ca hai k¥ thuat TDM vii WDM. Vi du. tin hiéu
WDM hao gém M song mang quang ricng r& d¢ méi mot tin hicu 1ai ¥ kénh OTDM véi
to¢ do bit B, ¢6 tong dung lugng 1a B, = MNB. Nhimg gidi han tin sac cha mot he
thong nhu vy duge thict 1ap boi tin hicu OTDM t6¢ do bit NB. 'Thi nghiém truyén dan
.04 Thit/s thinh cong nam 1998 da khang dinh k¥ thudt nay [58]. Hay trude d6 trong
mot thi nghi¢m tar Nhit ban nim 1996, phuong thie niy duoc st dung dé thue hien
dung tuong tong cia LEbit/s v6i M = 10. N = 10 vii B = 10 Gbitys. Cice kénh duoe tach
ricng ra biang 400 Gz (khoang 3.2 nm) dé trinh su chong lian lén nhau gitta cdc kénh
WDM canbt nhau i 6 do 100 Gbit/s. Dung lugng tong cua cic hé thong nhu vay ¢d
the tang trén 5 Thit/s vé nguyén Iy, mac di trong thue (& con nhicu yéu 16, nhu di
thong bé khuéeh da, cie hicu tng phi tuyén trong soi, vi tinh thiét thue cua viée b tdn
sac trén mot bing tan rong. ¢ thé han ¢hé thue hica duge trong thue (3.

K

SHOU) ¢

* thuat OTDM con duge s dung d¢ thiet ké cic mang quang théong sudt {trong

v e

P

khit nimg két néi nhiéu nidt cho truy nhip hai huwéng mot cdch ngau nhién.

Tuong w nhu trong mang WDM. ca hai ciu trie don hop v da hop déu duoe xét dén.
= - = P el B

Cic mung OTDM don chang dung cic bo ghép thu dong d€ phan Tuong tin hicu (W mot
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Nt dén @t ca cae nut khdae. Nguoe lai, cae mang OTDM da hop véu cau xi 1y tin hiéu

ngay tai moi nat dé dinh tuyén luu lugng.

7.4, GHEP KENH SONG MANG PHU

Khii nié¢m co ban vé ghép kénh séng mang phu SCM (Subcarricr multiplexing)
duwa trén k¥ thudat thong tin viba, ky thuat sit dung cic séng mang viba dé truyén din
nhicu kénh tin hicéu (FDM trong truong dién) rén cie cip dong truc hoic trong khong
gian ty do. Dai thong tdng bi han ¢h¢ thip hon 1 Gz khi sit dung ¢ip ddng dé truyén
tin hicu viba nhicu kénh. Tuy nhién. néu tin hi¢u viba nhiéu kénh duoc truyén trong
mai wrudng quang st dung cac sot quang, thi dai thong tin hicu ¢é the dé dang tang vt
10 GHz cho moi tin hiéu quang néng &, Phuong thic nhu vy duoge coi 1a SCML vi vide
ghép keénh duoc thue hién bing cich sit dung cde séng mang phu chir khong phai séng

mang quang. Ky thudt ndy thu hit duge su quan tam nhicu 1a do né ¢d kha nang thuong
man hod trong cong nghé truyén hinh cip (CATV). N6 ciing ¢6 thé phai hop duce véi ca
TDM vie WDM. Su k&l hop cua SCM vii WDM s¢ tao ra th¢ manh d¢ thue hién duoc

hang tin 1dn hon 1 THz.

Kenh 1 :
T s¢,
Kénh 2 o Son quang S
sc, | . ]
i Q B i
; @ Chan kénh
, E Tx D I va
! E tach song
Q- N .
il Bo phat quang Photodiode
Bé thu viba
Keénh N
SC,

Hinh 749 Hé thong SCM nhicu kenh

So dé khéi cta hé thang SCM dwoc thiet ke vl song mang quanrg don duoe mo ti
nhu & hinh 7.49. Un diém chinh coa SCM T tinh linh hoat vi khd nang cip nhat trong
cau trie mang bing rong. Ngudi ta ¢ thé st dung dicu ché tuong tu hoac didu ché sé.
hodc két hop ca hai dé truyén nhiéu tin hiéu thoai, s& Licu v truyén hinh 161 mot sa
luong 16n ngudi sir dung. Mot séng mang phu don ¢d thé phue vu cho timg thué bao,
hodc tin hi¢u da kénh ¢é thé duge phan phai cho tat ca cac thué bao nhu cich thuong
L bang cong ngh¢ truyén hinh cip CATV. K¥ thuat SCM duoce mo rong nghién ciu
bai vi cide Gng dung thue 1€ cla né ¢d pham vi rong lon. Ung dung cha né trong viée
phan phoi kénh truyén hinh da dat t6i mie thuong mai hod vio nam 1992, Trong phan
nay. ta nghtén cttu ca hai hé thong thong tin quang SCM tuong tr viu sé. trong do tap

trung chu yéu vao ciu triic va chite ning cua ching.
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7.4.1. Hé thong thong tin quang SCM tuong tu

Trong cic chuong trén cua tai ligu nay, ching ta cha yéu xem xét cic he théng
thong tin cdp quang truyén dan tin hi¢u 6 béi vi cdc Ky thudt dicu ¢h¢ s6 da duoe s
dung a1 da ning trong vige thict k& cac he thong thong tin cip sgi quang. Tuy nhién,
trong trrdng hop cic he théng SCM thi ta cin phii thao ludn doi véi viée truyén tin hiéu
twong tur (tin hicu analog) vi ching ¢6 1hé duoc thigt k& dé phan phéi hinh dnh. Hiu hét
cic mang CATV thue hién phan phét cic kénh truyén hinh bing ciich sir dung k¥ thuat
tuong tur dura trén dicu ché tan s6 (FM) hodc diéu ché bién d6 vor bing bén AM-VSB
(Amplitude Modulation with Vestigial Sideband) vi cdc k¥ thudt ndy cho phép st dung
cde linh kién viba hién ¢é. Tuy nhién do dang séng cha tin hi¢u twong tv phii duge bao
toan sudt qud trinh truyén dén nén cic hé thong SCM lwong ty ¢6 yéu cau rit cao vé ty
<6 tin hiéw trén nhiéu SNR tai thiét bj thu va dat ra yéu ciu nghiém ngat vé tinh tuyén

tinh trén nguén quang va kénh thoéng tin.

}

Brac tinh L/ Tin higu gquang

Cong suat phat quang

Ll e T

Tin higu dién
dau vao

r
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Hinlt 7.50: Dicw ché'tin hidu twong tie d6i voi laser han dan

Hinh 7.49 chi ra nguyén tic thiét k& h¢ théng théng tin quang SCM. Timg song
mang phu s& duge diéu ché, sau d6 ddu ra cha tit cd cic song mang phu di duoc didu
ché nay s&€ dugc cong lai véi nhau béi mot bo ket hop cong sudt viba. Tin hi¢u tong hop
s& dugic ditng de diéu ché cudng do véi mot laser ban dan mot cich true 1ép bing cdch
cong tin hiéu nay véi mot dong phan cuc. Hinh 7.50 mé td cich mi diu ra cia laser sao
lai tin hiéu dién tir khi dic tuyén L/I cia laser bin din 13 tuyén tinh. Bat ky su chéch
nao khoi phin tuyén tinh s& lam méo tin hi¢u quang tuong tu va dnh hudmg dén chat
lrong he thang. Cong suat phat di dugc viét dudi dang sau:
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h
P(y=P 1+ mu cos2mfii+0,) (7-26)
trong dé P, 1a cang sudt phat ra tad mice ¢ thicn dp phan cucs m. a. f,. v @ tuong g
1 chi s6 didu ché. bién do, tin s6 vi pha cia song mang phu thi /2 cde 6 bang . f,
hoidc ¢ & duoe dicu ché dé cho ratin hiéu tuy theo k¥ thuit s dung f AM. FM hay PM.

Cong suit thu ciing duge cho boi bi¢u thire (7-26) nhung cong sual tong cong di
bi suyv giam do suy hao truyén din néu keénh thong tin [ hoan wan tuvén tinh. Trong
thuc 1€, tin hieu bi méo do c¢héch ra khoi phan wyén tinh, Méo nly duoe goi o mco dicu
chd twong hé, twong te nhe méo IMD (InterModulation Distortion) di dé cép dén trong
mine 7.1.8. Bt k¥ sy phi tuyén nao trong ditp dng cta laser ban dan hode trong dic tinh
truyén din cla sgi quang cling s¢é (4o ra ¢dce tan so mai ¢ dang f+ 7, va Lo+ fE L Mot
SO 14N 56 nly =& roi vito bang truyén din vi lim méo tin hicu twong . Cic tan sé& mai
duoc goi 1a cdc san pham twong hé IMP (Intermodulation Products). NEu (i1 ca cie
séng mang phu nim teong #hdm tdn cta bang thong thi chi nhimg IMP bic 3 maoi o
vho bang thang truyvén din. Cdc IMP lai duoce phan chia nho hon thimh cic IMP hat
tone vi ciic IMP ba phich tuy thude vao hai 1in s6 ¢d trimg hop hode ba ran sa ¢d phan
bi¢t hay khong. Cde IMP bac 3 ¢6 khuynh hudng tro thanh mo nguon chinh cua IMD
bac 3 vi ching ¢6 s6 lugng 16n. Hé thong SCM ¢o N kénh <& fao ra cic «0 hang ba
phich NEN-1)3N-2)/2 so véi hai tone N(N-1), cic s0 hang bac 3. Céc IMD bic han cling
phai duoe xét dén bat ky khi ndo cic song mang phy chicm nhi¢u hon mot nhém tam
clia bang thong. Né thudng lan & dic tinh hé théng wy thude vao <o luong cic IMP do
adp vivo cde IMD bic hai.

Méo didu ch& twong hé IMD ¢6 ngudn gée trong mot s6 co ¢hé phi tuyén phan
bict. Dai déng cla cde laser bin din duoe chi phoi tr phuong tinh 10¢ do, ching thye
chat [ phi tuyén. 1.oi gidi cita ede phuong trinh nay s¢ cho ra cice hicu thie cho IMP
bac 2 vi bac 3 bat ngudn tir tinh phi tuyén nay. Pong gép cla ching 1 1on nhat khi ndo
tan 56 IMP roi vao gin 1in s6 dao dong phuc hdi. Ngudn goc thi hai caa IMD d6 i do
¢ doan phi tuyén cia dwdng cong cong sudt quang - dong di¢n (1./1). Cuomg do cua
IMP ¢6 thé duoc tinh toin bang cich trii cong sudt ra theo chudi Taylor xang quanh
cong sudt thién dp phan cuc. Trong ca hai trudng hop IM Ps bac 2 vi bic 3 s¢€ ting vo
chi s6 diéu ché m 1a n viv m' wong tng. C6 mot vii co ché khie vi dy nhu tin SAC SO
quang, chirp tan so. nhiéu canh tranh mode cting ¢6 thé gay ra IMD vi tde dong cua
chang [én cdc hé thong SCM di va dang duge nghién ctu.

Chat lwgng hé thong phu thuoe vio 1y s6 tin hiéu trén nhiéu SNR ¢6 lién quan v6i
tin hiéu giai diéu ché. Trong cic hé thong SCM, 1y 56 séng mang trén nhi¢u CNR

(Carrier-10-Noise Ratio) thuong duge ding thay cho SNR vi hai ty 50 nly €6 ien quan
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dén nhau. CNR duoce dinh nghia la 1y 86 cong sudt séng mang RMS trén cong sudt
nhi¢u RMS tai diu ra cta bo tich song quang. Nhu vay, CNR 6 thé vidt dudi dang sauw:
Ry

CNR = (7-27)
ol +0; +0 40

i

trong dé o Ja chi 56 dicu ché kénh, R 13 dip ng bo tich song, <P> L cong sui quang
trung binh thu duge, va 1a o, Or. ) VA Gy, lHONE (Ing 13 ciic gid tri RMS cua dong
nhicu ¢é lién quan véi nhiéu lwong . nhiéu nhiét. nhiéu cuong do vii IMD. Bidu thie

cla o, vi &, ©6 thé nhan duge tirmue 4.3.1 va duoe viét nhu sau:

o. =2¢(R(P)+1,)B, (7-28)
.4k, T
o; = EL—B £ (7-29)

I
o diy chi giai cdc tham s6 giong véi chuong 4. Néu ta gia st ring nhiéu cudng do
twrong do1 RIN coa laser gan nhu dong déu trong bang thong cia bo thu quang thi ta ¢6

thé vidt:

o; =(RIN)(R(P)) B (7-30)

Gid tr1 RMS ctia ., phu thuoe vio cic gid tri méo CSO v CTB.

Céc yCu ciu véi CNR cla h¢ théng SCM phu thude vio dang diéu ché. Trong
trieong hop dieu ¢ché AM-VCB, thi CNR nén 1én hon 50 dB dé thoda min dac tinh hé
thong. Céc gid tri 16n nhu vay ¢6 the nhin duoc chi bang cdch tang cong suat quang thu
duge <P> 16 mot gid tri twong dai ldn (> 0,1 mW). Tuy nhién, yéu ¢iu ndy ¢6 hai hieu
tng. Thit nhat, quy cong suat clia cic ¢ thong SCM tuong tu diéu ché bién do AM bi
han ch¢ rilt nhiéu trir khi cong sudt phit duoc tang lén dén hon 10 mW. Thit hai, nhiéu
cuong do s& déng gép vao nhiéu cla may thu vi né chiém uu thé trong hé thong vi o7 ti
I¢ thudn véi binh phuong <P> trong khi do nhiéu lugng 10 o ti [ thuan véi <P> thong
qua bicu thiic (7-28). Trong thue t&. CNR khong phu thude vio céng suat quang thu
duge khi g; 1a troi. Tl cde bidu thice (7-27) va {7-30) ta ¢6 thé viet-

CNR~—" (7-31)
Z{RJF:V)B‘
Nhicu cudng do wong daj RIN ciia bo phat laser nén 1thd hon -150 dB/Hz d¢ dat
duge CNR 1a 50 dB néu m = 0,1 vd B, = 50 Hz duge st dung nhu cdce gid tej tiéu chuan,

Céc gid try 160 hon cita RIN chi ¢6 thé duoc phép khi ma tang chi ¢ diéu ché m hoic
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oiam bang tan dién B, cla bo thu. Trong thuc 1€, cic laser DFB c6 gid trn RIN thip da
duge sir dung cho cic Gng dung CATV. Nhin chung. laser DFB duge phan cuc cao hon
mitc ngudng d¢ cung cap mot cong sudt phan cue P, 16n hon 5 mW. va RIN giam tdi
P, Cdc gid tri lén hon ctia cong suft phin cuc cho phép tang chi s6 di¢u che m.

Yeu cau vé CNR cao clia cdce hé thong SCM tuong tu dicu bién AM da lam cho
qu¥ cong suit nho va né han ché khodng cdch fruyén dan ciing nhu 56 lugng cic vi tri
phan ba. Giai phidp phii hop cho van dé nay L s dung cic bd khuéch dai quang, n6 ¢o
thé khuéeh dai cong sudl cha tin hiéu gidng nhu cdc bo khuéch dai trén dudng truyén.
Cé mot giai phip khde 12 chuyén sang dang dién ché FM vi biing thong ctia mot song

=

4 MHz). Tuy nhién, CNR duge yéu céu tai may thu lai nho hon rit nhicu (khoang 16 dB

mang phu FM 16n hon ding ké biang thong cha séng mang phu AM (30 MHz thay vi

thay vi 50 dB) la do uu diém cua cai goi la dieu ¢ché FM, n6 ¢o thé cung ciap mot tin
hiéu hinh dnh chit lwong cao (SNR > 50 dB) chi véi CNR 1a 16 dB. Trong cic h¢ thong
nhu vay, cong sufit guang thu duge ¢6 thé nho téi 10 pW. Nhicu cuong do tuong don
RIN khong phai [4 van dé cht yéu mién & RIN < -135 dB/Hz. Trong miy thu thye &
ctia cic he theng FM thi thuong nhiéu nhiét [a nhidu troi.

Han ché chinh cha cdc he théng SCM tuong tu AM xudt phat tir qui cong suat cua
chiing nho vi cde hé théng nay yéu ciu CNR cao. Tuy nhién. day khong phai 1a van dé
Ion do di ¢é bo khuéch dai quang. Trong mot thue nghiém 1ién hinh nam 1991, ngudi
ta di st dung bo khuéeh dai cong suit dé khuéceh dai tin higu diu ra lén 161 11 dBm (tde
13 12,6 mW), tao ra mot quy cong suat 16 dB cho hé théng SCM 35 kénh st dung dang
AM-VCB. Hién nay cic h¢ thong SCM tuong tu ¢6 khuceh dai quang di viv dang thu
hut duege surchu y.

7.4.2. Hé thong thong tin quang SCM so

Trong nhitng nam 1990, di¢ém nhin manh cla cdc hé thong SCM la chuyén doi tir
diéu ¢hé tuong 1w sang didu ché 6. Day 1a mot ung dung cha cde hé thong SCM s6 ¢o
lien quan dén sue phan phaoi cde kénh truyén hinh chat lugng cao (HDTV). Ngudi ta di
sém nhan thic ring cic hé thong SCM 56 ¢o theé loi dung k¥ thudt tich song Coherent
di duoe dé cap dén & chuong 6 theo hai cdach: Trude hét tang d6 nhay cua mdy thu tir
10 = 15 dB s& ting quy cong suit ciia ching véi mot luong nhu vay. Thit hai, dicu che
s6 cic séng mang phu cling véi tach song Coherent s€ cai thién chét lwong cua tin higu
ma chi yéu cau CNR thip. Trong phdn ndy ta xét CNR cua cic h¢ théng thong tin
gquang SCM 6.

Dang FSK thuang duge ding dé diéu ¢hé soéng mang phu viba s6, day la dung don
gian nhat dé thuc hién sit dung bo dao déng noi diéu khién dién dp. Khoang cich kénh
dién hinh 12 200 MHz cho t6¢ do 100 Mbit/s. Cic séng mang phu diéu ché FSK duoc
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ket hop tai mot bo tap hop cong sudt nhu di mé td trong hinh 7.49, réi duge khuéch dai,
sau d6 duoc dua vao mot bo dieu ché pha, bo diéu ché nlly s& didu ché pha cla tin hiéu
quang CW nhan duge tr mot laser ¢ dé vong pho hep. Tai thiét bi thu quang, tin hiéu
quang dugc trén vai dan ra cia mot bo dao dong noi. DE tranh véu ciu vé khod pha, ky
thuit tich séng diéu tan duoc sir dung v6i mot tdn s6 trung gian @, . Dong photo dugc
tao ra & mady thu cé thé viét nhu sau:

Lid

IO =R{P + P, +2[PP,, cos[2mm, 1 + 0, (]} (7-32)

trong do P, lia cong suilt bo dao doéng ndi va P 1a cong sudlt tin hidu. Pha ¢,/¢) chita tin

His

hi¢u viba da kénh hon hop va duoc cho nhur sau:
AY
¢, (1) = 2 B cos|2nfr+a (r)] (7-33)
1=

trong d6 £ 1a chi s0 PM clia kénh thd i véi tan s6 séng mang phu viba £. va ¢ft) 3 pha
song mang phu ¢ su phu thuoe vio thoi gian [a do diéu ché FSK vii chita thong tin s6
dang duge truyén di. Bo loc bang thong BPF cling véi mot bo dao dong noi ¢ diéu
chinh dugce ¢é thé cho phép lua chon kénh mong mudn.

B¢ nhan duge dong tin hiéu cta mét kénh riéng biét, ¢ thé st dung viéc trién
khat him Bessel cho ham cosin trong phuong trinh (7-32) va nhan duoc nhu sau:

H=2JPP, Y 3 J (B J, (B)x
A by :

cos[zna)”,r +k(2aft+o)+ o+ k 2rf o, )] (7-34)

a dity ta bo qua thanh phan dong mt chiéu trong phuong trinh (7-32). Cic chi s6 PM 1a
B (= 1..N) thudng la dii nho dé cho chi ¢6 cic s6 hang ¢6 gid tri nho coa k..., &, déng
gop vdo téng trong phuong trinh (7-34). S6 hang tréi trong biéu thitc dong duogc tao ra
cho kénh thi / nhan duge bang cdch thict lap &, = -1 vi cde chi s con lai bing 0 dé sao
cho ¢o dugc:

()= QJRTL”-"](,B)['EU(B)]N | Cos[zn(wu-' - }(J); - OCJ (7-35)

trong dé céc chi s6 PM li bang nhau cho tat ca cdc kénh. Kénh thit / duoe chon bang
cich diéu chinh bo dao déng néi sao cho BPF dat tin hiéu ¢6 tam tai wie - f;. CNR nhin
dugc bang cdch ldy trung binh cua F(¢) va chia né thanh bién déi dong nhidu. Két qui
duge viét nhu sau:

2R°PPi; (BYi, " (B

. +0,+06,+0,,, +0,

CNR =

(7-36)
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& day o . oy, vi o, nhan duge tir cic biéu thie (7-28), (7-29). va (7-30) véi <P> duoc
thay thé bing P,,,. S& hang o ,,,,, tham gia vao phan cia IMD tao nén nhicu ctia bo thu
quang. $6 hang o, dugce thém vao dé tinh nhidu xuyén kénh sinh ra do su rd cong suat
tie cic kénh fan can qua bo loc thong dai. Ca gy, vt gy ¢6 thé duge bo qua. Nhiéu
cudmg do ¢d thé tranh duogc biing cdch s dung mat mdy thu diéu tan can bang nhu di
xem xét trong chuong 6. Nhiéu nhiét ciing duge bo qua do ¢ong sudt cua bd dao dong
noi lon. Vi the CNR trong gidi han nhiéu luong (& nhan duoc bang cich si dung o, (i
phuong (rinh (7-28) vao trong phuong trinh (7-36) va duge viét nhu sau:
.2 2y
_ REI By (B)

CNR= (7-37)
¢B

2,

o day di bo qua su cé mat cuoa dong t61. Chi s6 diéu che PM 1a S cho moi kénh nhin
chung di nho (8 < 0.2) dé cho i,(B) va i,(3) c6 thé tuong tng xap xi 1 va B2, Do sir
dung R =nefliv, nhu viy CNR duge viét bang:
CNR = nep (7-38)
4ivB

So sdnh biéu thitc niy véi bidu thic (7-31) ¢é duoe cho cic hé thang SCM cho hé
thong tuong tu (analog) trong gidi han cia nhiéu cudng do. Vai trd clia chi 56 diéu ché
m trong cdc hé thong analog duwge thay bang chi s6 PM 12 /7 trong cic he théng s6. Sit
dung =01 thi iv=08eV va B, = 120 MHz: tr phuong tnnh (7-3¥) 1a thdy rang ¢é
thé thu dwoe CNR bang 20 dB khi cong sudt tin hiéu trung binh chi 1a 10 nW. Trong
thuc 1€, gid tri yéu cau cla CNR con wy thude vio so do gidi diéu ché (xem chuong 6)
nhung thuong bi¢n thién trong pham vi tor 16 + 20 dB. Da ¢é mot x6 thue nghiém di
chitng to duge tiém nang cha cdc h¢ théng thong tin quang SCM két hop s6. Mot trong
nhitng thae nghiém sdm diu tién dd s dung diéu ché s cho 20 kénh hinh anh FSK,
hoat dong tai 16c do 100 Mbit/s vai khoang cdch kénh 1a 200 MHz, nhung st dung tdch
song tre 1é€p tin hiéu quang tai thiét bi thu quang.

Mot van dé thue t& doi véi viéc dung tich séng Coherent cho cic mang quang b
dé 1a mé1 mdy thu phai trang bi mot laser hoat dong nhu mot bo dao déng noi, vi thé nd
dat hon so v6i ing dung LAN. Vin dé nay ¢6 thé duoc giai quyét bang cich xép chéng
dau ra cua bo dao dong ndi 1én tin hiéu duge ghép kénh tai chinh bo phat. Diéu thuan
lgi la mot bo dao dong don 1¢ duge chia sé boi tdt ca cdc thué bao. lam cho cich tiép
¢in ndy ¢d hiéu qua. Mot thuan lgi khdc d6 13 su phan cuc tuong déi ciia tin hi¢u vi dao
dong noi duge duy tri trong sudt qua trinh truyén dan, v nhwe vay khong cin st dung
dén mdy thu phan tap phan cue. Ciu hinh chia sé lam che cic hé thang SCM Coherent
kha hap dan cho cde kénh truyén hinh s6 quing ba véi mot sé luong [6n cic thué bao.
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S dung tich séng Coherent khong phai lic ndo ciing c¢in thiét cho cdc he thong
SCM s6. Tuy nhién. yeu cau v¢ bang thong Ion cua ching 1d mét trong nhimg vén dé
phai duoc quan tam trude tién. Mot kénh tin hiéu hinh don 1é véu cau to¢ do bit lén hon
100 Mbat/s, die biet khi su dung dang HDTV: di¢u niy dsi lap v6i kénh tuong tu
{analog) chi chi¢m dai thong tir 5 dén 8 MHz. Trong thic 1€, mot vai kénh tin hiéu hinh
s0 (digital) da nén duoe géi trong bing thong ciia mot kénh tin hiéu analog bang cich
dang cdce ki thuar dicu ché nhu QAM, AM/PM khong ¢6 séng mang, QPSK va FSK truc
giao. D¢ tang dung heong cla hé théng SCM, nguol ta thuomg str dung cdc k¥ thedat sai
dong bang cich tron dang diéu ché twong tir (AM) v6i dang diéu ché so (QAM).

7.4.3. Cac heé thong thong tin quang SCM nhiéu bude song

Qua nghién cdu va xem xét cac ky thuit WDM va ghép kénh séng mang phu
SCM, ngudi ta thiy rang su k&t hop cia WDM vt SCM $8 (a0 ra tiém niang cho viéc
thiét ké cdc mang quang thu dong bang rong c6 kha nang cung cp cice dich vu tich hop
(nbu am thanh, hinh anh, 6 liéu, v.v...) cho mot 56 luong 1én thué bao. Trong giai phdp
nay, nhiéu séng mang quang duge dua vio cung maét soi quang bang ky thuit WDM, nhut
mo ta trong hinh 7.51. Mdi mot song mang quang s& mang rit nhiéu kenh SCM bang cich
ding mot s6 s6ng mang phu viba. Ngudi ta ¢6 thé trén cdc tin hiéu twong ty va tin hig¢u s6
bing cich ding cdc séng mang phu khdc nhau hodc soéng mang quang khic nhau. Cic
mang nhu vay rit linh hoat vir dé dang nang cp theo nhu cdu md réng mang. Trong mot
thue nghiém fién hanh nam 1990, ¢6 161 16 laser DFB véi khodng cdch buéce song [a 2 nm
trong ving 1,55 um di duoc dicu ché vét 100 kénh tin hiéu hinh FM tuong tu v 6 kénh tin
hi¢u s toe do 622 Mbit/s. Céc kénh tin hiéu hinh duoc ghép kenh bang cach ding k¥
thudt SCM trong dé mot laser DFB mang 10 kénh tin hiéu hinh FM wrén bang tan 300 +
700 MHz. Vi viy, 10 laser DFB dugc dung cho 100 kénh tin hiéu hinh, con 6 laser cho
6 kénh tin hi¢u 6, moi kénh hoat dong & t6¢ do 622 Mbit/s. Tin hidu két hap duge phan
chia thanh 4096 phan bing cdch ding cdc bo coupler hinh sao vi bd khuéch dai quang
s01 ¢6 do Khuéch dai 17 dén 24 dB trén dai pho 34 nm.

Kha nang cua cdc mang sir dung cic hé théng SCM nhidu budc séng di thu hit
duoc nhiéu chil y do mot s6 vu diém thue (€ cla né trén cong ngh¢ WDM. Céic hé théng
nhu vay ¢ thé cung cip nhiéu dich vu (di¢n thoai, cic kénh truyén hinh tuong tu vi so,
dir lieu mdy tinh....) ma chi phdi ding mét bé phat quang vi mot bo thu quang cho méi
ngutt ding néu cdc dich vy khic nhau st dung céc séng mang phu viba khic nhau, vi
the giam duge gid thanh c¢dc thict bi dau cudi. Cic séng mang phu viba cé thé duoc dat
< | GHz, vi dé 6n dinh 14n s6 hon nhiéu. Cic dich vu khdc nhau ¢é thé khong cin dong
bé. Trong moét giai phap khac, méi ngudi diing duoc chi dinh mot bude song duy nhat
dé truyén cic thong tin SCM da kénh, nhung ngudi ding ¢ thé nhén nhiéu bude séng.
Va nhu viy, cdc bé loc quang duge diing d¢ tua chon cic budc song quang tai vi tri diéu
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khien mang. Trong mot luge dé khic, mai ngudi dimg duge chi dinh mot bude séng
duy nhidt vio mot tan s6 séng mang phu nhat dinh dé nhan va phdt tin hicu. Un diém
chinh cta SCM nhicu (da) bude séng 13 mang ¢6 thé phue vo NM nguoi ding, trong dé
N 1 sé lugng cic bude song quang v M 1a <6 lugng séng mang viba, bing cich chi
diing N bude song mdy phat riéng bigt. Vi thé tang duge dung tuong he thong. Cic
bude song quang kha cdch xa nhau nén rit thuin tién dé tich song truc tép. vi vay giam

duge gid thanh cta cde thiét bi dau cuoi.

20 GMz
B e EEE——
§ Cac song
i mang phu 200 GHz
i -— .
ba T-2nm 36ng mang
guang
L ]
oy 1 -y Chy Tan sa

Hinh 7.51: Phean chia tin sé trong mang SCM nhiéu biige séng

Yéu t6 han ché dor véi ciée mang SCM nhicu bude séng dé i hién tuong giao
thoa pheach guang. No 1 kél qua cua viée truyén dong thoi hai hay nhiéu ngudi dimg
tren cung mot kénh quang bang cich ding cdc 1an sd séng mang phu khic nhau. Do tian
sO song mang quang thuomg khie nhau réit it. su phdch coa ching ¢é thé tao ra mot
phich trong dong photo vi ngutt dung nhin (a1 ca cic kénh duoce truyén dan wén cung
mor bude séng. Néu tan so phdch chong len mot kénh séng mang phu tich cue, giao
thoa tin hi¢u sé han ché viée xu i tich séng nhu trong truong hop IMD.



Chuong 8
KHUECH DAI QUANG SUI PHA TAP ERBIUM

Trén cdc tuyén thong tin quang truyén thong. ta da biét rang khi cu ly truyén dan
dai téi miie phan bo suy hao khong thao min. suy hao tuyén virot qui gid tri cho phép
thi ¢an phai ¢6 cic tram 1ap dé khuéch dai tin hi¢u wén dudng truyvén. Cic tram lap &
day thyc hién khuéch dai tin hi¢u thong qua cic qui trinh bién doi quang - dién va dién
- quang. Dicu nay ¢6 nghia la tin hiéu quang rat y&u khong the truyén xa tiép duge nita
sé duge ciac tram 1ap thu lai v bién d6i thanh tin hi¢u dién; sau do (i€n hanh khuéch
dai. chuan lai thoi gian, tai o lai dang tin hico dién v réi Lai bich doi vé tin hiéu
quang du lén dé phat vio dudng truyén. Cic tram lap ndy dil duoe dng dung kha rong
rdi vi duge [ap dat o hau hét ede tuy&n thong tin quang trong thai gian vita qua.

Thoi gian gan day, v6i su phdt trién cta khoa hoc va cong nghé thong tin quang.
ngudn ta dd thue hién duge qud trinh khuéeh dai true tidp tin hidu dnh sing ma khong
can phai qua quid tinh bién doi vé dién nio. do 1a k¥ thuit khoéeh dai quang. K¥ thuit
khuéch dai quang ra doi da khic phue duge nhiéu han ¢hé cia cic tram lap nhu vé bang
tin, cdu trdc phite tap. tinh phy thude vio dang tin hi¢u, cap ngudn. anh hudng cia
nhicu dién, v.v... Viée dp dung cac bd khuéch dai quang vio cic he thong thang tin
quang con dua ra mot ¥ tuong 1én cho qué trinh phdt trién cdc tuvén thong tin hoan toin

ding khuéch dai quang va tir d6 tién 161 phit trién cac mang quang hod hoan toin.

8.1. GIOI THIEU CAC LOAI KHUECH PAI QUANG

Cic bo khuéch dai quang I cie thiét bi bd suy hao ¢6 higu qui nhat cho soi
quang. Ching thuong duge chia thanh vai loai. Cie thiét bi nay ¢6 1hé khuéch dai true
Lép tin hiéu quang mi khong thong qua su bién déi quang - dién va dign - quang nao.
DE xice dinh mot cdch chinh xdc thi be khuéch dai quang [3 mot phin tr bicn doi bién
do cua tin hieu dén nhimg khong the hién viée hoi phue thisi gian hoac ngudng quyét
dinh. Nhiéu tin hi¢u quang ¢6 thé duge di¢u tigt mat cich dong thoi. NG ¢6 thé trao doi
thong tin véi cdc thict bi di¢u hanh hé thong bang vi¢e sir dung miow kénh tin hic¢u so,
dang tin hieu ndy c6 the 14 quang hoac dién. Cho (6 nay, ¢& vai lownr bo khuéch dai
quang nhu la khucch dai laser bin dan SLA (Semiconductor Laser Amplifier). khuéch

dai sot pha tap, khuéch dai Raman s¢i v khuéeh dai Brillouin soi.
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Bo khuéch dar quang SLA thye hién khuéch dai dnh sdng dén théng qua co ¢hé
buc xa kich thich, cing co ché da duge dp dung ¢ laser. Thue su thi ¢iu tric clia bo
khuéch dai quang cha yéu la mét laser khong ¢6 phan héi. Yéu o chinh trong hoat
dong cta né la ta ¢6 thé nhan duoe do khuéeh dai khi bo khuéch dai duoe bom (quang
hodc di¢n) dé dat 16 nghich dao tich lu§ (nghich diao mat do). Thong thuomg, cic bo
khuéch dat laser SLA thé hi¢n Id bd khuéch dai quang khong ¢ phin héi, vii cic bo
khucch dai nhu viy duge goi 1a bo khuéch dai séng chay TWA (Travelling Wave
Amplifiery d& nhan manh ving tin hiéu duge khudch dai s¢ truyén chi theo hudng xudi.

Bé khuéch dar Raman s01 1ot dung tén xa ¢é kich thich SRS (Stimulated Raman
Scattering} xay ra trong soi thuy tinh silic khi ¢é mot chiim séng bom khoé truyén qua
né. Vé co ban thi SRS khic véi bide xa kich thich. Khi ¢é bite xa kich thich. mot photon
G s€ kich thich bic xa coa mét photon giong hét ma khong mat ning luong cla né.
Trong truong hop SRS, photon bom di téi s€ cho niang luong cita né dé tao ra mot
photon khic ¢é nang lugng bi giam tai 1dn & thap hon (1dn xa khong dan héi); nang
luong con lai duge moi trudng hip thy dudi dang dao dong phan wr (cic photon quang).
Cac boé khuéch dai Raman soi nay phai duge bom bing quang dé tho ra duoe khuéch
dai. dieu ndy nguge vii SLA 1 st dung bom dién.

Nguyen ly hoat dong ctia cdc bo khucch dai Brillouin s¢i I co han giéng nhu cic
bo khuéch dai Raman sgi. nhung ¢6 khdc la do khuéch dai quang ¢6 10 guii trinh tdn xa
Brillouin ¢6 kich thich SBS (Stimulated Brillouin Scattering) chu khong phai SRS. Cic
bo khuéch dai sgi Brillouin ciing duge bom guang va mot phin cita cong suit bom duoc
truyén cho tin hiéu thong qua SBS.

Cic bo SLA, khuéch dai Raman soi v Brillouin sgi duge mo ta khai quat trong
Mot 86 tai lieu [1, 3, 15]. C6 hai loai khuéeh dai quang thong dung 1 khuéch dai laser
bin dan vi khuéeh dai quang soi OFA (hoac khuéch dai soi pha tap). Diéu quan trong
cua OFA 1A vige sur dung cde phin tr @it hiem nhu 12 mot moi truomg khuéch dai nho
vice pha {61 so1 trong qud trinh ché tuo. Co nhiéu cdc ion dat hiem khiac nhau nhu
erbium, holmium, neodymium. samarium. thulium va ytterbium ¢é thé duoc stt dung dé
ch¢ tao bo khuéch dai quang soi hoat dong & cdc bude séng khic nhau bao phit mat vilng
rong tu 0.5 + 3.5 pm. Cic bd khuéch dai sgi pha tap erbium EDFA (Erbium Doped
Fiber Amplificr) ¢6 site hip din nhit, don gidn chi [a ching hoat dong & gan bude sdng
[.55 pm, ving bude séng ma ¢ d6 suy hao sgi dudng nhu 1a nho nhat. Su phdt trién cia
chang di cich mang hoi qud trinh thigt k& cic hé théng thong tin soi quang.

Khuéch dai quang sgi OFA la mot thiét bj khuéch dai ¢6 hicu qua nhal. Nhin
chung. c¢ic bo khuéch dai quang sgi ¢6 thé duoe sir dung tét ¢ a1 cd cde vi tri Khic
nhau. Trién khai OFA gin nhu cho phép thai hoi hau hét cic wam lap theng thuomg

dang ton tai tén cic h¢ thong. va d6i véi thict ké cde tuyen thong tin méi thi chiing



Chuong 8 Khnécl dar guang sor pha tup Evbium 87

gitp cho vide ¢6 thé loai ba nhicu cic tram lap trong ciu trie tuyén. OFA ciing tao diéu
kign cho viée xay dung cic ciu trac hé thong thang tin quang méi cho cic tayén trén
lue dia, dudi bién, vi mang truy nhap, vd dac biét la cho ting dung diém-diém va ghép
kénh quang theo budce song WDM. Trong cic dng dung niy, OFA ¢6 thé dugc dat &
ngay sau thi€t bi phat dé lam bo khuéch dai cong sudt (BA), & gitta tuyén dé tang cu ly
khoang lip nhu Ia bo khuech dai dudng truvén (LA - Line Amplificr), viv dugc str dung
triudc bo thu quang dé cai thién do nhay thu cia né nhu 1 bo tién khudch dai (PA - Pre-
Anplifier). St dung tién khuéch dai quang PA dé ting dé nhay thu quang 13 ing dung
hiip dan nhat trong ba vi tri ndy. Nhu d@ luu ¥ & (rén, st dung PA [& bién phip true Gép
nhan duge sy 1ang diang k& quy cong suat san ¢ ctia hé théng.

Khuéch dai quang soi erbiom EDFA 13 két qua ctia sur phit minh ndi tiéng trong
Iinh vue khu¢ch dai quang soi. Su kién trinh dién EDFA viio nam 1987 di chi ra mot
tiém nang 16n cua cdc bo khuéeh dai quang soi. SU dung cdc bo EDFA dé cai thién do
nhay thu quang nhu PA da tré thanh rit hip dan vi chdang cho do khuéch dai cao, nhiéu
kha thap. pho khuéch dai phing trén mot dai réng trong khi vin duy 1t duoe tinh khong
phu thudc phan cuc. doc lap véi dang tin hiéu, vi ¢6 suy hao ghép ndéi viéi soi thong
thutng rat thap. Diéu niy cé thé duge chiing minh bing viée so sianh véi cde bo khuéch

dai laser bian dan SLA 1 loai ¢6 nhiéu 16n hon. EDFA & dugce nghién ciu ky o phan sau.

Bang 8.1 Cde dac dicm cuia cde ching loai khudelr dai giang

Loai thict bi Khuéch dai Khuéch dai Khuéch dai Khué&ch dai Khuéch dai
: ' ) laser FP-LD laser TW-LD quang sdi Raman Brilloutn
Nguyén ly Blc xa tir nghich | Biic xa to nghich | Blc xa td nghich | Tan xa Tan xa
dao dé tich luy | dao do tich luy déo da tich luy Raman dude | Brillouin dugc
mai trudng moi trudng mai trudng kich thich kich thich
Cong suét bao 8 9 11 20 -
hoa 16i ra (dBm)
Bang tan
7 ) 1-3G >57T 054T ~1T 50 M
khuéch dai (Hz)
Mic tap am (dB) 6-9 52 35 - -
Suy hao ghép 3N I4n nho nho nho
vao sdi
Phan cuc tin hiéu TE-mode TE-mode déc tap tin higubom | tin hiéu/bom
B6 khuéch dai 25-30 20-30 40-50 ~50 ~30
tuyén tinh (dB})
Dongictng suat 10 mA 100 mA 20 mW-100 miy < vai W ~ vai W
bom

Nhu vy, qua viée gidn thigu so luge ¢ trén, ta thay hién tai ¢6 mot sé cic loai

khuéch dui quang di duge nghién ciu viing dung. dé Ta cdc bo khuéeh dai laser bin

dan SLA. cdc bo khuéch dai pha tap dat higm, cdic bo khuéch dat Raman soi vi cic bo
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khucch dai Brillouin soi. D¢ dng dung cho cic hé thong theng tin quang. can phai dua
vao ciic tham s6 cua nd. Bang 8.1 Ja mét ¢ tham s6 cha ¢dc loai khuéch dai quang. Qua
mot thot gian nghién ciu, di ¢6 nhiéu tién bo trong ky thudt khuéch dai gquang. Tuy
nhién cho t61 nay. thanh cong chu yéu tip trung vao khuéch dai lascr ban dan vd dic
biét la khuéch dai quang soi EDFA. Vi the, trong cuén sdch nity chi véu xét vé EDFA.
Tuy nhién. trude khi bat tay vao nghién ciiu EDFA, trude hér ta xem xét mot cich khéi
qudt vé thiét bi khuéch dai SLA.

€6 hay loar khuéch dai laser bin dan SLA chinh [a khuéch dai séng chay TWA
(Traveling Wave Amplifier) va khuéch dai Fabry-Perot FPA (Fabry-Perot Amplifier),
ngoai ra con loal khuéch dai phan hoi phin bé (DFB - Distribute Feedback). Viee gidi
thiéu SLA ¢é 1hé van tat nhu sau.

8.2. KHUECH PAI LASER BAN DAN

Cic bo kKhuéch dai laser bian dan SLA ¢é ciu triic co ban dua trén ciu tric laser
hin dan thong thuimg, ¢é do réng ving tich cuc W, do day . dai L va chi sé chiét suat
la n. Hinh 8.1 ma ta mot bo khuéch dai laser bin dian, do phan xa bé mat dau vao va
dau ra duoe ky hiéu twong Gag 1a R, vd R,. Thict bi duoc dinh thién duéi mie ngudug
phit dé trinh dao déng laser xuat hign. Cic 16p chong phan xa duoe dp vio cde mat
laser dé Tam giam tinh phin xa cia nd (trong laser diode thong thuong R, = K. = 0,3);
diéu nay lam tang bang tan khuéch dai va 1wo ra cde dic tinh truyén dan it phu thuéc

vio su thay doi cua dong dién thién dp. nhiét do vi tinh phan cuc dnh sdng dau vio.

Hinh 8.1 So do phde thdao bo khuech dai laser han den

8.2.1. Cac dac tinh cua SLA
Cac hién trgng co ban va cde chi tiét vat Iy dé mo ta ciac bo khuéch dai laser bin

dan (SLA} giong nhu déi véi cic laser ban dan hoat dong & ving cita sé suy hao
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1300 nm vir 1550 nm ctia soi quang. Phuong (rinh ddnh gid vé mat do hat mang ciing ¢é
thé di dé (hé hién sy khuéch dai trong ving tich cue. O trang thii bén ving, hé s6 khuéch

dai vit licu cho mat don vi do dat g, phu thuoe vio cuong do tn hicu / theo quan hé:

g =t (8-1)

o day [, la cuomg d¢ dnh sdng da xdc dinh, duge goi la cutmg do bao hoa khi chura ¢6 tin
hicu vio. g, la dai luong dac trung cho d¢ khuéeh dat chua bio hod. RO rang & day 12 ¢
the thily duge anh huang cia bio hod khuéch dai & cic cudng do dau vao cao.

Nhin chung, cudmg d6 va su khuéch dai phu thude vio vi trf doc theo do dai bo
khu¢ch dai. Tuy nhién, ¢6 thé thay rang. vice thita nhan tinh khong phu thuoce vio vi tri
s¢ cho ra cée k€1 qua chinh xde khi ¢6 su phin b truong theo truc duge tinh trung binh
doc theo do dai hoce cong hudng. D6 khuéch dai thue ¢6 trén mot don vi do dai g duoce
xac dinh dudi dang g, h¢ so giam [7(~ 0.3), va h¢ s6 suy hao hicu dung trén méi don vi
do dii e (~ 50 cm ') €6 thé viet nhu sau:

g=1ly-ua (8-2)

I"1a phin cua tap mode dan bi giam trong viing hoat tinh. Khi dé do khuéch dai
don thong duge viét nhu sau:

G.=¢" (8-3)
Vit e thé duoe dién gidi nhu mot hiim cua cudng do tin hi¢u £ bén trong bo khuéeh dai:

g

I'e
G =expy| ————wa |[L; (8-4)

vor L 1a do din bo khuéch duai hay khoang cdch gitia hai mat phan xa.

Chi 56 chict suat vat li¢u Ll mot ham coa mat do hat mang viv cuomg do danh sdng.
Ngoat sy dich pha <6 lién quan i tinh don thong cta bo khuech dai, s& ¢d thianh phan
phu thém theo su thay d6i trong mat do hat mang khi khéng ¢é tin hiéu. Lic nay dich
pha don thong tong dioe cho

) L £r
&= 2Ry -V, )L = + Gk 1

p : (8-5)
¢ 2 e+l

voi v 1 tan o tin hiéu dén, v, [ tan sd mode cong huong cua bo khuéch dai. #2 1 chi s6

chit suit cua vit lieu Idp tich cue, ¢ fa t6c do dnh sdng, @, T dich pha khi khong ¢é tin
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hi¢u quang o dau vio vi b duge goi 1 he s [am tang do rong pho (hé s6 gidn pho)
{th=23=+6)[75].

Cic bicu thic (8-4) vd (8-5) chi ra ring dé khuéch dai don thong va pha i cic
i 86 cia cudng do dnh sding: vé nguyén 1y, anh séang di dicu bién cuong do ¢ thé bi
méo do SLA gay ra. Qui trinh phan tich & day chi ra ring G, viv @ phu thuoe vio fr. véi
Flatin s6 cha tin hidu dau vio vi ol thai gian @i hop hat mang (~2 ns). Khi f<< /277,
thi do khaéeh dat vi pha s& duge dién gidi nhu & ciec phuong trimh (ring thai bén vimg
(8-) vt (8-5). vOi cuong do6 / thay doi theo tin hicu dau vio. Khi />> [i2 77, thi bién
thoi gian riét tieu vi/ ty 1€ véi cudmg d¢ tin hic¢u trung binh. Dido niy ¢ nghia 1a bicu
hién dai dong cta SLA bi ol tho hat mang chi phoi.

H¢ 50 khuéch dai don thang G, & bicu thic (8-4) the hién ro 6 trong bo khuéch dai
song chay (TWA). Bang tan quang 3 dB thay FWHM) déi véi bo khuéeh dai khong bio
hoa ¢é thé viét nhur sau:

2A4 =2 (8-0)

vOi - = 015 em ' ¢o lién quan 16 tinh mat diéu hudng (1éch cong hudng) giita bude
song hoat dong va bude song dmh khucceh dai vat liéu. Bang tin & khong phu thude vio
do khuceh dar tuyet déi va [a mot haim s6 cta do dai thiét bi, nd giam di khi do dai bo
khuéch dan timg Ién.

Tur phuong trinh (8-4) ta thiy duong nhién tinh bio holdl khudch dan s¢ xay ra khi
¢6 hién towong giam nghich dio tich uy do tang phat xa kich thich. Ciic dic tinh bio hoa
cua TWA duge danh g 1 cong sudt dau ra bio hoa, duce xdc dinh nhu B cong suat tin
hi¢u di duge khuéeh dai tai do khuéeh dai don thong nhé hon gid tri khuéch dai khong
bdo hod 3 dB va duoc viél nhu sau:

£ ’
P, = Wi in2 (8-7)
It

Trong bi¢v thic ndy, #v 1 nang luong photon. r la tudi tho hat mang va
« = 2710 em” ty theo su phu thuoe ctia do khuéeh dai vat ligu vilo mat do hat mang.
VairW =15 um, o =045 um, A= 1.3 pum thi cong suit dau ra bio hoa la 1 dBm.

Trong thue t&, ciic mat 16p vo chéng phan xa sé ¢6 tinh phin xa du nio dé va tao
thinh mol hoe cong huong quang. Dac tinh truyén dan khuéch dai s& ¢6 ¢ic dinh
Fabry-Perot ton tai bude séng va khodng trong tuy thuge vio kich thude hoc cong
huong, do rong cia né theo do khuéeh dai don thong viv tinh phan xa bé mat nhu sau:

. (=R = R G
GiA)= — ot R Z HG,

- ‘ - {8-%)
(1= JRR.G F+4JRR.G sin” D
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Ty s0 dinh-{6m cia gon séng bang thong duoce viél L

[ 1+JRR, G,
V= —ee—— (8-9)
= RR. G,
Tham s6 ndy tao ra khic biét gitta bo khudceh dai Fabry-Perot FPA (Fabry-Perot
Amplifier) vi TWA; thong thudng khi ¥ < 2 thi bo khuéch dai duge xem nhw 1ai TWA.
Tir bicu thie (8-9), khi ¥ T4 3dB thi:

G JRR. =017 (8-10)

va trong gict han R, R, << |, do khuéch dai hée cong huong dn nhit ¢6 thé bigu dién

don gian nhu sau:
(8-11)

Cic biéu thic (8-9) va (8-10) chi ra ring tinh phan xa du trung binh 107 s& cho
phép tao ra bo khuéch dar TWA ¢6 do khuéch dai hoe 1én nhat 13 24 dB. vit d6 khuéch
dai don thong [a 22 dB. Hinh 8.2 I sy phu thudce coa do khuéch dai vivo bude séng, hinh
nho ghép ¢ bén trong mo i gon séng do khuéch dai theo cong hudng Fabry-Perot du.

40

| = 96% I,

o
=
g
=
2
—
)
g
= —
4 5
/ £L
L
0L ¢ YUY
£~
el
20 LI |
1.5086 1,511
0 | | | | I |

147 148 149 150 151 1,52

Budc séng (L}
Hinh 8 2: D¢ khuéch dai phie thuoe vio buoe sény

Hinh 8.3 mo ta tham 6 gon séng biang thong V phu thuoce vao hé <o khuéch dai
hoc cong huong va s phan xa bé mat. H¢ s6 phan xa du 107 14 gidi han trén dé thu
duge mot TWA ¢6 hé s6 khuéch dai khi 16n.
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Nhu vy, qua khio sidt o trén ta thay rang, TWA [ tram 1ap tuyén tinh, né 1h bo
Khudeh dai vu viet hon FPA vé ci tinh biio hoa hé sd khuéch dai tin hi¢o va cic dic
tinh nhicu. Hon thé nira, TWA ¢6 bang tan kKhuéeh dai rong hon. boi vi cong huong
Fabry-Perat ctia né bi chin nhd viée giam bdt phan xa bé mat. Nhitg véu diém von ¢6
cina TWA 13 thanh phan nhiéu w phdt tang, v trong thuce 1€ 1am ting tinh nhay cam
v nhitng phan xa wr bén ngedd b Khuéeh da (nhu phan xa tr cic mdr hin <ot bd

noi quang).

40
a0 L G=3008
25 dB
% 15 0B
£ o0 |-
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i
£
o
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Hé sa phan xa

Hinht 8 3Ty 1é dindi-lom pliy thude vao hié so khudeh dai ioe va plicn xac be mat

Cic 16p chong phan xa trén cic mat diode laser T khong the thicu duge khi che
(a0 cdc bo khuéch dai séng chay TWA. Tinh phan xa bé mat véu cau I nho hon 107
Do mode dan song duge fao 1 cic séng phing co ban ¢d cic vée-10 song Khic nhaw,
cho nén cde dicu kién v 10p chong phan xa AR (Antireflection Coating) dat ra do1 vai
song dim 13 khic dor voi cae didu kién o séng phang. Hon thé nita. su rd ning luong
trong cac mode khang déan phai duce tinh wan.

De dat duoe do phian xa thap 161 107 trong thue nghiém. ngudi ta phi st dung cde
ming kKha khi SiN ¢6 diéu khién chi sd ¢hiét sudt bing cdch diéu chinh dp lue thianh
phan Nito trong plasma. hoic bing su ling dong cta ciic mang SiO, ¢6 diéu khién chi
G chiét sudit cho cic mit laser GalnAsP. Cac gid tri phian xa nay thu duge e viée do pho
phit xa tu phit duge khudch dai. Cic 16p SiO_ cho do phin xa nho han 107 khi do bing
k¥ thuat phan hai bén ngoii. Sau 1ép chéng phin xa. dong ngudng tang var chue mA, va
dong dinh thién hoat dong cho bd khuéch dai thudng cao hon dong ngudng laser ban

dau. Bicu niy dan tof mat do hat mang ciing cao hon. v do hiéu g chen md bude
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song tmg vai he so6 khuéeh dai on nhat ¢ dich i gid (i thap hon. Vi vay, trong thiél
k& 1dp AR cho diode Taser 3¢ 1r6 thanh TWA, budce séng phan xa 161 thidu phai duge dat
tan gid tri thap hon bude sdng laser,

8.2.3. Cac ung dung coa khuéch dai laser

Ciic bo khuéch dai laser bin dan duta ra hé s6 khuéeh dai cao vi ¢iu trie dan séng.
don mode cua ching tao cho ching dic biét phtt hop déi véi cde soi dan quang don
mode. Trong cde h¢ théng truyén dan quang véi tde do bit khong quid cao ¢é st dung
cic laser don mode doc. anh huong cua tin sac s1 ¢ thé 1a nho va gidi han chinh trén
khoang lap Lai 1 tén hao tin hi¢u theo suy hao sgi. Cic ¢ thong nhu vay khéng nhat
thiét dat ra su tdi phdt tin hiéu tron ven tai timg tram lap vi chi ¢in ¢o su khuéch dai tin
hicu T du. Cic tram khuéch dai tuyén tinh ¢6 thém wu diém 13 Fam viee hai huéng, va
phi hop véi cdc he thong ghép kénh theo bude séng WDM (Wavelength Division
Multiplexing).

Néw nhu tuyén 6 nhiéu bo khuech dai duge mic chudi néi Gép. cdc vim dé vé
phit xa tr phit ¢6 thé tang 1én. DO khuéch dai 16n nhit & mébi bo khudch dai ¢6 thé bi
giam ding ké do su phdt xa tu phdt trung binh cua cic bo khuéch dai phia trude giy ra
bio hoa Khuéch dai. Cong suat phit xu tu phit trung binh tich [uy 1y & véi 88 cic bo
khuéch dai. C6 the ude dodn rang. cong suat nhiéu tich luy s¢ ngang bang véi cong suit
tin hi¢u sau 10 b khuéch dai mic chudi néu khong ding bo loc quang dé lam £1am
cong suat phdt xa kich thich duge phat di.

TWA c¢6 thé cij thién do nhay thu khi ding bé thu théng thudme ¢6 dit bo khuéch
dai quang o phia trude photodiode lam tién khuéeh dai. Khi str dung 1am tién khuéch
dai cho b thu gquang. tin hi¢u vir nhiéu tuong (ing duge tang 1én trén mdc nhiéu bo thu.
Vi vy, ty s6 tin hiéu tren nhiéu chu yé&u do bo khuéch dui quang quyét dinh. Ciing do
vay. cde bo Khuéch dai quang ¢6 vu diem lam giam dnh huéng cla nhidu bé thu, gidng
nhu tich song Coherent.

Cdc bo khuéch dai laser SLA ¢6 thé duge sit dung rong riii vio cic h¢ thdng
Khuéch dai quang tuyén tinh dé b cho suy hao trong cic mang ¢ nhanh. Néu dong
dinh thién bo khuéeh dai bi ngit. cic ctra dau vito v diwu ra & tich ra. & trang thil mo
s¢ ¢6 khuéch dai tin hiéu, cic bo khuéch dai ndly cho phép tao ra cic mang dinh tuyén
s01 quang suy hao nhé. Khi to hop nhiéu chuyén mach ¢ thé dua ra duoc mot ma trdn
chuyén mach dé¢ dinh luéng tin hiéu.

8.3. KHUECH DAT QUANG SOI PHA TAP ERBIUM

8.3.1. Cau tric va hoat dong co ban cva b khuéch dai quang soi pha tap Erbium
Cile soi quang don mode thong thuong (s¢i ti¢u chuin) ¢é dac tinh twan theo Rec.
(3-632, la mot moi trudng truyén dén o tiém ning trong cdc hé théng théng tin sgn quang.
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Cide 501 nay ¢6 suy hao truyén din théng nhit (~ 0.2 dB/&m) tiwi bude song 1.55 um va
dic tinh nay Ta yéu 16 ridt quan trong dé ¢6 duoc cdc hé thong thong tin cu ly xa. Cic soi
don mode nhu vay ¢é the duge goi i cde sgi thu dong viv vai trd chinh cia nd 12 truyén
dan tin hiéu trén tuyén.

Nam 1986 di xudt hién s trinh dién laser sgi thuy tinh pha tap Erbium. Vio nam
1987 su phit mih ra bo khuéch dai soi pha tap Erbium EDFA (Erbium Doped Fiber
Amplifiery di chi ra mot iém nang I6n cta cic b khuéeh dai quang sot. Neay sau dé,
cong nghé EDFA ¢6 mot sy phdt trien rit nhanh ma nhiéu cdic cang nghé thong tin
quang khdc khé ¢ thé duoi kip. Nhi¢u phong thi nghiém vién thong teén the gidi ba
dau nghién ctfu v phit trién véi nhiéu né luc nhim dp dung EDFA cho cic hé thong
thong tin quang. Nam 1990, bé khuéch dai EDFA dau tién duoc ra doi.

Tin higu vao Khuéch dai Tin bueu ra

quang sci (OFA)
© O

Hinh 8 4: Khuéel dai guang soi nhie mot thiér bi hai ciia
- e A . .

e Cau tritc ciia EDFA

EDEFA b mot loal khuech dai quang soi OFA (Optical Fiber Amplifier). Vi thé né
diroe xem nhu 1a mét hap den nhu chi ra & hinh 8.4, ¢6 it nhat hai cira quang va phan
noi dicn d¢ cdp ngudn [76]. Cdc clia quang thuong duge phan biét thinh cia ddu vio va
clia daw ra v cd thé bao gdm cic soi khong duge két cudi hoic két cudi bing cde bo
HO1 quang. '

V& chite nang chinh, tin hiéu quang di 6i phdi duge khudeh dai sau khi truyén
qua EDFA. D€ hoan thi¢n chifc ndng niy, ciu triic vi cic thanh phin co ban cia EDFA
duge moé ta nhu ¢ hinh 8.5, Cdc thanh phin chinh ciu tao tén EDFA g¢om ¢é soi duoc
pha tap Erbium EDF (Erbium Doped Fiber) thudmg ¢é d6 dai dii bing hoiac hon 10 m,
laser bom LD, bo ghép budc séng quang WDM vi bo cich ly quang. Tir céc thianh phin
ciu tric thiét bi nhu viy, ngudi ta di tao ra nhiéu loai EDFA véi cic cong nghé va thé
thicc khde nhau. B¢ thu duge dé khuéch dai, thi phai cung cap nang luong quang cho soi
pha tap Erbium. Nguén nang Juong dé cung cip nang luong quang cho bo khuéeh dai
quang duge got [a nang luong bom. Cong sudt quang tir nguon bom niy thudng ¢d bude
song 980 nm hoac 1480 nm, cong sudt bom tiéu bicu 1a tr 10 mW dén 100 mW. Cac
diode laser LD ding lam nguon bom thuong duge ciu tao phit hop véi cdu hinh v bude
song bom. Khi ma hé thong duge bom ¢ bude séng 980 nm thi loai LD bom thudmg i
loai ¢ vung tich cure v6i cdu tric giéng luong tr luyén InGaAs. Ving InGaAs 1 16p ral

mong duge dat xen vao gilta cde 16p vo ¢6 cdc tham s6 tinh thé khdc nhau. Néu hé
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thong duge bom & bude séng 1480 nm thi LD bom thuéc loai laser Fabry-Perot dj thé
chon ¢d ciu rric tinh the ghép InGaAs/InP. Bo ghép bude song WIDM s& thue hién ghép
dnh sdng tin higu va dnh sdng hom vao sgi pha tap Erbium, hoiic trong mot & cic
(ruong hop néd lai tich cic tin hiéu nay. Cic ba cich ly ¢o tac dung lam giam dnh sing
phan xa tir hé théng chang han nhu phin xa Rayleigh (i c¢de bo nai quang hay cdc phdn
Xa nguge lai tir bo khuech dai. Viée giam phan xa nity phai dat t6i mdc chap nhan duge.
Vi the. cdc bd cdch ly 6 thé lam tang dac tinh khuéeh dai va giam nhiéu.

P EDF L.
Bauvae Bacachly WM Bo cachly

] ] - @ -
]lj Méi han E

—
ZS ’ Laser bom LD

Bau ra
Hinh 85 Cdu triie evi EDFA

Soi pha tap Erbium EDF (Erbium Doped Fiber) 1i thanh phan quan trong nhat clua
EDFA. vitloai soi ndy duge goi la s¢i tich cuc. Cic ion Erbium duge nim o ving trung
tam 161 cua EDF, viing nay duge pha tap véi nong do tir 100 = 2000 ppm Erbium. Cic
soi EDIF thuong ¢4 16i nho hon va ¢6 khau do s6 NA (hay do md s6) cao hon so véi cdce
s¢i don mode tiéu chudn. Dwong kinh coa viing tam 18i EDF vao Khoang ~ 5 um, va la
noi cwdng do cua dnh sdng bom va tin hiéu la cao nhat. Lép vo thuy tinh vai chi s6 chict
sudt thap hon duoc bao quanh viing 167 dé hoan thién ¢iu tric dan song vi cho ra luc co
khoc¢ hon d¢ bao vé soi EDF khéi bj tdc dong tir bén ngodi. Puong kinh ngoeai cia I6p
vo nay khoang ~ 125 pm. Ngoai cang 1a vo boc ngodi thém dé bao V€ s¢i, né ¢6 chite
nang ngan can tac dong tir bén ngoii soi, vi dudng kinh téng cong cua né vio khodng
250 pm. Chi 56 chiét suit eita vo boc ngodi cao hon [Gp vo phan xa cing nham dé loa
bo dnh sding khéng mong muén (cic mode bac cao hon) lan truyén bén trong voé phan
xa. Ngodi sy khdc biét 1a ¢6 su pha tap Erbium trong vung 161, cau tric cua EDF gidng
Va1 ¢l trie cta sgi don mode tiéu chudn hoac 1dn sic dich chuyén tuong img véi cic
khuyén nghi Rec. G.652 hodc G.653 ciia ITU-T, dang st dung trén cic hé thang truyén
ddn quang [21, 22|. Hinh 8.6 mé ta cau tric hinh hoc cia soi pha tap Erbium.

Do 16i s01 nho hon vi do mé s6 NA cao hon soi tiéu chudn, viée han nai trong qud
trinh lap rdp cac mo-dun khuéch dal quang soi thue € [a mat vin dé quan trong [77].
Cau trie soi pha tap Erbium ¢6 NA cao cho ta ¢6 thé tao ra duge EDIFA dac tinh khuéch
dai hi¢u qua cao. Tuy nhién, céu tric EDF nhu vay s& giam dudng kinh trudng mode va

dén 6i tang suy hao han néi giita sai 1ich cue vasol truyén dan thy dong. Dé khic phuc
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didu nay. cac dau soi duoe dp dung k¥ thuat vust thon dé ¢6 dudmg Kinh trudng mode
ting cuc bo. O bién phdp nay, phan bé chi sé chiét suat clia doan vudt thon soi & thay
doi dan doc theo true soi. viukich ¢ mode truyén dan ciing thay doi. Pay 1a bién phip
day stic thuvét phue dé [ giam suy hao ghép ndi do su khong tting khdp vé truong
mode gay ra. Trong thue 1€, cic phuong phip dé thue hien k¥ thuat nay la khuéeh tin
cde vat Liéu pha tap trong soi thong qua qud trinh xuw ly nhiét TEC (Thermally Expanded

Core) hoic vudt thon duding kinh sai theco mot ty [& gitra 161 viv vo phan xa 1A hing s6.

Lai pha tap ~1000 : 2000 ppm Erbium
o dudng kinht 3 « 6 wm.

Viung cd mat dd cao Er

Vo Silica co dudng kinh - 125 um

- VOO dudng kinh ~250 pm

Hinh 8.6 Cdu trvic hinh hoc ena 167 pha tap Erliun

[Tinh 8.7 mo ti ciu hinh cta soi TEC, dudng kinh 61 ting dan vi dudng kinh
rrudmng mode cua anh sing duge truyén cing duge mao rong. Bien phip ndly cho ra tan sé
chudn hoa [A khong thay doi doc theo sot vi dudng kinh ngoai cia soi TEC khong doi
so véi phuong phap vuét thon. Trong soi TEC, su thay déi suy hao 15 khong ding ké khi
ty 1& ma rong 161 1a 2 véi do did vudt thon livhon 2 mm. Khi ty 1€ ma [a 3, do dai vuét
thon Ién hon 5 mm thi ¢6 thé dat duoc suy hao biing 0 dB.

Bauvao _ :
» 26[' 2amm : Ete——

Hinlt 8.7 S0 do cua soi TEC duoe yuor Guussian

Cdc cdu triic khdc nhau coa cde thanh phan khic nhau nhu Ta nguén laser bom,
thi¢t bi WDM, bo ghép coupler quang. vi bo cdch 1y duge dung trong EDFA duge mo
ta chi tié1 trong nhiéu (ai licu va sdch [1, 27, 78, 79] vi thé no khong can thiét duoc
phan tich o day.
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® Nguyen Iy hoat dong

Trong soi EDF. cic nguyén tr Erbium hod tri ba Er'™. 13 cde phan ut tich cue trong
bo khucceh dai quang. ¢6 chite nang khuéeh dai dnh sdng. Nang Tuong visu chuyén ticp
quang c¢o lien quan (&1 cic jon Erbiuvm hod tri ba duge mo ta trong hinh 8.8, Nhing kv
hi¢u trén phia bén phii cua hinh [ cde s luong nr ding chung gin cho tiing chuyén
ticp. Cde s6 nay ¢6 dang 'L L @ day s 1asé luong tr quay, L 14 dong luwong gde quy
dao. vaj I dong luong goe 1ong (L+S) L biing mot trong nhimg 1, 2. 3.4, 5. 6,.... duoc
ky hiéu bang cic chir ¢di S, P. D, F, G. H. L. Biéu do LSI nay duoe ditng dudgi dang chii
nghia dé dm chi c¢de miic ning lwong ion, s6 cic dudng “Stark-Split™ 13 (2)+1)/2 cho
moi me [80].

Gian dé nang lugng

220 ) ‘H..,
543 Y : i Sy,
E Khong blic xa
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= 1 ] H
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2 ‘ ' .
=] 9g0 [ ¥ 1 1'! 2
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Trang thai dat

Hinh 8.8: Bidu do ndnyg lugng doi vor ion Erbinm ¢6 hod tri ba

Trong hinh XX, su hip thu cdc photon laser bom s& kich thich ion tdi cic trang
thai ning luong cao hon nhu duge chi ra & cic mii én hudng 1én phia rén. Cic ion ¢6
the ti¢u (on nang luong dé vira phét ra photon vita bién déi nang heong thanh cic photon
rao chin. Xu hudng phit xa photon khi chuyén 61 mite nang liong thap hon ting 1én
theo dai cam nang luong. Rat may 12 su chuyén dich *I 5, - 'L, i mot quid tinh phit xa
o1 trong thuy tinh silica, diéu ndy tao ra cae dic tinh khuéch dai rit 181 trong vimg
bude séng e 1.5 um dén 1.6 pm. T hinh 8.9 va tir cde két qua thue nghiém i thu
duge trong cic phong thi nghiém, ngudi ta di tim ra dide tinh hap thu dé tir dé nghién
cliv xem X¢1 cide bude song 6 khd nang dé bom cdc ion Erbium. Cie bude séng 1480 nm.
UX0 nm. 8OO nm, 670 nm va 521 nm déu ¢6 thé cho phép kich thich ¢ic ton Erbium. Tat
ci cde bude séng nay dd duge st dung thanh cong dé bom trong cic bo khuéch

dai EDFA.
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Cic bo khuéch dai quang duge chia thanh cic hé théng hai. ba hoic bon miic.
Mot EDFA diroe bom t61 mie bang *[,,- nhu & hinh 8.8 (£, = 1480 nm) thuong dugc coi
nhir h¢ thong hai mite, vi su chuyén dich bom v tin hiéu 1 & giita cing cde dai nang
luong. Vice bom tai 980 nm s€ tao ra hé théng ba muc, va trong h¢ théng nay nang
lwong ion phan rii nhanh (~2 ps) mot cdch khong phat xa tr mire *I; - 161 trang thai siéu
bén lau hon *1;,.. Cdc bo khucch dai hai hoac ba mife phai duce thict k& hop 1y dé han
ch¢ sur tidi hip thu tin hiéu do ¢4 sy 16n tai cla qud trinh hip thu trang thidi nén tai budc
song tin hiéu. Hé théng bon mdce duge md rong tir hé théng ba muc. cac hé thang nay
khong c6 sy tdi hip thu trang thdi nén ma qua trinh niy ¢6 thé lam xudng cap dac tinh
cuia ciae bo khuéch dar ba mic.
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Budc séng (Um;)

Hinh 8.9: Ddc tinh hdp thu ciia soi thuy tinht pha tap Erbinm

Dol véi cac mite nang lugng nhu dd mé ta & trén, hoat dong co ban ciia bo khuéch
dai quang EDFA duge mé ta nhur sau. Qua trinh bie xa xay ra trong EDFA nhin chung
¢ the duge phan cdp thanh bic xa kich thich va bite xa tu phat. Khi cic ion Erbium
Er' dugc kich thich tir trang thdi nén théng qua su hap thu dnh sang bom, né s& phan ri
khong phit xa 6 cdc miic nang lugng cao hon cho tdi khi né tién t6i trang thai sicu bén
(trang thdi '1;,). Tin hicu quang (i dau vio sgi EDF s& dén giip véi cic ion Erbium da
duoc kich thich vi duoce phan bé doc theo [61 sgi. Qud trinh bite xa kich thich s8 tao ra
ciac photon phu co cung pha va hudng quang nhu la tin hiéu té1, va chinh vi th€ ma ta
thu dugc cuong do anh sdng tin hiéu tai dan ra EDF 16n hon diu vi. Nhu vay, di dat
dugc qua trinh khuéch dai trong EDFA. Cic ion di dugce kich thich ma khong tuong tac
vo1 anh sdng t61 s€ phan rd tu phit tdi trang thai nén véi hiing s6 thdi gian xap x1 10 ms.
Phdt xa tir phdt SE (Spontaneous Emission) ¢6 pha v hudng ngdu nhién. Thong thudng
thi co it hon 1% SE duoc gitt lai trong mode soi quang, vi nd trd thanh mdt ngudn nhiéu
quang. Nhi¢u nay s& duge khuéch dai vA tao ra bic xa tu phit duoc khuéch dai ASE
(Amplified Spontaneous Emission). O trang thai dit (nén), khi ¢6 su hdp thu photon
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bom hoat dong tro lai. qud teinh nay s& tr lap lai. ASE s& lam suy gidam ty s6 tin hiéu
trén nhiéu cua tin hi¢u qua bo khoéeh dai quang. Dé giam t6i thidu su suy giam ty 1¢& tin
hiéu trén nhieu, cin phai thiét k& can than cac bo khuéch dai quang.

8.3.2. Khuéch dai ca bo khuéch dai quang soi pha tap Erbium

Cie dic tinh chung cia cdc thiét bi khuéch dai quang soi vit hé thang phu da dugc
gioi thi¢u trong Khuyén nghi G.662 ITU-T [81]. Trong khuyén nghi niy, nhiéu tham s6
dwoc liet ké mi chua dua ra nhiing phan tich vé ban chit cia timg dac tinh. Tuy nhién,
¢ the tham khao mot vai dac tinh duoge xdc dinh dua trén mot $6 san pham EDFA
thuong mal. Trong phin nay, chiing t6t gigi thi¢u mot cach khai quit vé mot s6 tham s6
chu y€u dic trung cua thiét bi khucch dai quang EDFA. M&i mot dic tinh s& ¢é cdc moi

lien h¢ voi viee tng dung EDFA trong hé thong thong tin quang soi.

8.3.2.1. Cong sudt va budc song bom trong bo khuéch dai quang soi pha tap Erbium

Nhu di duge giat thich trong muc 8.3.1, trong qud trinh hoat dong cita thiél bj
EDFA. ¢6 mot vai vitng bude sdng bom cho phép kich thich cic ion Erbium. Diac tinh
khuéch dai ctia sgi Erbium EDF (Erbium Doped Fiber) duge bom & méi viing bom duoc
so sdnh dudi dang hé so khuéch dai, ty 1& phan ti¢t dién bitc xa kich thich bom vi tiét
dién hap thu bom, hiéu suét bi€n déi cong suat va cde dac tinh nhiéu.

40
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Hinh 810 Su phu thuge do khnéch dai tin hiéu vao cong sudat hom EDFA

C. R. Giles, E. Desurvire |82, 83], va ching t6i |37, 84| da nghién citu tinh phu
thuge cua khuéch dai tin hiéw vao cong sudt bam. Hinh 8.10 mé td quan hé tién biéu
gitta khuéch dai tin hiéu vi cong sudt bom. Nhin chung, do khuéch dai lic ddu tang
manh theo ham md vdi sy ting cua cong suat bom, va réi giam dan xudng khi gid tri
cong suat bom vuot qua mot gid tri ndo dé. Ché do sau ciing cia khuéceh dai tin hiéun
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tong wng vai ruong hop o noi mahau het cie ion Ee™™ duge kich thich @i mde I
doc theo toim bo do dat soi. Hé so khuéeh dai 1on nhat cia bo Khuech dan ¢é don vi 13
dB/mW T mot dudng nghiéng tiép tuvén vor duong cong khuéeh dan di qua géce toa dé
nhu duoce chinra & duong nét dat trong hinh. Hinh nay cling chi ra su phu thuoe caa do
Khuceh dar tin hiéu vao do dia st DO din sgn mictang <& dan idi do khuceh dan ting. He
s0 Khuéch dat kKhong ehi phu thade vio do din ¢ EDRF mic con phu thuoe vio cong suil
tin hicu dau vao EDFAL Gid 11 cta né thuong duge xidc dinh trong dicu kien tin hicu la
nho (¢ thaoe tudn sau) vai do dad soi 101 vu dé thu duge aid i 1on nhat. Hién nay, hé o
khuech dai ¢6 thé thu duce 11,0 dB/mW khi bom tai bude séng 980 nm. Hinh 8.11 13
Kot qua mid chung 161 di tinh todn va mo phong dé khuceh din phu thuoe vive cong suil

bom G bude song T80 nm vén cic gid i cong sudt tin hicu dau vio khie nhau |38, 844,
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Cang suat bom {(mw)
Hintt 8.1 Do khuech dai phiv thitoe vao cong suar bem

Hi¢u sudt bién doi cong suat PCE (Power Conversion Eficiency) B mot tham so
thong dung thuomg d¢ ip dung chu yéu cho EDFA khudch dai cong suat BA (Booster
Amplifiery vi nd co lién quan dén cde dic tinh bie hoia cia EDFA. Tham s6 niy thuong
duoe su dyng trong thiét k€ mo-dun dé xie dinh cong sudt tin hiéu dao ra thu dieoe i
mo-dun EDEFA vér cong suit bom siin ¢é trong mo-dun. v duoe viét nhir sou:

SYCTLA S YN
i L !\ !.\

E (%)= x 100 (%-12)

"
Il

g day PUOP va P tuong tng 1 cong sudt tin hicéu dau ra, cong sudt tin hicu din vio
vir cong sudt bom vio soi pha tap Erbium EDRFCGia tri 16n nhat cua PCE duoce cho dai

vl bude song tin néu A, va bude séng bom A, nhu sau:

e
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A,
Lo (%)= —> 100 (8-13)
/‘L‘

Vivay, hicu suit bicn doi cong suat lon nhitt PCE =& tang khi budce séng bom 1ién
11 buce sang tin hicw. Gid it cao nhat coa F, 1 93.3% i budc séng bom vimng
[480 nm |82, 85,

be thay duoc anh huong et bude séng bom duoe dung trong EDFA. @ hay quay
lai so sinh cie bang bom. Trude hét. bude song bom 1480 nm duoe dimg trong cic
thiet by EDFA vi mot so 1y do nhu sau:

- Cho riccong sudt bom cao vi cong sudt nay d& dang ¢é duoe W cic diode laser
hian dan hoat dang L cie bude sdng nav.

- Théu suat cong sudl 1ot vi ¢o su khde nhau nho gifta cic bude sdng vimg 1480 m
va ving 1550 nm noi mi cic h¢ thong thong tin quang thuomg st dung do ¢é suy hao
sl rat nho.

- Khi bom cho EDFA i xa. suy hao soi s& thip hon

- Pho hap thu bang rong cho nén yéu ciu tinh chinh ade vé bude sOng bom ctia
laser 1t nghiém ngat hon,

Bude song bom 980 nmn ¢o cie dac diem sau:

- Che e dace tinh nhicu coa EDFA tor hon.

- Khuéeh dai tin hicu trong cde hé thong nhiéu kénh quang it bi méo hon.

- Thiet bi nay it nhay cam véi nhiét do hon so véi bude song bom 1480 1 |86, 87

- Nhung nd cling véu ciu tinh chinh xde vé bude sdng bom chat ché hon dé dong
bo bang hap thu hep Y76 nm.

Hinh 812 T k&t qua md chong toi tinh toin méo phang dé so sinh bom & hai bue
song: 480 nm v 980 nimi dua trén quan he gitia do dai soi EDF v do khucceh dai tin
hicu cho ca hap bude song o cling mét cong sudt bom [84], Cong suat dnhi sing tin hicu
diau vio i -35 dBm cho ci hai trwong hop. RS rang Ta dé tha duoe cang gid (et do
Khuceh dar thi do dad bo khuéeh dai 16t uu khi born ¢ 1480 nm B dai hon khi bom o
vang 980 nm. M. Yamada vi ¢ie tde gia efing da sém nghicn cuu so sdnh cic ciu hinh
bon i 1480 nm vie Y80 i dua teén quan he gita do dai soi EDEF v do khoeéch dat nhu
o hinh 813 [88]. Cong suil dnh sing tin hicu dau vio 1h -37 dBm cho ca hai Trrong
hop. KEt qua chira rang dé did soi 13 we cho bom tai 980 nm i vio Khodng 30 m. bing
Mot nua do dai doi vai bom 1480 nm. nhung Khuéeh dai 160 nhat Lai cdp hai lan, T cie
Ret qua ndy vicbang tham khao cic ket qua thi nghigém |89, 901, ta thiv rang bom o 9X0
oy e e qua hon bom & T80 nm. vd 1a ¢o the xay dung duoe bo EDEA ¢o khuceh

dai cao var do dai EDE ngdn hon bing viée st dung bude séng bom 980 nm. Su khic
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nhau gitta hai budc séng bom la do trong thuc 1€ phén tiét dién phé hip thu bom & ving
980 nm la hep, nhung & viing 1480 nm lai rong. Cic két qua niy chi ra rang viée diéu
khi¢n bude séng phat laser & ving 980 nm 3 khong thé thiGu duge khi xay dung bo
EDFA on dinh.

30
25 |
%‘ 20 .
sy )T . - F )
5]
E. 15 + Coe U\L\*\l
£ 10 ¢
3 b
, Ll
% 54 e b
5 —=— 1480 nm, Pp = 6 mW
. » 1480 nm, Pp =7 mW N
0 —— 980 nm. Pp = 6 mw \
980 nm, Pp = 7 mwW X
-5 | 1 1 =

0 10 20 30 40 50
D6 dai sdi EDF {m)

Hinlt 8. 12: Do khuech dai phu thude vao dé dai EDF

v cde cdn hind bom khde nhau

40
a0 Bdm 980 nm
& ———— Bom 1480 nm
o 20 1
> T S
%' 10 e S
S g L=l g
ar
kel S
© 10 4~ Soi Silica pha Ge/Er b
R Budc song tin higu: 1536 nm S
= 20 4. b
30 —
a 20 40 &0 80 100 120

B34 dai EDF {m)

Hinh 8.13: Quan hé giftu dé dai EDF va khwéel dai tin hicu
tai cong sidat bom 20 mW

8.3.2.2. Khuéch dai trong b6 khuéch dai pha tap Erbium

Ching ta di thao luan vé cong sudt va bude séng bom cé lién quan té1 khuéeh daj
cua bo khuéch dai quang soi OFA (Optical Fiber Amplifer). Trong bé khuéch dai
guang, do khuéch dai la mot trong nhitng tham s& co bian nhat va né thé hién kha nang
lam tang cdng sudt tin hi¢u truyén trong OFA. Nhin chung, doé khuéch dai G cla bo
khuéch dar quang duoce xic dinh nhu sau:
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Hinh 8.14: Cde phd 1iét dién biic xa va hap tha eifia cde nuie 1, va .
- !-)r”lf - I_)\.'J
G ="t (8-14)

!IJ

5

trong do P va P, twong iing a4 cic cong sudt quang tal dau vao va dau ra cua bo

khucch dai quang. Ngodi do khuéch dai, bo khuéch dai quang ciing phit ra phat xa
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phit dirge khucch dai ASE. viv & day P 1 cong suat nhicu duge phiit tr b khudceh dai
quang niun trong bing tin quang thoac con goi 1a hing tan phit xa 1y phat duoc
khuéceh dar).

Vice xie dinh do khuéch dai cia bé khudeh dai quang ~oi 1a mot qua triinh phie
tap do ban chat phan bo hai huéng cda nd. BE hicu duoe do khucéch dai thue cia bo
Khuceh dai EDFAL ta ¢6 thé coi do khuéch dai G cta todn bo khuéeh dai ma & day bo
Khuéch dai quang 1a 1ong hop ciia chudi mot loat ¢ic ba khuéch dai nhod v do dat son
tang dan theo it ¢at Az ctia EDF nhu minh hoa ¢ hinh 8,15 Nhu vay G s¢ bao gom toin

bo cac Khucch dai thanh phan of 2 doc soi, vir duoe viet nhu sau:

rz' A \I
B . Jiz o TN I B | . '
G=lim,, {f R P SN }: v J,g(:nf: i (8-15)
t /
trong do6 L 1d do dai soi EDF: groj Ia do khudeh dai tang dan.
S¢i pha tap Erbum EDF
P. .
—— - 1 Z 3 4 . n-- r
2 \ A —
P:(z) o .
— 1 Nz A7H AP, 2}
P.lz) N.(z) _ -
———] —— Pz AR
Fie;

Culy Z doc thea chiéu dar sgi pha tap Erbiurm EDE L
Hinh 815 Soi EDF dicoc mé td nlue L chuoi cae ™ lar™ khudeh dai viéng ré

D¢ thu dwoc do khuceh dai thue cia bo kKhuéeh dai. can phai vie dimh duoe ét
dien bue xa kich thich g vi tiét dién hiip thy o, [91]. Cic phan 6iét dién niw co thé duae
xie dinh bang thue nghiém 1ir vige do huynh quang v hip thu cia mot doan ngan soi.
Ciie tiet dien brie xa va hap thy [a cde tham 5@ co ban quan trong cua soi EDE. DA ¢6
MOt 86 bido ¢io K&t qua vé cic tham 6 niy cho cdce soi loai thuy tinh khic nhau vit kél
qua da chira ring ching la cic dac tinh phu thuoe. Do 1 do ching ¢6 thé duoe thay doi
hang cich sir dung thuy tinh cha khic nhau ¢6 cic cuong déd dien truong hol khiace nhau
tai cdc ton Er'™ viv bimg viée thay doi téng sé cic dinh vi trong thuy tinh. Cic 5o licu
clia cie pho tit dién bire xa vahip thu duoe 1dy tirmot s6 thue nghiem gilla cic miic

b VIO <2 duge thE hién & hinh 8,14 {78, 85, 91, Cic pho et dien o dav duoe mo 14
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cho cic loai thuy tinh silica pha tap Ge/Er, AVEr. Ge/AVEr AIP/Er vi load thuy tinh
Fluoride goc Zrf,.

Trong hinh 814 ta chid ¥ dinh trong ¢ice phan GEUdicén hap thy v biie xa 1) gan
v budie sdng 1330 mm v pho hip thy o6 phin dich vé phia cic bude song ngan hon.
Xu hudng dich vé phia cic bude séng ngan hon T dic trung ticu bidu cia cic nguyeén (o
didthicm. Do 1 do su phian ba nhi¢t cia nang lugng rong timg nhém cic mife ning
lwong “Stark-Splin™ thién v& ¢de nde ¢6 nimg lugng thap hon. Cling nén chi y rang
dong pha tup Al o hudng gidin rong dinh khuéch dai gan véi 1533 mm v lam giam hét
s khde bit ve do khuceh dai gitia cic hang 1533 nm v 1550 nm. Thuy tinh chu ciing
6 the duge thay doi dé cai thien dac tinh khudeh dai cua cic EDEA. Bang cich nay
ngudi ta cting co the thu duoe su khuéeh dai bing rong 1 15330 nm dén 1610 min biang
viee sudung thuy tinh cha Tellurite. Bing 8.2 1iét ké cic tiét dien hap thu i su chuyén

. . . N L . . . - N
dich I den TE v sl o cla mide ', - cho cice thuy tinh nay.

Bung 8.2 Cde ticr dicn hap th tie chuven tiop 1 dén 1L, v twod tho o nuie .
Tuéi the & mitc *l,,, {ms)

Cac tiet dién hap thu tor ¥, ..
dén 1, (x10%° m?)

157

Loai sgi pha tap

. . —— — |

|
|

| Sdi Silica pha GelEr o 252 - 0,03 _ 121:03
Sai Silica pha AIEr 19:03 10.2 - 0.3
Sai Silics pha Ge/AVES 17+03 ? 10.2 + 03
Sai Silica pha AlIPIEr 312 10.8

. Sai fluoride gde ZrF. 245 g4

A phan tich ¢ trén. khuceh dai thie coa bo khuceh dai quang soi ¢6 thé duoe xiic

dinh twy thude vio mue bién dot trung binh ctia tich e jon Erbium nhu sau-
G=cexp{l [0 (N, -0 (N L} (8-16)

G day 77 1a h¢ so giam (h¢ <0 han ¢hé) gilta trudmg tin hicu v su tich 1oy jon
Erbium. 77 ¢6 giid tri thay doi (r O dén 1. va gid ti téu bidu cua nd 11 0.3 = 0.6, L 1) do
dar cua soi pha tap Erbivm. &, 13 mat dé tich uy trung binh & trang thai sieu ben thoac
con got la tich Tuy mac trény. &, 1 mar dotich lud trung binh & trang tha nén (hoac
con goi la tich lug miie dudi). Cie mae do tich luy &, v N ciing duoe Fy 1 viée g
phuong trinh 6¢ do (Rate Equation). Phuong trinh 16¢ do nay déi véi (rang thir siéu
hén gom ¢é cic thimh phéin hip thu dnh sdng bom. biic xa kich thich va biie xa ty phit
SE (Spoutaneous Emission), vived thé vidt nhu san:

N, Po, N Po NN

= — -— (8-17)
dr Al Alv T,
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Trong do P /A va P /A tuong tng la cic cudng do bom v cuong do tin hiéu, h,
vit v, Lo cde nang luong photon bom va tin hiéu, vi 1, 1a thot gian tré tu phit. Tie bicu
thire (8-17) ta thily rang bit k¥ mot sif thay doi nioe ¢ muic trén M. cling 1a do ¢6 sur thay
doi cde gia il twong doi cua hap thy bom, bite xa kich thich hoic bic xa 1 phdt SE.

Miic nghich dao trung binh duoce thiét lap bang cic mdc bom va tin hiéu. Do
khuéch dai sé phu thude vio cong sudt bom, day [ mét hinh anh ¢ v nghia déi véi ciic
EDF khdc nhau. Clng tir phuong trinh (8-16). khiu do so cia soi ma tang s& lam tang
hé s6 giam [, didu ndy s& cho phép cdi thién dé khuéch dai tin hi¢u nho. Dé ciing 1a 1y
do tai sao khau do s6 cua EDF cin phdi cao hon. Cic gid tri khdu dé o cua EDF thueng
[awe 0.2 dén (L4,

o Khuéch dai tin hi¢u nho

Khuyén nghi G.661 cua ITU-T di xic dinh dé khuéeh dai tin hiéu nho 13 dé
kKhuéch dai cua bo khuéch dai ki né hoat dong trong ché do tuyén tinh, noi ma né hean
toan khong phu thude vao cong suiat quang tin hiéu dau vao tai mic cong suat quang tin
hiéu v bom di cho [76]. Diéu ndy duoc hiéu 1a vung tin hi¢u nho twong ing véi cic
muc cong sudt dau vio. not ma su khuéch dat tin hiéu khong laim giam dé khuéch dai
cta bo khuéch dai quang. DE xic dinh vimg khuéch dai tin hiéu nho, ngusi ta thuomg

xdc dinh bang nhiéu diu vio hiéu dung P, cua bo khudch di nhu saw [RO:
P = 2B, ~ 30 nW/nm doi véi A = 1550 nm (8-18)

a day hvla nang lugng photon va 8, 1a bang 1an quang cta bo khuéch dai quang. Nhiéu
diu vao hi¢u dung duoe khuéeh dai 1én nho d¢o khuéeh dai vi ta s& thu dwoc cong sual
nhiéu dau ra cha bo khuéch dai.

35
—o— Pp = 20 miy
30 - Pp = 25 mW
— I co Ppo= 30 mW
L S Pp = 35 mW
£ 20 N
T s
) .
5 15
g
£
= 10
-
]
5

0 1 1 L L 1 1 L : _T
-45 -40 -35 -30 -25 20 15 10 -5 )
Cang sudt tin higu ddu vao (dBm)

Hinh 8.16: Do khuéch dui cita EDFA phu thuée vao cong sudt tin hiéu dau vao

doi voi hon cong sudt bom khde nhar
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Vi cong sudt tin hiéu dau vao la Ion ding ké so véi cong sudt nhiéu diu vio, cho
nen nd co vai tro 16n trong viée xdce dinh mac nghich diao N.. Khi ¢é bit ky mot su bién
doi ctia N. xay ra cling dan (61 thay doi do khoéeh dai. Chimg nao cong sudt dau vio
mi nhoé so véi P, .. thi inh hudng coa nd trén bo khuéch dai <& khaong ding ké, va bo
khuéch dai s€ hoat dong trong vimg tin hiéu nho. Do khuéch dai ciia bd khuéch dai
duoc thé hién o hinh 8.16 la két qua tinh 10dn cha chiing toi nhim tim ra tinh phu thudge
cua do khuéch dai vio cong sudt tin hi¢u dian vao [37].

Trong tinh todn nay, EDFA dugce bom tai 1480 nm véi ban mic cong suat bom
khdc nhau, do dai so1 1a 30 m, vi do khuéch dai duoc xic dinh nhu sau:

L (8-19)
l+7 /P

sk

G =

Trong d6 P, la cong suit tm hicéu dau vao bd khuéch day, P, 1d cong suit bao

hoa va (5, [a do khuéch dai tin hiéu nho. Cic duong cong nay ¢6 the gidp ta xdc dinh

phin biét duge ving cong suét diau vao tin hiéu nho.

o Khuéch dai bdv hoa

Diic tinh khuéch dai bao hoa cia EDFA 1a mot tham s6 quan trong. Cong sudt tin
hi¢u diu ra thu dwuge & dau ra bo khudeh dai quang 1a mot gid i dac biét hap dan vi né
¢o lien quan t6i cic e ly truyén dan va cu ly khoang lap cla cic hé théng truyén din
diu, va nd lam ting s6 cic cla dau ra trong cdu hinh phan bo sgi quang. EDFA thuong
hoat dong o cdc mite tin higu diu vao dui [6n d¢ tao ra su bilo hod khuéch dai. Su bio
hod do khuéch dai duoe xem nhu [dsu giam khuéch dai trong lic cong suat tin hicu
tang nhu da the hién & hinh 8.16. Do khuéch dai ctia bo khuéch dai quang ¢ thé duoc
vigt dudi dang an nhu mot ham s8 cla 1y s& cong sudl quang dau ra P

bio hoa P.

wedd

vai cong suat

P

|92] nhtr sau:

: P . G- P
G=G,exp|{(1-G) = =G, exp| - - P—”’ (8-20)

ol . widl

¢ day G, Ia d6 khuéch dai tin hi¢u nho nhu da dé cip & trén. Cong sudt bio hod P, tai
budc song xde dinh la cong suat duge yéu ciu dé nghich dao mot 16p (ldt cat) cia soi
pha tap Erbium di dé thu duoe sit truyén théng tin hi¢u quang. hodc néi mot cich khic

14 div d¢ cho d6 khuéch dai bang khéng. Cong suit bio hoa duoc vidt 1a:

B A;’rv_

c,T,

P

wedt

(8-21)

¢ diy A 1a dién tich trudng mode, vit 7, ~ 10 ms 1a thai gian séng (1uoi tho) ctia jon tu

A

phit o trang thii siéu bén! Cong sudl bio hod ¢6 thé dugc thay d6i bing viée ting dién
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tich trirdng mode .4 caa soi. Hinh 817 thé hién do khaceh dai tin hicu duge v@ nhua mot
ham ~0O cuaccong sudt (tin hiew daw ra voi cic cong sudt o not mi do khaéch dai giam di
3 dB so védi gid i chua bao hoa. Biem nén khucch dai 3 dB 1 mot hinh anb ¢6 v nghia
mo ti duge kha ning cong suat dau ra et bo khuéeh dai quang. BDav 13 cong suit dio
ra-ma ta do do kKhuceh dan cua bo khuéeh dad giam i 30% @i o tin hicu nhé cia no.
Cng rong hinh 8,17, cang saat dau ra biio hod s& tang cling véi su tang cia cong suil

hom diga vio |82, U3,

. I
i
a0 |
& e N
= . ~ H
= Soi: Slica pha Ge Al:Er o
E 20 |. Budc songtin hidéu 1531 nm U
& '
£ 15 L ) . o g I
= Cang suat bom 36 dai CDF Khueck da Max P
E o L k! {m: 1B 1B, .
A 3.6 174 37 MmMi
B 39.0 434 KA 103
- ¢ 24 5 a0.0 a0.4 Ta o
s} 13 39,4 252 25 !
0 L 1 1 ! T ;
-15 -1 ] 0 +5 +10 5

Chng sydl tin higs dan ra falm
Flindy 817 Khudolr dai tin hicn nhae laomor ham sé cticc cong sudt tin hicu deu rar

Vot cde cong sudt hone Krdae nhai

5181

’ Cang sudt bom [mi']
< 0 100
T
40} 0
:’g‘?
g il
= -
Z L0
B
?;, 20+ : "' Caong suat tn hicu déu vao -3 dBm
= ty Budc séng boam: €98 am
— [
T o0k ) I* Ban: ngueoe
- ] — —— = Bdm xuo

ol J t | l
4 14 24 30 40 S0

B dar son LOF (mb
Hinli S 18 Hicu sudr bicn doi cong sudt nhue mot i clia do ded KDF

vor i load can hind bom

Cdc dac tinh bio hod sé phuy thude vio cau hinh bom viv do din cta soi EDF nhar

duoe mo o hinh 848 [94]. Trong truong hop niy. hic¢u sudt bicn doi cong suat PCE



Chiveeng 8 Kinecl doad quany sor phia tap Evbimn 109

duee dicn giii nhu mot him s cua do did EDF déi v6i cie ¢du hinh bom nguoc v bom
xu01. Trong hinh ndy. ¢hing ta ¢6 the thu duce ket qua quan trong 1y bom nguoe s& thu
duoe PCE cao nhat vai moi dé die EDEF. Nhar vy, bom nguoe ¢6 the duoe dp dung chao
do diu EDF 161 uu khi xdy dung thiét bi khuéceh dar cong suat BA ( Booster Amplifier)
de dat duoe cong suit dau ra cao. Tlon the nit. nhu da dé cap & wen rang bom 1480 nm
la ¢é hidu qua nhat trong cic bang bom vi L., ¢0 thé dat 95.5% . Trong khi cic ké&t
qua thue nghi¢m duoc diéu tra chi ra rang PCE vio khoang 80% doi vai bom 1480 nm

v PCE do duoc cao nhiat i 56% ¢ho bom Y80 nm.

o Do nghieng va do doc khuéch dai

Mot trong nhitmg dng dung quan trong nhat coa EDEFA rong théng tn quang soi
L viee siedung no trong hé thong ghép kénh quang. Trong cdc hé thong ghép kénh theo
bude song WDM vai cu ly xa. pho khuéch dai cia bo khuéeh dai quang phai dam bao
phiing dé (riinh sir troi lén vé cong sudt cua mot kénh nao do. Su thay doi hoae nghiéng
trong pho khudch dai xay ra khi cde kénh bude séng duae ghép xen vie hay 1¢ bét di v
diéu ndy s& Lm giim die tinh cta hé thong thong tin ¢6 ey ly dad. O day. su nghiéng dé
khuéeh dai duge xde dinh nhu Laty s coa swbien dor khuéeh dai tal bude song do duoe
Vol su thay doi khudeh dai tan bude song chudn, noi ma cic thay dot khuech dai diroe
tao ra do ¢o sy bicn doi & dicu kién dau vio. Dai vai bo khuech dai ¢é pho duoe gidn
dong nhit, do nghiéng khudch dai khong thay d6i vai cong suial diau vio. Khi do
nghicng khuéch dai duoe dac teang cho mot Gip hop cic dicu kién dau vao, nd ¢é thé

duce dp dung dé du bido do nghiéng khuéeh dal dai vai cie dicu kién diw vao khic.

B¢ dac khuécn dai dong

B4 dide khugch dai tinh

Dé khuéch dai

¢ Budc song
Hindt §.19: Minh hoa cho do dac Kwécls dai tinh va dong
Neoair dd nghieng khuéch dar. mot khiai niém khic nda cling duge quan tam o day
la do doc khuéch dai. Do doc khuéeh dai I tham <6 quan trong va ¢an phai phan biét

gitra do doc khuéeh dai tinh vii do doc khuéeh dai dong. nhu mo ta & hinh 8.19. Cé

nhiing diém khdc nhan gitta do déc (inh vt dong boi vi ¢6 su thay doi vé mie nghich
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dao tich luy trong bo khuéch dai phat sinh 1 sy thay d6i bude song cia tin higu diu vao
bao hod manh. D¢ doc khuéch dai tinh m duge xdc dinh nhu sau:
G (A, +AL) -G (A, — AL}

n (A= Yl ‘ (8-22)

G day G, (4, £ A2) i do khuéch dai tai bude séng tin hicu biio hoi do bude séng tin
hi¢u bio hoa bi dicu chinh di (A, # A4).
B¢ doc khuéch dai dong m, duge xac dinh nhu sau:

G (A, +AL) -G (A, —AL)
2AA

", [;‘L”) = (8-23)
o day G, (A, + A2) la d6 khu&eh dai cta cuc do tin hiéu nho tai bude séng (A, £ AL
Cuc do Ta dé dic trung cho do déc khuéch dai dong, né ¢é thé 12 mat laser ¢6 kha nang
diéu chinh bude séng lién tuc dé cho ra cong suat dau ra thip, hoic nguén phat quang
bang rong chang han nhu EELED.

8.3.2.3. Pho khuéch dai ciia EDFA

Pho khuéch dai ciia EDFA 1a tham s6 quan trong vi bang 1dn khuéch dai 1a mét
tham s0 trong v€u d¢ xic dinh bang truyén dan. Pac tinh nay di duoc nghién citu véi
cic so1 EDF kKhic nhau theo gée d6 mo rong bang tan cua cdc EDFA. Trong cic két qua
thi nghiem thu dugc, bang cdch pha tap Al v (hoac) P trong 18i ctia soi thuy tinh pha
Er'* & 6 tic dung mo rong phé khuéch dai. Gin day, ngudi ta cling tim thdy ring pha
tap Al ¢6 thé thu duge mite khuéch dai rat cao trong mét mat phdng trai trong vung
budc song 1540 nm dén 1560 nm. Bang cdch thay déi vat lieu chi trong soi tit thuy tinh
stlica sang thuy tinh Fluoride goe ZrF, v thuy tinh Fluorophospate ciing hita hen mé
rong va lam phing duge bang tan khuéch dai. Dac biét soi EDF gd¢ Fluoride c¢ho ra
dugce viing khuéch dai phing trong dai bude séng tir 1530 nm dén 1560 nm.

Hinh 8.14 di thé hién cic phé khuéch dai tigu bidu cha soi thuy tinh pha tap
Ge/Er va pha tap Al/P/Er. Phé cha soi pha tap Ge/Er ¢é mit cat gém hai dinh tai 1536 nm
vit 1552 nm. Trong khi d6 pho khuéch dai cia soi pha A/P/Er ¢6 mot vung khuéch dai
rong nam trong khodng 1545 nm dén 1560 nm mac di n6é cé mot dinh khuéch dai nho
len tai ving xung quanh 1530 nm. Ngodi ra, phé khuéch dai ctia EDFA ¢6 thé duoc
dich 16i vimg budc song dai hon khi s dung d¢ dai EDF la tuong doi dai [95]. Khi tang
do dai EDF, pho khuéch dai ¢6 thé thu duoe trong khoang bude séng (v 1570 nm dén
1620 nm. Tai ving budc séng cao hon 1620 nm. khuéch dai tin hi¢u s& giam do qud
trinh ESA (dich chuyén tir ', 1681 *1,,,) vii gi6i han trén ciia pho khuéch dai duge quyét
dinh boi ESA nay.
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f u 19 .

Thong thuong tht phé khuéch dai duoc do bing vige quét budc séng tin hiéu véi
mot nguén tin hiéu don. Tuy nhién, phé dugc thay déi khi cong sudt tim hiéu diu vio
duoce thay doi. Phé trd nén phang khi cong sudt tin hieu diu vao |3 cao. Miie cOng sudt
tin hieu dau vao 1a mat tham s& quan trong vi phé thuong duge do dudi céc diéu kién
tin hi¢u nhé. Biau ra quang cta EDFA phu thude vio budce song vi 4o khuéch dai thay
doi theo cic dic tinh budc séng cia sgi pha tap Erbium EDF. Hinh 8.20a) vii 8.20b) mé
ta phé diu ra tiéu biéu ciia mot EDFA tuong tng cho cic truong hop khéng ¢é va ¢6 tin
hiéu diau vao. Khi khong c6 tin hiéu diu vio. chi ¢é biic xa tu phit duge khuéeh dai
ASE. Bang tdn bic xa tr phat duge xdc dinh tai gid tri cdng sudt 6 vai cua pho giam di
3 dB. Tuy nhién, viéc xic dinh nity khéng duoc chi ra trén cic thiét hi do tiéu biéu nhu
la mdy phan tich phé quang OSA (Optical Spectrum Analyzer). Nhu vay gid tri nay chi
duoc chi ra nhu la mét gid tri Géu biéu ma khong ¢6 cic g1a tr1 nho nhat hay [6n nhat.
8.3.3. Nhiéu trong bo khuéch dai quang soi pha tap Erbium

Nhi¢u ¢6 lién quan dén tin hieu dude khuéch dai quang la mot chir dé quan trong
trong h¢ thoéng thong tin quang. Céc dic tinh nhiéu thé hién [& mét tham s6 mau chét
ma no xdc dinh dic tinh trén toan bo hé thong nhir cu ly truyén dan va t6e do bit 1ém
nhat. Cic dac tinh nhiéu da dugc gidi thiéu trong mot s6 (i lieu, nhung chira that minh
bach. Trong phéan nay, dé dé hiéu chdng ta s& phan tich nhiéu theo phan cip cdc thudc
tinh ddc trung. Nhin chung, hai phin s& duoge thao juan 1 nhidn grnang (hay con goi la
nhiéu trudng quang) va nhicu citong do (hay con goi 1 nhiéu dong photo).

Nhiéu quang dm chi dén phd nhiéu quang duge do bang mady phan tich phé quang

OSA ¢6 bo loc hiéu chinh (nhu cich 1), loai nhiéu nay thuong duoe dac trung trén cira
s0 phé EDFA.
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Nhi¢v cutng do mudn néi vé su thing giing vé cong suiit hoac dong ¢6 lién quan
dén tin hicu quang. Loai nhidu nav ¢6 bang tan tic¢u bicu (31 himg chue GHyz. Pho nhiéu

cuong do dm chi pho cong sudt cua cudmg do quang triede kKhi Gich séne.

8.3.3.1. Nhiéu quang trong bo khuech dai quang soi pha tap Erbium

Nhicu quang La tham so quan trong nhai lién quan 61 cic dac tinh nhicu trong céc
hé thang co Khuech dir quang. PO khuéeh dai G dd duoe thao luan, nhung bén canh do
fuon luon 101 i nhicu., Vi the, sé khong bao i cd b khuéch dai quang 1y trong, diéu
do co nghia 1 <& khong ton tai bo khuéeh dat ma khong ¢d nhicu. v mot véu 16 kién
dinh vang mat phai duge dén bt bing mat nguon nhidu ndw do.

Negay (r dau cua chirong niy. ta di thao Tuan ve cde ion Erbiom trong soi EDF clia
EDFA. Cac photon duge bic xa wr phdt ¢ hudng va pha ngau nhién. Mot s0 cic photon
bue xa ty phdt duge gifr i o cde mode cita soi quang. Vi cdae photon duoe gidr Tai nay
lan truven doce theo bén trong cha soi. chiing lai duge khuéch dai, qud trinh ndy s& tao ra
bite xa tu phdt duoe khucéeh dai ASE (Amplified Spontancous Emission). B¢ xic dinh
duge thanh phin nhiéu nho nhilt cta bo khuéeh dai vi tinh khong chac chan vé tin hicu
dau ra thoa min nguvén ¥ Heisenberg, cong suat nhicu 160 thicu tai dau ra bo khuéch

dar P duce timora nhu sauw:

NI
P ., =hviG-18 {8-24)

(G day. bang tan B [ mét nua todn bo bang tan 8, cua bo khuéeh dai quang. Ta gid
thi¢t rang tinh khong chac chan cia bo khudch dai ton tai 1a do quid trinh nhiéo 1ring.
do khueeh dai G, vi tin hicu I 1dn, cong suit nhic¢u dau ra bo khudch dat ¢6 thé dat
duge nho nhat s& twong tng vai su khaéeh din cua mot photon trong bang tan B, mat
n coa bang tan bo khuoéch dai 8.,

Tir bicu thife (8-24), ¢d thé xde dinh duge cong suit ASE ong £, duoc iy trén
toan bo cde mode ma sor quang dua ra trong bang tin B, duoe viét nhu 13

P =mN viG-1i8, (8-
o day m, 16 80 cie miode lan truyén {(maode ngang) cuia qua tinh phan cue.
P, = N G-1B, duoe goi 1a cong suit bie xa tw phit cua bo khuéch dai guang.
Trong cic bo khuéch dai quang soi thue 1€ (ticu bicu Ta EDFA ). tiéu bi¢u thuong ¢é 2
mode lan truyén phan cuc trong bie xa tr phat [ 78, 80, 96]. va cong suit ASE 1ang L

P.=2N _wvits—1}B, (8-26)
o day /v la nang lugng photon. G 1 do khuéeh dai caa bo khuceh dai quang sai.

Hé 6 bue xa wr phit N duge vidl nhu sau:
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N = — 2 (8-27)

Yo N.-o N
Trong bicu thiie ndy thi o a,. N, vii N, di duoe gidi thicu & mue %.3.2. D¢ cho
don gian. ta got a = g N v b= g N, 1 cic ham 8o cua - (A, va &, 10ham caatrue -
hudng doc theo soi). Ta cling gid thict ring cie he s0 ¢ v b L cac hiing sa véi do dai bo
Khuceh dat. tie B o trong moi ruong bom dong dang, biéu thite (8-271 ¢ thé duoe viél

cho hé s6 bie xa 1 phat caa bo khuéch dai quang nine sau:

a NN,
a—h NN, -N,

N = (R-2%)
o day = a/a, . T he 56 bic xa wphit N nhidu coa bo khuceh dan quang Ny-j, ma
no xuat hién trong khi khong ¢d tin hiéu din vio, duge cho nhu sau:
o g nN, o
N{Z)=— (G-1)=———(G - 1) {8-29)
‘ a—h nN. - N, '
VO G = Gz = evpfta - biz]. KEqua quan trong to bicu thite (8-29) chi ra rang. tai do
Khuéch dai cao (G >>1) thi s¢ photon dau ra ASE trung binh s¢ tuong ting v su

khuéch dai ciia cdc photon N ma nd thé hién mot nhidu dau vao tuong duong.

Trong tuong hop nghich dao tich lug (mér twong) 1 am, wic 1a gN, - N, < 0.
Khuceh dai G s& nho hon | viv N 1a am nhung cong suat nhiéu & bicu thite (8-25) luon

~ - | r ~
duong vibang P, = 1N, ! (-1

Trong truomg hop o mite ngudng cua nghich dao maoi tnrdmg, wic 1h N, - N, = 0.
thi N khong xic dinh, nhung cong suit nhiéu lai duge xic dinh viv bimg P, = nN.L.
Trong truong hop nghich dao méi truomg Ll duong, tie Ia nN. - N, > 0. tacd N, > 1.

Truong hop nghich dido mor trusng hoan todn, kKhi ma toan bo cic nguyén e o

trang thai kich thich. trc la Ny = 0. thi he¢ s6 bie xa tr phat N tién (& gid tri nho nhit
cua nd 1a bang 1. Trong trudng hop niy. cong sudt nhidu diu ra giam 161 gid tri nhidu
luong (e dwoe khuech dai P, = G - 1B md da tim thay o trén. Nhu vay. ta ¢6 thé
noi ring nhigu dau ra bo kKhuéeh dai quang nho nhit thu duec khi dat dioc nghich dao
tich uy hoan toan trong moi trrong khuéceh dai. Day B ket luan quan trong dé didu tra

cac dic tinh nhiéu trong tinh théng ké photon.

Trong thue €. h¢ 56 bire xa tr phat N, 1h mét su xdc dinh chdt luong doi véi

nghich dio tich luy cua bo khuéeh dai. Gid tri N, gan bang 1 la @id tl thap nhat ¢é the
thu duwoe. Gid tri nay ¢4 thé dat duge khi bom manh o viing buée séng 980 nm. (thudng
thi N, =1 = 4). N6 tuong ting véi nghich dao gan nhu hoin toin (N, ~ 0) trong bo

Khuéch dai. Nghich dao hodn toan, noi ma M- = N, & tao ra hé so nhiéu quane thip nhit.
" haghint z ! A - &
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Su trol cong sudt bom doc theo soi pha tap Erbium s& tao ra nghich dio N, cling
thay dol. Tir phuong wrinh (8-26). hé <6 bie xa (e pha phu thude vao N, vit 1o sé thay
dai theo chidu dai cua soi pha tap. Khi s dung bude song bom 14 1480 nim. nghich dao
hoan 1oin {a khong the xay ra vi bom vi (i hiéu L cting chung trang thdi nén vi kich
thich. Ciac photon khong chi duoe hap thy ma con tham gia vio qui trfinh biic xa kich
thich. vi phin tét dién bite xa la khong bing khong tai bude séng nav. Vi the & khong
¢ bt ky mot bo khuéch dai ndo ¢é nghich dao hoan toan trong (ruong hop nay, vi bo
khuceh dai quang soi duge bom véi bude song 1480 am B bé khuéceh dai ¢d hé sé biic
xa tr phit N cao hon. Dicu nay lam tang trye 6Ep hé 56 nhidu trong bo khudch dui
[R7.97| v N, ¢ IhE duoie gol ahi¢ s6 nhidi e phit. Thuong thi N dwoe xac dinh nhu
v mot gid u hiew deng hoac tich phin cho bo khuéch dai quang soi. Cie eid tri hiéu
dung cua N ticu bicu 1 T dén 4. vi gid 11 bang 1 ¢6 the thu duoc khi sie dung bude
song bom o ving Y80 nm. Trong qud trinh tinh todn hé sé nhiéu, nhidu khi ¢6 thé si
dung mat dé pho ASE (6 don vi [ W/Hz) trong diéu kién don phan cue L

S, = N_Iv(G -1 (8-30)

.,

Khi do khueeh dai coa bo khuéeh dai 1a du 16n thi ASE tr5 [én 16n ding ké. Diéu
nay fao ra sy bhio hod khuéeh dai do ASE gay ra. Vi vily, ciac EDFA ¢6 the duge su

dung nhu cic nguon nhicu trong mot s6 cic iing dung khic.

8.3.3.2. Nhiéu cuang do trong bo khuéch dai quang soi pha tap Erbium

Nhur chung ta di thao ludn v& bo thu quang & chuong 4, cutmg do dnh sing dén bo
tich sdng quang duge bien dai thinh dong dién. Dong photo ban diu ,f1) sC duoce phat
ratrong bo tich song quang khi céd mét cong sudt quang Prrj tir nguén phat di téi
nnhu s

l, (¢)= RP(;): ;](’ P(r) \ (8-31)
v

o diy hicu suat luong tr 77 ctia bo tach séng quang trong bo thu quang ¢6 ald ey bang
0.4 dén 095 Ching ta goi ¢ = ¢ = 1.602 x 16 C 1a dién tich di¢n . Nang luong
photon /v bing khodng 1.283 x 107" tai bude séng 1,55 um.

Ngoai cong suilt quang trung binh. nhiéu cudng do ciing xudt hién. Vi bo khudch
dai quang tuon ¢o hé s6 blc xa o phit N, hé 56 ndy gay anh huong (6i cdce dic tinh
nhicu ctia bo thu quang. Nhicu cutmg do 1h mot yéu 16 1ot 1am gidi han dang ké nang
lue cua cic hé thang thong tin quang. Bo tach séng quang bién doi nhidu ciomg dé truce
UEp thanh nhi¢u dién. Bo tich séng quang khong true tiép dip tmg véi nhidu pha. trong
khi do nhicu gquang (nhidu trudng quang) ¢é thé ¢6 ca nhidu bién dg va nhidu pha, va
nhicu pha ¢ thé duge bién daéi thinh nhiéu cuong do o cac hiéu g giao thoa, Vi
nhitu cudng dé la quan trong trong viée xem xét cie hé thong ¢é khudeh dai quang., cic
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loai nhiéu cwdong do thusng duoc xem xét trong hé thong L nhiéu luong tr (nhiéu ban).
nhic¢u phich gitia tin hiéu va bic xa tu phdt (sau day goi don gian 1 phiéu phdacir tin
hicu -ty pher). nhicu phich giita bic xa tw phit v6i bite xa phiit (sau day goi don gian
& nhicu phiich ne phit -t pheir).
a) Nhicu luong tu

Nhiéu lugng tr ¢é ngudn goc phit sinh la do tinh khong chic chin vé thoi gian
den el cde dien 10 hoae cde photon (i bo tich séng. Khi nhiéu troi la nhicu lugng tir,
NG dugie coi nhur ld gidt han nhiéu ban hoac gidi han luong 1. Ca tin hiéu vit ASE laser
déu tham gia vio nhicu luong ti.

Vi song quang di 161 bo tich song bao gém ca tin hic¢u vi nhidu. cho nén ca cong
sUat tinhigu quang va cong sudt bitc xa tu phit duge khuéch dar ASE déu duoc thu, Vi
vy, nhiéu luong w0 trong trudng hop n;‘iy gom ci nhicu luong (0 (r tin hiéu diu vio
duge khuéeh dai vanhiéw lugng (0 tir bite xa tw phét duge khuéeh dai.
b) Nhiewu phdch tin hiéu - tu phdt

Nhicu phiich tin hi¢u - tw phit 13 do 6 su giao thoa gitta tin hiéu quang va bt xa
tir phat dugce khuéch dai ASE gy ra dao dong cuang do. Ta khong thé trinh khoi nhiéu
nay trong cic hé thong i dung EDFA va nhiéu ndy [ nhiéu tham gia ddu tién vio tong
nhicu trong cice hé thong theng tin ¢6 khudch da quang. Nhi¢u phach nly tuong tu nher
o trong trugng hop phich hai tén s6 trong bé tron heterodyne dé duoc phit ra mét tan sé
khic. Ta hdy nhé lai rang, tich tron nay phu thuoe phian cyc, nhu vy tin hiéu s& chi
phich vai cic thanh phin ASE cung. phan cuc véi tin hicu. Vi ASE thuong 1a khong
phau cuc cho nén chi ¢6 mot nua tham gia vio mat dé nhidu phich tin hi¢u - wr phat.
Hlinh 8.21 thé hién qud tsinh phich nay.

3
Nhiéu phach
Tin hiéu - tw phat o
’ Tin hiéu duge
khuéch dai
'gl
kY .
=1 ASE
o
o
o
B,
Burge song
A 3

Hinh 821 Nhicw phich tin hiéu - tif pht gifia tin hiéu diroe khwiéeh dai
va cde thanh phdan phe cia ASE
¢) Nhiéu phach tu phat - tu phdt
Nhiéu phich wr phdt - ty phdt la phich gitta cde thanh phan phé khic nhau ctia bire
xa tu phit SE va din dén nhiéu cuong do. Trong hinh 8.22, méi mét cap cic thanh phan
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pho ASE phit i mor "tone™ (am sic) phich cutne do G tan so khidc cua nd. Vi the ma
toan bo phio ASE s& dong gép vio nhicu phach cuong do ar phiit - tu phdt. Néu nhua ASE
14 khang phiot cuc, ASE ¢ mot trong hat phan cue true giao <& tham gia vio tong nhicu
phich ta phit -t phadt. O day ong =& cie cap phich ¢6 the ¢6 <& aiam di khi ma bang

Ly quang grn.

Nhigu phach by phat - r pnal

ASE

Fhé quang

B.

‘ = Brioe sang

.

Hinh 822 Nhicw pheach ne phdr - i phedt gifie cdac thamy phan pho ASE

d) Nhieu phan xa {nhieu giao thoa nhiéu luong)

Ilinh 8.23 mo ti su the hién coa cic phan xa quang trong bo khudeh dai gquang.
Qui trinh ndy tao ra s bidn doi giao thoa cia nhidu pha laser thanh nhicu cudng do.
Nhicu cuong do nhr viy s€ ime giam v so tin hiéu teén nhicu SNR i bo thu guang
JOR]. Nhicu da duoe bicn doi duce bict nhu 1 nhicu giao thoa nhicu udng hoiic MPI

(MultiPaih Interlerence) hoic ¢6 the duoe goi L nhicue qud miue.
- :_,.-"2 —_—
i

G..

-I | - O re
A vane E WM /. (fQ> \ E o
kR -+

CAacy ly Cach ty

: R

| aser
hom

Hinhy 823 S phadin xa grang 1o va nlien givo thoa nhicu fuéng

rrong bo Kech dai grany

Cic tham 5o quan trong xice dimh bién do ctia MPI T ciie mde phin xa. dé khuéeh
dai quang. do rong pho tin hi¢u viteé that gian gitia hat phin xa. Khi su phan cye ctia
cic chum ludng quang bi u¢ va khong 1r¢ 1a dong bo vai nhau, né s& 1ao ra nhi¢u cudng
do tuong dor RIN (Relative Intensity Noise) tor nhit, v pha giao thoa trung binh gan
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nhu la o dang bic hai. Do khuceh dai quang ¢ the Lam ting manh cic e dong cua cic
phar xa nho. Nhung nhicu phan xa ¢6 thé duoe bo (qua nicu nhir dnh sdng tn Bicu di (6i

bo khucch dat Bhodn toan K&t hop dé cho tham sé nhiéu phan xa ., bang Khong.

8.3.3.3. He so nhiéu

He so nhicu NF (Noise Frgure). hay con soi 1 inh anh nhidu. ciia bo Khuéch dai
quang o mot gid tri minh hog dic trimg ¢é v nghia xde dinh luong suv giim 0 so
hic¢u trén nhicu SNR sau khi qua bo Khueeh dat. He so nhicu ma Ian <& bt loi cho dac
tinh cua b thong. 16 tao ra tv 6 tin hicu trén nhidu thu duge kémi, tang rung pha trong
cac hé thong truven din Soliton vi ting tich Tuv ASE doc theo tuvén truyén din ¢o
nhi¢u bo khucch dai quang soi mac chuoi 1o ticp. Cde hicu ting ¢l bic xa o phat
duce Khuech dui ASE 1a cde thanh phin chinh déng gop vao he <o nhi¢u. Trong cic he
thong thong tin quang twong ur. nhidu pha do bien doi nhidu cuong do do cic phan xa
quang ben trong eling 1 yéu 1 chinh tham gia viw h¢ o nhicu,

Khuyen nght G.661 ITU-T & xde dinh rang he <o nhicu Bsy sy giing 1v 8o tn
hicu trén nhicu do rruyén tn hicu giéi ha lromg tu thong qua bo Khudeh dai quang s
OFAL dioe tinh bing decibel (dB). Didu nay ¢ ¥ onghia ring. su sy i cia SNR san
Khi qua bo OFA duoe xde dinh dudi dang he so nhidu NI Nhae v he <o nhicu o
VICt nhir saw:

Tacn song [
Iy tufTng Phar tich
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Nguiia phat mrr— .
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Coae midi ndi Jau vao
va dau ra aay nhay

Tach sing
Iy fidng Phar hch

- pher dign
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2& [ ' SNR

MNguon phat
Iy turding

Cacind ngi dau vao va dau ra bo
khiuach dai quang

Hinh S 24 Quen niens ve he so nhicn di detnng neuon phat va bo e by tiong

Trong trudng hop nay, hé <6 nhiéu duge xde dinh wong dirg 13 N = 10 lg.. (N

vicdioe tnh 1a dB. Cie SNR duoe xem xél L dau ra cta bo tdeh séng quang 1 tang
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mia 16 ¢6 kha nang bién doi ting photon cia dnh siang 161 thinh dong dién (hiéu sudl
lwong tr = 1), Ty s tin hiéu tén nhicu dau vio SNR, duoc xide dinh 10 SNR tir mét
nguon nhicu luong 1. Néu ma ngudn phdt quang ¢6 nhicu cuang do 16n duge su dung
d¢ xdace dinh hé sé nhidu. thi nhicu ngudn duoce khuéeh dai phai 1 tron trong thanh phan
nhiéu cta chinh bo khuéch dai va dan 161 mot hé sa nhiéo 161 0 dB. ¢d nghia la khong
¢ susuy giam ve SNR do b6 Khuéeh dan quang gay ra. Hinh 8.24 minh hoa quan miém
vé hé s& nhiéu. Ty o 1in hiéu trén nhiéu SNR dio vio duoe xde dinh thong qua viée sir
dung mot ngudn phit Iy tuong va bo thu Iy twong. Roi sau dé bo khuceh dai quang duoc
mac xen vio, vit réi SNR dau ra duoe xde dinh. Bidu thife (8-32) s& duoe dimg dé tinh
toan hé s6 nhiéu bo khuéch dai quang. Ngudn phdt 1¥ tudng 1a nguén ¢b gidi han nhieu
luong (v thiét Fap duge cong sudt, bude séng. do rong pho thich hop. Bo thu Iy tudng
¢6 didp g 1dn s6 ¢ hicr chinh vi ban thin né khong ¢é nhicu qud mie.

Pé xdc dinh hé sd nhicu trong cic hé thong thue & s dung khuéch dai EDFA.
neuwdi ta thudng do bang phuong phip quang nho mot thict bi do duoe got L nudy phan
tich pho quang OSA (Optical Spectrum Analyzer) dé thu diroe cong sudt bite xa wr phdt
P e VOl xie dinh NF thong qua bicu thic sau day:

P, I
NF=—2— 4 — {B-33}

GhvB, G
O day NF phu thudc vio nhic¢u phich tin hicu - tr phat v nhicu luong ui. Khi khuéceh
dai G clia bo khuéch dai ¢d gid tri cao, nhiéu phich tin hiéu - w phit & ¢ thanh nhicu
troi. Lie dé ¢hi ¢é nhiéu phich tin hiéu - w phdt duoe xem x&1. hé <o nhicéu NF duge

xdc dinh ¢ nhiéu ket qua bio cio nhir L
NF=2N (R-34)

Vi bicu thite cha NF nhu vay. gici han Iy thuyél cta hé s6 nhicu trong bd khuceh
dat quang 1a NF =3 dB, vi gid tri nho nhdt cua N, = 1. Trong cic bo khuech dai quang
thite 1&, @id tei cta N, 13 1dn hon 1161 4. va N, = 1 Lo cho bo kbuceh dai quang Ly
turomg. Nhir vay gid tri thap nhat NF = 3 dB Id gidi han lugng ta cé thé dat duoe 6 didu
kien bom tai vung budc sdng 980 nm |99, 100}

Dé chiin bét nhiéu, cdch ¢é hi¢u qua la sit dung bo loe bang thong quang. Mic db
nhiu phach tin hi¢u - tu phét v nhiéu luong t tin hicu vin khang thay dai khi s dung
thém bé loc, nhung ca hai nhicu nay ciing bi giam di. Vi 1y do nhu viy. bo loc bang
thong thuong duoc ghép véi dau ra cda EDFA dé chin bét nhiéu phich tin hicu - tu
phit trong truong hop khi ¢ bat kv bé khuéeh dai quang nio do duge dimg am tién
khuéch dai cho bd thu gquang, vivsw két hop gitta bo tién khuéeh dai véi bo loc quang vi

bo thu duge goi ta bo thu duge khuéeh dai quang OAR (Optical Amplified Receiver).
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He sa nhiéu NF. ma nd duoc xidce dinh wr nhiéu phach tin hi¢u - nr phit, s¢ khong
chi phu thuoe vae bing bom mi con pho thuoe vao cong suat bom. bude song bom. vi
cdu hinh bom. Quan he gifta hé sd ahicu v do dai soi pha tap Erbiun dor vér bom xuod
v bom ngugce ditoe chi ra & hinh 8.25 {101]. HE 50 nhicu trés 1én 16n néu nhu b khuéeh
dai T quid did, bai vi hau hét bie xa te phit xudt phit tic dau noi ma nghich dao tich luy
1 khong phit hap. Dac tinh nhién déi vé1 bom nguge ¢d thé 161 ding ke so vt diie tinh
nhié¢u trong bom xuoi. vi nghich dido tich lu¥ tai dau vao EDE L trong doi thap.

Hon the nira. cic dic tinh nhiéu bio hod cua EDFA cling quan trong. R.G. Smart
vii dong 1dc gla vai ong di chi ra cie dae tinh bio hod vit NIF doi var ca bom xuon vi
bom neuoe vaéi hai hudng [ 100 Tinh the L hdu hét cie truong hop nghién cau vé diae
tinh nhi¢u cia EDFA dd quan thm téi dic tinh clia che do tin hieu nho mi ¢ thé dp
dung cho cie bo tén khuceh dan. trieong hop ma nhicu thap duge coi By tham 6 quan
trong. O cic dng dune khic ctia EDFA nhu cice bo khudch dai dudng truvén cho cie
tuyen truyén dan dad. thi ci nhiéo thip vi cong suat diu ra 16n déu duge el y: ho da
1 ra rimg, ASE truven nguoc s& 1am xuong ¢ip hé so nhicu do su tear nghich dao ta
dicm ditu cua soi dan 161 taing nhi¢u phich tin hicu - e phdt. Viovay. su xpong ¢ap nay
12 mot thong bde chio bo khuéeh dai ¢é dd khuéch dai cao v s& mat di khi do khuéch
dai tin hicu 1 rdt nho. boi vi comg sudt ASE & khong bao gioy tr6s 1én du 1an dé bio hol
vl do khuéch dai thap, vii hicu tmg ndy duge thay chi ¢ trong cic diéu kién khuéch

dai cao,

hicu (dIB)
‘-“-\-‘"‘\__

:'_ Bam nguac /
el
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I \ s
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3r Bom xugi / g
| | 1 | | | L | 1 L L L | 1
0 5 10 14

Bxd dai sai pha tap Erbium (my
Hinh 825 Quetn b giiia he o nhicn va do dai EDF var can hink bom Khae nhau

Hé sé nhicu bén trong cua b khuéeh dal quang € khang bao gom yéu 1o ghép

dau vie v dau ra bd khuéceh dat [102]. HE 86 nhi¢u bén trong duoc tinh choe ban than
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chinh bo khuéch dai quang. va nhie vay didu vio vic din ra nen duog tinh ngav tai aic dicm
N sat dau vao viesit trede dao ra cua EDF ntong tng (0 bén trong hai diém noi gita FDIF
WM vi bo cich Ivy. Vi the, NE bén trong duce xdac dinh 10 NE_(dB) = 10 1g, (2N,
Bor vé1 b khuéeh dgt quang soi. £, = IN v (G- DB o diy G do khuech dui
bén trong et bo khudeh dai quang sol. ta ¢ NF bén trong duge vict i

J'l)

NEAdB) =100y, - 2 (8-35)
” (G, —1)8,

8.3.4. Cie dac tinh phu thuoe nhiét do cia EDFA

Bace tnh phu thuoe vao nhi¢t do ciing quan trong trong cic ing dung thie ten cla
EDEA trong cic hé thong thong tin quang. Su khudch dai v hicu pha thude vio nhidt
do dd duoe nghien citu trong ¢a hai bude song hom Y80 nm v 1480 . Dac trung nay
thira nhan rang 6 1 do suthay doi cua phin tict dién biic xa o v hip thu @ cla dinh
sing mang tinhiéu v dnh sing bom. Su phin bo phu thude vivo nhict do caa tich oy
on Er'™ & nde siéu hén 'l e VUM nén T s dil gy ra nhimg bicn doi trong 1img phim

tet dign ngang. Nguoi tanhin thiy rang phan Gél dien thay doi tuyén tinh véi nhict do.
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Hinle 826 Klnech dai tin hicu phie thuoc vao nhicr deo

Suphu thuoe khuéeh dai tin hicu vao nhigt do duge the hicn o hinh 8.26. Do
Khuech dai tin hicu bi giam khi nhiét do tang lén. Ta cling thay rang cic thay doi vé
Khucch dai tin hicu phu thuoe manh vao dé dai soi. budc song bom vii bude séng tin
hicu. Cie bo khuech dai EDFA duoe bom & bude song 1480 nm ~& nhay cin véi nhiét
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do hon [ bom o 980 i do thue @ 1h dac tinh phu thuoc nhiét do khi bom ¢ 1480 pm
kin hon 13 bam tai 980 nim cho ¢ hai bude sang i hicu, vi co mot giid i xde dinh el
uct dicn ngang bie xa @, tai bide song bom 1480 tm., v 1At iy it nhay cam v
nhiét do soi.

Ciie dac tinh phy thuoe vio nhict do caa EDFA cho cic he¢ thong ehép kénh quang
cling daduge nghien ciu. L LLee vt ede tic gia di dua ra cic ket qua thue nghiém cia
ho san Khi didn ta cho ca hai bude sang borm USO nm v 1480 om [103]. Ka quit thue
nghiem nay dd chi ra ring bom & budc sang (80 nm nhay cam véi uhict do hon 13 bom
& buoe sang 980 nm. Nhin chung. su pha thuoe nhict do co nhicu khia canh dé nghien
cuu. Tuy nhicn. anh hudng caa no kKhong (quid nghiem rong vie van dé nay ¢6 the dé
ding duroe khice phue bang cich s dung K& thudt e dong dicu chinh khuéeh dai AGC
tAwomatie Gain Control) trong cie EDFA thue & [ 104,

8.3.5. Toi uu soi pha tap Erbium

B¢ thu duroe bo khuech dar quang EDEFA ¢ hidu qua. vice 167 uu so1 EDF Taraa
quan trong. Ve dicu niw. ¢6 hai véu 1o chinh duoe tinh khi muon tuo ra sal pha tap Er-
hicu suat cao. PO T toi wu vit Hicu soi vic thict k¢ cau trie cia SQI.
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Hindi 8 27 Quudd trindi Hién kit bien doi trén va oo che i Yo fiend quang 98O

Trong trudng hap thit nhat. ngudi @ mong muon ¢ duoe sudp trung pha tap Er?
cao bai vi no cho phép do dai sei ngan lai. Tuy nhicn. dé tap trung pha tap Ion nhat bi
wiol han do "qud minh lien k& bién doi tren” CLP (Cooperative Up-conversion Process)
VO St nho (vio i trong kKhuon thuy tinh chie. Nhae chi ma & hinh 827 khi ¢oion Er”
duge Kich thich trong mice gid bén Tio . 2dn véi nhau. ¢6 the XAy ra sy ruven ndng
lrong cho nhan. Bicu nay ¢6 nghia ring mot ion duoe kich thich t6i mide tren 1, v
cae o Khie thi bi phan rii xuong mide nén I« lon duge kich thich & nie cao se phin
ra thong qua qud rinh Khong phat g vi ning licong kich thich <& bi tice phi. Nhu vay.,
SUCEp trung ton Ert qua cao s& dan i hicu sudt bom bhi xueng cip. HE trdnh sy suy

gram cua ey suat bom. do wap frung [Sn nhat Er'” nén it hon 100 wi ppm doi vai SO
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pha tap Ge/Er, trong khi &v mie do pha tap Al s& ¢6 hi¢u qua Khi lam ting do tdp trung
Eraén mac cho phép, va do Gp trung ¢6 theé [En ¢ 1000 wi ppm doi véi soi pha tap
Cie/A/Er ¢6 do ap trung Al khoang 0.5 w4 [78]. D& de phong hién tuang CUP v sy
vitu, viee bicn doy mang thuy tinh nhu & loat ALO, di duge nghién cau véi thuy tinh
chu Sitica ¢ Nd™ v Er'. Qud teinh nay di dua ra Kién nghi ring. pha tap P vei P,O,
ciing ¢d hicu qua d¢ bién doi mang thuy tinh. Str phian huy vi tu dioce cot la su hinh
thanh 1ép va bao quanh ¢ic ton dat hiém.

Pac tinh da Khoéeh dai phu thude vicdo tip trung Er™ da duoc nghién ctu chi tiét
trong thue nghi¢m doi véi sei pha tap Ge/Er. 90 khuéeh dan tin hicu [én nhat thu duoe
khi do dai soi dat 101 wn vi dé tap trung Khi bom 980 mm duge mo e nho hinh 8.28.
Picu ndy khang dinh ring khuéch dai tin hig¢u Ion nhat s& tuy thuoe chu yéu vio do tap
trung Br

Y& o quam trong thit hai. dé dat duge soi pha tap Er'™ hicu suit cao 1d viée thiél
K& ciu trde soi. C6 hai kv thuat chinh duoc trién khai dé tao ra e tric giam Er'™ v cdu
tride NA coo. Ciac citu trde ndy duge chi ra nhu trong hinh 8290 Caw irae gram cho phép
cic ion Er' o viing tam 101 va cho khi nang bom ¢d hicu qua hon. Nhuoo diém cua ¢du
trie eiam 1 né o hoi soi pha tap Er'™ dai ey theo 1y ~o giam,

Cau trde NA it cao ¢6 1hé cho ra mat do cong sudt bam cao rong s¢i pha tap
Er. Dicu nav cho rachiéu suat khudeh dai cao. Higu sudt kKhuceh dai vai bude song cat
o1 v s¢ tang theo su ting coa NAL Hon the nita, cdu trae NA cao nhu vy cling ¢6 uu
dicm ¢al thicén dac tnh dao m cua EDI
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8.4. CAC UNG DUNG CUA EDFA TRONG THONG TIN QUANG

8.4.1. Cau trace thiét bi EDFA trong ing dung thong tin quang

D¢ ¢o the su dung ¢6 hicu qua khuéch dai quang soi trong cic he théng thong tin
quang, thiét bi EDFA cin ¢d nhimg cdu trae phit hop vai man truong ang dung trén thue
1¢ khai thiic nang ludgi. Nhin chung, do cong nghé kbuceh dai quang EDFA tien tién, dé
dang dat duoe do khuéch dai cao vi nhicu thap cho nén nd ¢6 cau trie khong phite tap.,
mi lai cat thudn tén chao viee thiét k& lap dat vii khai thic tren mang thong tin quang,
Trong phin niy, ching ta hily xem xJtcie cu triie tidu bicu cua cic loat hict by EDFA
d¢ gqua do thav duge cic dic tinh phit hop cda né trong ting tmg dang cu thé. Trude hét
chting ta bat dau i viee khio sat cde cau hinh chuian, 18y day Hun co <G dé oé didu kién
so xanh v cae can hinh tén tén sau nay.
8.4.1.1. Cac cau hinh EDFA tiéu chudn

rong tng dung cic hé thong thong tin quang, ¢iac bo khuéch dan gquang s¢1 Erbram
EDFA thuong o dudi dang cdu tric mo-dun. Ngoai ra. EDFA duge RKethop vain cice thiél
bi khidce nhu bo phat quang hoac thu quang tuy thuge vaoe cie tng dung khiace nhau. Nhin
chung. ¢de ¢iu hinh EDFA duoc phan loal thanh ba loai chinh (loai co ban) theo cdc
¢iu hinh bom goi la ¢ic mo-dun tiéu chuan. D6 1 cdu hinh bom xuoi, bom nguoe vi
bom hai huéng (hai chi¢u) nhu duoe chi ca & hinh 8.30.

Nhu dii dién gidi chi 1€ vé dac tinh khu€ch dai vii nhiéu coa EDFA trong céde
phén trude, ta bict rang ¢iu hinh bom xudi don hudng ¢6 thé cho ra cice dice tinh nhicu
thap. va phi hop v6i dng dung Faum tén khuéch dai PA (Pre-Amplilier): trong khi dé
ciu hinh bom nguoce don hudng cho ra cong sudt dae ra cao phit hop vai cie bo khuceh
iu cong sudt (Khuéch dai ting cuongy BA (Booster Amplifier). Vi the. rong trudmg hop
ven cau ca han dic tinh nhicu thiap vit dau ra cao. cau hinh bom hai huong 1 phQc hop

nhat. Tuy nhién. foar bude song bom phin duroe xie dinh cho timg iing dung. Cic thinh
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phian chinh coa EDEA nhue duoe chi o L ~o1 pha tup Frbium (EDEY nguon dnh sing
LD bom. conpler WIDM v cic bo cich Ty, Chige nang el coupler WM trong EDEA
v ghép hoac tich anh sdng tn hicu vi o sing bom. DE ngan neta dao dong laser
Khong mong muon e mode cong haong Fabrv-Peror vir sy phan s dnh sing (rcie yéu
1o khic, ¢ hai bo edeh By phy thuoe phian cue duoe dat o cic dan viio v coa EDEA.
MOt bo loc quang bang thong thuonge duoe dat ti diu ra con EDEA dé chan nhicu

fuome e phat vinhicu phich e phat - 1o phat.

- L E0F .
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IR A g nie huseg
Hindt 8300 Ba ca hinde clui yen cria cde mio-dun EDEA

Vi cd nhicu cie think phan duoe xen vio doc theo phan truvdn dies (i hidu cia
EDIFA nén ¢6 nhitmg suy hao xen fan can duoe tinh dén. Nhu vav. khucch dai G cia
EDEA phan chiu thict thoi cong suat bao gom: suy hao soi EDEL suy hao cua WDM.
sy hao cie ho cach v, suy hao bo loe quang v cic suv hao shép non gitra ot DI v
sot thu dong teu chuian. Hon thé niva. cic thinh phin nay cing lam ting he so nhidu NF
cu EDFACSuy hao sen cua coupler WDM vic suy hao ¢hdp noi gitia soi tiew chuin va
EDI de bom dnh sing <& Em giam cong suat bom vio <gi LDE Bieu ndy lam giam
Khucch dai i hicu G vicong suatl dau ra, v Lun ting NF trong EDE Trong thie 18, v
1DI- 01 vu ¢ duong kinh trieimg mode nho viv chi sé chiél suil cao hon so vét SO1 LU
chuan. vice han noi thong thudng ¢ ¢o mot suy hao ciing ke Ran may Ik thudt nai
FLEC duoe su dyng di cho ra duoe suy hao ghép noi thip véi giid ti it hon ~0.1 dB cho
ca anh sing bom vicinh sing 1 hicu,

Cac mode ma-din EDFA trong thue (&7 vai vimg bom hicu quid 980 nm vi 1480
i di duoc thue hign 161 nhavice ¢hd o thamh cong cic mo-dun plit quang LI ¢cé
duon sol rac T ke qua ndn, cie dae tinh khuceh dai coa mo-dun FDEFA duoe car thién
dang k& o nhicu phong th nzhiem wrén the gidgi. Mot so cic chite nang tien ten khiac

dugc thém vao nhu wr dong didu klucn khuéceh dar AGC {Automatic Gain Controly vi
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dong dicu chinh cong suat APC (Automatic Power Controlb) dé oo dugc cic dng dung
on dinh trong cie he thong thong tin quang g1 thue (€, Cac mo-dun EDEA da duoc
phit trien 1rong cic hé théng thong tin quang twong {analog) vaso tdhgual), Ngod ra.
con ¢6 cie cau hinh khic phir hop vdi cie véu i tng dung kivic nhan di duge trién
Khat tir cde dang ndy. Mol mot logi ¢é cic dac trung riéng ctia né.
8.4.1.2. Cac cau hinh EDFA cdi tién
) Cae ho khnech dai gty sor phdn v va hai Iniong

T ede mo-dun ticu chuan don hudng vichar hudng, cic dang ¢ G cua 16 di
duoc dua ra van cie cau hink khie nhau. Trong cic EDFA phan xa. ¢6 loai dung cu
(duoe goi K guong. cich 1 duoe dgt tai dau ra cta EDEFA dé phin va cid dnh sdng bom
vactin hicuz dnh sdng bom v tin hi¢u di qua EDFA hai lan s¢ cho ra do khuech dai thuee
ting Ién |37, 105) Cic EDFA hai hudng cho phép tin hice truyén ci hai hudng (i
hinh bom hai hidng da duoe phin tich & phan 8.4.1.11. So voi cic EDFA bom xuoi tiéu
chuan hinh 8.31a), thi hinh &.31b) duoce minh hoa cho anh sdng bom duge phan xa
trong EDEA nhd mot guong Tudng sac: trong hinh 8.3 1¢) thi ¢a ank siang tin hi¢u vi dnh
sing bom duge phin xa nhd mat grong bang rong: hinh & 31d) duoe phit tricn G hinh
B3Te) van sy them ho loe ASE. Cie bo vong quang OC (Optical Circulator) trong cac
cau hinh o hinh 8.31¢). dy ¢6 the duoe thay the bing cic bo coupler 3 dB.
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Ciic ¢iu hinh naty ¢6 thé cho ra khudceh dai tin hicu 1ang rit cao gin nhu gip doi so
vor ciu binh chudn do o6 sy khuéeh dai dap o EDFA phan xa tin bice. Trong khi dé.
EDEA phan xa ci bom va tin hicu cho va s cai thien hé so khuceh dai 16n nhit, cd the
khoang tr 7.5 dB/mW dén 22.5 dB/mW. Tuy nhién. cic k&t qua thue nghicm da chi ra
rimg hé sa nhidu trong cic ciu hinh nay luon cao hon hé 6 nhicu rong cic ¢au hinh
chuinn. Ciie gii tri cona hé sd nhidu rong ¢ic ciu hinh 8.3 1e) v d) thuong [h cao hon ciu
hiuh chuan vio khoang 1.3 dB cho ca hai bude séang bom 980 nm viv 1480 nm.

Cic ciu hinh EDFA hai hudng thidng cho ra cie uu diem hon so véi ciie hinh
phan xa. Cac hé thong truyén dan don hudng ¢6 cde bo cich Iv quang ¢6 theé duoe
chuyen thanh cice hé thang hai hudng vaiuong tae (1in nhaw) bing cich st dung cic doi
sl guang. Hinh 8.32 mo (@ ciu trie ba cio hinh co bin cho cdc ing dung hai hudng.
Caumie don giin nhat duoe minh hoa trong hinh 8.3243. Dayv Ly mot EDFA duoc bom
ha hudng d8 dat duge cie die tinh nhi¢u vit bilo hoi dong dang trong ¢a hai hudng mi
Khong ¢o cic bo cich Iy, Cae tin hicu quang o diu vio tai e hai dao EDFA vic vi viy
ciwchinh nay cling duoe gol B ciu heh hai lnrdng tin hidu. Vi né khong st dung cic bo
cich ly nén dén b cong sudt phai duge tinh v do khuéeh dai cua EDFA bi gidi han
miic thap hon 18 dB. Hon the nia dén b cong suit nhu vay & din dén gid thanh dat

khi phai ste dung ngudn cong suit bio hoi rat cao.
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Cac ciu hinh 8.32b) vi ¢) duoc dyua trén nguyén tac truyén dan tin hiéu haj hudng.
Hinh 8.32b) sir dung cidc bo coupler (chin-ket hop) 3 dB s¢ ¢d suy hao (in hicu 4 dB.
Hinh 8.32¢) sir dung cic bo vong qu: g doc 1ap phan cue de chia vir két hop hai tin hiéa
nguoce nhaw. Néu nhu cic bo vong quang QOC (Optrcal Circulator) la 1y (uong. cau hinh
nay s¢ ¢o vu diem 1a khong ¢d su mat mat do hé s0 nhicu vi suy hao phu xay ra, va
khong doi hoi phdi ding cde bo cich ly. Gic bo khuech dai quang soi hai hudng va cic
ing dung cua nd ¢6 the tham khao trong (106, 107].

b e dong dicu chinh khuéel dui va cong st

Trong cic h¢ thong duge khuéch dai quang. Cic ddp tng phi tuvén cua EDFA d6
vai tin hicu dau vio 1dn s¢ din dén su bien doi cong sudt ngodt ¥ muon, va diéu niy s&
lam suy giim ty so 1oi bit cia he théang. Trong cic h¢ thong st dung nhicu cic bo
khuéch dai quang mac chudi néi tiep. anh huong ca bio hoi khuéch d: it bat ky

trang thit EDFA nao cling dic biét ¢é hai vi cic chuo bo Khuéch di duoe thiél k& d¢
hoat dong tai miie thong sudt tin hicu mot cich chinh xac | 10K

Trong cie h¢ thong thong tin quang sir dung k¥ thuat ghép kénh theo bude song
WDM. cong suit 1ong (i sy x&p chong cia vai keénh quang ¢6 thé thay dér mat cich
ngdu nhién theo thai gian. Dicu nay cling gdy ra roi (transient) cong suit tin hi¢u va su
dicu ché trong kénh tan so thip ngodi v muon [ 109, 110, [11]. Trong cic hé théng ¢6
EDEA. su nhay cam phan cie nho cia cic thinh phin quang 2 tich g doc theo chudi

vae1roi phan cue tin hiéu <6 thé dan 161 su thay doi suy hao hé thong trong choce lit.
Ngoai ra. sue gid hod theo thdi gian cta cic diode laser bom trong cic EDFA cling ¢6
thé din 16 tang dan suy hao tin hi¢u. Nhur vay. thue hién vice diéu chinh khuéch d: JHR

can thi€t, vi giai phap cho cic vin dé & trén 1a tw dong dicu chinh khuéch dai AGC.

AGC duy 11 do khuéch dai coa EDFA & me ¢ dinh trong thoi gian ¢é su xdo tron troi
tin hi¢u hoac thay doi suy hao hé théng. AGC cing ¢d thé the hién chie nang quan
trong cua qud trmh wyén tinh hod do khuéch dai. Mat khde. miot vai thiél by v cic tng
dung he¢ thong (tic 1a chuyén mach quang phi twyén, cic mang soi quang) véu ciu cong
sudt tin hiéu daw ra khong déi. vay thi nhirng sy thimg gidng cong suit din ta phai duege
chin giim. Biéu ndy ¢d thé dat duge nho qui trinh e déng dicu chinh cong suit APE.
AGC ¢6 chiie nang ¢6 dinh do khuéeh dai via s thay doi cong sudt tin hiéu diu ra, con
APC ¢ 6 dinh cong suit tin hidu dau ra vi su thay déi do khuéch dai. AGC doi hoi ba
chite nang chinh sau day:

- Tich nhitng bién doi cong sudt tin hicu tirong tmg véi mie chuan nao dé.

- Phat tin hiéu 161,

- Luu gilr cdce didu kien dau Gmg vai khong ¢o loi

Ba chie nang nay ¢6 the duoge thue hien bang quang dién cho mach di hoie ve.

Chiing ta ¢6 the tham khio hai gidi phap 12 AGC ¢6 dicu khién bom v diéu khicn tin
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hicu, Cic AGC ¢6 didn khicn bom <& thue hien nén bio hod khuech dai bang vice ting
bom: con AGC ¢ didu khién tm hicu thi duy i e biio hod nhue mot hang so. Ca ha
<@ @it cho bat ky mot cong suat tin higu dao vio P nao cing o vio dai dong di cho.
Hinh 8.33 chi ra AGC duoc dp dung ¢ho <o dd EDFA hai trang thai ticu bicu. Bo
khuéch dai EDFA hai trang thii bao gom hai sor EDIFF vén ha neudn bom nhim dé cho
ra EDIFA co do khueeh dai cao. Caw hinh nay thude loai EDFA hai trang thii Khuéeh

dai phang, hay ding ¢ho cic h¢ thong thong tin quang WDM [109].

.

nF 63)

Flink 8 33 Ci hinht EDFA hai trang thai khéch dai phaang co AGC

va ho suy fao dat gitea har trang theas

Cide kv hicu trong hinh 8.33 minh hoa nhu saw: Cyy, T dicu khien diode laser LD
hom. Cy 2 13 diéu khicén kénh giim sit, VCA T bo suy hao ¢6 di¢u khicn dien dp, Gy
ICdidu khien VAL F 1 bo toc, 1 bo cach Iv. W L coupler WDM cho bom LD W T
coupler WDM cho bom kénh gidim sat.

) Cen Dang va lam phiang phe el dui

Can bang pho khuech dai 12 vat quan trong doi vét cie ing dung EDEA trong he
thong da kenh quang WDM. Nhu ta di biél ring bang tan khuech dai 1a khong dong
déu vé pho vi the hicn mot vai gon sing. nhimg sy khic nhau vé do Khueeh dai thuong
xay o cde kénh quang ¢6 Khodng cdeh bude song 1on. Trong cic he thong thong tin
quang st dung chudi dai cie bo khuceh dai quang trén dudng ruyen. ngay ca nhimg si
khic nhaw nho vé pho khuéceh dai cting ¢6 the dan (6t nhitng khae bict ion ve cong sudl
tin hicu thu duoc. Didu ndy gay ra sy khie nhau Ion ve BER gita cie tn Tuca thu dueoe
(G mue tham chi khong the chap nhan duge. Doi var mot vai kénh quang duge ghép. su
khic bict cong suat ¢d the xay ra & diu ra he thong do sur bt khuceh dai khong du doc
theo chudt cie bo khudeh dai. Ngodi ra bue xa ty phiit duoe khueeh dan ASE duge phat
trong vimng khudeh dai cao nhat (gan voi dinh i bude song L33 pmy, cie bo EDEFA
kheng duoe cin bing ~& sinh ra biio hod kKhudeh dai dong déu. dicu nay gdy anh huong

161 cie kénh WDM tai e bude song diu hon. Nhu vy thi viée can bing khuéceh dai
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cimg T mot dicu mong mudn déi vai cie hé théng analog cho méo cap hat sinh ra do su
nghiéng khuéch dai

Cain bang khuceh dai ¢6 nghia la 1am cho khuéeh dui dong déu o cic kénh quang
rieng 1é&. Lam phang khuéch dui nghia 13 o ra duge bang tan pho khuéch dai déu nhau.
Nhu viy, khi & truong hop tng dung hai kénh, can bing khuéch dai ¢6 thé duoe thue
hign nher cde bién phip don gidn nhu sau. V6 mot EDFA ¢6 do din . dd cho, ¢cong suit
bom ¢é (h¢ dwge chon dé cic do khudch dat trong cic vung dinh viv vai gén cde bude
song 153 pum va 1.54 pm 1a chinh xic biang nhau, vi sy khic bidt L do anh hudng caa
sir i hap thu tin hiéu & bude song ngian. Mot eiich can bang khudch dai khie {3 dat céc
kénh gquang tai ¢ie bude song ma né cho ra cde do khuéeh dai bang nhau o diéu kién
bom lén nhat,

Mat phuong phip thit hai d€ can biang vit tam phing khoéch dan la sur dung cic bo
loc guang thu dong. Phuong phip nay dua trén viée si dung dinh bang tin hoac bo loc
"noteh” ¢6 didu chinh gan vé6i dinh khuéeh dai. Vige két hop cta truyén dan ¢ b loc
phu thuoc bude song vi khucch dai EDFA s tao ra duoc do phing phé khuéch da
thue. Viée can biang khuéeh dai cho EDFA ciing ¢6 thé dat duoe bing cich st dung bo
loc quang tich cuc. Trong cic bé loc tich hop am thoa quang ¢é di¢u chinh AOTF
{Acoustic-Optic Tunable Filtes), truvén dian tai bude séng di cho ¢a thé duge dicu
khien bing viee diéu chinh tan s6 trung tam va cong sult cua tin hicu RF didu khién.
Bing cich diéu khién AOTF v&i mét s6 bude séng mang phu RF, vi¢e diéu khicn
truyén dan c6 thé dut duge dong thoi cho cic bude song quang khic nhau,

) Cide cdu trive EDFA cdi tién ddc vinh Khde

Bac hoi xay ra
do ASE ngudc

EDFA
Tin higu nha
e —
Nhiu phia ‘rudc thay
do dat b cach ly @ gida
EDFA
Tin figu nhd ASE ngudc

____<>

Ba cacn ly g gilia

Hinh 8. 34: Sur gidm NF do ASE ngitoe va loai triv ASE ngioe bang bo cdach Iv
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Pé cdi thién dac tinh eta bo khuéeh dai FDFAL ¢ mat s6 cic ciu titie bién doi co
surthay doi chii it vé ciu hinh cta EDFA. Trong cic ciu hinh niyy, dau tién can phai ké
G 1 cadu inh thay doi dé dai soi pha tap Erbium EDEF d¢ thu duge dé khuéeh dai cao
hot Tuy nhién can phdi chi v é nhicu coa EDFA VI cong suit bom cao thirdng ducc
st dung o o trie nay.

Phuong phap thit hai [ EDFA duoc idch do dai EDE thimh hat phiin bing bo cich
v, S. Yamashita va T, Okoshi [TI2]0 O. Luntholt v cice tae gia [V 3] dd phan tich 1y
thuvet vionén hiamh thue nghiém vé van d¢ nay. Trong phuong phip niay, mot bo cich Iy
duoe diit 6 gitta sot pha tap Erbium dé chan nhiéu ASE. Phuone phip ndy 1m0 ra duoc
kKhuceh dai tang viv lam giam he sé nhicu NF ciia EDFAL Hinh 8 34 chi ra nguvén Iy
am ciam NF vi loai trir ASE bing bo cich Iy

Phuong phap thit ba d¢ ting do khudch dai cia EDFA 1a dat thém vio dé did EDF
mot bo lToc quang bing thong hep. Nhue viy. phuong phip nay d3Usa dung bo loc quang
thay che bd cach v quang trong phuong phip thit hay da mo ta ¢ aén [V TES] Hinh
8.35 ¢hira cdu trie bo khadeh dan EDFA Gp dung phuong phip niy.

Bing viée su dung bo cich Iy quang hoic bo foc thi ta ¢6 the cai thien duoe do
nhav thu [37. 38]. Tuy nhién, vi i cua ca bo cdeh Iy v bo toc trong hai phuong phip
nay can duge khang dinh. Tir cac thi nghiém o wrén, k&t qua di chi ra ring vi (i 161 wi
ctie bo cdach Iy quang [a vao Khoang 25% dén 40% do dai son tinh e dau vao cho ca cde
ba khuéeh dan duoe bom ¢ting v har huedng, Vit ton v cua bo loc quang duoe 1im ra

i 6 Khoang 42% tinh tic diu viio do dat 1ong ciia bo khudch dai

EDF FIF
RS iGe
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{JAu vao Bau ra

— - 27N £ —

WM WOM
Cc2 C3

L0 bom

Hinlt 835 Cent hinh EDFA <6 bo loc quuing dicoe ven vao do dai soi EDF

8.4.2. Cacing dung cua EDFA trong cic he thong thong tin quang

Cac bo khuéch dar quang sor pha tap Erbium EDEA ¢6 mot 1ie dong 1on trong
thong tin quang. Viée phit trién cic hé thong thong tin quang soi qua hon 20 nam di
dinh hudng tap trung vao trong tam cua viée phat trién cdae hé thong thong tin 1oc do bit
cao vi cu vy xa, Cic hé thong nhu vay doi hoi mot quy cong suat quang 1an trén mot hé

thang toe do cao. Nhu vay, vide su dung cic bd EDFA T cich 16t nhat dé thod man
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duge cac véu cau niy. EDFA dd duge phat minh vio nim 1987, r6i cic nhi nghién i
thict bi nhanh chong cong nhan mot thue ¢ cia nd. v ho did nhian thiv EDFA nhu 1
licu thuoe bach benh cho cie he theng thong tin 16¢ dé cao trong wong lai. Chi sau vai
nam tep theo s phat minh co ban va cai 1ién cic thidt k&, EDFA duoe bom bing laser
bian din LD da nhanh ¢chéng vuot qua duge it ca cic yéu cau chat lrong hé thong. Chc
e diém co ban v tidim 1ing bén trong cia EDFA ¢6 the ké dén 1a do khuéch dai cao.
nhicu thap (nhi¢u gidi han lugng ). suy hao xen thap, khong nhay cim véi phan cue
vi khong xoven kénh cong véi khi nang bom LD thue tién, Ly cin trid 161 cho surtién o
nhanh cua né trong vice thue hign trén he thang thue t€. C6 mot dic didm dang luu v 13
qud trinh khuéch dai coa EDFA [a doc 1ap véi toe do bit. Day Eu mot loi thé day stic
manh bt vi vice ndng cdp he thong thong tin quang ¢6 nghia 1a chi thay doi cac thidt bi
phit vie thu, Cic EDEFA d& da san 6 mot vi ui nio dé déu ¢6 thé hoat dong 161 cho cic
10¢ do bit ndng cap trong tuong lai. Tée dong eaa EDFA vie thong tin quang ¢é the tiéu
i dinh cao cua né wrong ciac hé thong truyén din qua dai duong. con doi véi cic vng
dung khdc méi chi T bat dau. DS 10 1at ¢a cic hé théng trén dat lién nhu mang soi
quang hoi. K& hoach nang ¢ip cic hé thong trén soi don mode. cde mang phin bé tuong
tr hode truyen hinh so. Vige phit wién clia cong nghé EDFA trong moi truding nity ¢on
¢o khit ning hoan thién hon. chia dyng cde dae tinh ¢ tric. cic giao thiic v cde tidu
chuan da dang. Trong linh vue mang quang noi hat. EDFA ¢on ¢6 nhidu nhitg tidém an
xa hon,

Hi¢n tai. cde hé thong ducce khueeh dai quang dd duge tricn kKhai ¢6 hi¢u qua trong
thue nghicm vichién trudng cho ca cie hé thong don kénh v da kénh. Cic hé theng 100 Ghit/s
vor e ly 560 ki, 10 Gbit/s véi cur lv Khong tram Tap 1d 285 km. 10 Gbit/s x 10 kénh
WDM truyen din uén 1200 km, 320 Gbit/s (32 x 10 Gbit/s WDM) ruven dim rén 500 km.
640 Gbiys teén cu ly 1200 km, 1.04 Thit/s |58, 60] véi cic sei don mode thong thudng
dd duoe tricn khai thinh cong vai nam trude day. Cie két qua thu duge di khing dinh
cic ung dung rong rin cua EDFAL vi vice diu tr nghién ctiu FEDFA luon it cian thist
cho thong tin quang twong lai.

8.4.2.1. Cac ung dung trén cdc hé thong tuyén tinh so

Nhin vao vi tri cdc bd khuéch dai quang soit OFA (Opticat Fiber Aplificr) ma tién
bicu la EDFA tréu ciic hé thong thong tin quang, ITU-T di phan ¢ip cidc thiét hi OFA
theo timg ng dung cta ching. Cic thict bi OFA ¢6 the duoe st dung lam b khuéch
dii cong sudt (khuéch dai tang cudng) BA, khuéch dai dutng truyén LA, hoic tién
Khuéch dai PA. Theo cic ticu chuin niy. thict bi OFA (PA. LA hoic PA) duoe dat doc
theo tuyen quang, s& duoe xem nhu 13 phin wr riéng & dat giva cic diém tham chidu S
vie R duoe xac dinh trong cde khuyén nghi G.955 v G957 cho cdce thidt bi din cudi vt
tramm Lap nhu chi ra & hinh 8.36 |29, 33].
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Prat quang Khuéch dai OF4 Tau guang

S Bidm tham chidu cla sdi quang chi ngay sau bo ndi quang C cua ba phat Guang
R Bier tham chigu ela soi guang chi ngay trude bo 18 quang C coa bo th quang
S": Eneém tham che€u clia sa quang chi ngay sau bé nd) quang C cua thiet b QFA,
K" Digm tham chidu clia sgi guang chi ngay Iride ba ndi quang C cda thisl 5 OFA
Hinh 836 K¢ hoach xen cdac bé khuecl dai quaig soi

vao cde he thong thone fin gnang

Can a vao vice xie dinh BAD LA vit PA v theo ¢au hinh tham khie dd chi ma ¢
hinh 836 ta ¢ cic cau hinh ing dung thiér bi OFA véi cdae cau trie klvie nhao nhi
duge chira o hinh 837 Trong cde ciu tric ny. LA ¢6 the the hién hing chi mot hoac
hai hode 16n hon cde bo khuéeh dai dutmg truvén duce mac chudi noi GEp nhau. Sau

day. ta khir quait chie nang coa ba vi Ui dng dung nhu sau
o Boticn khueeh dai quang

Uiig dung co bim phit coa cic bo khuéeh dat quang soi 1o tién khudch dai PA
(Pre-Amplificr). Cac bo tién khuéch dai quang 13 thiél bi OFA ¢6 khaéeh dai cao vi
nhi¢u vt thap duge ding true (ép & ngay trude bo thu quang d¢ cai thién do nhay thu.
Nhin chung, vi PA 1 it gin vdi bo thu quang, nén chic nimg hoat dong, quan 1v va
b dudng (OAM) cho PA ¢6 thé chung hode khong chung vé6i bo thu quang. Khi suy
hao quang gitta PA va bo thu quang bang 0 dB. ta ¢6 mot thi¢t bi L su 16 hop cla PA v
bo thu quang duoe goi 1a bo thu duge (co) khuceh dai quang. Nhe vay bo tha duoc
khucch dai quang OAR (Optically Amplified Receiver) 1a mot hé thong phu OFA ma
trong do bd tién khuéeh dai quang duge tich hop vai bo thu quang. <& tao ra bo thu ¢é

do nhay thu cao hon bé thu khi khong ¢o PA.
o D6 khucch dai cong st grang

BO khuéch dai cong suit ttang cuong) BA (Booster Amplilicr) 1 thiét by OFA c6
cong xudt bio hoit cao duge ding true GEp ngay sau bo phit quang dé tang mic cong
swdt quang dau ra, C6 mot su Khie nhau ddng ké gitta BA vl PA 1 BA khong yéu ciu
nghiém ngic vé nhicu va khong ¢6 bo loc quang. Didu gidng vii PA 13 cic chite nang
OAM doi v6i PA ¢6 the chung hoac khong chung véi bo phit quang. Ung dung coa BA
¢hi ¢ the hap din trong céc fruomg hop cée vi tri trung gian vai thiét bi tich cire & ngodil
¥ muon hode khong thé tiép ¢an duge, vi du nhu [ cic hé thong dudi bien. Giong nhur
OAR. bo philt duoce (¢6) khuéch dai quang OAT (Optically Amplilied Transmitter) 1a

he thong phi OFA mi trong do bo khuéch dii cong sudl quang duoe tich hop véi bo
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phit quang laser, v cho ra duoe bo phit ¢6 cong suit cao hon ki chua ¢6 khuéeh dai

quang. Picu nay co nghia rang suy hao gitia BA va bo phit quang i bang 0 dB trong OAT.
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st dung cde o Kuech dai guane soi

o Bo Klmech dai didng truven

Ba khuceh dai duimg truvén LA (Line Amphifier) la thict bi OFA ¢o nhidu thap
duve dung o gifra cic phan soi thu dong truvén dan tin hicu d¢ ting Jo div khodng Lap.
hode dor véi cian hink noi da diém thi 1o ¢6 1hé bir ciie suy hao ré nhdanb trong mang
truy ithap quang. Cic bo khuéeh dai dudng truvén o6 thé thay (hé mot vai hoac toin bo
cac fram lap thong thuomg trong tuvén truvén dan dai. Ta o thé dé dang nhan thay rimg
mot bo Khudeh dai LA ¢o the thay thé nhicu 1hict b lip thong thudnge. vii do B vu didm
ro rang rong vice giam ding ke heong thict bi trén wyvén. Tuy nhicn trong truong hop
co nhicu thict bi OFA duge miwe chudi noi tidp nha, ching ¢o the Lim suy véu dae tinh
hg thong do co surich Tug nhidu. tnh phu thuoee vio pho cua khuech dat ong. cic anh
huong cua phin cie I dn sae cling nho cice hicu vimg phi teven. Cie k&t qua thue
nghtém di chi ra ring didc dicm chung 1rén win bo he thong rong raomg hap cic bo
Khuceh dai duong truyén duoe mice chudi s¢ phue 1ap hon nhicu so véi dac di¢m cua he
thong chi ¢é var bo khuéch dai dudmg truvén. Dac bict, kKhuceh dai tong cia chudi caie
bo khuceh dan dutng truvén & ¢6 phan dinh nhé len ¢ ving gin bude song xde dinh ruy

thuoe vio ciu hinh bo khuéch dai di xdce dinh. v didu nay dian dén s giiim kha nang sir
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dung OFA trong ving bude séng hoat dong | TT6[. Vithel thiét ké cho cie h¢ thong ndy
<& khé hon it nhiéu so véi tinh the chi sicdung it bo khuéeh dai quang mac chudi.

Vige st dung cde thict bi LA cho cdc he thang truven dim quang phat bao dam
tach duge cde kénh thong tin dang ¢ trong hé thong dé cho phép cic chiie nang canh
hiio. s sdl v kiem tra tr xa hoat dong trong cie tuvén ¢6 cic LA duoe din
1. Cac ung dung don kenh

Cdc bo khuech dan quang soi OFA duoe ding cho cic hé thong thong tn quang
nthu tien khuceh dar. Khudeh dai cong sudt vi Khueeh danr duonge traven da the hien duwce
cac die diént nén (én cho cde hé thong don kenh quang. Nho didode cap tr rede. ohimg
e dung cua OFA cho phép trién khai cide tuven thong tin co e Iy va vi ioe do bil i
cao. Dl vt dne dung niv, cde Khuyén nght 1TU-T Ge9T thoge G.SCS) (G663
(GLOAZ) GUORT di dua ra cae gl 11 cho cde tham so giao dien, cie khia conh ng
dung ¢ lién quan cua cic thict bt khuceh dai quang v hé thong phu. v ciac die tinh
chie nang cho cic hé thang truven dan guang 1 nor dad i dwong dn vicrian dao |31,
L16, 117]. Cice didn giai rude day vé dng dung OFA dude dimg chung cho cie b thong
truvén din quang. Tuy nhién. cang dé A& ndi rimg day K cie van de lien quan idi cace heé
thong don kénh. Nhu vay cic bo khuéch dar quang so1 di ¢o duoe cace tang dung da
dang trong mang quang.

2. Cac ting dung nhiéu kénh

Ung dung cia khuéeh dai quang OFA trong cic he thang nhicu tday kénh gquang
[ mat trong cie ung dung quan trong nhit. Nhidu cde kénh quang ¢ the duoe khuéeh
dai thong qua mot ho khuéch dai quang soi cting mot ie [ TI8 1190 120]0 Dicu niy
ching 16 kha namg cua bo khuéch dai quang soi pha tap Erbium khuceh dai phang
F1O4. 109]. Cie khuvén nght ITU-T Gomes. GLe920 GORT da dua ra cae khin canh va
cic pid tri cta gioo dign quang cho cic hé thong nhicu kénh ¢6 OFA |30, 32 117].
Hinh 8.38 chi ra s thé hién coa cde he thong thang tin quang nhi¢u kénh s dung ciac
bo kKhuceh dai quang.

Nhin chung. ¢ic ting dung cua OFA trong cic hé thong nhicu kenhy quang hita hen
mot dung luong 16n duoe truvén trén soi don mode thong thuong véi mér cw ly dai. So
cie kénh duoe truyvén cé the Buoran 16n kKhi stedung kv thuat ghép kenh quang theo tan o
OFDM (Optical Frequency Division Multiplexing) vie ki thudt ghep kénh quang theo
thin gian OTDM (Optical Time Division Multiplexing) ma ¢ d6 timg kénh quang ¢ toc
do nhidu Gbit/s. Nhut vy, chi co bo khuceh dai quang soi man ¢ the Khucch dan v fam
thad man véu cau khat khe cho cac he thong niv. Lai mat [an ntra OFA chimy 10 kha
nang ¢6 the loai bat hang loat cde tram 1ap thong thudmg dang ton L oén uyén. va
trong truong hap cic tuy&n moi thi khong ¢in thict phai xay dung nhicu tram lap. Uhe

dung niy cho phép thue hién xay dung hé thong nhiéu kénh rdat din mi khong ¢6 tram
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lap. Hon the nta, OFA cong hicn cho ta cice he thong nhicu kénh quang it linh hoat
khi dong thoi truvén nhicu kénh quang trén ciing mot soi quang voi cic 1o do bit
khic nhau

JI ___:_ =]
T . |+ ]
- | )
I L}
| @ | @ R |
I [ | 1
! 1 L)
T. L | ] e
- : CrOA CA ) ODroA !
! MPI-S R ’ 5 MPIR L
| 3N o— 1
' 1 -
.o ool
. Vi QM Bo ghep kénk quang :
— 0D Bé g a gnén kenh quang :
by b OA Ba khuéich da quang
' T...: Bo phat quang thu N
5.8 ' R, Bd thu guang thie N

Hinh 8 38: He thane thong tin quang nhicw kéndy vt cde bo Khuech dai greany

Ciac ung dung cua bo Khuceh dai quang soi cho cie he thong thong tin quang
nhic¢u kénh [ it ¢ y nghia. Tuy nhicn. cling cin phai i ¥ mot sé vie veu 1o nay sinh
lam suy y¢u he thong trong truemg hop niy. Ngoli vice he thong cing phii chiu anh
huong giong nhe ciac hé thong don kénh guang. cic he thong nhicu kénh quang phii
chiu thém cice anh huong Tam suy gidm dic tinh hé thong chang han nhu cic hicu tng
phi tovén won bon sdng FWML dicu che pha chéo XPM, tin xa Ranumn kich thich SRS.
Nhu vy, can phai ¢ bién phip tinh todn phong ngira khi thict k& he thone nhidu kénh
d¢ han ch& bét anh huong ¢o hai nay. Trong cic hé thong nhicu kenh quang cling ¢an
phii dic biet luu ¥ dén pha khuéeh dai trong treomg hop tuyén ¢6 nhiéu bo khuéch dai

LA mac chudi.

J.{ :"ng dung cho cac he thoug Soliton

Ciac h¢ thong truveén dan Soliton tdch séng true 1i¢p ¢6 cic xung Soliton quang s¢
R7. S0 voi cde hé thong tuyen tinh, cie he thong Solbiton ¢d khi nang niém ting lén hon,
Vi eo ca toe do bit viveu by traven din 1an hon, Thue su, ¢de kv thudt G phiat heim todn
quang chi ¢ the duge thue hién vai cde Soliton ma nd cho phép han ¢hé duoge cic anh
huong suy giam (v so tin hicu trén nhicu SNRL V1 the mic rong cic he theng Soliton, ¢
v truvén din ¢d the ting vo tan, Ngusi (a goi cic hé thong Soliton su dung ede kv thuat
nay nhae L hé thong Soliton tich cue. Newoe Lo cie he thong Soliton thu dong su dung
cung cic thinh phan ohu trong cie hé thong tavén timh tach song true Hep, trir bo phit
quang. Tir nam 19930 ¢ v truyven dan viviée do bit 1én nhat di dat dieoe trong eie loai
he thong Soltton., gom ¢ hé thong dch cue hode thu dong. soi don mode tdn sac dich

chuaycn DSE (Dispersion-shified Single moede Fibery hode soi don mode thong thudmg
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SMFE. don kénh hode WDML viu vai BER < 107 Ciic két qua tir han nhdm nhu sau: cic
hé thong truven thang védi cic toe do bit tir 4 Ghit/s 16t 80 Ghit/s v cu Iy truvén dan 16
1200 km: viv cie thi nghiém mach vong vai ciac toe do bit it 2 Ghit/s (éi 20 Ghit/s v
cur Iy 1 4200 ki tai 10" km {105]. Cho 161 nay, dung Twong cao nhat dat duoe (rong cac
h¢ thong Soliton truyén thiang 15 204 Thit/s k. trong ting v6i cu v truvén dan
1020 km tai 8¢ do bit WDM tong 20 Gbit/s. O cde thi nghicm mach vonrg va trong
iruang hop cic he thong Soliton thu dong., dung leong cao nhit did dat duoe 120 110
Thit/s. kmy tng vai cu ly 11000 km tai toc do bit WDM tong 10 Gbit/s,

Vi qui trinh phét wién cie hé thang tuvén tinh. 1a ¢6 the hy vong su ting ving
ving vé chat luong trong cide he thong Seliton truvén thang trong vii nam (6. Vi
trrong hop nay, cic bo khuéeh dat quang sot [a khong thé thicu duce trong cic hé thang
Soliton. Cac he thong nay L cde he thong ¢d moi truomg oy én din ean nhu holn toan
guang. vy thi viée bl suy hao ¢hi ¢d the thue hicn bai EDFA. Cic chiie nang khie bao
gom: G tae thot gian, ciing ¢o the duge thue hien thong qua tinh da dang cia cie thiét

hi bian dan van sor quang.
8.4.2.2. Cac ting dung trong heé thong twong tu

Ung dung coa cae tidt bi khuéch dai quang soi EDFA Khong chi gidi han trong
cic he thong <o, Truvén din quang tueng o thong qua cic he thong ¢é EDFA ¢6 xu
hudng dong mat van rd ngay cing quan trong treng (wong lai gin, Nhing tng dung ¢6
v nghta coa EDFA da duose ching minh bang vice xem x¢&t ciu hinh tmg dung trong
mang phan bo tin éu video (ie 1a CATV va HD'TV). cde mang quang sit dung kv
thuat ghép kénh song mang phu, vi truyén Gii dir liéu tuong i treng moi truong k&t hop
dien (. Anh huong cia EDFA trong cic hé thong tuong tr oo the dioe dién 13 eiong
nhu dd thao Tudn trong cice hé thong <6, Bicu nidy ¢6 nghia rang FDEA ¢o the duoe s
dung tren cae he thong thong tin quang twong wr nhu bo tién khucch dai PA dé caithién
do nhay thu cua bo thu twong e, nhu bo khuéch dai cong suat BA d¢ ting cuomg quy
cong sudt guang clia tuyén truyvén dan analog, v nhu cic bo khuéch dai dutng truvén
LA d¢ ting cu Iy truyén din cia hé thong. Ngodi ra, ¢ic uun dicm 16n khic cua EDFA
cling ¢o the duoe dé cap 16 ching. ¢6 thé str dung né giong nhu cic bo Lip thy dong dat
trong mor truomg nhicu thap va phi tuyén thudn nhat,

Trong cic he thong CATV. khuéch din quang EDFA ddng ca vai urd nhu bo
khucch dai cong suidt vir bt suy hao chia quang. Trong thie ¢, dung luong tiém tang
cua cic he thong quang bi WDM CATV ¢6 st dung EDFA duoe dicn giian bimg 6 cic
henh video vi o nguoi st dung [ 16n thyee su. Phin 1on cic kénh video o dung EDFA
L do nd cd bang 1 rong, v hon nira 1 dé tin dung bang tin rit 16n cua soi quang

don mode.
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Hinh B39 mo w boi canh ciu e chung cdaa mang quang ba truyvén hinh video
duoe xay dyng dia tren cac he thong ¢é khuéch dai quang. Trén thue (& thi cdc tin hi¢u
video ¢o thé duoe phdt 1 ¢ic nguon phit khic nhau nhu ve tmh, quang b viba mat
dat. phin bé ndt hat. Cie tin hi¢u video s@ hode tin hicu dit licu cling ¢ the duoe cap
dén cho h¢ thong. Tai cde tram trmg tam hoac tram thu. cic tin hicu video wong tu

(analog) tvong ting véi cic kéenh TV rigng & duoe ghép kenh song mang phu SCM vi
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Juoe ¢iap cho cic diode Taser 1D mét tn <0 hoat ddng i ciace bude séng mang 4. ...
7o Sau do ot cacae tim hico guang duge ghép kénh thong qua be ehdép coupler i x m
viv duoe khuéch dai nho ede thiet bi khuéeh dio cong suat EDEFAL T néu dd ghép dugc
dua vio mang trude hét duoe chia thong qua coupler hinh cav 1< N ron sau do duge
truven di doc theo bo soi quang don mode SMEF. Quit trinh Khudch dai cong sudt vi chia
quane ¢o the didn ra Lip lai i mot so T niwo do. Vice dinh tuven bude song ¢d the
dugc :ip dung dé chia cice séng mang thanh cde nhdanh khide nbaun cho cic nung pho. Tai
phia thu, sot quang ¢6 e ridn ki (6i time nhi rieng theo phuosing dn cidp quang 16t tin
uhiv FTTH (Fiber To The Homel Ngoii ra, cidp soi quang cing <o the 1ap dad 1di e
1hict by tha duge dit tai dia dicm gdn vaéi khu cue din cu theo giii phidp sol quang 16
ving dian cu FTTFC (Fiber To The Curby. Trong cie hé thang CATV. vic bo Khuceh dan
quang EDEA dong ca var tros bo kKhuceh dar cong suat va bo b suy hao cho chia quang.
8.4.2.3. Cac ung dung trong mang noi hat

Trong phan nay. ching o hily tong quil lai nhtme iy dung cua EDEA trong
mang no1 hat LAN (Local Area Network ). Quan dicm co hian v& mang noi hat dd duoc
S.D. Personick xie dinh rimg “mang noi hat duoe xde dinh nha mot ke thong truyen i
thong G md no thae hicn s ket nagi cie thue the phin bho ¢ trong mat cdu e hoie mot
vime dia IV Mot dinh ughia chi dict hon phin bict duoe mang nor hat LAN mid né me
rong tren pham vio v Kiloméc tr vimg do thi vl mang dién tma) rong (AN WANY,
mo rong 1 100 ke dén 1000 Km twong aog, Trong trudng hop mang quang. ¢& mot su
nhin Dict quan trong ton G gitra nung quang thu dong PON (Passive Optical Network)
vit mang ian quang AON (Al Optical Network), Treng mang PON. <1 quang dong
vad 10 ket noi thu dong bang rong. Mang hinh sao thy dong. mang du truy nhap cing la
st hien dien caa mang PON. Nhu vay mang PON ¢o the chiia dung cde bo Khaceh dai
DA dong vai trd nhu cic bo khudch dig cong st dudng truvén hoace tram lap.
Trong mang toan quang AON. val trd cia i phan wr thidt bl dién by grun chr con ton
L 3 cae chie nang co ban tan ciae dudt b dau cuoil trong ki Jo van tro quang duge
nhan manh hon dé dp dung bang an soi quang. Nhu viee AON Ty nrong 1o mot mang
mat lust khong gidn doan duge cau trie 1 cae luong gquang, 16 bio gom cac thi¢t bi
quang hoid v EDFFAL

(ic bo khudch dai EDFA phan b hodc tip trung (khoiy hicn nhicn 1 phit hop
trong nhidu loai topo mang LAN o cic ciu e bus. Dung luong cua cic mang AN
nbe vav bi gidi han nhiéu do suy hao ron suy hao ré nhanh. vl soy hao truyén dan gy
i, Cde bo EDFA ¢6 the duge dime dé b suv hao doc theo bus. Ching ¢d the duge
diing nhue mot moi truomge truvén dian trong Gng dung phan ba. Neoii ra. mot uu diem
Khace nia caa bo khuéch dai trong mang nay Lo Lun tang so cie tram va do dat buss ma

né thuong br gion ha bt qus cong sudat,



Clurone 8 Khineolr dod griang sot pha wap Erbiinn 130

Ming LAN kicu ring dimg cho cic tng dung 1ap trung cling duve cie nhi nehién
ciu v thuyet quan tine Su khae nhau chinh gita LAN bus v EAN ring 1 mang LAN
ring cho phép ASE tich uy v di vong khong gidgi han. Gie EDFAS ¢ tu dong dicu
chinh cong sufit APC ¢o the duoe dip dung trong mang LAN ring tr phuc hoi. Cuéi
cling. dae tnh caa cic mang LAN véi cic cau trie hinh sao ¢6 thé duoce ting cadng nhi
cic EDFAL NG dong g¢dp phan guan trong bt duoe suy hao cho cie bo ghép hinh sao

thu dong.,

8.5. HE THONG THONG TIN QUANG SUDUNG KHUECH DAl QUANG
8.5.1. Gidgi thieu chung

Nhu di biet ring. Khucch dai quang thue hién khoucch dai troe 6Ep i hicu quang
va v the cho phép tng qug cong sudt quang rén he thong thong tin quang. Nhar vav su
¢co ML coa cice thict bi khuéeh dai quang ten toven truven dan da lam thay déi dac tinh
h¢ thong thong qua tin huéu truvén tren sot quang di duoce khucch dai va nhicu caa he
thong. RO ring rang khi mi he thong thong tin quang duoe Tap dat thém cic thidt bj
khuech dai quang. n6d s& tre thanh he thong mai ¢d nhimg dac diém khde vér he thang
khong st dung khuceh dn quang. Khi dé <& ¢6 nhicu cau hoi dit ra cho viee xic dinh
cau hinh hé thong v can phai xem X ede yeu to tic dong trén todn bo he thong.

Trong hé thong thong tin quamg. d& dinh gid hé thong thi thuong neudi ta dua vio
i hicu phia thu quang v thiet br thu s¢ phan anh toan bd die tinh he thong. Nhu vay.
dE tien cho vice xem xé hé thong o6 khaéeh dai quang. cach 16t nhat [t hity quy v
vice Ko st bo thu ¢ khuéch dai quang OAR (Opticaily Amphificd Recelvery {37, 38,
[21]. Bicu niv ¢6 nghia rang trong hé thong su dung khuceh dai guang sol. ta coi bo
Khuceh dai quang [ thude ve thiér b ihu quang dic cho né cé the cich xa thicl bi thu
(uang photodiode, 1r¢n cosar dod Khao sdt su twong tie ¢de tham s6 trong hé thang. Cic
tham ~o quan trong nhat o dav Loon hieu va cie thanh phim nhicu. Ching cho phép xdc
dinh ty <o hicw trén nhico dien eSNR felectrical SNR . vt dié aiie dinh do nhay thu
cling nhu dae tinh BER cua hé thong,

Ciic dac tinh nhico thap cta ching 1 it quan 1irong dé xay dung ¢iu hinh (o1 uu
cua he thong thong tin quang duge Khuéeh dan quang. NCu ta coi bo kKhucceh dal quang
nant ¢ rong thict bi thu quang thi viee khao siat hié thong & thong qua bo thu QAR v
duoe dien gidi nhu sau. Trong mot bo thu QAR Vi ho khuceh dai quang 1OA) di duoe
dimg trong hé thong. cho nén khong ¢ dong photo tin hiéu duoe khuéch dai, ma nhicu
phat xa 1w phit cua bo khudeh dai quang cing duoe thém vio nhicu tong. Ban chit ngiu
nhién cua tin hic¢u dén vi cic qua timh Gaussian cua nhicu cong véi tin hiéu ¢6 bien do
nho dd [am cho qud tinh phan tich hé thong phuce tap 1én ral nhicu. Trong cic véu 1o

quan trong nhat cua dnh sing var I¥ di 1351 bo tich séng photo (da trinh biy o chuang 4)
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ton i mot thue 1¢ la so ¢ic photon hoae cic luong 1r nang luong 1 Khong xiac dimh. Su
Khucch daidnh siing cua bo khuéeh din quang can duge hign diang hon 13 mét quid trinh
nhin them photon vir nd tam tang tinh khong chac chan vé <o luong vic laong 1 Day
cing i Iy do d¢ bict rang co mot tinh ngdu nhicn k&t hop véi bac sa kich thich v vi
quit trimh bide xatr phat da phat ra nhiéu phu. Nhoovin, cice thanh phan nhidu luon Tuon
I cde véu 1o quan trong nhat nhung fai vt phite tap trong khi xé dén anh huang cia né
trong h¢ thong cé Khuceh dan quang. Frong khi da. dicm bin diau cua qui tinh nghién
cii ve 1y ket hicu wren nhidu ciing nher do nhay thu Tai 1 cie thanh phan nhidu, vi
ching can phai duoc am sing 10 ngay wdaw. Trong phan niv. ching toi s& trinh by v
phan tich vé ¢SNR ¢t bo thu khuech dai guang OAR. Nhue vav. trade tién 1 phai tim
duge cic thianh phan nhiéu va tin hice cua he thong. Tie do tien hinh e dinh 1y <o
CSNRLvon L mot rong cde than so quyvet dinh chat luong he thong truvén dan.
8.5.2. Ty s0 tin hi¢u trén nhiéu di¢n cua hé thong co khuech dai quang

e xét can hinh ctia he hong duoe thudn tién. t hity khao @t su két hop bo
khucch dai quang sait OFA (Opticad Fiber Amplificry vir bo thu quang photodiode p-i-n.
FIU-T dd <de dinh thiét bt bao gom bo tién khuceh dia OFA duaoe tich hap v6i bo thu
quang nhu e maot he thong phu. Khi suv hao gittn OFA va bo thu quang khiong ding ke.
st tich hop nay duoe gor B bo thu khuéeh dat quang OAR. Vice phan cip cic hé thong
phu OFA Jdd duoce xae dmb rrong cae Khuven nghi G662 vl G063, v so dd mae xen
OFA trong OAR duge mio a nhu o trong hinh 830 (81 VA xie dinh nayv, dicm tham
chicu R ¢hi duoe xice dinh cho dae tinh coa cic tham <o diau vio QAR o trade OFA. Bo
tén kKhueeh dai quang PA (Pre-Amplifier) duoe su dung trong OAR thuong 13 bo
EDEA ¢o nhicu rin thap vic khudeh dad cao. Day 1 s khic nhau ding chd v khi so v
bo khecch dai cong sudt quang BA vi né phai thu tin hicu rat v¢u vii bi mdéo sau khi

truven doc theo son gang.
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Hinh 840 So do xen OF A trong bo thu kel dai qrany

e phan tich b thu khueeh dai quang. ta cor QAR nha mat thiet bi hai phan mi
trong do cic thinh phan tin hicu va nhicu coa khuech dai quang viv ba thu quang ¢o
trong tac vanr nhawe Vi bo OFA duge dit orude bo thu quang OR (Optical Receivery, nd
thu cong suat tin hieu quang £t dao vao cua bo tha khuéeh dai quang. vi bo thu

quang p-i-n s¢ thu cong sudt tin hiéo quang £ dén W dau ra OFA tar diu vao bo thu
b b - 1 L= - -
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p-i-n. N da trinh bay o cic chuong 4 vé cic tham s6 dac tinh caa bo thu quang p-i-n,
st the hien el QAR ¢6 thd duae didn ti thong qua dac tinh cia OFA va bo thu quang.
Nhu vayv, so dé maw mo-dun co bin cia OAR ¢6 thé duoe minh hoa nhu trong hinh
BAL[37, 38]. Ta gia thi¢t bo thu quang duge dac trung boi cong suat diu vao P, hang
tan dicn B, nhid¢u nhiét N, nhiéu phich tin hicu - wrphdt N . nhiéu phich t phat - or
phat N . vi nhiéu lu'(_mg e N, Bo khuéch dai quang duoe mo ta ¢6 bing tan gquang
B khuceh dai G v hé 5o phitl xa tr pha N, Thong thutng thi ¢ mét bo loce quang /-
dugic dat o sau bo khuéeh dai quang d¢ Lhd]l hnl nhiéu phit xa ur phit duoe khuéch dai
ASE. Suy hao L gitta b khuéch dai quang vit bo thu quang trong OAR thuimg 1h rat
nho. Vin dé quan trong bay ¢ids 1 xde dinh cice thanh phan nhi¢u lugng ar vit nhién phich.

Pé phan tich nhiéu luong 1 cho ba thu khuech dai quang OAR. ta ¢6 the s dung
tinh chit théng k¢ trong tich séng qu e luong 1 theo nhu {37, 38, vi hily xem xét
qua trndy phit ra cic dign ui photo trong truong hop tin hiéu duge khuéeh dai véi do
khuéch dai G cia EDEFA. Nhu d3 thao luan & nhiéu cuong do (nhiéu dong photoy,
nhi¢u lugng 10 bao gém nhidu luong wrcua tin hi¢u duge khuéeh dai v nhiéu phit xa
phiit duge khuéch dui ASE. Nhur vay néu go1 L so ede mode ngang (mode duoe phan
cuch ctta bo kKhuéeh dai quang thi ¢6 thé viél r dong photo trung binh ciia nhiéu heong
tw cho ho thu khuéeh dai quang 1a:

f,.=0GI+ il (8-36)
o day / Ti dong photo tin hi¢u dién trung binh. /7, [ dong nhi¢u phit xa wr phait. Nhu
vav. cong sudt nhiéu luong 1w (hodce bicn doi nhiéu luong ) @, cta ba thu khuéch dai
quang dua trén nhido lugng a tin hiéu va nhicu luong 1o phit xa e phan 13 122]:

N, =2eBiGI +m i (8-37)

vol B, 1icbang tan dién cita bo thu, ¢ 12 dién tich dicn . O day da su dung diéu thure 1€

launhitg bien doi cong suit dien nhu 15 binh phuong caa dong [1, 8. 15].

i Khuéch dai quang! B& thu gquang

I ) —-_———I
I '

: P_,I F E Pc:ul L Pl‘ Be- N”-, R

1 1 Ngp. Nsu-s;'- !
: : !
] i | |
:‘ G.Bu Ny

Hinkk 841 Mo-dun co ban cria bo te giicng si dung khaceh dai guang

Trong b thu khuéeh dai quang, nhin chiung nhiéu nhiét (cling con goi 1a nhiéu
Johnson hoae nhiéu Nyquisty 12 nhiéu troi trong bo thu photodiode p-i-12. Vi vay, dong

nhiéu nhi¢t duge coi nhu 1a st thé hien el nhiéu bo thu trong OAR v duoc viet 1a;
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WTB .
,\ L= L R, ( H_‘.}x }
§ R,

I
& day &, 10 hang s6 Boltzman, T 1 nhiet do et doi, &, T dicn o6 an v B 1 bang tin
dicn (bang tin nhicu hi¢u dyung A cda ho thw. Ti nhidu ong duce khuyen nghi trong

G.OO3 TTUST [116]L ta e the vich tong cong sudl nhicu dién cua bo tich song L

Y
+ s ——

{834
R

N, =2eB G +m,;\|‘_)+ NN, L
Gday N ovin N wong g T cide cong sudt nhicu phdch tin éu - 1w phit va cong
suat nhiéu phich tr phat -ty phit; nhicu phin xa duee cot 1a i nho vic bo qua. Trong
bidu thire {8-39). cice thank phin nhicu lrong 1 vi nhicu nhict 1a hoian toan 16 rang.
Nhume nhidu phich tin higu - wphéit vis nhi¢u phich o phat - we phit T cde thanh philn
rat phie tap. Ching kKhong (hé sde dinh thong qua phuong phip phan tich luong (v ndy
duoc. Tinh todn chat ché cho mit do pho cong sudit thong gua Iy thuyv et tich song quang
luong wr T khong dé ding. Vice sie dinh cic v&u 10 ndy doi hot ¢o mot kien thie ve
mat do pho cong sudt trong khoang hang tin tich séng (0. B)) ctia nhi¢u phich wong
dng. Vithe, taed thé sit dung mot 1y thuyét goi [ bdn co dien |37 38]

B¢ xic dinh cde thanh phan cong sudt nhiéu phich. 1¥ thuy& bin ¢o dicn mo 1
rang dnh sing o diawn ra ba khuéeh dai quang duoe thue hién nhu F s xép chong cua
trudng tin hicu co didn v trudng nhicu dién vai cde bicn do xde dinh. vaonhicu ¢6 pha
nedu nhien. PE don eian cho vice phan tich. ta gia thiét rang cic hé s6 ghdp la bang 1.
do khneeh dai G cua b khuéeh dai quang 1 dong déu trén bang tan quang B, vivcong
sudt 1in hicu dau vio P 1ai 1an s6 o= 27 duge dit o tam bang tan B, Khi dé. két qua
thu dvoe ¢ho hai mat do pha cong sudt nhicu phach duge cho nhr L

Dot vai nhidu phich tin hiéu - ty phat:

(e )

o (f)=4
' N

. . |
PN v(G-1)G = 47 Gl (%-30)
! - )),; S
vitdong dang trong khoang tan <o (0. 8,/2).

Do vor nhiéu phich wy phin - o phat:

G, ,,,.,f'f}zz%‘_’-’fl—ﬁ\‘ (Bl
U

1
Vit gidm tuyén tinh vai tan s6 160 khi tri¢t téu tai f= B, Hinh 8.42 mo ta su thay doi

mat do cong suit nhiéu dién cta nhiéu phich tin hi¢u - tu phat v nhic¢u phach wr phat -
1 phat.
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dd phd chng sudl nhigl dién

4G, /B,

a

kA

B, i

Hinh 8 42 Cdc mar do pho cong sudi dién cua cde nhiéa phdich

Cihal mat do pho déu ton i véi f < B, vir bing khong khi £ > 8. Nhu vy, cic

cong suat nhicu phich 1ong rot vae bang tan dien 8 duoe vidt nhu sau:

\ B
Vo =0l =4 G, (8-42)

. )

Vil N, =0, =2—] | B —— J {(8-43)
Voi cic thanh phin nhicu nhu & trén, 10ng cic thanh phan cong suit nhicu dién bo

tach song ¢o the duge vier tr bicu thie (3-39) nhu L

! B\ 4LIB

B, — - 4 1nal (8-d4)

B B .
Now =20BAGE +md J+4=2GI T+ 20 ==
! | B B\ 2, R

i

1

Diy litong coa cic thinh phian nhiéu dién trong gui trinh tach séng khong bao
ham nhic¢u phan xa. Ta ¢6 the thity riang cdc thanh phan nhiéu luong e ang ty 1¢ vai do
Khuech dai GG et bo khuéeh dal, trong dé nhiéu luong nr tin hicu tv 1¢ vt tin hidu duoc
khuéch dai va nhidu luong w0 wr phit 1a men hing so. Nhi¢u phich tin hiéu - w phat va
nhi¢u phiich wr phat -ty phit Ling ty 1¢ v6i binh phuong khuéch dan ;.0 Nhu viy ching
¢6 thé (rg thanh Ién khi do khuéch dai cia bo khuéch dai quang ting. Trong khi do
nhi¢u bo thu p-i-n [h mot hang s6. No khong phu thude vio ¢ do khuéch dan € vy tin
hiéo quang tan dau viio OAR.

D& xem xét cde thinh phin nhiéu mot cdch chi tiét, ching 167 thue hién tinh toin
mo phong cic thanh phan nhi¢u tai thiét bi thu quang st dung khuécl dat EDFA cho hé
thong 10 Gbit/s duoe the hien nhu & cifc hinh 8.43. 83 licu ding dé tinh todn nhue sau:
cong sudt tin higu dau vao 1a -28 dBm. buée séng tin hiéu la 1538 nm. hé sa nhiéu NF

bing 4 dB. bang tan quang 0.5 nm. bang tin dién 7.5 GHz. dien tro tai 50 Q. dong bo
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thu 10 1536 pA. Ciing trong cie kel qua mo phong nay. gid thict rang hicu suat lugng wr
N = |, cic he sa ghép dau vio vicdin ra caa EDFA = 1, = 1ovd sy hao quang gita
EDIFA v bo thu L= 0 dB. Vi ¢ie ket quat tinh wodn niy, ¢6 the thily rang cic diéu kién
khuceh dai thap vai G < 10 dB. nhiéu (ong chu v&u phu thuoce vio cie nhicu nhiét bo
thu (nhidu bo thuy va nhiéu phich tin hica - w phit. Trong khoang 10 < G < 20 dB, nhicu
tong van con phu thuoe vio cic nhicu phich tin higu - wr phit va nhiéu bo thu. Trong
Khoing 20 < G < 30 dB. nhicu 1ong chu yéu chi phu thuge vio nhi¢u phich tin hi¢u - ur
phit. Khi do khuéch dai G > 30 dB. nhidu (ong phu thude vio cic thanh phian nhicu
phich tin hicu - tu phat v phach t phdt - ae phat

10°

10 |
100 -

[ Nis Ny, e ’

—

W NH sp - —
1M L - -
1 L - ,

10 -

4 l !‘

gt —

s ..u’/’
0L
101~

o
0 [

Cdng suat nhiéu dign (pA)

e
10" L i i L 1 1 i 1
0 5 10 15 20 25 30 35 403 45

Khuéch dar G cha EDFA { aB}

Hinht 843 Cac thanh phan cong sudt phicn dicn cia 10 Ghitls OAR
vl B, =75 Ghitis, B, =05 mu NF =4 dB

P¢ xiie dinh 1y s un hicu trén nhiéo dien ¢SNR, trude hét ta bict ring tin hi¢u tai
diu viro bo thu photodiode p-i-n da duge bo thu khuéch dai quang nhan len . Mt
khac. cdc hé so ghép gitta OFA vivsol trayén dan. gitta OFA vicbo thu vie suy hao quang
aitia OFA vit ba thu nén duge xem xét. Nhu vy, sau tich song quang luit binh phueng,

cong sudlt tin hicu thu duge cta bo thu khuéeh dai quang duge vict L

s=(GrLan.Y (8-45)

o diav g, vio i

e wong g [ cie he so ghép dau vio v dau ra cua bo khuéch dai
quang. L [a suy hao giira bo khuéch dai quang v bo thu. / 1a dong photo tin hi¢u wong

an

duong tai diw vio bo khudch dai quang ¢é the duge dien gidi wong tng véi cde bit =1
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va 07 thu duoe nhue la £ 1) = 2RP pifr+1yva [ty = 2RPifr+1), v6i P la coOng suat tin
hi¢u trung binh tai dau vao bo khuéch dat quang, K I he 56 bién déi dong, va r 1a 1y so
phin biét. Cic thinh phin nhiéu di duoc phin tich 6 trén ciing bi anh huong tir ciic hé
sO ghép va suy hao L. Vi the. khi tinh todn thue 1€ can phai tinh ¢ cdc tham s6 nay

[123]]1124]. Nhu vay ¢é thé viet lai cho thanh ph.m nhiéu lugng 1r v cic nhiéu phiach
nhu sau [424:

N, =2eBn,, L{GIn,+mi) (8-46)
: B 2
N o= 45- T?,ﬂ,.mL (;l\!w (8-47)
B L ' B
N\;,____,h =2m -B— nm ! { B, ?‘J (8-48)

Trong trudmg hop ndy, nhiéu nhist khong chiu tic dong cta suy hao L vA cic hé
80 ghép & trén. NEu nhu nhiéu luong tir ¢6 thé bo qua vi né thuong rit nho nhu di thé
hien o hinh 8.43, vi gid thi¢t ring suy hao gitta bé khuéch dai quang va bo thu 14 0 dB
doi van OAR. cac hé s ghép diu vio vi dau ra bo khuéch dai i Ién nhat. Nhu Ay, o
the viet ty s6 tin hiéu trén nhiéuy di¢n eSNR cho bo thu khuéch dui quang

PJ
{).S\i"\}R - i - . (H‘-49)
B P 4kTB( hv \ P B
g0 R , ot e _4_.___!?’ '8_’ ?V — + 2,-_,3[ '_B_', "1_1___(8“ . J
Bn ! G R{. }](’(J’ BH_ G_ ' 2
30
25 |+
20 b B o ————— !_ ....................... —
15

A (Nhidu téi yu)
10

P, NF B, B,

Ty 1 tin h-éu trén nhidu dién ¢ dB)

A -31dBm 3dB 01nm 5GHz
0 B:-28dBm 4dB 0.5nm 7.5 GHz

Khong o C-31dBm 5dB 1nm 7.5 GHz
tién khuéch dai quang

0 5 t0 15 20 25 30 35 40
Khuéch dai G clia bé khuéch dai quang (dB}
Hinl 844 T¥ 56 1in hiéu trén nhiéu dién
i 3 b thie khwéch dai quang 10 Ghitls (37, 38]
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Hinh 8444 L ket gua tinh todn mé phong cho cie eSNR cta cie bo thu guang OAR
i (6e do 10 Ghiys. Cde gid 1l coa cde tham sa dac tinh cho e bo khueeh dan quang v
bo thu quang p-i-n bao g¢ém ci cic gid i 1y tuong (bo thu A) vi cie gid iy tiéu bicu (bo
thu B, €). Vi thé cde gid 1 ndy ¢ the duoe ding dé khao 16t cho cie bo thu OAR thue
t¢ Tir cac két qua tinh todn frong hinh nay. <6 the thay ring: 1v ~xo (i hiéu (rén nhiéu
dién ¢SNR tang tv I vai do khudeh dan cta bo khuéeh dai quang dudi ¢ché do khuéch
dai thap: bat dau ting cham khi do khuéeh dai tang trong khoang 15 < G < 30 dB.
Trong vang G 16n hon 30 dB. eSNR tién 161 gidgi han (rén ¢ SNR dn nhat viv tra nén

bao hoa.

8.5.3. Do nhay thu cua bo thu ¢d khuéch dai quang

o nhay thu cta cde hé theng thong tn quang mic khong ¢d cdc bo khueeh dai
quang di duoc thé hién 16t ¢ 16c o bit BER = 107, Trong khi d6 vi¢e xic dinh do nhay
thu ctia cdae hé thong st dung cde bo khuéch dai quang Furit kho. vi do nhay thu ¢ day
duoe xie dinh tai 1y 1¢ 101 bit nho (61 107 dén 107, Nhu dd bict 6 rang. sir dung cdc bo
khudeh dai quang T cic ha ién khuceh dal 13 deé cii thicn do nhay thu cua cde he
thong tich séng trie tip tin hicu. Dicu khong may 1, nhicu toi rong OAR 1a nhicu
bite xa tir phit duoe khuéch dai ASE lai thém vao voi nhiéu tong. am cho viée tinh todn
do nhay thu cing thém phiic tap. DA ¢6 mét s6 phuong phip bio cdo vé phan tich do
nhay thu ¢ia hé théng niy. nhung shin chung déu (a cdce phuong phip tinh odn rat
phite tap | 125, 126, 127]. viurdt kho ¢6 the dng dung duge trong thue (€. Ngoai ra trong
viee tinh todn ¢ia ho thuong phai ¢ cie diéu kién duoc sap dit trude.

bDé xae dinh duge chinh xidc do nhay thu coa OAR . hé thong cin duge nghién ciru
thod diang boi vi ¢o mot loat cie vin dé fien quan nhe sau. Cac bo thu khuéeh dai quang
thuomg thu cong sudt tin hieu quang rit nho tai bude séng ¢ vang 1550 nm not ma on
tai 1dn sdc soi [an. Cic ba thu ndy hoat dong ¢ 16¢ dd bit cao cho ety xa. Hon the nita.
nhicu troi nhu 1a nhiéu phich tin hiéu - ar phat luon xuat hién trong thict by, Tat ca cic
vED (G nay 1him giam cdc ty so Un hiéu trén nhi¢u SNR va lam suy y¢u dace tinh hé
théng. Vi viy. ngodi tin hi¢u vi cie thanh phan nhicu. méo dang song va giao thoa gita
cic kv o ISI do tdn sac van 16¢ nhém GVD va o diéu ¢h¢ pha SPM (Self-Phase
Modulation) cin duoe tinh dén. Ngoai ra. tich Iy nhicu trong cac hé thong ¢6 cie bo
khuéch dai quang mac néi chudi cling 1am giam chat luong ciia hé thong. Su suy giam
hé thong do hién tng trén bon bude song FWM va di¢u che pha chéo XPM (Cross
Phase Modulation) cling can duoe Tuu ¥ khi bo thu duge dat trong cic hé thong truyén
din WDM. Cic anh hudmg nay duoe chita dung trong tin hicu quang di té1 b thu,

Trong bo sich niy. ching toi st dung phuong phip ticp cim theo tinh xap xi
Gaussian don gidn thong qua viée phan tich ¢ tinh 6 nhicu wyén 1inh W bie xa w

phiit duoce khuéeh dai, méo dang séng va I1SI nhu dé cap & trén [37. 38]. Vi the, do nhay
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thu dugc xde dinh mot cich chinh xdc cho ty s6 16 bit BER rit thap nhu da aidi thiéu
trong | 124]. D¢ xde dinh d6 nhay thu cho bo thu khucch dai quang. a dua trén quan hé
gitta BER va h¢ <6 Q. Phuong phdp chinh xdc o day dé xic dinh mai quan h¢ gitta do
nhay thu vi h¢ 6 Q [ sir dung mach quyét dinh dé do mau rao hinh mat o maol bit trong
chum x¢. Dicu nay ¢o nghia rang cic dong photo trong dng v6i cic bit "1" viy "Q" duge
[ay trung binh trén tong ciic bit. Bang cich déi s nhie vay. do nhay thu cia OAR ¢6 thé
duoc phan tich mot cich 18 ring & bat k¥ tée do bit nao vi ty 6 161 bit nédo trong cic hé
thong théng tin duge khugch dai quang. N6 cang phit hop cho cdc ing dung hé thong
khuéch dat quang, dic biét 1a cho céc h¢ thong su dung EDFA.

Gia thiet rang thiét bi phdt quang sir dung laser ban din dan mode duoc didu bicn
cuong do va hoat dong tai viing buée séng 1550 nm. Dang song tin hién quang dén bo
thu duoe mo ta nhu 1a mot chum xung lién tuc gom N bit, vi & dang ma (NRZ: Non-
Retum-to-Zero). Nhu vy Pfry L cong suit quang thu ducc tai dau vio bo thu OAR.

nhu L miet chudi xung sé nhi phan dén cé thé duge mé ta nhnr |8} la:
Piri= 3 b (t=4kT,) (8-50)
Lo

o diy 1, 1 mot tham s6 bicn do thé hien ky tu tin én thi 4. né ay cde gid tri nhi phim
VA 0" T, = 1/B mi trong d6 B 1 (8¢ d6 bit. duge goi la khe thei gian, Sau tdch séng
va loc tai bo thu. tin hicu dién sé duoc Iy mau tai ting kKhoang 7, mot cdch déu dan, va
cde thoi gian 1ay mau dige cich nhau bang T, (7 = 1,,, -1 0,2, t, - (N - 1T,

i) lcdang xung thu duge va duong véi moi £, va duge chuan hod nhu’ la:

[ it3de = N, (8-51)

Trong trudmg hop nay. sau tich song va loc, tin hi¢u dién duge iy mau tai cdc

khoing T, déu dan, va dong thu duge tir chudi ctia cde min dong la:

i =1,(1, — kT, | (8-52)

o dity /, la dong photo duoe phdt ra tir bo tich song duoe mo ta trong chuong 4.

Cic bién doi nhiéu duge viét nhu T
G, =0(1, — kT ) (8-33)

Trong trudng hop nay, cic nhiéu phich ¢é thé duoce lay xdp x1 bang tinh thong ké
Gaussian. Ty ¢ 16i bit BER thu duge bing ciich 1dy trung binh BER cua tit cd ty 1@ 160
bit cia timg khe thoi gian 1y miu 7= +,,. Vi thé, ta ¢6 thé thu duge BER nhu sau [42, 124]:
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N L (i F | (-
BER = —[ S m-p{* 7M | \J ;

& day, s6 hang dau tién thé hién 1d mot xic suat ¢6 dicu kien dé mach quyét dinh dién
tich nhim bit "1™ duge 14y trung binh trén N hit khi bit "0 thu duoc o dau vio, vi duge
goi 12 P(HO). S6 hang thit hai 12 xidc sudt ¢6 diéu kién dé mach quyét dinh dién tich
nham bit "0" duoc {ay trung binh trén N bit khi bit "1 thu duge o dau vao, viv duge gol
(3 PO/1). 4, 1 mue ngudng tai mach quyét dinh. Twong e nhu trong chuong 4. ta ¢é the
vict BER nhu saw:

] AS l )I_’
BER=—— —-—m‘p{ —-Q’ } {8-35}
N2Inm S U, L2

hl ~ b _'; " ir = E
'rong truong hop ndy, @, = 22— duge cho trong £, = "1" 1 tuong duong vaoi
[
. [ — .. PR s . ~ 2 :
O, =—2 vdi 1, = "0" tuy thude vao mic ngudng duge chon /,, d¢ cho BER nho
o,

A

nhit. Vi viy hé s6 Q, ¢6 thé duoce viét T

T 'r-IJ.!'-
Q= (8-56)
UI i + Gli,}-

Dong photo thu duge trong cic phuong trinh nay duge thay the wr cic dong photo
ng véi cic bit "17 va "0, vit cdc thanh phan nhicu ciing duge tinh wong tu theo
[42. 124]. Khi d6 ty s6 tin hiéu trén nhiéu dién eSNR( dB) = t0logiQ’) hodc 20log(Q)
I duoe ding cho thue t€ ring 3 dB ting trong hé 56 Q dé duy tri kién dinh véi nhiéu
tuy¢n tinh tr ASE.

Hinh 8.45 [ két qua tinh todan 1y thuyét va thue nghiem do nhay thu quang cua
OAR cho hé thong 10 Gbit/s ma chiing 161 thu duge tai ty 56 161 bit BER = 101738, 124].

Tir két qua hinh 8.45 ta nhan thay ring do nhay thu di do duge cii thién ty 1¢ v
cac gid tri khuéch dai thilp, r61 giam dan dén trong ving khuéch dai khoang 25 dB. Tai
G bang 30 va 32 dB. hai gii tri do nhay thu déu bang -31.5 dBm. Dié¢u niy khing dinh
¢6 mot mite nén do nhay thu khi G > 30 dB. Sy khic nhau gifta 1¥ thuyét va két qua
thuc nghiém & day 1a 0.6 dB di khang dinh phuong phdp tinh todn xic dinh do nhay thu
[a rit chinh xdc.
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Hinh 8 45: Kér qud thiee nghiom doé nhay thi cia 10 Ghitis OAR {38, 124]

8.5.4. Cau hinh h¢ thong st dung khuéch dai quang

Trong phan nay. ching 61 gidi thi¢u viée xde dinh cau hinh hé¢ thong thong tin
quang su dung khuéch dai quang. Nhu di biét ring khi lip xen cdc bo khudch dai quang
vao e thong thong tin quang. dic tinh cia toin hé 1théng <@ thay doi rit 1én, v viée
tinh todn xie dinh ciu hinh h¢ thong trong thue 1én 1rd nén hét sic phuc tap. Nhue vy
lam thé ndo de dua ra duoe i hinh phi hop trong cdc ting dung kKhie nhau,

Thé he thi o cha ¢ic hé thong teuvén dan quang di bat dau vio nam 1995 khi ma
cie he thong s dung khuéch dai quang duge thwong mai hod. Nhing tng dung cha ky
thuat khuéch dai quang tré nén cian thiét trong hai nam cuéi the ky 20. v x& khong thé
thieu duge trong hiu hét cice hé thong théng tin twong lai. Thue swee EDFA xuat hien d3
lam thay doi co ban trong thict k¢ va lap dan cic h¢ thong thong tin quang. Thiét ké t6i
tru trong he thong va tuyén thong tin ¢6 thé cho phép gidam diing ké dau twr vi thu duoc
tuy€n truyén dan ¢é hi¢u qua. Tuy nhien. thid k& 161 uu tuyén cé khuech dat quang I
rit Khé vi ¢é nhidu nhitng khia canh ¢d lien quan can phai gidi quyvét. DE nghién ctu
Vi d¢ nity. ta ¢6 the dp dung phuong phip 1i&p cin trong [3X, 124, 28] nhu sau. T
it hinh cua bé thu khuéch dai quang OAR . tie 13 ta di xét cho frucnmg hop hé thong sa
dung tién khudeh dai PAL suy hao quang L gita bo khuéeh dai quang va bo thu p-i-u
£Om ¢ suy hao hiéu sudt ghép din ra duge gid thidt [ khic 0 dB. Nhur vav, ti co cic
loai ciu hinh he thong véi ciie bo khuéch dai quang duoe dit bt Ky uén tuyén truyen dan.

Vai phuong phdp gidi quvét van dé nhu & tén, truée hél ta xem xét truong hop hé
thong ¢ mot bo khuéeh dai dudng truyén, bo thu quang ¢6 thé duge dat & bit kv noi
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nao do tuy thude vio thict kK¢ wyén. Né mdt cdach khiae, cie cong suat quang thu duoce
¢6 thé bi thay doi tai dau vao bo thu p-i-n hoic khuéch dai GG cita EDFA ¢4 the duoce
chon khiac nhau. K&t cuc [ dic tinh BER bi thay déi. D¢ thu duoe dac tinh mong mudn
cia tuvén, can phai thiét k¢ he thang co G pht hop véi cong sudt dau vio bo thu. Hinh
846 mo phong cde dac tinh BER cho tuyén ¢é mot bo khuéeh dai dutmg truven. KEt
qua ndy cho phép xde dinh vi tri cia EDFA duong truyén vi bo thu quang treén tuycn
truyén dan khi bi¢t duge suy hao quang cua ot truyén dan. Cong swit tn hica dau vio
EDFA déng vai rd quan trong nhit dé kéo dai cu ly cta tuyén. Li¢n dac tinh BER ¢
thod min cide yéo cau caa hé thong hay khong 1a phu thuoe nhicu vio cong suat tin hicu
quang i dau vio EDFAL Tuy nhién. dac tinh BER giam khi cu ly Ging. Thnh 8.46 chi
ra dac tinhh BER phuy thude vao cur ly gita EDEFA va bd thu quang. N6 duoc tinh todn cho
khuceh din G cia ERDFA 10 20 dB. Gie gid tri ctia tham sé hé thong duoe cho Ta: hiing tin
quimg B, bing 0.5 nmi, hé s6 nhice NF = 4 dB, bang tan dien B, bing 7.5 GHz, tai bo tho
50002, Suy hao quang cta soi don mode Héw chudn 100,25 dB/kim ké ca suy hao han néi.
Tin sic soi trong cic trudong hop ndy duce gia thi¢t [ biang O vty o phan biét du ién

di bo qua dén bl cong sual.

E

-15 ’-

-16 1 1 1 ] 1
0 20 40 B0 8G 100 120

o by truyén dén {kmj
Hinh 8 46 BER cria he théng o6 kel dai quang 10 Ghitis plne thuoe vao e by {129]

Bay git. ta hiy sem xét hé thang s dung cic bo Khuéeh dat qiang mac chudi. Ve
mat 1y thuy¢t, cu ly truyén dan cat dai ¢é thé thue hién duge bing cich xen cic bo
khuéch dai quang dutng truyén cich nhau déu dan trong tuyén truyén din quang. Tuy
nhién, khi ¢é nhiéu bo khuéch dai duge mic chudi trén tuvén, chit luong hé thong s& b

aiam do ¢é su tich luy nhicu, si phu thuee cia phd vio khuéch dai tong, cie anh huong
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philn cue v tin sae soi. v ede hicu Gog phi tuy@n. Nhin chung, viée thidt k¢ cic (yén
¢ nhico EDFA mac chuoi s& khic ril nhiéu so véi trudng hop chi ¢d mét hoidc mat vin
bo khucch dai mac chudi, v rit phite tap. Bit k¥ su thay doi yéu 16 nao cimg ¢ the lam
thay doi didng ké 1oan bo hé thong. Dac biet. khuéch dai tong cua chudi cie bo khuéch
dai dudng truyén thuong 1 nho 1én i mat viing bude séng nio do tuy thuoe vao ciu

hinh bo khuéch dat di xac dinh.

P EDFA-1 EDFA-D EDFA-3 FFA-N P,

-

Hinh 8 47: Caut hinh cdie bo kluech dai EDEFA pie clinor

D¢ gidi quyet trong trudmg hop niy. phuone phip Gep can cho h¢ thang duoe dién
ta nhu sau [ 12910 T ciu hinh coa bo thu khuéeh dai quang OAR, cu Iv giita ho khudch
dar va bo thu duge thay the bang chudi cice ba khuceh dai quang. Nhu vy, suy hao
quang gitta bo tién khuéeh dai quang vi bo thu p-i-n £ su 1dng hop khudeh dai cia cic
bé khuceh dai va cde suy hao gita chung. Hinh 8.47 mo t cin hinh ctia tuven véi cic
bo Khuceh dai mace chudi. Cau hinh ndy bao gém bo phit quang Ty ¢d cong suat dau ra
£ bo thu p-i-n Ry ¢6 do nhay thu £, vit N cie bo khucch dai quang r 1 dén . Bo
khuéch dai quang thit # duge dimg nhu [ bo tién khoéeh dai quang. Cie cong su
guang tai dau vao cde bo Khuéch dai quang 1P G =1.2.3.. . m). D¢ don a1an cho viée
tinh todn. ta gia thiet ring bing tan quang B, cua bo loe I tai cie bo khudeh dai i cung

gid . Khoéeh dai tong (7 v suy hao tong L coa hé thong duoc vict 1 | 129]:

G=]c wr=T]L (8-57)
I s |
o day G, T do khuech dai coa bo Khuceh dai thi 7 va £, 12 suy hao quang ciua do dai
doan truyén dan tha 4.
Cong sudit biie xa tir phit ong P, duoc cho nhu sau:

N N
T Y
|

P = i’nn.\f{ : H(f 1 HL; J (B-5%)
C el FANEE

o diy £, Lcong suat hic xactu phit cta bo khudch dai quang thi | vi duoe cho [

Puw =20vN (G —1)B, (%-59)
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O day /iy 1a nang lugng photon, N, vit B, tuong tng la hé so bie xa tw phit vi
bang 1an quang cta bd khuéceh dai tha /. Khi cic b khuéch dai 1y cling loai vy khuéch
dai cua tung bo khuéeh dai duoe bl chinh xde véi suy hao caa doan sau né. tong cua
khuech dai vl suy hao s& bang do kKhucch dai coa mot bo khuéeh dai (hay bé tién

Khucch dat quang). va Py, = N2IN v G-1)B,. O day N, G, va B, tuong (g [ hé 56

bite xa i phat, do khuéeh dai, v bang tan quang cia mot bo khudeh dai.

-18
-20F <20 dBim
ook -22 dBm
5 -24 P. = -25 0Bm
= !
o 26}
= i
n ;
3 -8 /
£z . BER =10 -
z -30r B.= 0.5 nm
£ sk G=20uB
. NF = 4.5 dB
e _ B.= 7 5 GHz
34 / R, -850
-36 1 L 1 L i 1 L
0 5 10 15 20 25 30 35 a0

S6 cic bo EDFA
Hinh 8 48: Do nhay thi cita 10 Ghitls OAR trong hé thone EDFA mde chioi

Hinh 8.48 chi ra d6 nhay thu cta 10 Gbit/s OAR phu thude vio s6 cie bo khuéch
dai duong truyén duge ding vai cong suit diu vio bo kKhuéeh dai £, nhu L mot tham
0. DE don gidn cho viee mo phong. ta gid thiét riing todn bd cic bo EDFA duoe dung
trong tuyén li nhu nhan, viidg khucch dai caa EDFA bl chinh xidc viio suy hao gidia hai
bo EDFA. Phuong phap tiép can o day dua theo tinh todn dén bl cong suat. K&t quii cho
thay do nthay thu phu thude nhidu viio mic cong sudt dau vao tai EDFA. So cic EDFA
duoc dang (hoac cu ty) duge ting 1én khi cong suat dau vio EDFA tang. Cic dudng
cong trong hinh 8.4% duge mo phong twong dng véi 3 nuic cua cong suil dau vio -20).
=22, va =25 dBm tai bude song 1548 nm. Khi cong sudt dau vio EDFA bing vai cong
suat dau ra bo phdt duge gia thiét 1-2 dBm. s6 cic bo EDFA duoce ding [6n nhiat ¢6 thé
Ia 2305 bo. Tuy nhién. ¢ day ta cling bo gua cic anh huong cua tin sae, cic hidu g
phi tuyén.

Tich luy nhicu trong hé théng EDFA duge mic chudi s& lam giam dac tinh BER.
Khi s6 cic by EDFA duoc dung (hodc cur ly) tang lén, dac tinh BER s¢ gidm. Hinh 8.49
mo phong dac tinh BER phu thuge vio cy v, Cic duong cong duoc tinh 10dn cho cong

sudt tin hi¢o dau vao P i -25 dBm mia khong ¢6 tin sic. N6 chi ra riang dic tinh BER
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duoe cai thi¢n khi khuéch dai ting v h¢ so nhidu giam. Suy hao soi gom ca him néi 1
0.25 dB/km s€ din 16i do dai gitra hai EDFA 12 80 km v 120 km tng véi do khuéch dai
0 dB va 30 dB trong img. Vi BER cho trude. cu ly tuyén dii hon ¢4 1hé dat duoe khi
st dung cie bo khuéch dai EDFA ¢6 nhiéu thap vi khudceh dai cao. Didu ny wong img
vl cic EDFA co NF = 3 dB vi G = 30 dB cho trong hinh 8.49 13 dudong cong 161 nhit.

Trong khi do dutng cong toi nhat tuong img véi NF =55 dB va G = 20 dB.

a1 G - 2048
sl NF =55 dB

-9 ¢ G=20dB
10} NF:4dB‘I

Log {BER}
o

- : rom 1544 53 nm
- B, =05 nmm

; B, = 7.5 GHz
GC=30dB R =401}
NF = 4 dB R -

1

sy = 0,25 dBfAkm

-

s
/ G = 3udB
o NF - 5.5dR

L " L

400 600 ang 1000 1200 1400 1600 1800 2000

4 N T T

s | : G-204dB G=30d8

$& cac 0d EDFA

Cu ly truyén dan (k)

Hinh 8 49 BER va 56 cde bo EDFA mde chuéi phi thude vao o v
ciia tiven vuvén dan 10 Ghitis 124, 129)

Trong thyc (€. ciic tuyén truyén din ¢o EDFA duge mic chudi thudmg ¢é ciau hinh
rdt phide tap. Do dai gifa cde bo EDFA thuong 1a khong nhu nhau. Cic do dai khde
nhau trong tuyén truyén dan ¢ thé dan 6 sy thay doy diang ke vé cu v viu s cde bo
EDFA. Nhu vay. trong cic tuyén trayén dan quang thue (&, do khidch quan ma cie vi ui
lap dat cic thiét bi EDFA khong déu nhau s¢ 1am cho vice tinh todn thiét k&€ ciu hinh

tuyen con phuc tap hon rat nhiéu, va can phai co giai phip pht hop.



Chuong 9

KY THUAT BO TAN SAC

Nhu dd dé cap trong chuong 2, sgi quang don mode ¢6 gid tri suy hao nho nhat tai
bude séng ean 1550 nm trong ba et sd suy hao soi quang hién dang st dung. Tuy nhién
tan vung bude séng 1550 nm lai ton ta giid i tin sae rat ldn Khoang e 16 + 20 ps/nm.km.
Hon niia, trong cic he thong thong tin quang hi¢n i vie nhai 1 trong 1thai gian (i, cde
bo khuech dar quang sei pha tap Erbium EDFA SE duoc st dung ngdy mot nhidu th tin
sae soi quang lai cang tro thiuh vin dé vo cling quan trong trong vice xay dung cde hé
thong thong tin quang. Ro rang fa kKhi suy hao soi dd dudc @idl quyel bang cic bo
khueeh dai quang thi tin sac trg thinh mai quan 1am hang dau vi no e thanh véu to
chu yéu nhit giéi han e do va cur ly truyén dan. Co thé 1thiy ring «ic hé thong thong
tin quang soi da bat diu chuyén sang giai doan mét, giai doan bi chi phéi do tin sic
nhicu hon L suy hao soi. Trong mot vaid tedng hop. cice bo khuéeh dai quang gidi quydt
vim deé suy hao: nhung ciing chinh Tae nay do vin dé tan sic (/0 nén 16i 1@ hon ma lam
cho hé theng khong the duy tii duge trang thai tin hicu goc di cho da duoe khuéeh dai.
Tir do. su suy giam tin hicu do tin sac duoe tich luy gua nhiéu bé khuech dai gquang.
Nt vy, van dé can thi nhit hicn nay [01Am the ndo dé bu duoe tin sic. [am gidm gid
tri tin sic de ta lai dang tin hicu gée (e phia phat. Trén thire ¢ cde k¥ thuat bi tin sic
dii duge nghién ctiu trong nhimg nam 1990, v phat tricn manh trong vai nam gin day
did mang Lai nhicéu k&t qua haa hen. Trong chuong nay. ching i mudn giéi thicu mot

so nhitng ket qua nghién edu vé tin sic vi nhing thanh wu thu duge trong thue 1€

9.1. ANH HUONG CUA TAN SAC PEN HE THONG TRUYEN DAN SO1 QUANG

Trong chuong 2, chiang ta did ¢ dip xem xét 161 anh hiong cia 1dn sie lam han
che ning lue truyén dan coa hé thong, Qua dé ¢d the thay rang anh hudng ¢l tan sace
vin 16e nhém GV ¢d the duge giam nho 161 thidu bimg viee si dung cic nguon phit
faser bian dian <6 do rong pho hep viv ¢é bude sdng gin v bude séng ¢o Gin sac bang
Khong /Z,,, cua so1 quang. Tuy nhién, vin dé niy khong phii lic nio cing thue hién
duoe trong thue 180 va vide 1o ra duoe cic Taser ¢6 bude sang A, 13 khong dé dang.
Trong ciac he thong thong tin quang he he thit ba co bude song tai vimg 1550 nm sur
dung loar nguon phirt laser DFB. day 1 cic he thong dang dugc kha thie phé bién trén

thé gidi. Tham s6 tin sie sgi D cta he thong naty vio khoing 17 ps/kninm vi did han
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ch& ding ke dac tinh hé thong khi ma t6e do bit vuot qua 2.5 Ghit/s. Déi vai cic he

thong dicu ché true tiép faser DEB thi cu ly truyven daan £ bi gidi han bang biéu thite sau:
L= e — (9-1)

¢ diay B L toe do bit truyen dan caa hé théng. o; 1 d¢ rong phd RMS ¢o gid i tiéu
bi¢u viio khoang 0.15 mm do ¢6 sir ddn pho sinh ra tir chirp tin so. Néu nhur gid tri thain
8O Gin sac £ = 17 ps/kmanm thi i biéu thie (9-1). cu ly truvén dan 101 da chi ¢d thé dat
duge L = 39 km cho tac dg bit 2.5 Ghit/s. vir rong thare (& thi khodng lap eling thudng 1a
nhu vay. Khi do rong @ vio khoang 0.1 nm thi ey ly duoce cai thién khoanng 62 k., vi
néu nhit cu ly 1 ¢6 dinh cho cde khoang cich teén thue 1€ gidia hai dicm nhu viy thi ta
khong thé ning cip 10e do cao hon 2.5 Gbit/s.

.

Nang lue hé thong ¢o thé duge cai thién ding k¢ khi su dung diéu ¢hé ngodi, va
trong trudng hop nay ¢d 1hé trinh duoce s gidn pho do chirp tin <6 gdy ra. K§ thuit
dicu ¢hé ngoii hién nay di duoc thueng mai trén thue 1€, ¢dce thiét bi phit quang di ¢é
cau trie o hop ca laser DFB v bo di¢u ¢hé ngoii thanh mat thiét bi don khai. Cu Iy
truyen dan khi do phu thudce vio tham sé van toc nhém B vic duoe giGi han nhue sau:

I
LL——r (9-2)

_16;[5_,183

NéEu nhu tham s6 B2 ¢6 gid ti liéu bidu bing -20 ps/km (ui bude sdong gin
1550 nm thi cu Iy 16n nhat vio khoang 500 km tai tée d6 bit 2.5 Ghit/s. Mic di cu ly
truyén dan dii duge cdi thién ding ké so vai truong hop dicu ché true 1ép laser DFB.
nhung sir haa ¢hé hé thong do tin sae gay ra van 1 moi quan tam khi hé thang ¢o s
dung khuéeh dai quang duong truyén LA Hon the niia, khi mi té¢ do bit tang cao hon.
chang han t6i 10 Gbit/s don kénh thi cu ly truyén dan do GV gay ra chi con khoang
30 km. Véi khoang 1ap ngian nhu vay thi ¢o st dung cie bo khudch dai quang cling
khong giai quyél duge viin dé gi. Bing ching ¢ day cho thily rang gid i GVD cia soi
dom maode kha [6n da gidi han nghigm trong chit luong cua hé thong 1.55 wm duge thiét
ke cho cde mang thong tin quang toc do 10 Ghit/s tra 1én.

Cian day nguoi ta dd nghién aitu cac k§ theat ba tdin sic nhiam gial quy¢t vin dé
thire tién ndy. Y wong cua cie k§ thuat nay khd don gian va ¢ thé duoe hidu thong gua
viee phian tich phuong trinh wruyén dian xung di mo ti trong chuong 1 nhu sau:

A 1. A

dA
- + - Al
os 20

- —=0 G-3)
a6 (
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o day A la bien do duong buo xung. Anh huémg cta tin sic bic ba duoc 1hé hién bing
so hang /3. Trong thue 1€, 56 hang niy nhicu khi duge bo qua khi ma [B.] vuor quid T ps~/km.
Bicu thire (9-3) ¢6 the duge gidi tya nhu & thire hign tong chuong 2. va 101 giai ¢6 duoe

nhur bicu thite (2-132). Trong trudng hop riéng biét mi 4. = 0 thi o giai nhu saus

Lo oo / Lo
Azii=— 1 AMO.0)exp| = B.ow —iwr Ldow {9-4)
n 20 /
o day A0, @) 12 dang khai trién Fourrier ¢t A1),

St xuong ¢ap tin hicu quang do tin sic gy ra 1 do thimh phin pha expti Sz ari2).
thu duge bai cdc thanh phian pho cta xung khi lan trayvén trong soi quang. Tal ¢d cic ky
thudt bu tin sic déu ¢o ging loai o v&u 16 pha nay dé cho tin hi¢u diau vio ¢6 thé duge
hoan tro fai. Qui trinh thue hién ¢o the duoe tidn hinh tai thict bi thu, thiét bi phat hay

doc theo tuven cip soi quang.

9.2. KY THUAT BU SAU

K¥ thudt ba sau I mot ky thuat dién ¢d thé duge sie dung dé bt tdn sdc van toc
uhom GVD o trong bo thu quang. K§ thudt nly dya trén nguyeén tac tiép can nhu sau:
Mac dotin higu quang dd bi suy gian do GVD gay ra. nhung neudi G ¢6 the can bing
ciae anh huong clia tan sic bang phutong phaip dicn néu nhu soi quang déng vai trd nhu
mot he thong tuvén tinh. Néu nhu bo thu quang heterodvne Coherent mi duoc ding dé
tich tin hicu thi vice bo tin sic 1 wong doi dé dang. Dicu niy ¢6 the hicu duge thang
qua vice phan tich thé hién & chuong 6. Bo thu hetrodvne trude hét bién doi tin hicu
quang thimh tin hi¢u vi ba tai trung tan w,, rong khi vin bio 10an ci thong tin vé bién
do varpha. Bo loc bing thong cia dip g xung duge chi phai bai him chuyén doi sau day:

y 2o L -

Hiwi=cxp| —i{w—-w, ) ﬁ_,_7 (9-5)

0 day L 1add dai tuyen sei quang. bo loc can hoin tri lai duoc dang tin hicu gde tir tin
hicu tho duge. Bay T kg thoat thue & nhat doi véi bin tin sac trong he théng thong tin
quang Coherent. Nhur da dé cap rong chuong 6. viée su dung bo thu Coherent 1 khong
thue 1€, Bo loe can bing tin sic bang dién dai vai bo thu tich song true tép thi lai thue
t¢ hon nhicu. Mach dign tayén tinh s¢ khong thé bl tdn sic vin t6¢ nhém GVD rong
truong hop niy duge. Van dé dat ra trong thue (€ 13 toan bo cic thong tin vé pha & bi
mat trong qua trinh thu trye 1ép vi bo tich song quang chi dip tng voi cuong Jdo guang
ma thoi. Nhu vy, s¢ khong ¢6 k¥ thuat ¢can bing tuvén tinh nio ¢6 1hé khoi phue duoce

tin hicu von trai rong ra ngodi khe bit da dinh. Tuy nhién, ¢é mon vai k¥ thuat can bang
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phi tuyén di duge nghién ciu. cic ky thudt nay cho phép khai phue tin hiéu bi xudng
cdp. Trwde hét phii k¢ dén mot phuong phip dp dung ngudng quyét dinh, ngudng niy
dd duge giiv ¢ dinh 1ai tim coa so dd hinh mat. né duoe thay déi Wi thuoe vio cdc bit
ding trude. Trong maot phuong phip khic. ngusi 1a quyét dinh bit di cho sau khi Kiém
tra dang xong analog trén mot khoang ahicu bit xung quanh bit ¢in gidi quyét. Cidi kha
cht yéu doi vaéi tit ca cie ky thuit nay 1 ching yéu cau cde mach logic dién phai hoat
dong tai to¢ do bit va ¢é tinh phie tap tang theo ham mi véi sé bit md rén d6 xung
quang bi din do su ddn xung tir GVD. Nhu vay, ohin chung giai phip can bang dién chi
dung cho cic h¢ thong ¢6 tae do bit thap va cu by truyén dan chi Khoang vai do dii tdn séc.

Ngoai ra con ¢6 mot ky thudt can bang quang dién khic nita, k¥ thuat ndy dua vao
bo toe ngang. Trong k¥ thudt ndy, bo chia cong sudl tai thiét bi thu quang thue hién chia
tin hicu thu duoce thanh vii nhianh. Cie dudng day tré bing soi quang duge ding trong
k¥ thudt niy € tao ra cae gid tri ué thay doi trong cde nhinh khic nhau. Tin hi¢u quang
trong méi mot nhinh duge bién doi thinh dong photo nhis ede bo tich song gquang ¢d do
nhay thu bién doi, viu dong photo téng s& duge mach quvél dinh xit Iv. K¥ thuit nay ¢o
thé ma rong cu ly truyén dan 1ang 3 lin tai tae do bit 5 Gbits.

9.3. KY THUAT BU TRUGC

K¥ thudt bit tén sac trude 1 mot ky thuat d@p dung phuong phiip Gep can trén co so
stra déi cde dac tinh cha cde xung tin hiéu dau vao tai thiét bi phat quang trude khi tin
higu nay duoe phdt vao toyén truyén dan. Y wéng cot 160 cla phuong phip nay xual
phiit 1ir bicu thic (9-4). N6 gin véi viée thay doi bién do pho /31({1 @} cua xung tin hiéu
dau vao. Nhu vy, su xuéng cap tin hiéu do tin sic van 16c nhém GVD gay ra ¢ duoc
han ché. hoiic it ra cling bi giam 16 nuie 161 thieu. Tuy nhién, giai phip cu thé dé thuce
hi¢n theo y tuong nay cho tdi nay [a khong dé ding vi viée tinh todn d& b chinh xde
cho GVD la riit phic tap. Chinh vi the, qua viée nghién cdu vé k¥ thuat nity. hién tai cé
maot cdch tcp ¢in khic don giin hon, dé 1a ngudi ta chi dong cho xung tin hiéu diu vao
bi chirp hop 1¥ sao cho ¢d the¢ gidm 61 thiéu sy din xung do GVD giy ra. Ta hiy khao
sidt giu phdp nay.

9.3.1. K¥ thuat bu chirp

Ky thudt bu chirp la mét ki thuit khid hiap dan va di duoc dp dung rong rii. Vi
chirp tan s6 duge dp dung tai thiét bi phit trude khi phit tin hiéu xung vio tuyén truyén
dan cho nén k¥ thuat niy con duge goi 13 k¥ thuat chirp tiede (Pre-chirp). Céach don
gian dé hiéu vai tro cha chirp trude 13 dua trén 1y thuyé vé sur lan truyén tin hiéu xung
bt chirp di duoc phan tich trong chuong 2. Trong trugng hop niy, bién do tin hiéu diu
vio ¢é the duoe viél nhu sau:
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1 +iC [ 1
2\

A ((.}. 1)=A, exp| — (9-6)
trong d6 C la tham s6 chirp. Khi ma € ¢6 gid tri sao cho f.C < 0 thi xung dau vao duoc
nén trong soi ¢6 tin sac. Nhu vy, néu nhu xung duoc chirp mot cich phit hop thi né ¢é
thé lan truyén trén mot cu ly rit dai trude khi bi din ra ngoai vi tri khe bit ctia né. Ta ¢6
thé xem xét mot cach dinh tinh su cai thién tin hiéu trong truong hop nay khi ¢6 thé
chap nhan su dan xung véi hé s6 biang J2 S dung bi¢u thic (2-134) v6i T, / T, =2 |

khi do cu ly truyén dan ¢6 thé tinh nhu sau:

L:C+\/i—+2C:L

- , (9-7)
|+ C* ’

oday L, =T;/|B,

la do dai tan sac. Doi voi cdc xung khong bi chirp. C=0vaL =1L,
Tuy nhién, L tang dén 36,6 % khi C = -1. Trong thuc € su cdi thi¢n 16n nhat khi dat

duoc 16i 6 khi C = -1/4/2 . Cic dac tinh nay minh hoa ré rang rang ky thuat chirp
trude doi hoi tinh t6i vu can than. Nga

=

gay cia dang xung it khi & dang Gaussian trong thuc
t¢, thi k¥ thuat chirp trude ciing ¢6 the lam tang cu ly truyén dan véi hé so bang 2 khi
ap dung 1ot ky thudat nay.

1 -

. 20 bs"lf.dw

20 ps/di
Sau 40 km vai chirp C = -1 pee Sau 40 km vdi chirp C = 1

S S S S—

Hinh 9.1: Cdc mau tin hi¢u hinh mdt 10 Ghitls sau 40 km soi G.652

Ky thuat chirp trude da duge xem xét tir nhimg nam 1980 khi sir dung cic laser
dicu ché truc tiep. Tuy nhién, di¢u khong may la tham so chirp C lai ¢6 gid tri duong
doi voi laser dugce dicu ché truc tiép. Vi A tai ving budc séng 1550 nm lai ¢6 gid tri
duong doi véi soi ticu chuan cho nén dicu kién £,C < 0 s& khong duoc thoa man. Trong
truong hop di¢u ché ngoai, cic xung quang hau nhu khong ¢6 chirp. Ky thuat chirp
trude trong truong hop nay dat ra cho chirp tan s6 can ¢6 gid tri tham s6 chirp C 12 am
dé thoa man diéu kién A.C < 0. Hinh 9.1 12 két qua do mau tin hiéu hinh mat tai cu ly
40 km ma ching 16i do duge o tin hi¢u 10 Gbit/s trong hai truong hop tham sé chirp C
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lay cde gid 11 duong v am nhd midy do phan tich tin hicu so |37, 38}, Khi chirp € ¢6
gid 1 am. xung duoc nén vivman hinh mat duge cai thién rat nhiéu vi vi thé cho phép

cai thién do nhay thu quang, treng khi gid tr1 C duong di lam xung bi dan nhiéu va lam

mal mdt nang lugng pho tin hiéw sang kKhe bit kn can dan dén lm giam do nhay thu quang.

Phat Clack Phat tin higu

| Bnéu khign
/" digu ché _
Sdi quang
ATT
E;::____J Cach ly ' (Eﬁj)

- R 84 thu
C—— >} Biéuche quang <
B didu
ché ngoal
Laser DFB
Dich ;.4
]

35 ;'8 | / _rCIC_.}
s o3 =
o =3 =3
[ fa =
g 3| . 3
< o “ S = o
o Thai gian 5 l Thdi gian éx Thoi gian
% B | 2
~ o [

a) Dau ra FM cla laser DFB b Dang xung tU didu ché ngoai  C} Xung duge chirp trude de
truyen tin higu

Hink 92, So do diéi ché ngodi ctia Ky thudr chirp dé biv idn sde

B¢ xem xét ban chit cia k¥ thu@t ba chirp. ¢é thé khao sdt hinh 9.2, Trong hinh 9.2.
tan 6 cua laser DFB trude hét duge diéu ché tan s6 FM trude khi dau ra laser duoe cho
qua bo dicu ché ngoai dé dicu ché bien do AM. K&t qua 1a tin hiéu quang thé hién dudi
dang dong thoi ca AM via FM. Tur quan diém thue (6. FM cila séng mang quang cé thé
duge thue hién bang cdch dicu ché dong phun cda taser DFB boi mét luong nhé (~1
mA). Mic di viée diéu ¢hé trye 1i€p laser DFB nhu viy ciing diéu ché& theo dang hinh
dor vl cong sudt quang, nhung bién do & dit nho dé no khong gay nhiéu dai véi qui
teinh tich song quang. Nhu viy FM cta séng mang quang. theo AM diéu ¢hé ngoai, sé&
phit ra tin hiéu c6 chita cic xung bi chirp. Lugng chirp ¢6 thé duge ¥ic dinh nhu sau.
Gia st ring dang xung chirp 1a Gaussian, khi dé tin hi¢u quang ¢6 the duoe viet L

.

E(0.1)= A, exp —;{- exp| i, {1+ sine, 1)1 (9-8)

i
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o day tn s6 mang @, cua xung duge didu ché dang sin tai 14n 86 @, vdi do san didu ché

L5 o Gan tam xung, sin{m, £y = et v bidu thie (9-8) ¢é 1he vidt nhu sau:

LRl

;

L+:C{ 7 :
E((J.I) =1, exp ~——-;-—|{ - exp (_—.f(r),,r) {9-9)
Trong d6 chirp C duge cho la:
C=280,m,7T; (9-10)

Ddu vabién do cua tham s6 chirp € ¢d thé duge dicu khién hing cich thay déi

ciac tham <0 FM 15 ovi w

e
Bicu ché pha séng mang quang ciing tao ra chirp am vi ¢6 thé bidn déi bang cich
thay the bicu thae (Y-8) bing:

2
J(} \'p[—.f'(u”! +idcos ((1){,_,!)} (9-11)

'
E(07)=A, exp| —

"
v st dung cosy = 1= /20 U diém eoa k§ thuat diéu ¢h@ pha 1a we ban than bo dicu
ché ngoii ¢6 the dicu ché pha xéng mang. Giai phip don gidn nhat I dung bo dicu che
ngoal €6 chisd chict sudt cd the thay doi dirge theo phuong phip dien. Véi cich nhu
vity thi ¢4 thé tao duge C < 0. Nam 1991, ngudi 1a di thinh cong trong viée truyén 5 Ghitys
trén khoang ciich 256 km ¢6 st dung bo diéu ¢hé ngodi LiNbO, d€ ta0 ra gid i € nam
trong khoang -0.6 = -0.8 [130]. Véi sy phat tricn cta cde laser DFB duoc 16 hop don
khoi bo dieu ¢hé ngodi hiip thu dién. viée thue hién k¥ thuat chirp trude dd duge tng
dung rong rin. Nam 1996 ngudi ta di thir nghiém thianh cong hé thang 10 Gbit/s tin hi¢u
NRZ tren 100 km. Vio nam 1999, chung 161 da thuce hién k¥ thuat nay dé truyén thanh
cong tin hicu 10 Gbit/s trén cu ly truyén dan dai t6i 120 km soi don made tiéu chuin
G.652 mi vin bdo dani ty s6 161 bit nho 161 BER = 1077 (38, 124
9.3.2. Chirp do bo khuéch dai

Vao nam 1989 xudt hicn mot k¥ thuat chirp trude don gian, k¥ thuat khuéch dai
tin hi¢u dau ra bo di¢u c¢hé trong mot bé khnéch dai laser bin dan hoat dong & ché do
khuéch dai bio hoa. Bio hod khucch dai sé din dén nhimg bién déi him thei gian (phu
thuoe tho gian) trong mat do séng mang. ching gay ra chirp xung duge khucch dai
thong yua nhitng bién déi vé chi 56 chiét suit do séng mang sinh ra. Nhin chung chirp
thuong tuyén tinh trén toan hé xung. Bo khuéch dai laser ban dan khong chi khuéceh dai
Xung nii con tao ra chirp tan s6 ma ¢é tham s6 chirp € < 0. Do ¢6 chirp nay ma xung
diu viio cé the bi nén trong soi.

Tiém niang cta k¥ thudt nay doi véi viee bit tin sic di duoe thé hién vio nim
198Y khi ngudi ta tién hinh thue nghiém truyén tin hiéu 16 Gbit/s thu duoc i mot laser
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ban dan cong hudng ngoai g8 mode, cu ly soi truyén dan trong thi nghiém nay 1a 70 km
[131]. Tir bicu thie (9-2), khi khong ¢é mat cia chirp do bd khuéch dai sinh ra, cur ly
truyén dan ta tée do bit 16 Gbit/s bi tin sic van tée nhém GVD han che gl con khoang
[+ km cho sgi ¢6 tham 6 Gin sic khd nho 1a D = 15 ps/mmekm. Viee su dung bé khuéch
dinn trong ch¢ do bio hod khuéch dai da tang khodang cich truyén din Ién duoe 5 lan:
dicu nay tao nén duge mét ¢o s cho vige bt tin sic rat hap dan. Tir diy ta ¢o the thiy
thém rang viée bl tan sic nhdr bo khuéeh dai cing cho thém mot loi ich 1 né ¢o the bu
cho ca cie suy hao ghép néi vit suy hao xen nhe vice khuéeh dai tin hi¢u trude Khi
truycn trén s¢i quang. Hon nita, k§ thudt ndy ¢ 1hé duoe dp dung d¢ dong thai bi ci
suy hao vi tan sdc sgi n€u nhu bo khuéeh dai laser ban din duge lap dat cach nhau déu
dan theo chu ky doc theo tuyén truyén din tai noi ¢é cic bo khuéceh dal EDFA.

9.3.3. Truyen dan ho try tin sic

Ta di bict vice dieu ch& dong ther bien do AM v tan s6 FM tin hi¢u quang 1a
khong mang tinh cot yéu cho viee b tin sic. Hién nay ¢é mot cach nép can khic dimg
dé b tin sic dua trén vige sir dung didu ché tan s6 thuan khiét, vi vl phip niy thong
thuong con duge goi & rruvén dan hé tro wdn sae. Nho di trinh bay trong chuong 6,
dang diéu ché FSK duge ding dé phdt xung quang nhim dé¢ cho budce song cua laser
duge chuyen mach véi mét hiong hing sa 42 gitia cdc bit * 1™ v bit 0™ Trong qui
trinh truyén tin hiéu bén trong soi ¢6 1dn siic, hai buée séng <& lan truyen tai cic 16 do
hot khde nhau mét chit. Tré thoi gian gilta cie bit ™1™ vi bit “0" duge xdce dinh bing sur
dich budc séng A4 vix duge cho bang AT = DLAA nhu di xem trong chuong 2. Su dich
bude séug A4 duge chon sao cho AT = /B trong dé B 1a tée do bit. Hinh 9.3 mé th co
¢h€ tré bit nhur vty s& cho ra tin hi¢u quang ba mite nhu thé nio & thict bi thu quang. Vé
bau chat thi ¢6 thé néi rang do ¢é tin sic, tin hiéu FSK thuin khiét duoce bién doi thanh
tin higu ¢6 bien d¢ duoc dieu ch¢. Tin hiéu ¢6 thé duge gidi mi tai bo thu nhé viée si
dung mach 16 hop dién két néi véi mach quyét dinh tai bo thu,

Nhu viy, ¢6 thé hiéu nguyén ly ciia phuong phdp nay la nhu sau: Tin hi¢u duoc
dicu ¢hé véi 16e do didu ché nhu 1a diéu tin FSK duoc dua vio SO0 quang lai phia phdt.
Vi cong suit dua vio xoi thong thudng 1a nho cho nén ta ¢cé6 thé coi sl quang 1a moi
truomg truyén dan tuyén tinh, va cic thimh phan tan s6 khdc nhau sé lan truyén vdi cic
toc do khdc nhau. Do dé, tai mot sé thai diém s& ¢6 hien fuong 261 chong cic tan s6
khic nhau niy vi xuat hién giao thoa tang ich {tang cudng do quang). va s6 khic khong
¢6 tan s6 diéu ché nén cudng dé quang sé giam. Vi viy, tin hi¢u didu 1an FSK ¢ diu
phdt s& bién doi thanh tin hiéu diéu bién ASK tai ddu thu.

Tir cich tigp can ndy, da ¢6 mét s thue nghiém trén the gisi thé hién thanh cong

ky thuat FSK nay. Hau hét cic thye nghiém déu ¢6 muc tién tang cu ly truyén dan cho
he¢ thong 10 Gbit/s tai bude sdng 1.55 pum trén soi tiéu chuan G.652. Ddng cha y la wr
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nam 1995 ngudi ta di truyén tin hicu 16¢ dd 20 Gbit/s véi khodng cich 53 km. Nam
1998, ngudi ta di truyén thanh cong tim hiée 40 Gbit/s 1eén cur ly 86 ki nhé s dung k¥
thudt hé o tin sac [ 1321 Nhu viy, eu ly truyén din ¢6 the duge cai thién ding ké.

] Onrlieu
| Tan s8

Cung sudl

a) Ba vach chi ra tin hidu digén NRZ va tan so
va sif thay d&i cong sudt cda tin hiéu quang tai thiét bi phat

-

- Tan sa

g1 W Céng suat quang
[ ’
M Tin reey dién
—J—‘ ’—‘L Dvr lieu gidi ma

Thdi gian

b) Hai vach chi tAn sé va sur thay ddi cong sudt cda tin hidu quang,
va hai vach chi tin hiéu dién va chum 8 liéu dugc tai tao tai thidt bi phat

Hinh 9.3: Biéu dé minh hog bit tin sac bdang k¥ thudt truvén dan hé o tan sdc

9.3.4. Chirp do s¢i sinh ra

Nhu da gidi thiéu trong chuong 2. ta biél rang chi s& chiét suit phu thuoe cudng
do el xung phi tuyén ¢d the gy chirp xung nhe hién tuong w diéu ché pha SPM (Self
Phase Modulation). Nhu vay. ky thudt chirp trude don thuan bao gom viée cho qua tin
hiéu dau ra ctua bé di¢u che thong qua moi trudng phi tuyén trudge khi phit né vio soi

truyen dan. Nho vy tin hiéu quang tai dau vio sgi ¢6 thé duoe viét nhie sau {15

A0 1) = P(tyexp|iy L, P(1)] (9-12)
o diy Plr) 1d cong sudt caa xung, L, 1a do dai méi trudng phi tuyén, viy 7 Ia tham s6 phi

tuyén. Trong truong hop xung [a Gaussian dé ¢6 duoc:

Plrj=F ewp| —— 9-13)
! 77 {

thi chirp gin nhu tuyén tinh, khi ay biéu thite (9-12) ¢6 thé duoe viél xap xi nhu sau:
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A1) = P,

1+iC{ ¢ V¥
expl—~— —
2 |1,

exp (wfj?LmPU ]

(9-14)

o day tham s6 chirp duge cho nhu sau C=27L P, Khi 7 <0, tham s& chirp C 1 am

va trong truong hop niy nd phi hop véi viée ba tin sac.

1000 — ——
500 [C7 e [
B ,’,-'—‘~-..ﬂ\m m=1""~“
4 ‘h'\-\. .“h'-_‘
= — 4 Gbit/s m;gnnh__
o ""'-
= 100 | | | | i
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=
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> 200 m————
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= Y Tt e e e e
S 100 B S~
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Hinh Q4. Cir by truvén dan by gioi han do tan sdc la mor ham

Cang sudat phat trung binh (mW)

cHu cong sudt phdt trung binh véi xung Gaussian

Vi ¥ <0 trong sgi silica, cho nén ban than soi truyén dan ¢6 thé duoc st dung dé

lam chirp cdc xung. Cich ti¢p cian niy di duge goi md nghién ciu (ir nam 1986, Hinh
9.4 micu ta cu ly truyén din bi gigi han do GVD nhu 13 mot hiim s phu thudc vao cong
sudt phdt trung binh cho hai hé théng 4 Gbit/s vii 8 Gbit/s. N6 thé hién kha ning c6 thé

tang cy ly truyén dan gdp déi bing cdch t6i wu cong suat timg bit ctia tin hiéu diu vao

khoang 3 mW.

9.4. BU TAN SAC BANG SOI TAN SAC CAO

Cé mot vii ky thuat ¢6 nhimg uu diém vé bin chdt tuyén tinh cta bidu thiic (9-3)

va cho kha nang bt hoan toan tin sic van téc nhém GVD cia soi néu nhu cong suit

quang trung binh di thip dé ¢ thé bo qua dnh hudng phi tuyén trong soi quang. Véi

ciich tiep can don gidn nhat, ta ¢6 thé coi rang tin hiéu quang duoc truy¢n trén nhiéu
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manh o1 ghép lai md cie manh nay <6 cie dic tinh tin sic khie nhaw Quan ni¢m co
ban niy ¢d the duge hién bing cich xem xét ¢hi hai manh v ¢6 e vidt bicu thite (9-4)

nhu sau:

boe . P . .

A(L.I_J:-;}----J ArO.wjexp ;)--m‘(ﬁﬂ.!_., + B L) =i o (9-15)
s Z o -

ddav Lo =L, + L.vd ) L tham s6 tdn sae van téc nhém GVD el doan (manh} soi ¢6

do dai L, (j = 1, 2). Su dung D, = -(2mciZ70)fh, . thi dicu kien d¢ bu tdn sic sui ¢6 thé

duoe vict nhu sau:
DL +D.L. =0 (9-16)

Vi AL 1 = AW 1) Kkl bicu tate (9-16) duge thod min, dang xung s& duoe luu
cho dang dau vio cia nd. Bicu thic (9-16) ¢hi ra riing soi bu tin sac DCF (Dispersion
Compensating Fiber) phai ¢ GVD chuin tai 1.55 um (D- < 0) vi D, > 0 déi véi sol ticu
chudn dé sao cho thoid min didu Kién sau:

DI
L,=——>1 (9-17)
D,
Trong thue € L. cang nho cing 16t Di¢u ndy ¢d the dat duge chi khi DCF ¢6 D.

mang g trr am lon.

Y tudng sit dung soi DCF dé b tdn sice di duoe xudt hién vao khoang nam 1980,
Tuv nhien, ¢hi sau khi ¢é su phat trién cic bo khuéch dai quang nam 1990 thi su phiit
tricn DCEF mai duge thie day. Vi rang suy hao soi DCF [ 16n v bo khuéeh dai yuang
cho phép bl vio cde suy hao do né gay ra (rén tuyén truyen dan. CO hai cich Gép cin
co ban dé thi¢l k¢ DCF. Trong cach thi nhat, DCT dua trén soi don mode nhung né {ai
duge thict k& vé giid tri tham <6 soi V13 twong d6i nho. Nhu ta di bist trong chuong 2.
maode co ban duge giam yéu vai Va1 Vi phin dong cic mode tuyén bén trong [6p vo
¢ chiet suit nho. cho nén thanh phin dan séng déi véi GVD 1h hoim toan khdc cho
nhimg soi nhe vay., diéu dé lam cho D = -100 ps/km. nm. Trong thuc & ngudi ta thudng
thiet ké loai vo c¢d chiét sult giam. Nhimg ¢ diéu bat ciap 1h DCF ciing ¢d suy hao
tuong do1 cao do ¢é sutang cua suy hao vén cong (o = 04 + 1.0 dB/km). Ty 50 DI fex
thuong duge ding nhu 1d mot hé s6 ¢6 nghia M dé dac trung cho cic soi DCF khic
nhauw. Nam 1994, ngudi ta di ché tao ra duge cic sgi ¢d M = 150 ps/nm.dB va di thuong
mai hod trén thi truong. Cong nghé tién tién hién nay di ¢6 thé cho ru dwoe cic soi DCF
¢d tin sac vt qud -200 ps/kmum véi M > 400 ps/nm.dB. Hinh 9.5 mo ta mat ¢t chiél

sudt vii cdce dac tinh tdn sac do duge cla hai loai DCF,
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Bé dar xuyén tam
a) Mat cat chiét suat cia DCF
=260
=270 /
280 L
-290
-300
=310
-320 | ! | _
1500 1525 14559 1575 1606

Tan sac {psinnm km)

Budc sang (nmj

£ Dac tinh tan sic clia hai sgi DCF
Hinlt 9.5 Mar car chi s6 chicét sudt v dde tindi tdan sic cia i foai soi DCF

Cic soi bl tin sac DCF don mode thuong gip phal mot vai van dé. Thir nhat.
Ekm 5ot DCF ¢ b tin sae cho khoiang 10 = 12 km sgi don mode ticu chuin. Thit hat,
suy hao cua no livtwong doi cao tai viing bude song hoat dong 155 wm (/2 = 0.5 dB/&km)
do ¢o suy hao uon cong 16n. Thit ba, do dudng kinh mode twang dor nho cho nén cuong
do quang I I6n hon i cong suat din vio da cho. diéu dé 1hm ang ¢ic anth huong wr
cde igu tng phi tyen. Hicn nay ¢ic nhi nghién citu dang no lue tim kiém giai phdp d¢
cai thien dac tinh cua soi DCF don mode.

Cho téi nay hin hét cic van dé ¢é lien quan 16i soi DCE don mode ¢6 thé duoe g
quyct theo hudng sir dung soi hai mode duge thidt ke co cie gid 1t U sao cho mode bac
cao hon gin véi bude song cat (V = 2.5). Cie soi nhu vily hau nhur ¢é cling suy hao nhu
so1 don mode, nhimg ching ¢é (he ducie thiet k& nham d€ tham s6 tan sic D doi voi mode
bac cao hon ¢é cic giid tri am lén. Thire vay. gid i cua D oeé the Ion 161 =770 ps/km.
nm: gii tri ndy do duge déi vai soi ¢6 181 elip. Nhu vy I km sot DCF ¢6 the b tén sac
GVD cho tuyén dai 40 km, v né ¢é them chit it sity hao sei trong tong suy hao tuyén.
Uu diem cha soi DCE hai mode 1 ¢ ¢héd 06 cho phép b tdn sac bang rong. Khia canh
nay s¢ thao ludn & phin sau cba chuong.

Vice s dung sgi DCF hai mode doi hoi phdi co thiét b1 bicn dot mode ¢é kha
ning bién doi nang luong 1 mode co bin sang mode bidce cao hon vai su ho trg caa
DCF. Co mot s ciic thiét bi hoim toan bang soi Kieu nhu vay di duce nghien et phiut

trien. Bin chat hodan roan spi cia thidt bi bién déi mode 13 it quan trong xuat phat o
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quan di¢m trong thich véi cdc hé théng vii mang thong tin quang soi. Valal, giai phap
nay cho ra suy hao xen nho. Ngodi ra, ciic véu ciu dat ra ddi vai bo bicn doi mode Ta né
can phii khong nhay cam phan cue viv can hoat dong trén bang tan rong. Trong thue t&,
hau hél cdc thiét bi bién doi mode déu sit dung soi hat mode ¢ cdch tr bén trong sao
cho dé co thé ghép gilia hai mode. Chu ky cich ta A duoc chon d¢ dung hod sir khic
nhau vé chiét sudt A coa hai mode (A = A/A) va tiéu bien thudong vao khoang x&p xi
100 um. Cic cdch tu nhu vay duge lam nho s dung mét se cong nghé khic nhau nhur:
cong ngh¢ tmg sudt cang cd chu k. vi udn cong va nhay cam quang. Suy hao xen tiéu

bicu thudng thap hon 1 dB. vdi cic hé sd ghép dat téi 99% .

5=155578nm

| Bo
BER

Phat 10 Gbitls OAR

10 Ghitfs
xung

Hinh 9.6: He thong thue nghicm 10 Ghitis sirdnne DCF i OAR

Nha st dung soi bu tdn side mi cée nguoi ta dd xay dung dugce cic tuyén thong tin
quang 16¢ do cao vi cu ly xa. Dé thue hién bu tin sac cho tuyén truyén dian dii, soi bu
tin sic ¢6 the duge dat xen vio cic khoang lap trén tuyén. Cic thiét bi khuéch dai
quang EDFA s€ thue hién b suy hao cho ca soi truvén dan va sei DCF. Gan day, viée
stt dung sl bl tdn séc DCF trong bo thu ¢é khuéch dai quang QAR (Optically
Amplificd Receivery dé kéo dii cu ly viy 1ang (8¢ do bit truyén din bing viée xen soi
DCF vio trong OAR di gay duge nhicu su quan tane, Nam 2001, ching to1 dd thanh
cong trong viée st dung 20 km sgi DCF d¢ Tap xen vito bg thu quang ¢é tién khuéeh dai
EDFA {42}, Nho dé ma di truyén duoe tin hicu 10 Gbit/s trén hé thong sa dung soi ticu
chuan G.652 dai 120 km. Hinh 9.6 mo td so d6 thi¢t lap thue nghiém hé thong truyén
din nay trong dé bo thu OAR ¢é soi DCF duge mic vao gilia hai tang cha bd khuéeh
dai EDFA. Tong tin sic ctta DCF & day 1 -1340 ps/mm. VGi viee xen DCF nhu vay, do
thay thu quang duoce cai thién rit nhi¢e. Hinh 9.7 1a két qua de do nhay thu mi ching
161 di thu duirge bing -30.5 dBm i ty s6 161 bit BER = 10 % khi ¢4 DCF. Trong khi dé
néu khong dung s DCF thi chung tor Khong sao do duge do nhay tho t giid tri BER
cao nhu vay. v chi do duge BER = 107 tai cong suat thu duoe 1i -26.5 dBm. Nguyén
nhin la do tén sic cao di am kép hinh mat v giam 1y s6 phan biét. So sinh hai k€ qua

do duge nay thi thiy 6 ring rang ¢6 su chénh Iéch 1dn vé do nhay thu trong hai trudmg
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hop ¢6 va khong ¢6 DCF. Nhu vay, bit tan sac bang soi DCF khi két hop véi cic bo
khuéch dai quang EDFA duoc coi la giai phdp rit ¢6 hiéu qua. Hién nay, giai phap nay
ket hop véi bu chirp phia phét dang duoc coi la rat hiap dan, va dang duoc thuong mai

rong rai.

10°

—o— c0 DCF
»- Khong DCF

200 nWidiv

107 | .

H

10 |

Ty 16 1i bit BER

10 |

1070 |
107 L
107
10 L

L L ' L L L I L L L 1 L L i 1 Il L

-36 -35 -34 -33 -32 -31 -30 -29 -28 -27 -26 -25 -24 -23 -22 -21 -20 -19 -18

150 pWidiv

Cong suat quang thu duogc (dBm)

Hinh 9.7: Dac tinh BER do dirgc trong hé thong 10 Ghitls OAR
sit dung soi bii tian sic DCF dé dat cirlv 120 km

9.5. BU TAN SAC BANG BO LOC CAN BANG QUANG

i

Cic soi bu tan sac DCF ma ta vita xem xét ¢ trén ¢6 mot nhuoc diém 12 do dai cua
n6 can thiét dé bu trén tuyén truyén dan 1a kha dai. Vi du nhu soi DCF dai xdp ~1 km thi
thuong chi bu tan sac van toc nhém GVD cua soi don mode tiéu chuin ¢6 cu ly chi
khoang 10 km. Nhu vay c¢6 nghia la ding DCF s& thém suy hao ding ké cho tuyén
truyén dan, nhat 1a trong trudng hop tuyén ¢é cu ly dai. Vi ly do dé ma nguoi ta da tim
ra mot giai phap khic dé bu GVD; dé6 la gidi phip duge goi 13 loc can bing quang.
Trong phan nay, ching ta sé xem xét cdc bo loc giao thoa.

Chiic nang cua cic bo loc can bang quang ¢é thé biét duoc tir biéu thie (9-4). Vi
tan sac van toc nhom GVD anh hudng t6i tin hiéu quang thong qua pho exp(ifBzar/2).
cho nén r6 rang rang bo loc quang ¢6 ham chuyén doi loai bo duoc thinh phan pha nay
s€ luu lai tin hi¢u. Nhung ¢6 di¢u bat cip 1a lai khong ¢ bo loc quang nao ¢6 ham
chuyén doi ¢6 kha nang bu chinh xdc GVD, loai trir tv ban than bo loc quang. Tuy
nhién, ¢6 mot vai bo loc quang dua ra dugc viée bu GVD thanh phan bang cich phong
tao (bat trude) ham chuyén doi Iy wiong. Ta hily khdo sit bo loc quang ¢6 ham chuyén
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doi Hewj. Néu bo loc duge dat sau soi ¢ do dai L, tin hicu quang duoe loc tir bi¢u thuc
(9-4) ¢6 thé duoe viét nhu sau:
. e (i -
AL t)=— J. Al w)Hiw)exp| —B.Lay —ioy |dw (9-18)
- 2rm V20

Bing cdch khai trien pha cda Hf ) trong chud Taylor v gilt & s6 hang bac hai sé ¢é:

L _ _ . 0 oo
H((U):‘H(_(1)'}‘(’.\;}[.5(9((1))]:_H(u))!.{'_\pr[(;),..,+(u")|(u+:§)_\w‘ |—‘ {9-19)

_ / _‘_f

o diy @, = @da” =0, 100 duge ude Tuong tai 14n so song mang quang .. Pha
hang s0 ¢, vi 1é thai eian ¢ s& khong dnh huong 16i dang xung vit ¢ thé bo qua. Pha phé
do sot sinh ra ¢d the duoe b bing cich chon ba loc quang sao cho cd @, = - L. Xung
co the duoe phue hoi hoin toan chi khi Hifwi| = 1 v cde so hang bac ba vivedp cao hon
trong kKhai trién Taylor bieu thite (9-19) 1a khong ding ké. Hinh Y.8 mo 14 so dé vice dat
cie bo loc quang nhu the nio sau ting bo khuéch dai dé cho ca suy hao sol v GVD ¢o
thé duoe b doe theo tuyén truyén dan dai. Néu nhu ham chuyén doi Hi ey = 0 ndm 6
ngodi bing w@n tin hicu. thi b loc quang cling ¢6 the giam nhidu bo khuéeh dai nhis
vice toal bo biie xa tu phdt.

SHF SMF

i Phat quang |@
-

SEAF: Soi guang dan mode F: Bé loc quang
OA: Khuéon dai qua
Hinh 9.8 Sodo min hoa bt 1dn sce cho wvén théng tin guang

beng cde sie dyng bo Lo quang dér sai moi ho khuécly dui

1. Giao thoa ké Fabry-Perot

Bin chit cua bo gizo thoa ké 1a nhay cam véi tin s6 cua dnh sdng diu vio v dong
val tro nhut 1a mot bo loe quang, bai vi néd ¢6 cde dac tinh truyén dan phu thuée tan sé.
ching han nhu bo giao thoa k& Fabry-Perot (FP). Bo giao thoa k& I'P phan xa. thuong
duoe goi (& bo givo thou ké Gires-Tournois, dugce thiét k& ¢d maot auong phan xa mot
phan dt o phia trude v mot guong phan xa toin phan dat ¢ phia sav. Him chuyén doi
cua no duoe cho nhar sau:

P+ rexplioT)
“ltre ip{—iwT)

H, (0)=H (9-20h
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o diay H, 1d mot hing 6 ¢6 tinh (61 @0 ca cde suy hao. [ 11 do phan xa cuong trude, T
La thot g di vong o rong hoce cong huong FP. VI [H . wi] 1a khéng phu thuoe tan so,
cho nén chi ¢6 pha pho duge bien doi thong qua bo loc FP. Fuy nhié 1. pha ¢f ) cla
Hpf e 5 Khi xa véi Iy tong, N6 Lemot him ¢6 chu Ky lay dinh tai 1an 6 cong huong
FP. Trong ving lan cdn ctia mai mot dinh. viing phé s& (6n tai mi o dé su thay déi phat
gin nhw ¢ dang bic hai. Trong thue 1€, khi khai wrién @ @/ theo chudi Tavlor, ¢, &

duoc vict nhu sau:

(9-21)

C the lay vi du ring, vai hée cong hudng FP dai 1 em ¢6 7 = 0.8 th ¢ = 550 ps7.
Khi thict k& hop Iy, thict bi nav ¢o thé b GV cho i tram km soi tiéu chudn bing
cich dicu chinh do dai hoc cong huong phi hop.
2. Giao thoa ké Mach-Zehnder

Nhu did dé ¢dp trong chuong 7 ta biél rang giao thoa k&€ MZ (Mach-Zehnder) dong
vai trd nhu mot bo loc quang. Nam 1992, ngudi ta di tao dwoe mot 16 hop vii bo €100
thoa ke vi goi nd 1o bo can bang yuang, n6 duve ¢hé o & dang “nrach séng Gty
Plana™ bing cich st dung cic ong dan séng thuy tinh. Lo diém chinh cia thict bi niy
la cie dije tinh can bang tdn sie ¢6 the duge diéu khién bing viée thay doi cie do dai
nhinh v 8o cic bo giao thow k& M7

Hoar dong cua thigt bi MZ ¢6 the duge hicu tir cach nhin md rong nhu mo i trong
hinh 9.9, Thict bi duge thi¢t k¢ de cae thanh phin tin <6 cao hon truyén doc theo nhinh
dan hon cua bo giao thoa k¢ MZ. Két qua 1 ching phai 118 nhiéu hon so vai cic thanh
phiin tan s6 thap hon di theo nhith ngan hon. Tré wong doi duoe sinly ra tir thiet by nhu
vy T v du doi dieén vai ¢ duoe dua ra 1l bo loc quang trong ¢hé do tin sic ch
thuong, Ham chuvén déi H w) ¢6 the thu duoe qua phép phan tich v duoce dang dé 16
tu thict ke vis die tinh thiét bi. Niam 1994, ngudi ta di tao duoe mach soéng guang planar
chi ¢ 5 bo gino thoa ké MZ cho ra dude ué tuong doi 836 ps/mn. Thidt bi nay chi dai
vilb em. nhung né ¢é kha ning b tin siac cho 30 km soi don mode ticu chudn. Han ¢heé
chinh cta né v dg rong bang khid hep (~10 GHz)y v nhay ciam véi phan cue dau vio.
Tuy nhicn. n6 dong vai 1rd nlur bo foc quimg véi khi nang Tap tinh ¢6 (hé diéu chinh
GV D ciing nhu bude séng hoat d{mg.

Cac tan s cag

QUWM—L/{LALJ\J* i L DN
AN AN A U A\ g . Ddura

— % Cactansdthap

Hinht 9.9 Tral rong thior bi cria mach séng guang plana dé hiv tin sde
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9.6. BU TAN SAC BANG CACH TU BRAGG SOI

Cach wr Bragg soi déng vai tro nhe mot bo loc quang do do ¢6 su 1dHn tai cua
“hang dimyg”, Kovimg tan so mi trong dé hao hét dnh sdng tGi déu duoe phan xa e L.
Bang dimg co tim tai bude song Bragg A, = 2nA. trong dé A L chu ki ciach ur v g 1a
chi s¢ mode. Ban chdt ¢é chu ky cua nhitg bién dai chi so s& ghép cic song lan truyén
XUOL ¥i nguoc 1l cde bude song gan vai bude séng Bragg vi ket cuce <& dia ra tinh phan
xa phy thude 1an s déi van tin hicu (Gi wén bang duge cudng do cich 1 xde dinh. Vé
ban chit, cach wrsoi nhie Lo mot bo loe phan xa. Mice di viée st dung cich ur nay dé bl
tin sac di duoce xudt hien wonhing nam 1980, nhung chi 16i ahime nam 1990 thy cong
neh¢ ché tao dya rén co sotinh “nhay cim quang™ cua cde bo loe quang méi da dé dua

risting dung thue &,
9.6.1. Cich ti dong dang chu ky
Thong thuong, cic cich tr Bragg duge phan tich bang viée st dung c¢dc phueng

trinh ghép mode dé mo a viée ghép gifta cic song truvén xuol vi nguge tai thn so @ da

cho va duoc viét nhu sau:

4 .

— =04 +1kA, (9-22)
oz ' '
oA,
_x =i8A, — kA, (9-23)
Z

g day 4, vdi A, Ldccae bien do pha cua hai séng,

. 2n 2 mn I
b:ﬁ_ﬁ“:_f—&i Vi k= (9-24)
I &

Trong do o I sy mat dicu huong tie bude song Bragg va hé so ahép 4 twong tng
voi cich 1 sgi co chir 5o khide xa bién doi la nrz) = 0 + 5 cost2a2/2). Mode soi duoc
dac trung boi chr 80 made 7 v hé s giim T

Cac phuong trinh ghép maode ¢o the gial quy&t thong qua phan tich do ban chat
tayén tinh cua né. Ham chuyén dor coa cich 1 dong vai rd nhu bo loc phan xa, vi

duoe viet nhu sau:

H{w)=r{w)= A"'(_U) = " .\‘”.I((KL:" ) {Y-25)
‘ A, (0) geos{yL, _]— f’ﬁn[ql..__) '

Gday ¢=+8 -4 va L, [ do dai cich wr Hinh 9.10 chi ra tinh phin xa |[H( g}’ va pha

cuit Hf ej véi kL, = 2 v 3. Tinh phan xa cdch e s&@ gan dat 100% & trong bang dimg doj
y p | g | L g £
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var AL, = 3. Tuy nhién. vi pha [a gan tuvén tinh trong vung dé. cho nén tan sic cach ur
duoc 10 chiic boi dao ham thit hai ¢t pha, ¢ trong biéu thic (9-19). i wong déi nho.
Cac gid trr hoan toan 16n cha GVD ¢o the gin sdt bang dimg. nhung cic bich déi nhanh
cua ca bién do |Hf ey] va ¢, dii [am cho vice st dung cie cich td dong dang nay dé bi

tin sac chua (1 thanh hién thue.

1.0 50
— K’ TN kLo 3
0.8 | / \
i i
- PkL-2
T oos | ' '
& - ! : &
© 4
g ° E I
I
\'N‘\‘ 1 X
'3? _ 1 ‘\ : :
Vi
— L i , |I -~ y
0.0 ///z\ AN [ ' heS 150 ] | | ha
-10 -5 0 5 10 -10 -5 0 4 10
Mat dicu huadng MAt Jitu hudng
a) Bren do cda tink phan xa la ham cta oL, b} Pha ciia tinh phan xa 13 ham cua dl.,

Hinh Q.10: Bicn do va pha phan va la mot am s6 cria oL,

Vin dé ¢6 the gial quy& nhd k§ thuat “upodizarion’™ trong dé su thay doi chi s6 ",
la mat cat ngang cich (& duge lam khong déng nhat, va din dén 4 phu thuoc - Vi
nhimg cich tr nhu vay. cic dinh & & tim vl vudl thon din xudng O & ¢d hal dau. Vio
nam 1996, nguoi ta da tén hanh thue nghiém st dung mot ciach 1 dai 11 ¢m d¢ bit tin
sic vin e nhdém GVD cho tuyen theng tin quang 100 km soi tiéu chuan vai tac do
1O Gbit/s [133]. Hé o ghép &(z) thay doi déu i 0 dén 6 em! trén do dii cach i

Vige tam thon hé s6 ghép doc theo do dai cach wr cling ¢6 thé duoe st dung dé bi
tin sac khi bude soéng tin hid¢u nim & bén trong bang dime va cich v déng vai trod nhu
mot bo loc phan xa. Cic giai phip s6 cua cde phuong trinh ghép mode cho cich tr dong
dang chu k¥ ma Afz) thay doi tuyén tinh tr O dén 12 em ' wén do din 12 em di chi ra
rang mat ¢t (¢ nhoém dang chit V., ¢6 thm tai bude séng Bragg. ¢é 1he duge dimg d¢ b
tin sic ndu nhu bude séng cia tin hiéu di 16i xudt hién 1ir tam caa bang dimg dé cho
pho tin hiéu quan sidt thay s thay d6i tuyén tinh cia teé nhon.
9.6.2. Cich tu soi chirp

Tu di bict riing cidc cich nreé chu ky dong dang s ¢d bang dimg wong déi hep
(ticu bicu < 0.1 nm), nhung trii L trong thue 1€ thudng ¢ nhu caa cich (i bang rong.
Ngudi ta di dua ra mot giar phdp goi 1 cideh wrsgi chirp, trong do chu k¥ quang 774 cia

cach nr thay déi tuyén tinh trén do dai cia né. Vi bude séng Bragg 4, = 214 thay déi
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doc theo do dai cich tur cho nén cde thanh phan (in s khic nhau cia xung quang 1 s¢
duge phan xa tan cic diem khice nhau Wy thude vao noi nio diéu kicn Bragg duoc
thoa man,

o -, —

{;l’ I'q ( f \I (\I [—\

‘9 |I | I \ : | !ll ir !

u ! | | ! \

S AV VIR N NP AN

a1 Mat cat ohi s6 chét sual niz) doc theo dé dai cach W z
VCHG : - ’ T
WO g vai
) cach ur chirp

v thap

| )

o Bo phan xa cda cac 1an s¢ thdp va cao a1 cac v tri khac niau renn cach W

Hinfr 9.1 Sevddmindy roa it tdn sae bang cdach ue soi clivp tyen tind

Co the hicu hoat dong coa cich t soi chirp thong qua hinh V.11 D¢ bl tin sic
vin toe nhom GVD, chu k¥ quang ctia cich tr 2.4 nén tang doc theo do dii cia né dé
cho ra GV chuim (/5 > 0). Trong soi quang don mode ticu chuin (s thong dung) ¢é
i sae di thudng i bude sing 1.55 wm. cice thanh phin (n so cao cda xung-sf: lan
iruyen nhanh hon cdce thanh phin tio so thap. Vi bude song Bragg tang doc theo do dii
cach e cho nén cde thanh phan tin o thap ~8 di chuvén theém vio cich ur trude khi
dugc phan xa viv phiii chiu ¢ nhicu hon cde thanh phian tan so cao. Nhu vay 1é o g,
doi duoe xudt hién do cich ti & vita du dai dién véi soi v s& <6 the b duoe tin sic
sor Tw hinh dinh maé ta don gidn nhu vay. tham sé tin sice £ cua ciach tr chirp ¢6 do da
sol L ed the duge xide dinh bang moi Lién hé saw:

I,=D L AL (9-26)
trong do 7 Kothat gian di vong O rong cach tr v A2 Bse khie nhan vé ciae bude song
Bragg 1ai hai diu coa cich tr. Vi 7, = 20L el cho nén tan sie cach wr duge cho bai
dang bicu thiie dién gidi don gian sau day:

.
p == (9-27)
T AA

Hiy liy vidu. D, = 5 < 10 ps/kmonm doi véi do rong bang cich w44 = 0.2 nm.
Boi vi cidc gid ol coa £, Jon nhu vay. cho nén cich wi chirp dai 10 ¢m s& ¢6 thé bi duoe

GVD trén 300 km soi tiéu chuan.
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B c6 mot vai phuong phip khidc nhau dé ¢hé tao cie cich (0 soi chirp. Biéu quan
trong can luu y L chinh chu k¥ quang 74 ¢in duac thay doi doc theo cich tr (true z).
va nhu vay chirp ¢é thé duce sinh ra do viée thay déi chu ky ciach wr vat Iy A hoac do
thay doi ¢hi s6 mode hién dung 77 doc theo -, Thong thuomg trong ks thuat “holograph
clam kep™ di duge st dung. khoang cdch vin e mau gino thoa duue tao khong dong
dang nhé su dung nhitmg mat séng giao thoa uén cong khong nhu nhaw, v tao nén
nhitmg thay doi A. Trong thue (€, cie lang kinh hinh o duoe dung trong mot hoeic ca
har nhiinh cua giao thoa K& Trong k¥ thudt goi I k¥ thuat hudng xa kép, ngudi 1a sir
dung mot mat na chuyen dong dé thay doi # doc theo - trong lac hudng xa thi nhat. Sau
do. cich wr dong dang chu kv duoe khic wrén cung doan soi nho sic dung Ky thudt mit
na pha. Ngoai ra. ¢4 the thye hién nhiéu su thay doi khic, Chang han nhu. cde cdch ur
sot chirp duoe ¢hé 1o bing cach ren hoac gilia sol, hodc nho luyen nhict gradien, va
bing cich khau nhiéu doan dong dang véi nhau.

C6 mot s6 thue nghiem bl 1dn sace bing cich tr soi chirp vi the hien duoe tiém
nang cua k¥ thudt nay. Nam 1994, ngudi ta di bu duoe cho 160 km o1 ticu chuin cho
h¢ thong ¢o toc do 10 vit 20 Gbiys. Sau dé, ngudt ta da tien hanh bl duge tin sac ¢ho
cice he thong diai 270 km tai 10 Gbit/s vao cdc nam gan day. vi <& ¢6 thé én 161 bi t4n
sde cho tuyén dai 400 km & tée do 10 Gbit/s. RS ring ring tir bidu thie (9-27). tham <6
idn siac D, cha edeh 1 chirp duoe giéi him bai do rong bang A2 ma qua dé dat ra viée
ba GV, nhu vay chinh la xde dinh 16e do bit B,

Vice tang them niia ey ly truyen dan rai 16 do bit di cho chi ¢o thé thue hién
dige néu bang tin tin hiéu duge gidm hoic sir dung k¥ thual chirp truse ta thiét bi phat.
Tirnam 1996, ngudi ta di thir nghiém hé thong 10 Ghit/s ¢6 chirp trude va duoe két hop
vai hai cdch tr sgi chirp mac néi G€p nhau. vie nhé the 1ang duoc cur ly truyén dan 16
537 km. Ngoai ra, k¥ thuat giam bang tan cling ¢ thd duoe két hap vé1 cich 10, Clng
nam 1996, ngudi ta di truyén thinh ¢ong tin hieu 10 Ghit/s & cu v 700 km bang viée sir
dung cich tr chirp dai 10 cm két hop v6i k§ thuit hai chiun nhi phan ¢o pha xen nhau.

Cdch we sgi chirp 1a hodn toann phit hop cho viée bir tdn sic v thich hop dé tim
duoe cic tng dung thuong mai. Giéi han chinh ela cic cdch 1 nay la ching lam viée
nhut bo loc phan xa. Bo ghép soi 3 dB thudng duge diing dé tdch cic tin hi¢u duge phan
Xa tie tin hicu (6. Tuy nhién, viée s dung né lai phai chiu suy hao 6 dB thém vao SUy
hao xen. Co mot loai thiel bi ba cira goi 1a bé quay vong quang ¢6 the Id tin hieu duoc
phan xa theo hudng cia thit ba, vii cho phép ¢6 the giam suy hao xen dudi | dB. Bén
canh do citng ¢6 mot phuong phap khic 1 phuong phip su dung bo loe truyén dan dia
trén cich tie dé bu tin sic. O day ¢6 hai hode nhic¢u hon cde cach (0 soi duoe k&t hop lai
tao thanh bo loc truyén din, va cic bé loc nhu vay ¢6 thé duge ding d¢ bi tdn sic véi

suy hao xen khd thip. Chi don thuin mat cich tit ciing ¢é thé duge bign doi thanh bo
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loc tuyén dian Khi thue hign k¥ thoar dich pha ¢ gifta cua cich ta. Con loai cich w0
Moiré 1a Toal duoc 1ao ra bing cich dat hai cich tr chirp duoe o dang teén ciing mot
miau o, nd cling ¢6 dinh truyén din tén bang dimg cia né. Bang thong cia cic bo loc
ruyén dan nay [ khd nho, mie dii né ¢6 thé duge lam du lén dé cho qua tin hicu 10 Ghit/s.
9.6.3. Bo ghép mode chirp

Bé gh¢p moede chirp la loat thi¢t bi hoan toan soi duge thi¢t ké dua theo v tong
ghép cong huang phan bé chirp. Hinh 9.12 mé ti co ¢hd hoat dong cua hai loai thiét bi
nhu vay. Y wong co bian vé bo ghép mode chirp {a rat don gian: thay vi ghép cde ~xong
fan truyén xuoi vin nguge ciia cling mot mode (nhu duoe lam déi véi cich ar soi). cich
tw chirp Tai ghép hai mode khong gian cua sgi hai mode. Thi¢t bi niy teong ty nhu bo
bic¢n doi mode dd mo td trong phan 9.4 trong ndi dung ciia DCF. loai trir diéu 1 chu ky
cach ur duoc thay doi tuyén tinh trén do dai soi. Tin hicu duoe chuvén tir mode co bin
to1 mode bac cao hon nha cdch tr. nhung cic thinh phin tan s¢ khic nhau s di chuyén
v do dai khiac nhau wude khi duoe ehuyén boi vi ban chit chirp cta cidch 1w [a ghép
har mode. Néw chu ky cich wr tang doc theo do dai bo ghép, thi bo ghép ¢d thé bu duoe
GVD cho sot. Tin hi¢u s€ duy tri truyén theo hudng xudi, nhimg lai k&t thiic 6 mode bic
cao clia bo ghép. Ba bién doi mode dong dang cach ti ¢d theé duoc ding de bién doi tin
Iicu tra lat thanh mode ¢o ban néu cin 1hiét.
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aj Bo ghép har made chirp b} Sai hai 18 vudt thon

Hinh .12 So do minh hou bit tdic sae bang cde bo loc truvén din disa trén 2 soi

€6 mot phuong dn cling chung ¥ wong |a ghép gitta cde mode ¢o ban cia soi 16i
kép c6 hai 101 khong giong nhau. Néu nhu hai 16t du sdt vio nhau. thi viée ghép séng
phu du gifta cic mode s& dan dén s truyén nang lugng (i 161 nay sang 181 kia, trong tu
nhu trudng hop bo ghép hudng, khi khoing cich gitta cdce 181 duge tap lai tuyén tinh, su
truyén nhu vy s€ tao cie diem khic nhau doc soi tu¥ thuoe vio tan ~é ciia tin hiéu lan
truyén. Nhur vy, soi ¢6 181 kép ¢é khoing cich 16i duoe vadt thon {(duoc top lai) tuvén
tinh ¢6 thé bt GVD cho soi. K§ thuat nay ciling ¢6 thé duge thue hién dudi diang thiét bi
dung cic dng dan séng bin dan.
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9.7. KET HOP PHA QUANG
9.7.1. Nguyeén Iy hoat dong

T nam 1979, y wéng vé bt tdn sic bing ky thuat kél hop pha gnang OPC
(Optical Phase Conjugation). hay ¢on goi la ky thuat lien hop pha quang. di xuit hién.
Tuy nhien, do ¢é nhi¢u han chd vé cong nghé ma mii t6i nam 1993 ky thudt OPC mdj
duge ticn hanh thue nghiém: n6 di thu hit duoe cha ¢ ding k¢ Neuwoe véi ciac k¥ thuat
khile vira thao luan & trén trong chuong nay. day 13 mot ky thuit phi tuyén. Bay gio ta
hily xem xét nguyén 1¥ hout déng nhu sau.

Cich don gian nhit d¢ hiéu k¥ thut k&t hop pha quang OPC ¢6 thé bl tin sic cho
GVD nhu the naoe 1 dya vio lién hop phiic bidu thice (9-33 va thu duce nhu sawe:

dA~ i dA 1A

B, -8, — =0 (U-2%)
J: Eﬁ‘ ar- 6ﬁ' i

So sinh cic biéu thife (9-3) v (9-28) s& thay rang sy lan truvén cha trudng két

hop pha A* i tvong duong dé doi diu cta tham 56 tin sic van e nhém .. Dicu nay
cho ra ngay mot goi ¥ rang néu nhw trudng quang duoe két hop vé pha o gitta tuyén
truyén dan soi quang thi 1dn sic ¢é duge trén doan nua dian hién <& duoce b chinh xic
trong nwa thit hai cua tuyén. Vi so hang /3. khong dot diau trong sie két hop pha, do dé
OPC khong thé bi duoc cho tin sic bac ba. Tronﬂ thire 1€ ¢6 theé dé dang nhan thay
rang bang viée gilr cic s hang ¢ip cao hon trong trién khai Taylor & bidu thic (2-121),
thi OPC sé bir cho a1 ¢i cde 56 hang tin sic bac chin trong khi dé khong tic dong cic
sO hang bac le.

Tinh tic dong cta OPC bl tdn siic & gifta doan cling ¢6 thé duoe xde minh bing
vice s dung bicu thie (9-4). Truong quang o ngay trude OPC duoc thu nhan bang cidch
sw dung - = Li2 trong bicu thic nay. Sau dé. sy lan truyén cua trudng két hop pha A7
trong nua doan thi hai thu dige nhu sau:

A(Litj=— | AL/ Z‘ww\p(iﬁ:Lm" - it Jida) (9-29)
r - : )

Gdiay A(L/2,w) la dang chuyén doi Fourier cla A(L/2,1) v duoe cho nhu sau:

AYLI2.@i=A'(0,~w)exp—iw B,L /4] (9-30)

Thay thé bidu thite (9-30) vio (9-29), nguol ta tim thay rang A (L.1) = A'(0.¢+). Nhu
viy, trit khi OPC dido nguoc pha, trudng diu vao duge khoi phuc hoan toan vi dang
xung duge luu cho dang diu vio cla né. Vi thé, pho tin hiéu sau OPC ¢ thanh hinh
anh phan dnh trung thue phé diu vio, cho nén ky thudt k&t hop pha quang OPC ciing
duoc goi la ky thudt dao pho gifta doan.
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9.7.2. Bu tu di¢u ché pha

Ching ta di bi¢t v¢ hien wong phi wyén g dicu ¢hé pha SPM (Self” Phase
Modulation) & tao ra chirp soi cua tin hi¢u duoe truvén. Nhu trong mine 9.3 di ¢hi ra
rimg chirp ¢ thé duge st dung véi khia canh vu diem dé tao ra thuan lai cho thict k&
Ciic soliton quang cting ding SPM véi cdc uu diem cia nd (ta s xé o chuong 11, Tuy
nhién, trong haw hét cie heé thong khong soliton, cic hig¢u dng phi tuvcn do SPM sinh ra
Lai [am gidm ¢hit luong tin hicu, nhat atin hiéu duoe iruyen trén cu ly dii ¢6 sa dung
nhic¢u bo khuéch dal quang.

K¥ thwit k&t hop pha quang OPC khice so vai cde kv thuat b tin sic kKhde o mot
diem quan trong la o ché: dudi cice dicu kién ndo do, n6 ¢ the biv dong thisi cho ¢ tin
sac van 16¢ nhdm GVD vi ta dicun ¢hd pha SPM. Dac diém nay cua OPC da duoe leu
tim vio dau nhiing nam 1980, vi dd duge ma rong nghién ctu sau nam 1993 Co the dé
ding nhan thay ring cad GVD vt SPM déu duoc b thich hop khi Khong ¢6 suy hao soi
quang. Sy truyén xung tong soi ¢d suy hao duge chi phoi e bicu thiie (5-4), hoic 1
bicu thic sau:

A

aA i e I

—+ B —==iy|A A--xA (9-31)
gz 207 or ' 2

o day 7 s€ cht phor SPM vit ¢ §a suy hao sot. Khi mi = 0 thi A <& thod miin ciing
bicu thie khi 14y 1ién hop phite phuong trinh (9-31) va déi - thanh (-23. Nhu vay OPC
gifia dogn ¢ the b dong thai cho ca GVD vt SPML Su ¢6 mit clia suy hao soi s& phi
huy dic tinh quan trong nay cua OPC gifta doan. Ly do dugc cim nhin ro ring néu nhu
ta chd ¥ ring su dich pha do SPM sinh ra 1 phu thuoce vio cong suat. Nhu vay s& dan
dén nhiing su dich pha & noa diu cha tiyén truyen dan s¢ [on hon nhidu & nia sau vi
OPC khong the b cho cdc hi¢u dng phi tuyén. Phuong trinh (9-31) ¢6 the duoc diing d¢

nghién et trong tic coa suy hao soi. Bing cdch thay thé bi¢u thic:

_ o
A(:,IJ’:B(:‘H(’.\';)(—T {(H-3)

-
thi bidu thite (9-31) ¢d thé duoe viet nhir sau:

(?—B+Lﬁ_, (?—g:fjx(:)éﬂ\" B (9-33)
dz 27 o
& day y(z)=7exp(—az). Anh huong cua suy hao soi L uong duong vé mit toin hoc
doi véi truong hop khong ¢6 suy hao ngoai trit tham 6 phi tuy¢én phu thuoc . Lay lién
hop phite bi¢u thide (9-33) vi déi = thianh (-2) thi dé diang nhin thay ring bit SPM hoan
chinh ¢6 thé xay ra chi khi #z) = y(L-z). Didu kién ndy khong thé thod man néu nhu

cr = ().
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Cé the nght ring vim dé ¢6 the duoe gidgi quyvet bimg cich khugch dai tin hidu sau
OPC gitia doan dé cho cong suit tin hicu 1rd thinh bing v&i cong sual diu vio trude khi
tin hiéu duoc phiit vio nua doan thi hai cta tuyén soi. Mac dio cdch Gép can ndy ¢é thé
laum gidum tde dong cua SPML nhung né khong cho phép b hodn chinh SPM. Nhu vy,
b hodn chinh SPM ¢d thé thue hién duge chi khi nhitng su thay doi cong sudt 1a doi
xig geanh diém gita doan, noi ¢ OPC nhim dat duoe #z) = #L-25 trong biéu thiic
(9-33), Trong thiee 1€, viée truyén dan tin hi¢e thuong khong thoa man duge dac
diem nay.

Bu hoan chinh cho ¢d tin sac vim 1oc nham GVD vt didu ché pha SPM ¢6 the
thue hién dwoe bing cich s dung cic ot o tdn sic gidam. DE thiy duoe giai phip nay
duwoe thae thi nhu hé nio, ta gia thiél ring /4 trong biéu (hife (9-33} [ mot ham 6 coa -

Su dung dang san day:

é:J}’{:Ju’: (9-34)

thi bicu thire (9-33) ¢é thé duoe viét nhu sau:

-t

B i . JB
— +—B(§)—
ok 2 el

=[B" B (9-35)

3

S

aday Br&r=f.(&)/y(&). Ci GVD va SPM déu duge bl néu nhu B{E) = B{E, - <),
rong do & 1 gid tn ctua Stai o = L. Giai philp don gian duge dua ra trong truomg hop
Lin sae duge may dét cting cach nhu 1z). Vi suy hao soi 1aim 1 2) thay doi theo him md,
cho nén ca GVD vii SPM ¢6 thé duge bt chinh xic trong soi tin sic giam ¢é GVD giam
theo him ma. Cich tiép can ndy hoan oin tong quil v dp dung ngay ca khi wyén cé

st dung khuceh dai dudng truyén.

9.7.3. Phat tin hiéu két hop pha

Thue hién k§ thudt OPC gifta doan do1 hoi phin ¢é phan twr thiét bi quang phi
tuyén ma né phit 1in hiéu kér hop pha. Giai phip thong dung nhit 1 s dung tron bon
song FWM trong moi truomg phi tuyén. Vi ban thin so1 quang 1a mon truong phi tuyén
cho nén cdich 1iép can don gian 1a stt dung mot vai kilomét soi dueoe thict k& dic bigt dé
tang [dn nhit hicu qua FWM.

Hicn tuong FWM trong soi quang di duoce nghién ciiu mét ciach tich cuc | 134, 135].
Vice s dung né doi hoi viee phun tin hicu bom tal tn s¢ @, duoe dich tir tin sa tin

hicu m, vér mét luong nho (khodng ~0.5 THz). Tinh phi tuyén soi s€ phat tin hiéu két
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hop pha tal tin 80 @ = 2 - @ sao cho gin nha thod man didu kicn tong hop pha
ko= 2k - ko day b= ntgo e 10 S0 luong song doi v buedng quang (dn so o, Trong
cie sot don mode, dicu kién tuomg hop pha o the edan nhir duoe tho:it man néu nhu bude
song ¢d tan sae bang khong cta sei duce chon irung Khop var bude song bom. Pay la
cach Hep cin da duoe phong theo trong cic thire nghicn e nam 1993 khi mi cde nhi
k¥ thuat diairiinh dicn Khi nang cua giai phiap bi tin sie biang OPC. 1hnh Y213 ma 1 so
do thiet Lap thie ughicm tho k¥ ndy [136]. Trong so do nav. bo loc hiing thong BPE
dirgre dung de tich tin hicu K& hop pha e qua wind bom.

DSF 21 k- FDRA  BPE  SMF

R

I,/ 3 l'\ ::r i \' :I
\@J S N
AP

£o= 158508 nm

R

~=1542 9 nm

EDFA

DSF: Sd. tan séc dich chuyén Laser cang hudny ngoai
SMF. S0 don modc .= 1546 7 nm
BPF- Loc nang thong

Hinde 9130 Sordo thire nghicm biv tdn sae hang bici doi phe vidia doan
Ca mot v yeu 1o can duce xem x8t trong khi thue hicn k§ thuid OPC gili doan
trong thue (& Tha nhit [a i bude séng tin icu thay doi W, sang ) = 2wy, - o 11 bo
ket hop pha. cho nén tham 56 tin sac van 16¢ nhém S ¢ g nén khie di trong nta doan
thir hai. Nhuovay, bichodn chimh xdy ra chi Khi bo két hop pha chéch dor chat khoi digm
g et tuyén, Vit chinh xde L, ¢6 the duoe xie dinh hing dicu kicn sau:

ﬁ_‘ (“J\ ) L, = [3 (o )( L—1,) {U-30}

G day L1 tong do dai weyven. Bang cich khai inién FCen ) rong chuoi Tavlor quanh tin
SO LN hicu . ta <6 the tim duoe L, nhu sau:
L, _ B.+3B.
L. 2B.+08.

trong do o= ¢ - o I sy dich tin coa tin hicu do OPC sinh ra. Thuong thi su dich bud

(U-37)

song 146 nme khi @y vi i bo kér hop pha thay d6i vao khoding 1%

Y eu 16 thit hai cin phai quan tam Bugud trinh FWM trong so1 quang L nhay cam
phan cye. Vi su phan cuc tin hieu khong duoe di¢u khicn trong so1 quang cho nén no
thay doi ngdu vhién. Nhitng thay doi ngda nhién nhie vav s& tdc dong 161 hidu qua
FWM. lam cho ky thuat OPC ti¢u chuin khéong phic hop véi cic mue tién thue (c.
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Nhung et may i kS thudt FWM ¢é the duge thay dai dé tao cho né khong nhay can
plin cue nan. Co mot cdeh 1 sa dung hai chinn dnh sang bom phan cue trye giao tai
cic bude xong Khie nhau. duge dac doi xing tén cde vi i doi dicn qua bude sdng co
tin sae bang khong 2., cta soi. Phuong phidp nity ¢6 wrw diem iz séng két hop pha ¢6
the duge phit tai ¢ling Gin 86 voi 1in hicu bang cich chon 4, sao ¢ho né tring véi tin
<o tin hiu. Dac didm ndy ¢6 thé duoe xic minh dé ding khi lou y ring o1 = @, + s - o
VAT Cde tan sa bom @, £ o,

Qui irinh FWM trong khuceh dai laser hin dan cting duge diing d¢ phit tin hi¢u
KCThop phacde bu tin sac. Giai phip niy duve th we hicn dau tién vio nam 1993 vai viée
bicu dicn gruvén dan tin néu 2.5 Ghit/s trén 100 ki soi tieu chudn G632 ket qui thu
duoe thong qua vice dicu ¢hé true GEp Taser bin dan. Sau dé vio ndam 1995, nEuon ta di
ten hanh thue nghiém dat viée travén dan 16 40 Ghit/s trén 200 km so1 G652

9.7.4. Anh huing cua khuéch dai ¢ chu ky

Hiu hét cde cong vice thye nghiém vé bl tdn sic déu xem xét cur Iy truvén dan &
Khoang vai trant kilomér Doi véi cie tyen wruyeén dan dii, ngudi ted he dat cau hoi
rang licu k¥ thudt ket hop pha quang OPC ¢6 thé bo GVD hav khong cho tuven dai vai
nghm Kilomet soi quang ma uen do ¢d cie bo khuéch dai méic chudi déu dan. Cau han
nay duoce nghien ctin rd 151 cho véu thong qua vice mo phong s6.

Trong quit trinh thue hién mo phong. tin hi¢u dang NRZ duoe mé hinh hod bing
vice sem xét chuot gia ngiu nhién 128 bit véi dang xung quang Gaussian |136]. Suy
hao sgi duge bl 1% tudmg biing cic bo khudeh dai quang khong ¢é nhicu, v GVD duoc
bii bang k¥ thuat OPC. Dac tinh he thong duoe phin quyét thong qua do khép hinh mat.
Ket qua chi ra rang o hica 10 Gbhiys ¢o the truvén tien i by dai 6000 km néu cong
SUAL phat trung binh duoc gir dudi 3 mW de glann cde anh hudng cua hice dng phi
tven, Nha dd xem xét trong mue 9.7.2. kv thudat OPC bit cho ca GVD va SPM chy
mang tinh cue bo khi cic hicu ang phi tuyén o nén quan trong. Trong mot két qua mo
phong may tinh khae [137]. ngui ta cho ring Khoing cich khueeh dui dong vai tro
quan trong. Tin hicu ¢6 the truyén rén ey ly 9000 km khi ailt cho cide bd khudch dai
quang cich nhau 40 km. Viée lya chon bude séng hoat dong cing var vice luu v 16i bude
~Ong ¢o tin sic biang khong ciing quan trong. Trong ving 1in sac dj thudng (4, < 03, su
thay dai chu k¥ cong suat tin hi¢u doe theo tuyén sot quang <6 the din dén su phit cie
biang ben phu thong qua hién wong cia dac tinh Khong on dinh diéu che. C6 thé trdnh duoc
tinrh khong on dinh nay néu nhu tham 8§ Gin séc wong dor lon (D > 10 ps/km,nm),
Truomg hop nay xay ra khi st dung sai don mode tiéu chuan véi budc song gan [,55 um.
Nhur viv, e can cha y ring cu Iy tuvén dan I6n nhat sé phu thuoe vao nhiéu yéu ta,
chang han nhu hiéu qui cia FWM. cong sudt dau vao v khoang cich cic bo khuéch
dar quang. va cde tham s6 hoat dong [ 124, 129
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Viee su dung OPC cho cde hé thang thong tin quang ¢6 e 1y xa doi hoi phai ¢é
ciic bo Khuéch dai quang miac chudi not 1i¢p theo chu kv viv cae bo k¢t hop pha. Hai
thanh phian thiét bi quang nay ¢6 the két hop thainh mot bang cich su dung cic bo
“hhudch dei tham 67 no khong ¢hi phit ra tin hi¢a ket hop pha thong qua qud tninh
FWM mia con kKhuéeh dat tin hicwe Vice phin tich hé thong truven dim quang cu Iy xa
nhu vay chi o ring cde xung dau vio 20 dén 30 ps ¢o the traven duae 1rén hang nghin
Kilomét miic div <o tdn sie soi cao, v eu v truvén dan 1ong o6 the vuot 15000 kim doi

val chie sot1dn sae dich chuyén.

9.8. BU TAN SAC BANG RONG

Trén co s cic KEUqua dat duge cho vice b tdn sac cho cic he thong don kénh
quang 10 Ghit/s. nguoi ta da nd lue & mo rong vice bl tdn sic cho cde he thang ¢o
dung luong (61 trén 100 Gbit/s da kénh quang. V6t cde 16e do bit cao nhar vy, phuong
phip b tin sac can ¢o tnh twong thich bang rong. Sau dav ta ~& xem &t viln dé nay
thong gua thue tién cde he thong TDM v WDM.,

9.8.1. Bu tin sac cho hé thong ghép keénh phan chia thoi gian

Tin hicu quang ghép kénh theo thol gian TDM 6 st dung xung cue ngan khoang
~1 ps i kKhe bit G 1oc do 100 Ghit/s ¢hi rong 10 ps. DA vai cie xung ngan nhu vy,
pho xung tr6 thanh du réng 1im khé cho viée bt tin sic van toc nhom GVD uén toan
bo dai tan cta xung do f phu thude vio tin so. Bidu thie (2-153) ¢6 the duge ding dé
xae dinh cu by truven dan 1dn nhat L, duoe ¢ié han bdi Gin sic bac ba . chi khi tin sic
hac hai ditoe b, Nhur the w eo:

< 0.034

B U-3%)
BB (

Giidn han nay da duee chi ra o himh 2.33 boi duong dat nét. Tai woc dd 200 Ghit/s,
L chivio Khoang 30 km: nd s¢ bi ngan lai chi ¢dn 3.4 km ai tac do SO0 Ghit/s néu ta sin
dung gid tri ticw bicu B, = 0,08 ps’/km. RO ring riing su dung kv thuat dé bit déng thei
cho cd tdn sie bac hal vi bic ba T cin thiét khi e do bic vuot qui 100 Gbi/s cho ciic
hie thong TDM.

Gidi phap don gidn ohit d¢ bl tén sae bang rong 1 s dung soi Gin siac cao duge
1hict ké ¢ do doe tdn sac am dé cho ca fviv A, déu nguoe diu khi so vai sol quang tiéu
chuan. Dicu kién cin thicl dé thiet k& cic soi nhu vy ¢ the 1thu dirge bang cich gidi
phuong trinh (9-3) str dung phuong phap Fourrier. ai véi tuyén sor quang chia hai soi
¢O Ao diu L, va Ly khiie nhaw, cde didu kién dé bintin sic bang rong dieoe cho nhu sau:

Bul +B. Lo =0va Bl +B.L.=0 (9-39)
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G day Foova A1 ede tham so tin sae bae had vabde ba cho cae sor co do diu il Diéu
kicn dau tién giong bicu thie (9-163. St dung bicu thice (9-173, di¢o Kien tha hai ¢o thé
duac st dung dé (im tham s& Gin sic bie ba cho soi bt in sac DCF nhu sau:

D

o L
=—fB,=-—8. (9-30)
B Dll . Ll

Nhin chung rit kKhé dé thod min duoe bicu thie (9-39) trén mor khodng rong bude
song. mac di ¢o s thinh cong dang ké trong nhime nam qua. Do vdi cic he thong
TDM. bang thong tin hi¢u ticu bicu ~ 100 GHz, vi n6 du d¢ thoa min bico thie (9-39)
trén biang 2 dén 3 nm. Yéu cau uiy d¢ dimg thoa miin doi vél e sat DCF hat maode nhi
i xem xECO phian 9.4 mice dit n6 vew ciu s didu khicn chinh side v so L4, Thue sy
thi viee mo phong sa chi ra rang doi véi xung 1 ops, L, ¢6 the vuor qua 100 ki khi su
dung do din tonvu sor DCE lan mode nay.

Comot s6 thue nghiém vihe thong TOM trinh dién vé tém nang cua kv thuit bl
lan sic. Neudi ta di truyén thanh cong tin hicu 00 Gbit/s bing cich s dung xung
quiang 0.Y8 ps trong khe than gian 2.3 ps.

Cie soi quang ¢ang ¢6 the duoe thict k& de bu tin sie bae bae Ciae mach sang gquang
Plana trén nén tang nhicu bo loe gino thoa M7 d3 chiing 10 khi nang thimh cong hoin
oan cic ba loc niv do ¢ ban nang ¢6 the lap trinh. Trong mot thee nahic¢m, naurdi ta da
hict ke bo loc ¢o do dac tdan sic B -15.8 ps/nme trén bang tin 170 GHz N6 duoe ding
dé b ¢ho tian sic bae ha trén 300 km sgi tin sac dich chuyén vai = G.03 ps/iknim®)
tin bugre song hoa dong.

Tin sae hie ha cong ¢6 the duoe bit bang cach sirdung cic cach wr sgi chirp. Vice
mao e rong mue 9.6.2 wude day Brche gidn han wong pham vi cie cach o chirp tavén
tnh duoe 1hidt k¢ dé bie cho ciae dnh hadng cua tin sac bac hal, Cie cach 10 niy hoat
dong hoin toan 161 de bi tin sic cho he thong 10 Gbit/s nhung «¢ khong phi hop cho
cae 10 do bit cao ~ 100 Gbit/s. Vioviv, ngudi o dd thict ke Toal cich wr Bragg son
chirp bic hai dé ¢é thé bi dong 1hoi cho ¢ tdn sac bac hai v bie ba,

9.8.2. Bu tan sac cho hé thong ghép kénh phin chia theo bude song WDM

Nhir dd bict rang cide he thong thong tin quang WIDM thee hicn truyén climg hic
nhicu kénh quang nhé didu chd@ mor so song mang quang vii Khoang ciach bude song
~1 . Nho vy toan bo tin hicu ¢6 thé chiém do rong bang 20 dén 20 nme: mace du no
ducic bo thinh cic gbi pho ¢d do rong ~ 0.1 nm, nhung né phu thuoc vao (e do bit cua
timg kenh rnicng &, Surkhide obau chinh so vor truomg hop he thong TDM 13 v cie xung
guang ong doi rong (> 30 ps) duoe s dang dob val ede kénh ricng, cho nén tian sic

bac ba co vin tro chit it trong khi truvén dan xung. Tuy nhién. do 74 phu thuoce bude
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song mi tin sae bac hai phin duge i tén dad pho rong mi 1 hicu WM bao triun Ién,
C6 hai phuong phip khde bict duoe st dung dé bl tin sac bang ronge trong cice hé thong
WDM. Tha nhar I ding soi DCF.nG cho phiép bt GVD trén oin ho dai thong 1in hicu:
phuong pluip thid hai s dung tnh ua vict tie ban chat wan hoin cla pho tin hicu. va <
dunng bo loc quang ¢6 cic dae tinh tin sac chu kY (tuan hoin .

Trong trwong hop ede bo loc quang ¢ dac tinh tin sac chu kv boloc FP co nhicu
dinh truvén dan cdch xatheo chu ky hing didi pho e do duoe cho trong hicu thae (7-101 ¢
chuong 7. St dung cae bo loe niy co the cho phép bit GVD bang cich fam mat dicéu
huong dinh truvén dan FP khai bude song trung Gim cua g Kenh, Tuy nhien, (iiét ke
cac bodoe FPvan luong tin sac Ian Beedt khao Cae eiach ne sai ¢o the cho ra GVD lom
nhung thuong chr phic hop vai cic he thang don Kenle Tuy nhicn ¢6 mot loai vich 1 NUY]
man duoe gor 1 acich i sol duoe [y man”™, duoe Jam ¢o nhidu hang dirme. Vice che
o rat done wian, Thay cho vice ot mot cach tr di. neudi e did Kiie nhidu cich
ngan ciach deu nhaus Moi mot dogn ngan 1 mor mau. va i vy gol B oedct teoman.
Cich ta ndy ¢6 nhicn dinh phan xa c6 khoang cich bude song duoe vie dinh bang chu
My o v nhur vay e the dicu khien duoe tong qua mh ché oo Hon nii, ncu timg
mau duoe chirp, cic die tinh tin sie cia moi mot dinh cong hrong & duge chi phot bo
heomg chirp duoe sinh ras Caeh wr nay di duoe ding Jé bicn dien sy bi dong thor cho
Ll ~ae son cho 240 ki ena he thong 2 kenh quang 10 Ghitgs. Vé neuven i ocide cdeh
nhu vy co the phue vo duoe cho cie he thong <6t 160 den 15 kenh, mac die ¢é sty kho
Khin ke doi choi voi ciach o vi Gin sac soi trong trudmg hop so kénh tang len,

Cic sat DCEF hai 1ot v elip cang phit hop cho vice bo tdn sae bang rong trong
ciae he thong WDM v tham so tin sice O khong ¢hi ¢6 cie gid i am én. mi DY con
Ling voi bude song tng, theo da nd b Ll s téang twong g vong soi ticu chirm, Co
nhicu nhimge thi nghiem ve khai thic the manh cia cic soi DCE. Nam 1996, maot thie
nehiem did duee tién himh voi e thong 16 kénh 1o do 2.5 Ghitjs dd a0 thanh dung
lvong tong tuong duong 40 Ghit/s WM. dudic truven tren 427 ki sol nha vice ap dung

Bl tan sac ket hop va suu 16 rude.

9.9. BU TAN SAC CHO HE THONG CULY XA

Nhimg van d& mit e dé cap 16i o ren T cho cde he thong ¢o cu lv v tram
Kilomat: nhuw vy thi vice b tin sie cho cde hé thong o cu bt dan <& duoe tien hinh ra
sao. Vin dé nay thuong duoc dat ra cho k$ thuar b tin sac khi duing tren quan diem thic
K& he thong truvén dan quang ¢d dd dii 16i vin nghin kilomét, Néu nhu et sau 100 km
den 200 k. ain hicu quang L duoe i phit bing thict b Tap dicn thi 6t ca cic Ky thut
b tin sac di thao Tuan trén dav déu ¢o the ap dung 61 cho cic he thong bai vt moi s

sy gidm he thong déu khong tich Tu$ wen wan ba chidu dii uven. Newoe lai, néu nhar
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tin hicu duoe duy i trén micn quang 1en toln bo taven did bimg cich s dung cac thid
bi khucch dar quang thi cie hucu g phi tuyén nhi SPM v FWM co the gay ra cde dinh
huong kKhice nhau iy theo cie k3 thuae bo tin sie khie nhaw. Trong phan nav, chiing ta
MXCNT XCEL 80 ho cie he thong thong 1 quang sei ¢ s dung k$ theat biv tdn sice bang
DCT hoace cach wrsot,

Do van de chi phio mi hiwe het cac (hi nghi¢m déu duoce 1ién himh vong dicu kien
st dung mach loop vong soi trong do tin hicu quang buoce phai di vong nhidu Lin nham
de tao nen he thong ¢o cu Ty i tén v nghin kilomér Nhievav, ¢t sau khoang 100 ki
L phan dimg 161 gan 20 km sor DCE de bl tin sie nen nha he thang ¢6 toe dé 10 Ghit/s
[42]. Ciac bo loc quang cing phai duoe sa dung de giam anhy huong cia nhiéu bo
Kiweeh dat duoge Tap dat tren toven. Fhien teong phi tovén chi vEu e anh huong (éi chil
lwomge he thang don Kenh chinh Ti SPM. Thue vy, ngodi t dd tom thay rimg cu Iy
trux e dén phu thude vio cong suit tin hicu G dau vio DCT. v 1 o nhat doi vai gia
1rg tor wu Khoang 037 mW. R6 rimg rang SPM iy ra bén trong DCE déng mot vai (o
quan trong Vi cic sinh huang phituveén ¢ tang ben nong DCF do vung 161 hicu dung
cua no b giam. Trong cae i nghicm sau nav. ngudi taang e do bic hang k§ 1huat
ghép bude song WDM. Mac du di su dung cic bO Toc can bang, nhang ¢u iv truvén din
tong van b giim so véi he thong don kenh ¢6oe do bil bing 1oc do mot kénh trong he
thong WDM. D6 L do anh huong coa hicn dng FWM,

Tin sie van 1o nham GVD vicnhitng bich déi cong suat doc theo tusdn soi duoe
b tin e & phu thude vio viowd trong doi coa cic sai DCT va cie bo khudeh dai
quang. 5S¢ ¢6 ¢in hor dat ra L licw ngudt ta co the cai thien ehat luong he thong bing
cich toi uu mat cat GVD doc theo twvén hay khong, Cau ted fi 1 hoim toln duoc.
Trong thue (e Ry thuat ndy dd duoe dling viv duoce goi B kS thudt geedn Iy s sde. No
diroe ip dung rar co hicu qua néu o ngudt thidt ke he thong ¢o quyén wr do hi chon
Cie soi ca e dae tinhe Ginsac khae nhaon Y tedng 1 hodim oin don grin: 1o hao gom
vice tron cde soneo GV D duong vivam vai nhau de sao cho kKhiong chi tin sic 1ong giam
doi voi e cide kenh md dong thoi cie dnh hiedng phi tavén cing duaie . Nhid
giad phip nay, nguoi ta da thiet Bp duge s din 1000 kmvai 21 bo khucch dai
nim 1YY4,

Thong gua cie RS qua nghicn i gan day nguon taed e dua ra k& luan chung
rang vice 101 v he thong WDM s dune kS thuat bit tin sac con phu thuoc vio nhicu
tham ~o et ke, ching kan nhu cong suat phit, khodng khuceh dai. va ViUt cie DCF,
Neu nhu ede tham oty duoc thict ke hop Iy ¢ co the thue hicn duoe cie hé thong

thong tin quang cur Iy xa vol dung Trong rit loén.
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MANG THONG TIN QUANG

Hien tai ¢6 rit nhicu cie chung loai he thong truvén din khiac nhau dwoce dua vio
khat thic trén mang ludi. Do ¢d nhicu vu dicm vt tror md mang thong 1in guang ngay
mot phat trién mo rong ca vé quy mo pham vi ing dung vi chat Tuong mang. Do ¢6 su
phat trien phanh vé cong nghe, cic cau triic mang va cie ciu hinh he thong truvén dan
quang frong tng dung thue (€ dang tién t6i khong con ton s phin bigt gita ¢de khu
vue tng dung. Tuy nhién d¢ thuin Tgi che viée phan tich v ddnh gid ciu tric ciing nhu
cong nghé mang thong tin quang hién tai va trong nhimg nam 13i. ching 101 ¢idi thiéu
not dung chuong nay [am hai phan Bumang not hat vie mang truvén Gl quang. Mang noi
hat & nhicu not da duge khai thic ¢o hicn qua va nd di dip dng duoc nhicu loai hinh
phie vu. Tuy nhién, nhu cau thong tin ngdy mot phat iricn manh. ciac véu ciau ve cic hé
thong cho mang néi hat ¢é bang tan rong di duge dat ra nhim thod man su phit trien
cua mang va cac low hinh dich vu ¢é bang 1an ciing nhu chat luong cao. Xudt phat
thue t& nha vay. gan day viee dp dung cic b thong thong tin quang vio mang noi hat
¢6 the dit méi hode thay (the cho ciac tuvén cap kim loai dd duae trien khai ¢ cice nudc.
vit mot sO nen di o6 duge nhimg kKinh nghiém bude dau. Mang wruyvén il trong chuong
nay s¢ duge @ior thicu vér muc tiéa truven cic Tuu lrong 16n vt hang Gin rong nham
thod man nhu ciu truvén Gi trong cau tric mang hien dai. Tren co s do, viln dé thong
sudt luu fueng duoe dat ra uhu {8 mot nén tang cho viée thoa mian nhu cau bang tédn
rong cua khdch hang ma khong can quan tam 161 not dung cta lodng tin hicu do. Pay
cong la mue tén uén (v mang thong tn quang thé hé sau NGN (Next Generation
Network), Nhuovay, viée két noi mang cling ¢6 nhimg véu cau mdéi nhiam thoa min mot

nhu ciu ve cie Toal hinh dich vu vién thong.

10.1. MANG THONG TIN QUANG NOIHAT VA THUE BAO QUANG

10.1.1. Cic cau trie mang quang

10.1.1.1. Bus soi quang

A

Cau hinh mang bus da duoe xay dung trén cip dong. Cau trie niy ¢6 o diém i
o ra mor trudng truyén dan hoan toin thu dong v dé dang tao duoce cie nhdanh trén
dudng cip ma khong gay ra xido tron cau hinh ctng nhir gidn doan vice khai thic mang.

Nhung khi phdt trién cdu tric bus (rén cip quang thi lai kho thee hien: 1y do Lo chd
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vice truyen hat hudng trén cic nhianh khio thue icn, cice tin hi¢u vao vit ra ¢ dudng
truven dan chinh khong thwan lTor nhr o cdp dong. Ciu trac bus duge mo ta nhu ¢
hinh 101,

Trong cau triie bus chi ¢é mot duong truvén dan iy tong dai noi hat 8 cac thiét b
din xa RT hoae RU (Remote Terminal hodac Remote Unity, Nhu vy ¢au trde hinh bus
»& s dung chung thiét b mang, iy nhién nd khong ¢d tinh bao mat thong 1in, Cau hinh
niy phit hap véi vice phan bé cie dich va vi cic thud bao ¢6 the nhan chung ciing mot

Lin hicu.

Thiét o Thigt by
dau xa dau xa
. Cap soiguang
Tong dai
Thiét bi Thiet tn
dau xa 34y xa

Hinlt 101 - Ceue tiriee bus xoi iy

Do ¢d cice phin wr tieh ghép (couplery micd the thue hién duoe vice truy nhap tin
hicu quang. Cie phan wr ghép nay o dudi hai dung tich cue v thu dong. Ciic bé coupler
tich cuc ¢d chite ndang bién doi tin hicu gquang thu duge i bus thimh tin hicu dién trude
Khi tién hanh xur 1y tin hiée (ahu ghép thém ludng so vio chinu tin hicu, vivey, Cace ho
coupler thu dong khong thue hién qui trinh bidn dot quang-dien nio, nd chi su dung

dac tinh quang d¢ v heong cong suat wr bus chinh,
e Coupler bus sot quang tich cuc

Coupler tich cuce ¢htr T duge md 12 nhu ¢ hinh 102, O diy ho thu quang
photodiode s¢ nhan tin hiéu quang tir bus soi vit thue hién bién doi tin hicu quang thanh
tn hicu dién. Tin hiéu dicn o dan ra bo thu & dira (61 b phin xa 1y tn laéu. Thinh
phin xtr Iy tin hidu s& thue hién cic chiae ning bidn doi vé dién nhu trich iy hode sao
chép tin hice dé dua 161 hidt bi diu cuol v duy i tin hicu cho thidt bi phit quang.
Thict bi phit guang thue hién bién doi wr tin hi¢u dién wo lai tin hicu quang dé phit tiép
v duong triyén bus o1 161 thict bi Giep sau. B xu Iy cing ¢d the ghép xen thém thong
tin 1y tir thict bi dau cudi vio dudng truyen tin hicu. Cic coupler loai nay deu san ¢6
trén thi truong hoac ¢6 the tao ra 1 cde mach voi ciac nguon phit laser vi bo Gich séng
photodiode thong thusng. Ui diém cha ciu trde bus <oi loai nay 1a mot thi¢t bi déu ¢
the dong vai trd nhu mot tram lap. Didu ndy ¢6 ughia 1 vé nguyén 1y hoat dong, bus

tich cuc ¢d the dicu et cic thiét bt dau cudi vai so luong khong gidi han. vitin hicu da
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duoe khoi phue vé gttt ban ditn i mon mor nat mang. Tuy nhicn, vice st dung lam
tram fap contuy thuoe vao tmg tudng hop ey the v do un e cua tmg tram [ap & i
MU Lo At guan trong Bien quan 16 hoat dong cua 1ol mang. Gia du nhu néu ¢6 met
fram o do tren mot bus don ot bi hang thi toim bo hra eong <& by netme L, chinh vi
vay nguon tadd dira s cdu linb bus da son hoae can hinh diomg vong de giam bt s eo
o v de nave VE can hinh didng vong ciing ¢o the duoe the hicn qua cie thict by tich
cue nhe cie chuyen mach dien-quang. O ky thudt nay. khi ¢é nat ndo hong trén mang,
no s¢ e vong theo mot hudng Khde, Laie do. sot quang 161 <&t dong ngat Khoi (hidt b

Lt do v nor 161 son tiep theo nhe cide chuven mach di¢n-quing.

Sonanang -
LY S thi
.'—"“'_L-_ -
e QUATY

L} '
1 1
1 1
1 1
. '
. Thit bi .
X dau cubi .
1 1
1 '
1

Hinde 102V dior loai conpler clie T

—»
Coupler son-sd /,//:;::’___-__ S di vony %'"":::l?:______
i Bt A ly B pnat i I
I A L
[ LA Rl ATy L e
S guany ! S quisng
Thigs by
idau cus

Hinlr 1O 32 Cean hiode soi vong e doirs

Cau hinh deong vong con ¢ the thue hien nho cic bho ohép sor thy dong tmi ta s
Netaphan s, Hinh 103 H s du vé e rde duong song sai th dong. O din mdi mot
tram lap deu ¢é mot dudng vong ¢ dinh 1 <o quang noi hai phia cua thict br nhé cie
bo ehep quang 1Optical Couplery. Néu nhir ¢ tram nio bi hong. s vong niny ¢ duy 1)
tn bicu quang tr thier biphat 16 ram 1iép theo saus B¢ triinh 2lao thoa véi tin hicu
dang duoe phit i nat kKhi dang hoat dong binh thone. thi 1 hicu di theo duong vong
phar duoe giam du e 1t nhan 107 3B so v tn hicu guang tar nut do de dat dwoc 1y

o 1ol bit BER = 107 d¢ chi auat hicn nhic¢a wen 1in hict duoe pha di mot cach binh
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thuong. Phirong phip nay don giin. khi tin cav. vi kinh 18 nhung doi khi Tai lam giam

du phong ciia tuven.

o Coupler bus soi quang thu dong

Frong cau hinh coupler bus sai quang thy dong. cic bo ghép teoupler thy dong
duge s dung o timg thict bi dau cudi de lay ra phan tin hi¢u quang 1 dudng bus rung
k& hoie dua cde tin higu gquang thém vio trung ké. Cae bo ghép thu dong niy thuong co
dang “In-line™ hode chir T. Ciin trie chit T o lién quan 161 phan bo gut cong suit ¢
mang. dav Tiovan de chinh can quan tam. Trong thue t& con nay sinh viin dé 1t hicu
guang khong duge 1l phic tai timg ndt tram thidt bic Ciie suy hao ki xen tin hicu vio
va Ly tin hieu ra i mol nhdnh cong thém véi ciac suy hao soi it che nhianh s¢ lam
han che kich e mang. Néu nhue st dung eie bo ghép dai simg thi so htong thict b dau
cuol s¢ nho. chi khotng 10 thi¢t bt dau cuol. Tuy nhicn, dé tng duge so Tugng thict bj
niy [en 1hi ¢é (he sirdung cic bo ghép khong doi xting.

Thnh 1040y 16 mot dang bo ghép thy dong hinh ¢hit T pho bicn. Bo ghép ¢o bon
curas hab et dE noi thict bl vio bus. mot eia d& thu (i hicu tir nhanh di ra. v Mot Ctra
dC xen tin hi¢u vio dudng bus. Néu tin hicu di tir i sang phal nhu G hinh v& thi cac 1in
hicu duoe ghép vio bus theo ctra A vi tin hicu Ty ra (0 bus s¢ 1y tai o B Trudmg hop
nay La st dung bo ghép chir 1 don. Theo nhi tinh we hinh 10 4a) 1hi «& ¢6 mot luong
cong sudt quang dirge 1ay ra tir bus soi chinh di vio cia B. Frong nhicu truong hop ho
phit quang & day ¢ the Tum qua tai bo thu quanyg, Dé tinh didu nay . nguol L s dung
hat bo ghép dat bo trude bo sau nhu & hinh 10.4b). Lic nav cia bo the se neuse dong
vol et bo phdt viv s¢ trdndy duoe qui i bo thu, N vay o trudng hop nav s& ¢o hai cua

Khong dude sudung.

o 1 1
("ﬁe'r} i \ y Wung cac soe - Trich iy
e A yneng chay ghen, @ tirs b ‘
v ovan nhau - Dg ' =
. b 1 . . -
Tinneu dau ' ' Tin iy dau
van nan dau ra A dau
—_— - — -
Bus sgi chinh \
Cong sudt grép
o Tu b phial
. N Tai ba thu e e
CUa khong duny A Y Cua «néng ting
?\\ )
\ / . /
\\"‘—--_._._,_.---/ e
—- - - ) —
Tin rieu Bus Bo ghén thu guang Ba ghep ohat Juang

Hinh 1O Bo chep i Tl dong va phaeme pheap shen tranh agud i bo thi
0 SHey LRt / Q priapy ghey / .
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Cic ba ghép nhur & hinh 104 ¢6 the thue hien don gian bing cich 1am néng chay
hai soi dan quang ghép véi nhau tren maot doan ngan. Khoang ciach niv kv hico 1 De vi
voi la do dai ghép. BO ddn cua nd vic khoang ciach gita hat 161 soi s8¢ xide dinh nde do
chép cong sudt quang tir <ol nay sang son ke Khi han son co tinh hinh hoe trong (e nhau
thi ta diroe bo ghép donr xamg. Po1 vén bo ghép kKhong doi ximg ¢ nghia ki hai soi & khic
nhau, chang han nhw soi bus chinh 1 da mode con soi ghép vio Lai B soi don mode.

Cie suy hao tinh todn trong ba ghdp chit T duee ¢hi ra nhua o Hinh 105, D¢ don
alat. e bo qua cua khong duoce s dung. Nhu vy bo ahép ¢6 bon cia chite nang: hai
¢t noi thict bi vao bus soi, mot cra dé thu tin néu nhanh ra, va mot e d¢ ¢hép xen
1 hicu vio diedmg truven. Gra thict rang phan suv hao cong suat £ L suy hao G Himg

cira et bd ghép. Tacho phiin suy hao ndy 1204 d& sao cho co suy hao ghép noi L L

L =—10tog(1-F)=1dB (10-1)

Bo L luong cong sudt quang bi giam di 1 dB dor véi biat kv mot ncp giip ghdp
NOI N,

Tan bd thu

F hao i . 3¢ nen
iy hao bo no .
/ sty hag ho ndi [Cornector)
—_

3

Bo ghep thu dang cnd T 6

Tu bé phal

Hlinf HOS - Savx hao come sidt quang il chie bad Dey ahép ciiv T
. ! N RIRS

Got ¢, 1 phan cong suat fay ra 1o bus v phan phit 13 ca bo tich song quang.
Luu v rang. dan da sé phan cong sudt 1y ratir duong truvén thong qua bo ghép cha T
thue & Ia 2C,. bot vi cong sudt quang duoe wrich 1y 1ai ca cac nhiinh thu v phit coa
thict b Cong sudt di fay ra ta nhdnh phic s€ b suy hao tr he thong, e niy suy hao
ehép £, tinh theo decibel duoe vidt tad fi:

foo=—10logll - 2¢,) (10-2)

Ngodi cac suy hao ghép ndi v suy hao ¢ nhianh. con ¢d <oy hao ban than £, ¢6
trong mor bo ghép chir T, Néu phin suy hao o treng bo ghép La £ 1ht suy hao do ban

thivy truven dan L, duoe tinh theo decibel nhu sau:

Lo==1ulog(t - I} (10-3)
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Pé dinh gid dac tinh cta bus trén dudng truyén “in-line”. ta hity khao sit cic
neuon sity hao cong suit khic nhao doc theo phin truyvén dan tin hicu. Ching 1a xem
x& vin dé ndy dudi dang cde thinh phan suy hao cong suat wi gino ti€p hoic thanh
phin riéng bidt. Frén mot do dai soi dan quang v (tinh bimg kim), (v 8¢ cic mie cong
st thu var phit duoe cho L

d=100 Mme e (10-4)
a dav ¢, [a hé so suv hao soi quang duoc tinh bang decibel teen kilomét,

Nhin chung bus "In-line” s€ bao gom maot 50 cic tram cdach nhau theo cie do dai
khic nhao cta duong bus. Tuy nhién, dé don gidn o diy ta xem xét mat bus “in-line” ¢6
N tram déong dang cich nhan mot khodng L. T bi¢u thite (10-41. siy hao soi quang dit
gitia cite tram KE nhan duge viet nhu sau:

e LA
A, =e ' (160-5)

Ta s dung ky hi¢u P, dé bicu thi cong suat quang th duoe 1:i bo tich séng o
tram the & tr bo phit coa tram (i 7. D¢ don gidn. gid thiél rang moi thidt bi dau cudi
cia bus ke i hai tram dau cusi déu ¢6 bo ghép thu dong chir T.

Da bian ¢hilt noi UHEP cua bus in-line, cong sudt quang ludn ¢d i timg ot néng 1é
¢ giam di theo sy ting khodng cich tinh tir nguén phidt. Nhu vy cie dae tinh ding luu
v 1 dai dong caa hé thong. Day chinh ladai cong suat quang 16n nhat mi bo tich séng
c6 the dip tng duge. Su sai khae it nhit v& cong suiit quang phat vi thu ¢ xay ra doi
vG1l cie tram KRS nhan, nhoe o tram T v tram 2 ¢ hinh 10.6. Néu P, 1 cong sufil quang
duoe phat i mot nguon fvlead vic E 1 hiéu suat ghép cta cong suilt quang vio bus soi
1hi <6 the vidt:

Po=A4C0-F)EP (10-6)

Sir khace nhan 1én nhit v¢ cong suit quang phidt v thu & xay ra gidia tram 1 vi
tram N. Nhu vay, tat dau phait. mie cong sudt duge ghép vao doan diu tién [a:

F=(-FYE (10-7)
Tai ddu thu, phan cong sodt [ay ra tir bo ghép chit T dé dua vio bo tich séng La:

Fo=(-FYC, (10-8)
Pt véi moi tram trung gian N-2, phin cong sudt di qua mdi mot bo ghép sé la:

Fo=0-FYQ1-20X1-F) (10-9)

Tong hop cic hé s6 nay v cic suy hao truyén dan caa N-7 501 xen vio. ching ta

thily rang cong sudt thu duoc tai tram N tinh tir tram 1 <& li:
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Po=AFECF P
. . . (10-10)
A O-FP -0 G-k e
Dar dong DR (Dyvramic Range) (rong (rudmg hop xau nhat duoe iy ractin ty so cla
bicu thite (10-6) voi (HO-10) viv duge viet nhu saus
|
=R =2C - Fa ]

Fovan
-

| \ A C\ .Trar-w Z

Tram 1 \ _ _ = 1
i Hiéy sudt ghep B [

DR = (10-11)

il
-

Flinde 100 Coc luce tin ew quang offia cde trant i can
Bl . e BT . "

dot vai bus Tin-tine”

10.1.1.2. Cau triic hinh sao

Trong cau trie mang hinh sao. 141 ¢ cie i mang déu duoe noi vé mot dicm
chinh gob La ndt trung am. Nt trung tam ¢o thé [ ram ¢o cie thier b tich cue hodac thy
dong. Mor truomg truxven dan dai vai cau hinh nay ¢é the 1 cie doi day ki loai, cap
dong true hoae cip <ol quang. Cau tric mang hinh sao ¢o the 1 cdu hinh sao don hoge

cau hinh sao kép nhu hinh 1.7,

Thué bao
Thué ban /O
Thist bi o
: TONG DAl O TEONG DAl dau xa

|
\

a) Cau tric sao don o1 CAiu triic 30 kép \O

Hinfr 107 Cac caun trre ind sao

Trong ciu trice hinh sao don. @ nit trung tam tray¢n tin hien thang té1 cdc thue
bao. Nhu vay c¢iu hinh niy don gian. cho phép thuce hién truyen dung luong 16n kénh.
thict b mang khong phite tap v ching tich roi nhao, thuan loi cho viée bio dudng vi
Khai thiie. Tuy nhi¢n. cau hinh sao don Lai st dung nhicéu cap. don var ¢dp soi quang thi

lar khong tan dung ¢o hicu qua bang tin (vi bang tin cia so1 quang von L rat I6n). didu
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niay dian 161 10n kém ve kinh phi dau iy dung mang. Cau Binh nds chionang i hicu
quat Kinh 1¢ cao khi gid thanh cip thip. Dai véi cau hinh sao REp. ngodl mit trung tam 12

cle tong dai con ¢d cac (hiét b phin bo dau xa RDU (Remote Distributed Unity ha 1y
con got L thict bi dau xa. T nat trung tam 161 cie thic | b i s co e trie hinh sao.
va it ddu xa 161 cace thue bao ciing ¢6 ciu trie sao. nhu vay tao thanh cau irae sao
Kép. Tuy theo o cip s dung cae thigt bi dau xa RDU mi ¢6 the ¢o edu 1rie sao 1than
doi hoae nhin ba. Cie can trie sao kép sau n: v con duge phin tricn thanh ciu tric cay

vit ithiinh nhumo ti trong hinh 1008,

e

a T f'// /C Thué bac

i)

TONG DA Rou ~~ -
L

ROU </)O O

Hind H008: Cau triie cay v nhends

Can trae sio kép cho phép st dung ¢6 hicu quat ¢dp v moi mot nhdnh ¢é thé sir
dung cho nhicu thud¢ bao. Dav cling 1h mot ciu tric hap dian de dam bao két hop cic
dich vu chuven mach vy cic dich vu phan ba. Ben canh cic uu dicm 13 st dung it sol
(quang tren mang, nd cling co nhuoe didm 14 do s dung cic thict bi dau xa ma doi hoj
thém vé chi phi Lip dit bio dudng thics bi. civ inh phiic tap s¢ Lun giam do tin cav.

kho phat tricn cdc dich va bang rong.

Tai nut trung tam. cdc thict bi tich ctre s¢ duge sudung kKhi nat thue hien chue
niang dicu khic¢n mang. Cic mit rung am ed thict bi tich cue s¢ thue hicn dinh luong 1in
hicu trong nang xem 1in hica tir mif trung m 161 nat nam ngoii, giita cdic nut ngon v
nhau hay tr ciae ndat o xa i, Cie tuven dicm - diem s& noi it lrung rm 15 cie nit
neoii Jde thue hicn cie chic ndng dicu khicn mang ludGi. Cau trie hinh sao sur dung ot
trung tam fich cue L thich hop nhit trong tradng hop ¢ mot luong Ién thong tin truyén
21l Nl trung im va nat & ngoal. Néu gilta cic nitt ngodi véi nhau ¢6 mot heu luong
thoug tin Jon thi ndt trung tam phai thue hi¢n nhi¢m vu chuyén mach cat nd ne.

Trong ciu triie hinh sao ¢6 st dung thict bi thu dong tai ndt trung am thi ngudi ta
phai su dung ba chia quang dat & goc hinh sao de thue hica phin chia cic tin hiéu
chung thanh cic tin hicu nhinh cho 1at ca cic tram. Nhu vy néu nit ¢6 N nhdanh thi suy
hao cong suat nhinh <& thém 13 1/N, ngodi ra con phai tinh déu mot hew hrong sty hao
2hép vi gua méi mot bo chia quang, Nhu vay. neu nhue so thiet bi dau cuai 13 1on thi ean
phiti ¢d bo khudceh dai quang dé khuéeh dai muc cong sudt nham bin vio quy cong suil
phiin bo cho tuyén. Cau tric hinh sao st dung bo ghép 1hu dang ¢o inh logic tua nhu

ciu triie dang bus, vi vy né ¢6 tih thye thi hap dan nhu ¢iu hinh bus.
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Cidc bo ghép st dung trong ciu trie hinh sao cia mang quang <6 the hoice 1 bo
ahép hinh sao truvén dan (phit tin hicu di). hoac 1a hinh sao phin xa nhu mo i o hinh
10.9. Cic bo ghép niy L cie phin 10 tron thu dong., ¢é nghia fa cie cong sudt quang 1
cic cira vio duoe (ron vai nhau v roi duge chia ngang bang nhau cho cic cta ra.
Chiing ¢6 (hé dwoe dimg dé ket hop rit nhicu tin hicu voi nhau. chia chimg thanh nhicu

phin. hoac dua (61 cde nhanh cing nhu xen cong swil quang vao soi irien uyen.

]
g T
T.
Tram 1 gL i
e . 2
Ba ghép S T <
. . . .| hinhsac |, Bo ghep hink =
CAaccyavao © | yryyén dan @ Caccluara o R e— sac phan xa o
e 5
3 g
R —
Tram N
a) Ba ghép sao truyén dan bj Bé ghép sao phan xa

Hinli 109 Cie bo ghép hindi sao sor guang

Cic bo ghép hinh sao phian xa thudng linh hoat hon vi ¢6 thé lra chon duge 86 cde
¢l vito vi etra ra san khi da thidt ke thi¢t bi. Con doi véi bo ghdp hinh sao truyen dan,
SO cde et vao v et ra di duoe ¢ dinh ngay 1 lde thict k¢ vi chd o ban dao. Tuy
nhicn. sao phan xa lai kém hiéu qua vi phan inb sdng duge doa vio b ghép lar duoc
quav 1o lan cic soi diu vio, NEu cling s6 cie cua dian vio va dau ra thi bo ghép sao
truyén dan ¢ hico qua gip doi bd ghép sao phin xa. Vi ca sao phit v sao phiin xa déu
¢é nhimeg wu diém va nhooe diém riéng. cho nén can phai fua chon cac loai thiét bi ndy

cho cic tng dung cu thé cua can hinh mang hinh sao.

Bay ¢ioy ta hdly xem xét cac bo ghép hinh sao dp dung cho mang nhi the nio; ¢
day can phai xé1 dén cde suy hao cong suil quang ¢6 hién quan téi bo ghép. Suy hao xen
L. cua bo ghép hinh sao i phin cong sudt quang by mat mdt trong gui trinh ghép dnh
sing (el dan vio t6i1at ca ede et s v duge tinh bang decibel nha sau:

R

>

L. =10log— (10-12)
}l)

& day P, T cdce cong sudi din ra (i ede et P, 1 cong sudt ddu vio i mot caa, va tinh
cho bo ghép sao truvén din cd N cita rac hode tinh cho bo ghép sao phan xa co N 1 s6

ciac dau vio cong var dau ra,
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Cong suit quang di vao bo ghép hinh sao s tao ra N thanh phan ngang bang nhau
& céc clra ra, nhu vy cong suat quang & bat ky mot clia ra ndo s& biang 1/N lan tong
toan bo cong sudt quang O tat ca cédc ctra ra. Ty s6 nay duoc goi la hé s6 chia cong sudt
L,,, va dugc tinh bang decibel nhu sau:

L,=10logN (10-13)

Néu P la cong suat dau ra cia nguon phat dé dua vao bo ghép soi (coupler) tinh
bang dBm, P, 1a do nhay thu (cong suit quang t6i thiéu cén thiét tai bo thu quang véi
toc do bit xdc dinh) tinh bang dBm, ¢, la suy hao soi quang va L, la suy hao bo noi
quang (connector) tinh bing dB, thi phuong trinh can bang cho tuyén truyén dan cé céc
tram duoc dat tai cing moét cu ly L tinh tir bo ghép hinh sao la:

Py—P,=Ls+2a,L+4L +M, (10-14)

trong dé M, la cong suat du phong hé thong duge tinh bang dB. O day chiing ta da gia
thiét c6 cédc suy hao bod néi quang tai thiét bi phat, thiét bi thu va cdc cira vao va ra cua
b6 ghép hinh sao. Cong thic nay ciing tinh cho bo ghép hinh sao phat c6 N cura ra va
déi v6i sao phan xa thi N 12 tong s6 cdc cira vao va cira ra.

Téng dai

Sgi quang

B
chia quang

Td cap

Hinh 10.10: Cdu tric sao két hop cap quang va cdap dong

Cic cau triic hinh sao duoc ap dung rat linh hoat khi két hop ca st dung cép déng
va cdp soi quang. Cé thé thuc hién cau tric hinh sao nay nho cac giao dién mang quang
ONI (Optical Network Interfaces) dat & cidc bé cdp trong mang thuc t€. Céu hinh két
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hop niy vira linh hoat, vira st dung mot cich cé hic¢u qua bang tan cua cde loai cap duoc
dat. Hinh 10,10 14 vi du minh hoa mot ¢iu hinh sao Kép st dung cie phin tr ghép thuy
dong o trén v con goi [ mang guang thy dong PON (Passive Optical Network). Theo
cau trie nay, cdc ludng tin higu 2 Mbit/s 1 1ong dai duoe dua dén thict b1 ghép kénh tao
ra luong ca toe do cao hon chang han nhu 34 Mbit/s. Laser diode LD ¢ thi¢t bi phat
quang s¢ thue hién bign doi dién-quang dé chuyén luong tin hicu di¢n thinh tin hiéu
quang trén dudng truyén. Tée do tin hidu trén sgi quang lic niy ¢é thé [a 34 Mbit/s iy
theo ma dudmg truyén. Bo chia quang thy dong (0 50 do 1a 8 cia ra) s& chia tin hi¢u nay
thinh cdc tin hi¢u nhanh. Nhir vay & cdc cita ra clia bo chia quang. tin hiéu quang s&
duge dira vao cic soi dé di t6i cae i cdp. Tin hiéu tir cic thué bao truyén vé phia tong
din cang duoe truyén trén cling soi quang nho cde bd ghép budge song quang., va lic nay
cite bo chia quang lai 1am viée véi chite ning ghép dé k&t hop cic tin higu tir cde to cdp
dua 1o

10.1.1.3. Cdu triic ring

Cau tric ring 13 mot ciu tric duoe st dung ¢6 hicu qua va phiy hop véi tinh chit
bao dam thong tin trong mang vién théng. Trong cdu tric ring. cdc nit mang hén nhau
duoce not véi nhau bing tuyén diém-diém vi e nhu vy tat ca cde nat duge ndi véi nhau
tzo thanh vong ring khép kin. Theng tin dudi dang cdc g6t dit licu (tin hi¢un mang théng
tin va eic bit dia chi) duoe giit di tirnit no sang it kia theo vong ring, vdi méi trudng
truvén dan hodc 1a doi day, hodc cip dong truc hoic cip soi quang. Cac glao dién tai
ting nat mang la cdc thiét bi tich cue ¢6 kha nang nhan ra cic dia chi cia riéng né
trong gdi dit ltéu d¢ iép nhan cdc ban tin. Giao di¢n khong nhiing chi nhu diém ring
bude voi ngudi sir dung ma con 1a mat tram 1ap tich cue 9@ tai phat tin hicu da durge gin
dia chi téi nhitg nit khic. Hinh 10,11 mé 14 ciu trdc ring va chi ra cic giao dién ¢6 thé
hout dong trong mode thi (nghe) hoac mode phdt, hoac it ¢ the di vong néu né
khong hoat dong. O mode thu. chim bit di vong duoc gidm sit doi véi cdae chudi bit
thich hop nhu mau dia chi hoiac mau ky hiéu. Nhu vay chium bit dén chi cin sao chép
1 dau ra vai thoi gian tré vio khoang 1 bit.

Khi giao dién trong mode nghe nhan ra truong dia chi dac g ohu 12 noi gii
thong tin t6i, thi mér mot bit dén trong g61 duse sao chép v giti (6i tram ¢6 lién quan,
dong thoi ldc dé e bit cong duoe phdt lar vio tram tiép theo. Tuy nhién, diéu nay da
ra cau hoi 1 khi ndo va noi nio thi cdce 201 dir licu duoce 1ay ra o ring. DS} véi cau trie
bus, cdc tin hi¢u Tan truyén doe theo tuyén duoe cdc thiél bi diu cudi duomg day thu lay
mot khi chang di 16i diaw cudi cha bus, Tuy nhién trong ring, cic goi ¢ tiép tuc lan
truyén mii néu nhu chiing khong dugc cdce tram nao dé trich 1ay ra. Viée trich lay tin
hicu trong ring ¢6 thé thyc hién & tram két cusi hoac tai noi gui tin hi¢u di. Lay tin hiéu
ra tai noi gui tin hiéu di thudng nguy hiém hon boi vi né cho phép thia nhin ring goi
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dit licu di duoc thu, v cling vi né cho phép phat quang bd dia chi ¢ noi ma goi duge
phdt déng thdi t6i nhicu tram.

Tré thdi gian
Tram
i I 2) Mode thu
\' Tditram Tl tram
Ring
mot hiidng
Giao dign ring — T (——*“'*
\ I L bj Mode phat
T&i tram utram

VTN

l. L]

c) Trang thai
1 | di vong
Tditram  Tdi tram

Hinh 10.11: Cdu tric ring va cde trang thai khai theae ¢6 thé thige hién

Trong modc phat, giao dién s& phd v& su két néi mach gitia ddu vio va diu ra, va
né dua vio ring dit Jidu riéng ciia nd. Ngudi ta ¢6 thé thue hi¢én cic phuong phap dé
chuyén mach tir mode nghe sang mode phat.

Khi thue hién xay dung mang theo cau hinh ring can phai xem xét ky moi chi tict
¢6 lien quan. Trude hét phai dua duge toan bd céc ndt vio ring. Khi thém ndt mdai, th
dudmg truyén din phai duge dat giita nidt ndy va hai nit ké bén. Nhu vay rit khé ¢6 thé
lap dat trude cic dudng cép cho tram du dodn s& sir dung trong tuong lai. Hon nita, bat
ky mét doan cdp nao dat, tram nao hong hodc khi lap dat tram méi cling s& lam gidn
doan thong tin trén mang. Trude tinh hinh ndy, ngudi ta di st dung cic ky thuat dé
khic phuc nhitng sy ¢6 gidn doan thong tin trén tuyén. Cdc bi¢n phdp &y la ky thuat di
vong vi ndi mach "loopbach” dugc sit dung dé két néi véi cic cip khac. Cic ky thuit
nay it phit hop déi véi cdu trdc ring st dung truyén dan phan cap s6 déng bo SDH
(Synchronous Digital Hierachy).

Mot mang ring ¢6 thé duge tao nén nhé mét soi quang duge goi la ring don nhu
mé ta wong hinh 10.12. Cdc tram A, B, C va D dugc lién k&t véi nhau vé mit tin hiéu
(hinh 10.12a). Luu luong tif tram A dén tram B s€ sit dung true tiép doan sai AB, trong
khi dé luu luong chuyén tie B dén A s& st dung theo chiéu BCDA tic 1a phan truyén dan
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con {ai. Tai moi tram, thiél bi xen/r€ kenh ADM (Add-Drop Multiplexer) s¢ cung cap
tal ca cdc chic ning ¢é trong luéng tin hicu STM-N. Va néu chi ¢6 nhu vay thi toan
ring s€ bi gidn doan thong tin néu ¢é su ¢d vé cip hoic bat ky o nit ndo nhw trén da
nén. Dé khic phuc, ngudi ta su dung cdu tric ring 2 hodc 4 s0i quang. Cic mang ring

nay duge phin thanh ring mot hudng va ring hai hudng.

bl

Hinh 10.12: Cau triic ring cho SDH

Trong mang ring mot hudng, tin hiéu truyén wen soi theo mol hudng duy nhat.
Trong mang di¢n thoai, viéc truyén tin hiéu co ban la hai hwdng, nhu vay véi cau hinh
niay thi truyén tin hi¢u giita hai diém A va B la trire ti€p véi nhau, con phan truyén din
con lai s€ cho B dén A. B¢ dam béo tinh lién tuc clia thong tin khi cip hodc tram niit ¢6
su co. phai déng thoi truyen tin hiéu trén duong du phong.

Trong mang ring hai hudng, ca hai soi déu duoc sir dung dé truyén tin hicu trong
dieu kien lam vi¢e binh thuong. Nhu vay, giita A va B s [i cdc duong truyen truc tiép
doan AB. Khi diit ¢dp hoan toan thi tin hiéu s& dj vong trong phin ring con lai.
10.1.1.4. Cdc niit mang quang an todn

Ta da biét vé k¥ thuat cho tin hiéu di vong dé an toan cho mang, bay git¥ ta hdy
khao sdt vé cdc nit mang an toan duge sir dung trong cau hinh mang quang. Cdc nit
nay cé dac diém 1a né chia cic tram lap tich cuc, mang s¢ duy tri duoe chiic nang hoat
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dong khi bi mit cong sudt & mot hoac vai ndt. Hinh 10.13 mo ta mang ring gdm ¢d thiét
bt phit va thu, b tdi phit s& ndi cap thiél bi phdt thu nay. va mang con ¢6 bo ghép
quang thy dong. Trong di¢u kién lam viéc binh thudng, mdi mot miit & g1am st dudng
truyén va tdi phat (khuéch dai v phdt lai) théng tin trén mang. Khi mét ndt muén phat,
no ngat bo (i phit viv xen théng tin clia nd vio mang tai thi¢t bi phidt. Nhu vay, trong
rruong hop nat by hong phan dién hoac néu cdc thinh phan cta ndt duoe lay ra dé bao
dudng. bo ghép quang s& cung cip lién tuc tin hien quang dé khong giin doan hoat
dong coa mang.

Nut k

Tai phat Coupler ______o-----

thuy dong

l Phat |===

Al
1
L}

Not 2

Hinh 10.13: So dé tong qudt mang ring soi qiuang

Mai mot nit an toan con ¢é thé ¢o mot hoge hai bo ghép (coupler), diéu nay tuy
thuoc vao diéu kién khai thic cu thé. Hinh 10.14 chi ra nit cé maot coupler. O day, P, la
cong sudl quang tir ring di vio coupler vi P, 1i cong sudt quang tr b phat di vao
coupler. Trong c¢iu hinh nay, bo thu phai ngit khi bo phdt hogt dong dé tidnh su bio
hoit o bo thu. Diéu nay lam hoan hio thém tin hiéu c6 dang chu k¥ nhd hon 50 phéan
tram. va ¢6 dau ra thi€t bi phdt trimg pha véi bo thu.

Bo ghép quang thy dong
P Tin hiéu quang ghep vao va iy -a| Pe.r

v : NN e : b
£3au vac quang : :

Dau ra quang

Phat || Botai [ | Thu d
quang ‘T‘ phat quang P.=CP.
DAau vao Daura
bé phat bo thu

Hinlt 1014 Coupler néi vao ring hode bus
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Nhu di chi ra & hinh 10,15, coupler duge dac trung béi 1ot thidt bi bon cia. Cac
tham s6 ¢o ban cua no 1a C; biéu thi phan cong suat lay ra tif ring: £, [ phan cong suilt
bi mét di troug coupler. v E 1 hidu sual ghép cong suit quang vio ring. D& don gidn
cho viéc phan tich. ta bo qua tham s& £ 1a phan cong sudt bi suv hao tai timg cha
coupler (ch véu 1a suy hao bd ndi quang).

Ghép quang Sai di vong Ghép quang
—— ~¥ ey -
BG tai phat
ch thé co
Y ¢
Thu quang B tai phat & Phat quang
Dau ra b thu Dau vao bd phat

Hinh 10.15: Sordo nur sie ding hai conpler
Gia thiél ring bo phdt quang tat thi cong sudt quang P, di vio bo thu quang li:
> =C.P, (10-13)
Khi bo phit hoat dong. th cong sudl quang roi tu coupler di vao ring cho nhu sau:
P,.=0-FW-C )P, +£EP (10-16)
& day P,, v P, d6 vio véi ciie khe thai gian khidc nhau.
Biy gior gia thiét cdc nidt lan ¢an phia nguoc lai bi hong v tit, vil cho rang cic soi
gifta cde nat ¢6 do dai Ia L va suy hao 1a @, cong sudt thu duge sav cic nat la P, + P,
Liic nity ¢6 thé viét nhu sau:
Po=Ca? (1-F)-CHYEP (10-17)
la cong suat thu duge tir bo phit tich cuc gan nhat, va ta cd:
P, :iC‘.,a;'3(| -Fy“' U+ CotER
i
a0 -Fyar el c Er

= : (10-18)
l—(1- F)(i-C,)a,

i

la téng cdc cong suat tir 141 ca cde bo phdt phia nguoc lai khic mia né ¢6 thé gy ra
nhiéu. Biéu thic (10-18) tinh cho trwdng hop ¢6 nhiéu la 16i nhat. Hinh 10.15 Ta ¢fu
frie s dung hat coupler. Trong truong hop nay. bo thu luén hoat dong bot vi né khong
thu cong suat quang tit bo phit ciing ché.
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10.1.2. Cic he thong truy nhap quang

Cic hé theng thong tin cip soi quang di phit tricn nhanh tong vii nam gan day.
Trén mang ludi vién thong, cdp soi quang did duoe dit ngay mot nhiéu va nd di lan st
dan mang cdp dong. Xu th€ xay dung cic mang thué bao guang di duoc nhién nhi khai
thic tng ho vi vai mot mang nhu vav. s¢ cho phép phit tién nhanh ci vé 8 luong vi
loai hinh dich vu. nhat Ta phitt trién cic dich vu bing rong. Cip kim loat khong thé cung
cilp cde dich vu bang rong. kKhong thé van chuvén mot luong 1ém kénh 161 cie noi dan cur
cho nén di dén Iie phal nhudng ché cho cip st quang truy nhap vio mang.

Var cie cau hinh mang da thao fudn ¢ trén, cip sgi quang <6 thé cung cap cic
dich vu it inh hoat va thoa man duoe nhu cau thong tin caa xd hoi. Van dé dat ra Ta, o
tong dai téi khach hang, ¢de hé thong thong tin quang s& duwse khai thic ra sao, cip soi
quang truy nhap 16i muae do nao. Vi nhiimg vu diém von ¢d. cap soi quang khong
nhitmg da timg lam cde tuyén duong true toe dé cao. o ra cde wydn lien tnh ¢6 hiéu qua,
Kum trung ke gifta cde tong dai mi con ¢d the truy nhap 161 1an thué bao ngudn st dung.
10.1.2.1. Cac hinh thite truy nhap soi quang

Néu xem xét sir philt trién coa cde he théng thong tin quang thee quan diém phit
tricn mang ludi thi ¢é thé thay ¢é ba giai doan:

- Giai doan dau tien 1a cap quang duge s dung 1rén mang duong truc.

- Gan doan thit han 1 cip quang duoe st dung cho mang trung ke,

- Giai doan thii ba 1 phat trién cap soi quang cho mang thué bao, giai doan nay ¢é
the coi 1a giai doan chinh d¢ truy nhip soi quang vio mang.

Mang truy nhip soi quang rit phong phi, dé dua dich vu 1§i khiich hing bing soi
quang 6 thé thue hién cic hinh thite truy nhap nhiwe soi quang 161 ving nong thon
FITR (Fiber to the Rural). sot quang 61 ving dan cu FTTC (Fiber 1o the Curb), sai
quang (01 co quan FTTO (Fiber to the Office). sol quang té& tod nha I'TTB (Fiber to the
Building), so1 quang 61 tang nha FITF (Fiber to the Floor) vit s& 1ién 81 soi quang 161
tan nha IFI'TH (Fiber to the Home). Hinh 10.16 mé ta cic hinh thae wuy nhip soi quang
trong mang thué¢ bao. Trong cau hinh FTTR. FI'TC, FTTF va FTTB ¢6 diém gidng nhau
la cie sot quang la soi dung chung. Nhir vy soi quang s& dudce dat tr16ng dii 161 thiét
bi mang quang o dau xa ONU (Optical Network Unit) v thue hici truvén ludng (in
hi¢u chung. Thiét bt mang quang nay thudng duce dat vio cac ti (hiét bi trong cic
cabin tai nai pht hop dé sao cho d& ding lay ra (r thigt bi nay cic kenh thué bao vi
phan bo thuan 1 tdi moi khdach hing, ngodi ra con phii bao dam vice khar thic vivbao
duong 1ot Nhu vay cdc thi€l bi mang quang ONU ¢6 thé treo & phé. trong mét (o nha.
vove, Tor ONU 161 cde thue bao s€ la cde day kim loal thong thuong. Ciu hinh nay tin

dung duge bing tan soi gquang, giam duge chi phi ban diu. Dai v6i FTTR, khoiing cich
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tr ONU t6i thué bao dudi 10 km. Déi v6i FTTC, khoang céich tir ONU t6i thué bao
khoang 100 m, con déi véi FTTF va FTTB thi tuy thuoc vio khoang cich tir nha &, thué

bao, cong so t6i ONU khoang cich nay néi chung la rit gan. Phuong dn sir dung soi
quang riéng ré€ la FTTO va FTTH, ¢ day soi quang s& duoc dat truc tiép tir tong dai téi
tan nguoi dung va ONU & ngay vi tri thué bao. Tuy nhién FTTO va FTTH doi hoi gia
thanh chi phi cao, can phai xem xét cu thé khi thiét ké&. Nhin chung, dé tién t6i phuong
an FTTO va FTTH can c6 chién lugc phat trién mang va ké hoach trién khai cu thé dé
¢6 dugc cdc budce thuc hién va dau tu hop ly.

Dang ONU Ngudi sir dung
Dang | Vitrildp Trong Trong C&u hinh hé théng
sir dat thudang dan '
dung mai dung
Téng dai Thiét bi dau xa @
Dung —
chung FTTR ‘@‘
SUI’ B 1
D6 dai cap dong: nho hon 10 km @
Ngoai trai
RO SU| quang .
FTTC e . ‘@‘
Do dai cap dong: xdp xi 100 m IE]

FTTFIFTTB i \.
| =

D6 dai cap déng: x&p xi 10 m
Trong nha

vivks I@
rieng — () @
e FTTO FTTH 1 @

D06 dai cap dong: xap xi 0 m

Hinh 10.16: Cac hé thong truy nhap soi quang

Cap soi quang duoc dat trong cdc cdu hinh truy nhap cé thé 12 chon truc tiép, kéo
trong cong hoac treo ngoai troi. Tuy thudc vao tdc do truyén dan va nhu ciu phat trién
vé dung lugng ma c6 thé sir dung s6 soi dan quang cho hop ly. Tuy nhién mot diéu luu
y la trong cdc h¢ thong truy nhap soi quang, téc do truyén dan khong cao, s6 lugng thué
bao nhiéu nhung lai khong tap trung cho nén cip duoc sir dung thuong c6 nhiéu soi.
Hinh 10.17 1a phac thao mé hinh phat trién truy nhap soi quang vao mang.
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10.1.2.2. Cac hé thong thong tin quang trong mang truy nhap

Nong thén

_ Thiét bi trung tam

Hinh 10.17: Phat trién soi quang truy nhdap

e H¢ thong truy nhap CT/RT

-

Loai CT/RT

Khéach hang

Phia téng dai

Tuong tu

A=
Sgi quang \
Boi day déng
N-ISDN
DSU [ =
CT: Thiét bi trung tam RT: Thiét bi dau xa

DSU: Thiét bi dich vu s6

Hinh 10.18: Hé thong truy nhdap CT/IRT
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He thong truy nhap CT/RT ¢d thict bi diau cudi quang trung tim CT nam & phia
tong dai (CT - Central Terminal) viv thiét bi dau xa RT (RT - Remote Terminal) nim vé
phia thu¢ bao. Cdc tin hicu tir 1ong dai duge dua ngay vio thiét bi diu cudi trung tam
CT rot duge truyén rén soi quang. Thict bi RT thie hién tiép nhin tin hi¢u tir phia
dudng truyén. bi¢n doi thanh tin hi¢u dién rdi phan phat cic dich vu rén cap déng (3
ciac thud bao. Cédc tin hid¢u di téi thue bao ¢d the la1in hicu thoai analog hoae cde tin

hicu sa. He thong CT/RT duoge minh hoa nhu hinh 10.18.
e ¢ thong truy nhap PDS

Day 1 h¢ thang truy nhip phan ba dich vu bang thidt bi thu dong. O day thiét bt
dau cuot dudng day thué bao SLT (Subscriber Line Terminal) duge dat phia tong dai va
thi¢t bi phan bo duge dit phia thue bao Ia thi¢t bi quang thu dong. Cau hinh nay cho
phép dé dang mo rong dich vu bang 1an rong nhung lai bi gidi han vé cu |y gitta ong

dar vivkhach hang. S do mo td hé thong PDS nhir hinh 10.19.

Loai PDS
Khach hang
Phia té'ng dai Tu‘(‘jng [N
— A
/ ) ONU [— 'g :
g _ Sdiquang —
SW —  SLT S quang

Phan b sui \
' ONU

SLT Thigt bi dudng day thué bac
ONUW. Tt br mang quang

Hinh 10.19: Hé thong truy whap PDS

e Hé thong DIC

H¢ thong DLC (Digital Loop Carrier) i hé thong <6 cau hinh thuoe CT/RT né
duge sit dung pho bién nhit hién nay vi ¢6 chi phi it, tin dung duoe bang @n cla soi
quang va d¢ thae hién nho ed eiu hinh diing chung soi. DLC duoc dimg dé i cie tin
hi¢u so tir phia tong dai dén phia thué bao. Cic hé théng DLC ¢6 ¢du hinh linh hoat va
thuong ¢d dung Tuong 1a 30, 120 hoge 480 kénh thoai hodc twong diwong: né phan phit

tar ca cde dich vu téi cic thué bao theo yéu cau.
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Hinh 10.20 1a cdu hinh co ban nhat cua DLC-480. VGi cau hinh nay. thict bt dau
xa RT s& ghép té 480 kénh thoai VF tir phia khich hang thinh luong PDH 34 Mbit/s v
bi¢n doi tin hiéu nay thanh tin hiéu quang dé truyén 161 thiét bi dau cudi phia 10ng dii
COT (Central Office Terminal) noi ma ching duoe bién doi tro lai thanh ludng tin hiéu
dién, giai ghép kénh trg lai thanh cic kénh VF dé nai 161 ong dai dién thoai. Trong
hinh nay can luu v ring thiél bi dudng wuyen quang OLIU (Optical Line Unit) duoc
diing dé dua ra teyén thong tin quang PDH nai gita COT v RT ¢6 1hé truyén tir | dén
16 luéng E, (tic luong 2 Mbit/s).

Cac Cac
duing dudng
VE OLIU-34 OLIU-34 VF
Téng dai 0 DCL-480 DCL-480 .
ong cal . coT OLIU-34 OLIU-34 RT .

Hinh 10020 Ca hinhi DLC-480

Vé nguyén 1y, thict bi RT v COT ¢6 cac chife nang twong tu nhw nhau. Tai COT,
luéng tin hicu tit tong dai tdi duge bién doi thanh tin hiéu s, cde tin hiéu ndy dwoce ghép
thanh luong ¢6 t6c dé cao hon theo qui luat ghép kénh thong thuong. 161 duoc bién do
dien-quang d¢ phdt trén duong truyén vé phia RT.

Bang 10.1. Mor 86 ddac tinh k3 thuar ticu biéu ciia thiet bi DLC

STT Danh muc Bac tinh
1 | MahoaPCM ‘Theo CCITT Reg.G.711 luat A i
2 Cac dac tinh V& Theo CCITT Reg. G.712, G713, G.714
3 Ghép kénh PCM Theo CCITT Reg. G.732, G.735
4 Giao dién bao hiéu PBX, COIN, 2 day E&M, 4 day E&M toc dd truyén dan sb 64 kbit/s
3 Giao dién 2 Mbit/s Theo CCITT Reg. G703, 120 02
6 | Duphong Thiét bi (1+1)
7 Tinh nang kiém tra Sdi quang {1+1)
{MPT hoac PC) - Kiém tra dudng day thué bao

- Kiém tra kénh

8 Giam sat - Giam sat canh bao
- Giam sat trang tha
- Giam sat hi xa

- Giam sat théng ké
- Diéu khién 1r xa

He¢ thong DLC thuong <6 hai ché dé hoat dong la ché do khong tap trung va ¢é
tap trung. Trong ché do khong 1ap trung, timg thué bao s& duoc danh ricng mot kénh co
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dinh wren dudug truyén dan gita RT va COT. Con & ché do ¢6 tap trung thi sé kénh trén
dudmg truyén din gitta RT va COT 1a nhé hon s6 thué bao. Nhu vay. & ché do khong tap
trung thudng phuc vy cho ¢de thué bao ¢é yéu ciu st dung ca kénh di dinh hoac thué
biao ¢6 nhu ¢iu cung cip cdc dich v rieng bict. Che do ¢é ap trung thiomg dicoe sit
dung ¢ noi ¢é luu Iuong thap va ding cho cic thué bao chi khi ¢é yeu cau trong thoi
gian goi. Cic dac tnh k¥ thuat cua thiét bi dau cusi DLC thirong tuan tha theo cic
khiyén nghi nhu vi du trong bing 10,1,

Bo tin ciy viu dicu kién d¢ bao dudng (6t 1a nhing chi tiéu rat quan trong dat ra
cho DLC. Vi vay ngoai cic chde nang chinh nhim tio ra mot hé théng truyén dan
thong thuomg, hé thong DLC con phai ¢6 cic chic nang nhu: gidm sat, canh bio dic
trung phtt hop dé tao dicu kién duy tri 16t hoat dong cua né trén mang; diée dé bao dam
cho ede nhivkhai thae hoan toan chi dong trong viée quin Iy cua ho.

- Tray nhap ticl hop khiong rdp trung

Néu nhu tong dii tro giip chite nang bido hi¢u kénh chung ETSI V3.1 (CCS) thi
DLC (ching han nhu DLC-480) ¢6 thé dugc khai thic theo ciu hinh tich hop IDLC
(Integrated DLC) nho them card dicu khién tin hicu MC (Message Controiler) cho RT.
Vi citu hinh ndy cde dich vu chuyén mach nhu cic kénh POT vi ISDN tir RT ¢6 thé
gino UEp duge voi tong dii s6 thong qua cdce luong E|. Viée diu ndi cic dich v chuyén
mach 6 trye 1iép (61 tong dii dé tedinh cde véu cdu dat ra déi vai cic giao dien VF vi
ISDN BRA tai COT vi tong diu, do dé lam giam ding ké chi phi cho vi¢e cung cip cdc
dich vu qua chuyén mach. Viée két néi s6 true 1iép cling ¢6 the lam tang 6e do xir ly
cude goi. Hinh 10.21 mo ta cau hinh IDLC.

DLC-480
DLC-480 Dudng VF
() O ———— ISON BRA
RT Busng néi VF
M E, coT .
Téng dai Uich vu s
v | ] SO P PO BUPY ("5 T ISDN PRA
=) O MC
NxB4k G703/G704
Budng ndi vF — . .
ST — B e Ve sadn
Mbit/ N _ _
. Ve rmach vong md rong
Cac dich vu NxB4k —— DS V24 X21V38
Dich vy DDS —_ | NTU [ v35Gr03 64 k

Song hudng

Hinlt 1021V du khd ning truy nhap tich hop (IDLC) crie DLC-H80 voi ETSIVS .|
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Cling c6 thé nang cip mang DL.C-480 COT/RT thong dung (UDLC - Universal
Digital Loop Carrier) thanh IDLC khi tdng ddi dau cudi co tro giip ETSI V5.1. COT ¢6
Mbit/s ludng cuc cho muc ticu nay. Cic diu ra 2

thé cung cip cic dau ra 2

2 Mbin/$ don

cue cling ¢6 the duoe cung cdp nha mot khai bign déi tin hieu. O ddy ¢an phai co thém
it nhal mot ba diéu khién tin hicu MC cho RT d¢ thuc hién chic ning xi v tin hiéu

ETSI V5.1. Cic khéi kénh duoe tich ra khoi COT va thay th¢ bang giao (ié€p 2 Mbit/s.

Qui trinh thay déi niy duoc minh hoa nhu & hinh 10.22.

— Chuyén cac dusing VF
/- Chuyén cac khai kénh

T

. J Cac kénh
Téng dai U
/.\ 75 0
(:} dén E1B21
120 0

TSA

oL

O

ouy H |

]
—
w
ps

aLiu

Hintt [0.22: Nang cap COT va RT ciia UDLC thanh oG hinh ETSIVS

Thém giao dién
2 Mbit/s

- Truy nhdp tich hop 6 tap trung

Tap trung 4:1

Khong tap trung

Tdéng dai \

Budng ndi VF
Budng s6 64 kiZ Mbit/s —
Nxb4 k & DDS

DLC-480

coT

Budng E,

OLIU [

DLC-480
(W)
Q _T

Dich vu dit liéu

FPDH 1 dén 34 Mbil/s

MNxB4k
NTU

DDS
NTU

Hinl 1023 Khd nang tdp trung ciia DLC-480

ThémMC — /

AHDLC

Dudng VF

Pudng ndi vF

Dich vu 56

ISDN PRA/BRA,
NxG4k G703/G704

L V.24, X.21, V.35,

V.36 G703/G704
mach vang md rang

F— V.24, X.21, V.36,

V.35 G703 64k
song huong



2006 Heé thong thony tingnang (tap 2

Heé thang DLC (nhu DLC- 480 chang han) ciing truy nhip theo tiéu chuan 1TU-
ETSI V5.2, Sy tiap trung cho cic kénh POT nhd 16 ludng E, o day dat 161 4 cho | (tap
trung 4:1) dé ¢ duge 1920 kénh POT. Nhu viy DLC-480 da duge mo t61 1920 duong
néu can thiel. DLC- 480 s& cho phép cdc dich vu 1ong dii duoce phan ra dé gia st nhu s6
cic kénh POT cé thé dwoc tap trung (st dung bdo hieu ETSI V5.2) trong khi dé nhém
thit hai ¢6 thé vin khong 1ap trung (st dung ETSI V5.1 hoac CAS) nhu chi ra ¢ hinh
10.23. Pay la mot 1oi thé khi ¢6 mot nthém cic kénh POT ¢6 cic toe do giit cude goi
thip trong khi dé nhém khice La ¢6 16¢ do gift cude got cao (nhu cie kénh sé VF). Doi khi
dudmg day téng dii cling ¢ thé dvac dinh tuyén véi tong dai ¢é hio hi¢u VFE hoiac CAS.

Viée nang cap to ETSI V5.1 thanh ETSI V5.2 chi yéu ciu thay doi phan trung
aian gilia phin ctiing vi phan mém (phin sun) trong card MC duge dat ¢ RT. Thay doi
phin nay ¢6 thé thuc hién trén tal phan mém d hé¢ théng quan 1¥ mang NMS (Network
Management System ).

Cic thiél bi COT va RT ¢6 thé duge trang bi cic mach trung k& E| (2 Mbit/s) dé
néi 161 mang chuyén déi PDH hoic SDH uhur & hinh 10.24.

Dich vu Mang PDH
chuy&n mach cép cao
DCL-480 ‘ DCL-480 [ v
i ) E1 E1 -
Chuyen LTE LTE | ISDN
mach COoT RT
—— D liéu

Purdng dich vy

cho thué Q RT vé linh

a) DLC- 480 COT/RT ndi vdi mang dudng truc POH

Mang SOH
Bich vy
chuyén mach
e opcLaso [V
3 DCL-480 E1 -
Chuyen ADM ADM
I'T'!c’;ICh COT RT - ISDN
— D fiéu

Duong dich vu
cho thué

(‘} RT vé tinh

b) DLC- 480 COT/RT ndi vdi mang SDH

Hinh 1024: Hé thong DLC-480 COTIRT noi chéo mang ducng true PDH va many SDH
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10.2. MANG TRUYEN TAI QUANG THE HE SAU
10.2.1. GiidGi thiéu

Trong muc 10.1 chiing ta di xem xét dén mang noi hat va thué bao quang. Mang
nay thuong diam nhan chie nang cung ¢ip va k¢t néi cice dich vu tir cic tong dai noi hat
cho dén cic thue bao. Nhu vay. dé thuc hién truveén tai cic lun hrong gitta cic viing noi
hat cho toan quéc gia thi can phai ¢6 mot mang truyén tai chung. Khi mi nhu cdu dung
luong téng vi hew fuong di ra ngoii khu vire noi hat ciie tinh vavthanh phé, hay luu luong
Licn timh vii quée t¢ 1ang 1én. thi cang phai phiit trién mang truyén tai. Do cé su biing nd
dung lugng nhimg nam gin day dac biet 1a su gia tang nhanh cua cic loai hinh dich vu
bang rong hién tai vi trong nhiing nam SAp 61 doi hoi phai ¢o mot mang truyén tai di
munh, an toan vi chat luong. PE thod min nhu ciu nay, ngudi ta di va dang xay dung
cic mang (ruyen i quang véi nhiing né luc phi thudng rén co 6 cic cong nghé thanh
phiin thiét bi quang tién tién ket hop véi cde ¥ wdng cau tric mang hién d . V61 muc
ticu thod man moi yéu ciu dich vu vién thong trong nhiing nam (&i. nhitng te twong phat
trién mang truyén tai quang gan nhu tp trung vao hudng tao ra dude mot mang truyén
tai quang OTN (Optical Transport Network) ddp tng mang thé hé sau NGN (Next
Generation Network) véi nhiing nhi¢m vu cha yéu sau: ciu tric mang hién dai, dung
lwong lon viy chat lwong cuo, bdo dam tinh trong sudt (théng sudt) cho ¢a cic bang tan
[6n, cdu tric don gian nhung an todn va linh hoat, bao dam do tin cay, ¢é kha nang
quan ly kénh va chite nang gidm sit. ¢6 tinh ké thira va hiéu qua.

Nhin chung. véi sic manh tiém fing v¢é cong nghé théng tin quang, mang truyén
tai quang OTN duoc coi nhur |i mét mang truyén dan duy nhit hita hen kha nang thoa
min moi yéu cau khat khe trong viéc tuyen tai vi cung ciip dich vu vién thong hién nay
vatrong tuong lai. §& thue hién duge si ménh cua nd, cic xu hudng phat trién mang
truyén 'tai quang han nhu déu 1ap trung theo hudng cau tnic mang toin quang {hay con
go1 1a mang hoan toan quang hodic mang photonic). Trén co s¢ ciu tritc va cong nghé
mang quang hién nay. khi ma luu luong travén dan tang thi mang s& phdi mo rong bao
26m ¢d viée dit thém nhiéu tuyén cip soi quang mdi vii ning cip hé thong thiét by, Qud
trinh nay s& lam cho mang ngiy cang thém phite tap chang chéo, chai luong va do tin
cdy giam, qudn 1y vi khai thie cang gap nhiéu khé khan hon, v.v.. . Tuy nhién, néu ma
nang cap dung lugng mang theo hudng ting téc do bit truyén dan dé trinh SUogla ting
cua cde tuyén cap thi téi mot mie do nao do, kha nang cla cic cong nghé dién 1 s¢é
khong thod man duge: gidi han vé sit chuyén mach cta cic linh kiéa dién lam cho cdc
thiet bi di¢n khong theo duoe t6e do truyén dan. Do [ Iy do vi sao cdu tric mang
truyén tdi quang ¢é xu hudng todn quang. Tuy viy, mang todn quang ciing phai quin
tri¢t vé cung cip dich vu bang rong trong sudt vét mite do linh hoat v an todn cao, vin
dé nay hau nhw duge giri gam vio cong nghé ghép kénh quang theo bude séng WDM va
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cdc cong nghé thanh phian thigt bi photonic bao gom cic thiét bi xen/ré kénh guang
OADM vi WADM. thiét bi néi chéo quang OXC (hay ODXC khi li bd noi chéo s0),
khuéch dai quang OA, v.v...

Trong qué trinh xay dung mang truyén tai quang OTN ¢6 sy dp dung cong nghé
WDM cho tuyén diém-diém dé nang dung lugng. Tuyén diém-diem dung luong cao chi
12 bude dau tién trong qui trinh khai thic cong nghé WDM. Cac mang ring va mesh
(mat {udi) WDM sir dung ¢dc bd ndi chéo quang OXC va xen & quang OADM s€ tao
nén bude ti€p theo trong xu huéng phdt trién t6i mang photonic dung luong siéu cao. *
Cac thiét bi nay cin ¢é cic thinh phan quang mdi trong cic cau tric phong phi cla
ching dé cung cip cdc ndi két gilta cdc cong dau vio va dau ra trong qua trinh truyén
tai luu luong ciia mang. Tuy thuoe vio cdch tép can va kién trie duge s dung ma can
¢é cic bo loc ¢6 thé diéu chinh, cdc bo chuyén déi budce song, cdc bo xen ré, cic bo to
hop. cic bo chuyén ti€p bude song, v.v... Ti€p dén la can ¢d cic bo nguon, bo tich
quang, khuéch dai quang va bo ghép/tich kénh quang (MUX/DEMUX) d¢ tao nén
tuyén thong tin quang hoan chinh. Su phdt trién cla cic thanh phan thiét bi nay vi cic
k¥ thuat san xuit s& thic ddy hon nita qué trinh trién khai mang WDM.

Nairge voi cong nghé truyén dian phan cdp s6 dong bo SDIH (Synchronous Digital
Hicrachy), khi xay dung cic mang quang can ¢é s quan tam vé kich thude cua mang
do ban chat twong nr cta tin hiéu gquang. Rat nhiéu cdc thanh phan cia mang guang coi
tin hiéu di qua theo kiéu tin hiéu tuong tu. Tuy nhién cdc ham truyén dat cta cic thanh
phin nay khong Iy tudng vl vi vy chiing lam suy giam chat luong cua tin hiéu khi di
qua. Trohg cic he théng WDM con xay ra twong tde da kénh. Cic hi¢u @ng phi tuyén
(XPM, FWM, tin xa Raman) lam suy giam tin hi¢u khi truyén qua sgi. Vi vy c6 the
dinh nghia do dai trong suét (thong sudt) 1 do dai ma qua dé tin hiéu quang ¢6 thé
diroe truyén trung thue ma khong ¢6 bit o su chuyén doi dién nao. Khi truyén dan trén
khoang cdch dai thi cin ¢é mot s6 loai tram lap. Day cling 1a dieém cén luu ¥ trong vige

xdc dinh the nao Ih mang truyén tai quang OTN.

D¢ xay dung nén mdt mang truyén tai “hoan toan quang” (hay mang photonic)
kha thi vii ¢6 loi vé kinh t& thi ngoai thach thic ban dau vé cdc cong nghé dudng truyén
quang chdt lwong cao, cdc bd néi chéo, va cdc nit chuyén mach quang. thi con can phai
vuot qua thich thitc vé& ciu tric mang. Yéu ciu quan trong nhét cua mot mang truyén
tai quang OTN d6 1a né cin ¢6 cau tric tél. Yéu cau nay ciing duge thuc hién tuong
nhu ctia cac mang SDH hi¢n nay. Cdc thanh phan kién trac co ban d6 la cdc topo ring
(mang vong) va mesh {mait luéi) va cd thé 16 hop theo vai cich nhu két hop ring véi
mesh. phan ¢ip da ring, v.v... Hinh 1025 chi ra xu hudng phat trién ¢é thé cha mang

truyén fai quang tuong g véi xu hudng phit trién cong nghé cla cde khéi co ban.
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Xu huéng phat trién céng nghé

Hinh 10.25: Xu huong phdt trién cdu triic mang quang

Khi xay dung mang thi cling can c6 su gidm sat xem van dé nao sé xay ra & trong
mang. Trong khi khai thdc, chac chan s& gap phai cdc su kién dugc du liéu trudc va cdc
su kién khong xdc dinh truge, doi khi khong mong muén. Do dé cin ¢6 heé théng bao
hi¢u va gidm sdt cho mang. So v6i mang SDH, thi ¢6 rat nhiéu vin dé can phai-duoc dé
cap trong mang WDM. Vi du gidm st ti s6 16i bit quang rd rang lam dé dang hon cho
hoat dong cua mang WDM. Ngoai ra cdn c6 cdc tiéu chuan vé mao diu va bdo hiéu dé
phat trién cdc thiét bi mang WDM.

Rao can quan trong tiép theo can vuot qua dé 1a phét trién mot mé hinh thong tin
hiéu qua dé trich va xr 1y tat ca cdc truong thong tin nhan tr mang. Cic thir nghiém gin
day da chi ra rang dp dung thiang cdch ti€p can mo hinh phan I6p dugc phat trién cho
mang SDH da nay ra mot s6 van dé doi véi mang WDM. Khi phat trién cdc hé thong
quan ly cic mang WDM c6 ban chat tuong tu véi nhiéu hiéu ting van chua duoc xdc
dinh r6 da nay ra cic thach thiic méi cho nghién ciu.

Tu nhing vén dé trén, ching t6i mong muén gisi thiéu mang truyén tai quang
OTN trong phén nay bao goém hai vin dé chinh la cdu tric mang va két néi mang. Nhu
da dé cap, cong nghé ap dung cho mang truyén tai quang chinh la cong nghé ghép bude
song quang WDM nhu di trinh bay trong chuong 7. C6 thé thay rang cong nghé WDM
c6 cdc dac di€ém noi bat sau: Dung lugng truyén din 16n nhd ghép duoc nhiéu kénh
quang khdc nhau, méi kénh duge xem nhu l1a mot hé théng don kénh; dung luong hé
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thong bing téng dung luong cla cdc h¢ thong don kénh duoe ghép. Giim duge anh
hudng cua tdn sac do 1d¢ dod bit cia kénh ghép thip. Nhanh ¢hong vi thudn loi trong
viéc nang cap hé théng ciing nhy mang truyén dan, tham chi ngay ca khi hé thong dang
hoat dong: thao tic don gian chi 1a trang bi thém cic mo-dun vdo h¢ thong theo kiéu
(cam vi chay) “plug and play™ giam chi phi ddu tu. Nhu vay, day la cong nghé tiém
thng mot kha nang vo cling 16n, va 1A iing cur vién duy nhat cho OTN tai thoi diém hién
nay. Sau day ta s& xem xét mang OTN theo dinh hudng nay.

10.2.2. Cau triic mang truyen tai quang

Trong phan ndy, ciu tric mang truyén ta quang OTN sé duoe gidi thién va phan
tich ¢é dua trén nhitng yéu cau thic tién cia mang ludi. Trong béi canh nhu vy thi
OTN duoc fuan giat tlr cong nghé ghép bude song WDM. Cic nha khai thac mang hién
dang tin nhiéu vio WDM c6 thé cho phép mé rong dung luong truyén dan cho cic hé théng
vt mang dudng truc ma soi bi hant ché; va gan day di dat duoe toc do trén 400 Gbit/s
trén mot soi. Tir cde hé thong digm-diém, cic cdu tric mang sau nay <& duge phat trién
vt mang truyén tai & 12 mang quang. Tuy nhién, trudce khi vio vin dé thi ciau hoi dat ra
14 cdn phai xdc dinh chinh xdc dinh nghia vé mang quang 14 thé ndo. Theo quan diém
cua P. Bonenfant va cdc tdc gid trong Bell Labs thi: cang nhu nhi¢u cde ky thuit mang
khic, mang quang thue hién chic nang truyén dan, ghép kénh. dinh twyén, gidm sdt va
duy tri cdc tin hiéu khich hing trong mét vung bing rong {140} Mang quang hoat déng
chii v&u trong mién quang, noi ma tinh chit bang tdn - kénh quang - thé hién {6n hon
nhiéu trong mang ghép kénh phan chia theo thdi gian TDM. Trong mang quang, kénh
quang (hay con goi la khe tan s6) ¢ thé duge xem xét nhu la kKhe thoi gian trong hé
thong TDM.

Pé xic dinh mot cdch 18 ring thé nao 13 mang truyén tai quang OTN, ¢é thé rit ra
mot thue t& 1a kha nang dé hé tro truyén din quang khong phai 1a méi mé. Thiét bi SDH
va SONET di duoc st dung thanh céng trong cdu tric cdc hé thdng truyén dan quang
don kénh. Tuy nhién mang SDH vd mang guang ¢ mét vai khia canh khic nhau cha
yéu lién quan t6i viéc phat trién md rong mang. Trong mang SDH. khi (6¢ do truyén
din ctia mot kénh quang trong mang 1a 16n nhat thi viéc mo rong dung lugng dong
nghia véi viéc xiy dung thém hé théng méi riéng r&. Con trong mang quang, mo rong
dung luong cé thé thuc hién bang cich don gidn 1a chi thém cic bude séng trong cling
mot s va hé thong truyén dan. Chac nang dinh tuyén trong mang SDH duge thuc hién
théng qua khe thai gian; nguoe lai chic nang dinh tuyén trong mang truyén tii quang
duoc thue hién thong qua cic kénh quang {khe tan s6) giita cic bude séng cd cdc tan s
khdc nhau. Viéc sir dung cong nghé WDM, nhit 1a viée trién khai cic cdc tuyén WDM
diém-diém rong rii trong mang vién thong dwgc nhin nhin nhu 14 bude di ddu tién tién
t6i mang OTN. Tuy nhién néu mang truyén tai quang chi don giin la cdc hé thong
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WDM diém-diém néi cdc phan tir dich vu mi khong thé thye hién day du cdc chic ning
"networking” thi I6p dich vu clia mang s& phai thue hién cdc chie nang nay va cic chirc
nang héi phuc mang [64]. Cic hé théng truyén din WDM c¢6 kha nang xen/ré budc
song ¢ dinh dang duoc trién khai, cdc phin tix mang quang ¢6 chiic nang nit mang nhu
bo ghép kénh xen/ré quang OADM va bo néi chéo quang OXC dp dung cong nghé dién
hoac ma tran chuyén mach quang dang duoc tién hanh thue nghiém va tht nghiém trén
hién truong. Kha nang cua céc phan tr nit mang WDM dé xen, 1&. vi tac dong (6 cdc
mang ¢6 dinh tuyén kénh quang s& cho phép luan chuyén cic kénh quang. Hinh 10.26
mo ta khdi quit mang truyén tai quang OTN ¢é dinh tuyé&n kénh quang.

Nhu vay, mang truyén tai quang OTN duge xdc dinh nhua 13 mang ma nong cot Ia
Ki€n trac mang WDM von ¢6 nhimg dac diém tién tién chdng han nhu: chuyén mach va
dinh tuyén kénh quang [139, 140]. Nhiing dac diém ndy s& hé tro vicc truyén tai linh
hoat, tin cdy. va khd nang mo rong cho mang dé€ cé khi nang ddp dng tinh vo ching da
dang cua tin hiéu khach hang tai bang tan chua biét trude. Sau day chuing ta s¢ di vao
xem x€t s phét trién cua mang quang bat déu tir mang don kénh TDM cho dén cdc hé
thong tuyén truyén din WDM trén co s¢ cdu tric diém-diém, va sau ciung {& ¥ tudng
nhin nhin vé cdu tric mang truyén tai quang OTN & mic kénh quang [ 140, 141, 142].

Két nai cho khach hang OTN

CL

CL

/
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Mang truyén tai quang OTN
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™ @ BO ghép kénh xenfré quang OADM

[ : Bondichéo quang OXC
Hinlt 10.26: Mang truyén tdi quang 6 dinh tuyén kénh quang

1. Mang don kénh quang TDM

Cong nghé WDM la cong nghé phat trién theo nhiéu phuong difn. Tuy nhién, tdc
dong clia né 1én mang truyén 1ai [3 su tién trién mang tinh k& thira, tao ra viéc mo réng
dung luong va tinh chit déc lap vé dich vu cho cdc giai doan sau. Tir nhimg phdi canh
ki€n tric mifc cao, cdc mang truyén tai quang s€ tuan theo clng nguyén 1y kién tric nhr
cdc the hé SDH/SONET di trude. Vi vay, ¢6 thé hiéu mang truyén tai SDH/SONET nhu
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duoc mo ta trong hinh 10.27 12 nén tang dé ¢d quan niém vé ban chdl mang truyén ti
guang OTN trong thuc 18.

Thap ky trién khai cong nghé SDH dd thiét lap duoc vii ching loai phan ur mang
vil cde topo mang ¢é tinh chat nén tang cho mang truyén tai. Cé ba cap phan tir mang
quan trong la: cdc thiét bi ghép kénh, bao gom thi€l bi ghép kénh dau cuol T™
(Terminal Multiplexer) va thiét bi ghép kénh xen/rié ADM (Add/Drop Multiplexer): cic
thiét b1 lap; va céce hé thong noi chéo s6 DCS (Digital Cross-connect) hay DXC. Trong
nhiéu cic topo mang thi cic mang ring bao an duoc ching 16 12 mang ¢6 ciu race dic
biét phit hop véi chire ndng truyén tdi luu luong v cung cdp dich vu.

Mang ring bao gém tap hop cic thiét bi ghép kénh xen/ré ADM cho phép fuu
luong cé the di vio va di ra khoi ring, cde thi¢t bj nay duoe n6i véi nhau thanh mot cau
hinh mang vong nhu di xem xét trong muc 10.1.1. Cic wu diém chinh cia ciu tric ring
la tinh bao vé mang. Ring cung c¢ip luu Jugng bang hai cich thong qua 161 viio v 1680 ra
khic nhau. D€ thod min cic yéu ciu nay, ¢é vai gidi phdp bao vé theo ring. bao gdm
cdc ring SDH hai sgi v bén soi ¢ chuyén mach hai hudng. D6i véi cde tuyén truyén
dan dai. nguoi ta thudng dat céc tram 1ap cdch nhau (0 40 km dén 80 km gita cic mit
ADM tuy theo téc do truvén dan. Cic ring cing ¢6 thé t6n tai trong cic ciu hinh ma,
hay con goi 1a ¢ic ring mé ¢d xen/r€ tuyén tinh. D6t véi cie ciu hinh ring don gian nhat
ctia ring, cdc thiét bi ADM cé thé ¢é ciu e theo ciu hinh diém-diém. chiing han nhu
ciu hinh bao vé doan ghép kénh SDH 1+1.

Khach hang

Khach hang D
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Hinh 10.27. Cau triic mang triuveén wii SDH
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Trong ciu tric mang o diy, cic hé théng ndi chée sa thue hién grooming luu
luong tai cde tée do khic nhau dé bio dam ring cdc phuong tién thict bi mang duge su
dung 161, va ching 1 cdc phan tix ¢6t 161 trong cdu tric héi phue mang mit luéi co ban.
Trong cdc tng dung tiéu bicu. cic tin hidu 16¢ do thap duoc 1ay ra tir thiét bi ADM s&
duoce dinh tuyén thong qua hé thang ndi chéo 56, ¢ day ching ¢6 thé duge grooming (cé
nghia [ chang duoc tich va tdi két hop theo Toai hinh dich vu hoac theo noi nhan), va
duge chuyén giao 161 mot ADM khile. Thong thudng 1hi cdc hé théng thiét bi néi chéo
khong the hién cic chite ning ket cudi ring ¢6 lien k&t véi cac ADM (chang han nhu
chuyén much bao vé doan ghép kénh). Cic ADM v cic thi&t bi Iap hau hét thuong
khong duoc trién khai trong cic ¢u hinh mot nhi cung cip thigt bi d¢ don glan viéc
quin 1y va két ndt mang. Mat khdc. cic hé théng DXC cin phdi hd 1o rong hon (rong
vice ket noi mang ¢6 nhiéu nhi cung cap thiét bi bing cich két cudi cdce tin hicu dién vi
quang W mang niy, boi vi chdng déng vat tre nhie mot “hub™ trong 16ng dai.

Trong ciu hinh nay, can chi ¥ ring su khde nhau vé kién tric séng duoc trién
khin & trong cic mang néi dai va mang dudng dii, cling nhu bén trong cic mang truyén
tal truy nhip, ¢ phan dnh tinh cap bach déi v6i dic tinh va dé tin cay mang cao. Hon
muoi nam tro la diy. dung lugng ciia mang ¢6 su ting dang kinh ngae. Cie khich hang
bat dau ¢é nhitng doi hoéi ¢é lién quan 16i nhiing viin dé nhuwe: khiic phuc cic 10on that dés
vol cde thiet bi viv cap truyén dan: thoi gian phye hoi cdce sy e cic mite tuoi tho cho
cdce ing dung khde chang han nhu su két néi mang. cac trang thiét bi nr dong.

Tirnhimg doi hoi v¢ tinh hoan hdo cia mang quang md nhidu chite nang truyén 4
SDH/SONET va cic nguyén tac cau tric mang & dian chuyén sang cic mang truyvén tai
gquang OTN dong vai tro nhwr khéi co ban cla bang tan truvén tai dich chuvén tir khe
thot gian sang kénh quang (the 12 sang khe tdn s8). Nhu vy, ép sau cdu triie mang don
kénh quang TDM s€ ti giai doan ciu trde mang theo cong nghé WDM diém-diém, v
duoc xem x€1 nhur sau.

2. Mang quang WDM diém-dién

Mung quang WDM diém-di¢m la pha phit trién tiép theo clia mang truyén taj
TDM. Vige diw tien cia mang quang giai doan ndy I thue hién dp dung cong nghé
ghép bude song. Trien khai cong nghe WDM thudmg phat tricn nhanh i do diay la gian
phidp mo rong dung luong duoce coi ta ¢6 hi¢u qua kinh & hon cic phuong phap khic.
Vidu nhu ta hily so sdnh véi truong hop st dung thém soi holic bang cich thay the dung
lugng cac hé théng TDM hién tai biang cdc hé thong TDM méi ¢é 16¢ do cao hon. Sie
dung thém soi cip mdi thuomg [a £t dit d6i voi cdce tuyén dii, viu viee [ap dit them cap
mai thuong 14 qud liu khong kip thoa man yéu ciu mot so khich hang. Con viée nang
cip he thong theo cong nghé TDM thi gan nhu thue hién thay thé hang loar hé théng
thict bi hign cd trén wyén, khodng 1ap s ngin lai lam phd v& phan b quy cong sudt
ting doan truyén dan, va nhu vay cong nghé¢ TDM s& khong con giit duge nhip dd khi
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cé nhitng yéu ciu truyén bing cuc rong duoc dat ra. Nhu vay, so véi cdc gidi phdp sir
dung soi mdi va nang cap theo cong nghé TDM. ciic hé théng WDM diém-diem, nhu
duge mé tid chung ¢ hinh 10.28, ¢6 nhiimg uu viét mang tinh dang cap hon, nhat i doi
voi cde tuyén truyén dan cu ly dai. Sy xde nhan nay dua trén cic dac diém sau day:

- Dinh tuyén luéng dung luong cao: dung lugng TDM cao dai vé6i kénh quang
(khe tan s0) cho phép nuéi truc ti€p tir cic bo dinh tuyén IP va cic chuyén mach ATM
c6 cie gino dién rat rong.

- Tiet kigm chi phi tram lap dién: doi véi hé thang N kénh, mot bo khuéch dai
quang OA (Optical Amplifier) ¢é the thay thé N tram 1dp dién tai médi mot tram tdi phat.

- Dung lugng truyén tai ¢ mdi soi 16n hon: sy tang thém cic bd ghép kénh dau
cusi WDM (WDM-TM) s& khai thdc dung lugng vén ¢6 cta s¢i quang, mét dung luong
rong 16n duroc cic hé thong truyén dan quang don kénh sir dung.

- Duy tri cdc thiét bi di dau tur hién dang st dung: cdc thiét bi TDM dang sit dung
trén mang khong cin phai thay thé, ma tiép tuc hoat dong song song véi cic hé théng
khic, véi cic hé thong TDM méi trén cung mot soi.

- Hop nhat truyén tai cho tdt ca céc dich vu: cédc loai dich vu khic nhau. ca dich vu
da ¢6 va dich vu mai, ¢6 thé duge truyén trén mot soi, doc 1ap trén thue 1& vé 1oc do bit
hoidc vé giao thitc.

ATM Pt-Pt WDIM

ATM

™ MANG NG| HAT,
TRUY NHAP

Hinh 10.28: Mang WDM diém-diém (P1-Pt) dé' tang dung licong cho rvén o v v

Nhu vay cong nghé WDM cho phép cdc nha cung cip dich vu hoi ty duoc day da
kha nang coa mang soi quang da cé. Ngoai ra, cdc nhd cung ¢ap dich vu ciing linh hoat
trong viéc trién khai thém céc dich vu méi vio soi hién ¢é dé diéu ti¢t cdc yéu ciu dung
lugng méi. Nhu dd minh hoa trong hinh 10.28, cdc hé théng WDM diém-diém cé thé
duge trién khai trén cdc khoang riéng & cia mét topo ring TDM cang nhu trong mang
tuyén tinh. Trong mdi trudng hop, mang TDM di ¢6 s& tiép tuc hoat dong van nhu trudce
day trén s¢i, chang han nhu viée bao vé TDM vin hoat déng, va cic ung dung méi ¢é
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thé duge bo sung cho cde bude song méi ma khong tac dong gi t6i luu luong TDM dang
ton tal.

Hi¢n nay, ¢é mot s6 cdc cong nghé tién tién ding chi ¢ la cdc soi ¢é didu khién
tin sac két hop véi cic bo khuéch dai quang soi pha tap Erbium EDFA. dang hd tro va
lam cho cong nghé WDM ngay cang ¢4 hiéu qua kinh 1€ v dé dang trién khai hon. C6
nhiéu cic hé thang ghép téi 16, 32, 64 budc séng hoat dong da thuong mai trén thi trudng.
moi mot bude séng cé dung lugng tuong dwong véi 16c do bit 1a 2.5 hoac 10 Gbit/s.
Hon nira. bude phit trién nhanh ctia cic cong nghé tiéu bigu lien quan dén WDM ciing
da lam cho cic hé thong ¢d sé luong kénh quang ngay mat tang. Cong nghé WDM da
thé hién cdc bude di diu tién dé tién 161 mang 10an quang bdi vi né dp dung céng nghé
truyen 1ai dua treén cde bude séng. Tuy nhién, trong cic Gng dung diém-diém ban dau
nay, hau hét chire nang truyeén tai déu duge dua ra nho cic hé théng dua rén co so cong
ngh¢ TDM sur dung khoang caich WDM. Vi lwu lugng mang ngay mat tang vi cong
nghé WDM tiép tuc duoc trién khai, cho nén cic kénh quang sé dan dan tra thanh moi
treong chu yéu cho viée trao déi theng tin trén mang fudi. Cic chic ning mang truyén
tai s& chuyén sang cho I6p quang. va séng mang s& bat diu diéu khién dung luong taj
muc kénh quang. Nhur vay, tng dung ¢ong nghé WDM trong mang truyén tai s€ nhanh
chéng tao ra duge viec mo rong dung fugng diém-diém dé ¢o thé dinh & vi thic day
cde g dung mang truyén tai quang, nhd dé ma ¢6 thé cung cap nhiéu loai hinh tin
hiéu cho khdch hang véi cac yéu cau dich vu khic nhau.

3. Mang truyén tai quang OTN

Nhu di dé cap & trén, mang truyén tai quang OTN thé hien Lot bude di tiép
theo hién nhién trong sy ti€n trién cla mang truyén tai. Cac mang truyén tai quang &
twan thu theo cling cde nguyén 1y kidn trice ¢ip cao nhu ¢de nguyén Iy ma mang truyén
tar SDH/SONET da tuén theo. Vi du nhu ca SDH vi OTN déu i cic mang ghép kénh
c6 dinh huéng két noi. Nhu vy, cic cong nghe mang quang va cic k¢ hoach xay dung
duy tri mang s€ rat giong nhau.

Néu nhu mudn phan biét sw khic nhau gitta mang quang va mang SDH. ta ¢6 thé
thiy rang nhitng diém khac nhau chd yéu 1a xudt phat tir dang dic trung cong ngheé
ghep kénh da su dung. DBai véi mang SDH thi st dung ghép kénh phin chia theo thoi
gian TDM 58, nguge lai doi véi mang OTN thi s dung ghép kéuh theo bude song
WDM twong rir. Sy phan biét giita $6 va tuong tu ¢ déy lai thinh ra ¢6 dnh hudng siau
sic tdi nhimg khia cank dung hod vé gid ca vi diac tinh trong mang OTN vi thiél k&
h¢ thong.

beé thoid min tam thoi nhu ciu 1ang dung luong thi ¢é thé 1iép e rién kKhai cdc hé
thong truyén dan quang diém-diém trén pham vi rong. Khi m 56 bude séng tang din
len va cu ly gifta cide tram dau cudi tang, s€ ¢6 nhu ciu ting déi véi vice xen va (hoic)
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ré cdc budc song tai cdc tram trung gian. Vay thi cac thiét bi ghép kénh xen/ré quang
(OADM) ¢6 kha nang tdi lap cau hinh sé trd thanh cdc thanh phan tich hop clia mang
WDM. Vi s6 bude séng trién khai trén mang ngay mot tang cho nén mang can co su
diéu khién dung luong cling nhu viéc diéu khién cdc tin hiéu gilta cdc mang tai muc
kénh quang. Luic nay, cdc thiét bi noi chéo s6 DXC (hay DCS) ¢6 vai tro diéu khién
dung luong tai 16p dién, con cdc thiét bi n6i chéo quang ODXC (hay OXC) s& ¢6 nhiém
vu diéu khién dung luogng tai 16p quang. Tuong tu nhu & cong nghé dién, céic thiét bi
OXC s¢ phai ddp tmg dugc yéu ciu 1a tro gitip mang nhiéu nha cung cép thiét bi, trong
khi d6 cdc mang tuyén tinh riéng va cic mang ring phu duge xay dung dua trén cic hé
thong duong truyén quang OLS (Optical Line System) va cdc thiét bi OADM thi thuong
la mang mot nha cung cap thiét bi.

Hinh 10.29 mo6 ta mang truyén tai quang bao gém mang 16i. mang noi hat, va
mang truy nhip dung lugng cao. Ban diu, nhu ciu diéu khién bang tan & 16p quang la
can nhay bén nhat 6 mang 16i, mang cu ly xa. Trong mang 16i ¢6 cau hinh két néi dang
mesh (mat lugi) logic va qua trinh két néi ndy can ¢é sy tro gitp cua topo mang vat Iy
bao gom cic ring véi cic OADM dugce bao vé chung, cdc ciu tric mang ¢6 OXC ¢ co
ché phuc hoi mang dang mesh. thoi gian séng cta mang. Tuong tu. cic yéu ciu diéu
khién bang tan ciing dat ra doi véi mang noi hat va truy nhap. Vi vay, cic giai phap
mang cau hinh ring ¢6 OADM ciing s& dugc t6i uu trong cdc ing dung nay. Tic la
mang s€ ¢6 cdc ring ¢6 co ché bao vé chung doi véi céc yéu cau mesh, va cic ring ¢é co
ché bao vé riéng cho cdc yéu ciu hub.

Khach hangg

MANG NOI HAT,
NOI THI

MANG TRUY NHAP

Hinh 10.29: Cdau triic mang truyén tdi quang OT N

Tir cdc van dé trén, ta ¢6 thé nhan thay chi c6 khuéch dai quang OA méi la cong
nghé du kha nang hon cho ciac hé thong truyén din WDM diém-dié¢m: nguoc lai, cic
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thit bi OADM va ODXC la cdc thiét bi cong nghé du kha nang hon déi véi chiic nang
mang truyén dan quang OTN. L6p quang s& tién t6i nhu 1d mot co so ha tang truyén tai
hop nhat cho ca mang g6i ké thira va hoi tu.
10.2.3. Thuc tien xay dung mang truyén tai quang NGN

Viée thue hién cau tric mang truyén tai quang OTN ¢6 lién quan t6i nhiéu yéu 19,
né doi hoi tinh can déi gitta cic yéu. 16 tic dong nham thoa hiép dé vuot qua duoc
nhiing thach thitc vé cong nghé va lién két mang. Qua nghién citu va xem xét qua trinh
xay dung mang ngudi ta thdly ¢6 6 y&u t6 noi troi chinh sau:

[.Vé ky thuat mang neong nir: Trong xay dung mang OTN, dé bao dam mang c¢6
dac tinh tot thi can phai han ché su tich tu nhiing diém y&u clia mang tuong tu trong khi
ta van phai can doi duogc tinh dau tu cho mang. Mac dii ¢6 su hién dién giong nhau giita
céu tric SDH/SONET va mang quang, nhung van ¢6 su khac nhau co ban trong thiét bi
va qua trinh thuc hién cdc mang truyén tai.

Trong khi truée day né la bai toan vé ky thuat mang s6 thi sau nay lai 1 bai toan
doi vé6i ky thuat mang tuong tu, gan giong nhu thiét bi mang ghép kénh theo tan so
FDM truée day. Uu diém chinh cta truyén din s6 1a tinh g6 ghé cutia tin hiéu s6. Gidi
han chinh trong hé thong s6 la né khong thé hién duge su suy yéu trong phuong tién
truyén dan, ma né chi biéu hién tinh chinh xdc trong qud trinh bién doi séng tin hiéu
twong tu thanh so.

,f" ‘:' Viing mang phu D Thiét bi truyén dan quang
o E Thiét bi ODXC
A Thiét bj OADM D Thiét bi x{r Iy quang - dién

Hinh 10.30: Cdu triic mang truvén tai quang thicc 1¢”

Doi véi mang quang, thuat nglt mang “toan quang” mudén dm chi tin hiéu truyén
qua mang hoan toan la trong viing quang Optic ma khong ¢6 quéd trinh xu ly quang -
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dién trong cde phan ta mang quang. Biéu nay ngu y ring 1at ¢a qué trinh x ly tin hiéu
bao gdm: tii phit tin hiéu, dinh tuyén, trao doi khe tan s6, hodc trao doi bude séng, déu
duoe thue hien trong mién gquang (optic). Nhitng ndm gin day, di ¢é nhiimg su tranh
luén xung gquanh van dé ban chil cta tr “quang - optical™ trong mang quang; va khi
nghién ngam lai. cic nha khoa hoe di nhan thay ring di ¢6 su ldn lon gida chite nang
vi thye higén mang. Nhitng stic ép vé k§ thudt tuong ty v viée xem xét trang thai “State-
of-the-art™ hién ta1 trong cong nghé Xir 1y toan quang trén toiur ciu. hodc déi véi ting
gquoe gia. thi mang “toan quang”™ 1a khong the dat duge. Nhit Ia viée bien déi quang -
dién ¢6 the duge dit ra d6i vai cdc phin tr mang quang dé tranh sy tich tu nhimg yéu
diém truyén dan trong mang: nhitng yéu diém ndy xuat phat tir nhimg yvéu 16 nhu: tén
sie soi. hiéu dng phi tuyén, tich 1ug do cic bo khuéeh dai quang mic chuéi, xuyén Kénh
tin hiéu quang va truyén dan pho hep khi mic chudi cdc bo loc khong phing. Su ¢é mat
cua thiarth phan bi€n déi quang - dién cling ¢6 thé hd trg cho qué trinh trao déi bude
xong ma hien tar day fa dice thi ddng chi y khi thue hién quid trinh xor 1y tin hiéu trong
mién quang. Nhu vay néi mét cich van tat, sy hién dién cita cic thiél bi da thuong mat
hod €6 su tdi phit tin hiéu dé 1am giam sy tich w nhimg diém yéu cua mang viu hé tro
qua trinh bién do6i bude sdng trong mién todn quang can duoe dp dung trong cdu hinh
mang toan quang. Do cde thiét bi quang - dién ndy thudng ¢é gid thinh cao hon, cho
nén vin dé dat ra Id phai tao ra cau (ric mang sao cho 56 luong cic thanh phan thiét bi
quang - di¢n ndy cing nho cang t6t: va chinh di¢u ndy ciing thé hién dugce dac thit mang
truyén tai quang von duoe gdn theo ding nghia véi sir hicén dién clia mang. Hinh 10.30
Mo Ly tong ciu trie mang toan quang duge két néi dé trong sudt (thong sudt) tin hicu
quang nhung ¢6 su tham gia cta ¢de phan tr thiét bi quang - dién bao quanh mang.

2. Tinh trong sudt dich vu: Trong cde phin thio ludn truée dav. ta biét ring vice
xem x&t Ky ludng thue ticn & tpo ra duge bude thue thi cusi cing dai véi mang truyén
tai quang OTN. Biéu quy&t dinh nhit trong nhimg can nhic nay chinh 1i mong muén
cua nha Khai thic mang sao c¢ho cé duge miic dé trong suét dich vu cao trong co sd ha
tang truyén tai twong lai. Vi thufit ngl “trong sudt - transparency” (hay con goi 1a thong
suot) hudng 161 viée can phai thod thudn nhiéu hon, cho nén o day chiing ta s& ¢ ging
lam ro ¥y nghia cua “trong sudt dich vu” i nhu thé nio.

Doi véi cong nghé SDH/SONET., ngudi ta di ¢6 nhimg dan ching khd 16 nét vi
thong suot dich vu. Mot khi tin hiéu khich hang duoc sip xép viw trong tin hiéu
SDH/SONET cua né tai 161 vao ctoa mang SDH/SONET. ngudi dang khai thic mang s&
khong chiém hiru va khong biét duoe 161 dung chi tiét vé tin hiéu khich hing Ii nhu the
a0 sudt 161 tén not giai ghép tin hi¢u i 161 ra coa mang. Sy xidc dinh vé tinh trong sudt
dich vu doi vai mang truyén tdi quang OTN eling ¢6 thé dp dung giong nhu vay. Thue
vy, mot khi tin hi¢u khdch hing duge sap x&p vao trong kénh quang thi ngudi khai
thic mang OTN ciing khong nén doi héi phai duge bict chi tiét vé noi dung (hode duoe
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truy ¢dp vao noi dung) tin hi¢u khdch hiing suot cho té tn noi giai ghép & 16i ra mang
OTN. Nhu vay, cde diém 161 vao vi ra mang quang cian qui dinh pham vi viing trong
sudt dich vu cho OTN.

Tinh trong suot dich vu la yéu té co ban bdi vi né gitip cho viée kiem soat duoc
tinh phtic tap cua vai trd mang quang do ¢6 co ¢ ha tang hop nhat tat ca cic loai tin
hi¢u cua cdce khdch hang. Trong béi canh mang truyén tai quang. quan diém vé trong
sudt dich vu hién tai duge giéi han cho cdc thh hiéu khéich hang sé (digital), nhing né sé
mao rong bao ham i cdc tin higu khdach hing twong tr (tuong 1y}, Yéu 16 quan trong
nhdt dé thuc hién trong sudt dich vu la loai bo tat cd trang thiét b riéng cua khich hing
v xa ly gira cdce diém 161 vao vi ra OTN. Rat may |2 tai diém vio/ra, & dé dang tiép
nhan thict bi khdch hing. Vi du nhu ta ¢6 thé cho cdc thiét bi ¢é clra quang - dién dé hd
tro viée tron toc do 622 Mbit/s, 2,5 Gbit/s va 10 Gbit/s SDH, Gigabit Erthernet, sip xép
[IP/WDM. va cdc kénh quang cho thué. Nhir viy, trong sudt dich vit ¢ trong OTN dai
hoi tinh mém déo 181 thidu tai 16p kénh quang dé mang mot Joat cdc tin hiéu khach
hing s6 rdt phong phi.

Trong ting dung mang OTN, tinh trong sudét dich vu khi trién khai ciu tric mang
dugc dac trung boi cdc phan doan trong suét ludng tin hiéu quang. Cic doan nay duogc
gidi han bang qud trinh xix {y quang - dién. N&u nhue khong sir dung cic bo tap 3R (bo
lap ¢6 bién doi O/E va E/O vai cdce chic nang: tdi phdt, dinh lai dang, va dinh lai thoi
gian cua tin hiéu khiach hang), thi ngay lap tdc s& xudt hién jitter va tich lu§ nhiéu trong
cie tin higu khiich hing trén cic kénh quang khi ¢6 mot chudi cic ciu tric mang két
not k€ tigp cde thi€t bi xir Iy quang - di¢n. Cic bo lap quang - dién nhu vy sé cho phép
tao ra cdc cdu tric OTN mic chudi bao gom 16 hop cin déi vé tinh trong sudt quang va
cde thiet bi quang - dién, va diéu ndy s& hd tr¢ cho tdc do bit va tinh doc lap vé giao
thire & [6p kénh quang. Cac thiét bi lap quang - dién khéng phu thude t6e dé bit ¢6 tinh
niang dinh lai thoi gian s€ 1a chia khod cho phép thuc hién tinh trong suét dich vu OTN.

3. Bao duong mang: Su phdt rién mang thco mang truyén tii quang cho NGN
ciing mang dén nhitng thich thide trong viée quan ly mang vién thong duoe tich hop. Co
mot loat cdc yéu cau can phai duoe dat ra fien quan t6i ¢iu hinh. su 6, vi quin ly
mang. Thue vy, khi xem xét tinh can thi€t cia quan ly OTN. ching ta ¢6 thé cong
nhin ¢6 nhicu ¢di ¢6 thé dp dung cho ci mang SDH/SONET vit OTN. Tuy nhién, ciing
cén phai trdnh sai lam khi dua ra gid thiél ring moi ¢ii lam duoc cho SDH/SONET thi
déu ¢6 thé dp dung truc tiép cho mang truyén tii quang OTN. C6 mot viii stic ép dan tdi
cic tieu chuiin SDH/SONET ¢6 dic thit rigng cho viée phét trién mang & thoi gian dé.
Chiing han nhu mét trong nhimg wu diém chinh vé bio dudng cho viée chuyén tir cong
ngh¢ PDH sang cong ngh¢ SDH chinh 14 co hoi dé md rong mang rat ¢é y nghia. va né
cang quan trong hon d6i véi viée tiéu chuin hod; kha nang diéu khién, tinh toan ven va
chat lugng truyén tai coa mang. Cong ngh¢ SDH da cho mét co hoi dé hiéu chinh mot
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vl vitn de khai thic mang PDH, vi viy OTN ciing hy vong s& dua ra duge mot co hoi
d¢ hicu chinh mot s6 van dé khai thic lien quan t6i mang SDH.

Tro L voi ban chat wong o cta WDM, vige thiél lap dac tinh tin hiéu khich
hing trong OTN i mot cong vice rat kKhide so voi viée thiét lap dic tinh cho hé théng
SDH/SONET. Cdi kho ¢é 1ién quan 161 dic tinh dice Khién ¢ trong mang truyén tai
quang i ¢6 hitu trong cdc tham so can duge xic dinh. Dic bidt, cic tham sé quang khi
do cin phai that wong quan vdi su suy giam trong ¢de [6p tin hi¢u khach hang dé chi
duge ra ring cie 1dp quang khong dua ra mude véu ciu caa dich v RO rang rang. viée
thict lap moi Lién hé nhu vay trong cae k¥ thuat do s& tom i mot thich thic ding ké.
Xét chi tiét rigng vé dicu khién die tinh v cide phép do, thi ¢6 thé thdy nhitng ton tai
thiach thie co ban va chung nhat bao gom: nhimg thong tin vé khai thic, quan 1y vi bao
dutng (OAM) nao 1a can thiét i moi diém cla mang. vi nén nhu thé nio? Thong tin
nay ton tai & hai dang 1 thong tin cedi cin liégn quan. ¢in phai theo. & gée do két nai
kénh quang: vi dang tha ha [a thong tin cdi khong can thiét theo két ndi niy.

4. D6 duy el mang: DO duy 1l mang [ trung tam dol vai vai 1o cda mang quang
vi day I coso ha tang truvén tai hop nhat. Cang nhu nhicu khia canh kién tric khic. do
duy i mang quang & mang ding dap vét do duy tri cia mang SDH/ SONET ¢ muc
cao., boi vi topo mang vi cic loar phan (e mang 13 twong i nhae. Ban than bén trong [6p
(quang, co che duy tri song s¢ G¢p tye tao ra kha nang hoi phuc mang nhanh chong nhat.
tir vice dirt so1 quang cho 61 nhitng su cd hu hong true tric o moi truomg vat 1y khdc,
cling nhu 1o ra su quan 1y hi¢u qua vi mém déo hon dé bao v¢ mang. Thoi gian phuc
hor mang nam trong khoang 50 s téi via tram miligiay wy thuoe vio img cau tridc
mang va loat su ¢ mang. Co nhicu co ch& duy 't mang ta ¢ the ké dén sau day.

Pai véi cde hé thong WDM diém-diém (P-Pt WDM) sit dung cong nghé WDM - TM
vi WDM-OA, cdc ¢ ché chuvén mach bdo vé quang 1+1 s& giong nhu co ¢hé bao vé
SDH/SONET ma ta thudng dé cap [139, 143]. Viée st dung théem cice bo ghép kénh
xen/ré quang OADM cho hé thong truyén din WDM s& c¢ho phép ting cde vu diém cua
hé théng. Cic cau trde don gian trong viée xen/t€ quang. vi du nhu hio vé kél négi mang
phu quang I+1 {O-SNCP). 1a mdt muc dich vt nhu viy s& khong doi hot thuat toan
chuyén mach bio vé tr dong (APS). cde gino thic vi cde kénh tin hicu phoi hop. Ching

¢o thé duoc dp dung cho ca topo xen/ré tuyén tinh viring.

O mite do phie tap hon, cde edu trie chuyén mach bao vé 16p quang s& phai ¢é
Kha nang Tinh heat va sir dung hicu qui bang tan [6n hon, nhat L déi v6i mén hou luong
hinh mat ludi mesh. Cic thiét bi noi chéo OXC <& cho phép 1a tao duoe cie cau tric
dang mat ludi & 16p quang. Trong mét s6 dng dung thi ciu trie mat luéi lai ¢o diu to
thap nhat; cic co ché hoi phue dang mat ludi wr dong ¢o the duoe 161 wu dé dinh ré dung

luong bao v¢ ¢é higu qua. Cae thudt win hoi phue rén co s dang mat leéi da duoce
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dimg cho mang SDH; tuy nhién sir xuat hién cong nghé quang mdéi v cac phan 1 mang
cd lién quan s€ tao cho ta cée co hot dé tang t6¢ do héi phue mang nhim hd tro cide ciu
tric mang truyen tai quang OTN 16 tai tau dai.

Nhin chung. sy phin cdp ciu tric mang quang duy tri i wong e nhu viée phan
cap trong SDH: nhung ¢é6 mét vai su khde nhau co ban vé chife ning va tng dung. Cic
mang quang ¢ do duy i can phai hé tro linh hoat cho cdc véu ciu cha ¢ic tin hiéu
khich hing trong pham vi réong. Ngoai ra, cic mang quang nay phai st dung bing tin
¢ hiéu qua hon dé hé trg bang tan rdt 16n duge i trén cic tuyén thong tin quang
WDM. Nhing loi ich vé sy mém déo mung vit hiéu qua bing 1an khich hang ciing dura
vito chién fuge duy i nhicu 1dp mang ket hop trong d6 cic ¢o ¢hé duy i I6p quang sé
cling ton tal mot cice hop 1y véi nhimg o1 ich coa cic tin higu khiach hing. Nhu vay, ¢é
thé¢ néi ring do duy tri mang quang s& 1i€p tuce thé hién s phuce hoi cde su ¢d nhanh

nhat, phuc vu nhiéu loat tin hiéu khich hang c6 cic yéu cau do duy ti da dang.

5. Kha ndng hoat dong twomg tde: Viée tng dung bt Ky mot cong nghé méi vio,
chang han nhu cong nghe WDM, vio moi trudng vién thong ciing doi hoi cde tiéu
chuan phai duge phat trien cho vige két ndi bén trong mang vi k&t ndi gitta cde mang ¢6
nhi¢u nha cung ¢dp. Khia canh miu chdt & day 1a dé xic dinh toan bo thong tin ¢é lién
quan tai giao dién nit mang NNI (Network Node Interface) quang: vi du nhw dang tin
hiéu cua kénh grim sdt quang dang tai thong tin OAM gilta céc phan tr mang ching
han. Yéu t6 quan trong khdc lién quan t6i 16p vat [y va nd yéu cau su mo ta rat chinh
xdc vé cde dac tinh vat 1y cua tin hi¢u gquang da bude séng. Day khong chi 1 mdt nhiém
vu cure ky khé dé dat duge nhitng gi co ban 1a mot van dé thigt k¢ mang twong tu, né bi
vueng boi su phan tap da dang vé quyén lua chon d&i véi truvén dian quang. Ta hiy vi
du. viée Tua chon 6t wu cde bude song hoat dong cho hé théng truyén din WDM sé phu
thudc viio mot s6 cde yéu 16 sau: loai sgi quang., cong nghé khuéceh dai quang OA, cong
nghé loc quang, khoang cu ly truyén dan vd muc tiéu téng thé cho hé thong. Nhin
chung, viéc lua chon cdc bude sdng hoat dong dugce it ra tir hén hop cic lira chon cong
nghé kél hop vai cic img dung.

Trong tuong lai, dé k&t n6i duge mang don kénh hay da kénh guang & nuitc OTN
thi phai ¢é duge toan bo cde diac tinh OTN-NNI. dé 13 cdc dac tinh mio diu [6p quang
va kénh gidm sit quang. Khi ¢6 cice tién chuan OTN ra doi. viée k&€ ndi mang s& cho
phép két noi lién tue ¢ miic kénh quang, vii mang quang s& ciu tric dua mrén ciae doan
truyén dan trong suét (thong sudt).

6. Thiee hién mung quang NGN: Viéc chuyén chiic ning I6p truyéan tai cho mang
truyén tai quang OTN <€ 1g0 1én su ti€n hod tir h¢ théng truyén dan quang don kénh
sang OTN ¢6 cie dic diém tién tién nhu dinh tuyén kénh quang v trae déi (bién doi)
bude song. No cting tao thuan loi cho viée thue hién chice ning mém déo trong khai
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thic mang, dinh ¢6 vi tang nang tue cho mang: tao ra su phong phit ma rong choe cic tin
hi¢u khich hang ¢6 yéu ciu dich vu thay déi (nhue linh hoat, dinh ¢&. duy tri 16t vi ¢6
tinh doc 1ap vé giao thie). Con dudng £ién trién t6i két qua cudi ciing clia 16p truyén tai
hop nhat s& ¢ lién quan t6i nhitng viin dé chii chét ké cd viée 181 vu chiie nang truyén
tai I6p quang trong diéu kién duy tri duge tinh déc tap khich hang. Ta cin nhan manh
rang cong ngh¢ SDH/SONET € tiép tuc 1A mot phan tich hop clia qud trinh phit trién
mang <6 sy hoi 5o lidu/quang. Trong khi bén phin mang truvén tii s& dich theo
thoi gian tir 16p SDH/SONET dén 16p quang. thi 16p SDH/SONET <& 1iép tuc phuc vu
var tro mang ludi véi cde yéu cin vé bang tan diem-diém véi mide do (ap trung vira phai,
ching han nhu trung ké& thoai vit nhiéu loai luu lugng tal viing bién cia mang. Viée xay
dung mang truyén tai quang dung lugng cao cho twong lai s& phu thuoce vio gial phap
doi mai két hop véi ciie cong nghé gan lién véi cdc nguyén 1y mang.

Tom lai, mang truyén tdi quang s& thic day phdt trién co s6 ha ting truyén tai
trong thoi dai cha su héi ty $6 liéu - truyén i bang cich dua tinh mém déo vé ¢au tric.
va sy khiice biét dich vu nhd sy phan tich ra cdce kénh quang cho cic loai dich vu khic
nhau nhu TDM, ATM, IP, ciic luong quang cho thué, v.v... Vi viége nhin nhin thue &
vao mang truyén tai quang, tinh trong sudt dich vu, do duy tri, bao dudng va kha nang
hoat dong tuong tic s€ mang lai hiu qua kinh t&; va tir d6 kéo dai su s6ng cha mang va
tao ra mot ¢o so ha ting truyén tii quang bang rong linh hoat. Nhin chung. di ¢é nhiéu
quéc gia bat diu coi viée trién khai mang truyén tai quang 1a ¢ip bich. ho cho ring
khong con thoi gian dé ché doi mot mang truyén tai quang nita vi diéu dé ¢6 thé chi
tang thém thiich thie trong viée tao ra 16p quang t6i uu vé dung lugng cao. quan ly bing
tan véi do tin cdy cao gom cd su ho tro da dich vu.

10.2.4. Két noi trong mang truyén tai quang

Ket noi trong mang truyén tai quang la rit quan trong nham tao ra duge ciu tric
mang lmh hoat va bao dam thong suét cdc dich vu ké ci cic loai hinh dich vu bing
rong. Su dung cong nghé két néi phi hop cé thé tao ra cau hinh mung don gian nhung
vin ¢6 dugc cic chite ning rat linh hoat viu dit manh dé truyén théng sudt cic ludng tin
higu. Bé c6 dicu kién khao sdt phin niy, trude hét chiing ta hily xem xé1 so luge vé két
ndi cdc kénh bude séng quang. réi sau d6 di vao cde trudng hop dinh tuyén va phan bo
luéng quang. Do cong nghé WDM duge dp dung chi y&u trong mang truyén tai quang
ma trong bo sich niy ta chi xem xét dén cac van dé két ndi ¢é lien yuan téi cong
nghé nay.

10.2.4.1. Keét noi kénh budc song quang trong OTN
Trong cdc h¢ théng truyén dan quang duoc thidt k€ cho mang truyén tai quang

OTN dinh huong theo NGN, ¢é nhiéu céc thiét bi cong nghé thanh phin quang tién tién
nham tao cho cdc hé théng di manh dé ddp tng thoa min vai tro trong mang truyén tai.
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Ngoai ¢ip so1 quang, céc h¢ thong thiét bi thudng trie tén hé thong bao gom cidc ching
loai thi¢t bi nhu khuéceh dai quang, céc thiét bi ghép va gidi ghép bude séng WDM, cic
thiét bi chuyén mach luéng vi dinh tuyén quang.

Thi¢t bi khuéch dai quang OA ma tiéu biéu (& khuéch dai quang soi pha tap
Erbium EDFA déa duge trinh biy khd chi tiét tai chuong 8, vi thé né khong dugce néu lai
trong phan nay. Hé théng thong tin WDM thuce chat di duge phan tich trong chuong 7.
Tuy nhien, viéc két noi he thong niy théng qua cdc thi€t bi chuyén mach va dinh tuyén
con chua xem xét chi tigt. Vi the, ndi dung sau day s& tro lai vin dé niy nhim mang
dén thong tin 16 hon vé su két hop cdc thiét bi két ndi trong hé théng. Ta hiy bit diu tir
ban chat cta hé théng su dung cong nghé WDM.

Nhu ta di bi¢t ring cdc h¢ thong WDM duge diing dé phit cic bude séng duge
ghep trén mot soi quang. Cic h¢ théng WDM tiéu biéu thudng ¢6 4 hoac 16 kénh
quang. Gan day c6 nhiéu cdc h¢ théng ¢6 6 kénh 16u tir 32 bude séng 1ré Ién va thuong
duoc goi 1a hé thong ghép kénh theo bude séng mar dé (cao) DWDM (Dense WDM),
Tuy nhién, thyc chit cua DWDM con duge thé hién & khodng cdch bude séng. vi do dé
trong mot 56 trudng hop s6 kénh quang it hon 32 cling duge xem [a DWDM. Khuyén
nghi I'TU-T da tiéu chuan hod cic khoang cich kénh 13 100 GHz va 50 GHz 13 d€ bao
dam kha nang hoat dong tuong tic gitta cdc thiét bi ctia ¢dc nhi cung c¢dp san phiam
|32]. Cic kénh duoc ghép trong he théng WDM déng vai tro nhu 1 cic “soi 20" ¢é the
dugc sit dung dé phat bat ky mot loai tin hi¢u ndo, chang han nhu tin hiéu SDH, 1in hicu
mode chuyén giao khong déng bo ATM (Asynchronous Transfer Mode), hoic luu
lugng IP. Cic nguon luu luong nay duge két ngi theo cdc giao dién quang chudn.

Giaa dién dgn kénh

Ay R R @ )
AN

Trung k& nhiéu sdi

4 SDH/SONET
SDH/SONET

Hinh 10.31: Hé thong Pt-Pt WDM diwoc sir dung dé ting dung lnong
Nhur o phin trén da dé cip, ¢6 mot su khic nhau nao dé giita cic hé théng WDM

diém-diém va ring. Ca hai i cdc hé théng don (mét) hudng hoac hai hudng. Cic hé
théng WDM don hudng sit dung tit cic cdc kénh bude séng san ¢ ciia két néi soi cho
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tin higu phit hoidc thu. Cic hé thong hat hudng s& cd mot s6 cic bude séng thu va mat
5O cde bude song phat trén cling mot sofi.

Muc ticu st dung cic hé thong WDM diem-diem (Pr-Pt WDM) hiu hét 13 dé tang
dung tugng s¢i cho cide tuyén truyén dan dai. Hinh 10.31 la mot vi du mé ti hé thong
di¢m-diém ¢ hat giao dién trung k&€ da bude song cho viée tridi khai cic k&t n6i-hai 501
diém-dieém d¢ tao ra do du va khad nang bio vé toyén. S6 cic gino dién don kénh (mat
bude song) duoc sir dung dé két néi cde bo dinh tuyén 1P, cic chuyén mach ATM. hoic
thiet bi mang quang dong bo SDH/SONET. Cic cua diu vio don kénh ¢é mot bo diéu
ché dé chuyén doi buge song thanh bude séng kénh WDM tuong thich. Bo két hop
quang s€ ghép cic bude séng ndy véi nhau v sau d6 phit chiing vaoe dudng trung ké da
bude séng. Tai phia thu, moéi mét kénh s€ duoe giai ghép thong qua bo loc quang. Cie
he thong Pt-Pt WDM thutng sir dung ché do bao vé 1+1 dé diéu khién soi hoic cie su
co hong hoc kénh bude séng. Hai thiét bi WDM dugce két noi vé phia hai soi. Méi bude
séng duoc trayén trén ca hai soi; thict bi thu s& so sanh har tin hiéu quang va chon ldy
mot tin hiéu 16t hon dé su dung.

Kénh 1 (Tx) Dieu che P peove e T80
; Mo —0
Lo 2
‘ ‘ Kénh 2 (Rx)
Kénh 2 {Tx) Khuéch dai g
O ! . —_} — @)
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K&t ndi hai sch
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Kénh 3 (Rx) B6 lap - _
O — L5, Khuéch dai
Kénh 4 (Rx}
i B5 k&t hop

Bac vé 1+1
Hinh 10.32: So dé hai thiét bi hé thong Pt-Pt DWDM két noi 4 kénh.
Hinh 10.32 mo ta mot hé thong Pt-Pt DWDM bon kénh hai huéng. Cic kénh 1 v
2 duge st dung dé phit tin hi¢u tlr trdi sang phai, con cic kénh 3 vi + duoe sit dung dé

phit tin hiéu tir phai sang trdi. O day ¢6 sy ciing su chi dinh bude séng trén ¢i hai soi dé
¢6 duge ché do bao vé 1+1 nhu di de cap 6 trén.
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Riéng doi véi truong hop ng dung mang khu vue do thi MAN (Metropolitan
Area Network), mang thuong su dung cic hé thdong ring ¢é chite ning xen/ré. Cic hé
théng nay ¢6 bon giao dién trung k& da bude séng dé trién khai cic ring hai soi ¢6 chiic
ning bao vé duge tang cuong. Nhu duge mo 14 rong hinh 10.33, cic ring DWDM ¢6
thé dua ra bat ky mét topo 4o ndo d6. Cic mang diém-diém, hub-spoke. hoiac mesh ¢é

thé durge trién khai bing cau hinh véi cic bude séng s& duoe két cudi nhu thé nio.

Ring IP sf dung P ATM SDHISONET

truyén tai goi déng
X P
i Cac giao dign el Cac trung ké
i . Mot budc song ot da budc song .

I Cang nghé - - e e o
; g nghe L 1 Tuyén digm-diém 1P
| ATM Hub+Spoke ] X ' (sf dung POS)

Hinh 1033 Hé thong ring quang DWDM ¢6 thé tao ra cdc topo do

Hinh 10.34 mo ta k&t né: tai mot nat ring DWDM bén kénh. Trong trudng hop
nay, cic b loc WDM sé trich ldy cidc kénh budc séng ra khoi trung k& da bude séng o
phia thu, vd cip ching cho ma tran chuyén mach ludng quang. Ma tran chuyén mach
nay su dung chiic nang cdu hinh xen/ré bing cich chuyén budc séng dang dén 161 mot
cong r& noi bo hodc t6i bo ghép (két hop) quang cla trung k& da bude séng phia phét.
Kénh tai dau vao bd ghép c6 thé la kénh di xuyén gua tir s¢i quang hodc la tin hiéu tir
mot trong nhitng céng xen nodi bd. o] day, chdng ta lai thay xuat hién cau hinh ¢6 ché dé
bao vé 1+1 duge thuc hién bang cich phan phéi budc séng trén ca hai soi vi su so sdnh
cie tin hiéu tai nat thu. Nhu vay, véi viée trién khai cdc hé théng DWDM, dung luong
s01 ¢6 thé duge tang [én mét cich dé dang. Mang c6 thé dinh ¢& duogc duéi dang “‘hdng
tan thé™. Trong trudng hop ¢6 yéu ciu bang tan 1én hon thi chi mét hoic hon mét s&

kénh duge thém vao hé thdng.
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Hinh 10.34: Mo td két néi trong niit ring WDM bon kinl

10.2.4.2. Dinh tuyén budc song quang trong OTN

Trong qud trinh thuc hién mot mang quang thong minh, mang cin thiét phai st
dung cidc bo dinh tuyén luéng quang nhim khac phuc du phong tinh cia mang WDM
ké thiia trude day. Céc b dinh tuyén bude song cling ¢6 thé duge coi 1a cde bo néi chéo
quang OXC, hay trong trudng hop nay cé thé got 1& cdc bo n6i chéo bude séng WXC
(Wavelength Cross Connect) [139]. |

Bo dinh tuyén budc séng ¢6 the coi 1a bé néi chéo chuyén mach bude séng cho ra
cdc glao dién quang, N6 lam tang tinh thong minh dinh tuyén duge thue hién trong thiét
bi quan ly phan tir mang. Thiét bi quan 1y phan tir mang s& diéu khién va quan Iy mot s¢
kénh bude séng duge chuyén mach trong ma tran chuyén mach ciis né. Bo dinh tuyén
budce séng cé cic cong trung k& dé ndi véi cic bo dinh tuyén bude séng khéc hoic véi
bo ghép kénh xen/re quang OADM, va ¢6 cée cong noi bo dé ndi véi cic ngudn luu
luong hoac cdc bo dinh tuyén IP hay chuyén mach ATM. Cic lubng quang diém-diém
di dwoc chuyén mach thong qua mang quang s& duoce k&t cudi tai cdc cong noi bo
(nd1 hat).

Cac bo dinh tuyén =6 mot s6 dac diém. Ching phan phéi cic két ndi diém-diém,
v r6i chiing dugc sir duag dé xay dung 1én cdc topo theo v mudn nhir topo ludi, vong
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e it

(ring). hay diem-diém cho mang IP. Chiing ¢6 thé tao lén cic luéng bude séng quang
dong ur dau ndy téi dau kia xuyén qua OTN. Chdc ning dinh tayén bude song riéng 1é
va thong minh s€ i ting do duy tri mang. Viée thiét lap k& n6i cing duge 181 vu lai
do tinh tién loi cua mang va su thay déi cdc mau huw lrvong: nha vay ¢é nghia 14 da dar
duge tinh s dung dung lugng mang 61 vu.

Cic Khoi chinh trong bo dinh tuyén bude séng 1a ma tran chuyén mach, hé thong
/O, viv co cdu dinh tuyén bude séng. Néu theo ma tran chuyén mach (hay con goi la
mit phing chuyén mach) thi ¢é ba loai dinh tuyén budc séng khdc nhau. Cac b dinh
tuyén Joai thir nhat 1a bé dinh tuyén bude séng dién: ¢6 nghia 1a ching sir dung ma tran
chuyén mach dién. Loai tha hai duoe goi 1a bo dinh tuyén bude soéng lai ghép (hybrid);
o ddy ma tran chuyén mach duge chia thinh ma tran dién vi quang. Loai thi ba [ cdc
b6 dinh tuyén bude séng quang; tite 13 ching st dung ma tran chuyén mach toan quang.
Hién nay, cong ngh¢ thuce hién chi y¢u nhat cho bé dinh tuyén budce séng 1a cong nghé
dua trén ma tran chuyén mach dién. Cong nghé lai ghép dioe xem nhu mét phin clia s
tign hod dé tién 161 ma tran chuyén mach hoan toan quang. Cic san pham ra dai trong
viii nam (61 hau het duge dua trén ciu tnic bd dinh tuyén bude séng lai ghép. Cac ba
dinh tuy¢n todn quang xuat hién méi day chi la & dang rit don gian. Dé ¢d thé dp dung
duge thi cic bd dinh tuyén dang nay con phai tiép tuc trai qua cic nghién it GEp theo
nta moi hy vong cé nhing dac tinh tron so vai cic cong nghé khic.

H¢ thong 1/O thuce hién truy nhdp téi ma tran theo giao dién quang chuan. N6 thuc
hién su bien doi dién-quang trong cdc trudng hop st dung cic bo dinh tuyén budc séng
dién hoac lai ghép. Trong trudong hop sir dung b dinh tuyén quang thi hé¢ théng 1O
thue hi¢n chuyén doi bude séng. C6 hai loai giao dién quang chudn. Cidc giao dién don
buée séng thi duoe st dung véi danh nghia 13 cde cong noi bo dé két ndi 16i cde bo dinh
tuy€n, cde chuyén mach ATM, hoac thi€t bi SDH. Khi trién khai cic két ndi trung k&,
cdc giao dién bude song s€ duge cung cdp thong qua cic bo ghép kénh vit gial ghép
kénh WDM.

Co cilu dinh tuyén bude séng duge thuc hi¢n trong khéi quan 1v phin tif mang clia
ma trin chuyén mach. Viéc dinh tuyén duoe dua trén cdce giao thice dinh tuyén trang
thial tuyén, chang han nhu gico thitc luong ddu tién ngdn niir mé OSPF (Open
Shortest Path First protocol) va giao thitc hé théng trung gian 16i hé théng trung gian
I5-1S. Liic nay, khong ¢é giao thic dinh tuyén budc séng chudn dwoe mdy chuin nao
dua ra. Ti¢u chuan dé thuc hién thuat todn giao thite dinh tuyén bude séng 14, moi bé
dinh tuyén bude sdong phiai bigt duge topo mang tong thé. Day 1i 1y do tai sao can phai
st dung giao thite trang theai tuyén. Ngoii cac ban tin trang thdi tuyén, théng tin tai
nguyén phai duge trao d6i dé ¢6 thé 1di dinh tuyen.

Co cau dinh tuyén bude séng the hi¢n hai loai bdo higu. Loai diu tién duoc ding
dé trao doi thong tin giita cdc bo dinh tuyén va dé van hanh giao thice dinh tuyén. Loai
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thir hai cta bdo hiéu duoc ding gitta ma tran chuyén mach va co cau dinh tuyén ciing
dé cung cap giao dién cho cong cu quan ly va tinh todn cdc luong luan phién so le cho
viéc bao vé cau hinh mang mat luéi (mesh).

D¢ hiéu rd hon vé cic bo dinh tuyén dung trong OTN, ta hiy khao sét ba loai dinh
tuyén da deé cap o wén.

1. Bo dinh tuyén budc song dién: Cic bo dinh tuyén bude séng dién s& thuc hién
két thidc vai tro cdc bude séng tai cic bo bien doi dien-quang E/O, bién déi chiing thanh
cdc tin hi¢u dién, va roi chuyén ching sang mién (viing) dién. Ma tran cia bo dinh
tuyén bude song dién gom ¢6 ma tran chuyén mach ngang doc khong chin dién. Hién
nay cong nghé di thuc hién dugc 0 mic STM-16 (va OC-48), va nhu vay sé cung cap
duoc cac dich vu bude song 2,5 Gbit/s. Hinh 10.35 mé ta so do6 khoi cua mot bo dinh
tuyén budc séng dién. Luu lugng dua vao tai bét ky cong nao ciing ¢6 thé duoc chuyén
mach thong qua ma tran dé t6i cong ra bat ky.

Khéi quan ly phan t& mang
(Ca cau dinh tuyén budc soéng)
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Cac giao dién noi bo

Hinh 10.35: So do khoi cua bé dinh tuyén buoe séng dién

Ma tran ngang doc sé& thiét lap két néi gitra hai cong mong muén. Mo-dun khung
tai m6i mot cong vao va ra ¢6 bén phan roi di/thém vao cau tric khung cta giao dién
quang chuédn va dé cung cap cdc gbi c6 chiéu dai c6 dinh cho cdc hang ma tran.

2. Bo dinh tuyén budc song lai ghép

D¢ 16i wu viéc truyén tai cic lubng budc séng di qua, ma tran chuyén mach cuia
cdc bo dinh tuyén bude séng lai ghép duge chia thanh hai phan nhu duoc moé ta trong
hinh 10.36. Mot s6 trung k&€ dugc néi vao ma tran chuyén mach quang, né dugc ding
dé chuyén mach trong suét budc séng tir mot trung k& nay dén trung ké khac. Chi ¢
trong cdc truong hop yéu ciu cé su chuyén déi bude séng thi ma tran chuyén mach dién
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duoc su dung; d6 la do trong hé thong DWDM c6 trung ké dau ra di chi dinh budc song

da duoc dung tai trung ké dén.

Ngoai ra, néu nhu trung k& dau ra mong muén khong duoc néi truc tiép t6i ma
tran chuyén mach quang, hoac can phai ¢6 sur tdi phat tin hiéu thi cling can phai st dung
ma tran chuyén mach dién.

Khéiquan ly phan tir mang
(Ca cau dinh tuyén budc séng)
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Hinh 10.36: So do khoi bo dinh tuvén biré

3. Bo dinh tuyén buoc song quang

song lai ghép

Khéi quan Iy phan tr mang
(Co cau dinh tuyén budc séng)
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Hinh 10.37: So do khoi bo dinh tuyén bucée séng quang
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Trong ciu hinh cua mang toan quang thuong sir dung cic bo dinh wvén bude
song quang. Trong trudng hop nay. s& khong ¢é sy bién doi quang - dién E/Q déng vai
tro nao trong cdc bo dinh tuyén budc séng. So do khoi cua bo dinh tuyén bude séng
quang duge moé ta trong hinh 10.37. B dinh tuyén budc séng quang thuce hién chuyén
mach cdc bude séng trong sudt vi khong quan tam dén sy tdi tao tin hicu va kKhung.
Nhu vay, viéc thiét k&€ mang quang trong trudng hop nay s¢ khé khian hon nhicu.

Viée bién doi bude song déng vai tro ¢é ¥ nghia trong cic thiét bi OXC 1 vi khi
ma khong ¢é su bién d6i budc song, ludng quang s& budc phai duge gdan cling budce
sdng trén toan b tuyeén doc theo ludng coa nd thong qua mang. Véi viee bign déi bude
song, ludng quang ¢6 theé duge gin cho cde bude séng khic nhaun trén cic doan tuyén
khic nhau doc theo ludng cia nd. Pay 12 viée 1am ciin thiél dé cai thién tuyén truvén
dan va su dung bude song trong cde mang quang. Hinh 1038 chi ra mét vi du vé viée
phan dinh buée séng. Néu cic bo dinh tuyén bude séng cung cip su bién doi bude séng,
thi cdc ludng tin hicu quang tir A dén C v 1t G dén C ¢6 the sir dung tuyén chung gitta
B v C. Néu khong ¢6 su bién doi bude séng. thi fudng tin hiéu quang gita G v C &
phai di theo dudng dai hon thong qua cic ndt F va E v D néu nit G ¢6 the chi gin

bude sdng 7, tai tuyén cho t6i nat F.

a) Cé chuyén ddi budc song b} Khéng ¢é chuyén dai buae sdng

Hinh 10.38: Chi dinh phan bé buée séng ki ¢6 va khong ¢é sie bien doi bude song

Bo dinh tuyén quang cé dung hai cua (rung k& dau vio va hat cua trung ké dau ra,
loai trlr cde giao dién bao vé, s& dong vai tro nhu 1la mdt bo ghép kénh quang xen/ré
OADM hodc bd xen/ré bude song WADM. Khi quan sdt bo ghép kénh xen/ré quang
nhu chi ra & hinh 10.39. chdng ta ¢6 thé nhan thay ring chi cé hai cong trung k& ghép
va giai ghép cdc bude séng. Co cdc cong xen/ré ndi bo ¢d cic hd bicn doi bude séng chi
dé chuyén doéi cic tin hiéu giao dién quang chudn thimh c¢ic bude séng kénh WDM
twong tng thay cho cic cong trung k€ khdc.

Neguoe vdi ciac bo ghép kénh xen/ré dién phai két thue (két cudi) toin bo tin hi¢u
quang, cic bo OADM lai lam cho luu lwong truyén véi hiéu suat cao nhat bing cich chi

k&t cuds mot tap hop nho cde kénh quang trén soi. Cic bé6 OADM thue hién 1€ hoic
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thém vao cac budc song rieng mot cich co lua chon trén soi truyén luong WDM, va dua
chiing theo cic cong noi bo. Bang 18 phai giai ghép toan bo cac bude séng thong qua bo
ghép coupler quang chung trong hé¢ thong truyén dan dai, thi chi ¢6 cdc bude séng da
chon duogc thém vao hoic duoc tich ra tai nit. Con cdc bude song khic sé duoc di qua
nut quang. Hon nita, cic b0 OADM sé thém vao va tich ra cic bude séng bat ké noi
dung cua ching la nhu thé nao. Loai trir day la cic bo ADM dién von diéu khién cic
byte mao dau dé lua chon phin khung s& duoc xen vao va tich ra.

Khéi quan ly phan tr mang
(Cao cau dinh tuyén budc séng)
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Hinh 10.39: Bo ghép kénh xen/ré quang

10.2.5. Piéu khién quang trong mang OTN hién tai va tuong lai

Daéi véi mang quang OTN theo NGN, mot trong cdc van dé dang duoc quan tam
nhét la cau tric mang quang sé dugc thay doi nhu thé nao dé ddp tng dugce cic mau luu
luong mai va gidi thiéu duge cdc loai dich vu trén nén giao thic Internet IP méi. Cac
mang da I6p truyén thong da duogc trien khai st dung cdc cong nghé I6p-1 va 16p-2 khic
nhau, chang han nhu trong truong hop mang quang déng bo SDH/SONET va mode
chuyén giao khong déng bo ATM, nhu 1a mét co s¢ ha tang truyén tai IP. Su gia tang
cic bo dinh tuyén IP dé dua ra cdc dic tinh dinh tuyén lén téi cic mite gigabit (hoac
trong tuong lai ¢6 thé 1én t6i terabit), cling nhu tinh thuong mai pho bién cia cdc giao
dién dinh tuyén bang tan cao té1 2,5 Gbit/s hoac 10 Gbit/s, da danh diau bude di dau tién
trong viéc phat trién cac mang mang dich vu IP. Trong budc di dau tién nay, mang IP &
cur tri truc tiép trén dinh ctia mang truyén tai quang OTN tinh, va viée diéu khién giita
[P va quang sé duoc duy tri bang phuong phép tinh. Vi vay, né ciing ¢6 thé duge goi la

mang ¢é mang diéu khién chong lan quang IP tinh.
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Tiep theo nita, OTN dang trong giai doan chuyén tir cdu tric mang ring hoic
diém-diém thanh mang sit dung topo mesh ¢é cdc diém két néi DWDM: mang diéu
khién ¢t & ché do tinh khong con phit hop nita. Su phét rién ndy md ra giat doan tha
har, chinh la giai doan dwa ra bude séng dong cho phép diéu khién mang OTN dé ding
hon, nhanh hon, va ¢é kha nang mé rong duge. N6 cling tang cuong kha nang hoi phuc
mang. Do sy két n6i thong qua OTN bay gi6 4 dudi hinh thie dong. cho nén ching ta
noi vice thi€t k&€ mang tién ti€n nay dp dung kiéu mdng dicu khién chéne lin quang
P dong.

Ngoai hai loai mang didu khién trén, ta cfing can thay ring ban chit dong cia céc
dich vu ngay nay va IP trong twong lai tang 1én dang tao ra cic doi hoi thudng xuyén
cho vige thay d6i cic ket ndi, trude hét dudi dang bang tan trén OTN. Nhur vay, ngudi ta
dang ¢6 gang thue hi¢n tich hop ciic qud trinh cung cip bude séng dong cia OTN thanh
cdc co che dinh tuyén mang IP, 1am cho OTN dé dang tiép nhin mang 1P, va diéu nay
tao ra mang diéu khién ngang bang quang IP tich hop. Sau day ta x& xem \Ll I(lp lrung
viio hai mang diéu khién chong Jan quang IP.

10.2.5.1. Mdng diéu khién chéng lin quang IP tinh

Loat bo cdc 16p trung gian thi & dan téi gial phdp mdi co ban cho viéce xay dung
cde mang [P. DB la mo hinh kicn triie méi ¢6 tinh hiéu qua cao va khi ning ma rong va
d¢ duong dau véi nhimg yéu cau méi clia mang. Topo clia co s6 ha ting dich vu 1a diém
then chot trong qud trinh thigt k€ mang quang. Hon nita, nhitng anh hudng cla truyén
dan nhi¢u bude séng st dung cong nghé WDM phii duoc tinh dén khi thuc thi co so ha
tang dich vu IP.

1. Mé hinh chong tan quang IP tinh
e Ha ting dich vu IP

Cic dich vu mang dang chuyén hudng t6i IP ngay mot tang. Phéan [6n cic dng
dung ngay nay dua trén giao thitc TCP/IP. Trong tuong lai, tat ¢i cdc dng dung s 12 IP.
Giii phap hién nay dé truyén tai luu lugng IP qua mang ghép kénh theo thai gian
(TDM) mi trude day duge téi vu cho truyén tai [uu lugng nhu thoai tré nén khéng hiéu
qua va lac haa. Cic mang truyén thang da su dung cong nghé SDH dé thue hién két noi
mang di¢n rong (WAN) tai Iép 1. Mang SDH nay thuong bao gém cic ring quang két
noi nhimg thict bi ghép kénh xen/ré ADM va dau ndi chéo s DXC dé lién két cdc ring
SDH nay. Vi tinh phic tap cha cdu tric ghép kénh SDH cho nén phdi can dén mot
lwong 16n thiét bi.

ATM chi yéu duge dung d¢ phan phéi cdc dich vu s6 lidu trén mang SDH. Nheo
dic tinh ket noi dinh hudng trong ATM mit nha khai thac mang ¢6 thé cung cap két noi
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to1 khiach hang véi chat luong dich vu (QoS) theo yéu cau va ca dich vu mang riéng dao
VPN (Virtual Private Network).

Ciac mang dua trén cong nghé TDM va ATM (cling thudong duoc xem nhu mang
the hé cii) thi lai doi hoi qua nhiéu chi phi hoat dong va muc do hiéu qua truyén tai rat
thap. Khi truyén tai cic giao thic géi ¢6 dinh huéng nhu I[P qua ATM s& xuat hién
luong mao dau I6n la do chiic nang phan tach va tdi nhap (SAR). Mao dau khung dién
hinh cia ATM la khoang 20%. Su xuat hién mao dau ATM trén cic tuyén STM-16/0C-48
s¢ lam cho bang tan kha dung cho truyén dan luu lugng s6 liéu chi con khoang 2 Gbit/s.
Di¢u nay dong nghia véi viéc dung luong cta gan nhu toan bo tuyén STM-4/0OC-12 bi
bo phi. Néu tiép tuc xem xét doi voi tuyén STM-64/0C-192 thi dung luong khong sir
dung duoc lén t61 STM-16/0OC-48. Do cong nghé lién tuc tién hod va nganh cong
nghiép kién dinh véi cdc yéu cau giao ti€p véi téc do bit ngdy cang cao, thi tinh khong
hi¢u qua cia ATM la khong thé chap nhan dugc nita, va cic mang dinh tuyén sit dung
cdc cong nghé thay thé nhu géi qua SONET/SDH va Gigabit Ethernet sé duoc ua
chuéng hon.

Viéc thuc thi mang quang (nho loai bo thiét bi ATM va SDH/SONET) sé md ra
kién tric mang hai 16p rat don gian, thuong duoc biét duéi tén goi mang thé hé maoi -
giai doan sau ciia NGN. Kién tric mang nay gom ha tang dich vu IP v ha tang truyén
tai quang nhu duge mo ta trong hinh 10.40.

Yéu cau
mang riéng ao
& QoS

Phuc héi IP

SDH/SONET )Phuc hdi quang

IP QoS <

Yeéu cau
bao vé Ring

Hinh 10.40: Chitc nang tién tién ciia lop IP va quang

Ha tang truyén tai quang dugc xay dung dua trén viée két noi soi quang va thiét bi
WDM. Ha tang truyén tai quang st dung cong nghé¢ WDM thudng duoc biét dudi tén
goi la lop quang va thuc hién cung cdp cic luong quang (hay bude song) - thuong duoc
goi la kénh quang va chu yéu dung dé truyén tai luu luong IP cling mot sé6 luu luong
khdc nhu thoai hay so liéu.
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® Thich wng IP/quang

Mot uu diém chinh cua IP d6 1a n6 ¢6 thé duge truyén qua hiu hét cdc giao thic
tuyén so lieu va cong nghé mang co ban. D6 1 két qua cia viée tich IP ra khoi cic co
ch¢ truyén tdi. De truyén tai IP trén bude séng, luu luong IP phai duoc géi lai va luu
luong nay phai dugc chen vao trong mot khung giao tiép quang di xdc dinh. C6 mot s6
quan niém da khdi quat cic phuong phiap duoc phét trien trong nhimg nam gan day
[139, 144] nhu duge mo ta trong hinh 10.41. Méi ngan giao thitc nay trong hinh 10.41
¢6 thé thyc hién khic nhau theo mot s6 kiéu. Trude tién, bao nhiéu luong mio diu sé
duoc trinh ra? Tha hai, t6c do giao tiép tuyén nao la kha dung? Tiép dén, kha ning md
rong cua giai phdap mang ra sao va dua trén cong nghé ndo 1a chinh? Céc chiic nang
quan 1y luu lugng nao can thi€t? Tét nhién nang luc ctia QoS 14 gi? Nhiing thong tin nay
la rdt quan trong khi xay dung mang ¢6 kha nang hé tr¢ cic ting dung da phuong tién va
luu luong thot gian thue.

PPP/HDLC SRP /10 GE-MAC] ATM SDL Bao goi

-

SDH/SONET| | SDH/SONET| | 110 GE-PHY| | ATM-PHY | |[SDH/SONET| Giao dién
SDL-PHY quang

a) b) c) | d) e) f)

Hinh 10.41: Cac ngan dé sdp xép IP vaio WDM

Sau day s€ liét ké cdc cong nghé hién tai dang sin c6, nhung ciing s& 1a mot s&
giao thic méi cho mang bang tan cao.

- POS (a): Ngin giao thic dau tién (POS) su dung giao thic diém-diém PPP
(Point-to-Point protocol) cho viéc bao géi va giao dién vat Iy SONET/SDH dé thich ting
voi kénh quang.

- Truyén tai goi dong (b): Truyén tai géi dong DPT (Dynamic Packet Transport)
s dung giao thic 16p MAC duoc goi 1a giao thiic tdi sit dung khéng gian (SRP) cho
viéc bao géi IP. Co ché nay ciing st dung SDH/SONET nhu giao dién vat Iy cho WDM.

- Gigabit Ethernet (¢): Su phit trién rong khép ctia cong nghé Gigabit Ethernet da
dem lai nhiing giao dién cu ly dai va cdc giao dién quang twong thich thiét bi DWDM.
Do d6, gidi phdp thit ba nay la dé st dung 16p MAC Ethernet ciing véi giao dién 1 Gbit/s

va 10 Gbit/s dé truyén tai luu lugng IP trén cdc luong quang. Dic biét doi véi cic mang
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ting dung trong khu vue noi thi, Gigabit Ethernet ¢6 thé duoc sir dung dé lien két cic
mang campus (mang trudng hoc) qua soi quang hoac mang truyén tai DWDM.,

- ATM (d): Giai phép kha thi thi tu 1a loai bo 16p trung gian SDH/SONET va sap
x&p truc tiép cdc t& bao ATM vao cic kénh quang WDM str dung cic giao dién quang
ATM toc do cao.

- Tuyén s6 lieu don gian (e, ): Tuyén s6 liéu don gian SDL (Simple Data Link)
cling duoc xem nhu moét giao thic tuyén sé licu méi ma ¢6 thé duogc str dung cliing giao
dién SDH hoic giao dién vat ly SDL.

e Thuc thi kién truc hai lop

Kién triic mang méi duoc mo ta trong hinh 10.42, kién tric nay chi don gian gom
hai 16p, né thé hién tinh tong qudt ciia mang da xét trong muc 10.2.2. Cdc bo dinh tuyén
IP tai bién ctia mang thuc hién tap hop luu luong 161 vao qua mét vai cong nghé truy
nhap nhu ADSL, cdp, quay s0. hoac dich vu thué kénh va ghép kénh thong ké luu luong
dé6 vao trong “6ng dan l6n” BFP (Big Fat Pip).

Chuyénmach  L&p dichvu
ATM

Tap hop, I

Dich vu -
Binh tuyén,
Chuyén mach,

Giao dién .” \
..... [ - SRS AU y-rrry N TP . b rrenratbogesdsosaanisis quang Chuén . “r‘ B IJ

Tao va quan ly dich
vu, va Quan ly mang

Bang tan
D06 duy tri
Két ndi cheo
Sdi ao

“Gng dan Ion" Lap chuyén tai quang

Hinh 10.42: Cdu triic tong quat mang thé"hé moi va cdac chitc nang diioc

16 hop tir lop dich vu va ha tang truyén tai quang

Nhitng 6ng dan I6n BFP phan phdt “bang tan tho” nay dugc cung cap boi 16p
quang thong qua cdc két néi soi quang hoac cic kénh budc song WDM gitra cic bo
dinh tuyén. Lép quang c6 thé duge quan sdt nhu ddm may dé két noi cdc thiét bi kem
theo nhu nit SDH, chuyén mach ATM, hoac cdc bo dinh tuyén cua I6p dich vu. Céc két
noi ¢6 thé 1a diém-diém (Pt-Pt), ring, mesh tung phéan, hoac hoan toan mesh tuy thudc
viio mang truc WDM duoc ciu hinh nhu thé nao. Diéu nay twong tu nhu cic mang IP
dang hoat dong trén nén ha ting ATM; diéu nay c¢6 nghia la bat cir két néi logic nao
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cling ¢6 the duoe thiét k& gilta cée it IP theo cidu hinh két n6i VOC/VPC luong ung.
Hién nay, khi két néi soi quang qua giao dién SDH/SONET hoic Gigabit Fthernet ¢6
thé dat (61 16¢ dé 10 Gbit/s. Toc do nay sé cé the 1am thay déi khi cang nghé phat 1ricén;
truyén dan (o¢ do 40 Gbit/s di duge thuc hién trong mor truong thu nghicm. Khi so
dung ciic h¢ theng DWDM digm-diém. ching ta ¢ thé nhian duge dung lugng truyén
tai cao hon ridt nhicu. Nhiéu bude séng duoc truyén dong thai, trong dé moi mot budc
song mang tn hicu 16¢ d6 bit cao vi & tao nén bang (dn ¢d terabit. Nhidu giao dién bo
dinh tuyén dugce st dung song song cho mot két néi vi néi t6i tan dau k&t cusi DWDM.

Hicn nay. cdc h¢ thong ring DWDM dang bét dau duoe sie dung it pho bién. dac
bi¢t trong mo1 trudng ing dung cho mang néj thi. Khong c¢hi nguyén 1¥ ghép kénh bing
tin dd duoe mo ta trude khi dp dung cho cic ring DWDM. ma ¢ic chiie ning phuce héi
quang cling ¢6 thé duge dua ra ngy mot tang Ien. Cdc co ché bao vé nhu ring
SDH/SONET ciing dwoce thue thi trong ciie ring quang d¢ tao nén IGp mang quang ¢6
tinh phuc hot cao.

Thue thi mang quang sé tao thuin loi cho cic kél noi bing tan cae theo hudng
cung ¢ip fudng quang v6i kha nang mé rong 16 (core) khong phu thude vio vige tip
hop luu lugng 1P, ATM hoac SDH/SONET. Cic ho dinh tuyen 161 s¢ grao 1ép true 1iép
voi 1ap quang; do d6 s¢ khong hiéu qua néu ¢é mat ¢o ché ghép kénh tung gian. nhur
xay ra & mang SDH/SONET chiing han.

Cic ring tdp hgp 1P dya wrén viée truyén tdi goi dong (DPT) su dung khong chi
ghep kénh theng ké mi con ¢6 chiie nang quang ba. khoi phuc nhanh vi dac biét la khai
thic hi¢u qua bang tan truyén dan nhe chie ning tdi s dung khong gian. Bicu nay rit
quan trong doi voi nhimg vi i cha y&u [Am viée trong moi truong 1P, viv die biét déi
vol dich vu da phuong tién.

Mot phan quan trong khic caa kién tric mang méi dé 1 he thong quan 1y chung.
Néu tiit ca cde thiét bi duge diéu khién trong mot vimg gquan 1y thi cic chi phi khai théc
¢6 the gidm rit nhicu vi qui trinh quan 1y ciing duce don gian hoi. Mang quan 1y hop
nhit nity ¢é chitc nang xir Iy ciu hinh hiét by, cung ciip dich vu. gidim st chat lugng va
tat e cdc hoat dong quan ly khic. C6 thé ¢6 mot vai he thong quan Iy dae quvén thue
hién chdce nang quan 1y phin 1 cho mét nhi cung ¢ip xde dinh ndo do. nhung giao dién
chuan can duge diam bao dé ¢é kha ning trao déi thong tin véi h¢ théng quan Iy
trung tam.

® Truyén dan nhiéu budgc song

Ciic k€t not 501 va hé théng WDM duoc st dung d€ tao nén ha tang truyén i
quang. Ha tang niy cung ¢ap cic ludng quang duge ciu hinh thee kigu (inh, Nhitng

ludng quang ndy dimg ¢ fién két cic bo dinh tuyén, chuyén mach ATM v thiét bi SDH.
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Cong nghé¢ WDM cho phép nhi¢u két néi quang hoat dong déng thoi trén soi
quang va do dé tang dugc kha nang mo rong bang tan. Bang tan thém vao c¢6 thé dé
dang thuc thi qua viéc gdn cic kénh bude séng. Ciu hinh tron 1an ctia nhiéu két ndi ring
va diém-diém dugc mo ta trong hinh 10.43. Kién tric nay con cach xa kién tric mang
quang “ly tuong” c6 kha nang cung cap dich vu bude séng tir dau dén cudi hoan toan tu
dong. Trong kién tric nay, tit ca cic dac tinh lién két mang duoc thuc hién trong 16p IP.

Lép quang chi don gian cung cip “ong dan 16n” két noi thiét bi 16p dich vu véi nadt ké tiép.

Chuyén mach
P

DPT ring
PRETY TR, Két néi P-p, POS
ATM hub + hinh nan

Hinh 1043: Co 50 ha tang quang cho ra cdc két noi logic

thong qua viéc cdp budc séng tinh

Nhuoc diém nita trong giai doan nay ctia mang quang la WDM tao nén nhiéu
mang chéng lan. Nhiéu topo kiéu diém-diém, ring, hub + hinh nan hoac mesh ao duoc
thiét lap qua viéc gin kénh bude séng tinh. Cic mang nay cung cap két noi giita cac bo
dinh tuyén gan v6i mang quang.

Ciéc ring WDM cung cap bit ky ki€u topo a0 nao, nhung tinh mém deo ctia né s&
bi giéi han cho méi ring. Cic ring quang WDM gém ¢6 cic OADM két noi qua cac
cong trung ké WDM. Cic OADM cung cap nhiéu giao dién noi bo dé két néi cic bo
dinh tuyén c6 giao dién s6 liéu téc do cao. Nhu thé hién trong hinh 10.44, ring quang c6
thé cung cip cédc ludng quang theo yéu cau dé thiét lap nén topo logic mong muén.
Chang han, né cé thé 1a mesh logic clia cdc két n6i diém-diém su dung POS, hoac nhém
cic két néi diém-diém tao nén ring logic khi st dung DPT.
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Mesh logic Mesh logic

I

Yéu cau
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Hinlt 1044 Cde uéng quang dé thiét Iap cac topo logic theo yéu can

Két néi ring va kénh quang chi ¢é thé thue hién trong mién quang qua cic két ndi
chéo quang finh (bang dau day quang). Giai phip tinh nay s& dan 16i chi phi khai thie
16n kém va phai thue hig¢n tdi cau hinh bing tay khi mang co su ¢6. C6 mot gidi phip
thay th¢ i két cudi cdc kénh quang tai cde thiél bi ghép kénh xen/rd (ADM) hoiic két
cudi diem-dieém, v s dung cde bo dinh tuyén hoic chuyén mach ATM dé lien k&t mot
s6 kénh quang ¢ 16p dich vu. Theo cich nay. 50 luong cdc trung ké da bude séng duoce
K&t noi s€ bi gidi han v& mat dé giao dién va dung luong phil chuvén coa nhimg bo
dinh tuyén va chuyén mach ATM.

Vige cung cap dich vu tir diu dén cudi va hoi phuc mang o van dé chinh. Phue
hoi quang bi gidi han cho mot “ving mang quang” dai dién bdi ring WDM hoac hé
thong diém-diém. Vi the, chite nang quin ly bang tan va kha ning duy ti mang duoe
thue thi trong 16p dich vu IP.

® Quan ly bdng tin

Nhitng chic ning nhu QoS. phuc hai va VPN trude day duge cung cap bdi ATM
hay SDH/SONET, nay phai duge cung cip qua nhimg I6p cdn lai Yéu ciu cho cde
mang do ¢6 QoS xic dinh, duoe ATM dam nhi¢m nhd cdc kénh a0 (VC) va ludng do
(VP) dat 1&n toan bé mang trong ki€u mang mesh, nay duoc thue hién qua QoS ciia IP
(IP QoS), chuyén mach nhin da giao thite MPLS, vie MPLS VPN. D¢ dam bao truyén
dan chinh xic luu lugng theo yéu ciu bit buoce nio dé duoc xic dinh béi cde tham sé
nhu do (ré, jitter; trong trudng hop nay thi phai st dung dén IP QoS.

Cich don gian nhit & xam nhip vio bang tin dé so cung cap tr DWDM la st
dung can bing tai. Néu nhu ¢4 hai hay nhiéu luéng quang giito hai bo dinh tuyén, thi s&
¢6 nhicu tuyn trong bing dinh tuyén. Néu nhy cdce ludéng quang ¢6 ciing tée do dudmg
truyén, thi giao thic dinh tuyén s& w dong trai luu luong 1én vai luéng quang song
song. Trong trutmg hop toe do ludng quang khong bang nhau, giao thiie dinh ruyén phai
dugc dicu chinh dé dam bao dat duwge su can bing tai.
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Co mot phuong phip tién ticn hon dé truy nhip vio bang tan 1 stt dung MPLS-
TE. mot cong cu rit manh cho nhi khai thic dé di¢u khién ludng luu luong trong mang
ctia minh. Cic dudng dan ¢6 the duge thiét 1ap tinh bing cich st dung cong cu qudn v
ngoai vi (ngoal tuyén). hode thict lap dong nhe sir dung bio hi¢u Giao thite danh trude
(danh riéng) tal nguyén/Giao thic phian bé nhin (RSVP/LDP- Resource Reservation
Protocol/Label Distribution Protocol) dé diam bao khai thic 161 uu mang ting véi ting
Lo luong thue ¢ MPLS-TE dua trén MPLS 1a mot k§ thudit phéit chuyén mai tich hop
lop 2 vir lép 3. MPLS ¢6 1hé duge trién khai chi ¢ trong bo dinli tuyn hoic trong cae
mang IP+ATM. MPLS sir dung nhin ¢6 dinh gan vio mio dau géi 1P hoic chén vio
mao diu cua ¢ bao ATM. Nhimg nhin nay dugc chén/tdch ra tai bién ctia mang MPLS
nhd cde b dinh tuyén chuyén mach nhiin bién (Edge-1.SR. Edge Label Switch Router).
vit cde bo chuyén mach nhin (LSR) st dung ching dé dwa ra quyet dinh phit chuyén
€01 trong mang.

Ci can bang tai va thiet k€ lwu luong ciing 1a noi dung duoc trinh bay chi nét
trong phin “Phuc hoi trong mang quang (inh™ cita chirong ndy khi phiin tich cdce phuong
phip hoi phuc sir dung trong mang quang da bude séng.

2. Mang diéu khién quang tinh

Chung ta hidy xem xét mang dicu khién quang IP tinh trong mo hinh chong lin, &

day co so ha tang dich vu IP dua (rén céc bo dinh tuyén gigabit ¢6 trang bi cde giao

dién 16¢ do bit cao s& duge két noi véi nhau qua ha ting quang dua trén cang nghé
DWDM hoic soi quang.

o Thuc thi co so ha tang dich vy IP

Cac bo dinh tuyén gigabit cta 16p dich vu IP duoc k&1 néi vén nhau nhu thé nio
theo quan diém topo, va chiing dugc st dung cling véi thigt bi DWDM ra sao, dé la noi
dung ctia phan niy ma ta ¢in thio tuan. Cha ¥ rang. méi quan tam vé topo ddi véi ha
tang dich vu IP s& khong tinh dén nhitng gidi han dia 1y dac trung cho timg su viée thue
thi mang khic nhau. Diéu nay khong ¢6 nghia la cdc gigi han dia 1y {4 khong quan
trong. Chiing ¢6 anh huong {dn dén ciu tric cdc mang truc nhung khong thé biéu dat
bang ly thuyét. Ciée két nét soi hién ¢6 va khoing cich gilia cdc vi tri thudng 1 khéc
nhau déi véi timg dng dung thuc tién.

- P6Ivei cac mang truc diém-diém guy mé nho hode cde lién ket many rue

Cic mang truc quy mo nho hodce cde lién két truc duong dai duce xay dung trén
nhitng két ndi soi quang dic¢m-diém. Dé thue hién chic nang bio v& trong truong hop
dut cdp, suy giam tin higu, hode sai hong giao dién, thi méi bo dinh tuyén truc sé duoc
trang bi hai giao dién toc do cao POS va duge két ndi (6i bo dinh tuyén lan ¢an tén hai
s01 quang, nhu mo td trong hinh 10.45a). Nho st dung hai gizo dién nén cé thé thuc
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hién can bang tai dé dang. Néu mot tuyén ¢6 su ¢d, luu luong s& duoc tai trén tuyén con
lai va gidn doan dich vu ¢6 thé duoc giam nho nhat. Chi tiét vé khoi phuc mang sé trinh
bay trong phin “Hoi phuc trong mang quang”.

Hai giao dién POS n = giao dién POS

\ Thiét bi DWDM

Sgi hoat do :
Ji hoat dong Soi bao vé Trung ké DWDM
a) b)

Hinh 10.45: Két noi dicong truc diém-diém bang cdc soi quang
hodc thiét bi dau cuéi DWDM

Nhitng két néi bang tan cao hon sé do cac hé thong DWDM dam nhiém, nhu thé
hién trong hinh 10.45 b). Trong truong hop nay, nhiéu giao dién POS duoc két néi truc
ti€p voi nit mang DWDM ma tai dé méi giao dién POS sé duoc danh riéng mot bude
song va ching (nhiing bude séng) duge ghép vao trong soi. Du phong duogc thuc hién
nha st dung hai soi quang 6 gitta cic nit DWDM. Uu diém cua viéc sir dung cong nghé
DWDM la khai thdac dugce luong bang tan cao hon trén soi va kha nang bao vé soi duoc
ho tro tir hé théng DWDM la trong sudt dén cac bo dinh tuyén gan viao.

- D61 vor cde mang truc cdp mao réng lon

Yéu cadu 3
giao dién POS

Hinh 10.46: Mang truc POS mesh ¢6 thé dicoc thice hién thong qua
kétr noi soi quang hodc cdc hé thong DWDM
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D6 Ta ciac mang true €6 nhi¢u hon hai ndt nhu dang topo mesh biéu dién trong
hinh 10.46. Pé tao nén topo mesh hoin chinh thi phai thidt lap [ (n-1))72 tuyén v
rang bi {#2-/) giao dién cho méi bo dinh wyén. U'u diém cua cdu hinh niy d6é 13 moi nit
dcu ¢6 thé két ndi trye ép vai nat con lai; do dé trinh dwoc luong phai di qua nhicu
nit. Nhung no ciing ¢é nhuge dicm, do [ cin dén mot sé luong 16n cic két ndi cling
nhu giao dién.

Vi viee sudung cong nghé DWDM ¢ day, ¢6 thé ting bang tan giita ciic bo dinh
tuyén mang truc ma khong cén thém sot, mi bing cdich thém c¢ice gino dién phu. Ciing
nhe vay. co ché bio vé duge chuyén giao cho cic nit DWDM. Cic nit DWDM thuong
durge noi 161 ring soi nén Joai bo duge yéu ciu fr'(1-1))i2 két néi soi. Nhimg niit nay ¢o
thé cung c¢iip bt ¢t topo niw ¢ho cdc bd dinh tuyén: ring, mesh hoiac hub nhu di trinh
bay trong phan “thuc thi kién uric hai 1dp™.

D61 v mang true cla nha cung cap dich vu 16n ¢6 khoang 1020 ndt va 50+ 100
diem truy nhap (POP). kha nang mé rong cta giai phip tiép can mesh 1i khong tot, boi
vi viodu nhu lién két 15 bo dinh tuyén 161 dang mesh hoin chinh phai can dén 105 két
noi soi quang. Do dé mang ¢6 kich thude 16n phii ¢6 kién trdc phan cdp. Chi mot so
lromg nac han ch¢ hién dién rén mang 161 (mang true). Mang phdan bo duce xay dung
quarth 161 dé tong hop 6 luong Ién POP.

Topo cua mang 161 ¢6 thé Ta dang mesh hoic ring. D¢ chi ra cde diém khic biét
cua hai Kicu topo trén. chiing ta xem xé v6i mang 181 ¢é 8 nat. Két néi mesh hoan
chinh s& cin dén 28 k&t néi sot. Pay 12 yéu ciu mi rdt khé ¢6 thé dap ung trong thuc &
Tuy nhién, khi gom 3 ndt thanh tam gide va tao cau hinh theo kiéu nit chd kép (dual-
homing) doi véi cie nadt con lai quanh tam gide do6, thi két néi soi yéu ciu giam xuong
con 13 két noi. Hinh 10.47 mo ta giai phdp nay. Néu bat ky kél néi soi quang ndo hodc

nit ¢o sai hong thi s¢ luen ¢ tuyén luéng khiie dé khoi phuc tuyén mong muon.

Hinlt 1047 Két noi ode it 60 trong mang mesh doi hoi nhiéu két noi sgi quang
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Hinh 10.48 chi ra mot giai phdp kha thi khdc, dé la két néi cdc nit theo kiéu ring
v6i cde két noi POS diém-diém. Véi 8 ndt 181, ¢6 thé thanh lap hai ring bing cich két
néi qua hai nit. Dicu nay dac biét quan trong dé dam bdo tinh du phong va ngan chan
su phan chia mang thanh hai phan doc lap khi nat lien két gap su ¢6. Giai phdp nay can
9 két noi soi.

Hinh 10.48: Két noi cdc nit l6i trong mot hodac nhiéu ring

aé'lam giam so liiong cdc két noi soi theo véu cdu

Uu diém ctia topo dang mesh 13 luon ¢é ludng sin sang di qua 161 v6i chi mot bo
P ng g g ] : :
dinh tuyén trung gian ma khong quan tam dén noi ¢é diém ra/vao 161 o d6. Véi giai
. Y gg £q g
phap ring nhu biéu dién trong hinh 10.48, ta cin t6i 3 bo dinh tuyén trung gian dé di
qua 16i. Uu diém cua topo ring la s6 luong két néi can thiét nho. Véi gia thiét vé chi phi
va soi san ¢6, topo dang ring s& ¢6 uu diém hon.

Hinh 10.49: Ring quang tuyén truc sit dung SRP

Cong nghé DPT s& ho tro viéc thuc thi ring chat lugng cao dua trén kién tric nhu
mo ta trong hinh 10.49. Ring hai soi nhu trong SDH/SONET c¢6 thé dugc sir dung lai
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trong truong hop nay. Ngodi viee DPT cho phép thong tin dinh hudéng g6i teén ring. né
con cho phép mao rgng s6 luong ndt trén ring dén 156 ndt theo 1y thuyét (khic véi gidi
han 16 nit cua SDH/SONET).

Chi can duy nhat mot giao dién cho méi bo dimh tuyén truc, thi s& ¢6 tinh doc lap
vei 0 lugng bo dinh rayén. Giao dién cung cip hai ¢éng: mot cho phia dong vi mot
cho phia tay d6i v6i edc bo dinh tuyén 1an can. Day (3 vu diém chinh so véi ting quang
su dung cong nghe POS mi & dé mdi nit cin dén 2 giao dién cho mdi huéng. Hon nita,
leu lugng chuyeén tiép ¢6 thé gqua nhimg bo dém chuyén tiép cha cdc giao dién DPT va
khong ¢6 qud triinh xt 1y dinh tuyén I6p 3 cla b dinh tuyén. Dé khoang cich dén cic
uat lan can khong qud 40 km, cdc bo lap tai phdt [P duge st dung dé dam bio truyén
dan chinh xdc sd Léu.

Trong qua trinh nghién ciu vé cong nghé truyén tii g6i dong nudi ta thiy rang,
ring DPT giai quyel toan bo thich thie cla truyén tdi 1P. DPT ¢6 thé xir Iy kich ¢& hru
luong [P gia ting va su phiit trién bing tan sei nhé cong nghé DWDM. DPT ¢6 thé duroc
s dyng trong topo ring 16n ¢i vé 56 luong ndt ciing nhu khodng céch giita cdce nit.
Cong ngh¢ nay Ia gidi phip cho mang noi thi va ring dién rong ciing nhu cdc ring trong
toa nha lén. Co che wu tién va hang ¢hd hé trg nhicu 16p tuu luong véi yeu cdu tré v
bang tan bién thién. Chuyén mach bio vé théng minh (IPS - Intelligent Protection
Switching) cho phép khoi phuc nhanh 16i, bao gém sai hdng nit v mei trudng truyén
tai. Chie nang khoi phuc topo déng cho phép hoat dong cam va chay (plug-and-play)
khi xen. tach va hot phue cic nidt trong ring viéi yéu ¢iu edu hinh vi cung cip t8i thiéuw.

Ring sgi quang sir dung cong nghé DPT ¢6 thé duge thiét tap tén cic soi danh
rieng hode cdc h¢ thong DWDM cong nhu cic ¢o sé ha ting lai ghép khic. C6 thé dat
duge khoang céch truyen dan dai gifra cdc niit, dac biét nhd hé thong DWDM. Diéu nay
dan dén té truyén din tén, do dé phai quan tam dén vin dé dinh théi trong co ché bio
hie¢u SRP-fa cua DPT.

-Tap hop POP

Cde POP cung cap chite nang truy nhap cho cde khich hang 16i nhi cung cdp dich
vu mang. Tuy rtheo dich vu yéu cau. POP gom cic bo dinh tuyén, chuyén mach ATM,
bo tap trung xDSL hodc dau cudi cip va két nai dén cic bo dinh wyén 16i biang mét sd
giai phip.

Trong trang thdi thif hai, nhitng di€m truy nhap POS duoc hop nhat trong POP cua
I6p phian bé ciia mang. Phan b POP can duge thiét ké do du phong POP 3 16p. Tha
nhit, can ¢é hai bé dinh tuyén bién truc dé can biang |uu luong trong mang truc. Trong
truong hop mot trong s6 chiing ¢é sy ¢é. thi diéu quan trong la bo dinh tuyén con lai
phii ¢6 khd nang ty xtr 19 10dn bo tii. Thit hai. ¢é hai bo dinh tuyén can ¢é hai k&t nai
té mang truc. Thit ba. cdn hai thiél bi lién két POP vi/hoac cé moi treomg vat ly
khong hong.-
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-Tdap hop POP chuvén mach

C6 mot giai phdp ¢é thé st dung chuyén mach 16p 2 giia cic diém truy nhap POP
va cic bo dinh tuyén bién ctia mang truc nhu mo ta trong hinh 10.50. O day ATM hoic
Ethernet ¢6 thé dong vai tro chinh. Diém yéu ciia ATM la chi phi thiét bi qué cao. Diéu
nay khong thé bu dap cho dic tinh manh vé QoS cta né boi vi di sao ciing c6 du bang
tan kha dung.

Mang truc

: oy v Cac bd dinh
/Ay ; A tuyén bién truc

Cac chuyén mach

x :x: két néi POP

= =i
:y" :y" :y-’ Truy nhap POP

Hinh 10.50: Tdt cd cac truy nhap POP va cdac bo dinh tuyén bién 16i

déu ¢6 két noi 16i cd hai chuyén mach lop 2

Khi sir dung cong nghé Ethernet, cdc giao dién Fast-Ethernet va Gigabit Ethernet
la hoan toan phu hop véi hién nay, va sip t6i 1a t6¢c do 10 Gbit/s Ethernet. Giita céc
diém truy nhap POP va cdc bo dinh tuyén bién ctia mang truc s& lap dat hai thiét bi
chuyén mach dé dam bao tinh du phong. Hién nay. méi diém truy nhap POP s& duoc
két néi t6i hai chuyén mach st dung tuyén Fast-Ethernet. Cdc bo dinh tuyén bién mang
truc duoc noi t6i chuyén mach bang cdc tuyén t6c do gigabit. Do d6, su phan cdp bing
tan dugc thuc hién cho timg cap mang, chang han 100 Mbit/s cho diém truy nhap POP,
I Gbit/s cho bo dinh tuyén bién, va 2,5 Gbit/s cho b dinh tuyén trong mang 16i. Dé
ngan chan su bac cau noi vong gilta cdc bo dinh tuyén kiéu nit chi kép (dual-homing)
phai st dung thuit todn Spanning Tree (STA).

Giai phdp nay c¢6 nhiéu uu diém, thi nhat la Ethernet 1a mot cong nghé dé trién
khai va hon nita da duoc ching minh. Giai phdp Ethernet ¢6 kha nang mo rong thich
ing v4i yéu cau bang tan trong tuong lai, vi su phat trién tir 10 Mbit/s t6i 100 Mbit/s va
1000 Mbit/s nhu da thay la rat kha quan. Hon nita, kha nang mo rong nho chuyén mach
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mo-dun ¢6 thé dé dang trang bi dung luong tuyén trong chuyén mach 1ép 2 dé két noi
cic bo dinh tuyén méi. Nhuge diém cha né dé 1a cic chuyén mach thém vao thi lai la
cho ra thém céc su ¢6 hu hong.

- Tdap hop POP diém-diém

POS, ATM hoac Gigabit Ethernet déu ¢6 thé dugce sir dung cho cdc két néi diém-
diém. Méi diém truy nhap POP s& duogc két néi truc tiép t6i cd hai bo dinh tuyén bién
cua mang truc. Cic két n6i POS hoac ATM ngay nay ¢6 thé thue hién qua cac tuyén
STM-1/0C-3c t6c do 155 Mbit/s hoic cdc tuyén STM-4¢/OC-12¢ 16¢ do 622 Mbit/s.
Véi giao di¢n STM-64¢/OC-192¢ trong mang truc trong tuong lai gin, giao dién
STM-16¢/OC-48c toc do 2,5 Gbit/s cling s& duge dung cho tap hop POP.

Mang truc

Cac bo dinh
tuyén bién truc

Truy nhap POP

Hinh 10.51: Két noi truy nhdap POP true tiép vai cac bo dinh tivén bién truc

loai bo dwoc thiét bi lién két

Uu diém chinh cta giai phap nay la khong can dén thiét bi lien két. Khi sir dung
POS thi ca 16p mang phan bé va mang truc déu sir dung ciing cong nghé nhu nhau, nhu
thé hién trong hinh 10.51.

Nhuoce diém chinh cta gidi phap nay nam & ché, déi véi moéi diém truy nhap POP
thi bo dinh tuyén bién cta mang truc lai can mot giao dién, va nhu vay hé qua la can
mot sO lugng 16n cdc giao dién trén thiét bi (mat do giao dién rat cao).

-Tap hop POP sit dung ring soi DPT

Khi str dung cong nghé DPT gom ca cdc bo dinh tuyén bién va cic diém truy nhap
POP thi ¢6 thé xem nhu mot ring truy nhap da duoc thiét lap, nhu thé hién trén hinh
10.52. Di¢u nay sé thay thé cho topo dual-home. Bang tan cta ring truy nhap tuy thuoc
vao giao dien DPT duoc st dung. Hién tai méi chi ¢6 cic giao dien STM-4¢/OC-2¢
hodac STM-16¢/OC-48c. Trong tuong lai gan, cic giao dién STM-64¢/OC-192¢ cling sé
duoc hién thuc.
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Str dung cong nghé DPT trong 16p phan bé c6 mot vai loi diém. Trude hét, so cic
giao dién va két ndi soi s€ it hon cho ca cac diém truy nhap POP va cic bo dinh tuyén
bién clia mang truc khi trién khai topo ring. Thi hai, DPT cung cip kha nang tan dung
bang tan hiéu qua rit t6t nho nang luc tai st dung khong gian vii SRP-fa. Hon nita, tinh
khoi phuc cao nho IPS.

Nhuoe diém chinh d6 1a nang cip dung lugng chi thuc hién duoce cho toan bo ring
chu khong thé thuc hién timg phan.

Mang truc

Truy nhap POP

Hinh 10.52: Ca truy nhap POP va cdc bo dinh tuyén duoc két hop
trong ring khi sit dung DPT

3. Phuc hoi mang

beé ¢6 duoge do tin cdy cta mang trong mang chong lan quang tinh, nguoi ta da sir
dung mot s6 chifc nang bdo vé va hoi phuc tai 16p dich vu va/hoac 16p truyén tai quang.
Mang quang da budc séng ¢6 tinh phuc hoi thudng sir dung cic chic nang bdo vé nhanh
cta I6p quang. Thiét bi DWDM o 16p quang khong ¢6 bat ky tinh thong minh nao vé
mang. Vi thé cho nén né don thuan chi cung cip chic nang truyén tai. Tai 16p dich vu,
cdc chirc nang hoi phuc tién tién duge st dung dé cung cap dich vu tin cay tir dau
dén cudi. '

® Bao vé quang

Cdc co che bao vé ¢ 16p truyén tai quang bi gidi han trong mang quang da budc
song khi so sdanh véi cic co ché bao vé duge dua ra 6 mang quang thong minh. Cic
chiic nang hoi phuc quang duge gidi han cho cic mang quang di¢ém-diém hoac cdc
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mang ring phu. Vai chinh ctia viéc bao vé quang trong mang da bude séng la cung cip
cdc két noi diem-diém tin cay duoe dung dé lien két cdc ndt 16p dich vu. Viée héi phuc
ket néi tr dau dén‘cudi duoc thue hién nho chie nang khoi phuc 16p dich vu.

Nhu ITU da xdc dinh ¢6 3 16p mang quang trong khuyén nghi G.872 “Kién tric
mang truyén tai quang”, viéc bao vé quang cling ¢6 thé duoc dp dung cho ba 16p khic
nhau nay. Tai 16p doan truyén dan, c¢6 thé sir dung viéc bao vé dudng truyén. Tai 16p
doan ghép kenh thi thuong sir dung co ché bao vé cua SDH/SONET. Tai 16p kénh quang
thi str dung bao vé kénh quang, nhu trong hinh 10.53.

Bao vé kénh quang L&p kénh quang

Bao vé 1+1

Bao vé doan ghép kénh quang Lé&p doan

. P feant
Bao vé 1+1 (W-UPSR) ghep kénh quang

Baové 1:1, 1:n (W-BLSR)

L&p doan

Bao vé duong truyén quang truyén dan quang

. Baové 1+1, 1:1

Hinh 10.53: Bao vé trong kién triic OTN
- Bao vé duong truyén quang

Phan 16n khi thue hién cau hinh diém-diém hoac ring WDM 16i thiéu phai cung
cap do duy tri I6p quang tai I6p doan truyén dan theo nguyén tic biao vé 1+1 hoac 1:1.
khoi phuc toan bo kénh 6 mot thoi diém.

E B6 chia 3 dB? Tuyén hong E- -‘Ei-éhshov;z;r;h-aaa-n-g ----------- }
; L ! J\/ ! oy !
: 1 x _E_ - (N 5 ——3 i
i . 2 ' Chuyén mach = . i
: . T - ‘:‘ a . :
[ I 1
A o : \ i e s
i : ! !
i 1 1
! . Tin hiéu i f
f ! duphongnéng 1 : :
i ' , B0 so sanh quang .
I ; \ ——1
A S : ML O et O
i . = j Chuyén mach ! P 2 . i
1 - a Y : - : / - :
I ; i 1
1 ) 1 1

Hinh 10.54: Co ché bdo vé quang [ +1
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Kbr si dyng bao vé 141, toan bo tin hicu DWDM duoc bio vé bing cich chia
thanh hai tin hiéu trong nit DWDM vi truyén din trén hai soi quang riéng 3. nhu mo
ta trong hinh 10.54. Tai nat phia thu, cd hai tin higu dweoe so sdnh, v tin hicu ¢6 v 50
tin hi¢u tecn nhiéu quang (OSNR - Optical Signal-to-Noise ratio) 161 hon hoic 1y s 160
bit BER thap hon s& duge chon | 145, 146].

Khi si dung co ch¢ bio vé 1:1.tin hieu DWDM duoe giti ¢hi (rén mot SOL quang
cling thoi diém. Néu soi 1am viée bi héng, tin hieu DWDM sé dugic chuyén mach (61 soi
bdo v¢. nhu duoe mo 14 trong hinh 10.55.

Chuyén mach quang Tuyén hdrg Chuyén mach quang

—1___]
= Pl N, s 33

: 2 4) Chuydn mach G = :

. R LR P -1- [t .
N e S

Sci bo vé

I / —{
E_ é -------- — - — = -1 = e "_:

. = Chuyén mach % .

. O = 7 .
i — — ]

s

Ba chuyén ddi
Hinh 1035 Co chd bdo ve 1:1

Vai nhung giii phip niy. tat ca cie kénh guang s€ duoc bio v& khi ¢6 sured dit
cap. Thoi gian thue hién bao vé thiip hon 10 mix,

- Bio vé kenl quiang

Bude tucp thee 1a siv dung khai bao vé kénh quang ¢6 lién quan véi kénh Tam viec
vakenh bao vé i ket cuoi DWDM dé cung cap co ché bio vé 101 cho cac kénh quang
theo co o thay kénh nay-bang-kénh kia ¢ tat 1dp quang. Khéi bio vé nay gém phan
phiit vit phan thu. Phia dau phat tin hi¢u quang tir phia khich hing (5 <& duoc chia boi
bo ghép coupler 50/50 va sau dé gii t6i bo chuyén doi phia phat cia thidt bi kél cudsi
lam vi¢e va bao vé, nhu mé i trong hinh 10.56. Phia dau thu. cic tin hi¢u quang tén tu
bo chuyén déi phia thu cia tuyén i viée vi dudng bae vé s& di vio khai chuyén mach
quang 1x2 dé thuc hién lua chon trong truong hop co sy ¢o trong 16p quang. Kénh duge
It chon sau d6 duge ghi 161 bo thu khdch hang phia thu.

Tiéu chuan chuyén mach ¢é thé dua 1wén tin hi¢u duege phat wr bo chuycn doi phia
thu, do mit 6 lieu vao. Tiéu chuin cling ¢é thé 13 OSNR. Thai gian khoi phuc (o1 da ti
khi xuat hi¢n su o tdi khi héi phuc hodn toan tuyén quang 15 nho hon 50 ms.



Chirong 10 Mang thong rin quany 2449

KRl chuyén mach quang Khai chuyén mach quang
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Hinlt 10.56: Buo vé kénfv yriang 11

U diém chinh cua bao vé kénh quang i cie kénh quang khong chi duge bio vé
khi ¢o suco didt cap ma con duoe biao vé khi ¢é ca sai hong bo tich/ghép kénh vi bo
chuyén doi.

- Beios vé doun ghép kenh quang

Phan 16n co ché bio ve kénh quang phic tap i thuoe vé bao v¢ doan ghép kénh
quang. ¢ do s dung cic chie nang khoi phye SDH/SONET. Ciac thiét bi ghép kénh
xen/ré DWDM ¢é the tdi cau hinh lai s& dwa ra s phan phdt kénh bude song dong va
chuyén mach dé bio vé kénh quang khi mang ¢6 sy ¢6. Chiing ta cin phan biét giiia
Ring chuyén mach luong quang don hudng (OUPSR - Optical Unidirectional Path
Switchied Ring) ¥a Ring chuyén mach ludng quang hai huéng (OBLSR - Optical
Bidirectional Line Switched Ring ).

Kien tric OUPSR st dung ciu hinh ring quay nguoce hai soi. Mot soi danh cho
nhiing bude séng hoat dong, sot con lai duge ding cho nhimg bude séng bio vé.
OUPSR st dung co ché bao vé 1+]1. Bude séng trén soi hoat dong va soi bao vé duoc
phin bo va truyén cho timg kénh. Phia thu s& so sdnh ¢ hal tin higu quang va chon tin
hi¢u ¢6 OSNR 1ot hon. So do logic cua mot OADM ¢6 kha ning i cin hinh i s
dung corché bao vé 1+1 trong OUPSR duge bi¢u dién trong hinh 1037 Cic bo chuyén
doi phia phit duge ndi 161 bo ghép 50/50 va moi kénh s& chia thinh bude séng 1am vice
vit bude séng bao vE, sau dé ad duge thém cho tin hieu DWDM trong ring nhd modul
OADM. Cdc bo chuyen doi phia thu duge noi (& cie khoi chuvén mach quang. né thue

hicn chie ndng luea chon bude séng lam vice hoae biao vé mia mo-dun OADM & xuéng.



250 Hé thaong thong tin quang (#ip 2)

Cac hwdc song Tx Budc sdng lam viec  Budc séng bao vé Cac buoc song Rx

ettt e o A i | N B
il \\ J‘I - \/‘\ /

Trung kL. U - _EL - AW Truny ke
phia Tay = ! I, ___.___‘l_, ______ O S LA phia Déng

|
|
|
|
i \ Cac hudd
i
i
I

Cac bude Ma-dun  SONg Tx

song Rx CADM

\_—' : !_ -t == :_ -+ __:-:.,__ »
i 1
|
|
|
I

1
|
1
1
|
NI
/\ T Counler 80/50
Khai

chuyén mach

Chuyén ddi phia thu Chuyén ddi phia phat

Hinl 1057 Thiét bi OADM ti cau hindy lai ¢ ché do bao veé 1+1
duoe ding trong OUPSK

Kién triic OBLSR s dung cau hinh ring 2 hoiic 4 soi. Trong ciu hinh ring 2 sqi,
mot so bude xong duge ding cho kénh lim viée, phian con lai ding nhu dung luong bao
v¢ chung. Néu ¢é sai hong xuat hicn. ADM (i cdu hinh s& chuyén mach bude séng sai
hong 1&1 bude song bao vé trén tuyén khac. Néu nhu so luong bude séng 1aim viée bing
O luong bude song bio vé. OBLSR st dung co ¢hé bao vé L1, Giai phip hi¢u gud hon
ding cho nhicu dung luong [a st dung bio vé L, 0 day ¢d khong dén mot mira s¢ bude
song duge chia s¢ cho lugng bude song con lai dé bao v¢ (vi du, bio vé 1:3 duoe thye
hign trong hé thong DWDM 64 kénh thi 16 bude séng s& duoe sa dung dé bio vé cho
48 bude séng).

Giasite bio ve i1, chi ¢é hai co ¢hé phin bo bude sang L kha thi. Mot La st dung
cling bude song dé bio vé trén ca hat sot. Hai 1 su dung it hon ni so bude séng dé bio
ve 1rén soi theo chiéu kim dong hd v phin bude song con lai trén soi theo hudng nguoc
chi¢u kim déng hé.

Uu diém cta phuong phip sau 13 chuyén mach bio vé ¢6 thé xdy ra mia khong can
bi¢n doi bude séng trong OADM. Bign déi bude séng ¢6 thé thue hien hodn toin quang
(rong trong fal nhung thong thudng s¢& 1a theo hudng bign doi dien-quang. Un diém niy
¢6 the khong ddng ke trong iing dung (uyén dudng true cu by xa. vi tren cde yén nay
fuon tuon doi hoi thye hién su bich doi quang dién trong bilt ¢ tresng hop nao can tin

higéu quimg,
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e Hoi phuc lop dich vu

Thiét bi 16p dich vu dién hinh la cic bo dinh tuyén ¢é kha nang thuc hién nhicu
chiic nang bao vé va khoi phuc. Pac biét trong cic mang da bude song, khoi phuc IP
duoc st dung dé thuc hién hoi phuc két n6i mang tir dau dén cuoi.

- Chuyén mach bdao vé tr dong

Chuyén mach bao vé tu dong APS (Automatic Protection Switching) da st dung
trong mang SONET hoac bao vé doan ghép kénh MSP (Multiplex Section Protection)
da st dung trong mang SDH ciing ¢6 thé dugc st dung trong mang quang. Cic két cuoi
DWDM c¢6 thé cung cip cic giao ti€p lam viéc hoac bao vé tuan thu SONET/SDH, nhu
thé hién trong hinh 10.58. Trong trudng hop ¢é hu hong, chuyén mach giao dién ¢6 the
dugc thuc hién qua MPS/APS. Diéu nay yéu ciu cdc bo chuyén doi cua thiét bi DWDM
xur 1y byte mao dau SDH/SONET nho MPS/APS tuong ting.

Khung SDH
Mao dau
o
=)
=
e
/ Con tro AU = Tai trong
[
I K1| | K2| =
P = e N V. X |~ %
Bo chuyén doi Bé chuyén dai D =
hoat do bao vé b
At dong ao vé doan
e ghép kénh

Hinh 10.58: Bdo vé giao dién voi chuyén mach bdao vé nr dong

Nhiing tng dung nhu vay rat pho bién trong viéc thue thi mang, ¢ day st dung
thiét bi SDH/SONET thé hé¢ mai dugc tich hop tinh nang DWDM. Bao vé MSP/APS ¢6
hai nhuoc diém chu yéu. Thir nhat, dé 1a 50% dung luong (toan bo mot giao dién) bi bo
phi cho muc dich bao vé; va thit hai 1a chuyén mach giao dién vin can su tdi hoi tu giao
thic dinh tuyén.

- Chuvén mach bdo vé thong minh

Ring DPT hai soi tu han gan ¢6 kha nang hoi phuc tang la do chic nang IPS cia
SRP. giao thiic MAC 16p 2 duoce DPT sir dung. Trong truong hop ¢é hu hong tuyén hoac
nit, thi IPS sé khai tao vong ring ngoai va phat luu luong Ién 501 bao vé, nhu duge the
hién trong hinh 10.59. IPS ¢6 thé duge xem nhu ban sao cia MSP/APS st dung trong
mang SDH/SONET; tuy nhién, né6 ¢6 mot sé diém noi troi hon APS. IPS khong

kich/khur hoat dong cic kénh hoac soi nao do, giong nhu DPT, hoat dong dua trén cong
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ngh¢ goi. IPS sé gui lan nita luu luong ghép kénh thong ké mot cach hiéu qua. Né tich
hop 16p 2 va I6p 3 vao trong co ché bao vé nay, nguoc véi APS né hoat dong hoan toan
doc lap véi dinh tuyén 16p 3. Nho tich hop 16p 3, IPS ¢6 kha nang truy nhap vao théng
tin 16p 3. Do dé, IPS ¢6 the phan phdt bang tan dam bao cho cic ting dung thoai,
video.... va danh bang tan con lai cho luu lugng “best effort - ¢6 gang 161 da”.

Do thoi gian bao vé caa IPS thap hon 100 ms nén khong can dén téi hoi tu lai giao

thirc dinh tuyén. Su co dit soi cap ¢6 thé xur 1y hoan toan o 16p 2.

Hinh 10.59: Bao boc ring bang [P

- Khoi phuc 1P

+) Khoi phuc theo ting dung: Thuc hién khoi phuc I6p 3 s& dem lai mot s6 loi
di¢ém nhat dinh. Tinh mém déo s& cao hon khi cung c¢ip cic luong khoi phuc va biéu thi
muc do khoi phuc. Vi du. luu luong thoai rat nhay tré va jitter ¢6 thé duoc phan biét va
khoi phuc o mitc phuc hoi cao nhit. Mat khic, luu luong Internet “best effort” ¢é thé
dugc duy tri 0 mic mic thap nhat, boi vi né ¢6 the dé dang thuc hién dém va dinh tuyén
trong mang. Vi ly do ndy, cic nha cung cap dich vu ¢6 thé xic dinh cdc tap luu luong
va dua ra mot s6 su lua chon cho khéch hang.

+) Hoi tu dinh tuyén I6p 3: Ngoai uu diém vé tinh mém déo. khoi phuc IP ¢ miic
nay con ¢c6 mot nhuge diém 16n dé 1a thai gian khoi phuc cla cic giao thie dinh tuyén
nhu OSPF, IS-IS hoac BGP phai mat t6i vai giay. Bo dinh thoi gian va cic co ché dinh
tuyén tao nén tinh 6n dinh cho mang nhung lai dan dén thoi gian hoi tu qua dai. Vi du,
khi xem x¢ét giao thic OSPF, giao thirc Hello duoc sir dung dé kham pha va duy tri mai
quan hé gitra cdc nit lan can. Moi mot bo dinh tuyén s& gui ban tin Hello cho nut lan
can no theo chu ky thoi gian 5 hoac 10 giay. Néu khong nhan duoc ban tin Hello trong
khodang thoi gian bang hai lan chu ky trén thi bo dinh tuyén s& nhan thay rang ¢6 16i
xuat hién trén tuyén néi gitta né va nit lan can.
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C6 mot giai phdp la kim thoi gian khoi phuc 16p 3 xuéng dé giam gia tri thoi gian
giao thac dinh tuyén. Bang cich nay, thoi gian hoi tu ¢é thé duoce diéu chinh xuong 1
hoac 2 giay. Tat nhién, dicu nay s& dan dén luong luu luong cao hon duoc sinh ra boi
ban than giao thic dinh tuyén. Do dé s€ khong gap phai van dé gi khi bang tin tuyén
tang dot ngot nhu vay. Su anh huong cua kha nang phd v tuyén ting vi do6 mat 6n dinh
cua giao thic dinh tuyén khong duge quan tam nhiéu boi vi tuyén va thiét bi mang da
¢6 tinh hoi phuc cao.

Mot giai phdp kha thi khdc, d6 la cic giao dién bo dinh tuyén st dung co ché 16p
I hoac 16p 2 dé xdc dinh cdc 16i hu hong tuyén va ngay lap tic thong bdo 16i cho
phuong tién dinh tuyén.

+) Can bang tai: Can bang tai la ky thuat phé bién dé tang tinh du phong cho
mang. Khi st dung can bang tai, cic tuyén song song duogc st dung dé phan luu luong
va truyén chiing trén ca hai tuyén dong thoi. D€ thuc hién can bang tii can st dung giao
thiic dinh tuyén ma gdn theo gid tri tinh theo mét cho tuyén thong qua mang. Véi két
qua do, cdc tuyén song song c6 cting don vi gitta diém nguén va diém dich; do dé giao
thitc dinh tuyén c¢6 hai cong vao bang dinh tuyén cho cling dich.

Hinh 10.60 mé ta cdch thuc hién can bang tai dé bao vé ludng luu luong giita cic
bo dinh tuyén A va D, va giita cic bo dinh tuyén B va E. Trong truong hop dut soi cip,
giao thic dinh tuyén s& huy cong néi t6i tuyén ¢6 sai hong va kich thich bang dinh
tuyén cua no.

Hinh 10.60: Can bang tdai OSPF thong qua 161 hinh mesh
+) Tai dinh tuyén nhanh MPLS-TE

Mot .giai phép rit t6t dé thuc thi chic nang khoi phuc ¢ 16p dich vu 12 st dung co
ch¢ khoi phuc MPLS-TE. Co ché nay rat linh hoat trong viéc cho phép biéu thi ludng,
tuyén hodc nit nao can dugc bio vé. Hon nita, ¢6 thé xdc dinh duoc kiéu luu luong nao
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can dugc bao vé ciing nhu bao nhiéu tai nguyén can duge giir lai cho tuyén du phong.
MPLS-TE cho phép bio vé luong va bio vé tuyén/nit. Bao vé luong duoc biéu hién nhu
trong hinh 10.61, n6 st dung luong du phong tir dau cu6i dén dau cuoi dé khoi phuc luu
luong trong trudng hop ¢ su ¢o. Thoi gian khoi phuc dat duoc ¢6 thé bang hoac hon
I gidy. Doi v6i luu luong thoi gian thue hodc luu luong quan trong. bio vé cuc bo cla
tuyén hoac nit nao do ¢é thé dugc dinh tuyén luu lugng qua mang ¢6 su ¢d nhod hon 50 ms.

MPLS-TE xdc dinh thuat ngit frung ké, dac trung cho nhém luong luu luong c6
cung nat di vao va di ra cua mang MPLS. Méi trung ké luu luong duoc gin mot s&
thuoc tinh trung ké. Mot trong s6 ching la tinh hoi phuc, né xdc dinh cich luu luong
duogc bao vé. Bang viée st dung thuoc tinh hoi phuc thi ¢é thé xdc dinh duoc mot vai
chinh sdch khoi phuc nham dé xur ly su ¢6 trong mang.

Buang
LSP chinh

Hinh 10.61: Luong hoat dong va die phong dicoc thiét lip

bang viée sit dung cdc luong chuvén mach nhan MPLS

10.2.5.2. Mdng diéu khién chong lan IP quang dong

Ta biét rang IP 1a “luu lugng cta su lua chon”; do dé cdc bo diu noi chéo quang
(OXC) duge két hgp véi tinh thong minh dinh tuyén IP dé diéu khién su phan bé, thiét
lap va g6 bo bude séng mot cach linh hoat. Nhu vay, kha nang mé rong ctia mang duoc
tang lén nhiéu nho qud trinh cung cip duoc thuc hién va nang luc khoi phuc duoc tang
cuong. Bat ky topo 4o nao ciing ¢6 thé dugc cung cip. Cung cip budc song theo chiéu
dur licu va linh hoat s& dam bio kha nang khai thac mang ¢6 hiéu qua. Dé thich ing voi
cdc mau luu lugng thay doi, so luong bude séng hiru han xur Iy dong thoi sé duoc sap
x€p lai mot cach tu dong hoac bing tay.

D¢ tranh hi€u sai cin chi y thuat ngit “OXC” khong nhét thiét phdi hiéu la chuyén
mach quang hoan toan, nhu da dé cap trong muc 10.2.2. Phan 16n OXC két cuéi tin hiéu
quang tai cong dau vao, chuyén mach tin hiéu dién qua khung chuyén mach dién va
bién doi tin hiéu nguoc trg vé bude séng tuong ting.
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1. Mo hinh chong lan dinh tuyén budc song

Mot s6 nha cung cap thiét bi da san sang dua ra giai phap dinh tuyén budc séng
doc quyén cua minh. Diéu d6 cho phép cdc nha cung cip dich vu dung mang OTN
thong minh (dugc xem nhu mang quang tinh) gom cdc phan mang ring va tuyén diém-
diém WDM. Mang dinh tuyén budc séng gom mang mesh ¢é cic tuyén WDM diém-
diém va cdc bo dinh tuyén bude séng (WR) tai diém lién két.

Hi¢n tai tat ca cdc gidi phap dinh tuyén bude séng déu tap trung vao 16p mang
truyén tai quang. Cac giao thic dinh tuyén [P da biét nhu OSPF va IS-IS hoic giao thiic
dinh tuyén ATM nhu giao thide giao dién mang-mang riéng PNNI (Private Network-to-
Network Interface Protocol), duoc diéu chinh dé tao nén giao thic dinh tuyén sir dung
trong vi¢e dinh tuyén bude song (WR). Bang viée str dung giao thic dinh tuyén nay, cic
két noi ¢6 thé dugc cung cip rat linh hoat dé lién két cic bo dinh tuyén IP hoac thiét bi
I6p dich vu khdc thudce 16p trén cia OTN. Do giao thic dinh tuyén budce séng chi hoat
dong trong WR, mang IP khong tham gia vao qua trinh xtr Iy budc séng va tuong tac
v6i OTN theo méi quan hé client/server (khdch hang/ngudi cap dich vu). Mo hinh mang
nay, noi st dung hai I6p mang doc lap, dugc goi la mo hinh chong ldn nhu thé hién
trong hinh 10.62.

(ST=) B6 dinh tuyén IP, B6 dinh tuyén IP,
B

SS

X

Mang dinh tuyén
budc séng

! ’
Bé dinh tuyén S e—) ql%:u Bé dinh tuyén
budc séng w ———————— budc song

Hinh 10.62: Qud trinh dinh tuvén buoc song ciua OTN

la hoan toan doc lap vaoi lop dich vu

Hi¢n nay, tat ca cic WR phai tir ciing t&r mot nha cung cap méi ¢6 thé tham gia
vao quid trinh dinh tuyén. D& dam bao tinh tuong hop giita cic nha cung cip san phim
(nghia la san pham WR tir cic nha cung cap khdc nhau ¢é thé hoat dong ciing nhau
trong mang OTN), thi m6 hinh kién tric mang phai duoc chuan hod. Mot sé t6 chiic
tiéu chuan da bat dau trién khai cong viée chuin hod trong linh vuc nay.

2. Kién truc va cac phan tu

Phan tu chinh ciia mang dinh tuyén bude séng 1a bo dinh tuyén budc séng (WR -
Wavelength Router). N6 la mot bo dinh tuyén IP duge két hop véi OXC sir dung nhu 14
nit két noi trong mang quang dang mesh. Thiét bi 16p dich vu chang han nhu bo dinh
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tuyén IP va cic chuyén mach ATM giao tiép véi mang quang dugc coi nhu cac thiét bi
két cudi bude song (WT - Wavelength Terminal).

Bo dinh tuyén bude song duge noi qua nhiéu cong mang t6i két cusi WDM, né
cling cung cap két n6i WDM t6i cic WR khic. Cic cong nhdanh cia WR ding dé két
noi no t6i thiét bi I6p dich vu. Cic cong mang va cdng ré nhdnh 12 céic giao dién bude
song thuong hoat dong tai bude séng ving 1310 nm hoac 1550 nm. Trong trudng hop
thiét bi 16p dich vu la WDM thi cic hé théng nay dugc két noi t6i nhing céng nhdnh
dé cung cdp tin hicu WDM t6i bo dinh tuyén, chuyén mach ATM hoac SDH/SONET
gan vao.

Ngoai kicu thiét bi mo ta trén, cling con ¢6 nhitng bo dinh tuyén bude song duoc
tich hop vai thi€t bi két cusi WDM. Trong trudng hop nay, cic cong ré nhdnh va mang
da dé cap o trén chi la su ton tai 4o va thé hién cho bude séng cua tin hicu WDM. Ciu

tric dién hinh cia mang quang théng ming duoc chi ra trong hinh 10.63.

=ng =
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Hinh 10.63: Cdac phan tir ciia 1op mang quang thong minh

Bo dinh tuyén budc séng thuc hién chuyén mach cdc kénh mot cich linh hoat
(chuyén mach déng) gitra cdc céng dau vao va cong dau ra dé cung cap két noi quang tur
dau dén cuoi qua mang OTN dugc két cudi tai bién ctiia né. Viéce két noi tir dau dén cudi
da duge xdc dinh trong khuyén nghi G.872 (g véi kénh quang (OCH). C6 hai kiéu
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kenh OCH khdc nhau. Trong mang quang khong cé bién doi bude song. bude séng nhu
nhau phat duge phan bo cho kénh OCH trén toan bé mang. Trong trudne hop nay, OCH
duoe goi 1 fuong bude séng (WPL - Wavelength Path). Néu c6 bign ddi bude séng, thi
cide bude séng khace nhau ¢é thé st dung che kénh OCH va ching ta goi do L luong guang.

Luong quang [a sy kél not bang tan ¢d dinh don hudng duoc thidt fap theo su phan
bo kénh trén méi chang doc thee ludng mong mudn thong qua mang quang. Ludng
quang song hudng duoc tao béi hai ludng quang theo hai hudng d61 nguge nhau. Mac
du dinh tuyén [P duoe st dung dé phoi hop véi viee cung cip ludng quang, nhung cdc
lndng quang cing cé thé khong mang Iuu Iuong IP. nhu ATM hoac SDH.

Tuong tu kién tric ATM, ¢6 hai giao dién khdac nhau duge xic dinh. Cic WR
dugc noi vie mang qua cde cong/trung k& mang, cung cdp Giao dien mang - mang
guany (ONNL Optical Network-to-Network Interface). Cac thiét bi két cudi bude song
duge gan vio cic bo dinh tuyén bude séng qua cong/trung k&, cung cap Givo dién
micting 101 ngiioi su dung gruang (OUNI: Optical User-to-Network Interface).

3. Mang diéu khién dinh tuyén budc song

Ming di¢u khién dinh tuyén cd trach nhiém thiét lap két néi diu cudi dén dau
cudi teting duoce goi 1a fuong grang). Sau dé luong quang dugc st dung dé thiét lap 1P
hoace giao thde dich vu Khic. C6 hat cach dé tao nén mang di¢u khién [P dung trong
mang dinh ruyén budc soéng.

Giai phdp dau tién la néi cic bg dinh tuyén 1P bén ngoii qua giao dién diéu khién
chuan dén timg OXC. Nhig bé dinh tuyén nay duoc xem nhu b dién khién dinh tuyén
hrce séng (WRC - Wavelength Routing Controller) v cung cip cic chiic nang nhu
quan 1y tai nguyeén, quan 1y ciu hinh va dung luong, danh dia chi, dinh tuyén, thiét k&
luu luong, khiam phi topo va tat nhién la ca chie nang phuc hoi.

Giao dién diéu khién biéu thi tap hop nhing yéu t& (tham s0) goc dwoe WRC sir
dung dé tao cin hinh OXC. Cic yéu (6 goc giao dién bao gon:

- Két noi: d€ néi chéo kénh ti tuyén dau vio véi kénh tai tuyén diau ra mong muén.

- Giai phong kér néi. dé g bo su ndi chéo di duoc hinh thanh.

- Chuvén mach: dé thay dai su két hop kénh/tuyén dén cita két néi duoce hinh thanh.

Ngugc lai, OXC thong tin v6i WRC. Vi du dién hinh 1a Cunhi bao: thong tin WRC
trueong hop sai hong. Thict bi OXC cua nha cung cilp xdc dinh s& bién dich giita cdc goc
giao dien diéu khién chuin va diéu khién doc quyén cia OXC.

Giai phap thit hai 1a tich hop chice nang dinh tuyén IP vio trong OXC, nhu su phit

trién cta bo dinh tuyén bude séng don khai. Ca hai giai phap duge thé hién trong
hinh 10.64.
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OXC co WR .
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‘: WRC budc song don khoi
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Céac kénh so

Hinh 10.64: WRC ¢6 giao dién diéu khién va OXC,

va bo dinh tuvén buoc song don khoi

Céc bo dinh tuyén bude séng duy tri bang két néi chéo dé phan biét dong so liéu
duoc chuyén mach tir cong dau vao t6i cong dau ra nhu thé ndo dé cho ra két noi quang
tir dau dén cuoi thong qua mang OTN. Cic WR tich hop véi thiét bi két cusi DWDM sé&
duy tri bang két noi chéo vai cic 161 vao ¢6 cong dau vao va kénh dau vio duoc lién két
vGi cong dau ra va kénh dau ra. Su khic biét duge mo ta trong hinh 10.65.

m
T’_X_ g E_)(—;a_
T

4
Céng | Kénh | Céng | Kénh Cong | Céng
ddu vao|dau vao| daura |daura dau vao| daura
1 1 2 3 1 7
! 1
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I

Hinh 10.65: Bang noi chéo cuia cdc bo dinh tuyén budc séng ¢6 va khong dicoc tich hop

Mang diéu khién thuc hi¢n trao déi luu lugng diéu khién qua mang thong tin so
(DCN - Digital Communication Network). DCN nay c¢6 thé [a mang diéu khién trong
bang hoac ngoai bang. Dé1 véi cac két noi DCN trong bang gitta nhitng bo dinh tuyén
budc séng, luong quang dinh tuyén gia dinh s& duogc thiét 1ap cho moi tuyén noi téi cic
WR khic. Nhu thay trong hinh 10.66, kénh dau tién trén moéi mot tuyén duoc chi dinh
dé quan 1y trong bang. Céc ban tin diéu khién bao trong géi IP sé dugc giri qua luéng
quang dinh tuyén gia dinh nay.
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Lubng dudc dinh
tuyén gia dinh

N Kh/
'\ Kenh2|
3 Kénhn'
Ludng s6

Hinh 10.66: Luong dinh tuvén gida dinh giita buée séng dicoc sir dung

Doi voi nhitng két noi DCN trong bang t6i cdc thiét bi két cuoi bude séng ¢é cic
iao dién DWDM, luong quang dinh tuyén gia dinh ciing duoc st dung & day. Néu cic
VR dugc két noi véi cac giao dién bude séng cho 16p dich vu, thi két nai DCN trong
ang duoc thuc hién qua cdc géi IP truyén bén trong mao dau khung ctia giao dién thiét
1 16p dich vu.

Giai phdp thi hai la sit dung DCN ngoai bang. Cac bo dinh tuyén va duong thué
énh duoc ding dé tao nén mang IP biét 1ap két néi toan bé nhitng bo dinh tuyén budce
ong va thiét bi két cudi budc song.

Trong DCN, ¢6 truong hop giao thie dinh tuyén IP cia moi bo dinh tuyén bude
6ng s€ thuc hién trao doi thong tin vé topo va trang thdi cia mang OTN. Cic giao thiic
linh tuyén IP nang cao thuong duge dung dé dinh tuyén budc séng; moi phan tr mang
hdi ¢6 dia chi IP duy nhat ¢6 thé duge gdn. Diéu nay ciing dp dung cho cic bo dinh
uyén budc séng va giao dién cua ching va bat ky phan tr mang nio khic trong OTN
nhu bo khuéch dai quang duong truyén cua cic tuyén cu ly dai).

10.1.0.1/32

Mang dinh tuyén

Mang IP budc séng = Mang IP

| =
©o101.0232 2

A,
194.23.1.3/32 = 10.2.0.1/32 194.68.5.2/32
¥ =9
SN ZaNiw i)
[? % \ ::_:::::E:E:" ‘PO-
10.1.0.3/32
194.23.100.1/30  10.255.0.1/30 10.255.0.0/30 10.255.0.2/30  194.23.100.2/30

Hinh 10.67: Moi phan tit mang yéu cdu dia chi IP dé' ¢é thé diéu khién trén nén IP
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Hinh 10.67 i vi du dé lam ro viin dé di phan tich, cdc 1hiét by k&t cusi DWDM
gitra cde bd dinh tuyCn khong duoe chi ra ¢ day. Til ¢i cic WR trong nang ¢é dia chi
chi IP 10.1.0.x. Cae thidt bi con lai. nhu b khuceh dai quang dudmg truyén duge gin
dia chi cha IP 10.2.0.x.

Mo hinh chong En tiéu bicu duoe st dung trong trudng hop ma & doé mang OTN
dge sohiiu boi cde nhiv cung ¢dp dich vu truyén tiai quang. Cic nhi cung ¢ip dich vu
khic ¢ mua ledng guang de thi¢t 1ap mang [P coa minh & Iap dich vu va sir dung khong
gian dia chi 1P riéng ciia ho cho thiét bi & 1ép dich vu. Do dé, bo dinh tayeén IP bén 1
¢6 dia chi cha 1P 194.23.1.3 vd bo dinh tuyén IP bén phai ¢é dia chi chi [P 194.68.5.2
duoe gin.

Dé 1ao nén ludng quang gitra hai khéi & I6p dich vu ¢6 kha niang danh dia chi
trong mi¢n dinh tuyén budc séng, cic WR ¢6 thé ¢é dia chi 1P nim ngoal mang phu IP
10.255.0.0/30 dugc gdn cho giao dién wong tng cla chimg. Luong quang s& cung cap
ket noi 1aop dich vy IP gifta hai ba dinh tuyén. Bidu nay ¢é nghia la cic giao dién dinh
tuyén 1P twong dnig cling ¢6 the duoe gian dia chi IP.

4. Phuc hoi mang

Mang 5o licu st dung cde giao thite dinh tuyén [P chudn khong thé dua ra mic hoj
phuc can thi¢t cho cic ing dung hién tai va sap 1&i. Su tich hop thoai va cde tng dung
da phuong tién tao nén nhu cau mic “hdi phuc’ nhu nhau nhu & thay trong mang vién
thong. €6 mat so gidi phip khoi phue cho mang 6 licu. Mot trong s¢ dé 1 mdy chu
di¢u khién tap trung c6 trich nhiém cung cip dich vu vit bio vé heu {uang. Thoi gian hoi
phuc ¢6 the vuot qui vii phdt. Mot gidi phip gidng nhu trén I sir dung kién tric phan
bo. ¢ day khoang thoi gian héi phue Ia khoang 2 = 10 giav tuy theo su hoi tu giao thite
dinh tayén,

Cie ving SDH/SONET duge st dung dung trong mang vién thong ¢d chite nang
chuyén mach bio vé khoi phuc mang trong khoang thoi gian thip hon 50 ms. trinh
duge bt ci su gidan doan dich vu ndo déi véi cic ing dung 1&p trén. Nhuoe diem cla
cie ring SDH/SONET la tinh khong hi¢u qua ciia bang 1dn sir dung do ¢6 16 S0% dung
lwong duoe dung cho mue dich bio ve.

Mang mesh dem lai cich hi¢u qua nhit dé bao vé luu lugng hoat dong theo mic
do rn dung bang tén béi vi méi tuy€n cé thé dua ra kha ning bdo vé cho vii sai hong
mang Khace nhau. Thoi gian khoi phuc ¢6 thé dat duoc tuy thudc vaoe viéc thue hién cia
giao thie diéu khién phan bo.

Kién tric dinh tuyén bude séng, nhir mo @ & trén, ¢6 thé dem L. kha nang hoi
phuc. quan ly mang quang st dung cdc co ché khoi phue mesh. Mot trong nhimg uu
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diém chinh cua viée sir dung dinh tuyén budc song trong OTN la cung cip linh hoat cic
ludng tir dau dén cudi qua mang ma ¢é kha nang hoi phuc tu dong nho dinh tuyén lai
luu luong lam viéc trén tuyén du phong.

® Chién luoc bao vé

binh tuyén bude séng dem lai sy mém déo trong viée cau hinh cic luong quang
voi kha nang phuc hoi va thuoc tinh QoS ddp tng thod min dugc cdc yéu cau cua
ung dung.

Thuoc tinh hoi phuc da chon s& gan ché do bao vé tuong thich cho luong quang.
Miic QoS ¢6 thé thay doi tao nén su phan biét gitta mot so luong quang va lam cho no
tro nén hap dan hon.

- Bao vé dan xép tricée

Khi sir dung ki¢u bao vé nay, ci luéng chinh va du phong duoc cung cip ¢ cling
mot thoi diém. Diéu quan trong I luéng du phong hoan toan la tuyén va nit khong nam
trong lién két dé ngan chan luéng du phong khoi anh huong do sai hong mang gay nén.
C6 hai kicu bao vé duge dan xép trude nhu sau.

Ki¢u thd nhat d6 la bao vé dan xép trude 1+1, né duge mo a4 nhu trong hinh
10.68. Ca ludng du phong va luong chinh dugc thiét lap tai ciing thoi diém, va bang tan
yéu cau dugc phan phat cho c¢d hai. Luu luong lam viée duge g trén ca hai ludng.
Bang cich nay, nit dich ¢6 thé lua chon mot cich doc lap luong nao dé nhan luu luong
tr nat nguon, viée lua chon nay thong qua gidm sdt chat luong tin hicu hoac 161 bit. Va
tat nhién di¢u nay s& khong can dén su trao doi thong tin hoac bdo hicu.

BER?
Chat lugng tin hiéu?

Luéng quang yéu cau cho
luu lugng tir A dén B

Hinh 10.68: Bdo vé 1+1: Liru licong hoat done dicoc eiti qua hai luéne sone SOng va
C & \g . - & & & & \L' s

khong lién két, va it dich sé lita chon mot trong c¢hiing

Kiéu thir hai khai thic hiéu qua tai nguyén hon. dé la sir dung biao vé 1:1 nhu thé
hi¢n trong hinh 10.69. Khi cung cap luéng chinh, luong bao vé duoc dan xép nhung
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bang tan duoc chi dinh lai ¢6 the duge sir dung cho luu lugng ¢6 miic wu tién thap. Néu
O su ¢o hong dugc phat hién tir nit 1an can, ching ¢6 thé truyén thong bido 16i hu hong
theo hudng Ién hodc xudng cua luong. Sau vai ms, nit nguon sé phit hién su ¢6 hong
nay. Sau do n6 gui bdo hi¢u duong xuong thong bio cho nut dich st dung luong du
phong va bo luu lugng uu tién thap dé tiép ing bang tan dugc chi dinh cho luu luong du
phong. Thong tin trao doi gitta cdc nit phai can dén bdo hiéu va truyén 161 su ¢6 cé thé
st dung kénh bdo hié¢u trong mao diu I6p 1 hoac 2 hoic co ché quing bd dé dam bao
truyén thong tin du nhanh qua mang.

Théng bao su ¢d Lubng
chinh

Luéng quang yéu cau cho
luu lugng tu A dén B

du phong Bao hiéu chuyén mach luang
va chi dinh lai bang tan

Hinh 10.69: Voi viée bao vé 1:1, luong die phong chi dicoc ding khi ¢6 sir ¢6

Kicu thir ba [a bao vé /:n, day la truong hop dic biét cta bao vé /:/. Cic co ché
sau n6 hoan toan tuong tu nhu trén nhung t6i 7 luong quang sé chia s¢ chung mot luéng
bao ve.

Bao vé dan xép trude duoc st dung cho luu lugng ¢6 tinh uu tién cao va quan
trong, va thuc hién thoi gian khoi phuc tot nhit dudi 50 ms theo duoc xdc dinh boi
SDH/SONET.

- Bdo vé theo yéu can

Néu ki¢u bao vé nay dugce st dung thi s& khong ¢6 luong du phong duoc thiét lap
khi cung cap luong quang chinh. Néu ¢6 sai hong xudt hién, cdic nit lan can sé phat
hi¢n va truyen sai hong t6i nit bat dau va két thic. Sau dé ndt bat dau s& thiét lap luéng
thay thé va tdi dinh tuyén luu lugng sau khi da thiét lap xong. Tat nhién, thoi gian hoi
phuc la I6n hon so véi bao vé gian xép trude. Ching thay doi tuy theo cich thuc hién
nhung c¢6 thé hy vong nam trong dai tir 200 ms dén 1 s. Uu diém chinh cta kiéu bio vé
nay do la dung luong bao vé dugc chia sé chung cho cdc luong quang lam viéc.

- Mite QoS

Trat tu cua luong quang duoc khoi phuc nho gan cic mic QoS khidc nhau cho
ching. Hon nita, né ciing ¢6 thé xdc dinh liéu mot qua trinh phuc hoi ¢6 thé danh trude
luong quang khic hay khong.
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Keét hop véi viec tua chon mot s6 kicu bio veé, nha khai thic mang ¢6 cong cu de
phiit tricn chién heoc bao vé cho viée thue thi mot loat cée 16p dich vu déi véi ciic khich
hing coa minh.

o Khdi ni¢m bdao vé tién tién

- Beto vé cue bo

Ca bao v¢ ludng te dau dén cudi va cue bo dén duoe s dung d¢ 1681 vu kha ning
hor phuce coa mang. Khi sa dung bao vé cute bo, nidt tan can s¢ 1di dinh tuyén ludng
quang quanh sy ¢6 hu hong. Diéu nay ¢d thé xdy ra nhanh hon rit nhiéu bai vi khong
can thong bao sa hong truvén trén mang.

-~ Buo ve phan cdp

Mot sa giao thie dinh tuyén bude song ¢6 ban chat phan cap. Dicu dé nghia [a
mang dinh tuyén bude song <6 the duoe phan thimh mot s¢ khu vue. nhu mo ta trong
hink 10.70. nhiam d¢ 161 vu kha néing hoi phuc vactinh mé rong caa mang.

Théng bao su cd

Bich Bdo vé cac

ahanh BWR Ludng chinh

Ngudn

Hinde [O.70: Bo vé o6 the divoc mo ring

wher s phan chia mang dinht tuvén brede song thand nhic ving

Khi thuc hién co ¢hé bao vé nay. can phan biét gitia bio v¢ lién ving va trong
ving do mang duge phan thanh mot xa khu vue. Cée bo dinh yvén bude séng licn két
hai hoac nhicu ving dugc gol 10 Ho dinft mvén bude sone bicn BWR (Border
Wavelength Router).

Bao v¢ trong viing lién quan dén vice khoi phuc su ¢o hang héc trong ving bi anh
huong. Diéu niy ¢o the thuc hicn bang bao vé cuc bo (nghia 12 bang nit lan can su ¢6)
hodc bo dinh tuyén bude song bién irén luong dén nguon.

Bio vé¢ luong 1 dau dén cudi qua todn bo mang dinh twvén budic song ¢d thé xem
K hao vé lien viung.
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Nhu viy ta dd ¢6 dico kién khao sdt vé hai mang di¢u khién 1h mang diéu khién
chong lan quang IP tinh va mang dicu khién chong lin quang IP dong. Ngodi ra, con cé
mdng diéu khién ngang bang quang IP tich hop. Day 13 co ¢h¢ didu khién MPLS-TE
d¢ thue thi méng diéu khién dua trén 1P cho cic mang dinh tuyén bude song dang duoc
nghién ciu va phit 1nién ¢ mot vii noi. Kha nang cha gidai phip nay dang duoe can
nhice. Ngudi ta hy vong ring. bing vige sir dung MPLS-TE d¢ thue hién nuing didu
khien s¢ cho ra dugce khi nang cung cap luéng quang trong khoang thoi gian thuye qua
OTN va mang 1dp dich vu. Do MPLS-TE da dugc phdt 1rién viv Kicm tra trong mang
ATM, cho nén khong 6 su doi hoi vé vige phit trien giao thite dic¢a khién méi cho su
phor hop gitta cidc phan tr mang 16p dich v va cde phan (e mang 16p truyén i quang.
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CAC HE THONG THONG TIN QUANG SOLITON

Truyen dan Soliton dd duwge gidgi thi¢u vi phan tich trong {17, tuy nhién chua phan
tich mot cich siau sac vé he thong. Trong chuong nay s& mo i cic hé thémg thong tin
quang Soliton vi nhan manh d&n cde van dé vé vit 1y va thiet k¢ cna cdc hé thang niy.
S o mat cde “Soliton” trong cdc soi quang va viée st dung ching trong théng tin
quang dd duge noi dén wrnam 1973, v nam 1980 Soliton da duoe quan sit bang thue
nghiem. Tiém nang cua Soliton trong thong tin quang dudng dii di duoce kicm chimg
bang thue nghiem vio nam 1988 rong do suy hao soi duge b bang k¥ thuat khuéch dai
Rianan. Sutién bo ding ke trong Hnh vye ndy di dat dicge vao nhitng nam cua thap ky
1990, khi d6 ngudi ta da bicn doi cac Soliton quang thanh cic Soliton thue t& dinh cho
cie he thong thong tin quang the he sau. Mace di cho (61 nam 2002, cic hié théng thong
tin quang Soliton vin chua ¢6 mat trén thi truong nhung cic thir nghiém vé van dé su
dung Soliton di nam trong hoach dinh. Sau day ta ~& xem xét ¢dic hé thoug thong tin
quang Soliton.

11.1. CAC SOLITON SOI

Sured mat cra cdc Soliton so1 By mot he qua cua sy can bang gida tin sic van 16¢
nhom GVD vi tr dicu ¢hé pha SPM. i 2 yéu 16 nity déu gidi han chit luong hé théng
thong tin quang khi tic déng mat cich doc [ap 180 cde xung quang truyén trong sai. Su
phiun tich trong mue 2.4 di dé cap dén hicu biét trge quan xem su can bang ay ¢é thé
duge thict Lap nhur the ndo. Nhu dé ¢dp trong phan da. GVD da lam ma rong cic xung
quang trong i trinh lan truyén caa ching trong s¢i i khi ban dau xung da bi chirp.
Dic biet hon nita. mot xung da bi chirp ¢ thé duoc uén trong giai doan lan truvén dau
nen néu tham s6 van tée nhom A vivtham s6 chivp C nguoe daon nhan. do d6 S.C s& ¢6
gid ry am. Con SPM, xudt phat tir su phy thuoe caa chi xé chiél suil vio cutmg do, sé
sinh ra chirp déi véi xumg quang dé ¢cho C > 0. Do /A < 0 trong vimg bude séng 1,55 jun
nén dicu kién £C < 0 s¢ dé thod min. Hon nita. vi chirp do SPM phu thude cong suat,
nén dé dang thay ring dudi cac dice kién nhat dinh, SPM v CVD ¢6 thé ket hop vi
nhav theo mot phuong thiie sao cho chirp do SPM s¢ loai bo duoc su din rong xung do
GVD. Xung quang sau dé ¢o the lan truvén ma khong bi méo dang dudgi dang mot
Soliton.
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11.1.1. Phuong trinh Schrodinger phi tuyén

Vice ma ta todn hoce cua cie Soliton soi doi hoi dua ra 161 gidl cua phuong trinh truyén
sang trong mot moi truomg tin xa phi tuyvén. Phuaong phdp tép can don gian nhat 1 bat
dau biang phuong trinh lan truyén. dé [a phuong triinh (2-124), phuong tinh niy duoe
thoa min boi dudng bao xung bién déi cham A(z.#) khi ¢d mat GV viu bién déi no dé
¢O duge ca cde anh huong cua timh phi twuyén soi sinh ra SPM. Do cic soi silica ehi ¢6
tinh phi tuyén yéu sy thay doi cuong do phu thude chi s6 chiét sudl thudng vio khoang
< 107, cho nén danh huong cua SPM duge xét dén bang cich them mot he sé phi tuyén
vao vé& phai cta phuong trinh (2-124) dé phuong trinh nay tréy thinh:

dA dA i dA ], dA (x

— + f —+ =3, — = - :—E:Ejz'i,--ﬂ"'.-i—-—,% (-1
iz A ot ZIB' i ()B dt | 2

.- | - | ot <. R - ey g ) A : - N
Vol ¢ L suy hao sor, B =v_ véi v, 1 van toe nhém. . viv . 1 leong 1dn sac soi, v y

L thamy o phi tuyén duoe dinh nghia nhu sau:

2,

Y == (11-2)
AA

¢ ity 72 1 he 86 chi s chict sudt phi tuyén, A 13 bude séng quang va A, B dién tich 161
hicu dung. Cic tham s6 £ va ¥ s€ chi phol cde dnh huong coa GVD vi SPM niong ting.
Phuong trinh (11-1) mo ta hoan toan chinh xde sitién hod ca cde xung quang ngin 16i
5 ps. DAl véi ciie xung ngan hon thy ¢ic anh huong phi tuyén bae cao hon ciing can
duge xem xét. Phuong trinh (11-1) ¢6 the duoe s dung trong phim 16n cdc truang hop
thuc (&,

D& xétdén cde nghiém Soliton cua phuong triinh (11-1). daw tén diat =0 va 3 = 0.

beé viet phuong trinh (11-1) theo dang chudn hod, ¢6 thé dar:
{11-3

var T, L gid trn do rong xung. P, 1 cong suat dinh cia xung vi chi¢u di tin sac LD

duge xde dinh nhie sau:
L, = (11-4)

Do dé phuong trinh (11-1) ¢ co dang sau:

Al _ o lavu
! T - _\"{H(,B_. r"F') ' )T_‘

oS Ry

=0 (11-5)

+ .'"\'r ; iL
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voi sgn(fB) = +1 hoac -1 tuy thuoce vao gid tri £ 1a duong (GVD chuan) hoac am

(GVD di thuong). Tham s6 N duoc dinh nghia nhu sau:

NP =yhL, =T (11-6)

Nhu vay, N thé hién su két hop khong thi nguyén cua cic tham s6 soi v xung.
Phan sau s& dé cap dén v nghia vat Iy cua N. Bi¢u thic (11-5) duge goi la phiong trinh

Schrodinger phi tuyén NSE (Nonlinear Schrodinger Equation).

11.1.2. Cac Soliton co ban va Soliton bac cao
Phuong trinh Schrodinger phi tuyén NSE la mot dang dac bi¢t cua cic phuong
trinh vi phan timg phan phi tuyén ¢6 thé duge giai mot cich chinh xdc nho mot ky thuat
todn hoc duoc goi la phuong phip tin xa ngugc. Mac dit NSE ho tro cice Soliton cho ca
dang GVD thuong va di thuong. nhung céc Soliton dang xung chi duoc tim thay doi véi
truong hop tdn sac di thuong. Trong truong hop tan sac thuong (/3 > 0), cic nghiém ¢o
dang déc khong doi. Cdc nghiém nhu vay tuong Gng véi cic Soliton 16i d6 s& duge dé
cap trong muc 11.1.3. Chuong nay tap trung vao cic Soliton dang xung (sdng) la vi

ching duge su dung gin nhu duy nhat trong thong tin quang.

Cong suat

D6 léch tan so
D6 léch tan s

Thai gian

Thai gian

Hinh 11.1: Sirtién hod ciia cdc Soliton bae daw tién (N =1, phia beén trai)

va bac ba (N = 3, phia bén phat) trén mot chu ky Soliton
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Thong thuong dat w = NU 1 bién do chuin hod Tai vd viét phuong trinh (11-5)

theo dang chuan tic nhu sau [

Ju 1 du s
;'(,f:+-—-!+;u!‘u:(l (11-7)
s 2dt

vl gia thiet By < 0. Phuong trinh ndy duge gidi bang phuong phip tin xa nguee. Cich
giai chi tiét caa phuong phép ndy dii ¢6 trong mot sa sdch vé Soliton. Cie két qua chinh

cia né duoc 1om luge nhu sau. Khi mot xung vie ¢é bién do ban diu 1
0. T)=Nyeo ) (11-%)

duoe phat vie sot quang, dang ctiia né duy tri khong thay déi trong suat qud trinh Lan
truyén khi ¥ = 1. nhung lai theo mot dang chu ky véi nhimg gid trr nguyen N > 1 dé

dang dau vie & duge khoi phuc tai &= ma?2. v6i m 1a mot so neuyén. Xung qiang

~

twong tng voi N = | duoe goi la Sofiton co ban. Cic xung tuong 1\ing véi cic aid
nguyén khac cua N thi duoe goi la cic Soliton bdac cao hon. Tham 6 N (e hi¢n bic
cta Soliton. Chi ¥ rang &= =/L,, thi chu k¥ Soliton .. duoc dinh nghia la khoang cach

ma gua do cde Sohiton bie cao khot phue duge dang g6e ciia né. duoe viet nhu sau:
- =Ly e <
=L, = (11-9)

Chu k¥ Soliten =, v bac Solitonr N déng vai 1rd guan trong trong 1y thuvét Soliton
quang. Hinh 111 the hi¢n su tidn hod xung doi v6i cic Soliton bic 1 (N = 1) vy bic 3
(AN = 3) qua mot chu ky Soliton bang cich vé dang xung | 1ed 20 |2 {hang trén) v chip
tin 6 (hang dudi), duoe xae dinh [ dao ham thee (hei aran cua pha Soliton. Chi ¢6
Soliton co ban mdi khong bi chirp suot qud teinh lan truyén trong khi van duy i dang
cua no.

Nghiém wong dng vét Soliton co bin ¢ the the duoe bing cich glii phuong trinh
(L1-7) true ticp ma Khong can nha dén phuong phip tin xa nguoe. Gia st riing Soliton

ton tai ¢d dang sau:

it

vor 1 phat doc [ap vér £ doi van bidu thae (11-10) nhiun thé hién mot Seliton co ban duy

e

o) =V(t)ewplio(é )] (11-10)

1 dang cua né trong quid trinh lan truyén. Pha ¢ ¢6 (thé phu thuoe vio ci < va . Neéu
hicu thie (11-10) duoc thay vio phuong trinh (11-73 vi cde phan thue vit ao duoc tach
bict. thi & thu duoe 2 phuong trinh thue déi véi Vv ¢, Phuong trinh pha cho thay rang
¢ co the co dung S0 = K& vdi K 1 hang s6. Ham V(1) do dé s¢ thod min phiong
trinh phi tuyén vi sad bace 2 sau:
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dV , -
= =2V(K -V (11-11)
JdT° ’
Phuong trinh niy ¢ 1hé duoce giai bang cich nhan né véi 2647 va tich phin
theo © K&t gua sé U
f VY
LT )

1

=2KVC VP4 C (11-12)
vGi ' 1achdng s6 tich phan. Bing ciich st dung didu kign bién ma ¢i V¥ vi dVid 7 eé thé
[ .. . | JU . 3 e . . N . s ..
et tiéu L ‘ ri= 7. ~é tim duge ¢ = 0. Hing 50 K duge xdc dinh nho mot diéu kién
bien khiic 1a V' =1 vi JV/7= 0 tai dinh Soliton duge gia stv xdy ra i 7= 0. S dung
ching cho K = 1/2, va do do ¢ = 2. Phuong trinh (11-12) dé dimg duoe tich phan dé
thu duoc V() = sech( ). Do dé thu ducge mot nghiém “sech” déi vdéi Soliton co ban hing

tich phiut trye tiép NSE [ 14K, 149):
. T
u(g.r) = sech(T)exp l

(11-13)

Phuong trinh trén cho thiy ring xung (61 viie s& dat duoe moét dich chuyén pha &2
khi n6 Tan truyén trong soi, nhung bién do cta né viin khong thay doi. Chinh day la dac
tinh caa Soliton co ban khién cho né la mot dng o vien 1y tidng déi vai thong tin
quang. V& ban chat thi cic anh hudng cua tdn sic soi dieoe bl bang tinh phi tiyén soi
khiz tha nhat [ xung 161 vio ¢6 dang “see h™, vau thd hai 13 do réng va cong sudt dinh

cla o ¢6 quan he véi nhau theo phwong teinh (11-6) véi N = 1.

1.0 -

=1
w

Codng suat

10

-10
g

]
Thai gian

Culy

W Q0

Hinh 11.2:Sirtién hod ciia xung Gaunssian voi N = trén ving & = 0-10)

Mot dac tinh quan trong cua cic Soliton quang d6 1 chang rit on dinh déi véi cdc
nhi¢u loan. Do dé, mic dit Soliton ¢o ban doi héi ¢6 mot dang cu thé va mot cong sudt
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dinh nhat dinh tuong ding vé N = 1 trong phuong trinh (1 1-6), thi nd ¢6 thé duoc tao ra
ngay ca khi dang xung va cong suat dinh chéch khoi cdce dicu kién Iv tudng. inh 11.2
cho thay su ticn hod di duge mo pheng cua mér xung daw vio Gaussian trong do N = |
nhing #(0.7) = exp(-7/2). Nhu di thiy, xung di diéu chinh dang vii do rong cha né dé
tro thanh mot Soliton co ban vi dat duge mat et dang “seeh™ dai vaoi £>> 1. Tuong tu
nhu vay khi N khac [ Nghia 1a Soliton biac N ¢d thé duoge hinh thanh khi gid tri dau vao
cua N ndam trong khoang tir & - 1/2 dén & + 1/2. Dac biét. Soliton ¢ ban ¢6 thé duac
kich thich dor vér cae gid trn caa N trong khodng 0.5 dén 1.5,

Nhin chung. nhimg su khace biét nho tir cic dicu kién 1y (wong khénga gay hai doi
val su lan truven cua Soliton vi xung diu vio ¢d the diéu chinh cde tham sé caa né dé
tao nén maot Soliton ¢o ban. Mét phan nang luong xung nio dé <& bl ma di trong giai
doan thich tng dong theo dang cic séng tan xa. Phian saw sé cho thay rang cic song tin
xa céanh huong dén dac tinh ¢ thong va can duge giam (61 thiéu hang cdch dung hoa

cde dieu kien diu vao cing gim vai cic diéu kién Iy tudng cimg 161,
11.1.3. Cace Soliton téi

Phuong trinh Schrodinger phi tuyén NSE ¢6 the duge giai biang phuong phap tin
X ngugce ngay cd trong trudng hop tin sac thuong. M cat cudng do cta cac nghiém 1a
mot dip (¢hd hin) dong dang. day ladip kKhong thay doi trong qud trinh lan truyén trong
soi. Vi ly do ndy ma cic nghiém dé cita NSE duoce goi 1a cac Sofiron 167 Mic di cac
Soliton 101 duoe phit hién vio nhitng nam 1970 nhung chi dén gin day ching mai duoc
nghien e, Phin ndy s& mo i céde die tinh cia cae Soliton 161, nhan manh (6i nhiing
dicm khac biét so véi cic Soliton sing.

NSE mo ta cic Seliton toi thu duge tir phueong trinh (11-7) bing cich doi diu cta
O hang thi hai. Phuong trinh nay ¢é thé duoe gidai bang cich dua ra thanh dinh dé mot
nghiém theo dang cua phuong trinh (11-103 va di theo tign trinh duge d¢ cap trong muc

F1.1.20 Nghiém 1ong thé ¢d thé duoe viér nhu sau:

i

i (8T = (nranhc—ix)exp (!'H,:.,;) (1i-14)

v s=n(t—x&). n=r,cosQ. K =i, 510 {(11-15)

i1, 1a bien do cta nén CW, ¢ I gée pha trong ndm trong khoimg 0 < ¢ < n/2, v 7 va &
(wong tng la bién dé v van toe cua Soliton 161

Mot diem khic nhau quan trong gifta cic Soliton 161 va sdng 14 van toe & cla
Soliton to1 phu thude vao bien do 5 cita nd thong gua gde pha trong ¢ Véi ¢ = 0.
phuong trinh (11-14) gidm 6t 14 & 1) = wtanh(u, Dexplir ,£). cho thiy ring cong sudt

Soliton giam dén O tai trung tam cua dip. Mat Soliton nhu vay duoce coi 1a mot Soliton
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tor. Khi ¢ = 0. cudng do khong giim dén O 1ai trung 1am dip: cic Soliton dé duoe goi la
cite Soliton xiam. Thong thudng nguoi ta dua ra tham 6 d6 101 B. né ¢o lien gquan dén
goc trong ¢ nhu sau B = cosgh. Mot dic tinh ddng quan tam khdce cia cice Soliton 161 12
mat cit pha cua chimg, Trdi véi cde Soliton sing ¢6é pha khong thav doi, pha cta cdce
Soliton 161 thay doi theo do rong cea chung. Hinh 11.3 cho thiy coong do vil do doe pha
dot voi mot 56 gid tri cua @, Doi vai Soliton 161 (¢ = 0). su dich chuvén pha 7 xay ra tai
chinh trung tam cua dip. D1 véi cie gid i khde cia @, pha thay doi dén mot luong m - 24
Cic Soliton 101 duoe quan sidt bang thue nghiém bing cich sir dung cic xung
quang tuong do1 rong ¢d mot dip hep tai trung tam cta xung. Qua cic phép mo phong
bang so Héu [ 1501, ngawi ta dd cho thay rang dip trung tim ¢4 thé L truyén nhue meél
Seliton 11 trie phin nén khong dong bo vai didu Kign 1 cuomg do nén phaii khong thay
dol trong vimg lan can ctia dip. Cice Soliton bac cao kKhong theo dang ticn hod ¢d chu ky
nhu di cho trong hinh 11,1 doi véi Soliton sdng bae 3. Tir cic kél gua bang s thu duoc
bang cich giit NSE vdi diéu kicn ban dau (0. 0) = tanh( 1) cho thay ring doi voi N > 1,
xung 1o vio tao thinh mét Soliton 181 co ban bing cich B hep do rong cia né dong

thot phong ra mét vai cap Soliton 161,

1.0
p=3=i8
08
\J:T. h=w=i4
06} o
g ==i8 e
é 04— g
02— $=0
0.0 | |
-4 -2 0 ) 4
Thdi gian Thai gran
a) Cudng da b} Mat cat pha

Hindt 11 3: Cde Soliton 167 doi voi nliing gid i phe trong ¢

(6 thé tao ra Soliton 161 bang mot sé giai phdp k¥ thuat nhu ap dung diéu ché dién
we s mot nhanh cua bo giao thoa Mach-Zchnder; bién déi phi tuy&n maét tin hico phéach
trong soi tan sie gidam, bién déi tin hicu NRZ thinh tin hieu RZ vi sau d6 thanh cic
Soliton 10i bang cich sit dung bo giao thoa Mach-Zehnder cian bang. Trong mot thuc
nghiem nam 1995, ngudi ta da thue hién phadt mot tin hieu 10 Gbit/s gqua 1200 km nhi

cic Soliton to1. Khoang cdch fruyén dian do bi gidgi han bot tinh khong déi xing ciia
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Soliton tai bat nguon i ddp dng thai gian cua mach dién W duoe s dung dé tao ra
ching. Ngoli ra, cd mot sO nghicén ciu di dua ra cie nguon phiit ¢é kha ning tao ra mot

chudi bit Soliton toi ¢6 do thay doi do rong va bien do nho.

11.2. HE THONG THONG TIN QUANG SOLITON

Qua khao st ¢ trén ta thay rang Soliton rdt hip din d6i v6i thong tin quang vi
chiing ¢6 kha nang duy ui do rong cua chiing ngay ci khi ¢d mit tdn sic soi. Tuy viy,
viée st dung ching doi hoi nhitng thay doi déng ké trong thidt k& hé thong so véi cic he
thong thong tin thong thuong khong st dung Soliton. DE 1am ro vin dé niy. sau day s&
[& phan nod1 dung thao ludn mot sd khia canh ¢6 Lién quan (61 viée tao ra ciac hé théng
thong tin gquang Soliton bao gom sy truyén dan Soliton, tuong tie Soliton, phit Soliton,
khuéch dai Soliton.

11.2.1. Truyén dan thong tin bang Soliton

Nhur biét rang ¢6 hai dang didu ¢hé khic nhau ¢d thé duoe sir dung d¢ (ao ra mot
chudi bir sa, nhu da phin tich trong chuong S. dang NRZ. 13 dang thuong duoe su dung
do bang tan tin hiéu cta né chi nho bang 50% so véi dang RZ. Tuy vy, khong the sir
dung dang NRZ néu Soliton duge dung nhu cic bit thong tin. Cé mot 1y do rit dé hiéu
14 do rong Soliton phai bing mat phian nhé cia khe bit dé dam bio rang cic Soliton gan
vhaw 13 hodn 10an tach biét véi nhaw. VE mat 1odn hoc thi phuong trinh (11-13) ctia NSE
chi diing khi né chiém toan bo clra s thoi gian tir| 7| — oo, Phuong trinh nay van gan
ding cho chudi Soliton chi khi cic Soliton riéng 1¢ duoe hoan toan cich 1y vdi nhau.
Yéu cin nay ¢6 the duge st dung dé bieu thi méi quan hé giita d6 rong Soliton T, v toe
do bit B nhu sau:

| }
B=—= (11-16)
£, 24,

vl T, Ta kKhoang thoi gian cua khe bit va 2¢, = T,/T, 12 khoang cich gita cic Soliton

gan nhau. Hinh 11.4 mé t3 mot chudi bit Seliton ¢6 dang RZ.

Solitan

= 1/B

L

CT

Hinhv 114 Cham bir Soliton dang RZ
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Ciie dae tinh coa xung 161 viw can thiét d¢ kich thich Soliton ¢o ban ¢6 thé dat
duge bang cich dat &= 0 trong phuong trinh ¢11-13). V& mat vit Iy tht bién do cia
xung duoc cho nhu sau:

i

A1) = P sech]

; (11-17)
|1,

Cong suat dmh P, thu duge tr phuong trinh (11-6) bing cich dat & = 1 vi né lién

quan dén do rong xung T, v cice tham so soi nhu sau:

Tham 56 d6 rong 7, duge sir dung dé chuin hod ¢6 lién quan 16i toan bo do rong

tat mot na cue dai (FWHM cua Soliton nhu sau:

T, =21, In(1+2) = 1.763T, (11-19)

Nang lugng xung dor v6i Soliton co bdn s& nhan duoe khi st dung bi¢u thic sau:

E. = j A0 ar=2pPT (11-20)
Gia su rang cdc bit “1” va "0 xuat hién tuong déi déu nhau 1hi cong sudl trung

binh cua tin hiéu RZ tro thanh nhe sau:
— B P .
P=F —= . (11-21)

2 2y

Lay mot vi du don gian. 7, = 10 ps doi véi mot hé thong Soliton 10 Gbit/s néu ta
chon v, = 5. FWIHM cua Soliton L vio khodng 17.6 ps khi T, = 10 ps. Cong sudt dinh
cua xung 16i vio 1a 5 mW vai 3, = -1 ps/km viry = 2 Wkm 1i gid wi dién hinh déi voi
cde so1 dich chuyén tin sic. Gid tri ndy ctia cong suit dinh luong tng vé mol nang

lwong xung 1a 0.1 pJ vi mide cong sudt trung binh chi ¢d 0.5 mWw.
11.2.2. Tuong tac Soliton

Do rong xung 7' 1a mot tham s6 thiél k& quan trong ctia hé thong thong tin quang
Soliton. Nhu dii noi ¢ tren, moi xumg Soliton chi chim mot phin cia khe bit, Trong
thue 1&, nguoi t mong mudn x&p cie Soliton cang chit cang (6. Tuy nhién, su ¢6 milt
cui cde xung trong cic bit gan nhau gay nhidu loan dén Soliton don thudn Ia do rudmng
quang k&t hop khong phai 1a mot nghiém ciia NSE. Hién tuong niy duoc goi 14 su

rneong rac Soliton v da duge nghién ctiu rong rij trong then gian gan day. C6 thé hiéu
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sif lién can cua twong tde Soliton bang ¢ich giai phtrong phip s6 NSE vai bien do loi

vao gdm mat ¢ip Soliton sao cho:
w(O0, ) =sech(t—qg, )+ rsech [_: (T+q. )j’(‘.t‘p (i) (11-22)

vt 1 bien do tuong dér cua 2 Soliton, @la pha tuong daén, va 2, [a do phan cich ban
dau (danh dinh). Hinh 11.5 cho thay sy tién hod cha mat cdp Soliton ¢é dé phan cdach 14
¢, = 3.5 doi vot mét vad gid i cla tham so » vic @ RO ring rang sy tuong tde Soliton
phu thuoe it nhicu vio ¢d pha tiong doi v ty 1€ bicn do 1

Hiy xem xét trudng hop cic Soliton ¢6 bién do bang nhau (= [). Hai Soliton s¢&
hut (hay con goi la hap dan) Tain nhau trong truong hop trong pha (6 = 0), do viy chiing
va cham theo chu kv doc theo chicu dai soi. Tuy nhién., doi véi ¢ = 7/4. cde Soliton s&
tich bi¢t véi nhau san mot giai doan hit ban ddu. D61 véi 0= /2, cic Soliton s& diy
manh hon, vit khoidng cdch gifta ching s& ting theo chiéu dai soi. Theo quan diém thi&
k¢ he thong, thi diéu ndy 12 khong thé chap nhin duge. N6 ¢6 the dan dén sinh ra Jitter
trong that gian di chuyén cia cie Soliton. vi pha twong déi cda cdae Soliton gan nhau sé
khong tigp tue duoge kiém soit. Co mot cich dé tranh su twong tie Soliton 1 ting ¢, vi
siemdé rong trong tde phuy thude vao khodng cich Soliton. Khi ¢, dua 16n thi do chéch vi
i Soliton hy vong s¢ di nho dé Sotiton d6 duy tri duge vi trf ban dau cia né trong khe
bit treng sudt ey ly truyén dan.

Su phu thuoc vio do phan cich Soliton ¢, ¢6 thé dugc nghién clu bing phuong
phip tin xa nguoc. Véi ¢, >> 1 thi cé thé st dung cdch tiép can xdo tron. Trong trudng
hap diac bigt véi v = 1 va = 0. dé phan cich Soliton 2¢, tai bat ky khoang cich & nio

cung s¢ duge cho nhur sie

2 :’_\';J[Z(_q‘ -, ]} =1+ (‘05‘[4@ exp(—y, )J (11-23)

Moi quan hé nay cho thiy rang ¢ (&) thay déi theo chu ky doc chidu dai soi véi

chu ky dao dong La:

(7
S, :ngi’-\}f?(fh.) (11-24)

Két qua nay dang vén ¢, >> 1. Hay chinh xic hon, vot ¢, tuy v, th no dirge cho boi:

_ myinh (2¢, )cosh{q,)

(11-25)

JI

i
!

2¢, +sinh(2q,,)

Biéu thie (11-24) rit chinh xde déi véi ¢, > 3.
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Hinh 11.5: Sictién hod ciia cap Soliton trén 90"
do dai tan sac mo td s anh hiong ciia tuong tdc Soliton cho bon cach

chon ty 1¢ bién do r va pha tiiong doi 0

Hinh 11.5 la dong thuan véi biéu thic (11-24) cho truong hop ¢, = 3.5. N6 ¢6 thé
duoc su dung cho thiét ké h¢ thong nhu sau. Néu & L, 16n hon nhiéu so véi tong khoang
cich truyén dan L, thi tuong tic Soliton c6 thé dugce bo qua do khoang cich Soliton ¢é
thé chéch chit it so v6i gid tri ban dau cia né. Poi véi ¢, = 6 thi &, = 634, Chicu dai tan
sac dién hinh 16n hon 100 km. Do d6 L, << &L, ¢6 thé van ding déi véi L, = 10000 km.
St dung L, =17, /| g.| vaT,=(2Bg,) - 1 tir phuong trinh (11-16), diéu kién L, << &L,
¢6 thé dugce viét theo dang chuan thiét ké nhu sau:

3 Tex ]
B'L, <« Felan) (11-26)

3‘.’6 Bz'
DBé minh hoa, chon A, = -1 ps’/km vi phin 16n cic hé théng thong tin Soliton déu
st dung cdc soi tdn sac dich chuyén. Phuong trinh (11-26) do dé cho thiy rang B°L, <<
4,4 (Tb/s)*.km néu st dung ¢,= 6 dé trinh tuong tic Soliton.

Khoang cdach Soliton tuong doi I6n dé tranh tuong tic Soliton s&é gidi han toc do
bit cua cic hé théng thong tin Soliton. Khodng cich dé ¢6 thé giam t6i hé s6 bang 2 néu
str dung cdc bién do khong dong déu doi véi cic Soliton gan nhau. Nhu trén hinh 11.5,
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do phan cich doi vét 2 Soliton trong pha (in-phase) khong thay doi hon 10% dér vdi

Khodng cich Soliton ban dau nho ¢ ¢, = 3.5 néu bién do ban dau cia ching chénh
nhau 10% (r = 1.1). Chu ¥ rang cong suat dinh s¢ ¢hi ¢hénh 1ech 1% so vér wid i Iy
wong cua né wong ung vor N = |.Do nhing thay dor cong sndat dinh nho nhu vay
khong anh hudng dén ban chit Soliton cua viée lan truyén xung, cho nén ¢ the trién
khat duoce trong thue 1€ va né ¢é thé it hitu ich cho viée ting dung luong hé théng.
Vice thict k& cac he thong nhu vay tuy nhién lai doi hoi phal quan 1am dén rat nhiéu
Ve Lo chi tiét,
11.2.3. Chirp tan so

Dé Lan truyen nhu mot Soliton ¢o ban trong so1 quang. xung dau viio Khong chi ¢o
ding "sech” miv con phad i dang khong chirp. Trong rdt nhi¢u ngudn xung quang ngan
déu ¢o chirp tin s&. Chirp ban dau ¢d the 2ay hai dén su lan truyén Soliton, don gian chi
vi 1o ¢ anh hudng dén su can bang chinh xdc gitra GVD v SPML

Anh huong coa mot chirp tan s¢ ban dau ¢ thé duge nghién ctiu bang cich giil

phuong trinh (11-7) véi bién do 161 vio:

[ O
u((l,r):.\'(’r'h(‘f_‘](’.\'p! #J (11-27)
L =
vol (L tham so chirp dit dé cap rong chuong 2. Dang bic har caa Dién pha 8¢ twong
dng vdn chirp ta O wvén tinh sao cho tan 6 quang s¢ tang theo than gian (up-chirp)
doi vl ciac gid tri C duong. Xung lie diu bi nén chi véu do chirp duong: su nén ban
diw xay ra ngay ca khi ¢6 c¢de anh huong phi tuyén. Sau dé xung bi dan nhung cudi
cling lai bi nén Lan thir 2 vai cie douol xung dan dan tich ra tic dinh chinh. Hién tirong
tromg e nhuw viy Xay ra vl cde eid tri C am, nhung khéng xay ra sy nén ban dau trong
triding hop nay. Ngudi t mong mudn tao ra cie Soliton doi véi cic gia tri | Clnhé v
cae Soliton nhin chung ril 6n dinh déi v6i cdce xido tron y&éu. Nhune xune 16i vio khong
phit tridn thanh mot Soliton khi | C 1 1dn hon mét gid tri 161 han C_.. Gia tri 161 han C,
cta tham sa chirp ¢é thé dat duoe nho dp dung phuong phdp tdn xa nguge. Gia tri nay
phu thude vio Novar N = | thv C_ = 1.64. Giad tr1 nay con phu thuoe vao dang cia hé
s pha trong phuong tinh (11-27). Theo quan diém thiét k& thi chirp ban dau ¢é thé
dwoc 161 giam d&n mide ¢o6 thé. Pidu nay I rdt cin thiét vi cho di néu chirp khong gay
hai g1 doi voi bidu thie |Ci<C, thi mdt phin cua nang luong xung chng bi toa ra nhu

Ciit
cae song tin xa trong sudt g trinh nén hinb thanh Soliton.

11.2.4. Cic bo phat Soliton

e

Cdc hé thong thong tin quang Soliton doi hoi mat nguon quang ¢é kha nang sinh

ra cde xung kKhang chirp ¢d ps véi toe dé ap cao va dang xung cing gin véi dang “sech”
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cang (61 Ngudn nay can hoat dong trong ving bude séng gan 155 wm. not suy hao soi
thap nhit vi Lnoi cic EDFA <6 the duoe su dung dé¢ bl suy hao soi. Laser bin din
thieong duvoce ding cho cde hé thong thong tin quang thong thudng ciing [ mot hea chon
ngaon phit dai vai cie hé thong Soliten.

Nhitng thi nghicm ban diu v¢ vuvén dian Soliton did st dune kv thuat chuyén
mach khuéch dai d¢ tao ra cic xung quang ps trong khoang 20 @ 30 ps hing cich dat faser
dudt ngudng vi bom nd 1&n trén ngudng nay theo chu kv nho cie sung dong. Toc do
tap duoc xdce dinh ban tan <o cua dicu ¢che dong v thuong (e 1 = 10 GHz, Co mot van de
trong k¥ thuit chuyen mach khuech dai [ cie xung duoe phat bi chirp do nhimg thay
doi ehi s¢ chidt sudt do song mang bi ¢hi phér boi véu 16 lam tane hing tan .. Tuy
nhién. xung dugc e ra ¢d the gan nhu khong chirp néu duz néd qua mdt soi quanyg ¢
GVD thuong (£ > 0) dé uén xoung lai tai ctng thai dicm. Co chd nén co thé duoe hicu
trong mue 2.4 vivchad v oring chuyén mach kKhucch dai sinh ra cic xung ¢é chirp tan so
st cho tham so chirp € ¢d i am,

Cac taser ban din kKhoit mode eting thich hop doi vdi ciac he thong thong tin quang
Soliton vi thueng diege Tua chon [ do chuon xung khoa mode duoe phat 1 cie laser nay
gan nhu khong ¢ chirp. Viée khoi mode tich cire nhin chung duge st dung bang cich
dicu ¢h& dong Taser 1al mor tan sa¢ biing véi do chénh 1¢ch tn s¢ gita hai mode doc
canh nhau. Tuy uhién, ricng mot laser bian din ¢6 chic¢u dai hoe cong hudng twong doi
ngan (thuong 10 0.5 mm hoic nho hon). do d6 ¢6 Gin so didu ché Ian hon 50O Gz Cau
hinh hoc cong hudng ngodd thudmg duoe s dung dé Fun ting chidu dit hoe viviam giim
tan so dicu ¢hé. Trong thue &, doan dudi soi quaing duoe gin ¢o dinh vio bo phit guang
dirge st dung d¢ o ra hoe cong hucng ngoli bang cich khic vao cich tr sav chirp.
Vice s dung cdeh ta sotr chirp (xem muc 9.6.23 <& cho do on dinh budc séng khoing
0.1 nm vrong khi van duy 1 co chd w dice huong nhim cho phép khoi mode laser trén
dat rong cua tan sa dicn ché. CG thé sodung bo i nhiét dién dé di¢a hudng bude séng
hoat dong trén mot khoing 7 nm bing cich thay doi bude cich wr Mot nguon nhu viy
s¢ sinh ra cdc xung giong Soliton ¢ do rong ¢ 20 py i mot e do fap 1dn ed 10 GHY
v dang duoe s dung trong nhicu he thong truy e dam thua nghidm.

Mat han ché chinh coa ¢de laser ban dan cong huong ngodu nay smh e chinh ban
chit lai ghdp cua ching. Trong thue (¢ sir dung ciie nguon don khor sinh ra cie xung ps
duoe wa chuong hon, Co mot vii gial phip duoe diing dé tao ra cde ngudn nhu vay. Céc
Laser bt dan don khoi ¢d chieu did hoe cong huong khoding 4 mm co the duoe khoid
mode tich cue nham o ra mot chuoi xung 10 GHy. Vide khod mode thu dong cia laser
DBR don khoi @ tao ra duge cie xung 3.5 ps tai toe do Lap 16 40 GHz. Bo dicu che hiap
thu dién. diroe tich hop v mot laser ban din. clng <& 1 mot giai phap lua chon npuén

thich hop. Céde bo phiat nay thuong duge su dung cho cde hé thong thong tin quang,
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thong thuong (Khong phai {a cic he thang Soliton). Ching ciing ¢6 the duge sic dung dé
a0 1 chuoi xung nho bin chit phi wvén clia dip ung hap thu cua bo diéu ché. Cic
xung khong ¢o chirp vai do dii 1O d&n 20 ps tai toe do lip ¢d 20 GHy cung di dugc tao
ra bing ky thuat niy. Nam 1996, toc do lap cua cdce laser tich hop cling bo dicu ¢he nhu
vay di duge can thién Ién 50 GHz. Hiéu tng him luong (o Stark trong bo dicu ché da
gicng lugng 1 cling ¢d the duoe st dung dé tao ra mot chudi xung phi hop véi truyén
dan Soliton.

Ciie laser soi khod mode cling ¢6 the i sy tua chon cho cic nguén ban dan mic
di cde cic laser ndy vin can mot laser bin dan lam nguén bom. Nguoi (o dit EDFA
trong mot Fubry-Perot (FP) hodc hoe cong huong vong dé tao think mot laser sgi. Ca
hai k¥ thudt khod mode tich cye va thu déng déu di diroe s dung dé tao cic xung
quang ngan. K§ thuit khod mode tich cue doi hoi didu ché tal mot hal bic coo cua
khoang cdich mode doc do chi¢u dii hoe cong huong twong déi I6n (hon T m) thuemg
duge st dung cho cie laser sot. Cic laser soi khod mode theo hii nhu vay su dung bo
dicu ch¢ trong hée LiNBO, vi diil duge ding trong mot ~6 ihi nghicm ruvén dan
Soliton. Bo khuech dai laser ban din ciing ¢6 thé duoe sit dung cho khod maode tich cue
dé tao ra cdc xung ngin hon 10 ps tai to¢ do tap cao ¢d 20 GHz. Cdce laser soi khod
maode thy dong hode s dung hidt bi da giéng luong 1 hoat dong nhu mdt bo hap thu
bae hoa nhanh hoac su dung tinh phi tuyén soi dé 120 ra cic dich chuveén pha dua vioe
b0 hip thu bio hoa. Toe dg lap cua cde laser soi nhu vay tieng doi thap va rat kho diéu
khicn khién cho ching thutmg khong thich hop v6i ciac hé théng Soliton.

Trong mot phuong phip nita, nguoi ta st dung dinh dang xung phi tuyén trong sai
tin sac thay dor dé tao ra mot chudi cdc xung cue ugin, Y twong ¢o bian 13 phun mot
chiom CW da duge dicu ché yéu dang sin vao loai soi dé. Anh huong ket hop ena GVD,
SPML vii tdn sac giam nham bién doi tin hicu di duge di¢u che kinh sin thinh mot chudi
Soliton cite ngan. Toe do 1ap cua cie xung nay duoe chi phai bdi tan s6 cua diéu chd
hinh sin ban dau cue ngan, thuong duge tao ra nhe su va cham hai tin hicun quang. Hai
laser bin dan DFB hoac mot laser soi hai mode cé thé duoc su dung cho muce dich niy.
Nam 1993 k¥ thudt ndy di din dén surphdl rién cia laser sot tich hop ¢d kha nang tao
ra mot chudi xung Soliton 1ai 16¢ do 1ap cao nhoy sir dung mot do dée tan sae hinh rang
leoe hang cich hin cde doan sgi ¢6 tdn sic cao v thip v nhaw. Laser sgi tin so kép
dugc st dung dé tao ra 1in hicu phich vl tao ra mat chudi Sofion 2.2 ps tai tée do lap
39 GHe.

Mot phuong phap don gian dé phat chudi xung dicu ¢hé pha o 180 ra thu duoc tir
mot laser bin dan DFB dat trude mot bo loc bing thong quang. Viée dicu ché pha tao ra
cac biang bén FM ¢ ¢a hai ben cla tin s¢ mang, v bo loc quang s¢ lua chon cae bang

ben trén mot phia cua séng mang. Thiél bi nhu vay s& tao ra mot chuoi xung on dinh ¢6
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do rong ¢6 20 ps tai mot o do lap duge diéu khién bang b dic¢u ¢h¢ pha. Thiét bi nay
con ¢ the duoe st dung nhu mot nguon bude song kép nho loc cic bing ben o ca hai
hén clia tan 6 mang. véi khodang cich kénh dién hinh [ khoang 0.8 nm tal bude song
aan 1.55 wm. Mot k$ thudt don gian khde thi lgi s dung mot bo diu ¢hd Mach-
Zehnder dioe didu khién bai mot chudi dit licu dién 1 ¢é dang NRZ nhiam hicn doi dau

ra CW cua mot Laser DEB thanh mot bit quang ¢é dang RZ.

11.2.5. Dan xung Soliton do suy hao

Nhu di biét ring edc Soliton st dung tinh phi tuycu soi d€ duy i do rong cua né
neay ci khi ¢cd mat dn sae sol. Tuy viy, dac tinh nay chi @it dude néu suy hao sl
khong ding ké. CO the nhin thiy rang sy suy giam nang luong Soliton [ do suy hao soi
¢ the din dén sudan Soliton do cong suat dimh giam fam yCu di hien dng phi tuvén can

(hiél dé chong lai GVD.

70
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Lo 40 - / " Tuyén tinh
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Hinh 116 S ddn Soliton trong sot o6 sy hao dot vai Soliron co bdn

Suy hao soi duoe bao gom rong s6 hang cudl cung trong phuong trinh (11-1).

Vigt dudi dang chuan hod thi NSE ¢6 dang nhur saus

i 1o g /
;”j +——(_ ff +‘u|'u:——ru (11-28)
Jd;  2dT 2
: of;
Vi =L, =" (11-29)
B

the hicn suy hao sot qua mot do dii Gin siic. PDoi vdi 17 << 1,80 hang codn cling ¢6 thé

diroe xem nhue mot nhicu loan nho. do do cd diap s6 xap x1 nhu saus
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Y
w(&.7) = sech[ exp(=TE) T Jewp {(ﬁ)[l —eap(-2 r;)ﬂ- (11-30)

J

Theo dang do rong tin hi¢u 161 ra T, do rong Soliton tang theo ham ma nhar sau:

T(E) =T, exp(1E) = T evplacs) 013

Su tang theo hiim mid cta do rong Soliton khong thé hy vong di duge cic khoiang
cach dai tuy y. Hinh 11.6 cho thay hé s6 gidin 7747, 1a mot him ¢t & Khi Soliton co ban
duge phal vivo soi ¢d /7= 0,07, Duong nét dut trong hinh 11.6 1 su didn xung Khi ¢6 mit
cde méu tdng phi tuyén. Can chd v ring sy gidn Soliton nho hon nhiéu so véi truong hop
tuyén tinh. Do d6, cie hicu ting phi tuvén ¢ thé ¢ lo1 do1 voi cic e thong thong tin
quang ngay ca khi cdce Soliton khong the duoce doy i hoan hao do o6 siy hao sor.
Trong mot 56 nghién citu cho thav st dung ciie Soliton bic cao ¢ the ting khoing cich

tram Lip 1én gap hon 2 lan.
11.2.6. Khuéch dai Sotiton

Corche khudeh dai Soliton don gian nhit 1hé hien trén hinh 11.7a) cang oiong nhu
cor ¢h¢ khuéeh dai duve sir dung cho cde he thong thong tin thang thuong. Bo khuéch
dai quang duoc dit theo chu ky doc tuyén soi. viu do khuéch dit cua no duoc di¢u chinh
sao cho suy hao soi gitia hai bo khuéeh dai duoe bi bimg do khucch dai cta bo khuéeh
dwi Tham 6 thiét ke quan trong [0 khoang cich L, gifa cic bo khudch dai. khoang
cich ndy cang Idn chng (6t dé ¢6 the gidam duge tong chi phi. Do véi cic h¢ thang
thong tin quang thong thuong. £, thusng khoing 80 = 100 km. Doi véi cic hé thang
Soliton. L, duge gidi han 161 cde gid (i nhé hon nhidu. Ly do la cie bo Khuech da
quang lam tang nang lugng Soliton (61 bing miic diu vio khi qua mat khoang cédch
twong doi ngan ma khong cin khoi phue din déin Soliton ¢ ban. Soliton duee kKhuéch
dai s& dicu chinh do rong cia n6 theo ting dogn soi ngay sau bo khuéeh dai quang. Tuy
vay. né ¢ lam mat mét phin nang luong cia nd do cde sOng 1an xa trong qud trinh diéu
chinh nay. Phan nang luong tin xa niy ¢d thé tich luy thinh cic mdc it Ion khi di qua
nhicu ting khuéeh dai, va cin phat duoe foai bo. Mot phuong phip gidm phan nang
luong tin xa 1 giam Khodng cich bo khuéch dai L sao cho Soliton khong gay nhidu
loan nhi¢u qua khodng cich niy. Mot sd thi nghiem moé phong di cho thay rang day
chinh [ctrudng hop L, bang mot phin nho cua chidu dii tdn sie (L, << L) Chieu daj
Lin sac L, phu thuoe vio ca do rong xung T, vir tham s6 tan sac van 16c nhém £ v né
¢S thé thay doéi tir 10 dén 1000 km tuy theo cic gid 1 nay. Thone thuwong thi L, nho
hon SO ke doi vai ede he thong 10 Ghitss howt dong tai 1.55 pm st dung sai thong thuong.

Mot co che khuéeh dai khiic 12 s dung k§ thudt khuéch dai phin bo rong do cic
Soliton duge khuéeh dai ngay trén cung mot tuyvén truyén dan. Tin xa kich thich Raman
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(SRS} da duoe sw dung 1ty nam 1985 cho muc dich niy. Khatch dai phan bd con ¢6 thé
dat duoe bing cich pha thanh phan dat hicm nhoe Ecbivm. Trén hink 1170y 1 Mot so do
khucch din phan bo trong d6 cie laser bom theo dinl k¥ thue hicn phit dGnh sang CW
theo ca han huong nha cic bo ghdp soi WDM. Bude song bom duac chon sao ¢ho no ¢6
1the tao ra do khudéch dai tai bude song tin hiéu. Do do khuceh dai duoe phan ba trén
toin bo chicu dai soi cho nén cie Soliton ¢ the duoc khucéeh dai timg doan nhiét theo
cach nhu vay dé N duge duy i gan bang v6i gid tri dau vio N = | khi van ¢é suy hao
o1 Thi viy. ncu do khuceh dai bang vl suy hao sgi G mol dieém ben trong soi thl N
viur bing | v Soliton ¢6 thé wy duy 1l voi khoing cich dai v v, Dido kién nay khong
duge thod min wong thire (¢ bot vi cong sudt bom khong phai 1chiang <o ten doc tuvén
SO {cong suidt bom cling bi mat mdt doc tuyén). Khoing cich tram bom £, phu thuee
vae say hao xo1 tin buse song bom va vio khoang nang lugng Soliton duoce phép chénh
Icch so vor gty diw vio cia nd. Tieu bica i gid i LA = H) = 50 km néu ning luong
Soliton duge phép chenlulech 20% so vér gidirg dau vao, Tuy vy, L, ¢o the 1an hon £,

dicu niy tridi nguoe vai co chd khuceh dai 1ién tue vai £, << {

g

Khugch daw quang Knuézh dai quang
boT, : Z Z' ‘ @ K.
; a ‘
Bam B ghap
Coupler
R b
/\ 'I | II _
1\ W) =]
[}

Hinh 117 S dung khoéch dai déba suy hao soi trone e thong Soliton

Nhitng thi nghiém dau tien vé khuéch dai Soliton di tap 1rung vao co ¢hd khuceh
dai Raman. Nam 1985 nguot ta dd tién himh mot thi nghicm v thav rang suv hao o
quat 10 ki ¢6 the duoe biv bing do khuceh dai Raman trong khi vin duv trd duoe dé
rong Soliton [151]. Thi nghigm nay dd st dung hai laser mau trung tim. Mot laser tao
ra cde xung L0 ps tar 1,56 pm, cde xung nay lan truvén nhu cac Soliton co bin 1rén soi
dan 10 ki Jaser con lai hoat dong lén twe tai 1.36 pm vi déng vai 110 nhu mat bom dé
Khucch dui cie Soliton 1,56 pum. Khi khong ¢6 do khuéch dai Ran.an thi Soliton bj dan
khoiang 50% do ¢6 suy hao. Lugng dan no nayv tuong thich véi phuong trinh ¢ 11-303,
phuong trinh nay du dodn ring T'/7, = 1.51 vai 7 = 10 km viv = 018 dB/kn. cdc gid

i nay cling dd duoe su dung trong thi nghicm. Khi cong sudt bam khodng 125 mW thy
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do khuéch dai Raman 1.8 dB s& bl suy hao soi viv xung diau ra gdn nhu giong véi xung
Jdau vio.

Sau mdy nguoi a cling di ticn kanh truyén dan Soliton qua 4000 km bing co ché
khuéch dai Raman. Thi nghi¢m nay st dung vong s¢i 42 km c6 sy hao duoe bit bing
cach phiit dnh séng bom CW 1l mot laser mau trung tam 1 46 um. Cie Soliton duge
phép Tan truyén nhicu lan trong vong soi v do rong cia ching duge aidm it sau moi
vong. Cic Soliton 55 ps ¢6 the Tan truyén Eip lai 96 1an ma khong Tam tang ddng ké do
rong xung cua chiing 1én. khodng edch trong thi nghigm niay ma cic Soliton lan truyén
duoc B 4000 km. Khoing cich nay ¢6 thé tang 161 6000 km néu ¢6 sy 161w hon nita.
Thi nghicm nay duoe thue hien nam 198 qua khodng cich vuor hicn By hoian toan ¢6
thé thire hién duge trong thue € Bat lot 16n nhat 15 khudeh dai Raman doi hoi ede laser
hor phit xa vér cong suat CW 16n hon 500 mW gan bude song 1.46 pm.

Nam 1989 vai su ra doi coa cac EDFA di Tam thay déi tinh hinh. Tir dé. rat nhicu
thi nghi¢m di sir dung cic EDFA d¢ khuéch dai Seliton. Két qua thi nghicm di cho
thay ring dudi cde diéu kién nhat dinh. cde Soliton ¢6 thé duoe duy bl qua cde Khoang
cdch lon bat chitp bin chat bom cha co ché khuceeh dai.

1.3, THIET KE HE THONG SOLITON

Phuong thie ma Soliton anh huong dén suy hao nang luong phu thuoc nhidu vaoe
suy hao trien chicu dai dn sac LD, v khodng cdch gilia cic bo khudch dai LA, Ml
khie, néu khodang cach khuéeh dai nho hon nhicu so véi chicu din tin sac L, thi dang
Soliton khang bi méo nhi¢u mace div vin xay ra mat nang lueng. Trong mot hé théng
nhu vay. cic Soliton ¢6 the duoe khuéch dai hiang tram lan trone khi van il nguyén
duroe dang cua chiing. Do sy phiit trien Soliton sau dd di duge chi phoi bane nang hrong
Soliton trung binh qua mat khoang cdch Khuéch dai cho nén ¢hé do hoat dong naty duoc

o1 1a ¢ché déd Sohiton trung binh.

11.3.1. Ché do Soliton trung binh

Khuéch dai Soliton dinh k¥ ¢d the duge gidi thich néu thém mot ¢ hang do
khuech dai vie phuang trinh (11-28) v viel nd nhu sau:
w1 da

i e +551_' +uf 1= —% ru+;'(i\.-’ﬁ— I);(‘}(;—mél]u (11-32)

var N Tatong xo bo khuceh dail £ = L /0,01 = «l,,. v G = exptl 2 1 do khuéeh dai
can thiet dé b suy hao soi. Ham delta the hién bhin chit kKhudeh dai bom tai cic vi

tri &=md,. He 50V —1 the hién su thay doi bién do Soliton trong lie khuéch dai.
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Do caehé khuech dai lién tue ¢ nhimg thay doi nang Lione Soliton vt nhanh ma

can thire hién chuvén doi:
(3. 1) =a(E(S ) (11-33)
vai wf 21 the hien nhimg thay doi nhanh viv v 72 7 1a him bién déi chim coa & Thay

phuong trinh (11-33) vio phuong trinh ¢11-32) ¢ thu duoc o s thoa man:

v Ldy L
it o=t a (Shu[ u=0 (11-34)
d5 2ot

trong Jdo af 5 thu duge bang cich gidi phuong trinh saw:

du ! i e .
o= Ta+ (NG =1 8(E-mé )a (11-35)
()‘:‘. ?" . we | . .

Chu vy rang so0 hang cudi cling trong phuong trinh (11-35) ¢o6 tinh tudn hoan v chi
co nghia tai &= mZ,, «f 2 10 hint téan hodan cua E Trong moi chu k3. o 53 siim theo
ham mi vi ohay dén gid ol ban diw coa 06 tai diém cuéi chu ki

Khai niem vé Soliton trung binh xudt phdt tr mot thye & 13«77 5y trong hicu thiic
(11-34) thay dai nhanh vai chu kv S, << 1. Do cice Soliton tién hod mor chit gua mat
khodng cich ngin 2. cho nén ¢d the thay <& bing gid i trung binh cua né gua mot
chu k¥, Phép 1y ain ding nay duoe gidl thich nhd gid thict rang nghiém cua phuong
trinh (L1-34y ¢cd dang v=v +0v. vor v 14 Soliton trung binh thoa man NSE chuin:

v LdT

Toomah o= . -
It oo (S e =0 (11-36]
s 2 dr ) h)" '

Vi v e mot nhiéu loan. Tim quan trong thie tén caa khid niém Soliton trung binh
xudl phat 1r mot thue ¢ ring nhicu loan ov tuong doi nho khi £, << 1 do s hiéu chinby
theo bic thay doi vi Z7, hon 13 £ Do d6. khidi nicm Soliton trung binh khi chinh xic
ca khn 2, = 0.2, Cong suat dau vio dinh 2, cua Soliton trung binh duoe hua chon sao
cho (r (5 = | trong phuong trinh (11-36). St dung G = oxptl 5,00 th né <o thé vidt

nhu sau:

po= GinG P (11-37)

TG
vai £, L cong suat dinh trong soi khong ¢6 suy hao, Vidu, G = 10 v /2, = 256 P, dai
vl khoang cich khuéeh dat 1 50 kim v suy hao soi [0 0.2 dB/km tu bude song gan

[ 550 nm.
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Hinh 11.8 cho thay su tién hod cua Soliton trong ché do Soliton trung binh véi cu
ly 10000 km trong truong hop ctr sau 50 km thi cic Soliton lai duoc khuéch dai. Khi do
rong Soliton tuwong tng véi chiéu dai tan sac 200 km thi Soliton s¢ duoc duy tri hoan
toan 10t sau 200 tang khuéch dai do diéu kién &, << 1 dugc thod man. Tuy vay. néu
chi¢u dai tan sac giam 161 25 km thi Soliton bi phd v boi vi n6é khong con lan truyén

theo co ché Soliton trung binh nira.

)

3%

Cong suat p/p,

Cong suat p/p,

Hinh 11.8: Sutién hod Soliton trong ché'do Soliton trung binl trén cir ly 10000 km

bicu kién &, << I hoac L, << L, la diéu kién véu cau dé Soliton hoat dong
theo co ché Soliton trung binh, ¢6 thé ¢6 quan hé véi do rong T, theo bicu thie
L,=Tp1. Do déta co:

(11-38)

4]

Do toc do bit B lién quan dén T, qua phuong trinh (11-16). nén diéu kién (11-38)

6 thé duoc viét theo dang chuan thiét ké nhu sau:

B’ L o i (11-39)
(!l.'

Lua chon cic gid tri dién hinh ,8 =-0,5 ps/km, L, = 50 km va ¢, = 5, ta duoc

I, >>5 ps va B << 20 GHz. Ro rang su dung ché do Soliton trung binh di loi dung
dugc gidi han khat khe ca vé toc do bit va khodng cich khuéch dai cia cic hé thong

thong tin Soliton.

11.3.2. Nhieu bo khuéch dai

Viée sudung cic bo khuéch dai quang duong truyén ¢6 dnh huong ding ké dén su
tién hod Soliton. Nguyén nhan la cic bo khuéch dai, can thiét dé khoi phuc nang luong
Soliton, ciing sinh thém nhiéu bic xa tr phdat duge khuéch dai (ASE) nhu da duoc xem
xét trong chuong 8. Dé hiéu xem ASE ¢6 anh huong dén su tién tri¢n Soliton nhu thé

nao, ta can xem xét dén mot dang Soliton co ban chung nhat:
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n (&)= naech n{t+ Q5 - )] m;{—;gzr +i{n -7 )Ei 2 f@} (11-H))
Vol cac tham sd g 2vi @ wrong dng Ta bién da. vi il 1an <o vi pha cua xung dau vio
tai £ = 0. Dang Soliton nay cho thiy o quan hé nghich dao coa bien do v do rong
Soliton. Vit cling cho thily ring dich c¢huyén tan so € truc tiép lam thay déi 1oe do
Soliton 1y 1& véi tong dich chuvén don gian [ vi vin 10¢ nhém phu thuge vao an so
mang coa Soliton. Bicu thie (11-40) o thanh (11-13ykhi = 1. ¢ = 0. QO =0 i ¢= 0.
Tuy vay, ¢ie gid ti nay wong ing vé mot Soliton 1y twong ¢ thé thay doi khi ¢d nhidu
bo khuech dai vi cdce nhicu loan khac.

Anh huang cua ASE Tam thay doi ¢de gid 1 7, ¢. € v ¢ trong bicu thiie (11-40)
mot cdch nedu nhien tai ddu ra caa moi bo khuéeh dai. Nhitmg bien déi ciaa sy thang
cidng niy doi véi bon tham s6 Soliton ¢é thé duce tinh todn néu cor ASE nhu mét nhidu
loat. Theo v thuvet nhicue loan gidn doun doi vai Soliton thi su tien hodt ¢ua bon tham

~O Soliton do nhiéu loan &) duoe biéu dién nhur sau:

dn oy
—=1lm | e{u )i dT (L1-41)
i [ eu )i
d€2 N __ _
e = Re j elugfranh [I} (T - c;)}u_.\_df (11-42)
thg i
dy B I \ g .
—::-—i.)-k—fm_l-ET(HS.)(‘L'—(‘()h\u’T (11-43)
e . E s
do  d - 1o _
d;—q e + 5 _I_]Rf '{&(_.Jr\){l—I}{f—q)runh[n(‘r—q_)}}u\cff (1144

vai Re vao Im 1 ciae phin thue vivao. Cice phuong tinh bicu dien sy tieh hod niy déng
vin tro quan trong trong thiét k& cdc hé thong Soliton vi ching ¢6 the duoe sir dung dor

val mot dang nhicu loan tuy v,
Trong truomg hop ASE. s hung nhiéu loan dirge cho baoi:

e{n )=in(E tyexp(—i2T +i0) (11-45)
voi af 2oy 1 nhicéu ngiu nhién duoge thira nhan 14 rdt phie tap ca vé s thang gidng pha
vit bién dd. No tiét téu tai gid tri wung binh vi do bién thién cua né lién quan dén mal
do nhidu pho S, cia cong suit biic xa o phit do bo khuéeh dai quang sinh ra. S dung

cic phuong trinh e ¢31-41) dén (11-44), nhimg bién thién cua sy thang gring s¢ Ly
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. 2a f
O, =—: — (11-46)
: N
. 2 kL
Gy, =— (11-47)
- 31“’\;.\'
. Ir:n\,,.ﬁl.
o= = - {11-48)
! 6V,
L omib+ 2jn_ k.
3]

S

trong do s, la h¢ 86 biae xa wr phdt di duoe dinh nghia trong muc 83310 N |4 5o

photon chiia trong mot Soliton co ban ¢6 ning luong E. duge cho bai phuirong trinh

(11-20). vt F.. duwoe cho nhu sao-
fr A

G-l

= : (11-50)
Ging

i

Dang ham s6 cua £, xudr phdt tir cong suat dinh i duoc cai thién can thic¢t trong
co ché Soliton trung binh.

Nhimg sy thing giding khéng on dinh vé bién do & dan dén SUSHY giam 1y s0 tn
hieu trén nhidu (SNR) cha chiim bit Soliton, Mac dir khong that 6 riing. nhung su thiing
aring vé tan 6 cling gy ra jitter thisi gian lam anh huong dén chit luong clia cic he
thong thong tin Soliton va lam gidi han khodng ciich truyén dan tong. Sau day. ta &

xem xEt so luge ve jitter thot gian (jitter déng bo).
11.3.3. Jitter thoi gian

Mac di cde bo khuéeh dai quang bit duoe suy hao sor v vi thé mi ¢6 1thé néi
Khodng cich truyén dan & khong con bi gidi han nita. Nhung thuee (& thi ong khoding
cilch truyén didn ctia mot tuyén Soliton vin bt gici han. do li do jitter thoi gian gay ra.
Mot he théng thong tin Soliton cd thé hoat déng mot cich tin cay ¢hi khi n¢u 14t ca cac
Soliton dén bo thu diing vio khe bit di duoe dn dinh cia ching. C6 mot sé co ché vat ly
da fam chéch vi tri cia Soliton so véi vi tri ban dau clia né tar gitta bit. Trong phédn nay
s€ Xem xEt dén cde co ché nay.

e Jitter Gordon-Haus

Nhu di thity frong phan trude. cde bo khuéeh dai quang di lam sinh thém nhiéu
anh hurong dén ca bién dé va tin s6 cda Soliton duoce khuéeh dai. Nhitng thing gidng vé
bien do di lam suy giam 1y sd tin hiéu trén nhidu SNR ciia chudi bit Soliton, Sue suy

giam SNR. mic dit khong mong muén, ciing khong phai la mot y&u 16 gidi han chinh.
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Trong thue 1€, sy thang giing bién dong v¢ tan ¢ mdéi 1 yéu 10 anh huong manh dén
chat lugng hé thong hon do néd sinh ra jitter thot gian. Ban chat caa jitter thoi gian ¢
the duoe hiéu khi luu v (e phuong (rinh (11-403 ring su thay doi v¢ 1an s6 Soliton Q
cling anh huong dén van 10¢ nhdém hoae tée do ma tai dé Soliton i truyén qua sei. Vi
Q dao dong do cé nhicu khuéeh dai, cho uén thoi gian lan truyén cua Soliton gua tuyén
son cting 14 gid i ngdu nhién, Nhimg su bién dong trong thoi gian di chuvén dén cua
maot Soliton di (651 bo thu duoe goi L fitrer thed cian Gordon-Hais.

C4 (hé dé dang tinh todn do bién thién cla jitter thot gian 1hd v thuyét nhidu loan
Soliton. Khi khong ¢6 cie nhiéu loan khic trong sgi thi ¢6 thé dat wrng = 0 trong cide
phuong tinh wr (11-341) dén (L 1-44). Phuong trinh (11-43) chi phéi vi i Seliton sé dé
dimg dugie tich phan d& thu duoe ¢f Z) = -Q5 Tai diém cudi cta mot khoang cich
khuceh dai. jitter 1 thinh ¢ = -Q &, Do cic dich chuyén tin s6 ngau nhién tich w qua
timg bo khuéch dai. cho nén ong jitter thai gian dai véi chudi ¢dm N A bo khudeh dai

s& [ tong Lt ci ede thanh phan jitter v tro thanly:

N
G=-3 > Q (11-51)
pels L

vor Q14 dich chuyeén tin sa do bd khuéeh dai thit 7 sinh rac Vi gidlh han N, 1on, tong
wrén toan N, bd khuéeh dai ¢6 the duoe thay the bing mot s6 nguyen, v do bién thién

cra jitter thot gian s¢ La:

O-f_l;.fr' :(q_.}_{q} :7 (I 1-52)

G day o ¢, duoce cho b phuong trinh (11-47).

Do Soliton cin di dén khe bit di dinh cia né dé duge nhin dang diing tai bo thu cho
nén jitter thoi gian dén can & mot phan nho cta khe bit, Yéu cau nay ¢o thé duoce vidt 1A
el < f 1 BUv6i £, 1a mot phan coa khe bit ma Soliton ¢é thé chuyén dén ma khong lam
anh huong dén chal luong hé thong. Swdung L, = N, SL,. B=Cy l0-1.N =2P.T.,/(haw,),
va P, = (y,) - | trong phuong trinh (11-52), tich khoang cdch-toc doé bit BL, bi gidi
han boi:

|

K)K.f._‘l—y AR
—_— (11-33)
”.'\'Pf:{;(f:_lﬂ"hyi)

BL, <€
vl D = -2z /77, 1o tham s tin sic da duge dé cap trong chuong 2. Gid tei cho phép
cha £, iy thude vio BER c6 thé chap nhan vi vio chi iét thiét k& bo thu, thong thuong
thif, = O.1.
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» Jitter am hoc

Co che jitter tho gian gidi han khoang cdch truyén din (ong ¢6 ban chat coa né
nam trong hién wong tao séng am hoc don aian. Sur giam trudng quang trong 16i soi di
tao nén gradient truong theo hudng tam cua soi. Gradient nay cta treong dicn dan dén
srhinh thanh cic sdng am hoc thong qua sy ham dién, mot hién teong tuo ra nhimg
thay doi mit do do nhiing thay déi truomg dién. Do chi s6 chict sudt cuq thuy tinh néng
chiy ¢6 lien quan dén ty trong ciia vae lidu cho nén ¢6 thé lien twong su thay déi vé chi
8O Chiel Sudt véi s tao ra song am hoce. Nhimg thay dai vé ¢hi sa chict suit nhu viy kéo
dai khoang 2 ns, xdp xi kKhoang thai gian duege véu ciu dé song am hoc truyvén ngang
qua 161 so1. Vi cdie Soliton nodi tiép nhau vaéi khoang thai gian ngdn hon nhiéu (0.1 ns doi
vai 3= 10 Gbit/s) nén song am hoe duge mot Soliton phit ra s& ¢6 inh huang dén hing
chue hode tham chi hing tram cie Seliton Hép theo.

Neu mot chudi bit chi chita cde bit 17 sao cho Soliton chiém ricng mot khe bit,
thi tat ca cie Soliton ¢6 the duge dich chuyén cting mot Iie maot luong nhue nhau nho s
hiic xa cua cie séng am hoc. Tuy nhién. do chudi bit di duoe md hod théng tin chiia
mot chudi ngau nhien cic bit “07 v 17 cho nén sy thay ddi vé vin 16¢c nhom cia
Soliton di dinh s& phu thuge vio su ¢d midt hay khong ¢6 mit caa cie Soliton trong
hang chye cdc khe bit trude d6. Vi thé, cie Soliton khite nhau ¢6 cde vin 16¢e chénh léch
nhau mot chat am sinh ra jitter dong bo. Vi viy. jitter am hoc ¢6 nauon goc quyét
dinh. wrdi véi1 jitter Gordon-Haus ¢6 ban chit ngau nhién. Nhd ban chit quyét dinh cua
_|1llt.| am hoe ma co the giam anh hudng cta né trong thire (& bang cich dich chuyén cua
sO thu tai bo thu thong qua mot mach dicu chinh wr dong hode st dung mot loai mi hod
thich hap.

Mic div néi chung jitter am hoc ¢6 gid tri nho hon Gordon-1Laus, nhung jitter am
hoc ¢o the dong gop didng k& vio tdng jitter thai gian cua hé.théng thong tin Soliton,
dac bigt néu tin sac soi lon.

o Tin sac phan cue mode

Trong mot hé thong thong tin Soliton, tat i cic Soliton déu duoc phdt ra vai cliing
trang thil phin cyc i dau vio coa tyén soi quang. Tuy vav. khi cic Soliton duoce
khuceh dai theo dinh k¥ thi trang thédi phan cue cta ching tra thanh ngdu nhién vi bic
ity phit duge khuech dai ASE duoc thém vie i moi bé khuéch dai déu phén cuc
ngdu nhién. Nhimg su bt én dinh phin cue nhu vay déu dan dén ntter thoi gian trong
khi cice Soliton di dén thong qua su ludng chiét cia sai do hai thanh phan phin cuc truc
giao tan truyen véi cic van tée nhém hoi khie nhau mat chat. Hien nrong tin sic phan
cue mode (PMD) did duge néi dén trong chuong 2, vivdnh hudng cia né duoce danh £14d
hing tham 6 PMD I D, Jiter thoi gian sinh ra do su két hop cta ASE vd PMD dugre

vict nhu sau:
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. oan F. DM i
U;,,_.-Zilt‘“\," L" : (11-54)
_11'I'\

4

Chit y rimg @, lang tuyén tinh theo khoang cich truyén dan £, Gid tri @, thuong
ta nho, nhur vay gan nhu khong anh huong dén cic he thdng thong tin Soliton 10 Gbit/s
¢6 khe bit rong 100 ps. Tuy nhién., doi véi cie soi ¢6 cic gid tri tham s6 PMD 160 hon

(D, >1psi kot ). thi Jitter that gian sinh ra do PMD s& trd nén tuong déi quan trong.

e Twong tac Soliton

Khi khong ¢6 nhiéu khuéch dai thi cde Soliton s& dich chuyén vi trf clia ching
theo phuong thie xidc dinh do cic lue hit hode day eitia chang. Vi lue tuong e giia
hai Soliton phu thude nhicu vao khodng cich vi pha tuong déi cla ching, ¢i hai véu to
nay déu khong on dinh do ¢6 nhicu khudeh dai, cho nén tuong tic Soliton cling lam
thay doi ding k¢ jitter thasi gian Gordon-Haus. Xét nhiing thay doi do nhiéu cha pha
trong dor cua ciic Soliton canh nhau ta thay jitter thai gian cta cdc Soliton tuong tdc
nhin chung bi tang lén do nhiéu khuéch dqi. Tuy nhién, d6i v6i mdc do chénh léch pha
dau vao lén gan biang m gitta cde Soliton gan nhau thi tinh ngdu nhién pha lam giam
jitter thon gran.

H¢ qua quan trong cua twong tic Soliton 1A tink thong ké et jitter thi gian chénh
i¢ch nhiéu so vai tinh thong ké Gaussian hy vong tir jitter Gordon-11aus khi khong ¢é
tuong tic Soliton. Nhitng hi¢u chinh khong theo phwong phdp Gaussian nhu vy ¢é thé
xay ra ngay ca khi twong tic Soliton twrong doi y&u (¢, > 5). Chiing th¢ hién théng qua
SUtang 1y 6 10i bit, vin phai duoe tinh dén khi ddnh gid chinh xde chit lirong hé thong.
11.3.4. Mot s0 két qua thue nghiém

Thi nghiem dau tién da ching 16 khd nang truyén Soliton qua céc khodang cach
vuot bién duoe thue hién nam 1988, thi nghiém nay sir dung mot vong soi dan vong cé
suy hao duoe b bang khuéeh dai Raman. Bit loi [6n nhat xuat phat tir quan diém ding
trong thue & [& thi nghiém nay da s dung 2 laser miu trung tam dé phat v khuéch dai
Soliton. Sy xudt hi¢n cua cic EDFA vio nam 1989 di dem dén co hoi sir dung chung
nhu cic bo khuéch dai dudng truyén dé bu suy hao soi. Negoai ra, ¢6 rit nhiéu thi

nghiém truyén din Soliton da duge thire hién tén todun the gidi bat diu tir nam 1990,

Cé thé chia cdc thue nghiém Soliton thinh hai loar thy theo tuyén s¢t tuyén tinh
hay vong soi diu vong duoc sir dung trong thi nghi¢m. Cic thi nghi¢m st dung tuyén
801 ¢O tinh thire 1€ hon vi chiing bat chude ¢de didu kien moi trudong thue 1€, Mot vai thi
nghiém nam 1990 di thue hién truyén din Soliton qua chiéu dai soi xdp xi 100 km tai

]

cic 16¢ do bit 161 5 Gbit/s. Cic xung din vio duoe tao tir ¢dc laser bdn din khod mode
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hodc laser chuyén mach khuéeh dai v duge khuéch dai bang EDFA dé tang cong sudt
dinh ctia chiing dén cic mie ¢dn thiét dé phat Soliton co ban vao soi téan sic dich chuyén.

K& tir nam 1991 phan 16n ¢ic thi nghigm wuyén din Soliton di st dung mot ciu
hinh vong soi dau vong vi 1y do chi phi. Trong mot thi nghiém nam 1991 cic Soliton
2.5 Gbit/s di duge truyén qua 12000 km bang viée sir dung vong suvi 75 km ¢é ba bo
khuéch dai EDFA véi khodng cdch khuéch dai 1a 25 km (xem hinh 11.9). Trong thi
nghiém nay, tich 16¢ do bit-khoang cdch BL = 30 (Tbit/s).km da bi gidi han chi yéu béi
Jitter thai gian do bo khuéch dai sinh ra nhie did néi trong phin (rén. Van dé jitter déng
bo v& sau nay da duoe gidl quyet bing cdc bo loc quang. Trong mot thi nghiém nam
FO91 nguaon 1a da phit tim liéu 2.5 Gbit/s di qua 14000 km v ¢d st dung cie bo loc tan
s0 ¢6 dinh trén vong sei ddu vong. Ngay sau thi nghiém nay thi viée st dung cic bo loce
dich tan dd giip cho viée phat tin hicu 5 Ghit/s yua khoing cich 13000 ki tr¢ thanh
hién thue. Tuy vay. khi toe do bit duge tang [én gdp doi nha sir dung k¥ thuat WM, thi
tin hiéu 10 Gbit/s da ¢4 thé dugce phit qua 11000 km. Trong mot thi nghiem nam 1993,
vice st dung cic bo loc quang dich tann da cho phép truyén din Soliton qua 20000 km
tn 1oc do don kénh 10 Ghiys, v qua 130000 ki tai 18¢ 36 20 Gbit/s véi hai kénh
truyén. Nhimg thi nghiém 1i€p theo da cho ket qua truyén Soliton qua hon 35000 km tai
10 Gbit/s vahon 24000 km tan 15 Gbit/s.

<@-n@|@

25 ki 25 km | 25km
EDFA EDFA EDFA

Caoupler 1 dB

Bé cach ly

Phan tich pha
Laser khoa mode P

A AN

Hinh 11.9: Cdie hinh mach vonyg s ding dé truven dan Soliton

Vi¢e st dung trén dat lién cta cde hé thong Seliton trong viing bude séng 1.3 pm
con rit hap dén véi cic khodng cich truyén dan xdp xi 1000 km. Dong co thic day su
phat trién cua cdc hé théng nay xuat phét tir nhu ciu nang ¢ip cde tuyén soi trén dat lidn
hién tat 1én 10 Gbit/s va cao hon nita. Do cic b khuéch dai quang soi thuce 1€ hoat dong
tai 1.3 um chua ¢6 sdn trén thi truong nén ngudi ta di ding cde bo khuéceh dai Jaser bin
dan dé thay the. dac bi¢t 1a khi di ¢é sy cai 1ién trong viée giam do nhay phan cuc cua
ching. Bat lgi Ién nhit cta cic bo khuéch dai Taser ban din (xem chuong 8) xuat phat
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tir thie 1€ 1a xung duge khuéeh dai bi chirp rit ning do nhiing thay doi dong vé chi sé
chiét sudt xuat hién cing véi su bao hoa do khuéeh dai. Mot bat fgi khac [4 mat do
mang khong khot phue nhanh chéng sau khi khu¢eh dai mor Sofiton rieng 1€, do dé do
khuéch dai cua Soliton tiép theo & nhd hon vi lam sinh ra nhimg thang gidng cong suat
phu thude dang Soliton. Viée thiét ke cic h¢ thong thong tin Soliton 1,3 pm van dang
tiep tue duge md rong nghién cdu va nam 1998 di ¢é mot s6 tha nghiém ¢ chau Au
duge tién hinh,

11.4. CAC HE THONG SOLITON DUNG LUONG CAO

Ch¢ dé Soliton trung binh duoe dé cip trong mue 11.3 gan nhu chi duoe st dung
cho thi€t ke cdce he thong thong tin Seliton. Tuy viy, viée sir dung nay dad lam gidi han
(oe d6 bit xuong dudi 20 Gbit/s doi vai cde khoang cdch khuéch dai thue €. Nowdi ta di
thue hién mot s& cai tien nhdam lam tang toe do bit clia cic hé thene theng tin Soliton

1¢n trén ngudng nay.
11.4.1. Che do doan nhiét

Trong muce 11.3 ching ta dii néi dén mot ¢hé do ma ¢ do khodng cich khuéch dai
rit ngan so vaéi do dai tin sac (L, << L;). Trong ché do Soliton trung binh nay, nhimg
thay doi nang luong do suy hao 16n ¢6 thé xay ra qua mot khoang cich khuéeh dai cling
v mot chiit méo dang cua Soliton. Do do rong Soliton s¢ duge giam dé lam 1ang tée do
bit nén diéu kién L, << L, khong con ding nita, gay ra sy méo dang va biic xa ding chu
¥ cua cide song tén xa khi L, ~ L,,. Khi tiép tuc giam hon nita do réng Soliton s& déin dén
mot che dd méi mivtrong do L, << L, viu s tién hod dong dang ké cua Soliton trén mot
khoang cich khu¢eh dai. "So phan” coa mét Soliton trong ché do nhu vay phu thude
chu yéu vao suy hao trén do dai tin sac vibi chi phoi bai tham s6 khong tha nguyén
I" = @b, Néu nhr I >> | thi cic Soliton bt nhi¢u loan rdt manh v khong thé duy tri
duge qua cie khoang cich 16n. Nguge lai, néu T << 1 thi méi Soliton ¢é thé thich tng
vai phitng suy hao doan nhiét bang cdch ting do rong cla n6 v giam cong suat dinh
cua 16 trong khi van gitr nguyen ban chit Soliton. Vi {y do ndy ma ¢hé do niy duoge goi
Ia ¢ch¢ do doun nhi¢t.

Didu kien T << | ¢ 1hé lién quan dén tée do bit néu st dung I = oL, = ol B.1 va
phuong trinh ¢11-16) trd thanh nhue sau:
1 o
Be<s— | (11-55)

D61 véi « = 0.2 dB/km, ¢, = 5, va f = -1 ps'/km, thi B >> 21 Gbit/s, hoac toc do
bit ¢4 thé Ion han 40 Gbit/s. RS rang 14, ¢hé do doan nhiét phi hop nhat déi véi cic he
thong thong tin Soliton tée do cao.
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Doi vai nhitng Soliton khuéch dai theo chu kv vaéi kheing cich khucch dai L, thi
dd romg cua nd & tang theo hé @ expf el trede khi Soliton 161 bo khuéeh dai. Do méi
Soliton con lam mat di mot phan nang luong cta né dudi dang cde song tan xa. su buc
xa cua cde song ndy nén duoe giam 161 thi¢u cling nhé cing o1, do rong Soliton khong
nen tang theo mot he so Ion. Ngudn ta mong muan tua chon duoe 7., sao cho al, € 1.
do do do réng cua Soliton Khong tang theo hé o 16n hon 2.7 Dai vai a = 0.2 dB/km.
khodng cdch khuéch dai khi dé bi gi6i han khoang 22 km. Cin chi ¥ ving tinh chat
Soliton cua xung quang vin duge duy tr mic db viin cé s ting dé rong Soliton chinh

nho ban chit doan nhiét el su phit trién Soliton.

Hoat déng cua mot he thong thong tin Soliton trong ¢hé do doan nhiét dai haoi
phai loai bo ¢dc song tdn xa. Nhiing phép mo phong s¢ di cho thiy ring cde séng tdn
xit. dugre tich u§ qua nhiéu tang khuéch dai, dd lam phd vo su nguyén ven cia chudi bit

Soliton do su tuong e cua nd véi cice song tdn xa.
11.4.2. Ghép kénh phan cue

Do so1 quang don mode ¢é hat trang thai phan cuc truc giao doi VoI mode co ban
nen ¢o mat cach ghep kénh moi duge got Ta ghép kénh phin cue PDM (Polarization
Diviston Multiplexing), ¢6 thé duge s dung dé lam tang gap doi dung luong clia cic hé
thong thong tin quang. Trong PDM. hai kénh tai cing mét bude séug ducce phit qua soi
sao cho cac chudi xung elta né duge phan cuce true giao véi nhau i diu vio cla SO
Thout nght thi mét co ché nhu viy ¢6 thé khong 1am viée trir khi cic soi duy tri phan
cue duoe st dung vi trang thédi phan cue thay déi ngdu nhién trong soi thong thudng do
nhitng thay doi ludng chi€l. Tuy nhién. cho di cdc trang thdi phan cye cla méi kénh
thay doi tai didm cudi cla tuyén theo mot phuong thite khong du doidn duge, th nnh truc
gino coa ching van dwoe duy rl. do d6 ¢6 1hé ¢o [ap timg kénh bang eic k¥ thudt quang.

Trong khi trien khai PDM cho cic chudi bit Soliton 1hi ¢é mat hién tgng phi
tuyén duge goi la nr bay Soliron v duge gial quyét bing didu ¢hé pha chéo, ¢6 xu
hudng phd huy tinh trye giao cta hai chudi bit. Vi [y do nay mi PDM duoce trién khai
bang ciich chén hai chudi bit Soliton theo thai gian (TDM) sio cho hai Soliton gan nhau
c6 e trang thai phan cue trye giao. Do tuong tie Soliton cua cde Soliton phan cue truc
giao yéu hon rit nhicu nén loi ich ¢hinh ¢tia PDM ndm wong viée giim duoe tuong tdc
Soliton véi Soliton: van dé ndy ¢é thé duge giam hon nita nhd cic bo loc dich tin. Téc
do bit hicu dung tang don guin ¢hi vi cde Soliton ¢ thé duge dat sdt nhau hon nita khi
st dung k¥ thuat PDM.

Y¢u to quan trong gidi han chat lwong cha cde hé thong Soliton PDM i dé tudng
chict cua sgi. DU Tacsoi quang T 6t nhat thi vin én tai su ludng chict du mi né thay doi
doc theo sg1 do ¢o tng loe vi nhitng thay doi dudng kinh 181, Lién quan 16i dé hedng
chiét son i tin sde phan cue mode (PMD). tin sac nay thé hien do ué tirong doi gitta hai
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thimh phin phan cye cta mor tin hicu PDM. Trong thue €. PMD Taim han ¢hé nghiém
trong vice st dung PDM doir vén ede he thong tuydn tinh st dung dang tin hiéu NRZ.
Vice gii han doi v cic hé¢ thong tuyén tinh ndy xudt hién do ¢o su phu thuoe cta
PMD vio tan so, dar dén sy kho cue xung, Tuy vay, tinh thd niw lai khic véi ede
Soliton. Xu hudng tu nhién coa mot Soliton L duy tri tinh toln ven cla né dudi nhimg
nhic¢u loan khic nhau. Khiie véi cic xung tuyvén tinh. trang thdi phan cue duoce Qi
nguyen nhu Soliton ngayén ven (khong ¢é s khur cye xung). viv anh hudmg cia nhiéu
loan phin cue T gdy va mot thay doi nho vé trang tha phan cue cua Soliton nguyén ven
(the hién ban chat hat ¢ha ndy. PO chiu dung nhu vay cua cie Soliton Jdéi véi PMD 1y
vay far im giam mot leong 16n PMD. Giéi han giam duoc tinh nhu saus

D, <0.3D" (11-56)

voi O, L tham sa PMD duoce do bing ps/~vkm v D[4 tham 56 tdn sic do bang

ps/mnikim. Do thong thadng D <01 ps/ Vhor doi va6i cic soi quang chat lrong cao.

cho nén 3 phai én hon 0.06 ps/nnikme Trong thie (€00 16n hon 0.1 ps/mmkm vi PMD
v mot vim dé nho doi vai cie hé thang theng tin Seliton.

Tiem nang cta PDM ddi voi cde he 1hong thong tin dung Tuote cao di dige kidm
chimg. Trong mot thi nghiém thue hién thee ¢hé dd doan nhict, su trong 1ac Soliton v
Soliton di duge giam cho phép truvén dan ta 160 Gbit/s qua 200 km. Dé rong cia
Soliton (FWIHIM) trong thi nghiem nay 1a 1.6 ps, vi khe bit chi rong hiing 6.4 ps tai to¢
do bt 1o 16t Ghiys.

Dicu quan trong trong vice thict k& cic hié thong PDM i sic lien quan dén suy hao
phy thuoe phin cye hodc do Khuceh dal phu thuoe phan cue. Neu mot hé thong thong
ti gom nhi¢u phin ur. ¢de phan nrnay khuéeh dai hoac lam suy gidm hai thanh phan
phin cuce cia Seliton mt cich Khie nhau thi trang thii phin cue ¢ d¢ ding bi thay doi.
Trong thye 1€, dar vé trang thil xiu trong da sy phan cue cua Soliton b quay 45" tir
hirdmg suy hao thip thoae do khucch dai Ion. thi trang thai phan cue sé quay 45" vit
thang hang véi hudng suy hao thap chi sau 30 = 40 be Khuech dai. dor véi do khuceh
dai hodic do khong ding hudng suy hao < (1.2 dB. Mac di cic truc cua do khuéch dal
phu thuoe phan cue hoae suv hao dicge phan bo dong déu doc tuyén Soliton, nhung

nhitmg anh huong nhu vay vin tré thanh mot ngudn jitter dong bo quan trong.

CO mot ky thuat dé ma rong kv thuat PDM. duoe goi Tiomi hod phan cue nhiéu
{da) mire, di duoce d¢ xuat [1, 53,54 Trong kv thuat nay thong tin duge ma hod trong
moi bit duge chira trong ede ma trang théi phin cue Soliton triing véi mot trong cic true
ludng chict co ban. K§ thuit nay con bi gidgi han bdi nhimg thay déi ngdu nhién ciia do
ludng chiet soi v boi tinh ngau nhién cia goe phan cye do nhidu khuceh dai va dén nay

van chira duoe su dung thue ¢ vi tinh phide tap cha né.
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11.4.3. Khueéch dai phan bo

Nhu dd noi dén. co ché khucch dai phian bo von di Fa ché do khuéeh dai vu viét [a
Vi viée strdung nd da b duge suy hao tai moi diém doc uyén sui. Trong thuce 18, che do
niy duge s dung rit sém i nam {985 dé thye hién truyén Soliton qua 10 km soi, va
sau do di duge cai tién vao nam 1988 qua chiéo dai soi 4000 ki nhiv st dung mét vong
ol Trong cde thi nghiem ndy . do khuéch dai dd duge cung citp thong qua khuéceh dai
Raman nhé bom soi truyén dan tai bude séng khodng 1.46 pun tr mat laser mau trung
tam. Vai s ra doi coa EDFAL viee khuéch dai lién tue 1rd thinh pho bién hon do cong
sudt bom yéu cau nho. Tuy nhién, véi sur chay theo khudceh dai lién tue dii tao ra nhimg
han ¢h¢ bai ché do Soliton trung binh. Khuéch dai phin bo tranh duoce cic han ¢hé nay
vivdo do van GEp tue duge theo dudi. Trong co ché nay. ban than soi truvén dan di duoc
pha tap chat it vit duoe bom mat cich dinh k¥ dé cung ¢ip du d6 khudeh dal nham bi
vio suy hao soi tai chd, Mot vai thi nghiém di cho thay rang cic Soliten ¢6 thé lan
truyen trén cic soi tich cuc nhar viy.,

NEu néi ve 1y wong tht khuéeh dai phin bé doi hoi do khuéeh dai khong déi G
tréen mot don vi chiéu dai dé phu hop vai ty & suy hao khong déi o clia soi. Tuy nhién,
do cong sudt bom bi gidm do ¢6 suy hao soi va bi hilp thu boi cic tap chat cho nén do
khuéch dai khong dong déu doc chidu dai soi va khong thé bi hoan 10in suy hao son o
moi di¢m. Trong thuc t& ngudi ta st dung ¢hé do bom hai chidu dé lam giam tinh khong
dong nhat vé do khuéeh dai. Nhitng thay doi du cla nang luong Soliton £, ¢6 thé tim
duge bang cdch giat phvong trinh:

E"E‘":[—(X-FG\(I)]E\ (11-57)
el -

Nhimg thay doi nang lueng Soliton doc chié¢u dai soi thu duoc tor viée lay tich
phan phuong trinh (11-57) viu dugc tinh nhu saus

L ol
] sinh| e, | == | |+sinh| 7
( E. (:) : ' 2 2 - -
' —— |=oal,: o L ' —— {11-5%)
v E, ' 2sinh; Xt W L,
| L2 /

vor £, [ nang lugng Soliton 1ai dau vio sai. Pham vi thay déi nang luong <& tang theo
L, boi vi doi vdi ede soi cang dai thi cang ¢6 su suy véu nghiem trong cia bom. Tuy
nhi¢n, pham vi nay ¢6 the duoe tam nhé hon so v6i pham vi d6i v6i irudng hap khuéch
dat hién tue.

Anh huong cha sumat nang lwong Soliton phu thude vio ty 1é 5, = L /L, véi L, i

Khodng cdch gitia cic tram bom. Khi & << 1. s& xay ra su dinh dang lai Soliton tham
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chi dai v6i sumat nang leong Ién, vie ¢d thé dat duge truyén dan on dinh qua nhimg
kKhoang cich 1an. Che do nay twong ta nhu ché dd Soliton trung binh do1 van cic soi thu
dong. Vi 5, >> 1. cde Soliton s& phat trién doan nhiét cling véi su bae xa chat it coa
cde soéng tin xa (ché do doan nhic¢t). Dai véi cde gid (i &, trung binh thi vin dé cing
phitc tap hon. Bic bidt, ciie séng tin xa va cde Soliton duge khuéceh dal cong huong khi
S, = 4 Vice Khuéceh danr dinh kg et Soliton v cde song phan tan v sy trong tde qua
lai gitia ching dan dén su bit on dinh vivhdn don cta ché do nay.

Maice di co ¢hé khudch dai lién tue v phan bo di ditoe mé ta dinh luone wong e
nhao, nhung van ¢é hai diém khic nhau quan trong cdn ¢ho y. Dicm diuo tien T, viée
suv giam ndng luong Soliton trong soi tich cue nho hon nhiéu so v6i trong e soi thu
dong. Dac tinh nay khién cho ¢6 the day giét han Soliton trung binh nhu 16 &, = 0.7,
Piem thit har L, déi v61 mot soi tich cue duce bom dén do thong sudt thi ning lugng
ctia Soliton dau ra trén moi doan ciia mot chudi cic soi tich cuce s& ding bang gid o
nang luong tai dao vio. Do vay. trong ¢hd do khedeh dai phan bo doan nhiét. do rong
cua Soliton diw ra bang véi gid tri ctia né tat dau vao, dicu ndy vdi véi rudmg hop

Khucch dai lién tue ¢6 xaay ra siemd romg Soliton didng ké.

11.5. CAC HE THONG SOLITON WDM

Nhu da dé cap trong chuong 7. dung luong cia mét hé thong thang tin quang cé
thé ting 1én ddng k& néu st dung k¥ thuit WDM. Hé thong Soliton WDM truyén nhicu
chudi bit Soliton trén cimg mot sgi, cic chudi bit nay phan biét véi nhau bang tan so
mang khic nhau cita ching. Trong phin ndy s& (ap trung vio cdc vin d¢ chinh wrong
vice thi¢t k& ¢ice hé thong nay.

11.5.1. Su va cham Soliton

Mot dac tinh maéi rat gian trong déi véi ciae he thong WDM Lo kha nang va cham
cifta cde Soliton thude cie kénh khic nhau do ¢d su chénh 1eéch vin toc nhém clia
chung. P& hicu duoc taim quan trong cha su va cham ndy, hily quan tam dén phuong
trinh Schrodinger phi tuy&n NSE mot lan nira. Do quan 1y tdn sac déng mot vai trd quan
trong trong viée thict k¢ cdac heé thong WIDM nén té1 nhat [ s dung ¢d dang [15]:

du L. dn

- 2 { -
P—+—pl&) ==+ u=—=TTu (11-39}
7 A d 2

vai pf E) T mat cat GVD chudn, C6 thé chuyén phuong trinh (11-59) thanh phuong trinh
Schrodinger phi tuyén NSE nhicu loan. Phuong trinh (11-39) trd thanh:
ou 1adnw \

P o+ =0 (11-60)
s 2 JT
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vl bt &) =exp(-TEp( &)

Anh huong cia su va cham gitia cde keénh 1én chdt luong cia cic he thong WDM
¢6 thé duge gidi thich néu quan tam dén truong hop don gian nhit 13 ¢d hai kénh WDM.
XEmot va cham gitta hai Soliton ¢6 dé chénh léch tian s 15 €2 i do chénh léch nay ¢6
quan hé¢ vo1 khodng cich kénh £, nhu sau €2, = 2r7, f,. Cic tin 56 mang thue 1€ cua 2
kénh nay T ey, £ 0, /27, Thay « bing 1, + . chi ¥ riing ¢ic 1an s6 mang doi véi t; va

li ke nhau, viv bo quaccde 56 hang FW ML 1 thu duge hai phuonge tinh Kep sau:

i e 1, _
f7§|+_ > +h(m Jfl =0 (11-61)
1A iﬂ’_m(\ W+ 2] Ve, =0 (11-62)

()c:, 2 ()T

Ciie phuong trinh nay dong nhit vé6i cic NSE kép thu duoce doi véi 2 Xung cung
lan truyén két hop tuong tic thong qua hi¢u img diéu che pha chéo (XPM). S¢ hang phi
luyen cudi cung tuong iing vai XPM vi L ngudn eée cua cie nhidu loan cia cde Soliton
trong h¢ thong WDM. 86 hang nay chi quan trong khi hai Soliton tam thes chong lan
[&n nhau trong [de va cham.

Nguot ta thuong xic dinh chidu dai va cham L, 12 khoang cich ma qua d6 hai
Soliton chong lan trude khi Soliton di nhanh hon vuot qua Soliton i cham hon. Khe ¢6 thé
bi€t chinh xdc that diem ma tai dé mot va cham bat dén hodc ket thue. Quy ude thong
thuong s dung 27, cho khodng théi gian mot va cham xiv ra duoe gia thiét rimg va cham
bat dau vi ket thiie khi ede Soliton chong lan tai nhimg thoi didm ¢6 cong sudl bang mot
nia cong sudt cua ching. Do t6e do wong déi cia hai Soliton 1 44 = ¢ i/)’ QT

chiéu dii va cham duge cho boi L, = (AVH(2T ) hoie bang:

217, 028
s

(11-63}

Y

vor T = 17637, vi B = (24,1, Vidu, v6i b = 10 Ghit/s, ¢, = 5 vi [ =-0.5 ps-/km thi
chiéu dai va cham L, = 100 km dét voi mot Khoing ciich kénh 1a 100 GHz. nhung lai
giam xuong chi con 10 km déi véi cie kénh ¢6 khoang cdch 16n hon 1 THz,
11.5.2. Dich chuyeén tan sé do va cham

Vihi¢u ung diéu ché pha chéo XPM sinh ra si chuyvén pha theo thoi g1an [én ting
Soliton, cho nén né dian dén mot su dich chuyén vé 1dn so Soliton trong thdi gran va

cham. C6 the st dung 1y thuy&t nhidu loan Soliton dé tinh todn do dich tan bang cich sir
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dung s6 hang XPM ahw mor nhicu loan. Két qua cho thay rang cic tan s6 mang coa hai
Soliton thay déi mot luomg gidng nhau trong khi va cham nhung lai theo hai lnidng nguoe

nhau. o dich tan do va cham €2 doi v6i Soliton chiam tha duce tr bidu thiie sau | [52]:

19 b(E) QL) v
(/L2 (‘:-) : .\'(’f'f.‘f'| 1._______.;. |{M_

= _{_)T ? J . | “\_(’{Ih . |: ., |

gy 5 - . A J

{2

i
s

{(11-64)

NE

Piu tien by xem x& ruomg hop soi ¢6 tin siace khong thay doi vii ho quat suy hao,
doviy b = [ trong phuong trinh (11-64). Sau d6 1ay tich phan. do dich tan <& nhu sau:

0 () —1[!.). Leosh(€ 5= sinh(Q WS 6s
S As)= T A T— CH-63)
L, L.\'f'nh(.Q V)J

0y

Ta hdy xem xécanh huong coa dich tn trong mot va cham Soliton. Do 1¢ do ca
ot Soliton thay doi theo tin 56 ¢l né. cho nén nhitng vie cham s& lam Soliton nhanh
hon hoae cham Tai tuy thude vio tan 6 Soliton tang hay giim. Hinh 1110 cho thay tan
s0 Soliton thay déi nhu (hé nao dot véi Soliton di cham hon trong thoi gran va cham cua
hai Soliton 50 ps ¢6 khoang cich kénh 14075 GHz. Dich tin of s¢ xav ra trén mot chidu
dan va cham khi hal Soliton tién lal gan nhau, va dat giid tri dinh vio khoding 0.6 GHz tat
diem chong 1an 16n nhat, vit sau do giam trd v 0 khi hai Soliton dé tich i nhau. Dich
tan [6n nhit 6 thé dat duoe néw dat £ = 0 trong phuone winh (1 1-63) v diroe cho b

£ =302 ) XA v phuong dicn vat Iy thi né ¢o dang:

. 1
of,, =— — (11-66)
' T F,
Bo0
\\
400 :
¥
=
- 200
o |
-2 -1 ] 1 Z

Hinh 1110 Siedich chuyen tian 56 trong khi va chani hai Soliton 50 ps

voi Khodng cach kénh 75 GHz trong soi khong ¢6 suy Do
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He qua co ban caa dich tan v nhimg thay doi ket hop ctia 16¢ do Soliton 14 nhiing
chuyén dich vi trf Soliton tir vi trf cta né 1ai trung 1am bit sau khi mot va cham da xay
ra. Tai diem k€t thic va cham dy, méi Soliton s& khoi phuc lai tdn s6 v van 16¢ coa né
trude va cham, nhung vi tri va pha cita né da bi thay doi. Dich chuyén thai gian At (inh
duoc bang phép tich phan phuong trinh (11-65) theo & Su dich chuvén cudi cling tai
di¢m cudi cha va cham & thu duoc i

AT = _-L, (11-67)
T

i
' A

Neu tit ¢ cic khe bit déu bi chiém thi su dich chuyén thoi gian do va cham s¢
khong gy hiu qua gi vi tat ca cde Soliton caa kénh déu s& bt dich chuyén véi cling mot
litong nhu nhau. Tuy nhién, cdae bit 17 va 07 xdy ra ngau nhién trong chudi bit thue.
Do cie Soliton khide nhau cua kénh dich chuvén nhimg luong khic nhau, cho nén cice va
cham Soliton s¢ s ra jitter ngay ca trong cice sdi khong ¢o6 suy hao.

11.5.3. Cac gidi han do va'cham

Trong cdc hé thong Soliton 1thuc t¢ hoat dong theo ché do Soliton trung binh, trong
do suy hao soi duoe bt dinh k¥ bang cdc bd kKhuéch dai Lién tue, thi tinh huong s& rat 16i
t¢. Ly do [a nhimg va cham Soliton bi anh hudng bit 1o bai chu ky khuéch dai suy hao.
Vé mat vat 1y, nhimg thay doi ning luong 16n x:dy ra tén mot chiéu dii va cham s pha
va ban chat doi ximg caa va cham. VE mit 1odn hoc. su phu thude cua i & vio & rong
phuong tinh (11-64) tam thay doi sir dich (an. Do do, cic Soliton ¢6 1hé khong khéi
phuc duoe tan ~6 viv vin 16¢ ban dau cta né sau khi did qua médt va cham. Phuong trinh
(11-64) hoge nhimg phép mé phong s6 ¢o thé duge st dung dé tinh todn nhimg su dich
1an so du do doi vai dang Hf &) nhat dinh.

Tur cdce ket qua mo phong, ngudt ta di thay rimg. Khi L, du 16n d& mdt va cham
kéo dar qua mot vii khoding cich khuéeh dal thi nhimg anh huong cta cic chu ky
khucch dai suy hao bat dau ¢6 xu hudng giam. vadich tan due s@ giam. Trong thue 1€ né
se gt neu Khi L, > 3L Do chicu dai va cham L, tv 18 nghich v6i khodng cach kénh
€2, cho nén dicu kién L, > 3L, 88 ¢6 mot gidi han ricng & 1én nhat gitra hai kénh
ngoin cung nhit cia h¢ thong WDM. D61 vai mot hé théng WDM ¢6 khoing cich kénh
biang nhau thi chiée dii va cham nho nhit dat duge néu thay 2, trong phuong trinh
{11-63) bang N €2, viso kénh WDM <& bi 2101 han nhur sauwe

N, < 0 : Mj” | (11-68)
= 1\ - fl

1

Tic 1a ¢6 the 1ing s6 kénh bang cich giam khoang cich kénh €2, Tuy nhién,

khi cdc kénh rin gan nhau thi su ehéng [an coa pho Soliton & gay nén xuyén kénh khi
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2, < 4w, vdi e, [a do rong pho (FWHM) cua cic Soliton. Mot han ¢hé khic vé

khoang cich kénh thuoce ve cic bo loc quang. nie [h cin thod min dicu kién €2, 2 SAa,

dé gram 161 da xuvén kénh gitta cic kénh. St dung £2, = 540, phuong trinh (11-68) ¢6
the duoe vict nhar sawe

r L'}
I (11-69)

Swdung L, =T/ iva B = (2¢,T.) . diéu Kién nay ¢ the con duoe vict nhy mot

quy tac thiét k& don gian sau:

NLBL, < {2047]B.)) (11-70)

boi vai cde gid i dicn hinh, ¢, = 5. /= -0.5 ps/km. va L, = 40 km. dic¢u kicn
. - fat ayov 4 . . - . S . . R 5 . L.
nay s la By N, <10 Gbit/s. 56 ¢ic kenh ¢ the [6n 1 16 kénh i 1oe do bit twong dai

thap 2.5 Gbit/s nhung & gidm &1 4 kénh tai B = 5 Ghit/s. vii chi cho phép bing 1 kénh
tar 10 Gbit/s. RS rang la nhimg va cham Soliton s& gidi han nghi¢m trong do kha dung
cuy WDM.



ADM
AGC
AN

AON

AOTF

APC
APD
APS
AR

ASE
ASK

ATM

BA
BER
BGP
BH

B-ISDN

BPF

BWR
cCCchIaT

CCS
CNR

COT
CPFSK

CSsO
CT

THUAT NGU VIET TAT

Add/Drop Multiplexer
Automatic Gain Control
Alternate-Mark-Inversion

All-Optical Network
Acoustic Optical Tunable Filter

Automatic Power Control
Avalanche Photodiode
Automatic Protection Switching
Antireflection Coating

Amplified Spontaneous Emission

Amplitude Shift Keying
Asynchronous Transfer Made

Booster Amplifier
Bit Error Rate
Border Gateway Protocol

Buried Heterostructure

Broadband Integrated Service Digital
Network

Band Pass Filter

Border Wavelength Router

International Telegraph and Telephone
Consultative Commuttee

Common Channel Signalling
Carrier-to-Noise Ratio
Central Cffice Terminal

Continpus Phase Freguency Shift
Keying

Composite Second-order

Central Terminal

Bo ghep kenh xen/ré

Tu déng didu chinh khuéch dai

Dao déu luan phién

Mang toan guang

B6 loc tich hdp &m thoa quang co diéu
chinh

Tu déng diéu khién cong suat

Diode tach song thac

Chuy&n mach bao vé tu déng

V& ching phan xa

Buc xa tu phat duoc khuéch dai

Khoa dich bién dé

Phuang thic chuyé&n giao khéng dong
bd

Bo khuéch dai cong sudt

Ty & 16i bit

Giao thifc céng bién

CAu truc di thé chon

Mang sé lién két dich vy bang réng
B& loc bang théng

B dinh tuyén budc s6ng bién

Héi d6ng tu van dién thoai dién bao
qudc té

Bao hiéu kénh chung

Ty s6 séng mang trén nhiéu
Thiét bi dau cudi phia téng dai
Khéa dich tan pha lién tuc
Hon hdp bac hai

Thiét bi dau cuds trung tam
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CTB
CUP
Cw
DBR
DCF
DCN
DCS
DEMUX
DFB
oL
DPSK
CPT
DR

DR
DSu
DWDM
EDF
EDFA

ELED
ETSI

FET
FPA
FP-LD
FRASL
FSK
FTTB
FTTC
FTTF
FTTH
FTTO
FTTR

Composite Triple Beat
Cooperative Up-conversion Process
Continuous - Wave

Distributed Bragg Reflector
Dispersion Compensating Fiber
Digital Communication Network
Digital Cross-Connect System
Demultiplexer

Distributed Feedback

Digital Loop Carrier

Differential Phase Shift Keying
Dynamic Packet Transport
Dynamic Range

Distributed Reflector

Digital Service Unit

Cense WDM

Erbium Doped Fiber

Erbium Doped Fiber Amplifier
Edge emitting LED

European Telecommunications
Standard Institute

Field Effect Transistor
Fabry-Perot Amplifier
Fabry-Perot Laser Diode
Fiber Raman Soliton Laser
Frequency Shift Keying
Fiber To The Building
Fiber To The Curb

Fiber To The Floor
Fiber To The Home
Fiber To The Office
Fiber To The Rural

Phach bd ba hén hop

Qua trinh lién k&t bién ddi trén
Séng lién tuc

Phan xa phan bé Bragg

Soi bl tan séc

Mang théng tin s

Hé théng (bd) ndi chéo s6

B& giai ghep (tach} kénh
Phan hai phan bé

Truyén tai mach véng sé
Khoa dich pha vi phan

Truyén tai goi dong

Dai dong

B& phan xa phan bé

Thiét bi dich vu s6

WDM mat dé {cao, day dac)
5di pha tap Erbium

Khuéch dai quang sgi o6 pha tap erbium
LED phét canh

Vién Tiéu chuan vién thong chau Au
Tranzito higu Ung trudng

B& khuéch dai Fabry-Perot
Diode laser Fabry-Perot
Laser Soliton Raman sgi
Khoa dich tan sd

Sdi quang tdi toa nha

Sdi quang tdi khu vuc dan cu
Soi quang tdi tang nha

Sgi quang tdi tan nha

Sgi quang {8i céng s

Sdi quang t8i néng thon
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FWHM
FWM
GGL
Gl
GRIN
GVD
HEMT
HBT
IDLC
IF

IGL

(M
IMD

IM-DD

P
IPS
ISON
ISI
1S-1S
JFET
LA
LAN
LD
LED
LO
LOC
LPF
LSR
MAN
MC

Fult With at Half Maximum
Four-Wave Mixing

Gain Guided Laser

Graded Index

Graded Refractive Index

Group Velocity Dispersion

High Electron Mobility Transistor
Heterojunction Bipolar Transistor
Integrated Digital Loop Carrier
Intermediate Frequency

Index Guided Laser

Intensity Modulation

Intermodulation Distortion
Intensity Modulation-Direct Detection

Internet Protocol
Intelligent Protection Switching
Integrated Service Digital Network

Intersymbol Interference

intermediate System to Intermediate
System

Junction Field-Effect Transistor
Line Amplifier

Local Area Network

Laser Diode

Light Emitting Dicde

Local Oscillator

Large Optical Cavity

Low-Pass Filter

l.abel Switching Router
Metropalitan Area Network

Message Controller

B réng toan phan tai nlta 16n nhat
Tron bén song

Laser diéu khién khuéch dai

Chi s& Gradien

Chi s8 chiét suat Gradien

Tan sac van té¢ nhém

Tranzito ¢6 dé linh déng dién t cao
Tranzito ludng cuc hép giap di thé
DLC tich hop

Trung tan

Laser diéu khién chi s& chiét suat
Biéu bién cudng do

Méo diéu ché tuong hd

Di_élu bién cudng do - Tach séng true
tiép

Giao thic Internet

Chuyén mach bao vé thong minh
Mang sé lieén két da dich vu

Nhiéu gilta cac ky tu

Hé théng trung gian d&n hé théng trung

gian

Tranzito trudng ligén ket

B& khuéch dai dusng truyén
Mang ndi bé

Diode taser

Diode phat quang (LED)
Dao déng nbi

Hée edng hudng quang réng
Bé loc thong thap

B& dinh tuy&n chuyén mach nhan
Mang khu vie dé thi

B digu khién tin hiéu
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MCWVD
MESFET

MFD

MLFRL
MOSFET

MPLS
MPLS-TE
MPN
MQW
MSM
MSK
MSP
MSR
MUX
MZ
NA

NF
NLS
NMS
NN
NOLM
NRZ
NRZ-L
OA
CADM
OAR

OAT
OBPSR

oC
OCH

Madified Chemical Vapor Deposition

Metal Semiconductor Field Effect
Transistor

Mode Field Diameter

Mode Locked Fiber Ring Laser

Metal Oxide Silicon Field Effect
Transistor

Multiprotocol Label Switching
MPLS-Traffic Engineering
Mode Partition Noise
Multiple Quantum Well
Metal-Semiconductor -Metat
Minimum Shift Keying
Multiplex Section Protection
Made Suppression Ratio
Multiplexer

Mach-Zehnder

Numerical Aperture

Noise Figure

Nonlinear Schroedinger
Network Management System
Network Node Interface
Nonlinear Optical Loop Mirror
Non Return to Zerg

Non Return to Zero-Level
Optical Amplifier

Optical Add/Drop Multiplexer
Optical Amplified Receiver

Ogticat Amplified Transmitter

Optical Bidirectional Path Switched
Ring

Optical Circulator

Optical Channel

Ngung dong hor hoa chat bién doi
Tranzito trudng ban dan kim loal

Bucng kinh trudgng mode
Laser sgi véng chan mode
Tranzito truong oxit sitic kim log
Chuyén mach nhan da giao thic
MPLS-ky thudt luu lugng
Nhiéu canh tranh mode

Gigng (hd) lugng tir

Kim Ioai - ban dan - kim loal
Khoa dich téi thigu

Bdo vé doan ghép kénh

Ty s& nén mode

B ghép kénh

Bé diéu ché Mach-Zehnder
Khau dé s&

Hé sd (hinh anhj nhiéu
Schroedinger phi tuyén

Hé théng quan ly mang

Giac dién nut mang

Guong véng quang phi tuyén
Khong trd ve khong

Khéng trd vé muirc khéng

B& khuéch dai quang

Bd ghep kénh xeniré quang
B& thu duge khuéeh dal quang

B6 phat duge khuéch dai quang

Ring chuyén mach luéng quang song
hudng

B& vong quang

Kénh quang
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OC-N
OEIC
QFA
OFDM
oLl
OLS
OMS
ONI
ONNI
ONU
OOK
OrPC
CPLL
OPS
OSA
OSNR
OGFF
osu
OTDM
CTN
OUNI

OUPSR

OXC

PA
PANDA

PCS
FPDOH
POM
FDM
PDS

Optical Carrier-Level N
OptoElectronic integrated-Circuit
Optical Fiber Amplifier

Optical Frequency Division Multiplexing
Optical Line Unit

Optical Line System

Onptical Multiplex Section

Optical Network tnterface

Optical Network-to-Network Interface
Optical Network Unit

On/Off Keying

Optical Phase Conjugation

Onptical Phase-Locked Loop

Optical Splitter

Optical Spectrum Analyzer

Optical Signal-to-Noise Ratio

Open Shortest Path First

Optical Switch Unit

Optical Time Division Multiplexing
Optical Transport Network

Optical User-to-Network Interface

Optical Undirectional Path Switched
Ring

Optical Cross Connect
Pre-Amplifier

Polarization-maintaining AND
Absorption reducing

Plastic Clad Silica
Plesiochronous Digital Hierarchy
Polarization Division Muitiplexing
Polarization Mode Diversity

Passive Distribute Service

Truyén tai quang mic N

Mach tich hdp quang dién

B# khuéch dai guang soi

Ghép kénh quang theo tan sé
Thiét bi dudng truyén quang

Hé thong dudng truyén dan quang
Boan ghép kénh quang

Gtiag dién mang quang

Giac dién mang-mang quang
Thiét bi mang quang

Khoa déng-md

Két hop pha quang

Mach khoa pha quang

B& chia gquang

May phan tich phé quang

Ty sd tin higu trén nhidu quang
Luéng dau tién ngan nhat md
Khoi chuyén mach gquang

Ghep kénh guang theo thdi gian
Mang truyén tai quang

Giao dién mang tdi ngudi st dung

Ring chuyén mach tudng quang don
huéng

N&i chéo quang
B6 tién khuéch dai

Duy tri phén cuc va giam hap thy

Sai thuy tinh vé chal déo
Phan cap sé can dong bod
Ghép kénh phan cuc

Tan sac mode phan cuc

Dich vy phan 56 thy déng
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PE
PE
PIN
PLL
PM
PMD
PNNY
PoLSK
PON
PoP
ppb
ppm
PPP
PSK
PVC
RAPD
RF
RIN
RMS
RT
RU
RZ
SBS
SCM
SDH
SDL
SE
SEL
S
SLA
SLT

Polyethylene

Phase Encoded

Positive Intrinsic Negative
Phase Locked Loop

Phase Modulation
Polarization-Mode Dispersion
Private Network-to-Network Interface
PoLarization Shift Keying
Passive Optical Netwark
Points of Presence

part per billion

part per million

Point-to-Point protocal

Phase Shift Keying
Polyvinylchioride
Reach-through Avalanche Photodiode
Radic Frequency

Relative Intensity Noise

Root Mean Square '
Remote Terminal

Remote Unit

Return to Zero

Stimulated Brillouin Scattering
Subcarrier Muiltiplexing
Synchronous Digital Hierarchy
Simple Data Link
Spontaneous Emission
Surface Emitting Laser

Step Index

Semiconductor Laser Amplifier

Subscriber Line Terminal

Pé-ly-é~ty-len

Ma hoa pha

Cau truc PIN

Mach khoa pha

Diéu ché pha

Téan séc phan cuc mode
Giao dién mang-mang riéng
Khoa dich phan cuc

Mang quang thu dong

Cac diém thé hién

Phéan ty

Phan triéu

Giao thirc diém-diém

Khoa dich pha
P&-ly-vy-nyl-clo-rit

Diode tach séng thac cén xuyén
Tan 88 vo tuyén

Nhiét cuong do tuong ddi
Can trung binh binh phuong
Thiét bi ddu cudi dau xa
Thiét bi dau xa

Trd vé khong

Tan xa Brillouin kich thich
Ghép kénh séng mang phu
Phan cap s6 déng bd
Tuyén s liéu don gidn
Phat xa tu phat

Laser phat mat

Chi s8 chigt suat phan bac

B& khuéch dai laser ban dan

Thiét bi dau cudi duting day thué bao
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SMF
SMLL
SNR
SONET
SPM
SRS
STM
STS
TAL
TCP
TDM
TEC
™
TMI
TWA
upLc
VAD
VCl
VPi
VPN
WDM
WDMA
WGR
WPL
WR
WRC
WT
WXC
XPM
XPM
ZBLAN

Single Mede Fiber
Semiconductor Mode Locked Laser
Signal to-Noise Ratio
Synchronous Optical Network
Self Phase Moduiation
Stimulated Raman Scattering
Synchronous Transport Module
Synchronous Transpert Signal
Thin Active Layer
Transmission Control Protocol
Time Division Multiplexing
Thermally Expanded Core
Terminal Multiplexer
Two-Mode Interface

Travelling Wave Amplifier
Universal Digital Loop Carrier
Vapor Phase Axial Depositicn

Virtual Channe! Identifier

Virtual Path Identifier

Virtual Private Network
Wavelength Division Multiplexing
Wavelength Division Multiple Access
Wavelength Grating Router
Wavelength Path

Wavelength Router

Wavelength Routing Controller
Wavelength Terminal
Wavelength Cross Connect
Cross Phase Modulation

Cross Phase Modulation

Zr-Ba-La-Al-Na

Sgi dan quang don mode

Laser chan mode ban dan

Ty s4 tin hiéu trén nhiéu

Mang quang dang bo

Tu diéu ¢ché pha

Tan xa Raman kich thich

Ma&-dun chuyén tai déng bo

Tin hiéu chuyén tai dong bo

Ldp tich cuc mdng

Giao thic diéu khién truyén dan
Ghép kénh theo thdi gian

Sgi théng qua qud trinh xr Iy nhiét
B& ghép kénh dau cudi

Giao dién hai mode

B& khuéch dai song chay

DLC théng dung

Ngung dong truc pha hdi

B& nhan dang kénh ao

B& nhan dang ludng 4o

Mang riéng ac

Gheép kénh theo budc song

Da truy nhap chia theo budc séng
B& dinh tuyén cach td bude séng
Lubng budc séng

B& dinh tuyén budc séng

B& diéu khién dinh tuyén budc séng
{Thiét bi) Két cudi budc sbng

B& ndi chéo budc séng

Diéu ché ngang (chéo) pha

Diéu ché chéo pha
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TAP 2

Chiu trach nhiém xuit ban

LUU bUC VAN
Bién tap: TRAN VU THUGNG
NGO MY HANH
Ché ban: NGUYEN MANH HOANG

Sta banin: NGO MY HANH
Trinh bay bia: PHAN THE VINH

NHA XUAT BAN BUU PIEN

Try s9: 18 Nguyén Du, TP. Ha Nai

Dién thoai: 04-5772142, 5772143, 5772138 Fax: 04-5772037

E-mail: nxbbuudien@mic.gov.vn Website: www_nxbbuudien.com.vn
Chi phanh TP. HCM: 27 Nguyén Binh Khiém, Quan |, TP. H& Chi Minh

Dién thoai: 08-9100925 Fax: 08-9100924

E-mail: chinhanh-nxbbd@hcm.vnn.vn

Chi nhanh TP. Da Néng: 42 Tran Quéc Toan, Quéan Hai Chau, TP. Da Ning
Bién thoai: 0511-3897467 Fax: 0511-3897467
E-mail: pnbich@mic.gov.vn



In 700 ban, khd 19 x 27 cm, tai Nha xudt ban Thdng ké

S6 dang ky k& hoach xuét ban 891-2007/CXB/11,-279/Bub
$6 quyét dinh xuat ban: 05/QD-NXB BD ngay 13/02/2008.
In xong va ndp luu chiéu thang 02 nam 2008.



NHA XUAT BAN BUU DIEN

Tru s6 chinh: 18 Nguyén Du - Ha Ndi
DT Bién tap: 04.5772143 - DT Phat hanh: 04.5772138
Fax: 04.5772037 E-mail: nxbbuudien@mic.gov.vn
Website: www.nxbbuudien.com.vn

Chi nhanh TP. HCM: 27 Nguyén Binh Khiém - Quan | - TP. H6 Chi Minh
bién thoai: 08.9100925 Fax: 08.9100924
E-mail: chinhanh-nxbbd@hcm.vnn.vn

Chi nhanh Tp. Da Nng: 42 Tran Quéc Toan - Quan Hai Chau - TP. Pa Nang
Dién thoai: 0511.3897467 Fax: 0511.3897467
E-mail: pnbich@mic.gov.vn

MO CAC BAN TIM POC

1. TIENG ANH CHUYEN NGANH DIEN TU - VIEN THONG

2. CAC TONG DAI DA DICH VU TREN MANG VIEN THONG THE HE SAU.

3. TUDIEN THUATNGU VIEN THONG ANH - VIET

4. CHUKY 8O, CHUNG CHi SO VA CO SO HA TANG KHOA CONG KHAI: CAC VAN DE KY THUAT
VA UNG DUNG

5.CUOC CACHMANG NOKIA

6. AN NINH TRONG THONG TIN DI DONG

7.MANG VO TUYEN TUY BIEN

8.LY THUYET THONG TIN VA MA HOA

SACH CUA NHA XUAT BAN BUU PIEN CO BAN TAL:

1.Nha sach Tién phong
175 Nguyén Thai Hoc, Ha Noi
2. Nha sach Bach Khoa
S6 1, Pudng Giai Phéng, Ha Noi
86 - 107 Té6 Hién Thanh, Quan 10, TP. HCM
3. Nha sach Thang Long
2 Bis Nguyén Thi Minh Khai, Quén 1, TP. HCM
4. Nha sach Nguyén Van Cur
36 Xuan Thuy, Cau Giay, Ha Noi
Gia: 70.000d
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