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Luan 4an dugc hoan thanh véi su hudng dan khoa hoc cua PGS.TS. Pham Vin
Hoi va PGS.TS. Nguyén Quéc Tuan. Véi sy chi dan va dinh hudng vé mat khoa
hoc, su dong vién khich 18 tan tinh cua cac thay da gitp nghién ciru sinh hoan thanh
t6t cong viec nghién cau. Nghién ciu sinh cling xin cam on GS.TS. Pham Tuan
Anh truong DPH AiZu, Nhat Ban da gitip nghién ctru sinh ¢6 co hoi trao d6i nghién
ctru va thuc tap tai Nhat Ban vé linh vuc lién quan dén luan an.

Nghién ctru sinh xin cam on lanh dao Khoa BPTVT, Truong Dai hoc Céng nghg,
PHQGHN d3 tao mdi trudng va diéu kién nghién cau tdt, hd trg tai chinh giup
nghién ctu sinh tham du mot s6 hai nghi qudc té va thuc tap tai nude ngoai. Bong
thoi, nghién ciu sinh ciing xin duoc cam on céac thay, c¢d Bo mon Hé théng vién
thong, cac thay, c6 Khoa Pién tir - Vién théng va Trudng Pai hoc Cong nghé di hd
tro nghién cuu sinh trong qué trinh nghién ciu va bao vé luan an.

Cubi cling, tac gia ciing xin cam on gia dinh va ban bé da luon cam théng va

dong vién tac gia trong qué trinh hoan thanh luan an.
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T6i xin cam doan luan 4an “Nghién citu dnh hwéng cua nhiéu trong bg khuéch
dai quang va tdc déng Cia né dén hiéu ndng ciia mang truy nhap” 1a do toi thuc
hién va khéng chira bat ky noi dung nao duwgc sao chép tir cac cong trinh da duoc
ngudi khac cong bd. Cac tai liéu trich dan 1a trung thuc va duoc chi rd ngudn géc.

Toi xin hoan toan chiu trach nhiém vé 16i cam doan trén.
Ha Noi, ngay 20 thang 12 nam 2016
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MO PAU
Tinh céap thiét caa luan an

Hién nay & Viét Nam mang thong tin quang da phat trién rat manh ca vé do
dai toan tuyén truyén dan lan dung lwong thdng tin truyén trong cap quang. Su tién
bo nay do cac cong nghé ghép kénh phan chia theo thoi gian (TDM), ghép kénh
phan chia theo budc séng (WDM) va ghép kénh phan chia theo méa quang (OCDM)
da dugc trién khai tét ¢ tit ca cac tuyén duong truc, mang Metro va tham chi ca
mang truy nhap trong thoi gian tir nim 2006 dén nay. Dé trién khai c6 hiéu qua céc
mang da budc song & bat ky cap do nao thi khuéch dai quang soi dong vai tro rat
quan trong do chdng c6 kha ning khuéch dai tryc tiép tin hiéu quang ma khéng can
qua trinh bién ddi quang dién.

Khuéch dai quang soi pha tap Erbium (EDFA) di duoc nghién ctu va phat
trién tai Viet Nam tir cudi nhimg nam 90 cua thé ky XX va hién nay da c6 duoc
cdng nghé ché tao vai cac thong sé dat yéu cau sir dung trén tuyén truyén dan
quang. Tuy nhién, EDFA chi c6 thé khuéch dai tin hiéu quang hiéu qua trong dai
buéc song 1530-1565 nm (d6 rong bang tan khoang 35 nm), trong khi nhu cau vé sé
lugng budc séng can ghép trong soi quang ngay cang cao dé ting dung luong thong
tin trong toan tuyén cép. Ngoai ra, khuéch dai EDFA méi chi dugc trién khai trén
mang dudng truc va mang Metro st dung cong nghé WDM, chua duoc trién khai
trén cadc mang truy nhap, dac biét Ia mang quang thu dong (PON) st dung k¥ thuat
ghép kénh phéan chia theo ma quang (OCDMA).

Vi su gidi han vé bang tan khuéch dai cia EDFA, tir nim 2000 d3 cé cac
nghién ciru vé mat cong nghé sir dung hiéu eng tan xa Raman cudng birc dé khuéch
dai tin hiéu quang trong cac vang nam ngoai ving phd 1530-1565 nm. Hién nay
khuéch dai quang Raman (Fiber Raman Amplifier — FRA) da tr¢ thanh san pham
thwong mai trén thi truong, tuy nhién con rat nhiéu van dé vé khoa hoc va cong
nghé caa khuéch dai quang sir dung hiéu wng tan xa Raman cudng buc can duoc

nghién ctiru chuyén sau nham giai quyét cac van dé vé mé rong bing tan khuéch dai,



phiang phé khuéch dai, nang cao hé sb khuéch dai cia FRA va anh huéng caa phan
cuc cua chum bom va tin hiéu Ién tin hiéu khuéch dai caa FRA, hoac viéc nghién
ctru ché tao va sir dung cac bo khuéch dai FRA véi cong suat bom thap (<1W) trén
hé théng mang LR-PON str dung ky thuat DWDM, ciing nhu viéc danh gia anh
huong cia nhidu phat xa tu phat duoc khuéch dai (ASE) va tan sic mau dén hiéu
ning cua hé théng mang 1a mot van dé dang dé quan tam.

Vi vay luan &n mong mudn danh gia anh huong cua nhidu dén hiéu niang cua
hé thdng mang truy nhap sir dung ki thuat OCDMA, DWDM véi céc bo khuéeh dai
EDFA va Raman bom bang cong suat thap. Céac két qua tinh toan va mé phong sé la
cdng cu hd tro tét cho viéc nghién ctu trién khai hé théng mang truy nhap LR-PON
trén thuc té tai Viét Nam.

Muc tiéu nghién céu

Muc tiéu chinh cuaa luan an 1a nghién ctu va tim kiém giai phap cai thién hiéu
nang cta hé théng mang LR-PON da budc song s dung cong ngheé OCDMA va
DWDM duéi tac dong cua nhiéu ASE, NF, chiéu bom (do viéc sir dung céc bo
khuéch dai quang EDFA va DRFA) va anh hudng caa tan sac mau. Bén canh do,
luan an ciing mong mudn ché tao mot bo khuéeh dai quang Raman dugc bom bang
cong suat thap (< 1W) sir dung trong mang truy nhap quang da budc song.

Poi twong nghién ciu

Mang truy nhap quang da budc song sir dung cdng nghé DWDM két hop véi
bo khuéch dai quang Raman phan b6 bom bang cong suat thap va;

Mang truy nhap quang da buéc séng sir dung cong nghé OCDMA két hop véi
bo khuéch dai quang EDFA.

Pham vi nghién ciru

- Pham vi nghién ctru dugc giéi han do6 1la mang truy nhap quang da budc

song su dung ky thuat OCDMA va DWDM.

- Tham s hiéu ning cua hé thong duoc danh gia va khao sat trong luan an 1a

ti 1 18i bit (BER) va ti s6 SNR.



Phwong phap nghién ciru
Phuong phap nghién ctru duoc st dung trong luan &n 12 két hop giita tinh toén,
md phong Iy thuyét va thuc nghiém cong nghé. Bé dat duoc cac muc tiéu dé ra, cac
buéc nghién ciru s& duoc tién hanh cu thé nhu sau:
- Van dung céc kién thirc vé toan hoc, vat ly va quang hoc quang phd dé tinh
toan cho hé théng truyén dan quang va khuéch dai quang.
- Sir dung cac phan mém md phong chuyén dung nhu Optisystem dé thiét ké
cac hé thong mang quang LR-PON.
- Thiét ké ché tao cac bo khuéch dai quang Raman dugc bom bing cong sut
thap bang k¥ thuat dién tr va quang ti.
- Po dac, danh gia dic tinh cta san pham duoc ché tao, thir nghiém trén
tuyén truyén dan thyc té, so sanh véi cac san pham thuong mai.
Y nghia cia luan an
Ludn an danh gia anh huong cua nhiéu phét xa tu phat duoc khuéch dai (ASE)
trong cac bo khuéch dai, NF va tan sac mau dén hiéu ning cta cac hé thong mang
LR-PON, tir d6 chi ra vi tri thich hop dé dat cac bo khuéch dai va cdu hinh bom
thich hop trén mang.
Nghién ciru mét céch c6 hé thong vé bo khuéch dai quang Raman, qua d6 dé
Xuat phuong an ché tao bo khuéch dai quang Raman bom bing cong suat thap, gia
thanh ha va st dung n6 cé hiéu qua trong cdc mang truy nhap quang da budc song
tai Viét Nam.
Céu truc caa luan an
Chwong 1: Tong quan vé mang truy nhap LR-PON bao gom: gigi thiéu vé mang
quang thu dong (PON), mang LR-PON, cac cong nghé ghép kénh duoc sir dung
trong mang; cac kién tric LR-PON di duoc trién khai, cac yéu td anh huong dén
hiéu nang ctia mang LR-PON, khao sat cac nghién cau c6 lién quan dé tim ra cac

han ché va dé xuat huéng nghién ciu.



Chuwong 2: Thiét ké ché tao va khao sat dic tinh cua bo khuéch dai quang Raman
bao gdom: thiét ké phan dién tir cua bo khuéch dai, thiét ké xay dung phan mém diéu
khién ngudén bom laser va thiét ké phan quang ti cho khuéch dai quang Raman.
Khao sét cac dic tinh caa bo khuéch dai quang da ché tao nhu: khao sat pho phat xa
Raman tu phét, khuéch dai quang bang hiéu tng Raman cudng btc. Thir nghiém bo
khuéch dai Raman dé ché tao trén hé thdng mang WDM trong thuc té, so sanh cong
suat nhidu va ti sé tin hiéu trén tap am quang (OSNR) giita m6 phong va két qua
thuc nghiém trén tuyén thyc. Pé xuat cac phuong an ché tao khuéch dai quang
Raman phuc vu tuyén théng tin quang bang rong.

Chuwong 3: Danh gia anh huéng cua nhidu do bo khuéch dai EDFA gy ra dén hiéu
nang cua mang truy nhap quang da budc song LR-PON sir dung ky thuat OCDMA
bao gom: dé xuét kién tric mang, danh gia anh huong cua nhiéu phat xa tu phat dén
hiéu ning cua mang, tim ra vj tri thich hop dé dat bo khuéch dai trén tuyén.
Chuwong 4: Khao sat anh hudng cua nhidu do bo khuéch dai Raman gay ra dén hiéu
nang cta mang truy nhap quang da budc song su dung ky thuat DWDM va ngudn
bom cdng suét thap (<1W) bao gém: xay dung md hinh mang, danh gia anh huong
ctia nhiéu ASE, hé sb tap am va tan sic mau trong c4c cu hinh bom khéac nhau.

Két luan: Tom tat cac két qua nghién ctu chinh cua luan an cing véi nhiing thao
luan xung quanh dong gép méi ca vé wu diém va nhugce diém tir d6 dua ra nhiing

van dé can tiép tuc nghién cuu.



CHUONG 1

TONG QUAN VE MANG TRUY NHAP LR-PON
1.1.  Téng quan vé mang truy nhap

Nhu ching ta da biét, nhitng tién bo vé mat céng nghé trong mang duong truc,
mang doanh nghiép va mang gia dinh cing véi su bing nd caa luu luong truy cap
Internet da 1am cham dang ké dung lugng ciia mang truy nhap. Tai phan cudi cua
mang vién thong hién nay van con ton tai “diém tac nghén” giita mang LAN dung

luong cao va mang duong truc.
1.1.1. Céc giai phap bing rong dang ton tai

Trudc day hau hét céc giai phap bang rong duoc trién khai rong réi 1a mang
duong day thué bao sé (DSL) va dich vu truyén hinh cap (CATV). Mic du ching
da duoc cai tién so voi duong két ndi quay sé 56 kb/s nhung ching ciing khong thé
cung cip du bang thong cho cac dich vu méi nhu video theo yéu cau (VoD), tro
choi tuong tac truc tuyén, hoac hai nghi truyén hinh hai chiéu... [1].

a) Puwong day thué bao sé (DSL)

DSL st dung chinh cip day dong xodn nhu dudng day dién thoai twong tu va
yéu cau mot modem tai phia thué bao va mot bo tap trung duong day thué bao sé
(DSLAM) phia tong dai trung tam (CO). Tién dé cua céng nghé DSL 1a chia phd
tan cua duong day cap dong thanh cac kénh con co d6 rong khoang 4 kHz, trong d6
viing tan sé thap hon 4 kHz dugc sir dung dé truyén thoai, con cac tan sé cao hon
duoc cap phat cho cac dich vu truyén thong sb toc d6 cao hon. C6 bdn kiéu két ndi
co ban cua DSL:

- Mang sé tich hop da dich vu (ISDN): ISDN téc d6 co ban gém 2 kénh B va

1 kénh D (toc do tong cong 144 kb/s), cung cap cac dich vu vé dit liéu, hinh
anh, thoai...

- DPuong day thué bao sé toc do cao (HDSL): Puoc thiét ké phu hop voi

chuan T1=1,544 Mb/s va E1=2,048 Mb/s st dung mét, hai hoac ba déi day
dé truyén dan hai chiéu.



- Duong day thué bao sé bat dbi xang (ADSL): La dudng day thué bao duoc
trién khai phd bién nhét, né sir dung duong day dién thoai dé truyén dan va
c6 tdc d6 bat ddi xting. Trong huéng xubng, ADSL ¢ thé hd trg toe do6 1én
tGi 8 Mb/s, con trong hudng Ién, téc do co thé dat tai 1,5Mb/s tly thudc vao
d6 dai va trang thai truyén dan, di tré nén théng dung trong nhiing thap
nién 1990.

- Puong day thué bao sé tdc do rat cao (VDSL): C6 thé co toe do ddi xang
hoac khong d6i xiang, né dat dugc toc dd cao hon nhiéu HDSL hoic ADSL
nhung hoat dong véi khoang cach ngan hon nhiéu. Toc d6 c6 thé nam trong
khoang tir 13 Mb/s dén 52 Mb/s nhung khong duoc trién khai thuong mai
vi su canh tranh khdc liét cia mang di dong thé hé 3, 4G.

b) Cac mang truyén hinh cap (CATV)

Mot cach khac dé truy nhap bang rong la thdng qua mang truyén hinh cap
(CATV). Cac mang CATV cung cap dich vu Internet bang cach danh riéng mot sé
kénh tan sb vo tuyén (RF) trong cap dé truyén dit liéu. Tuy nhién, cac mang CATV
duogc thiét ké chu yéu dé cap phat cac dich vu quang ba, vi vay ching khéng phu
hop cho cac ¢ng dung cua mang truy nhap. Néu tai dir liéu 16n, hiéu nang cua mang

thuong thap va khong thé thoa man nhu cau caa nguoi ding.
1.1.2. Sei quang cho mang truy nhap

Cac giai phap bang rong da néu trén khong cho phép cung cap du bang thong
cho cac dich vu méi nhu VoD, tro choi twong tac truc tuyén, hoac hoi nghi truyén
hinh hai chiéu... Bé giam bét “tic nghén” vé bang thong, soi quang va céc nut
quang dugc dua toi gan hon phia ngudi ding trong ca mang DSL va CATV. Trong
cac mang truy nhap dua trén DSL, rat nhiéu bo DSLAM ¢ xa duoc két ndi voi CO
bang cac dudng cap quang. Trong mang truyén hinh cép, cac nat quang duoc lap
dat gan phia cac thué bao.

Ké hoach phét trién hién tai cia mang truy nhap 14 mang soi quang toi cac vin

phong, toa nha, hodc tham chi 1a ting ho dan cu. Khéng gidng nhu céc kién trac da



néu & trén, tai d6 soi quang chi duoc sir dung nhu mot duong truyén phan phéi dé
thu hep do dai cua cac mang cap dong va cap dong truc. Cac kién tric mang quang
hién nay c6 thé hd tro cac dich vu toc do 1én dén gigabit véi muc gia twong duong

nhu cadc mang DSL va CATV hién cé.

1.1.3. Mang truy nhap thé hé sau

N soi guang
2N tram thu phat
—

v

Tong dai | |
co L km

(a) Mang diém-diém

1 s¢iquang
2N + 2 tram thu phat

L km

(b) Mang sir dung chuyén mach

1 s¢i quang
N tram thu phat

Téne dai L km I N thué bao
ong dai

co
(c) Mang quang thu déng

Hinh 1.1: C&c kiéu két néi soi quang téi khach hang
Soi quang c6 kha nang truyén tai cac dich vu bang thong 16n, thoai tich hop,
dir liéu va hinh anh véi khoang cach xa hon 20 km trong mang truy nhap. Cach don
gian dé trién khai soi quang trong mang truy nhap cuc bd d6 1a sir dung cdng nghé
diém-diém (P2P), trong d6 soi quang két ndi tir tong dai CO téi mdi dau cudi thué
bao (hinh 1.1a). Trong ciu hinh nay, néu c6 N thué bao tai khoang cach L km so véi
CO thi yéu cau 2N tram thu phat va chiéu dai soi quang tong cong la N x L (gia s

mét soi quang duoc su dung dé truyén dan hai chiéu).



Dé giam sd luong soi quang, ngudi ta sit dung mot ndt chuyén mach (bo tap
trung) gan phia khach hang. Khi d6 chiéu dai soi quang tong cong chi con L km (gia
sir khoang céch gira nut chuyén mach va cac thué bao 1a khéng dang ké), nhung
thuc té cau hinh nay lai 1am tang s6 lwong tram thu phét 18n thanh 2N + 2, bai vi ¢6
thém mot tuyén dugc bod sung téi mang (Hinh 1.1b). Ngoai ra, kién tric mang st
dung chuyén mach yéu cau phai ¢6 nguén dién va ngudn nudi du phong tai nit
chuyén mach. Vi vay, sé& Ia hop ly néu thay thé nat chuyén mach tiéu thu dién ning
bang mot bo chia quang thu dong ré tién. Mang quang thu dong (PON) 1a mot cong
nghé thich hop cho mang truy nhap béi vi n6 tiét kiém duogc sé lwong tram thu phat,
cac két cudi tai CO va chiéu dai soi quang [2] [3].

PON la mét mang quang diém-da diém (P2MP) khéng sir dung cac phan ti
tich cuc trén duong truyén dan tin hiéu tir nguon téi dich. Céc phan tir duoc sir dung
trong PON chi 1a cac thanh phan quang thu dong nhu: soi quang, bo ghép va céc bo
chia quang. Mot mang truy nhap dya trén mang PON st dung s¢i quang don chi
yéu cau N tram thu phét va L km soi quang (khong tinh do dai soi quang tir bo chia
toi cac thué bao) (hinh 1.1c).

1.1.4. PON - lwa chon thich hep nhét cho mang truy nhap

Cong nghé PON ngay cang duoc chl y boéi nganh céng nghiép vién thong va
duoc xem nhu giai phap hitu ich cho mang truy nhap. Cac uu diém cia mang PON
phai ké dén gom:

- PON cho phép kéo dai khoang cach giira tong dai CO va thué bao. Mot
mach vong noi hat dua trén PON c6 thé hoat dong tai khoang cach Ién téi
20km, 16n hon nhiéu khoang cach tbi da dugc hd trg boi DSL.

- PON giam ti thiéu viéc trién khai soi ca ¢ tong dai noi hat va phia thué
bao. Chi can duy nhat mét soi quang trén duong trung ké, va chi mét cong
PON duoc yéu cau tai tong dai CO.

- PON cung cip bing thong cao hon do sy thAm nhap sau hon cua sgi quang.

Cac giai phap so¢i quang toi cac toa nha (FTTB), s¢i quang téi nha riéng



(FTTH), hoac tham chi s¢i quang tdi tan may tinh (FTTPC) cd muc dich
chu yéu 1a dua soi quang theo tat ca cac cach dén gan vai thiét bi cua khach
hang hon.

- La mot mang diém-da diém, PON cho phép quang ba cac kénh phét thanh
truyén hinh. Nhiéu kénh chdng chét vé budc song c6 thé dugc bd sung cho
PON ma khéng can bat ky su thay ddi nao ¢ céc thiét bi dau cudi dién.

- PON gitp loai bo viéc lap dat cac bo hop kénh va phan kénh tai céc vi tri
cua bo chia, vi vay giam dang ké cac cong viéc lién quan dén bao tri va cap
ngudn cho nha mang. Thay vi st dung céc thiét bj tich cuc, PON c6 cac
thanh phan thu dong va cé thé chon dudi dat ngay tai thoi diém trién khai
mang.

- PON cho phép d& dang nang cip 1én téc do bit cao hon hoic bd sung thém
cac budc song. Céc bo chia va két hop cong suat cung cap cac dudng truyén
dan quang hoan toan théng subt.

1.2. Céc cong nghé hé tro PON

Trong cac mang PON duoc trién khai hién tai, ngudi ta da lya chon k§ thuat
ghép kénh phan chia theo thoi gian (TDM) cho mang PON, ky thuat nay dat dugc
hiéu qua vé gia do viéc chia sé giita nhiéu nguoi str dung. Cac hoat dong chuan hoa
cia TDM-PON 10 Gb/s (10G-PON) di duoc hoan thién dé théa man nhu cau ngay
cang ting cho mang truy nhap quang 16p téc d6 10 Gb/s [4]. Tuy nhién, hé thng
TDM-PON s& kh6 khian dé cung cap dong thoi cho cac khach hang véi ludng di
liéu 1én c6 bing thong mic gigabit do tinh chat cua giao thirc da truy nhap dua trén
khe thoi gian. Vi vay cac mang PON dua trén cdng nghé ghép kénh phan chia theo
thoi gian (TDM) va/hoac ghép kénh phan chia theo budc song (WDM) hoac ghép
kénh phan chia theo ma quang (OCDM) duoc trién khai kha rong réi cho cac mang
truy nhap thé hé sau (FTTH) [5] [6] [7] [8] [9] [10].

Ban dau cac mang 1a don kénh, tirc 1a mot budce song don duogc chia sé gitra
nhiéu nguoi dung, sir dung ki thuat TDM. Sau d6, ca&c mang nay st dung k§ thuat

WDM cho phép truyén dan déng thoi nhiéu buéc séng trong cing mot soi quang,



lam ting dang ké dung luwong mang va st dung toan bo ngudn tai nguyén bing
thong cua soi quang. Ngoai ra, WDM con c6 thé dé dang ting dung luong va hiéu
ning dugc dam bao, dic biét cé thé truy nhap rat nhiéu loai hinh dich vu khac nhau.
Mot mang PON dién hinh bao gdm mot két cubi duong day quang (OLT) tai
van phong trung tdm cta nha cung cap dich vu, mot sé6 don vi mang quang (ONU)
hozc thiét bi mang quang (ONT) gan véi nguoi dung dau cudi, va mang phan phdi
quang ¢ giita (ODN). Mot ODN chii yéu gom céc soi quang va céc thanh phan thy
dong, ma khdng yau cau ngudn nudi. Béi vi co sé ha tang soi cia mang PON dua
trén kién trac diém-da diém nén tuyén cap tr OLT t6i n(t & xa dugc chia sé boi tat
ca cac ONU, do d6 gia mot ngudi ding phai chiu vé co ban 14 thap, vi vay PON c¢6
thé mang lai hiéu qua kinh té cho céc thué bao [11].

Cac hé théng PON khac nhau duoc dinh nghia trong cac khuyén nghi cua
ITU-T va céc chuan caa IEEE [12] gom:

- Co6ng nghé PON dugc biét dén dau tién 1a Telephone PON (TPON) dugc
trién khai vao nhitng nam 90 cho mang dién thoai.

- PON biang rong (BPON) chuan cia ITU-T dugc dinh nghia trong G.983, st
dung phuong thic truyén dan khong dong bo ATM nhu 13 giao thirc truyén
tai véi toc do dir lieu két hop cia 155,52 va 622,08 Mb/s. BPON truyén tai
bat ky kiéu dit liéu ndo, bat chap loai khung lién két dit liéu.

- PON c6 kha ning truyén tai tc d6 Gigabit (GPON) duoc dinh nghia trong
khuyén nghi ITU-T G.984 [13], cung cap kha ning mém déo, truyén tai bat
ky kiéu dir liéu ndo sir dung giao thie ATM va phuong thirc dong goi
GPON (GEM), c6 kha ning déng goi cac kiéu dir liéu khac nhau. GPON
cung cap maot vai su két hop c6 thé cua cac toc do dir liéu 1én va xudng (1én
tGi 2488,32 Mb/s ludng xudng).

- EPON (dugc dinh nghia trong chuan IEEE 802.3) sir dung giao thuc diéu
khién truy nhap méi truong da diém (MPCP) duoc thiét ké don gian va cho
phép truyén dan ludng lén va xubng dua trén goi tai toc do dix lieu 1250
Mb/s sau khi m& hoa 8b/10b.
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Véi sy phat trién nhanh chéng caa cong nghé PON trong nhitng nim gan déy,
EPON va GPON di tré thanh cac céng nghé PON cha yéu. Hién tai, EPON dugc
trién khai manh mé trong viing Chau A- Thai Binh Duong; cu thé 1a & Nhat Ban va
Han Quéc, trong khi GPON thi phé bién & Chau Au va Bic My [14].

1.2.1. Mang PON ghép kénh theo thoi gian (TDM-PON)

Thiét bi mang quang

K&t cudi duong B§ chia 0’0
day quang Splitter

===

Mang phan ph&i quang
Hinh 1.2: Kién tric mang TDM-PON
Hinh 1.2 trinh bay mat Kién tric dién hinh cia TDM-PON, la kién tric mang

diém-da diém (P2MP), FTTx (vi du: cap soi quang truyén dan dén nha riéng
(FTTH), soi quang téi doanh nghiép (FTTP), cp soi quang tai I& duong (FTTC)...)
[15] [16] [17]. Mot OLT duoc két néi véi nhiéu ONU théng qua mot nut quang, ma
thuong bao gom maot hoic mot vai bo chia cong suat quang. Kénh budc song xudng
1490 nm va kénh budc song 1én 1310 nm duoc sir dung dé truyén tin hiéu dix liéu va
thoai, trong khi kénh budc séng xudng 1550 nm dugc sir dung cho truyén hinh
tuong tu [12]. Trong hudng xudng, tat ca goi tin tir OLT duoc phat quang bé bai bo
chia va guri téi mdi ONU. T4t ca ONU nhan ra céc goi riéng cua ching thong qua
c4c nhan dia chi dugc gan trong phan tiéu dé cua goi [18]. Trong hudng Ién, cac tin
hiéu tir cac ONU khac nhau duoc ghép kénh véi nhau bai bo chia quang theo mién
thoi gian va gui téi OLT. Hau hét cac mang PON thuong mai ngay nay, tuc la
BPON, EPON va GPON la TDM-PON.

11



1.2.2. Mang PON ghép kénh theo bwéc song (WDM PON)

WDM PON la mét giai phap trién vong cho céc hé théng PON thé hé méi dé
canh tranh véi cac hé théng 10GEPON va NGPON1. Bé dat duoc biang thong 16n,
WDM PON cung cip cho mdi thué bao mot buédc séng thay vi chia s¢ buéc song
gitta 32 (hoic nhiéu hon) thué bao nhu trong hé théng TDM PON. Hinh 1.3 trinh
bay mot hé théng WDM-PON dién hinh dwa trén bo chia budc séng sir dung mot bo
tach budc séng thu dong (tac 1a mang dng dan séng — AWG) trong nit dau xa.

Cac budc song khac nhau trén
cac ONU

Két cudi dudng / - | = E
day quang
Mangongdan

séng

OLT ============::::::=(.I | IIII T!E.E?‘

%
Tmetblmang'Q "

quang

Hinh 1.3: Kién triic dién hinh cia mgng WDM-PON

Céc tin hiéu dugc ma hoa trén cac kénh budc song khac nhau, va dugce dinh
tuyén téi cac ONU khac nhau boi bo phan kénh. Viéc sir dung bo phan kénh tranh
duogc su ton hao céng suat chén Ién gay ra bai bo chia quang, 1am cai thién dang ké
quy cdng suit cua toan bo hé théng [19] [20] [21]. Phuong thic ndy tao ra mot lién
két diém-diém gitra OLT va méi ONU bang mot budc song riéng biét. Vi vay, mdi
ONU c6 thé hoat dong tai toan bo tdc do bit cua kénh budc séng riéng cua no.

Mt khac, mdi ONU chi nhan céc tin hiéu riéng cua nd, kién trac logic diém-
diém nay mang lai tinh bao mat va an toan hon nhiéu so véi cong nghé TDM-PON.

Mot kiéu WDM-PON khac dugc xem nhu phuong thic chia cong suat van sir
dung bo chia quang tai nit dau xa, noi ma céc tin hiéu dit lidu voi cac budc séng
khac nhau duoc quang ba téi mdi ONU. Sau d6, cac bd loc quang dugc dat ngay

trudc cac bo thu tai ONU gilip chon loc va chi truyén mot kénh budc séng va chan
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tat ca cac budc song khac. Loai WDM-PON nay c6 thé duoc nang cip d& dang tir
kién tric TDM-PON hién tai ma khong can bat ky thay doi nao trong mang phan
phdi quang ODN, nhung né khong thé han ché duoc céc van dé lién quan dén bao

mat thap va ton hao cong suat In.
1.2.3. Mang PON ghép kénh phan chia theo ma quang (OCDM-PON)

Bén canh ky thuat TDM va WDM thoi gian gan ddy ciing xuat hién kg thuat
ghép kénh phan chia theo ma quang (OCDM) véi cac wu diém vuot troi do 1a: truy
nhap khéng dong bo, st dung hiéu qua tai nguyén, c6 kha ning md rong va bao mat
cao [22] [23] [24] [25]. OCDM la mot k¥ thuat ghép kénh ma trong d6 moi kénh
truyén thong dugc phan biét bai mot ma quang thay vi mot budc séng hay mot khe
thoi gian.

Qua trinh ma hoa quang la bién d6i cac bit dir liéu trude khi ching dugc
truyén di. Tai du thu, thao tac giai ma nguoc duoc yéu cau dé khdi phuc lai dit liu
goc. Pa truy nhap phan chia theo ma quang la st dung k§ thuat OCDM dé phan xu
viéc truy nhap kénh truyén giira nhiéu nat mang trong mot md hinh phan tan.

Thong thudng cac hé thdng OCDMA dugc chia thanh hai loai d6 1a khong két
hop va két hop. Co ché khong két hop dua trén ki thuat diéu ché cuong d6 va tach
song truc tiép (IM-DD). Hoat dong tach song tryc tiép lam cho thi tuc don gian va
giam gia thanh cho bé thu. B tach song quang (photodetector) s€ phéat hién ra cong
suat quang cua tin hiéu quang cha khong phai 1a cac thay doi tac thoi vé pha cia tin
hiéu quang. Vi vay, chi cac ky thuat xu Iy tin hiéu khdng két hop mai c6 thé dugc
st dung [26]. Trong OCDMA két hop, thong tin vé pha caa séng mang quang la
quan trong cho qua trinh giai ma. Do tinh chét truyén din cua soi quang va cac hiéu
tng phi tuyén ciing nhu mtc d6 phuc tap caa bd thu trong hé thong OCDMA két
hop 1am cho k§ thuat nay kho trién khai hon. Tuy nhién, hiéu ning ciia co ché két
hop cao hon nhiéu so véi co ché khdng két hop bai vi bo thu c6 ti sé tin hiéu trén
nhidu (SNR) nhay hon [27] [28].
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Hinh 1.4: Kién triic dién hinh ciia mang OCDMA-PON
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T, Khoing théi gian 1 chip
Hinh 1.5: M& hoa mién thoi gian

Ngoai ra, OCDMA ciing c6 thé duoc phan loai theo phuong thirc ma hoa, d6

la ma hoa str dung mién thoi gian, mién tan sé hosc ca hai. Hinh 1.5 va 1.6 md ta
hai k¥ thuat ma hoa nay. Trong hé thong ma héa mién thoi gian, tin hiéu dugc ma
hoa bang cach nhan bit dir liéu véi mot tir ma theo mién thoi gian. Hé thong nay
khong hiéu qua vé pho boi vi mot tir ma dai thuong duoc yéu cau dé duy tri mot
tuong quan chéo thip. OCDMA trong mién tan sé thuc hién ma hda pha hoic
cudng do phd cua tin hiéu quang bang rong bang viéc sir dung pha hoic mit na bién
d6, ma hoa bién d6 phé (SAC) co thé cho hiéu qua vé phd tot hon. Mot wu diém
quan trong khac cia SAC/OCDM doé 1a khir duoc nhiéu da truy nhap (MAI) (1 cac
tin hiéu khong mong mudn xuét hién nhu 1a nhiéu tai bo giai ma. Pay 1a ngudn
nhiéu chu yéu trong OCDMA va giéi han hiéu ning cua hé théng. Tuy nhién theo ly

thuyét, MAI c6 thé duoc khir bang viéc st dung mot bo tach song can bang). Ngoai
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ra, khdng giéng nhu cac hé thong mién tan sé khac, SAC/OCDM c6 thé st dung cac
ngudn quang khdng két hop cho phép gia thanh ré hon va ciu trac don gian hon
[29] [30].

B - - _
£ ol I - |
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? o 9
2 3
«© o
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z
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2 :
1548 p 155p 1552p 1554 1548 155 1552p 1554p
Budc song (m) Budc song (m)

Hinh1.6: Ma héa bién dé phé (SAC)

M#t sé k§ thuat ma hoa trong mién quang:

a) M4 hoa nhay buéc séng (tan so)

Hé thong OCDMA nhay buéc séng nhanh cé thé duoc thuc hién bang viéc sir
dung cach tir Bragg [31] [32] [33]. Nhiéu cach t Bragg (FBG) duoc sir dung dé tao
ra su nhay tan (budc song) trong CDMA. Do tinh chat vao truéc phan xa trudc
tuyén tinh cua cac cach tir Bragg, mau nhay tan so theo thoi gian duoc xac dinh boi
thir tu c4c tin s6 cach tir trong soi. Thir tu c4c tan sé céch tir trong bo giai ma nguoc

v6i bd ma hoa dé thyuc hién duoc tha tuc loc hoa hop.

Ngubn bang | ’}\ a

10n;
e l Bo mé héa s dung
Circulator _Y_ céch tir Bragg
oz 1
3.4; ).,| }.; ;.; .I.q
B0 ghép
hinh sao
* Bo giai ma sir dung
Circulator _Y_ cach tr Bragg
/) 74
| K ‘1 ]
SLH SR 2 " A .
B6 téch ; ¥ I Iy b h h n
song quang | . /

Hinh 1.7: Nguyén ly hogt dong cua bg ma hoa va giai ma FBG
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Hinh 1.7 trinh bay bo ma hoa va giai ma trong mang dugc ghép theo kiéu hinh

sao. Néu buéc séng trung tdm cua anh sang vao bang véi budc séng cua cac to

Bragg, n6 sé& bi phan xa bai FBG, con khdng né s& bi truyén qua. V&i phian ma hoa

CDMA duoc tao ra thich hop, trudng anh sang phan xa tir FBG s& duoc ma hda phd

vao mot ma dia chi. Bé giam anh hudong cua MAI, cadc ma véi dic tinh twong quan

chéo nho nhit phai duoc yéu cau [34].

b) Ma héa pha phé (SPC)

D liéu -
Bién dai
Fourier

Xung quang
Ma héa

Bién d6i
Fourier ngugc

X
Tao chudi PN

Sgi quang

BO ghép hinh
sao

Bién déi
X

Tao chudi PN

Giai ma

Fourier ngugc

— Dt liéu
Bién doi

B0 tach
song quang

e iseie Théu kinh Matﬁlpha
7
%
3 . »%

Xung quang vao

Xung quang dwoc ma hoa ra

(a)

Théu kinh

Céch tw

(b)

Hinh 1.8 : Hé theng OCDMA ma hda phé pha va bién déi Fourier quang

Hinh 1.8a trinh bay bo ma héa va giai ma cia mot hé thdng ma héa pha pho.

Ngudn théng tin s& diéu ché cac xung laser rat ngan, cic xung nay sau dé s& duoc

bién doi Fourier va cac thanh phan pho duoc nhan bgi mot ma twong Gng véi do

dich pha 1a 0 hoic = [35]. Bién d6i Fourier cé thé dugc thuc hién bang cac cach tir

Bragg va cap thau kinh nhu trinh bay trong hinh 1.8b.
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Sau khi dugc md hoa pha, xung quang cuc ngan ban dau dugc bién doi thanh
mét tin hiéu c6 cuong do thap va thoi gian kéo dai hon. Mot bo diéu ché tinh thé
long (LCM) c6 thé duoc str dung dé thay dbi pha pho thanh 0 hoic n. Sau d6 xung
nay s& duoc chia nho thanh N, khoang tan sé (chip) véi su hd trg cia mot mat na
pha. Mbi chip dugc gan mot do dich pha tuy thudc vao chudi dia chi ma cia ngudi

dung.

C) Ma héa bién do phé (SAC)

Trong hé thong OCDMA mi héa bién d6 phd, cac thanh phan tan sé caa tin
hiéu tir mot nguon phat bang rong duoc ma hda bang cach bi chan lai hoic cho qua
thy thugc vao tir ma duogc su dung [36] [37]. So sanh vai SPC, SAC ré hon do viéc
str dung ngudn quang khong két hop. Bdi véi mdi truong truy nhap thi gia ca 1a mot
trong nhitng nhan té quyét dinh, vi vay ma cac hé thing OCDMA dua trén SAC
duong nhu 6 trién vong hon. Hinh 1.9 trinh bay cau tric nguyén Iy cua mot hé
théng SAC-OCDMA. B thu loc tin hiéu vao théng qua mot bo loc giai ma truc tiép
A(w) gidng nhu tai bo phat va mot bo giai ma b c6 thanh phan pho A(w). Léi ra
ctia cac bo giai ma nay duoc tach séng boi hai bo tach song dugc két néi theo cau
trdc can bang. B4i véi mot tin hiéu nhiéu, tiy thudc vao tir ma dugc gan, mot phan
cua cac thanh phan pho s& khép vai bo giai ma truc tiép, va phan khac s& khap voi
bo giai ma bu. Bai vi 16i ra cua bo thu can bang twrong tng véi hiéu cua hai 16i ra bo
tach séng nén céac kénh nhiéu sé& bi khir trong khi kénh phii hop s& duoc giai diéu
ché, tire 1a MAI duoc khir trong hé théng SAC-OCDMA..

Mot vai loai ma da duoc dé xuat cho hé théng SAC-OCDMA bao gom: chudi-
M [32], m4 Hadarmard [38] va mi twong dong trong s kép duoc sira d6i (MQC)
[39]. Mdi tap tir m& c6 thé duoc biéu dién bai ky hiéu (N, w, w), trong d6 N, 1a d6
dai caa ma, w 1a trong s6 va pu 1a hé sé twong quan chéo. Trong ma chudi-M,
w = (N, +1)/2 va u = (N, + 1)/4; trong md Hadamard trong s va hé sé tuong
quan chéo lan luot bang N./2 va N,./4. Trong md MQC, u =1 va voi mot sb

nguyeén té p ching ta ¢ chiéu dai cia ma 1a N, = p? + p vatrongsé w = p + 1.
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Hinh 1.9: Neuyén Iy ma héa bién dé phé trong hé theng OCDMA
1.3.  Mang quang thu dong khoang céach dai (LR-PON)

Trong vai nim gan ddy, cac nha cung cap dich vy mang quan tam dén viéc mo
rong khoang céach truyén dan cia mang PON téc do gigabit (GPON) 16n hon 20km
va ti 1€ chia lon hon 32 [40] [41] [42]. Viéc m¢ rong khoang cach cua GPON ciing
da dugc chuan hoa boi ITU-T (G.984.6) [43]. Tuy nhién, cac cach tiép can kéo dai
khoang cach duoc xem xét trong G.984.6 yéu cau sir dung cac phan tir st dung dién
nang nhu cac bo lip dién-quang; diéu nay mang dén nhiéu bat tién trong mot hé
théng mang PON va khong hiéu qua vé gia, cu thé trong cac moi trudng noi ma
khong c6 nguon dién (vi du trong cac viing nong thon). Céc k¥ thuat kéo dai khoang
cach hoan toan thy dong sé thu hat hon ddi véi cac nha mang. Céac nghién ctiu gan
day cho thay, viéc s dung cac bo khuéch dai quang tai tong dai trung tam (CO)
va/hoic tai tong dai noi hat 12 rat can thiét dé quy cong suat caa mang PON khoang
cach dai (LR-PON) duoc dam bao [44]. Khuéch dai trong mién quang tao ra su
trong sudt déi véi toc do bit va khudn dang dit liéu, tiy thudc vao kiéu khuéch dai
duoc sir dung ma c6 thé khuéch dai trén mot ving budc song rong. Hai loai khuéch
dai duoc dé xuat gan day la khuéch dai soi pha tap Erbium (EDFA) va khuéch dai
quang Raman phan bé (DRA), cac bo khuéch dai nay co thé cai thién quy cong suét
cho mang GPON va kéo dai khoang cach truyén dan ma khong phai sir dung nguon
dién [45] [46] [47] [48] [49].
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Hinh 1.10: Cdu trdc mang LR-PON lam don gian mang vién théng

Mang LR-PON 1a mét kién trac dugce dé xuét cho phép két hop mang metro va
mang truy nhap lai vé&i nhau, mo rong khoang cach caa mang truy nhap tir 20 km
chuan t&i 100 km [42] [50]. Hinh 1.10 trinh bay c4ch ma LR-PON lam don gian héa
mot mang vién théng. Mang vién théng truyén thong thuong bao gdm mang truy
nhap, mang metro va mang duong truc (mang duong dai). Tuy nhién, véi sy phéat
trién cia cac cdng nghé cho mang truy nhap bang rong LR, mang metro s& gan nhu
nam trong mang truy nhap. Khi do, phan cip mang vién thdng s& chi con mang truy

nhap duoc két ndi truc tiép vao mang duong truc [51].

Nhanh 10 km

Sqi feeder: 100km hodc xa han

hat

Téng dai N
trug%tam Téng dai
Mang dudng truc noi E -

Kénh dan hoac WDM
(OLT) S8 luwgng Idn ngudi

ding

Hinh 1.11: Kién trdc mang LR-PON
Hinh 1.11 trinh bay kién tric chung cua mang LR-PON. Téong dai trung tdm
CO két nbi mang duong truc vi mang mang truy nhap va thuc hién chirc ning cua
l6p 2 va 16p 3, tic 1 cAp phat tai nguyén, tong hop dich vy, quan Iy va diéu khién.
Tong dai ndi hat dugc dit trong pham vi cia nguoi dung noi hat, gan voi thiét bi
dau cudi khach hang: ONU (khoang céch 10km). Tin hiéu quang truyén qua Soi

quang feeder (khoang 100 km hoic xa hon) giita CO va téng dai noi hat, sau dé tin
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hiéu duoc chia tai cac bo chia va két ndi véi mot sb luong 16n cac ONU. Bé bu lai
su ton hao cong suat do khoang cach truyén dan Ién va ti 1é chia cao, cac bo khuéch

dai quang cd thé duoc sir dung tai OLT va téng dai ndi hat [51].
1.4. M@t s6 kién tric LR-PON da dwoc trién khai

Cac dich vu truyén thong da phuong tién méi nhu: wng dung thoi gian thue do
nét cao (HD) tdc do bit dbi xng, hoi nghi truyén hinh, trd choi truc tuyén, tiép dén
1a cac phuong thuc truyén thdng kiéu méi nhu diém-diém hoac diém-da diém, lam
taing dang ké nhu cau bang thong cia nguoi dung dau cudi. Sy gia ting theo ham
mil cua bang thong s& duong dau voi sy phat trién caa cac mang truy nhap quang
thé hé mai. Tién trinh phat trién cua cac cong nghé PON cii s& phai cung cap céac
giai phap véi ngudn tai nguy@n mang 1én, hiéu qua vé gia dé dap ung dugc cac tng
dung méi ctia nguoi ding va nhu cau caa cac nha cung cap dich vu.

CAac yéu cau cua mang truy nhap quang LR thé hé méi bao gom:

- Ting khoang cach truyén dan ti thiéu 1én d¢én 100 km

- Tang ti I€ chia Ién téi 128 hoac cao hon, giam gia thanh cho thué bao

- Tang thong luong cua ludng 1én va xudng (1én téi 10 Gbls)

- Théng suét hoic thich hop nhiéu nhat cé thé vai cac mang PON hién tai

- Giam nhe cdng viéc van hanh, trién khai va bao tri

Nhu dd dé cap trong phan 1.3, mang LR-PON duogc dé xuat cha yéu dé khic
phuc cé&c gigi han caa mang TDM-PON va WDM-PON nhu ti Ié chia thip va
khoang cach ngan. Ban dau, ching dugc dé xuat dua trén cong nghé TDM, chi c6
mot budc song dugc chia sé gitta mot sé lugng Ién cac ONU. Sau d6, ching duoc
dé xuat dya trén su két hop gitra TDM/CWDM va TDM/DWDM [52].

1.4.1. LR-PON dwa trén TDM

Kién tric dau tién duoc trién khai d6 1a SuperPON (hinh 1.12), n6 dugc dé
Xuat vao giira thap nién 90, 1a mot mang cung cap day du dich vy va hiéu qua vé
gid. Kién tric ndy véi muc dich nang cdp cho kién trac PON bing rong G.983
(BPON) bao gém: tang ti I¢ chia I&én thanh 2048, khoang cach dai hon (100 km), téc
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d6 bit cao hon (2,5Gb/s cho ludng dit liéu xudng, va 311 Mb/s cho ludng Ién).
SuperPON dua trén ba tang khuéch dai, ting tht nhat duoc sir dung dé mao rong

khoang cach, hai tang con lai dé tang ti 18 chia.
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Hinh 1.12:Kién truc SuperPON [52]

Mic du ti 1é chia dat duoc 2048 trong kién trac SuperPON, nhung né phai st
dung mét giao thic phuc tap dé khac phuc nhiu gay ra boi viéc dat song song cac
bo khuéch dai trong mang phan phéi. Hinh 1.13 trinh bay kién triic caa mang LR-
PON, né duoc trién khai cho mang vién thong & Anh, véi myc dich lam théa man
nhu cau ting bang thong trong twong lai cling nhu hop nhat cac tong dai trung tam

trén toan lanh thd nudc Anh [53].
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Hinh 1.13: Kién trdc mang LR-PON ¢ Anh
Nhu chiing ta thdy trén Hinh 1.13, mot ting khuéch dai quang kép duoc dit tai

tong dai noi hat dé bu lai suy hao khi truyén qua soi duong dai. Mot bo loc thong
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dai quang duoc dit trudc bo thu dé giam nhidu ASE, va ting cudng do nhay. Hé
théng c6 thé hd trg tbe do dir lieu luong I1&n va ludng xudng 1én dén 10 Gb/s trén
khoang cach soi 100 km. Mic du né c6 ti & chia bang mot nira so voi mang
SuperPON (1024), nhung phan mang truyén dan caa nd 1a hoan toan thu dong va

khong yéu cau giao thtrc didu khién nhidu nhu trong kién tric SuperPON.

1.4.2. LR-PON dwa trén GPON hién c6

Chuan G984.6 [43] dinh nghia mét cai tién méi cia GPON hién tai bang viéc
ting cudng quy cdng suat quang vi vay cho phép ting khoang céch truyén dan va ti
& chia. Viéc ting khoang cach trong GPON dat duoc bang cach st dung cac bo mo
rong khuéch dai quang ¢ giita duong truyén (extender) hoic cac bo tiép song
(transponder).

Giao dién ngudi
ding - mang

UNI

ONT
/ 10G (G.984.6)
UNI y
S'/R’ R'/S’ S/R SNI

\
B m§ r6n1 | | |
: ; | OTL OLT
UNI ‘ Extender ]

Hinh 1.14: Kién trdc mé réng cia GPON [43]

Sy diéu chinh nay cho phép kéo dai khoang cach ¢ gitta duong truyén bang
viéc bo sung mét thiét bi chu dong cho mang phan phéi quang thu dong (ODN) (bo
tai tao hodc khuéch dai quang) trong tuyén truyén dan, gitra OLT va ONT, dat duoc
khoang céch truyén dan dai hon 1én t6i 60 km (Hinh 1.14). Thiét bi OLT duogc két
ndi véi bo extender thong qua duong trung ké quang (OTL), cac ONU duoc két ndi
v6i dudng truyén thong qua mang phan phéi quang (ODN) bang céc giao dién R/S
va S’/R’. GPON dugc mé rong (GPON-RE) bd sung mot duong trung ké diém-
diém (OTL) cho mang phan phdi quang diém-da diém (GPON ODN). GPON-RE

tranh duoc viéc trién khai mang metro, lip dat OLT tai tong dai CO & xa. Kién tric
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nay 1am giam sé luong CO, ddng thoi 1am don gian héa qué trinh van hanh, bao tri,
bao dudng.
1.4.3. LR-PON dwa trén WDM-PON

WDM-PON la mét tng dung ghép kénh phan chia theo budc song st dung cac
budc song riéng cho mdi mang PON. Cac ONU c6 c4c ngudn sang véi cac budc
song duoc diéu chinh khac nhau truyén trong cing soi quang, lam ting bing thong
téng cong va sé nguoi dung dugc phuc vu trong mang truy nhip. Lién quan dén
phuong thirc truyén din, WDM-PON c6 thé st dung kiéu truyén dan diém-diém,
diém-da diém (nhu EPON/GPON) hoic céc giai phap lai ghép. Trong kiéu truyén
dan diém-diém, khong doi hoi co ché cip phat bang thong dong, con ddi véi truyén
din diém-da diém no st dung WDM/TDM dé dat dwoc hiéu suat st dung tai
nguyén cao. ONU/ONT trong WDM-PON dugc phéan loai nhu sau: khong mau
hodc ¢6 mau. Trong loai khdng mau, thiét bi dau cudi dugc cip budc song tir OLT
dat tai CO, sir dung ciing budc s6ng cho cac kénh Ién va xudng. Trong trudng hop
nay, ludng quang 1én duoc diéu ché sir dung FSK, RZ nguoc, hodc diéu ché cuong
d6 (IM) [54] [55]. B chia s& duoc thay thé bang mot bo loc chon loc budc song
duogc thyc hién bang mot mang 6ng dan song (AWG) khi ONU nhay véi mau sic va
cach thuc truyén 1a diém-da diém. LR-PON dua trén WDM-PON c6 thé st dung
AWG Vi suy hao thap, trong truong hop nay, suy hao caa tuyén 1a 28 dB va ti Ié
chia Ién t6i 64 dB, va khoang cach tang 1én 80 km [56].

1.4.4. LR-PON dwa trén TDM va CWDM

Trong hé thong ghép kénh theo budc séng mat do trung binh (CWDM),
khoang cach gitta cac budc séng 1a 20 nm, cho phép truyén dong thoi nhiéu budc
song trén clng maot soi quang, tuy nhién sé luong budc séng sé it hon trong hé
théng ghép kénh theo budc séng mat 46 cao (DWDM). Khoang cach buéc séng
tuong ddi 16n nay cho phép su sai léch budc song nhiéu hon, vi vay c6 thé sir dung
cac laser khong duoc lam lanh, gia ré. Hé thong LR-PON lai ghép giita TDM va
CWDM duoc d& xuét trong [57]. Kién trdc trinh bay trong Hinh 1.15 cho phép
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truyén dong thoi 4 lubng TDM-PON sir dung CWDM trén khoang céch 60 km soi
duong dai. Kién tric c6 thé hd tro 128 ngudi ding bang viéc s dung hai b khuéch
dai lai ghép SOA-Raman tai nat dau xa, hai bo ghép CWDM va theo sau 1a 4 bo
chia (2x2) va 2 bo chia (1x16). Nhuoc diém chinh trong cau hinh nay Ia can phai c6
bo khuéch dai quang bang rong do ludi bude song cia CWDM twong dbi lon. Vi du
mot hé théng CWDM 4 kénh yéu cau do rong bang thong khoang 70 nm. Bé dat
dugc diéu nay, mot bo khuéch dai lai ghép SOA-Raman dugc sir dung dé khuéch
dai tin hiéu trong ca hai chiéu. Bo khuéch dai lai ghép cung cip bang thong rong
hon bd khuéch dai SOA don 1é dugc trinh bay trong [58].

Téng dai CO

1490 nm
1510nm

T-X

R-X

Sgi dudng dai
Hinh 1.15: Kién tric LR-PON dya trén TDM va CWDM

1.45. LR-PON dya trén TDM va DWDM

Dé tranh phai sir dung cac laser c6 budc song cb dinh, gia cao trong cac ONU,
hé théng LR-PON dya trén TDM va DWDM dugc dé xuat trong [59] dua trén viéc
str dung co ché phan phdi séng mang quang tap trung va diéu ché tir xa khéng phu
thudc budc séng. Bo phat st dung mét bo diéu ché hap thu dién (EAM) tich hop véi
hai bo khuéch dai quang SOA. S6ng mang quang tap trung nhan tai 16i vao ONU
duoc khuéch dai bai b SOA thir nhét, duge diéu ché béi EAM va dugc khuéch dai
bai bo SOA thir hai, sau d6 dugc phat di trén sgi quang. Bang C dugc phan tach boi
dai bao vé c6 do rong 5 nm va dugc cap phét cho ca hai chiéu truyén dan, ving
buéc séng tir 1529 nm dén 1541,6nm dugc cap phat cho ludong xudng trong khi
ving budc song tir 1547,2nm t6i 1560,1 nm dugc cap phat cho ludng Ién. Kién tric
trinh bay trong Hinh 1.16 c6 thé két hop 17 lusng TDM-PON, mdi ludng c6 téc do
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di liéu 10 Gb/s st dung lugi DWDM (0,8 nm) va truyén trén khoang cach 100 km.
Soi bl tan sic (DCF) dugc dat tai tong dai CO dé bu tan sac khi toc do bit ting (10
Gb/s). Soi DCF duoc chia sé bai ca ludng 18n va ludng xubng trude khi duoc phan

tach tai bo cach ly vong [52].
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Hinh 1.16: Kién trac LR-PON dwa trén TDM va DWDM
1.4.6. LR-PON dwa trén CDM va DWDM

PON dya trén DWDM va CDM (ghép kénh phan chia theo ma) két hop ghép
kénh phan chia theo budc séng va theo ma, dat duoc khoang céach truyén dan Ion do
d6 loi cua ma, bang thong cao va truyén dan hai chiéu trén cing mot budc séng va
v6i mot soi quang don. Hé thong PON DWDM-CDM dién hinh 14 16 budc song Véi
cong suat suy hao 42 dB trén 100 km, sir dung 32 ma truc giao (32 nguoi ding).
Mot vai co ché LR cung cép ti 1é chia cao, khoang cach 16n hon 60 km va bing
thong d6i xtimg/khong dbi ximg cao duoc trinh bay trong [60].

1.5. Céc tham s6 danh gia hi¢u ning cia hé thong mang LR-PON

Hiéu ning ctia mot hé thdng mang LR-PON c6 thé dugc xem xét va danh gia
thong qua rat nhiéu tham sé khac nhau. Tuy nhién, khi danh gia hiéu nang cta hé
thng truyén dan duéi tac dong cia cac tham sé ¢ 16p vat 1y nhu suy hao, tan sac,
tap am, nhidu... thi thudng dugce danh gia thong qua ti 6 15i bit (BER), hé s6 pham
chat Q va ching la mot ham cua ti s6 tin hiéu trén nhidu (SNR).

- Ti s6 tin hiéu trén nhidu SNR: Pugc dinh nghia 1a ti s giita cong suét tin

hiéu va cong suat nhidu. Mot hé théng co ti sé SNR 16n s& cho hiéu ning
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tét, tuc 12 ti s BER nho. SNR phu thudc vao cong suét tin hiéu tai dau thu
do d6, n6 sé& bi chi phi boi cac tham sb nhu suy hao, tan sic, va nhiéu...
- Ti I 15i bit BER: La ti sé giira s6 bit thu dwogc bi 13i trén tong sb bit duoc
phat di trong mét don vi thoi gian. Dé xac dinh BER trén thuc té ching ta
s dung may do, con trong nghién ctru, BER thuong dugc xac dinh thdng
qua tinh toan va mé phong.
1.6. Céc yéu t6 anh hwong dén hiéu niing ciia mang LR-PON

Déi véi mang LR-PON da bude song sir dung cong nghé OCDMA va DWDM
thi gii han vé hiéu niang chu yéu do cac yéu tb sau:

a) Suy hao

Khi tin hiéu truyén trong soi quang n6 sé& bi suy giam theo ham mi. Thong
thuong, hé s6 suy hao cua soi quang G.652 tai bugc séng 1550 nm khoang 0,25
dB/km. Céac nguyén nhan gay suy hao la do hap thy, do tan xa tuyén tinh va do udn
cong...Ddi véi cac hé thong LR-PON khi ma khoang cach truyén dan ting 1én
khoang 100 km thi hé s6 suy hao 1a dang ké.

b) Téan sic

Tén sac gay ra boi dic tinh phd quang cia bo phat va tan sac soi quang, 1a yéu
t6 chu yéu gigi han dung luong truyén dan. Trong soi quang don mét, tan sac chi
yéu bao gom tan sac vat liéu va tan siac din song (ching duoc goi chung Ia tan sac
mau). Nguyén nhan la do cac thanh phan tan s khac nhau c6 do tré khac nhau khi
truyén qua soi quang sé dén bo thu tai cac thoi diém khéac nhau. Trong mién thoi
gian, n6 lam gidn rong cac xung quang, gay ra nhiéu xuyén kénh va lam giam do
mé cua gian d6 mat va lam giam hiéu nang ciia hé théng.

c) Nhiéu cia b khuéch dai quang

Ngoai viéc khuéch dai tin hiéu, cac bo khuéch dai quang ciing gy ra phét xa
tu phat dugc khuéch dai (ASE) [61]. ASE la mét hiéu ang phu cua co ché khuéch
dai, tao ra boi phat xa tu phat, duoc khuéch dai bai qua trinh phat xa kich thich
trong moi truong khuéch dai. ASE c6 thé anh huong xau dén hiéu niang cua hé
thdng. Nhidu ASE thuong tich lily theo chiéu dai cua soi EDF, két qua I3, ti s6 SNR
cd thé giam dang ké. Dé khuéch dai tin hiéu quang trong khi van duy tri dwoc nhiéu
& muc thap, nguoi ta da dé xuat mot co ché goi 1a khuéch dai trung gian hai tang.
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Tang khuéch dai thi nhat bao gdm bo tién khuéch dai voi nhidu thap tao ra ti s6
SNR cao bang viéc duy tri ASE cua né & muc thip; va tang thir hai bao gom maot bo
khuéch dai vai cong suét du 16n dé bu lai suy hao 16n trong soi feeder.

d) Nhiéu da truy nhap (MAI)

Déi véi cac hé thong LR-PON st dung ki thuat OCDMA thi mét trong nhirng
yéu t6 anh huong dang ké dén hiéu ning cua hé théng chinh 1a nhidu da truy nhap
(MALI). Su ton tai caa nhiéu nguoi dung cung truy nhap vao mot moi trudng, tai
ciing mét thoi diém va cuing céc tan sé dé phat ddng thoi dong dix liéu caa ching
trong cac hé théng OCDMA s& gay ra nhiéu MAL.

e) Hiéu &ng tw diéu pha (SPM)

Khi mot xung quang don duoc truyén trong soi quang, do chi sé khiic xa phu
thudc vao cdng suat (cudng d6 anh sang), sudn trudc cua xung 1am ting chi s6 khic
Xa, suon sau lam giam chi sé khlc xa. Sudn trude cua xung dich vé phia buéc séng
dai hon va suon sau cua xung dich vé phia budc séng ngan hon. Hién tuong nay
duoc goi 1a ty diéu pha (SPM), 1am cho xung bi gidn rong ra. Trong cac hé thong da
buéc séng cd khoang céch kénh hep, su mé rong budc séng gay ra bai SPM c6 thé
dan t&i nhidu gitra cac kénh lién ké.

f) Hiéu ing diéu ché xuyén pha (XPM)

Trong cac hé théng da budc song thi chi sé khic xa cua 18i soi khdng chi phu
thudc vao cuong d6 anh sdng caa mot kénh (mot budc séng), ma con phu thude vao
cuong do séng cua cac kénh con lai. N6i mét cach khac, dich pha xung quang trong
mot kénh nao do co su dong gop cua cuong do sang cac kénh khac. Hién twong nay
duoc goi 1a hidu ung didu ché xuyén pha (XPM). Hiéu tng XPM lam gian xung tin
hiéu quang. Trong cac hé théng ghép kénh str dung soi SMF ¢6 thé giam hiéu tng
XPM biang cach ting khoang cach giita cac buéc song hoic sip xép khoang cach
gita cac bude song khong déu nhau.

g) Higu &ng tron bon buéc song (FWM)

FWM xay ra trong treong hop hai hay ba song anh sang véi cac budc song
khac nhau tuong tac vai nhau va tao nén cac song anh sang mai tai cac budc song
khac nhau. Do tao ra tan s6 mégi nén hiéu tng FWM lam giam cong suat tin hiéu cac
kénh. Mit khac cac tan s6 méi nay c6 thé tring véi tan sé tin hiéu, gay nén xuyén
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nhiéu gitta chiing. Anh huéng cia FWM cang 16n khi cuong do cua kénh cang Ion,
khoang céch truyén cang dai va khoang cach kénh cang hep. Do d6 hiéu thg FWM
han ché dung lwong va cu ly truyén dan cua cac hé théng da bude song.

h) Tan siac mét phan cuc (PMD)

Téan sic mébt phan cuc (PMD) la mét dic tinh quan trong cua soi quang don
mét, trong d6 ning luong tin hiéu tai mot budc séng bat ky duoc chuyén vao hai
thanh phan phan cuc tric giao c6 toc d6 lan truyén khac nhau do su khong dong déu
va khong d6i xang cua soi quang (chi s6 khic xa thay d6i) s& 1am cho xung quang
bi gi&in rong ra, hiéu tng nay s& gioi han toc do truyén caa hé théng mang.

1.7.  Nhiéu va cac k¥ thuat xir ly nhiéu trong mang LR-PON

Nhu da trinh bay trong phan 1.6 mét trong nhiing yéu té anh hudng dang ké
dén hiéu ning cua mang LR-PON d6 chinh Ia nhiéu trong bo khuéch dai quang, khi
cac bo khuéch dai nay duoc sir dung trong mang. Trong phan nay ching ta s& khao
sat cu thé vé loai nhidu nay ciing nhu cac k¥ thuat di va dang duoc sir dung dé khic
phuc anh hudng cua ching.

1.7.1. Nhiéu caa bd khuéch dai EDFA trong mang LR-PON

Nhu ching ta di biét, nhidu cha yéu trong bo khuéch dai quang EDFA Ia
nhiéu phat xa tu phat duoc khuéch dai (ASE). Pay 1a sy tai hop gitra dién tir va 15
tréng trong méi trudng khuéch dai. Nhidu ASE tao ra mot phd nén rong xung quanh
tin hiéu duoc khuéch dai, va ban than ching ciing duoc khuéch dai khi di qua bo
khuéch dai [61]. Vi ASE duoc tao ra trugc photodiode nén né lam ting ba thanh
phan nhiéu khéc trong bo thu quang d6 1a nhiéu luong tir ASE, nhiéu tron giita tin
hiéu va ASE va nhiéu tron giira cac thanh phan phd ASE khéc nhau.

Ngoai ra, trong cac hé thong mang sir dung ky thuat OCDMA, do tinh chat
dong bo cua truyén dan nén sé xay ra nhiéu da truy nhap (MAI) gitta nhitng nguoi
st dung dong thoi va nhiéu tron giita cac thanh phan budc séng khac nhau cia cac
ngudi ding khéac nhau (do sir dung cing lic nhiéu budc séng) ciing nhu gitta cac
thanh phan pho ASE khac nhau (do sir dung bo khuéch dai quang trén dudng
truyén), diéu nay s& lam giam dang ké hiéu ning cua hé théng. Mot sé giai phap da
va dang duoc dé xuat dé han ché cac ngudn nhidu nay Ia:
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- Tiang d6 dai ma quang dwoc st dung c6 thé giam nhiéu tron, tuy nhién k§
thuat nay chi thanh cong néu b thu cé bang thong 16n hon tée d6 dit lidu
cua tin hiéu phat. V& nguyén tic c6 thé sir dung mot bo tach séng quang véi
bang thong rong va loai bo nhiéu trong mién dién, tuy nhién ky thuat nay
thuong ton kém va ting do phuc tap cua hé thong.

- Nhiéu MAI c6 thé duoc khir théng qua viéc si dung bo hip thu bio hoa dua
trén soi (SA) hoic cira s6 thoi gian quang (OTG): SA 1a thiét bj c6 dap tng
ham truyén cong suét phi tuyén, ddi véi cac xung c6 bién do 16n (chang han
nhu tin hiéu OCDMA duoc giai ma dung) sé cho phép truyén qua bo SA va
suy hao rat it. Tuy nhién véi cac xung quang c6 cong suat thap hon (chang
han nhu nhiéu MAL), s& bi suy hao 16n khi di qua thiét bi nay [62]. OTG la
thiét bi cho phép trich xuét tin hieu OCDMA duoc giai ma tai mot khoang
thoi gian da cho trong su ¢6 miat caa nhidu MAI khéng mong muén. Théng
qua viéc lva chon can than mot bo ma thich hop c6 thé thiét ké mot hé
théng déng bé ma dinh tin hiéu can thu xay ra trong mot khe thoi gian da
cho trong khi nang lugng cua MAI duoc tao ra roi vao bén ngoai khoang
thoi gian nay. Vi vay, bang viéc sit dung OTG c6 thé khéi phuc duoc tin
hiéu géc mong muén trong khoang thoi gian da cho va khir duoc nhiéu
khong mong mudn. Nhugce diém cua viéc st dung OTG 1a yéu cau mot
chudi xung clock quang & ma ctra s6 chuyén mach ciia OTG. Do d6, tai bo
thu ciing can phai khéi phuc lai xung clock dé thuc hién viéc dong bo voi
cac dinh tin hiéu thu duoc. Hai dang thirc chung nhat cia OTG d6 1a guong
lip quang phi tuyén (NOLM) va bo phan kénh bat dbi xang quang terahertz
(TOAD) duoc trinh bay chi tiét trong [63] [64].

- Téch song quang duya trén bo hap thu hai photon (TPA): TPA la mot thiét bi
cho phép bién ddi quang-dién phi tuyén ma trong d6 ning luong ving cam
cua thiét bi 1on hon niang luong cua mot photon don nhung nho hon hai 1an
nang luong cua photon tac la Ey, < E; < 2Ep, [65]. Piéu nay tao ra mot
su chuyén doi quang-dién phi tuyén cia anh sang toi thanh dong quang
dién. Do tinh chat nay, mot thiét bi TPA c6 thé hoat dong nhu mot bo xac
dinh ngudng va chi cho phép cac tin hiéu quang c6 céng suat quang 16n hon
di qua va duoc chuyén dbi. Bang cach sir dung mot bo SA tryc tiép trudc bo
tach song dua trén TPA c6 thé khir thém dugc nhidu MAL. Tuy nhién, mic
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cdng suat nhiéu tron cd mat trén tin hiéu quang cé thé sé tang 1én do dap
rng phi tuyén cua ca hai thiét bi nay.

- M6t bo thu két hop gitra b khuéch dai quang ban dan cé hé sé khuéch dai
nam trong ving bdo hoa va bo SA (SA-SOA) ciing cho phép cai thién hiéu
nang cta mang quang thu dong twong duong vdi ki thuat xac dinh ngudng
dua trén soi (b6 loc Mamyshev). S¢ di nhiéu tron giam khi sir dung bo SOA
c6 hé s6 khuéch dai bdo hoa d6 1a ca séng mang quang va thanh phan phé
tao ra ¢ hai bén anh sang tin hiéu dugc diéu ché déu bi giam khi di qua bod
khuéch dai nay, phu thudc vao dic tinh loc théng cao cua bo SOA [66].
Nhiéu tron cua ving tan sé thap bi nén béi vi toan bd song mang quang déu
giam. Nhiéu xung quanh tin hiéu quang ciing dugc han ché bgi vi sy tuong
tac gitta cac thanh phan phé tin hiéu giam. Ngudi ta 3 chitng minh bang
thuc nghiém mot bo thu dwa trén SA-SOA-TPA cho phép han ché ca anh
huong caa nhiéu MAI va nhiéu tron.

Mot s6 van dé gap phai véi cac giai phap nay do 1a yéu cau chiéu dai cua soi
phi tuyén va/hoic xung clock déng bo dé khodi phuc thanh cong tin hiéu goc trong
su c6 mat cia MAI, dé bi anh huong boi nhitng thay doi trong diéu kién moi
truong, chi phi cao, ting do phirc tap caa hé thong thu hoac phat.

1.7.2. Nhiéu cia b khuéch dai Raman trong mang LR-PON

Trong b khuéch dai Raman cac nguon nhiéu dugc sinh ra béi cac quéa trinh
sau:

a) Nhiéu do tan xa Raman ty phat

Téan xa Raman tu phat xay ra trong sgi quang khi mot song bom bi tan xa boi
céc phan tu silica. Hién twong nay co thé giai thich dua trén gian d6 muc ning
lwong, mot sé photon bom tir bé niang lwong ciia minh dé tao ra cac photon c6 ning
luong thap hon, phan ning lwong con lai bi hap thu bai cac phan tir silica. Tan xa
Raman ty phat 1a mot qua trinh ngau nhién, xay ra theo moi huéng. Nhiéu tao ra
dugc cong vao tin hiéu khuéch dai bai vi pha ngau nhién két hop voi cac photon
duoc tao ra mot cach ty phat. Hé sé tan xa ty phat phu thudc vao nhiét do cua bo
khuéch dai va dugc xac dinh theo cong thuc:
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Trong d6 Q,la d6 dich Raman, T la nhiét do, k, 1a hing sé Boltzmann.

Doi voi by khuéch dai Raman n,, 1,13 tuong tng V6i qué trinh dao 16n mat
d6 hoan toan. Nhidu phat sinh bai tdn xa Raman ty phat trén chiéu dai soi quang
duoc tich liy va goi 1a nhidu phat xa tu phat duoc khuéch dai (ASE). Dé tranh anh
huong cua nhidu ASE ching ta cd thé st dung cac bo loc dai phd hoic bo loc mién
thoi gian dé giam nhiéu tron cua ASE trong bang va ngoai bing hoic ¢6 thé dya vao
tinh chat phan cuc cua nhiéu va tin hiéu dé khir nhidu ASE [67].

b) Nhiéu tan xa nguoc Rayleigh

Téan xa nguoc Rayleigh xay ra trong tat ca cac soi quang va la sy mat mat co
ban caa cong suat tin hiéu. Nhiéu nay xuat hién khi ASE truyén theo chiéu nguoc
Vvé6i chiéu truyén tin hiéu va n6 khong dang ké so vai cong suat tin hiéu. Tuy nhién,
khi khoang cach truyén dan ting 1én n6 c6 thé lam cho ASE bi phan xa nguoc lai
theo hudng thuan va duogc tai khuéch dai, két qua 1 1am ting nhidu tong cong, day
goi 1a tan xa nguoc Rayleigh kép (DRS) [68], do c6 thé xay ra ¢ bat ky vi tri nao
trén soi quang nén né duoc xem nhu nhidu da dudng (MPI). Nhiéu MPI 14 yéu t6
giéi han quan trong trong cac bo khuéch dai c6 hé sé khuéch dai 16n. Nhiéu MPI
xay ra khi anh sang tin hiéu truyén tsi bo thu bai nhiéu hon mét duong truyén va
nhiéu pha két hop duoc bién ddi thanh nhiéu cudng do. MPI ¢6 thé 1a roi rac, tai cac
diém ghép, ndi soi quang hoic ciing c6 thé la phan bd theo duong truyén nhu tan xa
Rayleigh hoic tan xa Brillouin (SBS). Tan xa Rayleigh 14 mét co ché co ban ma anh
sang bi phan xa dan hoi bai sy khong dong nhat vé chi sé khic xa trong soi quang.
Khi anh séng bi phan xa kép truyén qua soi quang, né truyén qua mot khoang cach
I6n hon chiéu dai cua soi quang vi vy s& bi anh huéng nhiéu hon bai qué trinh suy
hao hoic khuéch dai. Trong mot bo khuéch dai Raman véi hé s khuéch dai duong,
muc &nh sang MPI tai 16i ra soi quang sé ting theo hé s6 khuéch dai tin hiéu va
chiéu dai soi quang va c6 thé tré nén rat 16n dbi véi truong hop hé sé khuéch dai
cao. MPI thong thuong dugc xac dinh boi ti s6 cong suat phan xa kép va cong suat
tin hiéu tai 16i ra bo khuéch dai. MPI gop phan lam giam ti sé SNR cua tin hiéu. Dé
giam nhiéu tan xa Rayleigh kép c6 thé st dung cac bo cach ly quang dat giita cac bo
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khuyéch dai. Vi du véi cac hé thdng st dung 2 bo khuyéch dai Raman tap trung va
bo céach ly quang sé& cho hé s6 tap &m thap hon 5,5 dB.

c¢) Nhiéu do thoi gian dap ng nhanh (thoi gian séng cia cac dién tir & mic
niing hrong cao ngan)

Trong khuéch dai Raman, thoi gian séng cua cac dién tir & mac ning luong
cao thuong rat ngin (3 - 6 fs). Thoi gian dap tng nhanh cia qué trinh tdn xa Raman
s& tao ra su khuéch dai tuc thi, lam cho cudng do &nh sang cua tin hiéu bi anh
huong boi su thay doi cuong do cua song bom - nhiéu twong quan cudng do (RIN)
[68]. Tuy nhién, viéc truyén nhidu RIN tir song bom sang tin hiéu chi trd nén quan trong
khi séng bom va tin hiéu truyén cting chiéu va phu thudc cha yéu vao mac RIN cua laser
bom. Pé giam anh huong caa nhidu RIN, c&c cdu hinh bom nguoc duoc sir dung dé
thay d6i thoi gian sdng (tai trang thai ning luong cao) can bang véi thoi gian truyén
dan qua sgi, con néu cdu hinh bom thuan dwgc sir dung, thi yéu cau cac ngudn bom
phai c6 do 6n dinh cao va nhiéu thap dé tranh anh huong caa nhiéu RIN.

d) Noise figure

Tap &m (NF) 14 ti s6 tin hiéu trén nhiéu cua dau vao so véi dau ra cia mot bo
khuéch dai. N6 phu thuoc vao cong suit bom va hé sé khuéch dai thuc cua hé
théng:

L
NF =2n, 2 |
0

ff

I:’p 1
dz+— (1.2)

G(2) G,

Trong d6 G(z) 1a hé s6 khuéch dai thyuc tai khoang céch z cua soi quang va
G, hé s6 khuéch dai thyc tai cudi cua soi quang. Céac yéu té anh huong dén NF bao
gom tan xa DRS, nhidu ASE, nhiéu RIN, su suy giam cua cdng suat bom (nghéo
bom) va tan sic mét phan cuc (PMD). Dé ting ti s6 OSNR va giam NF cau hinh
bom thuan thuong dugc sur dung.

Trong mot hé thdng mang LR-PON sir dung k§y thuat ghép kénh WDM va b
khuéch dai Raman cac loai nhidu duoc tao ra trén co so cua nhiéu ASE (gay ra do
sir dung bo khuéch dai) s& gom: nhiéu luong tir caa ASE, nhiéu tron gitra tin hiéu va
ASE, nhiéu tron gitra cac thanh phan ASE c6 tan s khac nhau véi nhau, nhiéu DRS
va RIN.

32



Cac phuong phap xir ly nhiéu néu trén méi chi duoc nghién cau va ap dung
trén cac mang dudng truc ma chua dugc nghién cau trién khai trong cac hé théng
mang truy nhap, dac biét la mang LR-PON st dung k¥ thuat ghép kénh DWDM va
khuéch dai Raman.

1.8.  Cac nghién ctru lién quan dén dé tai luan an

1.8.1. Tinh hinh nghién ciu trén thé gigi

Trén thé gi6i da co rat nhiéu cong nghé truy nhap quang LR duoc dé xuét. Ban
dau cac mang 1a don kénh, tic 1a mot budc séng duoc chia sé gitra nhirg ngudi st
dung, st dung ky thuat ghép kénh phan chia theo thoi gian (TDM). Tiép dén la k¥
thuat ghép kénh phan chia theo budc séng (WDM), mét sb luong 16n cac budc séng
dugc chia sé giita nhitng ngudi s dung. Va gan day, xuat hién ki thuat ghép kénh
phén chia theo ma quang (OCDM), k¥ thuat nay duwoc xem nhu mot giai phap hiru
hiéu nho nhitng wu diém cua nd so véi cac ki thuat truyén thdng nhu: truy nhap
khong dong bo, s dung hiéu qua tai nguyén, tinh bao mat cao...Tuy nhién, viéc
trién khai cac hé théng LR-PON trén thuc té van con nhiéu han ché do nhitng rao
can vé mat cong nghé. Véi su phat trién nhanh chéng cua cong nghé linh kién
quang-ttr cung véi nhu cau két ndi bang théng rong cua cac dich vu méi ngay cang
tang, viéc trién khai LR-PON trong mang truy nhap dang 14 van dé thu hit cac nha
nghién ctru. Cac hudng nghién cau chinh hién nay vé hé thong LR-PON bao gom:
tang khoang cach truyén dan, ting ti 1 chia, giam anh huéng cua nhidu do cac bo
khuéch dai quang gay ra, st dung hiéu tng tan xa Raman kich thich d¢ ma rong

bang tan khuéch dai...
1.8.1.1.  Céc cong nghé ting khoang céch truyén din

Phan phan phéi quang cua mang LR-PON thuong bao gom mot soi feeder
(dugc kéo dai khoang céch) két ndi CO voéi tong dai noi hat, cac soi quang phan
phdi két ndi tong dai noi hat voi ngudi st dung. Trong mot sé mang LR-PON, mot

bo kéo dai khoang cach dugc dit tai tong dai ndi hat dé bu lai ton hao céng suat do
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khoang cach truyén dan 16n va ti Ié chia cao. Mot vai cong nghé mé rong khoang
cach duoc sir dung la:
a) Sirdung khuéch dai quang

Khuéch dai quang tai CO va/hoic tong dai noi hat rat quan trong dé dam bao
rang quy cdng suit cua mang LR-PON duoc cung cip du. Trong mang Metro va
mang truy nhap dugc mo rong tich hop quang WDM-TDMA (PIEMAN), b6
khuéch dai EDFA duoc trién khai tai OLT va nut dau xa dé khuéch dai dong thoi 32
budc séng tin hiéu trén khoang cach 100km. Mbi bude song duoc dua vao mot bo
chia PON 1x128 [69]. EDFA cung cap d6 lgi vé cong suat va hiéu nang nhiéu t6t
trong bang C va L. Tuy nhién, khuéch dai quang bi gigi han trong dai budc séng
nay, néu mudn khuéch dai trong ving budc séng khac thi can phai co co ché diéu
khién 1am phang pho khuéch dai hodc thay doi cong suat bom, ngoai ra, toc do dicu
chinh hé s6 khuéch dai twong d6i cham lam cho EDFA khong thich hop véi tinh
chat “burst” cia luong dit lidu 1én trong TDMA.

Ngoai EDFA, ching ta cd thé st dung cac bo khuéch dai quang ban dan SOA
boi Vi N6 o thé hoat dong tai bat ky budc séng nao bao gom ca bang O va cho hé sb
khuéch dai dong tét hon EDFA [70]. SOA con c6 cac uu diém khac nhu su nho
gon, kha ning tao thém chirc ning bo sung nhu chuyén doi budc song va tai tao tin
hiéu toan quang...Tuy nhién, SOA hoat dong co ban trén mot kénh nén n6 khong
thé khuéch dai ddng thoi nhiéu budc song.

Mot Ira chon khac hiéu qua hon d6 1a str dung céc bo khuéch dai Raman phan
bd (DRA) trong c4c ciu hinh bom thuan va bom nguoc cho phép khuéch dai mot
ving budc song rong trén mot tuyén truyén dan hai chiéu. Cac bo khuéch dai
Raman c6 bang tan khuéch dai rong va phang hon nhiéu cac bo khuéch dai thong
thuong. Néu st dung nhiéu bude song bom, DRA ¢6 thé dat dugc bang tan khuéch
dai phang 1&n tgi 100 nm. Vi vay DRA c6 thé khuéch dai dong thoi nhiéu tin hiéu,
téc do khuéch dai nhanh va dong, dong thoi c6 thé khuéch dai tai bat ky budc séng
tin hiéu ndo. Tuy nhién, sir dung cac bd khuéch dai DRA yéu cau cong suat bom

I6n, Vi vay tiéu thu thém cong suat dién tai tong dai noi hat va CO.
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b) Sir dung céc bg lap dién
Mot phuong an thay thé cho cac bd khuéch dai quang dé 1a sir dung mot bo
lip dién tai tong dai noi hat [71] [72]. Bo lap dién cd thé téi tao tin hiéu ca ludng 1én
va ludng xudng, ngoai ra né cé thé cé thém chirc ning chuyén doi budc séng va 1am
bang cdng suat quang cua c4c tin hiéu truyén theo dang burst trong huéng Ién. Tuy
nhién, nhuoc diém cua cac bo lap nay d6 1a yéu cau cac bo thu hoat dong theo mét
burst cling phai cé kha nang xur ly trong mét viung dong rong.
c) Mang LR-PON hoan toan thu dgng
Phan phan phéi quang cua cac mang LR-PON ma sir dung céac bo khuéch dai
quang hoic bo lp dién thi khong con tinh chat thu dong nira bai vi c6 mot thiét bi
tiéu thy dién ning dat tai tong dai ndi hat. Tuy nhién, van cd thé dam bao duoc ké
hoach kéo dai khoang cach hoan toan thu dong théng qua viéc st dung cac ky thuat
diéu ché tién tién va/hoic ki thuat tach song két hop, nhung ddi lai cdu hinh mang
gitra CO va ONU sg phtc tap hon. Vi dy, trong [73] str dung mét sgi G.652 suy hao
thap clng voi khubn dang diéu ché nhi phan kép cho phép trién khai mang TDMA.-
PON trén khoang cach 100 km véi ti Ié chia 1:128. Soi suy hao thap cho phép kéo
dai thém khoang cach twong duong véi 2,5-3dB, ngoai ra, sir dung khudn dang diéu
ché nhi phan kép cho phép ting thém 2 dB trong ngudng phi tuyén trén khoang

cach 100 km, vi vay han ché duoc tan sic va cac hiéu tng phi tuyén.
1.8.1.2.  Sirdung hiéu &ng tdn xa Raman dé mé rong bing tan khuéch dai

Céac nghién ctu vé khuéch dai quang soi di duoc day manh tir gitra nhiing
thap nién 80 cua thé ky trude, dic biét 1a sau khi EDFA duoc cac nha khoa hoc Anh
cua dai hoc Souththampton chitng minh céac ion Erbium pha tap trong thuy tinh cé
kha nang khuéch dai quang rat manh trong ving budc séng 1550 nm [74] [75] [76]
va sau d6 1a cac két qua nghién cau cia Phong thi nghiém AT&T Bell cho thay
bang tan khuéch dai cuia EDFA vao khoang 4 THz (tuong dwong 32 nm) va bom

duoc bang Laser ban dan [77]. Trén co s& khuéch dai quang truc tiép, céng nghé
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WDM da duoc phét trién, va di mang lai hiéu qua to 16n cho mang vién thong cap
quang trén khip thé giéi.

Do su phat trién manh vé céng nghé thdng tin va truyén théng, nhu cau vé
bang tan truyén tai cua cac tuyén thong tin ting 1én ting ngay, chinh vi vy viéc
nghién cu mé rong dai khuéch dai quang truc tiép trong soi da tré nén cap thiét
trong thap nién vira qua. Cac nghién ciu vé khuéch dai quang dugc mo rong tir
khuéch dai quang ban dan (SOA), cac loai soi pha tap dat hiém (REDFA) va cac
loai khuéch dai quang trén co s cac hiéu wng phi tuyén trong vat liéu quang tir kiéu
méi da mang lai nhiéu két qua rat kha quan vé mo rong bang tan cho mang thong
tin quang. Hién nay bang tan thong tin quang vé ly thuyét c6 thé ma rong dén 200
nm (tir 1420 dén 1620 nm) véi diéu kién tiéu chuan vé do léch cua hé sé suy hao
trong soi quang theo budc song trong vung st dung ghép kénh quang la Ao < 0,3
dB. Pay 1a ving song quang dang duoc quan tdm nhat hién nay dé nghién ctu phat
trién cac linh kién va thiét bi cho mang thong tin cap quang, trong d6 khuéch dai
quang va cac ngudn phét tin hiéu quang (Laser ban dan) 1a cac linh kién duoc uu
tién hang dau.

Céac nghién cau vé khuéch dai quang trong soi quang cho thay khuéch dai
quang FRA trén co s& tdn xa Raman cudng birc (Stimulated Raman Scattering) la
giai phap tiém nang nhat cho huéng mé rong bang tan cia hé théng théng tin quang
soi cho ca ving S; L va E [21] [78] [79] [80] [81]. CAc nghién ctru gan day nhat
trong linh vuc khuéch dai quang soi Raman trén thé gidi la:

- Nghién ciru FRA phé rong trén co s& bom bang nhiéu budc séng khéac nhau
[17] [82];

- Nghién cttu FRA véi hé sé khuéch dai cao, phang phd do loi két hop véi bu
tan sic cho tin hiéu théng tin quang [83] [84] [85] [86];

- Nghién ctu khuéch dai Raman trong soi sir dung cac loai sgi ¢6 ciu trac dic
biét voi khuéch dai ghép FRA/EDFA hoic véi cac linh kién quang tar méi
[87] [88] [89] [90] [91];
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- Nghién ctru cac vat liéu quang tir méi ¢ hiéu ing Raman cudng buc manh

nham ché tao FRA cdng suat Ion va kich thudc nho [92].
1.8.2. Cac cong trinh nghién ctru trong nwoc

Cac mang truyén thdng cap quang ¢ trong nuée di dugc phat trién rat manh
trong thap ky vira qua. Hién nay c6 thé danh gia mang vién théng cap quang Viét
Nam thudc loai tién tién trong khu vic Dong Nam A. Viét Nam di tham gia nhiéu
mang truyén théng quang quéc té két ndi cac nude trong khu vyc trén dat lién ciing
nhu ngoai bién véi toc do truyén thdng tir 560 Mb/s dén 40Gb/s. Cac tuyén thong
tin duong truc va mang vung trong noi dia nudce ta da stir dung céng nghé WDM véi
dung luong thiét ké 1én dén 40 Gb/s. Cac tuyén nay cd cac thiét bi phat thu tin hiéu
quang téc do cao véi do nhay dau thu thap va ty sé 15i bit nho (BER<10™) va déu
sir dung khuéch dai quang dé khuéch dai céng suat quang trén tuyén. Mang dudng
tryc va mang metro dugc dau tu phat trién 1a viy nhung phan mang truy nhap thi
chua dugc quan tam nhiéu, mic du da c6 mot sd nha cung cép dich vu mang trién
khai lap dat cap soi quang dén cac vin phong va toa nha theo cong nghé PON, tuy
nhién khoang céch truyén dan van con ngin va ti Ié chia con thap va chi ding lai &
viéc sir dung céng nghé TDM nén téc do thuc té ma mot thué bao cé duogc 1a chua
cao. Tai Viét Nam chua c6 cac dé tai nghién ctru nao dé cap dén linh vuc LR-PON
cling nhu viéc sir dung céc k¥ thuat ghép kénh khac nhau va cac bo khuéch dai
quang dé ting khoang cach truyén dan cho mang truy nhap va ting bing thong cho
nguoi su dung.

Ngoai ra, chiing ta ciing can chd y rang cac bo khuéch dai quang EDFA dang
sir dung trén todn mang thong tin quang & trong nudc déu dang phai nhap tir nudc
ngoai vai gia thanh kha cao. Pay ciling chinh 1a mét trong nhirng nguyén nhén han
ché viéc mo rong cac mang ving va cac mang truy nhap dién rong ¢ Viét nam.

Tir nhitng ndm cudi thap ky 90 cua thé ky XX dén nay Vién Khoa hoc Vit liéu
da tién hanh nghién ctru co ban va nghién ctiu cong nghé ché tao khuéch dai quang

soi (EDFA) va khuéch dai quang béan dan (SOA) véi muc tiéu hoan thién quy trinh
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ché tao khuéch dai quang véi cac tinh ning phu hop vai c4c tiéu chuan sir dung trén
tuyén thong tin quang (tiéu chuan ITU). Tuy nhién, nhitng nghién ctu vé khuéch
dai Raman cudng birc, bl trir tdn sic mau va tan sic phan cuc mdt, cac hiéu tng
quang phi tuyén trong mang WDM dudng truc va truy nhap chua duoc tién hanh
mot cach dong bd va co hé thdng, vi vay hién nay da anh huong truc tiép dén su
phét trién bén vitng caa hé thdng thdng tin quang ¢ trong nudc khi tiép thu cong
nghé mang DWDM véi tdc do bit 1én dén hang Th/s. Tai Viét Nam, nhiéu tuyén
thong tin quang dudng truc cé téc do bit cao méi dugc lap dat trong thoi gian gan
day da st dung céc bo FRA trong tuyén. FRA déng vai tro két hop véi EDFA dé
tang cong suat va do phang pho cho cac kénh quang trong mang thong tin WDM.
Tuy nhién, cdc bo FRA hoan toan nhap ngoai va chua c6 cac nghién ctu thuc
nghiém vé ché tao hodc khao sat FRA c¢6 hé théng & trong nudc, Vi vy viéc duy tri,
bao hanh va sta chira FRA gap rat nhiéu kho khan va két qua 1a hoan toan phu
thudc vao doi tac bén ngoai. V& mit tiép can, cd mot sé nhém nghién ciru da tim
hiéu trén tai liéu vé cac bo FRA nhap ngoai dang st dung trén tuyén dé phuc vu cho
viéc thiét ké tong thé tuyén thong tin quang c6 st dung FRA. Mot s6 nghién ctu Iy
thuyét vé khuéch dai Raman va laser Raman, trong d6 c6 tinh toan d6 16n cia song
Stoke va doi Stoke trong moéi truong Raman manh (luan &n tién si cia NCS Chu
Vin Lanh, Trudng Pai hoc Vinh, nim 2009) [93] c6 két qua vé dinh huéng chung,
tuy nhién phan thuc nghiém vé khuéch dai quang str dung hiéu (ng tan xa Raman
cudng bic hau nhu chua duoc tién hanh.
1.9.  Van dé nghién ciru caa luan an

Nhu da trinh bay & trén, mang LR-PON la mot kién tric dugc dé xuat cho
phép két hop cac mang metro va mang truy nhap lai véi nhau, mé rong khoang cach
cia mang truy nhap tir 20km chuan 1én ti 100 km [71], [50]. Tuy nhién, khi
khoang cach truyén dan ting Ién thi tin hiéu s& bi suy hao nhiéu hon, do d6 giai
phap 1a str dung cac bo khuéch dai quang nhu da dé cap ¢ phan 1.8.1.1 ching ta c6
thé ting cong suét tin hiéu trong khi truyén ma khéng can théng qua bét ky su

chuyén doi tin hiéu nao. Phuong phap niy vi vay don gian hon va ré tién hon rat
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nhiéu so véi viéc sir dung cac bo lap. Trong sb cac bo khuéch dai quang thi bo
khuéch dai quang pha tap Erbium (EDFA) da duoc sir dung khéa phd bién trong cac
mang metro va cac mang dudng dai. Trong cac hé thébng PON chuan, cac budc song
ludng 18n va ludng xudng nam trong ving 1310 va 1490 nm. Viéc st dung EDFA
dé mé rong khoang céch cua cac mang PON da duoc bao céo trong [94], tuy nhién,
dé thich hop véi hoat dong cua cac OLT va ONU tai cac buéc séng PON chuin
(1310 va 1490) c6 thé st dung cac bo khuéch dai Raman dé thay thé. Vi theo
phuong phép khuéch dai ndy chi can lya chon budc song bom va cong suat bom
phu hop ghép véi soi quang ngay tai trung tam (OLT) s& cho phép khuéch dai bat
ky budc séng tin hiéu nao. P c6 bdo cdo gan day vé viéc sir dung khuéch dai
Raman phan b trong mang GPON [95], tuy nhién hé théng nay xa roi so véi céc
chuan caa GPON vé mot sé khia canh nhu buéc séng lusng 1én nam ngoai dai
1300-1320 nm (G.984.5).

Trén co s& két qua phan tich cac han ché cua cac nghién cau lién quan, van dé
nghién ciru dugce dé xuat trong luan an nay la: (1) dé xuat thiét ké va ché tao bo
khuéch dai quang Raman dugc bom bang cdng suat thap (<1W) c6 phd khuéch dai
rong theo kiéu cong cong suat, vai hé sé khuéch dai du 16n va NF thap dé kéo dai
khoang céach truyén dan cho mang truy nhap quang da budc séng st dung cong
nghé¢ DWDM (DWDM LR-PON); (2) nghién ctru giai phap cai thién hiéu nang cho
hé thong mang LR-PON st dung k§y thuat OCDMA va bo khuéch dai EDFA c6 sin
trén thi truong; phan tich, danh gia anh huong cua nhidu ASE, tan sac mau va ciu
hinh bom dén hiéu niang cta hé théng mang; so sanh cac két qua tinh toan ly thuyét,
mo phong vai cac két qua thir nghiém trén hé thong mang thuc té. Tir d6 dua ra cac
giai phéap t6i wu nhat cho viéc trién khai hé thong mang truy nhap quang da budc
song (WDM, OCDM) tai Viét Nam.

Muyc tiéu chinh caa luan &n 1a: (1) ché tao thanh cong bo khuéch dai quang
Raman sir dung cho hé théng truyén dan quang trong thuc té thay thé cho bo khuéch
dai quang thuong mai cia hdng Alcatel-Lucent, voi cac tham sb co ban twong
duong nhung sir dung muac céng suat bom thap hon chi bang 880mW, c6 d6 6n dinh
cao (dé giam thiéu ti da anh hwong cua nhidu RIN tir nguon bom), sir dung cach
thizc bom phén bé theo chiéu thuan véi sy gop mat cia soi dém dé ting cudng hiéu
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{rng tan xa Raman cudng buc va bu trir tdn sic manh, gitip ting cuong hé sé khuéch
dai va cai thién théng sb tap am. (2) Dua ra giai phap han ché téi da anh huéng cua
nhiéu trong cac hé théng OCDMA c¢6 st dung bd khuéch dai EDFA, tim ra vi tri
thich hop dé dat cac bo khuéch dai EDFA trén tuyén truyén dan sao cho hiéu ning
thu duoc 12 16n nhét.
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CHUONG 2

THIET KE CHE TAO VA KHAO SAT PAC TiNH CUA BO
KHUECH PAI QUANG RAMAN

Mot trong nhitng muc tiéu cua luan an 1a thiét ké ché tao bo khuéch dai
quang Raman véi cong suat bom thap theo kiéu cong cdng suat, c6 do on dinh cao
hoat dong hiéu qua trén tuyén thong tin, do d6 ching t6i di thiét ké va ché tao cac
mach dién tir thuc hién cac churc nang sau:

- Diéu khién hoat dong cta laser bom phat ra cong suat 6n dinh dé bom

cho h¢ khuéch dai.

- Mach dién tir didu khién hé Raman phai twong thich véi hé théng trung

tam mang va hoat dong theo su diéu khién caa cua mang théng tin.

- Ngoai ra mach dién tr diéu khién Raman phai giao tiép duoc véi may vi

tinh dé kiém tra cac thong sé hoat dong cua hé khuéch dai quang.

Cac két qua nghién ctru trinh bay trong chuong 2 bao gom: Thiét ké, ché tao
mach dién, xay dung phan mém diéu khién cho md-dun Raman, khao sat cac tham

s6 cuia bo khuéch dai va cac két qua tha nghiém trén tuyén.

2.1.  Nghién ctru thiét ké phan dién tir cia thiét bi RFA

2.1.1. Yéu ciu cia ngudn laser bom cho khuéch dai quang Raman

Nhu d3 trinh bay trong Chwong 1, bo khuéch dai quang Raman sir dung trong
hé théng thong tin quang dwa trén nguyén ly tdn xa Raman cudng bac trong soi
quang can c¢6 ngudn bom quang c6 budc séng phi hop dé séng Stokes cua tan xa
Raman nam trong ving budc song tin hiéu. Bi véi soi quang thong thudng SMF-
28, hé s6 do loi quang kha nho (do vat liéu silica ¢ hé sé tan xa Raman thap trong
vung 1000-1700 nm), vi vay cac nghién ctru tap trung vao cac soi quang thong tin
c6 cau tric dic biét (soi DCF) hoic sgi ¢6 pha tap GeO, nong do cao (soi nhay
quang dé ché tao céch tir Bragg trong soi). Dé co thé nghién cau hiéu tng Raman

cudng b trong soi quang silica, chung tdi tién hanh thiét ké va ché tao ngudn bom
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quang cong suét thap (< 1W) sir dung laser ban dan véi do 6n dinh vé cong suat
dién bom va budc song phat xa, nhiét do dé laser khi bom dong cao... Cac nghién
ctru nay truc tiép phuc vu cho viéc ché tao thiét bi khuéch dai quang soi Raman
trong khudn khoé luan an.
Pé c6 mot bo khuéch dai quang hoat dong duoc trén tuyén thong tin quang
thuc thi cac thdng sb sau phai thoa méan yéu cau:
1. Do 6n dinh cua hé sé khuéch dai trong qué trinh hoat dong;
2. Thoi gian hoat dong (thoi gian séng danh dinh) cia bo khuéch dai dat yéu
cau trén tuyén (t > 15000 gio);
3. CO thé kiém soat va diéu hanh bo khuéch dai trong mang thong tin chung;
4. Gia thanh bao tri, stra chira, thay thé va tuong thich cua thiét bi c6 tinh
kinh té cao va thuan tién.

2.1.2. M6 hinh caia by khuéch dai quang Raman

Ciing nhu bo khuéch dai quang soi pha tap Erbium, cau hinh bom cho khuéch
dai quang Raman c6 thé dung cach bom thuan (chum sang bom cung chiéu voéi
cham sang mang tin hiéu), bom nguoc (chum sang bom nguoc chiéu véi huéng
truyén tin hiéu) hoic ciu hinh bom ca hai huéng (chum sang bom tir ca 2 hudng
cua soi quang). Cau trdc tiéu biéu caa mot b khuéch dai Raman duoc trinh bay trén
c4c Hinh 2.1 va 2.2. Cac thanh phan quang-dién tr va quang tir cua khuéch dai
quang gém:

Soi quang

Tin hiéu Bj ghép
—
— —

Ngudn bom Nguén bom

Hinh 2.1: Cdu hinh bom thudn cho khuéch dai quang Raman phan bé

- Ngudn laser bom ban dan c6 cbng suat cao (c6 thé 1 hoic nhiéu laser ban
dan ghép ndi kiéu cong cong suat quang) dung dé bom quang hoc VAo soi
quang silica tao hiéu tng tdn xa Raman tu phat.
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Soi quang

4 Q—. ¢ Qﬁf

Nguédn bom Ngudn bom

Hinh 2.2: Cdu hinh bom ngwoc hiréng cho khuéch dai quang Raman phan bé

- Moi trudng khuéch dai quang trén co so tdn xa Raman cudng buc c6 thé sir
dung soi nhay quang, soi DCF hoic sgi quang SMF-28 ¢ d6 dai thich hop.

- Linh kién cach ly quang (Isolator) ding dé cho anh sang chi di theo mot
chiéu trong soi va ngan chan anh sang phan xa ngugc vao mdi truong khuéch
dai gay nhiéu cho tin hiéu khuéch dai.

- Linh kién ghép budc song quang WDM dung dé két hop ngudn bom va tin
hiéu tao hiéu tng Raman cudng birc ciing nhu ding dé dwa tin hiéu vao va ra
khoi bo khuéch dai.

2.1.3. Thiét ké phan dién tir bom cho laser ban din

Dé khuéch dai tin hiéu quang trong cira s6 1550 nm (viing ¢6 suy hao quang
thap nhét trong soi silica hién dang st dung rong réi trong mang théng tin quang),
s6ng Stokes cua tdn xa Raman can nam trong ving 1530-1560 nm duoc thuc hién
boi chum laser ban din c6 budc song trong ving 1420-1485 nm. Cong suat quang
cua laser ban dan phu thudc vao ciu trac dic biét cua laser va do 6n dinh cua cong
Suit va budc song phat xa laser, phu thudc rat manh vao hai dai lwong 1a nhiét do
ctia dé laser ban dan va dong dién bom qua laser. Nhu vay dé cong suat quang bom
cho soi duoc 6n dinh, mach dién diéu khién hai dai lugng dong bom va nhiét do
phai dugc thiét ké chinh xac. Sir dung phdi hop ca hai phuong phap (xt 1y tin hiéu
trong tu va xir Iy tin hiéu s6) dé dat duoc su on dinh nhiét d6 tét nhat trong qua

trinh hoat dong cua laser bom.

Pé thuc hién luan &n, ching t6i da sir dung cac laser ban dan phét xa don mét

¢ cach tir Bragg trén soi quang dé 6n dinh budc song bom. Cac mé-dun laser 13
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loai laser ban dan hdi tiép phan bé (DFB), dung cach tir Bragg dé chon loc budc

song phat, nén budc song quang phat ra kha 6n dinh va co do rong pho hep. Cong

suit phét quang c6 thé 1én dén 350 mW, hoat dong duoc véi dong bom dén hon 1

Ampe. Thong s cua laser ban dan va cac linh kién quang ttr s& duoc trinh bay chi

tiét trong phan tiép theo ciia chuong nay.

Dé c6 thé on dinh nhiét d6 va cbng suat quang nguoi ta da tich hop céc linh

kién khéc nhau vao trong mot md-dun (Hinh 2.3), céc linh kién gém c6:

LD: Laser Diode

N/C: Chan khong duoc két néi

Monitor: Photodiode chi thi cdng suat quang phét

Thermistor: Sensor nhiét

Cooler: Bo 1am lanh cho laser ban dan.

Dién tro nhiét 1a linh kién ban dan c6 dién tré thay doi theo nhiét do, thong
thuong dién tré cua né ¢ 25°C 1a 10 kQ.

Pin Peltier: La linh kién giir cho nhiét d6 cua laser ban dan khong doi, chiéu
va cuong do dong dién chay qua pin Peltier thich hop s& 6n dinh dwgc nhiét
do nay.

Photodiode nam & guong sau cua laser ban dan c6 nhiém vu do cong suat
quang phét ra, trén so dd duoc goi 1a monitor.

Diode laser ban dan Ia thanh phan chinh c6 nhiém vu phét laser dé bom cho

Sol.

Chung t6i dd nghién ciru thiét ké mach diéu khién nhiét d6 cho laser ban dan

theo nguyén ly hoat dong nhu sau:

Cam bién nhiét do bén trong mo-dun laser sé& tao ra dién ap phu thudc vao
nhiét do cua laser.

Tur dién ap nay mach dién tir s xac dinh nhiét d6 cua laser c6 dung so vai
nhiét d6 chuan hay khong (nhiét do chuén thuong dat & 25°C). Két qua xir

ly ctia mach so sanh s& tao ra mirc dién ap diéu khién.
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- Dién &p nay s& diéu khién dong dién chay qua pin Peltier. Chiéu va do Ion
cia dong dién qua pin Peltier duoc thiét ké thich hop sao cho nhiét do cua

laser ludn ludn dung véi gié tri chuan.
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Cooler (+)
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11 Laser Cathode
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13 Case Ground

14 Cooler ()
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Hinh 2.3: So' d@6 chan ra cua mo-dun laser bom DW0-300

Nguyén ly diéu khién dong dién qua laser

Bai Vi sy thay doi cong suat bom s& gay ra tap am cho hé khuéch dai nén
mach diéu khién dong dién doi hoi phai dap tng rat nhanh véi sy thay doi cong suat
quang cua diode laser. Do d6, yéu cau mach dién tur phai kiém soéat dugc ca hai yéu
t6 12 dong qua diode laser va céng suat quang phat ra.

Chung t6i da sir dung vi diéu khién ho AVR Atmega 32, ddy 1a loai vi diéu
khién méi dya trén cong nghé RISC téc do cao cd thé thuc hién duoc bén dén tam
triéu lénh trong mot giay. Pong thoi IC con dugc tich hop thém nhiéu chic nang hd
trg cho thiét ké mach nhu: 8 dudng ADC 10 bit, dién &p chuan chinh xac bén trong,
32 Kb bo nhé chuong trinh, 2 Kb bd nhé dong, 1 Kb bo nhd EEPROM, chuan giao
tiép USART, SPI, I°C. Bdng thoi viéc nap, chay chuong trinh hé thong trén vi didu
khién nay rat dé dang va cd thé thuc hién tryc tiép trén bo mach qua cong SPI.

Sau khi tinh toan va xay dung mé hinh Iy thuyét ching tdi tién hanh thiét ké
mach dién diéu khién bang phan mém chuyén ding ORCAD 10.5, so d thiét ké
duoc mo ta trén Hinh 2.4.

Céc mach dién thiét ké c6 thé bom dong thoi ba mo-dun laser ban dan cé cong
suat cao, mdi laser ban dan c6 thé phat dat dugc cong suat quang dén 1W. Cac mo-

dun duoc diéu khién riéng biét. Mach dién c6 céng ghép ndi may tinh dé nap
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chuong trinh diéu khién tir may tinh cho bo vi diéu khién. So d6 nguyén Iy hé két
ndi cac mo-dun bom véi may vi tinh duoc trinh bay trong Hinh 2.5.

Chuong trinh trong vi diéu khién duoc viét trén ngon ngit C™*. Ngon ngit C 1a
mot ngdn ngit cap thip c6 vu diém 1a: ma gon, it chiém dung lwong bo nhé, hoat
dong voi tdc do nhanh, va nd c6 hiéu sudt tdt hon so véi cac chuong trinh viét béng
ngdn ngit bac cao khac. Chuong trinh C dugc chuyén d6i qua ma I1énh (hay con goi
12 m3 may) cua vi diéu khién, qua trinh chuyén dbi dugc thuc hién bang chuong
trinh dich. Cac ma I¢nh sau d6 dugc nap vao bd nhd chuong trinh cua vi diéu khién

dé thuc hién.
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Hinh 2.5: So' d6 nguyén Iy hé két néi cac mo-dun bom véi may vi tinh
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2.2. XAy dung phin mém diéu khién ngudn laser bom

Chuong trinh duoc ghi 1én vi diéu khién ATmega32 qua cong SPI, ddy 1a mot
vu diém cua vi diéu khién nay vi chung ta c6 thé thay ddi, sira 16i va nang cap
chuong trinh d& dang trong qué trinh hoat déng. Cac thong sb hoat déng cia module
duogc cai dat va luu trit trong bo nhé EEPROM ciia vi diéu khién, b nhé nay co thé
ghi x6a nhiéu lan ma khong anh hudng dén chét luong hoat dong.

Chuong trinh chinh bao gdm nhiéu chuong trinh con, trong d6 phan diéu
khién noi tai cia m6-dun bao gém:

- Kiém tra logic tir mach chinh;

- Chuong trinh con ngat timerl

Bo mach chinh cua hé théng thong tin diéu khién modun khuéch dai qua dién
a4p cua cong PD.3. Hé thdng yéu cau ngat dong bom cua SOA khi dién ap diéu
khién nay 1a 5V. Sau khi diéu khién ngat dong bom, chuong trinh s& tra 1di cho hé
théng qua tin hiéu (Ans shutdown) trén cong P.D.2 bang dién ap 5V.

Ngoai ra hé khuéch dai RAMAN c6 thé ghép ndi vi mdy tinh qua cong
truyén thong tin theo tiéu chuan USB, chuong trinh ghép néi nay nham thuc hién
theo ddi cac thong sé ciia hé khuéch dai RAMAN. Chuong trinh theo ddi cac thong

s0 cua h¢ khuéch dai trén may vi tinh dugc viét bang ngdn ngir Visual basic.

[ File Edt View Project Tools Settings Windows Help e =

) D)) (@) ) @) (BN o (O @)= BRI (7)
Navigator | Code T Chpboard History A A -

10dule_number):
ar module_index):
module_index
string(v
v_number ar module_index):

welcom

2z _I[N_MODULE]:
z_P[N_MODULE
z_t{N_MODUL

t Cl_I[N_MODULE]:

ue to I
z I[N _MODULE
z_P[N_MODULE
z_t{N_MODULE
1IN _MODULE][DATA_LE

= 3 char timer O = O . timer O s ~

Mossage
Warning: FAChu Vinh\Laser_2010_Ha Noi\Program\VDKALaser_Hano2011_1\Laser_2011 cl(37) unvelerenced global varable T_marmsal’
18137 Insert

Hinh 2.6: Churong trinh trong vi diéu khién duoc viét trén ngon ngi C**
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Hinh 2.7: So d6 hién thi cac théng so thu nhdn tir hoat dong ciia mo-dun laser

Chuong trinh hoat dong trén may tinh duoc viét bang ngén ngir Visual Basic.
Chuong trinh duoc ching tdi viét thanh cac module dé d& quan ly (Hinh 2.7), kiém
tra, va sira 15i. D& modul giao tiép véi may tinh bén ngoai, ching toi thuc hién két

ndi qua cong RS232.
2.3.  Ché tao phan dién tir cho laser ban dan

Véi so @6 mach duogc thiét ké, ching t6i ché tao va lap rép mach dién diéu

khién cho bo khuéch dai RAMAN nhu Hinh 2.8 dudi day:

Hinh 2.8: Mach dién cap dong nudi on dinh cho cac mo-dun laser bom

Sau khi tién hanh nghién citu mach dién 6n dinh ngudn cho laser cong suat cao
va ché tao mach in chdng t6i tién hanh han ndi cac linh kién dién tir vd mo-dun laser
diode tao thanh ngudn bom cho khuéch dai quang Raman véi cong suat bom quang

6n dinh cao vé& buéc séng phat, cong suat phat va nhiét do dé laser. Ngudén bom
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quang bao gom moét laser diode cong suit cao co budc séng phat xa trong ving
1470 -1471 nm; hai tranzitor ludng cuc duoc mic theo so dd day kéo dé 6n dinh
dong bom vao cho laser; ngoai ra con cé cac linh kién nhu dién tro, tu dién, 1C co
nhiém vu dinh thién cho tranzitor, loc nguén, diéu khién dong bom va dong qua pin

Peltier cia md-dun laser ¢é dam bao cho laser hoat dong on dinh (Hinh 2.9).

Hinh 2.9: Mach én dinh dong bom cho laser diode

2.4.  Thiét ké bd ngudn bom cho hé RFA cau tric kiéu cong cong suit quang

KHUECH PAI

OO0 00
\

~ 0
Line
AC ON-OFF LeD IN/OUT

Hinh 2.10: Mdt ngoai bé nguon bom két hop nhiéu modun laser

Dé khuéch dai tin hiéu str dung hiéu tmg Raman trong soi quang doi hoi cong
suat bom phai 16n (c& 1W), trong khi ngudn phat laser cong suat cao thi lai kha dat
tién, do vay chung toi phai két hop nhiéu modun laser dé du cong suat bom cho hé
khuéch dai. Hinh 2.10 trinh bay phan thiét ké bd ngudn két hop nhiéu modun laser
bom. Man hinh vi tinh theo doi cac thong s6 cua hé khuéch dai RAMAN nhu nhiét
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d6 cua laser bom, dong dién qua laser, cong suit quang bom cho soi, dong dién qua
pin Peltier. Két qua luu lai cac thong s6 hoat dong cua khuéch dai RAMAN duoc
thuc hién tai phong thi nghi¢ém cho théy hoat dong cua hé rat On dinh trong cac diéu
kién thi nghiém khic nhau. Cac thong sb hoat dong ctia module khuéch dai
RAMAN nhu nhiét d, dong dién qua laser, cong suat quang bom cho soi pha tap
hau nhu khong thay ddi trong thoi gian thi nghiém.

Ngoai ra hé khuéch dai RAMAN c6 thé ghép ndi véi may tinh qua cong
truyén thong tin theo chuan USB, chuong trinh ghép ndi nay nham thuc hién theo
ddi cac thong s6 cua hé khuéch dai RAMAN. Chuong trinh theo ddi cac thong sb
cua hé khuéch dai trén may vi tinh duogc viét bang ngén ngir Visual basic. Vi mach
dién tr tu thiét ké, 1ap rdp nay chung toi da ché tao duoc cac hé khuéch dai
RAMAN c6 chét lugng dat duoc yéu cau. Cac hé khuéch dai RAMAN nay c6 thé
thay d6i cong suat cua laser bom dé dang nham nghién ctru cac ché do hoat dong

khac nhau.
2.5.  Thiét ké phan quang tir cho khuéch dai quang sgi Raman

Phan quang tir ciia khuéch dai quang Raman gom cac linh kién chinh nhu sau:

- M06-dun laser bom ghép ndi Vi soi quang don mét tiéu chuan;

- B ghép kénh guang soi theo budc song (b6 WDM);

- Bo céch ly quang soi;

- B6 cong cong suat quang;

- Soi quang tang cuong hiéu (g tan xa Raman;

- Soi quang truyén thdng tin va khuéch dai dong thoi (soi SMF-28 dai
90km, soi bl tan sic DCF dai 4km, sgi nhay quang pha tap GeO, ndng
d6 18% dai 0,5km).

Pé thiét ké chinh xac phan quang tir cho khuéch dai quang Raman, ching toi
da tham khao khuéch dai quang Raman (RMPM1300) dang duoc sir dung trén

tuyén thong tin quang quan su véi ciu hinh bom, cau hinh cong cdng suit quang
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nham ché tao khuéch dai quang Raman thich hop cho viéc sir dung trén tuyén thong

tin quang thuc té.
2.5.1. Laser ban din cong suét cao dé bom cho khuéch dai quang Raman

Laser bom dugc lra chon trong ving budc séng 1420-1480 nm c6 cdng suat
danh dinh tir 150 mW dén 400 mW. Ly do chon loai laser bom trong ving séng néu
trén 14 d6 dich cua budc séng Stokes trong tdn xa Raman nam trong khoang 70-100
nm, chdng tdi muén khao sat hiéu tmg Raman cudng bic trong ving cta s6 thdng
tin quang 1530 — 1580nm. C6ng suat phat xa cua laser bi han ché cha yéu do gia
thanh cua laser. Hién nay laser bom cho khuéch dai quang Raman cd thé dat dén
1000 mW & ché do phat don mdt, tuy nhién gia thanh caa chiing qua cao. Chung toi
chon Iva loai laser bom c6 cong suét thich hop néu trén va c6 so sanh véi thiét bi
khuéch dai quang Raman hién dang duoc sir dung trén tuyén cua tuyén vién thdng
quan su (RMPM1300).

2.5.2. Mo6-dun laser ban dan 34-0250-DW0-300

Cac thdng sé ciia mo-dun laser

- Loai laser InGaAsP c6 céu tric giéng luong tir da 16p (MQW) phat don mét
st dung céach tir Bragg dé chon loc budc séng phét.

- Budc song laser 1470,1 nm vai d6 rong phd 1,0 nm

- Nhiét d6 dé laser danh dinh khi hoat dong: 25°C

- Hiéu dién thé trén bo 1am lanh Peltier: 2,68V tai 70°C

- Dong nudi bo 1am lanh Peltier: 2,1A tai 70°C

- Bién tro cua cam bién nhiét do trén laser: 9,97 kOhm tai nhiét do 25°C

- Dong nguong cuaa laser: 79,0 mA

- Hiéu dién thé bao hoa trén laser: 2,03 V

- C6ng suat quang phat xa: 400mW tai dong bom 1368,1 mA

- Dong quang dién photodiode chi thi tai cong suat quang 400mW: 0,116mA.

53



2.5.3. Mo-dun laser ban dan SLA5653-QD-71/CV1

1]

Hinh 2.11: So do chan cua laser ban ddn SLA phéat xg cong sudt cao

Cac thdng sé ciia mo-dun laser

Loai laser INGaAsP ciu trac MQW phat don mét st dung céch tir Bragg dé
chon loc budc song phat.

Budc song laser 1471,5 nm véi do rong pho 1.0 nm

Nhiét d¢ dé laser danh dinh khi hoat dong: 25°C

Hiéu dién thé trén bo Iam lanh Peltier: 2,23V tai 70°C

Dong nudi bo 1am lanh Peltier: 1,06A tai 70°C

Pién trg cua cam bién nhiét do trén laser: 10 kOhm tai nhiét d6 25°C

Dong ngudng cua laser: 25,1 mA

Hiéu dién thé bao hoa trén laser: 2,2 V

Cong suat quang phat xa: 210 mW tai dong bom 1000 mA

Dong quang dién photodiode chi thi tai cong suat quang 200mW: 0,867mA.

Khao sét cac thong s caa md-dun laser bom, chung ta thiy cac thong sé cua

laser rat khac nhau va c6 thé dan dén sy phuc tap khi ché tao nguon bom dé diéu

khién cho laser trong mot thiét bi st dung nhiéu loai laser bom. Sy khac nhau nay

gay ra kho khin nhat dinh khi bao tri, bao hanh thiét bi trong qué trinh hoat dong.

Vi vay trong qua trinh thiét ké, chung toi dac biét luu ¥ dén su dong nhat trong diéu

khién laser bom trén cac diém chung (nhiét do dé laser, thé béo hoa...).

Két qua khao sat laser bom khi Iip vao mach diéu khién laser di ché tao dat

dugc céc théng s6 co ban nhu sau:

Nhiét d6 cua laser & 25°C c6 sai s6 nho hon 0,1 °C.
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- Dong dién qua laser ban dan thay déi duoc tir 0 dén 3000 mA, d6 sai s6 cua
dong bom <1%.

- C6ng suat quang cua laser bom c6 c6ng suat phat danh dinh 400 mW dat
dwoc 350mW, cong suit laser danh dinh 210mW dat dwoc 180 mW. Két
qua khao sat chi tiét mo-dun laser cong suit cao cho thay cong suat danh
dinh cua hang ché tao va cong suit thuc té do duoc c6 sy chénh léch nhat
dinh, vi vay khi mua cac laser cdng suit cao can phai chon lwa cén than.

- D6 rong phd cua phét xa laser dat 1,0 nm trong toan bo dai bom.

- Phan nguén bom cho khuéch dai quang Raman ché tao da duoc do dac
danh gia tai Vién Do luvong Viét nam.

2.5.4. Cau hinh quang tir thu dong cia khuéch dai quang Raman

Phan quang ti thu dong caa khuéch dai quang Raman, twong tu bo khuéch dai
quang soi pha tap Erbium (EDFA), gém c6 cac linh kién quang soi nhu: linh kién
ghép/tach kénh quang véi budc song khac nhau, linh kién cach ly quang sgi, linh
kién cong cong suat quang va soi quang.

So dd phan quang tir thu dong cua khuéch dai quang Raman duoc trinh bay
trong Hinh 2.12. duéi day.

Céch ly quang

'Lasgr WDM o MayAphén tich
tin hi¢u E N phd quang
Soi dém va soi quang

tiéu chuin SMF-28

(do dai 25-90km)
Bo cong cong sut
quang

K

Laser bom

Hinh 2.12: So d6 phan quang ti ciia hé khuéch dai Raman
Hinh 2.13 va 2.14 trinh bay ciu tric dién tir va quang tir cua thiét bi khuéch
dai quang Raman hoan chinh, trong d6 c6 bd nguon cé thé cap dong ddng thoi cho
02 laser v6i dong bom mdi laser ¢6 thé dat dén 1,5A véi d6 6n dinh +/- 1% dong

bom c4p va én dinh nhiét do cho dé laser dat +/- 0,2°C.
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Hinh 2.14: Cdu hinh RFA hoan chinh dwoc ghép tir phan quang tiz va phan dién tir

2.6. K&ét qua khao sat diic trung cia mo-dun laser bom

S¢i quang May do phé quang

Laser bom i (OSA)

Hinh 2.15: So d6 khdo sdt dic trung ciia md-dun laser bom

M6-dun laser bom dugc Iap rép vao phan dién tr di ché tao & trén dé khao sat
cac dic trung phat xa caa laser gom: céng suat phat xa, budc song phat xa, do rong
phd phat xa, d6 6n dinh cua phd va cuong do phat xa, 6 6n dinh cua nhiét 4o dé
laser khi hoat dong & cac ché d6 bom khac nhau...So dd thi nghiém do cac dic
trung laser bom duoc trinh bay trén Hinh 2.15.

Soi quang 16i ra caa mo-dun laser bom dugc ndi véi may do phd quang (OSA)

bang soi quang tiéu chuan 9/125 micro-mét c6 hai dau sgi gan véi connector FC
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tuong thich vai thiét bi do.Véi viéc thay doi dong bom cho laser bang cach diéu
chinh céc dién tr& xoay dinh dong (thd hoac tinh) ctia bd ngudn nudi cho laser cong
suit quang cua laser sé& thay dbi tir ngudng phat laser (céng suit khoang 1mW) dén
cdng suat phét cuc dai (khoang 400mW theo danh dinh cua nha ché tao). Phd phét
Xa va cOng suit phét cua laser bom dwoc thu nhan bang thiét bi do phd quang
(OSA) c6 d6 chinh xac vé budc song 0,01nm va cong suit quang dén 200 mwW
(23dBm) va thiét bj do cong suat quang téng (Optical Powermeter). P& an toan cho
thiét bi do pho va cong suat phat xa cia md-dun laser, ching toi sir dung bo suy hao
quang 10dB (giam cong suat phat di 10 1an) hoic 20 dB (giam di 100 1an). Ching
t6i thu nhan duoc két qua vé pho cua laser khong thay d6i budc song phat va do
rong phd khi ting dong bom cho laser va nhiét do dé laser duoc giit nguyén. Tai
nhiét do dé laser dugc cb dinh & 25°C, phé phét xa cia mo-dun laser SLA5653-QD-
71/CV1 la 1471,5nm véi do rong pho 1.0nm; phd phat xa cua mo-dun laser 34-
0250-DWO0-300 la 1470,1nm véi d6 rong pho 1,0nm. Khi nhiét do dé laser thay doi
pho phét xa cua laser hau nhu khong d6i do chung duoc ¢ dinh bang cach tir Bragg
trong soi quang (FBG), tuy nhién cong suat phét xa cua laser bj thay d6i theo nhiét
d6 (do thay d6i dong ngudng laser theo nhiét do).

Két qua khao séat cong suat phat xa ciia modul laser 34-0250-DWO0-300 duoc
trinh bay trong Bang 2.1.

Bang 2.1: COng suat phat xa laser phu thugc vao dong bom

I((mA) 0 50 100 150 200 250 300 350 400 450

P(mw) |0 0 ) 10 26,2 42,4 58,5 74,7 90,9 107,1

500 550 600 650 700 750 800 850 900 950 1000

1232 | 139,4 | 155,6 |171,8 |187,9 | 2041 |220,3 |236,5 |252,6 | 2688 | 285

1050 1100 1150 1197

304,2 |3198 |3351 | 350
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Theo nha cung cip thdng bao, cdng suit phat xa danh dinh cua laser dat 400
mW tai dong bom 1368 mA, chiing t6i da thu duoc cong suat phét xa laser 12 350
MW tai dong bom 1197 mA.

300 {(‘ /
250

< 200 ‘//

£ /

a #

- pa
N

0
0 200 400 600 800 1000 1200
1(mA)

Hinh 2.16: Pdac trung 1-P cua laser 34-0250-DW0-300 tai budc séng 1470,1 nm

Ngudng phét laser xap xi 80 mA phi hop véi sé liéu cua nha cung cap. Hinh
2.16 biéu dién dic trung dong bom-cong suat phat (1-P) caa mo-dun laser 34-0250-
DWO0-300 14 tuyén tinh trong dai bom rong tir 80 dén 1200 mA. Pay la dic trung I-
P tiéu biéu cho laser ban dan phat xa don mét doc.

M6-dun laser cong suat cao SLA5653-QD-71/CV1 c6 cac thdng sb khao sat
tuong tu nhu thong s cua nha san xuat cong b, trong d6 cong suat quang phét xa
dat duoc 185mW khi bom dong gan 1000 mA. Trén thyc té, dé thoi gian hoat dong
cua laser dai, dong bom cong tac cua laser duoc khuyén céo chi bang 80% dong
bom cuc dai khi thir nghiém, vi vay cac théng sé cua laser 1am viéc trong bo khuéch
dai Raman d4 ché tao c6 céc thdng so sau:

- M@-dun laser 34-0250-DWO0-300 phét xa cong suat 350mW 6n dinh tai dong
bom 1197 mA (nhiét do dé laser 23-25°C).

- Mb-dun laser SLA5653-QD-71/CV1 phét xa cong suat 180 mW 6n dinh tai
dong bom 857 mA (nhiét do dé laser 23-25°C).
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2.7.

Két qua khio sat phd phat xa Raman ty phat sit dung 3 ngudn laser

bom

Trén Hinh 2.12 chidng t6i da trinh bay so db quang tir cua khuéch dai quang

Raman. Dé tién hanh khao sat hiéu tng tdn xa Raman tu phat trong soi quang don

mét tiéu chuan SMF-28 khi dugc bom bang laser diode cong suit thip co budc

s6ng phat xa trong viing 1470 — 1471 nm khi khéng c6 tin hiéu quang can khuéch

dai, chung t6i da stir dung cac ky thuat thuc nghiém sau:

Str dung 1-3 laser bom c6 thé hoat dong doc 1ap vai nhau va 16i ra cua ting

laser duoc ndi véi bo cong cong suat quang do vay ching t6i co thé sir dung

ty y mot hodc ca ba laser nhd d6 c6 thé thay doi cong suat quang bom cua

laser vao soi quang.

Str dung hoac khéng sir dung sgi dém CAVO-OTTICO-SMR/KM1 trong

thue nghiém nham thu thap théng tin vé vai tro cua soi dém.

Str dung bo ghép/tach kénh theo budc song WDM 1480/1550nm dé két hop

ngudn quang bom va tin hiéu can khuéch dai.

Str dung bd cong cdng suat dé cong cdng suat quang cho cac budc song

1470nm (cong 1470) 1471nm (cho cong 1475) va 1480nm (cong 1480).

Moi truong Raman 1a soi nhay quang, sgi DCF va soi quang don mot tiéu

chuan SMF — 28 ¢ chiéu dai tir 25 km dén 90 km trong phong thi nghiém.

May phan tich pho quang OSA c6 nhiém vu do va ghi nhan cac thong sé caa

hiéu (rng tdn xa Raman tu phét cua hé khi bom laser vao sgi quang.

Céc tham s6 cua soi SMF-28 va soi DCF duoc trinh bay trong Bang 2.2:
Bang 2.2: Cac tham s spi SMF-28 va DCF

Céc tham so Soi SMF-28 Seoi bl tan tac DCF
Hé sb tan sic D (ps/nm.km) 16,75 -85
Hé s suy hao « (dB/km) 0,2 0,65
Puong bao tan sic S (ps/nm’km) 0,075 -0,17
Thiét dién ving hiéu dung Aes (LM?) 80 22
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Do ving budc song tdn xa Raman tu phat (song Stokes) phai trung véi ving
buéc s6ng cua tin hiéu quang can khuéch dai va can co cudng do phat xa Stokes du
manh nén chang t6i da tién hanh nghién cau sy phu thudc cua cdng suat phat xa
Raman tu phat vao cong suat cua laser bom dé dua ra cong suat bom tbi wu. Két qua
khao sat hiéu tng tan xa Raman tu phat trong soi quang dugc trinh bay trong Bang
2.3. COng suit bom dugc thay d6i tir 150 mW dén 881 mW dé c6 thé thu nhan rd
phd phat xa song Stokes trong ving 1550nm duoc khuéch dai (ASE) doc theo soi
quang.

Bang 2.3: COng sudt phat xa song Stokes phu thugc cong sudt bom

Pp(mW) 150 | 170,3|190,6 | 210,9 | 231,2 | 251,5 | 271,8 | 292,1 | 312,4 | 332,7 | 353,1

Pase(dBm) | -52,3 | -49,4 | -479 | -46,5 | -45,6 | -44,8 | -44,6 | -43,4 | -42,8 | -42,2 | -41,8

373,4 | 393,7 | 414 | 434,3 | 454,6 | 474,9 | 495,2 | 515,5 | 535,8 | 556,1 | 576,4 | 596,7 | 617

-41,4 | -41,0 | -40,6 | -40,1 | -39,9 | -396 | -39,3 | -39,1 | -38,9 | -38,7 | -38,3 | -38,2 | -38,1

637,3 | 657,6 | 677,9 | 698,2 | 718,5 | 738,8 | 759,2 | 779,5 | 799,8 | 820,1 | 840,4 | 860,7 | 881

-37,8 | -37,6 | -374 | -37,2 | -37 -36,8 | -36,6 | -36,4 | -36,2 | -36,1 | -35,9 | -35,7 | -35,5

-30

-35

-40

-45

-50

-55

Cong suat phat xa ASE (dBm)

-60

0 200 400 600 800 1000
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Hinh 2.17: Curong dg phét xa song Stokes theo cong sudt bom khi L Ia 90 km
Hinh 2.17 biéu dién db thi thay di cuong do cua ASE cua song Stokes do tai
buéc séng 1550nm doc theo sgi quang phu thudc vao cong suat bom. Ching toi

nhan thay cuong d6 phat xa song Stokes thu duoc khi bom bang laser c6 budc song

1470-1471nm s& tang nhanh trong ving céng suat bom tir 200 mW dén 800 mw
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trong soi DCF (4km) két hop véi soi SMF-28 (25-90 km). Ngoai ving cong sut
bom nay cuong do phat xa song Stokes c6 thé s& tang cham dan va gan nhu dat gia
tri bdo hoa khi cong suit bom 16n hon 1000 mW, tuy nhién vi diéu kién cong suit
nguén bom khong cho phép nén chung toi chua khao sat duoc. Pay co thé 1a van dé
can duoc nghién ctu sdu hon nita vé cau tric va vat liéu ciu tao soi quang khi

cudng do bom giam dan doc theo soi quang truyén tin hiéu.

DT I — ,,,,,,,,,,,,,, 143‘;4:1,71474?:1«1,”7 ,,,,,,,,,
25 I
30 -
35

40 -

A5 e

Cong suat (dBm)

1400 14‘50 15‘00 15‘50 1600
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Hinh 2.18: Phé phat xa Raman ty phat (séng Stokes) trong viing 1550 nm dich 90

nm vé ving séng dai so Véi budc séng laser bom 1470-1471 nm

Hinh 2.18 m6 ta phd phét xa séng Stokes cua hiéu tng tdn xa Raman ty phét
doc theo soi quang thir nghiém (DCF+SMF-28). Pho tan xa Stokes trong sgi quang
silica lan dau tién dugc quan sat thay tai Viét nam do: c6 nguén quang bom di
manh va thich hop Vi soi silica thuong mai SMF-28, ciu tric cua b khuéch dai
quang Raman la tiéu chuan. Pho phét xa Stokes trong soi quang silica SMF-28 ¢6
cac dic trung nhu sau: do rong phd 34nm tai ving cuong do phat xa giam -3dB
(twong tu d6 rong phd FWHM do bang don vi ¢éng suat mili-watt); dinh cuc dai
cua pho Stokes dich 90 nm vé ving budc séng dai so véi bude song bom. Cac két
qua do ASE cua s6ng Stokes phtl hop véi cac két qua nghién ctu trén thé gisi [96].

Véi cong suat laser bom cuc dai 880mW tai budc séng 1470-1471nm va chiéu
dai soi quang 1a 90 km ching t6i thu dugc cuong do song Stokes trong sgi quang
silica dat dén -35 dBm trong ving budc song 1550 nm trung khop hoan toan voi

viing pho tin hiéu quang can khuéch dai dang st dung trong mang vién théng quang

61



WDM. Két qua nhin dugc nay co ¥ nghia quan trong trong viéc ché tao khuéch dai

quang Raman cho tuyén théng tin quang hién hanh.
2.8. Két qua khao sat khuéch dai quang bang hiéu wng Raman cuéng biic

Céc thiét bj khuéch dai tin hiéu quang hoic dién déu phai dua ra cac thong sd

chung nhu sau:

Biang tan khuéch dai cua thiét bi. Trong khuéch dai quang, bang tan dugc

tinh bang ving budc song cé khuéch dai AL (nm).

- Hé sb khuéch dai cua thiét bi. Trong cac hé théng thong tin, hé sé khuéch dai
c6 don vi la decibel: G (dB) = 10 log [(Pout (MW)/Pi,, (MW)].

- Cong suét ra bdo hoa cua thiét bj khuéch dai duoc tinh bang don vi miliwatt
hoac bang dBm: P,(dBm)= 10 log [P,(mW)/ 1(mW)].

- Théng sé nhiéu cua thiét bi khuéch dai. Trong hé théng théng tin, hé s6 tap

am (Noise Figure-NF) duoc tinh bang don vi decibel (dB).
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Hinh 2.19: Phé cua tin hiéu quang phat xa tir laser ban ddn DFB

Pé tién hanh khao sét céc tinh chat cia khuéch dai quang sir dung hiéu ng tan
xa Raman cudng buc, ching t6i sir dung ngudn laser ban din don mét DFB phat xa
tai buéc séng 1552nm. Tin hiéu quang can khuéch dai tai budc song 1552nm co
cdng suit —4,7dBm duoc dua vao soi quang thdng tin SMF-28 ddng thoi vai chum
laser bom budc song 1470-1471nm qua bo ghép kénh quang WDM 1480/1550nm.
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Do rong phé cua tin hiéu quang phét xa tir laser DFB do duoc 12 0.1nm (xem Hinh
2.19). Hiéu tng tan Xxa Raman cudng btc xay ra khi dong thoi c6 mit hai budc séng
anh sang trong moi truong Raman (soi quang).

Bing tan cua khuéch dai quang Raman dd ché tao duoc xac dinh bang phd
ASE cua song Stokes duoc khuéch dai doc soi quang trong quéa trinh lan truyeén.
Thuc nghiém thu duoc bang tan khuéch dai AL (nm) = 34nm véi dinh phé tai budc
s6ng 1561nm. Can luu ¥ rang, phé ASE cua khuéch dai Raman khéng déi xting qua
dinh phé nhu cac loai khuéch dai quang EDFA hoic SOA. Tuy nhién, theo quy tic
chon Iya biang tan khuéch dai cua thiét bi, ching ta iy cac diém cuong do phat xa
giam mot nira (3dB) so Véi cuong do dinh vé hai phia caa cuc dai phd dé xac dinh
bang tan khuéch dai. Hinh 2.20 biéu dién bang tan khuéch dai cua thiét bi xac dinh

bang do rong phd cua ASE cua séng Stokes.

Cdng suat (dBm)

; : ;
1500 1550 1600
Budc séng (nm)

Hinh 2.20: Phé ASE cuia song Stokes co dinh cuc dai tai A =1561nm va do rong
phé AL = 34nm tai vi tri -3dB so véi dinh

Cong suat ra bdo hoa cua thiét bi khuéch dai quang Raman chua xac dinh
duogc trong khudn khé luan an do cong suat ngudn bom con bi han ché & muc dudi
1W. Can luu ¥ rang hiéu tng tan xa Raman cudng buc 13 hiéu tng quang phi tuyén,
vi vy hé sé khuéch dai va cong suit cua tin hiéu khuéch dai ty 18 vé6i binh phuong
ctia cdng suat quang bom, nhung trong mdi trudng dan séng 1a soi quang, ching ta

phai d6i mat voi nhiéu hiéu tng suy hao quang, vi vay mat d6 ning luong bom
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giam theo quy luat mii theo chiéu dai sgi quang, va c6 thé gay ra hiéu ¢ng hap thu
tin hiéu quang khi mat d¢ ning luong bom nho hon ngudng khuéch dai.

Hai thdng sé quan trong nhat cua thiét bi khuéch dai quang Raman da ché tao
1a hé s6 khuéch dai G va hé sé tap am NF duoc khao st rat chi tiét nham danh gia
kha ning dua vao tuyén thong tin quang thuc té. Hé sé6 G va thdng sé NF dugc do
dac khi thay d6i cong suit quang bom tir 200 mW dén 880 mW tai cac budc séng
1470 nm va 1471 nm. Céc thdng tin vé hé s6 G va théng sé NF cua thiét bi khuéch
dai cho phép nha khai thac mang quyét dinh str dung chling vao cac muc dich khéac
nhau trén tuyén thong tin quang. Bang 2.4. trinh bay cac két qua do hé s G va
théng s6 NF caa thiét bi khuéch dai khi bom bang 02 budc song 1470nm va 01
buéc séng 1471 nm trong cau hinh khdng st dung soi dém CAVO-OTTICO-
SMR/KML1. Thi nghiém nay cho phép danh gia hiéu &tng tdn xa Raman cudng buc
Xay ra trong moi trudng soi quang silica thuan nhat.

Chuing t6i c6 nhan xét rang hé sb khuéch dai G dat 3 dB (khuéch dai 2 lan
cudng do6 tin hiéu quang vao) khi céng suat quang bom > 300 mW. Tuy nhién,
thong s6 NF nam trong ving 8-9dB s& gay ra nhiéu kha Ion cho tin hiéu quang
khuéch dai. Hé s6 khuéch dai quang dat 11,11 dB va thdng sé6 NF=3,68 dB khi cong
suit quang bom dat dén 880 mW cho thay khuéch dai quang Raman da ché tao dap
g dugc yéu cau sir dung trén tuyén thong tin quang thuc té. Thiét bi khuéch dai
quang Raman dang sir dung trén tuyén thong tin tai Viét nam c6 hé s6 G xap xi 10-
12 dB va thdng sé6 NF < 3,7 dB, vi vay c6 thé danh gia bo khuéch dai quang ché tao
trong khuén kho luan én da dap ung duoc muc tiéu dat ra. Phan so séanh céc thong
s6 cua cac thiét bi khuéch dai Raman thuong mai va ché tao sé trinh bay trong phan
cudi cling caa chuong nay.

Bang 2.4: Hé sé khuéch dai G va thdng sé nhiéu phu thugc vao cong sudt bom

Ppom (MW) | Hé s6 tap Am NF (dB) | Hé s6 khuéch dai G (dB)
200 11,12 2,0076
250 10,22 2,46768
300 9,54 2,88827
350 8,74 3,46388
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400 7,97 4,13425
450 7,24 4,88535
500 6,67 5,58029
550 6,1 6,37701
600 5,61 7,12109
650 513 7,9494
700 4,75 8,65838
750 4,38 9,44808
800 4,09 10,09389
880 3,68 11,11524

Hinh 2.21 chi ra dudng cong phu thudc cua hé sé khuéch dai G vao cong suat
quang bom tai budc song 1470-1471nm. Ching t6i nhan thay rang d6 thi phu thuoc
G (P) khong thuc su tuyén tinh, quy luat bién d6i cia G theo P 1a phuc tap, c6 thé
do nhiéu yéu t6 anh huong dén hé sé G trong méi trudng soi quang silica chua duoc
khao sat ky lugng. Thi du, khi cong suit quang bom tang tir 200 mW dén 400 mW,
duong cong biéu thi theo quy luat mil, tuy nhién trong ving cong suat 400-800mwW
quy luat nay bi pha v&, dudng cong mii gan nhu tro thanh tuyén tinh. Ban chat caa

c4c hién twong nay can duoc nghién ciru k§ hon trong cac céng viéc tiép theo.

G (dB)

200 400 600 800 1000
Cong suat bom (mW)

Hinh 2.21: Hé s6 khuéch dai G phu thugc cong sudt quang bom

Hinh 2.22 trinh bay su phu thudc cua théng sé NF vao céng suat bom. Su phu
thudc cua NF vao cdng suit bom 1a phi tuyén va phd hop véi céc tinh toan vé NF
cho khuéch dai quang Raman. Can luu y rang cac két qua nghién ctu vé khuéch dai
quang Raman di chi ra thdng sé NF cua ching ludn ludn nho hon NF cua cac bo
khuéch dai quang EDFA hoic SOA di sir dung dai tra trén tuyén thong tin quang
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hang thap ky qua. Tuy nhién, khi cng suit bom yéu, thong sé NF kha cao, vi vay
tinh wu viét cua khuéch dai quang Raman khong con (khi so sanh véi NF cia SOA

trong khoang 6-8dB va EDFA >4dB).

NF (dB)

200 400 600 800 1000
Cong suat bom (mW)

Hinh 2.22: Thang sé nhiéu NF phy thugc cdng sudt bom

Céng sudt (dBm)

60 LmAl i gl ‘
500 1550 1600

Bude séng (nm)
Hinh 2.23: Phé tin hiéu chua khuéch dai (1) va tin hiéu da dwoc khuéch dai (2)
khi L= 90 km, P, =880 mW)

Hinh 2.23 m6 ta pho phat xa cua tin hiéu quang chua dwoc khuéch dai (duong

1) va da duoc khuéch dai bang hiéu tng tan xa Raman cudng bic (duong 2) khi
chiéu dai soi quang 12 90km. Két qua chi ra rang tin hiéu di dwugc khuéch dai 1én
11dB, do rong phd va budce song tin hiéu khong thay doi trong qué trinh khuéch dai.
So sanh pho tin hiéu quang da khuéch dai va phd ASE cua thiét bi, ching toi

nhan thdy rang mic du tin hiéu khuéch dai da ting 1én 11 dB, nhung phd ASE
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khong thay ddi ca vé cuong do va do rong phé. Két qua nay khac véi phé tin hiéu
da khuéch dai cia EDFA nhu sau: d6i vai EDFA khi tin hiéu quang dugc khuéch
dai, cuong do phd ASE giam manh do nguyén ly phat xa cudng buc trong mai
truong 3 mic nang luong c6 dao mat do phan bd, con ddi véi RFA cudng do phod
ASE hau nhu khong thay d6i (xem Hinh 2.24) do khong c6 mé hinh dao mat do
phan bd cac ion pha tap duoc kich thich, phat xa cudng bic vé mot hudng chi xay
ra cho mot bude song phi hop véi dao dong quay riéng biét caa phan tir mang nén,
con cac phat xa Stokes do cac dao dong quay khac van khong thay doi (phat xa
trong gbc dic 4n nhu cii). Pay ciing 1a dic trung co ban dé danh gia thong sé NF
cua khuéch dai quang Raman nhé hon so v6i EDFA do cuong do ASE cua ching
nho hon (SNR nho).
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Hinh 2.24: Phé ASE va phé tin hiéu quang da khuéch dai ciia EDFA (hinh trén) va

cua khuéch dai quang Raman da ché tao (hinh duwdi)
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2.9. Két qua khao sat khuéch dai quang Raman khi sir dung sei dém

Churc nang cua soi dém lam tang cuong hiéu tng tan xa Raman tu phat cua
ngudn bom khi dua vao trong sgi quang clng vaéi tin hiéu can khuéch dai. Soi dém
c6 céu truc dac biét vé dan séng (tao b trir tdn sic manh) va thanh phan pha tap
(ndng do GeO, cao hon so vai soi SMF-28), d6 dai cua soi dém tiy thudc vao chic
ning cta bo khuéch dai.

Trong cac thiét bi khuéch dai quang Raman, hién dang st dung tai Viét nam,
soi dém c6 @6 dai khoang 70 - 100m va duoc ghép ndi ngay truc ngudn laser bom
vao sgi. Trong thir nghiém caa chung toi, soi dm CAVO-OTTICO-SMR/KM1 (s¢i
dugc pha tap 18% G.0,) duoc str dung nham ting cudng hiéu @ng tdn xa Raman
cudng bic trong thiét bi. Cac két qua thi nghiém thu duoc c6 gia tri cong nghé nhat
dinh nhu: thu thap thong tin day du vé vai trd cua soi dém vé ting cuong hé s6 G va
thong s6 NF trong thiét bi khuéch dai Raman bom nguoc va bom cing chiéu, danh
gia k¥ thuat ghép ndi soi dém trong cau hinh cua khuéch dai. ..

Thuc nghiém cho thay khi c6 sgi dém ndi véi ngudn quang bom, hé sé khuéch
dai quang cua thiét bi Raman da ting 1én hon 2 dB khi bom céng suét quang 300
mW va ting dén 5 dB khi bom nguoc chiéu véi cong suat quang 880 mW (trén do

dai sgi quang 90 km trong phong thi nghiém).
2.10. So sanh cac thong so ciaa khuéch dai Raman thwong mai va ché tao

Khuéch dai quang Raman dang st dung trén tuyén thdng tin quang quan su
1A &QB Ia loai RMPM1300 cua hang Alcatel — Lucent. Bo khuéch dai nay duogc sir
dung cho nhitng tuyén c6 cu ly dai, toc do bit tir 10 Gb/s tré 18n véi thiét bi ghép
buéc séng 1626LM. N6 duoc lip vao trude bang mach khuéch dai duong day phia
dau thu (LOFA) cua thiét bi 1626LM (bom ngugc).

Power A

ol oA = ome e ) 3 o TNE

L W Ehemet RS Housekeeping Power oed ot L o e

Hinh 2.25: Mt truéc cua bé khuéeh dai Raman RMPM1300
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Cac thong sb ky thuat caa Bo khuéch dai:
- Bom bang k¥ thut cong cong suit quang véi 03 laser ban dan, cong suat
mdi ngudn laser 500 mW, téng cong cdng suat bom thyuc 16n hon 1200mW.
- Budc song cua cac ngudn bom: 1425,3 nm va 1452 +/- 0,3 nm (02 laser c6
phd gan gidng nhau).
- Vng hé sé khuéch dai véi 3 ngudn bom trén soi G.652 1a khoang 14,5 dB.
- Hé sb khuéch dai G tai cong suat bom 1200 mW la: 11dB
- Bang tan khuéch dai tin hiéu quang cua thiét bi Raman RMPM1300 dang
hoat dong kéo dai toan bo dai 1500-1570 nm véi muc dich: khuéch dai tin
hiéu giam sat quang (OSC) tai budc séng 1508,6 nm va khuéch dai tin hiéu
quang trong toan dai 1530-1570 nm (bang C) cia mang WDM.
- Surdung soi dém E2000 véi d6 dai khoang 70 — 100 m
Trong mang thong tin quang WDM [udn ton tai tin hiéu giam sat quang tai
budc soéng quang 1508,6 nm tach roi han bang tan tin hiéu thong tin 1530-1570 nm
va tin hiéu quang chuan cho buéc séng WDM tai 1544,3 nm (nam giira ving
khuéch dai quang cua EDFA), vi vay khi khong c6 tin hiéu théng tin 16i vao, pho

quang trong cap quang Van ton tai 02 buéc séng chuan 1508,6nm va 1544,3 nm.
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Hinh 2.26: Phé quang céc logi c6 trong tuyén thdng tin quang thuec té

Hinh 2.26 trinh bay téng phd quang trong tuyén théng tin quang sir dung
khuéch dai Raman RMPM1300 tai Bo Tu 1énh Théng tin Lién lac (TLTTLL), trong
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d6 hién thi day dui cac budc song quang ton tai trong tuyén thdng tin quang WDM
gom: séng bom cho Raman (02 buéc s6ng), séng giam st quang OSC (1508,6 nm)
s6ng chuan budc song WDM (1544,3 nm) va séng tin hiéu mang thdng tin can
khuéch dai tai busc song 1555,36 nm.

Hinh 2.27 biéu dién so sanh phd quang khéng c6 tin hiéu va phé tin hiéu
quang khuéch dai bang thiét bi khuéch dai quang Raman RMPM1300 dang hoat
dong trén tuyén thong tin quang WDM. Ching tdi nhan thiy cudong d6 phé ASE
(duong mau do) khong thay d6i khi cé tin hiéu quang khuéch dai (duong mau den)
phu hop véi két qua cua luan an da trinh bay va giai thich trong muc 2.8. Céc hiéu
tng vat 1y da duoc giai thich rd rang dbi véi soi quang silica cu trac don mét dira
trén phan xa toan phan, tuy nhién con c6 hiéu ttng maéi trong tan xa Raman khi st

dung soi quang tinh thé quang tir.

Céng sudt (dBm)

1 5.20 1530 1540 1550 1560 1570 1580
Budc song (nm)
Hinh 2.27: Phé ASE va phé tin hiéu quang da khuéch dai cia khuéch dai quang

Raman thwong mai dang sir dung trén tuyén thuc té

Can luu y rang cac tin hiéu quang c6 trong mang (ngoai song bom) déu dugc
khuéch dai trong méi truong tan xa Raman, tuy nhién théng s quan trong nhat 1a
tin hiéu quang mang thong tin duoc khuéch dai. Hé s6 G do duoc trén tuyén sir
dung soi G.652 véi 3 ngudn bom 1a 10-12 dB phi hop vai thong tin cia nha cung
cap thiét bi.
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Hinh 2.28 biéu dién phé quang trong tuyén thong tin quang dang hoat dong
khi qua bo loc quang vao thiét bi hién thi (monitor) dé tinh toan cac théng s tin
hiéu. Thanh phan phé quang dén bo monitor chi con tin hiéu chuin buéc song va tin
hiéu quang dugc khuéch dai bang Raman. Ching ta nhan thay rang ty sé tin hiéu
trén nhidu cua tin hiéu quang khuéch dai khoang 10 dB da dap tmg duoc yéu cau

cua tuyén thdng tin.

Cdng sudt (dBm)

1530 1540 1550 1560 1570
Budc song (nm)

Hinh 2.28: Phé tin hiéu quang da khuéch dai cua khuéch dai quang Raman qua b
loc vao bg monitor d@é kiém soét chat hrong tin hidu
Bang 2.5: So sanh bg khuéch dai RMPM1300 va bé khuéch dai ché tao

Cic thong sb so sanh Bé)l\ljllg;\;il;gg ! B¢ khuéch dai ché tao

Soi quang sit dung G.652, G.653, G.654, G.652, G.653, G.654,

i i G.655 G.655
Budc song bom 1425,3 va 1452 nm 1470 va 1471 nm
Khoang budc song tin hi¢u 1530 — 1570 nm 1545 — 1585 nm
Khoang budc song OSC 1500 - 1520 It ho tro
S6 budc song 1-40 1-40
Vl‘l'n% cong cong suét tin hiéu vao 40 = +5 dBm 40 = +10 dBm
khi tat bom
Cong suét 3 nguon bom két hop_ > 1200 mW < 1000 mW
Vung hé s6 khuéch dai — ba ngudn . .
bom trén soi G.652 10+18dB 11-16dB
H¢ so NF tai cong suat bom
880mW, bom nguoc <3,7dB 3,68 dB
Dong cung cap voi 3 ngudn bom 15A 1,1A
Nhiét d6 hoat dong -5+55°C 0+70°C

Tir bang so sanh ching ta ¢ thé thay rang bo khuéch dai quang Raman do

ching tdi ché tao c6 hé s khuéch dai twong dwong voi bo khuéch dai quang thuong
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mai dang st dung trén tuyén trong khi cong suat bom yéu cau l1a thip hon va dong
cung cap cho ngudn bom ciing thip hon. So di dat duwoc két qua nhu vay la do
chung t6i da thiét ké va ché tao dugc mach diéu khién hai dai lugng: dong bom va
nhiét do vai do chinh xac cao (st dung ca hai phuong phap xtr ly tin hiéu tuong tu
va tin hiéu sd), st dung soi dém CAVO-OTTICO-SMR/KM1 véi ndng do pha tap
G0, cao (18%) dé tang cudng hiéu &ng tdn Xxa Raman cudng buc va bu trir tan sic

manh, gitp ting cuong hé sé khuéch dai G va cai thién théng sé NF.
2.11. Thir nghiém khuéch dai quang Raman da ché tao trén tuyén thuc

Chung t6i da tién hanh thir nghiém bo khuéch dai quang Raman trén tuyén
WDM thyc té nham danh gia cac thong sd cua thiét bi hoat dong trén tuyén va so
sanh véi két qua khao sat tinh trong phong thi nghiém ciing nhu cac két qua mo
phong. Hinh 2.29 md ta hé thong thiét bi thong tin quang WDM tai Bo TLTTLL dé

khao sat cac thong sé cua thiét bi khuéch dai quang Raman da ché tao.

Hinh 2.29: So do hé thong thiet bi khao sat khuéch dai quang Raman trén tuyén
thong tin quang WDM thyc té

Nguén tin hiéu quang dé khao sat gom cac budc séng 1508,6 nm; 1544,3 nm
va budc song tin hiéu quang 1555,36 nm nam trong mang ludi bude song chuan cua

mang WDM theo tiéu chuan ITU. Chiic ning cta cic budc séng 1508,6 nm va
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1544,3 nm d3 duogc giai thich tai muc 2.10. Thyc nghiém tién hanh trong thoi gian
dai dt dé danh gia do on dinh cua thiét bi khao séat va cac théng sé dugc ghi nhan
boi thiét bi phan tich phd OSA (Advantest Q8384) c6 d6 phan giai phd 0,01 nm va
d6 nhay cong suat quang -90 dBm. Céc s6 liéu vé hé so khuéch dai quang, OSNR,
va BER cua tin hiéu duoc ghi nhan trén thiét bi monitor chuyén dung cho mang
théng tin quang WDM.

Ngudn bom cho khuéch dai quang Raman gom 02 laser buéc song 1470 nm
cdng suat danh dinh 400 mW (thuc té da khao sat dat 350 mW khi bom tai dong
1197 mA) va 01 laser budc song 1471 nm ¢ong suat danh dinh 210 mW (thyc té dat
180 mW tai dong bom 857 mA).

Soi quang don mét SMF-28 truyén dan tin hiéu 13 méi truong tdn xa Raman
c6 do dai tong cong 90 km. Cau hinh bom dugc str dung 1a bom ngugc gom 02 laser
buéc séng 1470 nm (cong suat 350 mW) va 01 laser bude song 1471 nm (cong suat
180 mW) duoc két hop véi nhau théng qua bo cong cdng suat quang tai diém cudi
cua tuyén truyén dan quang (90km). Soi dém CAVO-OTTICO-SMR/KM1 (E2000)
dai 70 m véi nong do pha tap G0, 18% dugc ghép néi vai 16i ra cua bo cong cong
suit quang va sau d6 duoc ndi vao soi quang tai diém cudi cua tuyén truyén dan.
Tin hiéu quang mang thdng tin can khuéch dai c6 thé diéu chinh kiéu bat/tat (on/off)
nham khao sat hé sé khuéch dai quang va ty sé 18i bit BER cua ban than tin hiéu.
Can luu y rang hai budc séng dinh thoi (song giam séat quang) va séng chuan budc
song WDM (1544,3 nm) luén ludn c6 mit trong tuyén WDM, di ¢6 tin hiéu thong
tin hay khoéng.

Hinh 2.30 trinh bay két qua do hé s6 khuéch dai quang cua thiét bi Raman da
ché tao ghi nhan trén thiét bi monitor caa hé théng kiém tra tuyén TTQ. Cong suét
tin hiéu quang 16i vao khuéch dai dugc ghi nhan 1a -21,5 dBm va cong suat tin hiéu
16i ra dat -5,5 dBm. Nhu vay, hé s6 khuéch dai G cho tin hiéu buéc song 1555,36
nm dat 16 dB.
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Hinh 2.30: Két qua do hé sé khuéch dai quang Raman trén tuyén TTQ thuc té.

Cac két qua thu nhan dugc vé hé sé khuéch dai G tuwong thich voi thiét bi
khuéch dai quang Raman hién dang st dung trén tuyén. Can luu y rang trong thiét
bi khuéch dai quang thuong mai dang st dung, budc song bom cho Raman 13 1452
nm dé c6 hé sé khuéch dai dinh nam trong khoang 1530-1570 nm, con trong thiét bi
duoc ché tao trong khudn kho luan an, budc song bom 1470 nm s& c6 dinh khuéch
dai duy kién nam trong ving budc song 1545-1585 nm cua ludi budc séng cho mang
WDM.

Hinh 2.31 biéu thi pho cua tin hiéu khuéch dai cho hai budc séng 1544,3 nm
va 1555,36 nm trong tuyén WDM. Buéc song dinh thoi 1508.6 nm dwgc khuéch dai
rat yéu (2dB) trong thiét bi khuéch dai Raman do ching tdi ché tao, Iy do 1a ngudn
bom Raman khong thich hgp (1470 nm) cho song Stokes ¢ budc song nay.
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Hinh 2.31: Phé tin hiéu quang trong tuyén WDM da dwoc khuéceh dai (dwong trén)
va chuea dwoc Khuéceh dai (dwong dwdi) bang hiéu iing tan Xa Raman cwdong birc doc

soi quang don mét dai 90 km
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Hinh 2.32: Phé tin hiéu khuéch dai bang khuéch dai Raman thwong mai (dwong
mau den) va do lugn an ché tao (dwong mau do)

Hinh 2.32 trinh bay két qua do pho tin hiéu khuéch dai trén thiét bi Raman
thuong mai va bo khuéch dai ché tao. Cac budc séng khuéch dai hoan toan tring
khép nhau vé phd, tuy nhién nén ASE c6 khac nhau d6i chiit nhung diéu nay khdng
anh huong nhiéu dén ti s6 SNR giita hai thiét bi. Diéu nay c6 thé ly giai nhu sau:

mac du phd khuéch dai cua b khuéch dai Raman thuong mai phang hon va c6 nén
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nhiéu ASE thap hon nhung d6i lai b khuéch dai ché tao lai cho c6ng suit tin hiéu
duoc khuéch dai Ion hon nén vé co ban ti s6 SNR khdng khéac nhau nhiéu.

Nhan xét vé két qua thar nghiém trén tuyén thdng tin quang WDM thuc té cho
thiy phd song Stokes cua hai bo khuéch dai quang Raman thuong mai (dang st
dung trén tuyén) va thiét bi da ché tao cua dé tai khac nhau do ngudn bom véi budc
song léch dén 20 nm. Vé6i budc séng bom 1452 nm (thiét bi thuwong mai
RMPM1300) viing song khuéch dai dat hiéu qua cao trong dai tir 1525 nm dén 1565
nm, nhung v&i budc séng bom 1470nm (thiét bj cua dé tai ché tao) khuéch dai
quang téi wu trong vung 1540- 1570nm. Két qua nay phd hop voi cac két qua
nghién ctru da cong bd vé phat xa song Stokes trong soi quang silica pha tap
Germani khi bom t6 hop da budc song. Pay ciing 1a két qua thyc nghiém thu dugc
tai Viét nam dé khang dinh sir dung hiéu (ng tan xa Raman cudng btc cé thé sip
xép viing song khuéch dai hiéu qua bang budc song bom ma khong can phai lua
chon méi truong pha tap nhu trong cac bd khuéch dai quang EDFA hoic SOA
thong thuong. Uu diém cua khuéch dai Raman noi bat trong mang thong tin WDM
bang rong do chung luon c6 song dinh thoi (séng giam sat quang OSC) va song
chuan ludi budc séng khong bi hiéu tng xuyén kénh nhu khi sir dung cac khuéch
dai quang khac.

Hinh 2.33 trinh bay két qua dat dugc tir thuc nghiém va mé phong (duoc thuc
hién trong Chuong 4) cho ti 1€ tin hi€u trén tap am quang (OSNR) trong truong hop
bom nguoc khi do tai 16i ra ctia bo khuéch dai quang Raman. Nhu ching ta c6 thé
thay trén hinh, khi séng bom chua dugc dua vao soi quang thi ti s6 OSNR 1a 16n
nhat. Sau d6 OSNR giam theo ham mii trong ca hai truong hop khi cong suat bom
nho hon 200 mW. Diéu nay 1a boi vi cong suat bom trén ving nay la yéu va khong
thé bu dugc suy hao tin hiéu khi né truyén qua soi quang. Khi céng suat bom 16n
hon 200 mW, OSNR tang nhanh trong ca hai truong hop thuc nghiém va mé phong.
Tuy nhién tai cong suat bom 16n hon 800 mW thi trong trudng hop thuc nghiém
OSNR c¢6 khuynh huéng giam, diéu nay 1a boi vi tin xa Rayleigh kép dang ké hon

tai mirc cong suat bom cao hon, dic biét 13 trong trudng hop bom ngugc. Trong khi
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hiéu ing nay khong dugc xem xét trong truong hop mé phong, do do hai duong
cong 13 khong tring nhau. Piéu nay mét 1an nita cho thiy su hop 1y cua viéc sir
dung cac bo khuéch dai Raman dugc bom bang cong suét thap cho cac mang cé

khoang cach trung binh va nhé (tranh 4nh huong ctia nhiéu).

60 T T T T
—#— Thuc nghiém., bom ngugc
—S— N6 phong, bom ngudgc

Tis OSNR (dB)

0 200 400 600 800
Cong svat bom (mW)

Hinh 2.33: T/ s6 OSNR phy thugc cdng sudt bom trong trwong hop bom nguroc

2.12. Két luan va dé xuat cac phwong an ché tao khuéch dai quang Raman

phuc vu tuyén thong tin quang WDM biing rong

Chuong nay da hoan thanh viéc thiét ké va ché tao bo khuéch dai Raman st
dung laser ban din c6 cong sudt 350 mW, c6 do 6n dinh va cong suat phat quang
+/-1%, 6n dinh nhiét do dé laser bom +/-0,1°C tai ché do dong bom cho laser dén
1200 mA. Ngudn laser bom cong suét cao kiéu cong cong suit duoc ché tao trong
mot hop dé thuén tién cho lp rap nhiéu laser co diéu khién dong bd va thich hop
v6i thiét bi khuéch dai quang sir dung trén tuyén thong tin quang thuc té.

Bén canh d6, chiing t6i ciing da thiét ké va ché tao thanh cong to6 hop quang tir
cho khuéch dai quang sgi Raman theo ciu trdc phan b kiéu cong cong suat quang.
Soi quang thdng tin tiéu chuan SMF-28 két hop vai soi dém di dugc thiét ké dé dua
vao thir nghiém tan xa Raman cudng buc. Cac linh kién quang ti thu dong da duoc
khao séat ky dé phu hop véi cac budc song Stokes va budc song tin hiéu nham thu
dugc hé s6 khuéch dai quang tdi wu vai cng suat quang hién co.
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Cac két qua nghién ctu thiét ké, ché tao va khao sat khuéch dai quang Raman

trén tuyén théng tin WDM cho phép cé thé dwa ra dé xuat phuong an ché tao loat

nho céc thiét bi khuéch dai quang Raman duya trén céc tiéu chi sau:

Mang thong tin quang WDM luén c6 budc song dinh thoi stir dung budc song
1508 nm (ham cach xa cac budc séng mang thong tin khac), vi vay khuéch
dai quang can phai khuéch dai ca tin hiéu nay. Phuong an toi uu 1a sir dung
song bom Raman trong ving 1420-1430 nm dé khuéch dai tin hiéu quang
trong vung 1500-1520 nm.

Mang thong tin quang WDM c6 budc song chuan dé dinh dang luéi budc
song thong tin (thuong nam trong ving “1dm” cua khuéch dai EDFA 14 1545
nm), khuéch dai quang bat budc phai khuéch dai budc song nay véi cuong
d6 du 16n cho toan tuyén. Cac budc séng bom Raman trong ving 1450-1470
nm déap &ng tot yéu cau nay.

Dé mo rong bang tan khuéch dai quang cho toan dai 1525-1600 nm, cau hinh
bom da budc s6ng can duoc s dung. COng suat quang bom cé yéu cau >
300 mW cho d6 dai soi quang > 30km. Hé sé khuéch dai Raman phu thuoc
budc song bom 1a thong s tham khao cé ich cho thiét ké khuéch dai Raman.
Két qua so sanh bang tan khuéch dai Raman khi bom bang budc song 1452
nm va 1470 nm cho thay hoan toan c6 thé mo rong bang tan khuéch dai
quang dén vai chuc nano-mét trong ving budc séng 1550 nm. Pay 1a wu
diém chinh va quan trong cua khuéch dai quang Raman cho théng tin WDM.
Két hop cac bo khuéch dai quang soi EDFA va RFA cho phép nang cao hiéu
ning cua tuyén thdng tin quang WDM ca vé bang tan, hé s6 tap &m NF va
diéu chinh c6ng suat tin hiéu thu.

Két qua md phong so sénh véi thuc nghiém bo khuéch dai quang Raman trén

tuyén truyén dan thong tin thuc té néu trén s& duogc trinh bay trong Chuong 4 cua

luan &n. Ngoai ra, chuong nay ciing tién hanh thr nghiém bd khuéch dai quang

Raman trén tuyén truyén dan WDM thuc té, cac két qua thu duoc phan &nh rang bo

khuéch dai ché tao dap ung duoc céc tiéu chi dat ra nhu hé sé khuéch dai cao (Ién

dén 16dB cho budc song 1555,36nm), c6 phd khuéch dai phu hop véi cac bo
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khuéch dai dang dugc str dung trén tuyén, khuéch dai dong thoi bude song dinh thoi
1508,6nm (tuy chwa cao do ngudn bom cé budc soéng khac véi ngudn bom dang
duogc sir dung trén tuyén thuc).
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CHUONG 3

NANG CAO HIEU NANG MANG TRUY NHAP QUANG PA
BUOC SONG SU DUNG KY THUAT OCDMA VA EDFA

3.1. Xay dwng m6 hinh mang LR-PON sir dung OCDMA va EDFA

Nhu d3 trinh bay trong Chuong 1, mic du ¢ mét s6 kién tric mang LR-PON
d3 duoc trién khai dé ting khoang cach truyén dan va ti 18 chia trong thoi gian gan
day nhu: LR-PON dya trén TDM (SuperPON); LR-PON dya trén GPON; LR-PON
dua trén WDM, CWDM va DWDM. Tuy nhién, cdc giai phap nay chua dem lai
bang thong thuc sy Ién cho ngudi sir dung, ngoai ra, trong cac cdu hinh nay da dé
cap dén viéc st dung céc bo khuéch dai quang dé tang khoang cach truyén dan cho
mang nhung chua giai quyét duoc bai toan 1am thé nao dé giam duogc nhiéu do cac
bo khuéch dai gay ra. Chinh vi vay, trong chuong nay chung t6i dé xuat mot kién
tric mang truy nhap quang thu dong da budc séng khoang cach dai (LR-PON) sur
dung k¥ thuat ma hoa bién do pho két hop véi da truy nhap phan chia theo ma
quang (SAC/OCDMA). B¢ dat duoc khoang céach truyén dan dai hon hop nhat phan
mang metro va mang truy nhap gidp giam gia thanh cho nha cung cap dich vy
mang, ching tdi dé xuat st dung mot bo khuéch dai EDFA dugc dat trén tuyén giira
thiét bi OLT va thiét bi ONU. Tuy nhién, khi sir dung mot bo khuéch dai quang nhu
vay ciing s& sinh ra nhiéu phét xa tu phat ASE 1am gigi han hiéu niang cua hé théng.
Duya trén md hinh mang duoc dé xuat, ching ti phan tich cac anh huong cua nhidu
EDFA, ttc la nhidu ASE dén hiéu nang ciia mang. Cac nhiéu khac nhu nhiéu luong
tir, nhidu nhiét, nhidu tron va nhidu da truy nhap (MAI) ciing dugc nhac dén trong
phan tich ly thuyét va md phong caa chung toi. Pé dat duoc hiéu ning t6t nhat

ching t6i s& c6 gang tim ra vi tri tot nhat dé dat cac bo khuéch dai EDFA trén tuyén.

3.1.1. Nhiéu gay ra béi bs khuéch dai EDFA
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Nhu da phan tich trong phan 1.7 nhiéu cha yéu trong bo khuéch dai quang la
nhiu phét xa ty phat dugc khuéch dai (ASE). Nhiéu ASE s& tao ra mot phd nén
rong xung quanh tin hiéu duoc khuéch dai, va ban than chung ciing duoc khuéch dai
khi di qua bo khuéch dai [61].

O day bo khuéch dai dugc mo hinh nhu mét gian d6 ba mtc ning lwong [97],
c6 ba mic phan b cua cac nguyén tir Erbium can quan tdm d6 1a: 1) trang thai nén
v6i mat 6 phan bb ny; 2) mac gia bén véi mat dé phan bé n,; 3) mic bom véi mat
d6 phan b ns. Trén thyc té, viéc chuyén trang thai tir 3 vé 2 thi I6n hon rét nhiéu
cac chuyén tiép vé trang thai nén (3 vé 1) hoic téc do phat xa tu phét tir trang thai 2
do d6 n; ~ 0. Phuong trinh téc do miéu ta cac anh huang ciia cong suat song bom
(P,), tin hiéu (P,) va ASE (Pysg) giam theo n, I [97]:

on,(z,1) oy,
ot hf A

I'o n [I'.o
P+P)n ———2(P +P)n,——=2-——L2pn
( S ASE) 1 hf A( S ASE) 2 r hpr p 2 (3'1)

S

A 1a thiét dién hiéu dung cua I8i soi quang, o, 1a thiét dién hap thu va o,
thiét dién phat xa ddi vai soi Erbium, I' 1a hé sé giam quang (la phan chdng chap
cua tin hiéu/song bom 1én 16i soi), néu I' ma 16n thi nhidu ASE sé tang. Trong cac
loai soi hién nay ching ta c6 thé bé qua tn xa va céac suy hao khac, vi vay céc

phuong trinh bién ddi cta song bom, tin hiéu va ASE trong soi sé& 1a [97]:

oP. (2.t oP (z,t)
% = PpFS (oyn,—o,n) . = Pprp(013n3) (3.2)
aPASgZ(Z’t) = Pyels (0N, —0,Ny) + 20, I hf Afn, (3:3)

Mat d6 phd cong suat cua nhidu ASE duoc tinh theo cong thirc:
SASE ( f ) = hfnsp [G( f ) _1] = PASE / Bopt (3-4)

Pasg 1 cong suat nhiéu ASE trong bing thong quang Bopt, Ngp 12 he s6 dao
lon mat do trang thai ion dat hiém Erbium.
n2

n =
T @5)
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Vi ASE duoc tao ra trudc photodiode, n6 1am ting ba thanh phan nhidu khéc
nhau trong bo thu quang. Vi dong quang dién bao gdm mét sé tin hiéu tron giira tin
hiéu va cac truong nhidu nén truong quang tong cong = truong tin hiéu + truong

nhiéu ty phat.

i, < (E,+E,)?=E?+E>+2EE, (3.6)

ItOI
Hai thanh phan dau trong phwong trinh (3.6) 12 tin hiéu va nhidu, dai luong thir
ba 14 tron giira tin hiéu va nhiéu (beat noise). Cac thanh phan nay c6 thé roi vao
bang thong ciia bo thu va 1am giam ti s6 SNR.
Khi d6 cong suat tai 16i vao caa Photodiode sé& tro thanh:
Pin = Gps,in + PASE = GPs,in + SASE Bopt (3-7)
Va phuong sai dong nhiéu luong tir binh phwong trung binh gay ra boi tin hiéu
va ASE s¢ la:

O-szhot = Gszhot—S + O-szhot—ASE = zquPs,in B, +20RS ,: Af,, B (3.8)

opt —e
O day B, 1a bang thong dién cua bo thu, R 13 dap wng cua bo thu duoc tinh
theo don vi A/W, Af, ¢ 1a bang thong quang cta b loc dat trude photodiode.

Hai thanh phan nhiéu khac dén tir viéc tron giita cc thanh phan tan s khac
nhau gitra tin hiéu va ASE. Vi tin hiéu va ASE c6 tan s6 quang khac nhau nén nhiéu

tron gitra chung la:
GSZ—ASE =4(RGPF,;,) (RS, B.) (3.9)

Ngoai ra nhiéu ASE trai ra trén mot ving tan sé rong nén né cé thé tron véi
chinh n6 va lam ting dong nhiéu tai bo thu:
Ol pse = N°Sie (24Af,, —B,)B, (3.10)
Viy phuong sai dong nhiéu tong cong tai bo thu s& la:
= 07 + 0o s + Ol ase T Te pse + Tnse_nse (3.11)

2
O-total
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O day nhiéu nhiét 62 dugc cho bai phuong trinh:

4k, T
o7 = RB B, (3.12)
L

Nhiéu nhiét thong thuong c6 thé bo qua khi khuéch dai da Ion. Vi cong suat
tin hi¢u dwgc khuéch dai GPy;, lén hon nhiéu cong suat nhi€u ASE (SaseBopt)-
Nhiéu tron ASE-ASE nho dang ké so vai nhiéu tron giira signal-ASE nén:

o2 ~2qRGP, B (3.13)

Ti s6 SNR tai 16i ra photodiode 1a:

[i) B Gth ~ gazezp;m _ KR, G (3.14)
N), o ol 20B, 1+2nn (G -1) '

total total

O day 7 1a hiéu suat lugng tir ciia photodiode va phuong sai ctia dong quang
dién la
o, =R°G*P’, (3.15)

Mait khac ti s6 SNR tai dau vao 1a:

(S) LT 3.16
N, 208, (3.16)

H¢ so Noise figure dugc xac dinh nhu sau:

_(S/N), _ 1+2n,(G-1)

Noise figure = F, =
g EDFA (S / N) G

(3.17)

out

Khi G 16n thi bieu thuc tré thanh 2ng,. Mot bo khuéch dai hoan hao c6
ng, = 1, vi vay NF=2 (hay 3dB), gia st rang n = 1, tic 1a st dung mot bo thu ly
tuong véi bo khuéch dai hoan hao s& 1am giam ti s6 SNR di mot nira. Thong thudng
ng, xung quanh 2, SNR dau vao s& giam di 4 1an, mot bo EDFA thuc té co NF
khoang 4 — 5 dB.

3.1.2. Phan tich ly thuyét
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Kién trdc mang LR-PON dua trén k§ thuait SAC/OCDMA duoc minh hoa
trong Hinh 3.1. N6 bao gém mét soi quang dung chung xuét phat tir OLT, tai diém
gan thiét bi tién khach hang, mot bo chia quang dugc sir dung dé két ndi mdi ONU
V6i soi quang chinh. Tai OLT, dir liéu ludng xudng duoc gui toi K nguoi ding s&
dugc ma hda boi cac bo ma hda phd, cac bo ma hoa nay duoc xay dung tir cau tric
cach tir Bragg [98]. Cac bo ma hda phd duoc diéu khién boi cac ma khac nhau duoc
ky hiéu la C_ véi m = 1,2,...,K. Tai mdi bo ma hoa pho mot ngudn quang bang
rong (nhiéu budc séng), c6 sé budc séng 1a Ny, s& dugc diéu ché theo kiéu khoa
bat-tit (OOK) bang dit liéu nhi phan. Tiép theo, thy thudc vao tir ma (C,), cac budc
song twong wng Vi chip bang 1 trong tir ma s& bi chan lai, trong khi cac budc song
khac thi cho phép truyén qua. Két qua 14, mdi bit nhi phan “1” dugc biéu dién baoi
mot xung quang da budc song trong khi s& khong co tin hiéu duoc phét di néu bit
nhi phan 13 “0”. Xung da budc song tir mdi bd ma hoa sau d6 duoc két hop véi nhau
tai bo két hop cong suat K: 1 va rdi chung dugc truyén vao soi quang.

Dé bu lai cdng suat bi mat mat trén soi quang va tai cac bo ghép ndi, mot bo
khuéch dai quang EDFA dugc dat trén tuyén tai khoang cach L,(km) tinh tir OLT
trong khi khoang cach tir EDFA dén bo chia 1a L,(km). Tat ca cac buéc séng s&
dugc khuéch dai dong thoi nho tinh chit bang rong cua bo khuéch dai. Hé s

khuéch dai trung binh caa bo khuéch dai quang duoc ky hiéu 1a G.

Két cudi duong truyén quang Gidima
OLT 1
ptx | Newoi Ma hoa 4 + ' - Ngudi
dung 1 phd 1 C1 I sUOmNE =7 dung 1
f St v I'(t)
- Gidi ma
C1 = ; 9
~. ~ A K ¢
Ptx g{g‘“’; — Mi Pga H Soi Soi s f
ung P1o = quang quang o0 i
' f <§ = C1
S S
c2 (%‘f — b -— .E Thiét bi mang quang
O L1 L2 (@) ONU
prx | Newi Ma héa
ding K pho K
CK

Hinh 3.1: So d6 khoi hé thong mang LR-PON dea trén SAC/OCDM
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Mai thiét bi ONU s& nhan cac tin hiéu khéng chi tir bo ma héa mong muén
(tirc 1a tin hiéu di liéu cta nd) ma con nhan tir cac bo méa hoa con lai (tic la tin hiéu
nhiéu da truy nhap MAI). C6 hai bd giai ma tai mdi ONU, bo giai ma tha nhat c6
tinh chat giéng nhu bd mi hoa trudce d6, trong khi bo giai ma tha hai co tinh chat
nguoc lai (tinh chat bu). Diéu nay nghia 1a tit ca budc song twong ung véi cac chip
bang “0” cua (C,,) bi chan lai bai b giai ma th hai.

Cac tir ma duoc st dung trong cac hé thong SAC/OCDMA duoc thiét ké c6
gia tri trong quan chéo cung pha cb dinh vi vay ma s6 budc song di qua mdi bo giai
mi trong trudng hop caa mot tin hiéu nhidu (tir cac bo giai ma khdng mong mudn)
la giong nhau. Bai vi tin hiéu dugc giai ma tir hai bo giai ma duoc tach song bai hai
photodiode (PD1 va PD2) duoc két ndi theo co ché can bang trén nhanh dwong va
nhanh am, do d¢ tat ca cac tin hiéu nhiéu (tac 1a MAI) s& duoc khir [99].

Mot vai loai ma co thé duoc str dung cho hé théng SAE/OCDMA bao gém
chudi m (m-sequence), ma Hadamard va ma doan bac hai stra d6i (MQC). Mdi mot
bo ma cb thé duoc biéu dién bang do dai, trong s6 va hé sé tuong quan chéo ciing
pha cia né N, w, w. Trong chudi m, w = (N. + 1)/2 va p = (N. + 1)/4 ; trong sb
va hé sb tuong quan chéo cing pha cua ma Hadamard 14 N./2 va N./4. Trong ma
MQC, p = 1, v&i mot s6 nguyén t6 Ié p, ching ta c6 chiéu dai md N, = p? + p va
trong s6 w = p + 1. Cau tric ciia cic mi nay duoc trinh bay trong [99] [36] [100].

Trong hé thdng nay, chung tdi sir dung ma Hadamard. Ma nay thu duoc bang
cach mdi mot tir ma 1a mot hang trong ma tran Hadamard [101]. Nhu chung ta da
biét mot ma tran Hadamard véi N, hang, N, cot (N.xN.) véi cac s6 0” va ‘1’ ¢6
tinh chat 1a bat ky mot hang nao déu khac nhiing hang khac chinh xac N./2 vi tri.
Nghia 14 tt ca cc hang ngoai trir hang dau tién déu chira N./2 s6 ‘0’ va N./2 s6
‘1’. Vidu véi N, = 8 chlng ta c6 ma tran nhu dudi day.

Goi p=YN . xy; 1a hé s6 twong quan chéo cing pha cia hai véc to tir mé
khac nhau trong ma tran Cp, = (Xq, Xz, .. Xy ) V& Cy = (v4, ¥z, --yn ) thi p c6 thé

duogc biéu dién theo do dai N, ciia n6, va ki hiéu ma bang biéu thic (N, w, ) véi w
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la trong sb cua tir ma thi bo ma nhu vy s& cho phép N.-1 ngudi dung ddng thoi (trir
mi dau tién chaa toan ‘1° s& bi loai bo). V6i Hg ¢ trén ching ta c6 N, = 8; w =
4; n = 2 vataséco tat ca 7 tir ma twong Gng véi 7 nguoi ding.

1

O r B Ok O O k-

R e e e
O kR O R O Fr O Rk
P O O R k O O K
O O O O K Kk Kk K,
P Ok, O O F, O kK
B P OO O O K

o O r B O O k-

Goi C,, va C,, 1a hai véc to ma, thi twong quan giita chiing dugc biéu dién bang
biéu thuc:

(3.18)

i=1

N, {NCIZ (m=n)

R =>» (C C )=
Cn.Ch Z( m,i n,|) NC/4 (m;/__n)

Goi R 1a dap ung (Responsivity) caa photodiode va Py, 1a cong suat quang
phat, N,, 1a sb budc séng trong phé anh séng, K 1a s nguoi dung hoat dong, dong
dir liéu duoc tao ra bai tin hiéu dir liéu (cua ngudi dung dang xét) quang tai 16i ra
cua PD1 va PD2 s¢ la:

+ 1 P N s
data — — RG X (NW ——C) 10 (L+Ly)n0
2K Ny 2
1 P (3.19)
d_ata =—RGCX (NW — Nc) 10_‘7‘(|—1+|—z)/10
2K N,

O day o la hé sé suy hao soi quang tinh theo don vi dB/km. Vi vay dong dir
lieu téng cong sé la:

L ae i&10*"’(L1*L2>’1°(bit 1)
-1z

wa=12K Ny 2 (3.20)
0 (bit 0)

= +
data — "data
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Cac dong quang dién gay ra bai nhiéu da truy nhap MAI tir cac bo ma hoa khi

chung di qua PD1 va PD2 duoc cho boi cong thac

N _ 1 F’X
IMAI = I|\/|A| :RmGN_t(NW_
w

STC) 107a(L1+|-2)/10 (321)

Do nhiéu phat xa tu phat gay ra boi b khuéch dai nén s& cd dong nhiéu ASE

tai 16i ra cua hai bo tach séng quang PD1 va PD2

N L

e = e = Rs)ahfnsp (G-1)B,, 107" (3.22)

opt

O day h la hing s6 Planck, f Ia tan s6 quang, B, la bang thong quang va ng,
la hé s6 phét xa tu phat (hay hé s6 dao 16n mat do phan bd).

Mot s6 nhiéu khéac ciing nén duoc xem xét tai thiét bi ONU bao gém nhiéu
nhiét, nhiéu luong tir, va nhidu tron [102]. Phuong sai cua nhidu nhiét duoc biéu
dién nhu trong phuong trinh (3.12).

Tiép theo, chung ta xét dén phuong sai ciia nhidu lugng tir, né duoc tao ra boi
dix liéu, ASE, va tin hiéu MAI sé la:

ot = 20B, (1 e + 1 gaa) + 20B, (Ips + i)

+20B, (1 + 1 ase)

! B.RG Ry (ZNW _3_2|C)10-a(L1+L2)/10

—q

K Nu (3.23)
2 P 3
—(K-1)gB —&% (N, —

+ K ( )q eERG N ( W

W

Nc )10-0{(L1+L2 )/10
4

10-D!|_2/10

opt

2
+ EdeiRhfnsp (G-1)B

Cudi cung 1a dong nhiéu tron, né bao gdm nhiéu tron giira tin hiéu va ASE,
ASE v6i ASE, MAI va ASE va tin hiéu véi tin hiéu. Dong nhiéu tron nay duoc cho

bdi phuong trinh 3.24.
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o+ - B - ( o _B)
kaeat = (IdataIASE IdataIASE) +—= [(I SE) (IASE) ]B—th
opt opt
_ .. .B 1 - _ , B.(2B,,, - B,)
+(IMAI ASE+IMAIIASE) +§(K _1)(Idata|MAI dataIMAI)B—gt
opt opt
1 K . ~ B.(2B,
+E(K_1)(?_1)[(IMAI)2+(IMAI)2] Bg,;
1 P 3N, o, B, B(2B,—B,)

=R9?Gﬁ(2NW— > le ellarta)ioy gt B"; (e )?

opt

—B)

opt

1 P, 3N, B,
(K1) t (NW— . le o(ls+te) ’1°|ASEB— (3.24)

w opt

1 P N 3N
oz (K=D)WG? () (N =) (N ==
K2( ) (NW)[( w =5 )Ny ==

B (2 Bogz)t e) 1O—a(L1+L2)/10
B

opt

3N,
£ (Ny = NNy =)=

1 K 3N, B.(2B,—B).
K -1)(—=-1D)R>G? i 2(N opt e 10-«(Li+L)0

opt

Phuong sai tong cong ciia dong nhidu 13 tong cua tat ca cac phuong sai cia
nhidu nhiét, nhiéu lugng tir va nhidu tron ¢ thé dugc viét nhu sau:
Ol =0p + 05 +0h (3.25)
Vati I¢ 16i bit (BER) dugc tinh theo cong thirc [103]:
BER =1/ 2erfc(Q/+/2 ) (3.26)
Trong d6 erfc(.) 1a ham 16i bu, va Q duoc tinh theo biéu thirc [103]:

Idata (1) - Idata (O)
\/ total (1) + \/ total (0)

O day I404(1) VA I34:4(0) 1a dong dir liéu ma duoc xac dinh tir phuong

(3.27)

trinh 3.20 cho bit “1” va bit “0”. Ca 62,4, (1) va 62,4,(0) dugc tinh toan sir dung
phuong trinh 3.26. Tuy nhién, khi ¢ ,,,(0) dugc tinh thi gia tri cua I7,,, va I7,.,

s& bing 0 trong tat ca cac phuong trinh lién quan.
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Hinh 3.2: C6ng sudt nhiéu phyu thugc vao cong sudt phat véi K = 3, Rb = 1 Gbls,
G =20dB

Hinh 3.2 trinh bay phan tich ly thuyét sy phu thudc cua cong suat nhiéu vao
cdng suét tin hiéu phat cho 3 ngudi ding véi toe do bit caa mdi nguoi dung 1 1
Gb/s, bang thong quang bang 100 nm va hé sé khuéch dai quang la 20dB, véi
Ly =30 kmvaL; =60 kmva n, =15 . Cac thanh phan nhidu déng goép dang ké

cho nhiéu tong cong o2, duoc Vé riéng. Trong dé nhiéu tron gitra tin hiéu-tin hiéu
va tin hiéu-ASE r6 rang chiém da s6 so véi cac loai nhidu khac. Ching ta c6 thé néi

rang nhidu ASE c6 anh hudng dang ké dén hiéu nang cta hé thong.
3.2. M0 phéng hé théng bang phan mém Optisystem

Trong phan nay ching toi sir dung phan mém OptiSystem, mot phan mém
thuong mai cho phép ngudi sir dung 1ap ké hoach, kiém tra va md phong cac tuyén
truyén dan quang trong lép truyén dan cua cac mang quang hién dai [104].

So do khdi cua hé théng duoc cho trén Hinh 3.3. Phé tin hiéu tai 16i ra cua cac
bo diéu ché, ma hoa va giai ma ciing dugc minh hoa trén hinh nay. Ba luong dit liéu
xudng duoc tao ra bai ba bo tao bit ngau nhién PRBS ma tao ra cac chudi bit gia
ngau nhién. Cac chudi bit nay sau d6 duoc sir dung dé diéu khién cac bo tao xung

NRZ tao ra c4c tin hiéu non-return-to-zero (khéng trg vé khdng). Bo diéu ché
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Mach-Zender s& thuc hién diéu ché theo kiéu on-off (OOK) giita mét tin hiéu NRZ
va tin hiéu da budc song (duoc tao ra bai mot nguon anh sang trang). Cudi cung,
c4c tin hiéu OOK da budc song duoc ma hoa tai cdc bo mi hoa dugc cau tao tir cac
cach tu Bragg.

: \ I H
' 1 ] I
H \
nip,. = [ [ = ',"f | BER Analyzer
- S . ’ - i
PRES GeneratorUser 1 MRZ Pulse Generator 1 | o = : :
T —= Dual Part WO fnalyzer
A ]
¥ Sk :
~
Wihite Light Seurce 1 Mach-ZehndeNvigdulator |
gy S g EOFA
'_b_@__g__- Length =2 m .1
- Optical Fibar_1 Optical Fiber_2
010..r i - 7
Mﬂ n .
PRES Generator-User 2 NRZ Fulse Genarator e
——— ] ] || p——————————————————————— !
eiz| 3 [ —
— = =
ihite Light Source_2 hach:Zehnder Modulator_2

= Encoder2: 11 00

[

FRBS Generalor-User 3 MRZ Pulze Generator 3

) = L
*" ~ - - J
Power Splittar

White Light Source 3 Nach-Zehnder Modulaor 350e0der3: 10011001

Power Splitter 12 | Bectrival Substractor

Photodetecter PIN_1

0

Deesderib: 10 10 10 10_1

Hinh 3.3: So' d6 mo phéng hé théng mang LR-PON dya trén SAC/OCDMA

Trong so dd nay ching tdi sir dung mot bo két hop cong suat dé két hop céc
tin hiéu tir cac bo ma héa khac nhau sau d6 truyén ching vao soi quang thir nhat
(chiéu dai L,). Céc tin hiéu tiép tuc duoc khuéch dai boi mot bo khuéch dai EDFA
va tiép dén 1a di vao soi quang tha hai (chiéu dai L,).

Tai phia thu, c6 hai bo chia cong suat duoc sir dung. Bo thar nhét chiu trach
nhiém phan phéi tin hiéu téi tit ca cac ONU. Bo thir hai dugc dat tai méi ONU dé
chia cac tin hiéu nhan dugc thanh hai phan cho hai bo giai ma, cac bo giai ma nay
cling duoc cAu tao tir cac cach tir Bragg. CAc tin hiéu sau khi duoc giai ma s& dugc
bién d6i thanh dong quang dién sir dung hai bo tach séng quang PIN, cac tin hiéu di
ra tir cac PIN s& duoc két ndi véi mot bo trir tin hiéu dién (Electrical Substractor) dé
tao ra co ché tach song can bang. Cudi ciing, chling t6i st dung mot bo phan tich ti
18 15i bit BER analyzer két hop véi bo loc thong thap Bessel dé phan tich tin hiéu
thu duoc.
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3.3. Phan tich c4c két qua md phéng va so sanh két qua véi ly thuyét

Cac thi nghiém mé phong duoc thuc hién dé nghién ciu anh huéng cua nhidu
ASE va vi tri ctia b khuéch dai EDFA dén hiéu nang cua mang truy nhap quang da
buéc song LR-PON dya trén cdng nghé SAC/OCDM. Céac tham sb chinh duoc sir
dung trong mo phong duoc liét ké trong Bang 3.1.

Bang 3.1: Cac tham s¢ duwroc sir dung trong md phang

Ky higu TEN Giatri
Kg Heang sé Boltzmann 1,38 x 1072 W/K/Hz
q Pién tich ciia dién tir 1,6 x10™ C
R Dién tro tai 1000 Q
T Nhiézr do bé thu 300 K

R Hé so dap 1ng (responsivity) cia PD | 1 A/W

N, D¢ dai cua tor ma 8

Nw | Sé budc song 17

K S6 ngwoi dung 3

Ry Toc dé bit ciia mét nguroi ding 1 Gbps
NF | Hé so tap &m 3,5dB

Chung ta c6 thé quan sat phd caa cac tin hiéu tai 15i ra cua bo diéu ché, ma hoa
va giai ma nhu trinh bay trong Hinh 3.3. Sau khi di qua bd ma héa, pho tin hiéu bi
bo di N./2 (tirc 1a 4) budc song. S6 budc séng con lai s& duoc giit nguyén khi di
qua bo giai ma tha nhat, va tiép tuc bj bo di N./2 (4 budc séng) nita khi di qua bd
giai ma tha hai. Vi vay, s6 budc séng con lai trong phd cua tin hiéu tai dau ra cia
bo giai ma thir hai 1a 9 bude song (N, — N,).

Trong hinh 3.4 va 3.5, chung toi diat G = 20dB va tong khoang céch truyén
dan cua hai soi quang (L, + L,) bang 90 km. Chlng tdi khao st ti I¢ 16i bit BER
theo cdng suat phat cho hai gia tri cia L, (L; = 30 km va L, = 60 km) tir OLT dén
ONU. Trong dé, s& khao sat hai truong hop c6 va khong co nhiéu ASE. Tur day
nhan thay rang anh huong cua ASE ting khi khoang cach L, tang (b khuéch dit

dai xa OLT). Trong hai hinh ndy, duong nét dut 1a cac két qua md phong, con
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duong nét lién 1a cac két qua tinh toan theo ly thuyét. Ching kha gan nhau (céch
nhau khoang 0,5dB) diéu nay ciing co thé giai thich la trong két qua tinh toan ching
t61 chwa tinh dén cac suy hao két néi khi chén céc b diéu ché va ma hoa.

0
10 T T T T T
—e— BERI¥ thuyét, L =30km, khong ASE
—B— BER I thuyét, L =30km, c6 ASE
2
107 - --¢-- BER mo6 phong, L =30km, khong ASE [ h
--4-- BER mé phong, L1=301cm, o ASE
1[]‘4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
B .
<Rl S S S S S S i

Cong suit phat Pm (dBm)

Hinh 3.4: BER phy thugc vao cong sudt phat véi L, = 30 km

—e— BER I thuy &t L =60km, khong ASE
—F— BER I thuy &t L =60km, c6 ASE :
10 ---¢~-- BER m6 phong, leﬁﬂkm: khéng ASE ------------
—-——-- BER mé phong. LL:E’Okm, co ASE

BER

Coéng suit phat l“IX (dBm)
Hinh 3.5: BER phu thugc vao cong suat phat véi L, = 60 km
Cac két qua cho thay BER theo mé phong la hoan toan phu hop véi céc tinh
toan ly thuyét trong phan 3.1.2. Ngoai ra coéng suat danh doi do nhidu ASE tai

BER = 10~° la khoang 2 dB trong truong hop L; = 30 km, nhung khi L; = 60 km
thi n6 tang 1én 4 dB. Diéu nay 1a bai vi theo phuong trinh 3.22, dong nhiéu ASE ti
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1& nghich véi khoang céch L,, tac 12 dong nhidu lase 16n khi L, ngan hoic L, dai.
Su sai khac nay ciing dung cho ca két qua md phong va két qua ly thuyét.

-2

10 EEE'"'EEEEEEEEEEEEEEEEEEEtEEEEEEEEEEEEEEEEEEEEEEEEEEQ
] —e— BER Y thuyét P_=4dBm khong ASE
3 [
10" rsfl —3— BER Y thuyét P_=4dBm. c6 ASE
33 --¢-- BER mé phong, P =-4dBm, khéng ASE
4
10 Ezf) . - BER mo phong, P =-4dBm, c6 ASE
10
ol
= 10°
=
107 L
10
10° L
10"

0 20 40 60 80
Vi tri cua bé khuéch dai L, (km)

Hinh 3.6: BER phu thugc vao v; tri ciia bg khuéch dai (L1) Vé6i P, = —4 dBm

—@— BER I thuyé&t P“:- 2dBm, khong ASE
—B— BER ¢ thuyét P_=2dBm. co ASE
E| =---- BER m6 phong, P _=-2dBm, khong ASE

BER

0 20 40 60 80
Vitri cua bo khuéch dai L1 (km)

Hinh 3.7: BER phuy thugc vao v; tri cia bé khuéch dai (Ly) Véi Py, = —2 dBm

Hinh 3.6 va 3.7 trinh bay su phu thudc cia BER vao vi tri cua bo khuéch dai
EDFA trén tuyén cho hai trudng hop khac nhau cua cong suét phat, P, = —4 dBm
va P,, = —2 dBm. Chlng ta c6 thé thay trong truong hop khéng c6 ASE, BER
giam khi khoang céch L, tang. Tuy nhién, khi xem xét dén nhidu ASE thi khoang
cach L, cang dai thi BER cang toi. Gia trj cia L, ma tai d6 BER c6 gi trj thip nhat

nam trong khoang tir 10 km dén 20 km. Trong céc hinh nay, cac két qua mo phong
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dugc biéu dién bang cac dudng nét dat, trong khi cac két qua tinh toan 1y thuyét
dugc biéu dién bang ciac duong nét lién, va ching gan nhu song song va rit gan

nhau, di€u nay ching to rang cac két qua mo phong la hoan toan tin cay.

10*
B8 107 bH o
(7]
10-8 ”””” e o
{ | ——P_=4dBm. L =30km, khong ASE
o : P =4dBm, L =30km, c6 ASE
107 - = ! -
H —‘—P“:-:‘LdBrn_ L,l:é[}hn_ khong ASE
P_=-4dBm, L =G0km, c6 ASE
10 L 1 L i L
10 20 30 40 50

S8 ngudi ding déng thai (K)

Hinh 3.8: BER theo sé lwong user (K) véi hai gia tri khac nhau cua L,

Hinh 3.8 trinh bay su phu thudc cia BER theo sb lugng user hoat dong déng
thoi, vi khi ting s6 lugng user 18n thi qua trinh chay mo phong s& mat rat nhiéu thoi
gian nén trong pham vi lun 4n nay chung toi chi dimg lai & viéc khao sat 1y thuyét,
tuy nhién theo dy doan thi cac két qua mo phong néu c6 ciing s& cho két qua twong
tu. O day ching toi dat toc do ciia mdi user 13 1 Gb/s, cong suat phat 1a P, = —4
dBm va khao sat cho hai gia tri khac nhau cua L, (30 va 60 km), c6 va khong co su
tham gia cua nhidu ASE. Két qua cho thay khi L; = 30 km thi hai dudng cong nam
rat gan nhau, tuy nhién s6 luong user s& giam khi tang khoang cach L, thanh 60 km
va v6i su ¢6 mit cia ASE. Piéu nay c6 nghia rang, anh huong cta vi tri bd khuéch
dai EDFA va nhiu ASE 1én s6 luong user hoat dong ddong thoi 1a dang ké.

Ngoai ra, mdt két qua hiru ich khac cho viéc thiét ké mang co thé dat duoc tir
Hinh 3.9, & day chung t6i khao sat su phu thudc cua G vao khoang cach truyén dan
cua tuyén tai gia tri BER = 10~° khi cdng suat phét lan luot bing -4 dBm, -2 dBm,
va 0 dBm. Dua trén két qua nay ching ta c6 thé xac dinh duoc hé sé khuéch dai G

twong ung voi gid tri cu thé cta tuyén truyén dan.
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40 T T : :
—E—P“=-4 cH ASE i H

P _=2cd6 ASE

G (dB)

Khoang cach truyén dan L1 (Km)

Hinh 3.9: G theo khodng céch cia tuyén véi K = 3 users, BER = 107°
3.4. PDanh gia hiéu ning hé thong mang khi sir dung b thu APD

Trong so d6 hé théng mang Hinh 3.1 va 3.3 ching toi thay thé bo thu PIN
bang cac bo thu photodiode thac 1ii (APD) va khao sat cic anh hudng cta nhidu
ASE dén hiéu ning cta hé thong nhu trén, ngoai ra chiing t6i cling danh gia tim
quan trong ctia bo thu APD va tim ra hé s khuéch dai dong cua APD phu hop nhét
cho hé théng.

Goi M 1a hé sb khuéch dai cua APD (M = I,pp/Ip;y) thi biéu thuc dong di
liéu trong phuong trinh (3.20) tré thanh:

2 MG e Neggotron (bit 1)

~ e =9 2K Ny 2 (3.29)
0 (bit 0)

= +
data — "data

Khi d6 dong nhiéu da truy nhap MAI va dong nhiéu ASE ciing s& duoc nhan
thém hé s6 M nhu trong hai phuong trinh dudi day:

1 3N

+ - P —a (L +
Iyar = Ta :RMERGN_D((NW_ 40) 107t (3.30)
W
lre = loge = % M%Rhfn_ (G —1)B,, 10" (3.31)
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Co ché khuéch dai néi trong APD lam tang dong tin hi¢u dir liéu vao bd
khuéch dai thu va do d6 cai thién ti s6 SNR béi vi dién tré tai va nhiéu ciia bo
khuéch dai thu khong bi anh hudéng (vi nhidu nhiét va nhiéu noise figure khong ddi).
Tuy nhién dong nhiéu lugng tir s& ting boi qua trinh thac i va c6 thé tro thanh hé
s6 gi6éi han hiéu ning hé théng. Pidu nay 1 béi vi co ché khuéch dai ngiu nhién
gay ra nhiéu 4 at vao bd thu theo nghia nhiéu luong tir ting vuot QUA muc SO Vi
dong nhidu lwong tir so cap. Vi vay néu dong dir liéu ting theo hé sé M thi dong
nhiéu lugng tir s& tang bai hé s6 nhidu 6 at M*, tic 1a dong nhidu luong tir trong

phuong trinh (3.7) s& bang:

o2 =20B(l . + 1,

data data

M4+ 20B (14 + 1y )M+ 20B(1 e + 1 e ) M5
) q ( MAI MAI) q ( ASE ASE) (332)
Trong d6 x nam trong khoang 0,3 — 0,5 ddi véi cac APD silicon va trong
khoang 0,7 — 1 ddi voi cac APD ché tao bang germani hodc cac hop chat nhom III-
V. Vi hoan toan tuong ty ta cling tinh toan dugc dong nhidu tron, nhidu tong cong

va ti 18 15i bit giéng nhu cac phuong trinh tir (3.25) — (3.28).

_________________

i —+—L =30 km, khong ASE E
N i L =30 km, c6 ASE I
_::: —e—L,l:G[}kn'l: khong ASE L
—E—L1=60‘ km, cd ASE

BER

Heé s6 khuéch dai dong ecoa APD

Hinh 3.10: BER theo hé sé khuéch dai dong M cia APD

Hinh 3.10 trinh bay su phu thudc ciia BER theo hé s khuéch dai dong ctia bo
thu APD trong céc truong hop ¢d va khong cé nhiéu ASE khi bo khuéch dai duoc
dit cach OLT lan luot 12 30 va 60km, c6ng suat phat P,, = —2dBm va tong khoang
cach van 1a 90 km. Nhu ta ¢6 thé thiy trén hinh, trong trudong hop khong cd ASE thi
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hai duong cong tai L; = 30 va 60 km 14 gan sat nhau, nhung khi ¢6 mit cia nhidu
ASE thi duong cong véi L; = 60 km x4u hon nhiéu khi L, = 30 km. Diéu nay
chting t6 rang ngay ca khi sir dung bo thu APD thi vi tri ctia bd khuéch dai van dong
vai trd quan trong trong viéc giam anh huong cua nhiéu ASE. Ngoai ra tir hinh vé ta
cling c6 thé thay gié tri tot nhat cua hé sé khuéch dai dong cua b thu APD 13 2
hoic 3, con trudng hop ting hé sb khuéch dai dong M 16n cao hon thi BER s& cang
xau hon trong tt ca cac trudng hop. Diéu nay 1a do khi hé sé khuéch dai dong cang
16n thi nhidu lugng tir cua tin hidu, ASE va MAI ting cao (ting 1én M* 1an) lam
giam ti s6 SNR va BER s& ting.

1]

10 T T T T T
| —a— APD (VE3), L1=30km__ khong ASE
2 i ——APD (V=3). L =30km, c6 ASE
{| @ PIN, L =30km khong ASE
: PIN, L =30km, c6 ASE
107 e-ee P e Foesemeee
=
=N : : : ;
=107 peee- R i A foeoemees T

Cong svat phat Ptt (dBm)

Hinh 3.11: BER phuy thugc vao céng sudt phat véi L, = 30 km cho PIN va APD

10 T T T T T
{| —6—APD (M=3), L =60km. khong ASE
o2 || —e— APD (M=3), L =60km, c6 ASE
{| —&—PIN, L =60km. khong ASE
PIN, L =60km, c6 ASE
10 T .
=
= -
o S S s d

-6 -4 -2 0 2 4
Cong svat phat PE (dBm)

Hinh 3.12: BER phuy thugc vao céng sudat phat véi L, = 60 km cho PIN va APD
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Trong hinh 3.11 va 3.12, dat G = 20dB va tong khoang cach truyén dan cua
hai soi quang van bang 90 km. Chang t6i chay méd phong dé so sanh ti Ié 15i bit
BER theo cong suat phat cho hai gié tri khac nhau coa L, (L; = 30 kmva L; = 60
km) tir OLT dén ONU khi sir dung bo thu 13 PIN hoac APD (véi M = 3). Trong do,
van s& khao sat hai truong hop ¢é va khdng c6 nhiéu ASE.

T hai hinh nay ta nhan thay rang: thir nhat anh huong cia ASE ting khi
khoang céach L; tang, tha hai khi st dung bo thu APD (véi M = 3) duong cong
BER s& duoc cai thién hon so vai viéc sir dung bo thu PIN. Tuy nhién khi L, = 30
km (Hinh 3.11) duong cong BER dugc tang cuong ré rét hon trong ca hai truong
hop c6 va khong co ASE khi thay doi tir bo thu PIN sang APD. Nhung khi L; = 60
km (Hinh 3.12) thi vai tro cua bo thu APD khong con duoc chiém wu thé nira, va no
chi c6 ¥ nghia khi cong suat phat Ptx < —3dBm con khi c¢ng suat phat > —3dBm
thi hai dudng cong BER khi sir dung PIN va APD 1a d6ng nhat. Biéu nay ching to

rang vi tri cua bb khuéch dai cling kha quan trong trong viéc lua chon b thu.

) —

—{— AFPD (M=3), P_=-2dBm, khéng ASE [----:-

—©—APD (M=), P_=2dBm, c6 ASE | 11111
—4—PIN, P_=2dBm, khong ASE :

PIN, P_=-2dBm, c6 ASE

BER

-10

10

0 20 40 60 80
Vi tri cbia bo khuéch dai L (km)

Hinh 3.13: BER phu thugc vao vi tri ciia bg khuéeh dai (L,) Véi P, = —2 dBm khi
st dung bg thu PIN va APD

Hinh 3.13 trinh bay su phu thudc cua BER vao vi tri caa bo khuéch dai EDFA
trén tuyén khi céng suit phat P, = —2 dBm trong trudng hop st dung bo thu PIN
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va APD (véi M = 3). Ching ta c6 thé thy trong trudng hop khong c6 ASE, BER
giam nhe khi khoang cach L, tang. Tuy nhién, khi xem xét dén nhidu ASE thi vj tri
bo khuéch dai cang xa OLT (L, cang I6n) thi BER cang tdi. Gia tri caa L, ma tai d6
BER cd gi4 tri thap nhat nam trong khoang tir 10 km dén 20 km. Dic biét khi L, <
30km thi dudng cong BER khi sir dung APD tét hon chut it so véi khi st dung PIN.
Con ddi véi Ly > 30 km thi hai duong cong gan nhu tring nhau. Diéu ndy mét lan
nita khang dinh rang vi tri caa b khuéch dai gan phia phét s& ¢ anh huong cua
nhiéu ASE thap hon, ciing nhu vai tro ctia bo thu APD duogc thé hién rd rét hon.

10°

BER
0

i | ——PIN, L =30km. khéng ASE
10 ! | ——PIN, L =30km, c6 ASE

APD (M=3), L =30km. khong ASE
———APD (M=3), L,=30km, c6 ASE

10 20 30 20 50
S6 ngudi ding déng thoi (K)

Hinh 3.14: BER theo s lwong user (K) véi L; = 30 km khi si dung PIN va APD

10
107
107"
& 10°
(5w}
10° :
{ | ——PIN. L =60km. khong ASE
- ! | —e—PIN, L =60km, c6 ASE
107y APD (M=3), L =60km, khong ASE ||
{ | ——APD (M=3), L =60km, c6 ASE
10-12 H

10 20 30 40 50
S8 ngudi dung déng thoi (K)

Hinh 3.15: BER theo sé lirong user (K) véi L, = 60 km khi si dung PIN va APD
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Hinh 3.14 va 3.15 trinh bay su phu thudc cia BER theo sé luong user hoat
dong ddng thoi cho hai truang hop bo thu khac nhau 1a PIN va APD. Trong phan
nay ching tdi van dit téc 6 cua mdi user 1a 1 Gb/s, cdng suat phét 1a P,, = —4
dBm va khao sat cho hai gia tri khac nhau cua L; (30 va 60 km), c6 va khong co su
tham gia ctia nhidu ASE. Két qua cho thay khi str dung bo thu APD sé luong ngudi
dung duoc ting 1én khoang 3 dén 4 user. Trong ca hai truong hop bo thu PIN va
APD thi vi tri cia bo khuéch dai ciing nhu nhidu ASE ciing van anh hudéng dang ké

dén sb lugng ngudi ding dong thoi caa hé thong.

3.5. Két luan chwong

Trong pham vi chuong nay, ching toi da dé xuat mot kién tric mang truy nhap
quang thu dong khoang céch dai (LR-PONSs) st dung ky thuat ma hoa bién do
pho/da truy nhap phan chia theo ma quang (SAC/OCDMA). Trong cau hinh hé
thng, nghién cau sinh ¢6 st dung mot bo khuéch dai quang EDFA duoc dit trén
tuyén giira thiét bi dau cudi soi quang (OLT) va thiét bi dau cubi ngudi ding quang
(ONU) dé kéo dai khoang cach truyén dan. Tuy nhién khi st dung mét bo khuéch
dai quang nhu vay s& sinh ra nhiéu phat xa ty phat ASE lam giéi han hiéu ning cua
hé thong. Dya trén md hinh mang dugce dé xuat, ching t6i da khao sat anh huong
cua nhidu ASE va céc loai nhidu khac. Theo céc két qua tinh toan va md phong, dé
dat duoc ti 1& 161 bit thap thi bo khuéch dai EDFA nén duoc dat gan phia phét (tec
OLT) cuy thé la trong khoang tir 10 dén 20 km tir OLT véi tong khoang cach tuyén
truyén dan 1a 90km. Chung t6i ciing da khao st hé thong trong truong hop st dung
bo thu 12 PIN hoic APD va thay rang khi st dung bo thu APD do c6 hé sé khuéch
dai dong thich hop (M=3) s& cho phép cai thién hiéu nang ctia hé théng. Trong cac
thi nghiém trén day ching toi méi chi mé rong khoang céch truyén dan caa mang
PON tir 20 km chuan 1én dén 90 km. Trong thoi gian t6i chiing toi s& khao séat & cac
khoang cach dai hon, va c6 xét dén anh huong cia tan sic ciing nhu cac hiéu ang
phi tuyén khac, hoic két hop gitra WDM va ky thuat OCDM dé dat duogc sé luong
ngudi dung nhiéu hon. Ngoai ki thuat OCDMA va bo khuéch dai quang EDFA

100



dugc trién khai hiéu qua trén mang truy nhap quang da buéc song thi bén canh n6
con mot cong nghé khac d6 1a DWDM va bo khuéch dai Raman ciing gilp nang cao
duoc hiéu ning, ting 6 lugng ngudi truy nhip ciing nhu bing thong va khoang
cach cua mang truy nhap, noi dung nay sé dugc ching téi trinh bay trong Chuong 4

cua luan an.
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CHUONG 4

NANG CAO HIEU NANG MANG TRUY NHAP QUANG PA
BUOC SONG SU DUNG KY THUAT DWDM VA KHUECH PAI
RAMAN BOM BANG CONG SUAT THAP

Nhu chung ta di biét, cac bo khuéch dai quang Raman da duoc trién khai trén
hau hét cac hé thdng truyén dan soi quang dudng dai (dic biét 1a cac bo khuéeh dai
Raman phan bb) do cac b khuéch dai ndy c6 kha ning cai thién duoc tap &m NF va
giam mat mat phi tuyén cua cac hé théng soi quang, cho phép kéo dai cac doan
truyén dan, ting toc do bit, giam khoang cach kénh va hoat dong gan budc song tan
sic bang khong. Trén cac hé thdng truyén din duong truc, khuéch dai Raman két
hop voi cac bo khuéch dai EDFA khong nhitng kéo dai dwoc khoang céch truyén
dan ma con mé rong duoc bang tan khuéch dai, 1am phiang phé khuéch dai trén mot
viing bang tan rong 16n (ngoai bang C), cai thién hiéu ning cua hé théng WDM va
DWDM. Ngay nay, khi ma céng nghé ghép kénh WDM da duoc trién khai trén ca
mang truy nhap thi nhu cau vé viéc ting dung luong va khoang céach truyén dan dé
giam phan cap va chi phi cho cac nha mang 1a mot van dé dang dé quan tam. Chinh
Vi vay, viéc nghién ctiu va stir dung khuéch dai quang Raman trén mang truy nhap
LR-PON Ia mét viéc l1am hét sic c6 ¥ nghia. Tuy nhién, ciing giéng nhu c4c mang
duong truc, khi dua cac bo khuéch dai quang vao st dung, nhidu quang sinh ra tir
bo khuéch dai s& dong vai trd nhét dinh trong viéc tac dong dén hiéu nang truyén
dan cua mang. Do vay muc tiéu cia chuong nay 1a xay dung mot mé hinh mang
LR-PON st dung DWDM va khuéch dai Raman bom bang cong suét thap, tir do
danh gia anh huéng cua nhidu trong bo khuéch dai quang dén hiéu niang cua hé
thdng mang.

4.1. Xay dwng mé hinh mang LR-PON sir dung DWDM va khuéch dai

Raman

Céc hiéu ng phi tuyén trong soi quang nhu tan xa Raman kich thich, tan xa
Brillouin kich thich ciing c6 thé duoc str dung dé tao ra khuéch dai quang bing cach
bom mot chim laser cdng suit cao vao trong soi quang. Trong sb cac hiéu tng nay,
khuéch dai Raman c6 uu diém 1a tu két hop pha gitra song bom va tin hiéu cing véi

bang thong do loi rong, phang phd so vai cac hiéu ang phi tuyén khac. Vi vay no
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hip dan hon cho cac hé théng ghép kénh phén chia theo buéc séng mat do cao
(DWDM) bai vi n6 cung cap do loi trén toan bo dai cua soi quang [105]. M6t trong
nhitng thanh phan duoc sir dung nhiéu nhét trong cac hé théng truyén dan duong
dai mit dat hodc cap ngam dudi bién hién tai 1a cac bo khuéch dai quang Raman
phan b (DRA) sir dung hiéu ng tan xa Raman kich thich (SRS) vi cac bo khuéch
dai nay c6 cac vu diém nhu: khuéch dai Raman c6 thé xay ra trong bat ky soi quang
nao tai bat ky budc song nao bang viéc chon moét bude séng bom thich hop; qua
trinh khuéch dai Raman xay ra rat nhanh va tap am hiéu dung (NF) cua DRA nho
hon rat nhiéu so véi cac bo khuéch dai pha tap Erbium (EDFA) vd/hoic khuéch dai
quang ban dan [106] [107].

Dé khic phuc duoc nhuge diém cua cac hé thong LR-PON da trién khai nhu
trinh bay trong phan dau cia Chuong 3, dong thoi mé rong dugc bang tan khuéch
dai cho hé thong mang. Nghién ctru sinh dé xuat mot kién tric mang LR-PON sir
dung ky thuat DWDM (khoang cach buéc song 0.4 nm) va bo khuéch dai Raman
phan b DRA dugc bom biang cong suat thap. Tuy nhién khi sa dung méot bo
khuéch dai nhu vay ciing s& tao ra nhidu phat xa tu phat duoc khuéch dai (ASE)
[108] lam gidi han hiéu ning cta hé thdng, anh huong truc tiép dén ti s6 tin hiéu
trén tap am (SNR) tai bo thu dugc xac dinh boi nhiéu tron gitra: nhiéu ASE voi
ASE va gitra tin hiéu véi ASE. Pa c6 mot sb thi nghiém truyén dan sir dung khuéch
dai Raman phan bd duogc cong bd, tuy nhién co rét it cac béo céo vé ca ly thuyét va
thue nghiém lién quan dén viéc so sanh hiéu niang nhiéu gitta cac ciu hinh bom cua
hé thong khuéch dai Raman bom bang nguon bom cong suét thap (<1W) cho cac
mang truy nhap LR-PON. Vi vay dya trén kién tric mang dugc dé xuat, ching toi
phan tich anh huéng cia nhidu ASE Ién hiéu nang ciia hé thbng mang. Trong luan
an nay, nghién ctu sinh sir dung md hinh ly thuyét va mé phong cua cac bo khuéch
dai quang Raman phan b trong soi quang hai huéng SMF-28 str dung hai cdu hinh
bom khac nhau tai buéc song bom 1470 nm va cong suat bom 880 mW, cong suat
bom nay nho hon cong suit bom cia cac bo khuéch dai Raman truyén thong.
Chung t6i ciing s& tinh toan cong suat nhiéu ASE va anh huong cia no t6i ti Ié 15
bit va hé sb tap am NF cua hé théng. Ngoai ra, nghién cau sinh ciing s& so sénh
cdng suat nhiéu nay véi cac két qua thuc nghiém da duoc trinh bay trong Chuong 3.
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4.1.1. Mb hinh khuéch d@ai quang sir dung tan xa Raman kich thich

Mo hinh 1y thuyét dé giai thich hiéu (mg tan xa Raman cudng buc sir dung
trong khuéch dai quang dya trén hé théng cac cip phuong trinh vi phan mé ta sy
thay d6i ciia céng sudt ngudn bom, cong suit phat xa ngau nhién va cong suét tin
hiéu khuéch dai doc theo truc soi quang (truc z). Cac hé phuong trinh ndy c6 thé ap
dung cho kiéu bom mot hoic bom nhiéu bude song cho khuéch dai Raman, déng
thoi ciing chi ra sy anh huéng cta chiéu bom, chiéu tin hiéu va sy anh huong cia
nhiét d6 ti birc xa Raman tu phat dugc khuéch dai (ASE) [109].

Sy thay d6i ctia cong suat bom doc theo soi quang dugc mé ta bang phuong
trinh (4.1), trong d6 bao gdm phéat xa Raman tu phat va sy phu thudc nhiét do cia
n6, phat xa ty phat dugc khuéch dai (ASE) va céc tuong tac tily ¥ giita mot s song

bom véi tin hiéu tir moi hudng: cac twong tic bom-bom, bom-tin hiéu, tin hiéu-tin

hiéu.
dF’i _
W—‘i‘ak P++P Z ASEJ+PASE,j)$
p
+ A f r(Af ) + + -
TR Z £ Ae—ka(Pj_"'PASE,j +PASE,j)$ (4.1)
j=k+1
5 f 9 (Fvgy)
FP* —k Zrr K opf Afn (T)
k j;rl fj A, k K

Cong suat phat xa tu phét doc theo soi quang dugc tinh bang phuong trinh:

dp; . 9. (4,0 e +Px
ASE kK _ PA_SE ) _7/PASE T PASE kz j.k (P PASE j +PASE J)+
Z j=1 ff M p
f, 9, (Af;,) -
Pase & Z f. ka (Py+ Pase  + Pase ) F
ik T i Kp (4.2)
ot af) |
+ PASE,k Z f_—kthkAf ﬂi,k(T)i
j=k+1 Tj ff " p
29 )
i Jk 2hf Af (P + Prse  + Page )7 (T)

p
Trong cac phuong trinh trén Py, 12 cdng suat bom cua laser K, Pygz . 12 cong

suat phat xa ty phat duoc khuéch dai (ASE) doc theo hudng lan truyén +z, h la
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hing s6 Planck, k, 1a phan cuc cta anh sang tin hiéu, A, 1a dién tich hiéu dung

cua soi quang, 77(T) =1+eh(fT),kBT1 la hé sé giam giit phonon. S6 hang dau tién

bén phai cua phuong trinh (4.1) 1a suy hao soi quang, sé hang thir hai 13 tan xa
Rayleigh, s6 hang thtr ba bicu dién khuéch dai Raman do cac séng ngén hon ( f,>
f.) truyén nang luong cho P, , s6 hang thu tu chi su nghéo bom (su giam sit cong
suat cuaP, ) do nd bom cho cac budc song dai hon ( f,<f,)va s6 hang cudi cung
biéu thi suy hao do phat xa tu phat cho cac budc song dai hon. S6 hang thir ba bén
phai cia phuong trinh (4.2) 12 su b6 sung caa nhidu ASE tao ra trong bang thong Af
rat nho xung quanh tan s f, boi cac tin hiéu quang véi cac budc séng ngan hon.
Cac sb hang con lai trong phuong trinh (4.2) ¢6 ¥ nghia twong tu nhu trong phuong
trinh (4.1). Vi viéc lya chon cac gia tri o = 0,2 dB/km; k), = 2; 17(300K) =0,1226

Va A, = 80um? ta co the danh gid duoc hé sé khuéch dai G,y o5 r Va thong sb tap

A

am.
Ps ump-on
Gon/off =10|Og( 2P (43)
s, pump—off
1 2P
NF,; =10lo SASE 4] _
” g|: on/off ( hf Af j| (4 4)

Trong d6 P, la cng suat tin hiéu; P,s 1a cong suat nhidu ASE thuan; Af la
bang thong; f 1 tan sé cua tin hiéu. Bang thong khuéch dai nay c6 thé dat tir 45-50
nm tinh tir hé s6 khuéch dai cuc dai G, = exp(gg.L), trong d6 g 1a do loi
Raman hiéu dung va L 13 d6 dai ctia moi truong khuéch dai quang (soi quang c6
hiéu trng tan xa Raman cudng btrc).

Cac bo khuéch dai Raman bing rong duoc thiét ké bang céch st dung nhiéu
ngudn bom va dugc md hinh bang sé bao gom céac twong tac gitta song bom véi

song bom, tan xa nguoc Rayleigh va tan xa Raman ty phat. M6 hinh nay xem xét
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mdi thanh phan tan sb riéng r& va yéu cau nghiém cua mot tap cac phuong trinh
ghép cé dang [103] [110].

dlzi(zf) = L>f 8, (1, PP (1) + P, ()% [P,(f) +2hfn , (u— f)ldp

[ PR+ PGP + 4 O — oldpe 49)
- a(f) P+ fa B()
Trong d6 u va f 1a cac thanh phan tan s6 quang va chi s6 t va n cho biét séng

bom 14 thuan hay nguoc. Tham s6 ngp, dugc dinh nghia nhu sau:
n,(Q) =[1-exp(~hQ/ k, D" (4.6)

O day Q = |u — f| 1a do dich Raman va T la nhiét d6 tuyét déi caa bo khuéch
dai. Trong phuong trinh 4.5 s6 hang thir nhat va s hai l1a tinh toan cho sy truyén
cong suat gay ra boi Raman tir tan s6 nay sang tan sé khac. Hé sb 2 trong sé hang
dau tién biéu thi cho hai mét phan cuc cua sgi. Con thém mot hé sé 2 trong sé hang
thi hai biéu thi phat xa tu phét trong ca huéng thuan va hudng ngugc. Cac suy hao
soi quang va tan xa nguoc Rayleigh ciing duoc tinh toan trong hai s6 hang cudi
cung va duoc chi phdi boi tham s6 a va ag. fr biéu dién ti s6 cong suat tan xa
nguoc bi gitr lai boi mébt soi. Twong tu ching ta c6 thé biéu dién cac phuwong trinh
cho truong hop séng truyén nguoc.

Gidng nhu cac bo khuéch dai EDFA, khuéch dai Raman ciing bi anh huéng
boi cac nguon nhidu, c6 bon nguon nhiu chii yéu trong khuéch dai Raman [111].
Ngudn nhiéu thir nhat d6 1a tan xa Rayleigh kép (DRS), twong duong vai hai hién
tuong tan Xa (tan xa theo chiéu thuan va theo chiéu nguoc) do ciu tao khong dong
nhat rat nho cua thay tinh. Nhidu phéat xa tu phat dugc khuéch dai (ASE) truyén
theo huéng nguoc s& bi phan xa trong huéng thuan bai tan xa DRS va dugc khuéch
dai do tan xa Raman kich thich. Ctr thé nhidu ASE trai qua nhiéu lan phan xa va lam
giam ti s6 SNR. Thém vao d6, nhidu da duong cua tin hiéu tir DRS ciing s& lam
giam SNR. DRS ti I véi chiéu dai cua soi va hé sé khuéch dai trong soi, vi vay nd
dic biét quan trong trong cac bd khuéch dai Raman do soi quang khé dai (chi it 1a
vai km). Tir cac nghién ctu thuc té cho thy, tdn xa DRS gigi han hé sb khuéch dai
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trén mot ting khuéch dai xap xi 10 dén 15dB. Cac bo khuéch dai cd hé sb khuéch
dai cao hon c6 thé dat duoc théng qua viéc sir dung cac bo cach ly quang gitta nhiéu
tang khuéch dai. Vi du, mot bo khuéch dai Raman tap trung vai hé sé khuéch dai 30
dB da dugc chiang minh véi hai tang khuéch dai va hé sé tap am it hon 5,5 dB
[112].

Ngudn nhiéu tht hai dén tir thoi gian séng & trang thai cao hon cua khuéch dai
Raman ngan, khoang 3 dén 6 fs. Hé s6 khuéch dai gan nhu ngay 1ap tic nay c6 thé
dan t6i viéc truyén ning luong cua cac dao dong bom sang tin hiéu. Cach thdng
thuong dé tranh hién tuong nay 1a cho séng bom va tin hiéu truyén nguoc chiéu
nhau. Khi d6 thoi gian séng ¢ trang thai cao hon bang véi thoi gian truyén qua soi
quang. Néu song bom va tin hiéu dwoc truyén cuing chiéu thi cac laser bom phai c6
muc cong suat bom on dinh, tic 1a ching phai c6 nhidu cudng do twong d6i (RIN)
thap. Vi du cac ngudn bom cung chiéu sir dung laser Fabry-Perot thay vi laser cach
tir on dinh [113].

Ngudn nhiéu chii yéu thir ba trong cac bo khuéch dai Raman 1a nhidu phat xa
tu phat ASE. Nhiéu nay s& tao ra nhiéu tron giira tin hiéu va ASE, ASE véi ASE.
Trong d6 nhiéu tron giira tin hiéu va ASE thuong chiém phan 16n. Nhung trong cac
bo khuéch dai Raman thi nhidu nay ciing twong d6i thap vi mot hé théng Raman
thuong hoat dong nhu mot hé thdng dao 16n mat d6 hoan toan. Mat do phd cong
suat ASE c6 thé dugc viét nhu sau:

SASE(f) = (G— l)hf

n2
= (4.7)

n,—n
Trong d6 n,,n, 1a tip hop & trang thai cao hon va thap hon. Bdi véi cac bo
khuéch dai Raman thi ti s6 n,/(n, — n,) ludn ludn bang mot. Con ddi vai cac bo
khuéch dai EDFA thi ti s6 nay ludn 16n hon mot [114]. Va hé sé tap 4m dugc tinh
toan theo céng thirc:

_ (285,40
NF = G( o +1j (4.8)

Cubi cting, ngudn nhidu tha tu dén tir nhidu quang kich thich phonon tao ra

khi cac budc song tin hiéu dugc khuéch dai c6 phd gan bude soéng bom sir dung cho
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khuéch dai. N6i cach khéc, tai nhiét d6 phong hoic cao hon c6 mot sy tap trung cua
cac phonon gay ra boi nhiét trong soi thuy tinh ma cé thé dugc khuéch dai ty phét
tir cAc nguén bom, do d6 tao ra nhidu cong tinh cho cac tin hiéu c6 budc sdng gan
song bom. Nguoi ta dd chirng minh rang hiéu ¢ng nay c6 thé 1am ting hé s6 tap am
1&n t6i 3 dB cho céc tin hiéu gan séng bom [115] [116]. C4c thanh phan nhiéu nay

s& duoc tinh toan va khao sat trong phan cudi cia chwong nay.

4.1.2. Phan tich ly thuyét mé hinh mang dé xuat

Trong phan nay ching t6i phan tich khuéch dai Raman phan bé trong cac hé
thng truyén dan DWDM sir dung ca hai cdu hinh bom thuén va bom ngugc. Xem
xét trudng hop don gian nhat ma trong d6 mot ngudén bom soéng lién tuc (CW) don
duoc ghép vao soi quang don mdt c6 chiéu dai L dé khuéch dai mot vai tin hiéu
CW. Goi cong suat tin hiéu vao caa kénh i trong hé théng DWDM la P,; va cong
suat bom vao la P, truyén theo soi quang don mét (do bang mW) co the duoc biéu
dién bang cac phuong trinh vi phan goi 1a phuong trinh truyén bao gom cac twong
tdc Raman gitta bom-bom, tin hiéu-tin hiéu va bom-tin hiéu, phat xa Raman tu phat
va su phu thugc vao nhiét do caa no, tdn xa Raman kich thich, su nghéo bom, tan xa
Rayleigh da duong, suy hao soi quang va nhiéu phat xa tu phat duoc trinh bay trong
céc phuong trinh 4.9, 4.10 va 4.11 [117] [118] [119] [120] [121]. Nhiéu truyén theo

hai huéng c6 cong suat lan luot |1a P, va P

deJL + F o fp tp+ . + 1
. :¢O‘ppﬁi?/P§¢ZTgRPp'Psi $(Zngp_hfSiAfj|:l+_eh(fp_fsi)/kBT _J (4.9)
dF)ST + — + + + 1
§=—0[Sipsi +7/Psi +gRPp Psi +2hfsiAngPp l+m (410)
dPAiSE _ + I +y+ + 1
T =Fa, PASE + yPASE + gRPp PASE + gRPp thSEAf 1+ eh(fp—fn—)/kBT_l (411)

O day gx 1a d6 loi Raman hiéu dung (tinh bang Wkm™) cua soi duoc chuén
héa theo dién tich ving hiéu dung Aeg = Tr® cia soi, a,, g Va a,s; 1a cac hé s6

suy hao do bang km™ tai cac tan s6 bom, kénh tin hiéu thir i cia WDM va cac tan s6
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nhiéu (f,, fsi, VA fase), ¥ 12 h¢ s6 tan xa Rayleigh do bang km™. Céac dau bén trén
cua (+) va (F) trong ba phuong trinh twrong tng vai truong hop bom thuén va cac
déu bén dudi twong Ging voi trudng hop bom nguoc. k, 1a hé s6 phan cuc (gg =
9r/kpAesr), Af 12 khoang cach tan s6, h la hang sé Plank, kg la hing sé
Boltzmann’s va T 1a nhiét d6 tuyét d6i. Hai s6 hang dau tién trong cac phuong trinh
nay la suy hao soi quang va tan xa Rayleigh, hai sé hang cudi cung trong phuong
trinh (4.9) lién quan toi tin hiéu va nhidu ASE gay ra boi su nghéo bom. Sb hang thir
ba va thtr tu trong phuong trinh (4.10) bao gom khuéch dai Raman kich thich va tu
phéat. S6 hang cudi cung trong phuong trinh (4.11) lién quan téi cong suat nhidu phét
Xa tu phét tao ra tai tin sb f,gz trén bang tan Af. Ching ta c6 thé thu duoc nghiém
giai tich ciia phwong trinh bang viéc s dung phuong phép lap don gian [117] cho ca
hai cau hinh bom thuin va bom nguoc.
a) Bom thuan

Trong truong hop bom thuan, tin hiéu va ngudén bom dugc truyén cing chiéu

tir z=0 téi z=L theo hudng +z. Cic phuong trinh vi phan duoc giai bang phuong

phap giai tich khdng c6 su nghéo bom tai diém z nhu sau [120]:

P; (2) = P, (0)exp(-a,2) (4.12)
1-exp(—a.z
Py(2) = Py (0)exp| —argz + 0P, (0) %) @19
p
Pie (1) = e XD @)™ % (0 255
p
N N 4.14
-1+ QO?SE  Onse EXP(=2))) X XP(=0lpge Z + Qe (L - €XP(-r, 2))] (4.14)
p
Pre (2) = e AT X8 ) G ) " (1425, 0 e4p(-1,2)

F (4.15)

o + +
-, (+ %’ Oase EXP(=at L)) X eXP(=se 7 — U (1-EXP(-02,2))]
p

O day:
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+ gRPp (O)

Opse = o (4.16)
[, (a,u) = j't““ exp(t)dt (4.17)
I,(a,u) = Tt“‘l exp(-t)dt (4.18)

b) Bom ngwoc
Truong hop bom nguoc c6 thé dugc xem xét mot cach tuong tu. O day song
bom dugc truyén tir z = L t6i 0 theo hudng - z, c4c nghiém cta phuong trinh (4.9 —
4.11) véi su ngheéo bom do qua trinh kich thich nguoc dugc bo qua [120] la:
P (2) =P, (L)exp(-a,(L - 2)) (4.19)

exp(-a,z) -1

Ri (2) = R, (0)exp[—ayz + 93P, (L) xexp(—a, L) ] (4.20)

p

+ - - —Apse!p a -
Pase (2) = [hf \e AT eXp(0ase ) (Uase) % x @+ % O ase EXP(2))

p

. (4.21)
-0+ aLSE  Oase ) X EXP(—Q pse 2+ Upge (eXp(apZ) -1))]
p

Prse (2) = [N AT XP(~0ee) (Gpee) ™' x (T (1+ 725, g explaL))
; ’ (4.22)

-+ % , Oase EXP(c2,2))) X eXP(@ e Z — O s (EXP(—cx,,2) —1)]

p
O day:
__ ggP,(L)exp(-a,L)

Opse = —— : (4.23)

%y

Phuong sai tong cong cua dong nhidu 1 tong cua cac phuong sai cia nhidu
nhiét, nhidu lugng tir, nhidu tron va duoc viét theo biéu thuc:
2 2 2
= O-th + o-shot + O-beat (424)

2
o-total
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O day oy, 1a nhidu nhiét, o, 12 nhidu luong tir dwoc tao ra bai tin hiéu, séng
bom va ASE, 0.4, 12 nhidu tron, né bao gébm nhiéu tron giira tin hiéu véi ASE,
nhiéu tron gitta ASE véi ASE (tron gitra cac thanh phan pho khac nhau caa nhiéu
sinh ra do bo khuéch dai), tron gitta song bom véi ASE va nhiéu tron giira tin hiéu
véi tin hiéu [122]. Cach tinh phuong sai ciia cac dong nhiéu nay ciing twong ty nhu

cac phuong trinh (3.23-3.25), tuy nhién dong quang di¢n [

signal

duogc tinh toan khac
s0 V6i phuong trinh (3.20) do hé thong 13 DWDM cht khéng phai OCDMA.

Tir d6 ta co thé tinh toén ti 18 16i bit (BER) cho nhu sau:
1
BER oy = Eerfc(SNR) (4.25)

O day erfc(.) 1a ham bu I8i va ti sb tin hiéu trén tap 4m duogc tinh nhu sau
[106]:

| Giona (1t
SR = Lzra (1) (4.26)

Gtotal \/E

Igignai (ith) 1a dong quang dién cua kénh thir i tai 16i ra ctia photodiode.

4.2. M0 phéng hé théng bang phan mém Optisystem
4.2.1. Cai dat mo phéng

Trong phan nay ching tdi thiét 1ap mot md hinh mang DWDM LR-PON bang
viéc sir dung phan mém Optisystem 7 dé so sanh cdng suat nhidu ASE véi cac két
qua thuc nghiém trong chuong 2. Trong mé hinh nay, chdng téi st dung mét bo
khuéch dai Raman phan b véi hai co ché bom khac nhau 1a bom thuén va bom
nguoc. Hinh 4.1 trinh bay hé thong voi viéc truyén 16 kénh DWDM nam giita dai
tan s6 193,1 THz va 193,85 THz, khoang cach giita cac kénh 1a 50 GHz, va budéc
song bom 1a 1470 nm. Mot bd tao chudi bit gia ngau nhién (PRBS) tao ra dong di
liu xudng cua mdi kénh. Chudi bit nay sau d6 duogc sir dung dé diéu khién cac bo
tao xung NRZ tao ra cac tin hiéu NRZ. Diéu ché theo kiéu bat — tat (OOK) giira tin
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hiéu NRZ va mot ngudn laser phat song lién tuc duoc thuc hién bang viéc sir dung
bo diéu ché Mach-Zehnder.

e B B

——] Y Dl Port WOM Anahyzer Opticsl Power Meter  [oy Iebe------ 3] .
He———F I Optical Spectrum Analyzer_1 Lower frequency limit = 185 THz I D I - . -+ :
Fam—— I Upper frequency fimit = 200 THz ! o LD
F—— ! : o Ry e
*’ ﬂ Optical Recsiver BER Analyzer
e Cutoff frequency =0.75 * Bit rate Hz
Tx p———V | | M
et 1 L ] I N N AP
1 N — I
i — i Bidirectionl Optical Fiber -
H— " = Length =30 km | |
! — Ideal Muzx . N el Eeteeee---
WDM Transmitter o c =nating T Tk EErTTIIII balsH
Frequency = 183.1 THe Pump Couplr ual-Propu,an, _h\ L WOM Demux 10 % s :
Frequency spacing = 50 GHz Rx E1------- | [EERE]
Pousr =10 dEm Pump Coupler Counter-Propagating Optical Recsiver 1 BER Analyzer_1

Bit rate = Bit rate Bits/s Cutoff frequency = 0.75 * Bit rate Hz

0

Cptical Power Mater 1

P 12

Pump Laser 1 ' =
Frequency = 1470 nm i . Frequency = 1470 nm
Power = 880 mW | @: Power = 880 mW

Optical Spectrum Anahyzer

Hinh 4.1: So do khéi ciia hé thong DWDM si dung khuéch dai Raman phan bo

Cac tin hiéu duoc ghép kénh tai mot bo ghép kénh va sau d6 ching duoc két
hop véi tin hiéu bom tai mot bo ghép tin hiéu WDM ma truyén ching vao soi
quang don mdt hai chiéu theo cing mot huéng, kiéu bom nay dwoc goi 1a bom
thuan. Ngoai ra, ciing c6 mdt laser bom dugc dat tai 16i ra cua soi guang, n6 duoc
goi 1a bom nguoc. Tin hiéu sau d6 s& dugc khuéch dai bang co ché tdn xa Raman
cudng btc trong méi trudng soi don mét. O phia thu, tin hiéu dugc bién d6i thanh
dong quang dién nho bo tach soéng PIN. Ti sé 13i bit (BER) cua tin hiéu thu duoc
phan tich bang viéc sir dung mét thiét bi phan tich BER két hop véi bo loc thong
thap Bessel.

4.2.2. Céc két qua mo phéng

Mo phoéng duge thue hién dé danh gia anh hudng cta nhidu ASE, NF, va tan
sic mau dén hiéu ning cua mang trong cac cdu hinh bom khac nhau. Cac tham sb
chinh duoc st dung trong moé phong duogc liét ké trong bang 4.1. Trong mé hinh nay
ching t6i kich hoat ddy du ca bén thanh phan nhidu nhu da duoc dé cap trong phan
4.1.1, tuy nhién, s& chi danh gia riéng anh hudng ciia nhidu ASE dén hiéu ning cia

hé théng dé dat duoc muc tiéu cta luan an dit ra.
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Bang 4.1: Cac tham s6 mo phéong

Tén Ky hi¢u Gia tri
Do dai khuéch dai DRA L 0+ 90 km
Dién tich vung hiéu dung Actt 80 yz
Tdc d¢ bit Ry 10 Gbps
Tan s6 tin hiéu f, 193,1 — 193,85 THz
Budc song bom lp 1470 nm
Cong suat bom P, 880 mW
Tén sic mau D 14, 15, 16 ps/nm.km
H¢ s6 tan xa Rayleigh /4 5x107 1/km
Hé s6 khuéch dai Raman G 13+17dB

Hinh 4.2 trinh bay su thay d6i cua cong suét tin hiéu va cong suat bom theo
chiéu dai khuéch dai DRA. Chlng ta c6 thé quan sat dugc rang, khi chiéu dai
khuéch dai ting cong sudt bom sé& ting trong cdu hinh bom nguge. Con dbi véi
truong hop bom thuan thi cong suat bom s& giam. Mat khéc, trong trudng hop bom
thuan, chung ta thu duoc do lgi Ion hon trong cong suét tin hiéu. Két qua nay lam
ting cac anh huong cua cac hiéu ¢ng phi tuyén theo chiéu dai soi quang [117].
Trong trudng hop bom nguoc, do lgi xay ra vé phia cudi cua sgi quang sau khi cong
suit tin hiéu da bi suy hao mot phan theo soi quang. Sy mat méat cong suat nay sé
tang kha nang ctia nhiu va 1am thay doi chat luong tin hiéu.

40

—— Cong suit bom bom thuidn
—8&— Cong suit tfn hidu bom thuin
3o - -- i 77777 Cong suit bom, bom ngitge
—— Cpnp suft tin higu bom nguge

Céng suit hom va cong suat tin hiéu (dBm)

o 10 20 30 40 50 60 70 80 a0
Khoang cach (km)

Hinh 4.2: Cong sudt tin hiéu va céng sudt bom nhw mét ham cia chiéu dai khuéch
dai khi P,(0) =—10dBm, P, =880mW

113



'
-
]

g —6— Nhiéu thuan, bom thuan
E: 20 boeeaaeao] —8— Nhifu nguge, bom thuan | ]
= —&— Nhiéu thuan, bom nguge
= 30 —%— Nhiéu nguge, bom ngurge
E -30f--eooee- : : : o
= g
S 1) SRR NP - oot AR AR Sippep. b
e V% WU S SN
“Z : : :
I B At S B B - b
T
28 -7O0F - Rk AEREECEEEET BECEEEREE —
-804 - : : -
20 40 60 80

Khoang csch (km)
Hinh 4.3: C6ng sudt nhiéu nhw mdt ham cua chiéu dai khuéch dai khi
P.(0) =-10dBm, P, =880mW

Hinh 4.3 trinh bay cdng suat nhidu theo huéng thuan va huéng nguoc nhu mot
ham cua chiéu dai soi cho kénh tin hiéu dau tién (193.1 THz) khi cong sut tin hiéu
vao P, = —10dBm. Ching ta c6 thé thiy rang trong truong hop bom thuan ca céng
suat nhidu DRA thuan va ngugce déu nho hon cong suét nhiéu trong treang hop bom
ngugc. Nhu vay bom thuan ¢ nhiéu uu diém hon bom nguoc dung trén quan diém
t6i wru vé nhidu. Ngoai ra, so sanh véi phd ASE caa bo khuéch dai da ché tao trong
Hinh 2.23 va 2.24 ching ta thiy rang ching la twong dong (khoang -35dBm), diéu
nay chiing to rang cac két qua khao sat bang mé phong la dang tin cdy va phl hop

véi thuc nghiém.

18 T T T T
—_—F . =-10dBm, bom thuin '
16 tigmal J____:'
—_— P-i;-nal:' 10dBm, bom nguoc H
—
[ma]
=
=
=
(=1
=
.”%
St
=

Khoang cach (km)

Hinh 4.4: Nhiéu NF nhw mét ham cua chiéu dai khuéch dai DRA khi
P,(0) =-10dBm, P, =880mW
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Hinh 4.4 trinh bay hé sé tap 4m NF nhu mot ham cua chiéu dai khuéch dai
DRA cho céc cau hinh bom thuén va bom ngugc. Nhu chiing ta ¢6 thé quan sat trén
hinh, khi chiéu dai khuéch dai ngan NF 1a giéng nhau, nhung khi chiéu dai khuéch
dai dai hon thi sy tich liiy ctia nhiéu theo s¢i quang 1a khac nhau trong hai truong
hop. Nhidu NF hau nhu khong thay d6i khi chiéu dai khuéch dai ting trong cau hinh
bom thuan. Tuy nhién no lai ting rat nhanh trong trudng hop bom ngugc. Diéu nay
la boi vi trong co ché bom thuan su khuéch dai Raman chu yéu tap trung tai dau vao
soi quang khi ma céng suat tin hiéu van con lén, con trong cau hinh bom nguoc sy
khuéch dai tin hiéu hau nhu xay ra gan dau ra cua soi quang. Ngoai ra, khi cong
suat bom 16n hon 800 mW thi anh hudng cia tan xa Rayleigh kép ciing 1am ting hé
s6 NF trong cdu hinh bom ngugc, con trong truong hop bom thuin thi hiu nhu
khong c6. Pay 1a mot yéu té quan trong dé lya chon cac bo khuéch dai Raman dugc
bom bang cong suat thap cho cac mang c6 do dai trung binh va nho.

-2

10

—&— BER. c6 ASE. bom ngugc
) BER. khéng ASE, bom ngwgc
10 " --{ ——BER cé ASE, bom thuan
—&— BER khong ASE, bom thuan

BER

24 22 20 -18  -16
Cong svat phat (dBm)

Hinh 4.5: BER theo c6ng sudt phat véi R, = 10Gbps, D = 16 ps/nm.km,L =
90 km
Trong Hinh 4.5, chung t6i dat hé s6 tan sic mau D = 16 ps/nm. km va chiéu
dai khuéch dai bang 90 km. Chuing t6i uc lugng BER theo cong suat phat cho hai
truong hop, c6 va khong co6 nhifu ASE trong cac cdu hinh bom thuan va bom
nguoc (cho kénh tin hiéu 193,4THz — kénh trung binh). C6 thé thay rang anh huong

cua nhiu ASE ting trong truong hop bom nguoc. Dac biét hon, cong suat danh doi
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do nhidu ASE tai BER = 10~° 1a khoang 2dB khi bom thuan. Con d6i véi truong

hop bom ngugc, nd ting 1én 2,3dB. Piéu nay 14 boi vi, theo cac phuong trinh 4.6,

4.7, 4.12 va 4.13) va Hinh 4.3, cac cong suat nhiéu ASE trong co ché bom nguoc

16n hon trong truong hop bom thuan.

-

107 ,

—&— 16p:/nm km bom thuin, o6 ASE
—6— 15p:/nm km bom thudn, o6 ASE
l4p:/mm km bom thuanh, o6 ASE

—HB— 16p:/am km bom thuan, khang ASE

—B— 15p:/mmkm bom thuan khong ASE
— % 14p:/nmkm bom thuin khong ASE

BER

____________________

_________

_________

_________

_______________

Hinh 4.6: BER theo cong sudt phat véi D= (14, 15, 16) ps/nm.km, L=90 km, bom

—2I8 —ZIT —2I6 —2I5 —211

Cong svat phat (dBm)

thugn
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—8— 16ps/om km, bom nguge, ob ASE
—6— 15p:/nm km bom nguge, cb ASE
l4ps/nm km, bom nguge, b ASE
—+H— 16p:/nm km, bom nguge, khong ASE
—B— 15ps/nm km bom ngucgc, khong ASE

% l4p:/nm km, bom ngugce, khong ASE
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Hinh 4.7: BER theo cdng sudt phat véi D= (14, 15, 16) ps/nm.km, L=90 km, bom

nguoc

Hinh 4.6 va 4.7 trinh bay su phu

thudc ctia BER vao cong suat phat cho hai

truong hgp bom thuan va bom ngugc véi ba gia tri khac nhau cta tan sac mau

D (14,15 va 16 ps/nm.km). Chlng ta c6 thé thay rang, BER ting khi D ting.
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Cong suit danh d6i gay ra boi chiéu bom tai BER = 107° khi hé s6 tan sic mau
D = 16 ps/nm. km trong truong hop ¢6 ASE la > 2dB. Ngoai ra, trong hinh 4.6,
truong hop bom thuan, cdng suat danh doi tai BER = 10~° khéng c6 mit ASE la
khoang 2dB (D = 16ps/nm.km) trong khi n6 ting 1én thanh 2,3 dB khi nhiéu
ASE dugc xem xét nhu trinh bay trong Hinh 4.7.

4.3. Kétluan chuong

Trong chwong nay, ching tdi dé xuat mé hinh mang LR-PON (Hinh 4.1) si
dung ki thuat DWDM va bo khuéch dai quang Raman phan bé dé tang khoang céch
truyén dan va lam phang bang thong d6 lgi. Thong qua mo hinh dugc khao sét,
ching tdi so sanh anh huong caa nhidu ASE, hé sb tap &m NF va tan sic mau trong
cac cdu hinh bom khac nhau.

Cac két qua mé phong cho thay cau hinh bom thuan ¢6 nhiéu vu diém hon ciu
hinh bom nguoc dung trén quan diém téi wu vé nhiéu (nhiéu ASE). Hé s6 tap am
NF ciing cho két qua tot hon khi cong suat bom ting cao trong cau hinh bom thuén,
diéu nay 1a do no it bi anh huong bai tan xa Rayleigh kép, day chinh 13 nhan t6
quyét dinh viéc lya chon céc bo khuéch dai Raman bom bang cong suat thap (<1W)

cho cac cau hinh mang truy nhap cé khoang céch vira phai.
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KET LUAN VA PINH HUONG NGHIEN CUU TIEP THEO

1. KET LUAN

Lu4n 4n tip trung giai quyét van dé nang cao hiéu ning cho mang truy nhap
quang da budc song st dung cong nghé da truy nhdp phan chia theo ma quang
OCDMA, ghép kénh phan chia theo budc song mat do6 cao DWDM va cac bd
khuéch dai quang EDFA, khuéch dai quang Raman phan bd dugc bom bang cong
suat thip (<IW). Phan tich anh hudng cta cac loai nhidu giy ra trong qua trinh
khuéch dai, hé s6 tap 4m NF, tan sic mau, dic biét 1a nhiu phat xa tu phat duoc
khuéch dai (ASE) lam giéi han hiéu ning ciia cac hé thong truyén din thong tin

quang. Cac két qua dong gop méi vé mat khoa hoc cia luan 4n bao gom:

1. Ché tao thanh cong bd khuéch dai Raman, bé“mg viéc khao sat va do dac thuc
nghiém da xay dung dugc cac by dir li¢u vé cac tham s cta bo khuéch dai

Raman bom bang cong suit thip (<1W) di ché tao nay.

2. Xay dung dugc co sd 1y thuyét va khao sat bang mo phong anh huong cia
nhiéu do bo khuéch dai EDFA giy ra (nhidu ASE) dén hiéu ning ctia mang
truy nhdp LR-PON da budc song dua trén ky thuat OCDMA.

3. Xay dung dugc co sd 1y thuyét va khao sat bang mo phong anh huong cia
nhidu do bo khuéch dai Raman gy ra (nhiéu ASE va NF) va tan sic mau dén
hi€u nang ctia mang truy nhap LR-PON sir dung k¥ thudt DWDM trong céac

cAu hinh bom khac nhau.

Bén canh nhiing két qua dat duoc, chic chin luin an khong tranh khoi nhiing
thiéu sot. Nghién ctru sinh rat mong nhan dwoc nhiéu y kién déng gop hitu ich cia
cac théy, ¢0 va ban doc.

2. PINH HUONG NGHIEN CUU TIEP THEO
- Pénh gia anh huong cia tan sac mau dén hiéu ning cua mang truy nhap LR-
PON str dung cong nghé¢ OCDMA.
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- Két hop gita k§ thuat WDM va ky thuat OCDMA dé ting dung luong va sé
luong nguoi dung trén mang truy nhap.

- Ché tao cac bo khuéch dai quang Raman dam bao khuéch dai tét ca budc song
giam sat quang.

- Sir dung cau hinh bom hai huéng hoic bom rai rac trén tuyén dé dat duoc hé

s6 khuéch dai cao nhat va hé sb tap am thap nhat trong bo khuéch dai Raman.
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