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CHUONG 1

TONG QUAN VE MANG TRUY NHAP LR-
PON

1.1. Téng quan vé mang truy nhép

Nhing tién bo vé mat cong nghé trong mang duong tryc, mang
doanh nghiép va mang gia dinh cung véi su bung nd cua luu
luong truy cap Internet di lam cham dang ké dung lwong cia
mang truy nhap. Tai phan cudi ciia mang vién thong hién nay
van con ton tai “diém tic nghén” gitta mang LAN dung lugng

cao va mang duong truc.

Dé giam bot “tic nghn” vé bang théng nay, soi quang va céac
nat quang dugc dua téi gan hon phia ngudi dung va cong nghé
mang quang thu dong PON ngay cang dugc chu y boi nganh
cong nghiép vién thong va dugc xem nhu giai phap hiru ich cho
mang truy nhap.

1.2. Cac cong nghé hé trg PON

Céc cong nghé hd trg PON bao gdm TDM, WDM va OCDM.
1.3. Mang quang thu dgng khoang cach dai LR-PON
Mang LR-PON 1a mot kién trac dugce dé xuét cho phép két hop
mang metro va mang truy nhap lai véi nhau, mo rong khoang
cach ctia mang truy nhap tir 20 km chuan téi 100 km. Cac k¥
thuat kéo dai khoang cach hoan toan thu dong s€ thu hut hon
dbi v6i cac nha mang. Cac nghién ctru gdn déy cho thdy, viéc st

dung cac bo khuéch dai quang tai tong dai trung tim (CO)



va/hoac tai téng dai ndi hat 12 rat can thiét dé quy cong suét cia
mang PON khoéang cach dai (LR-PON) dugc dam bao.

1.4. Mt s6 kién tric LR-PON da dwoe trién khai

Mot s6 kién tric LR-PON da dugc trién khai nhu LR-PON dya
trén TDM, GPON, WDM, TDM va CWDM, TDM va DWDM,
CDM a DWDM.

1.5. Cac tham s6 danh gia hiéu ning cia hé thong
mang LR-PON

Ti s6 tin hiéu trén nhiéu (SNR): Pugc dinh nghia 1a ti s giita
cong suat tin hidu va cong sudt nhidu.

Ti 18 131 bit BER: La ti s giita s6 bit thu dugc bj 16i trén tong sd
bit dugc phat di trong mot don vi thoi gian.

1.6. Cac yéu t6 anh hwéng dén hiéu ning ciia mang
LR-PON

D6i voi mang LR-PON da budc séng sir dung cong nghé
OCDMA va DWDM thi giéi han vé hiéu ning chu yéu do cac
yéu t sau: suy hao, tan sdc, nhidu cta bd khuéch dai, nhidu da
truy nhap MAI hiéu Ung tu diéu pha, hi€u Gmg diéu ché xuyén
pha, hiéu (mg tron bon budc séng, tan sic mdt phan cyc. ..

1.7. Nhiéu va céc k§ thuat xir Iy nhi¢u trong mang LR-
PON

Nhu di trinh bay trong phan 1.6 mot trong nhitng yéu
t6 anh huong dang ké dén hiéu ning ciia mang LR-
PON d6 chinh 1a nhiéu trong bd khuéch dai quang, khi
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cac bo khuéch dai nay duge sir dung trong mang. Trong phan
nay ching ta s& khao sat cu thé vé loai nhiu nay ciing nhu céac
ky thuat di va dang duoc sir dung dé khic phuc anh hudng cua
ching.

Céc giai phap di va dang duoc d& xuat dé han ché nhidu MAI
va nhidu ASE trong cic hé thong mang s dung ky thuat
OCDMA bao gém: ting d6 dai ma quang, sir dung bo hép thu
bdo hoa dua trén soi (SA) hodc cira s6 thoi gian quang (OTG)
hodc két hop giita SA véi b tach song hdp thu hai photon
(TPA) hoic bo thu két hop giita bo khuéch dai quang ban dan
c6 hé sb khuéch dai nim trong ving bdo hoa va bo SA (SA-
SOA) ciing cho phép cdi thién hiéu nang cia mang quang thu
dong tuong duong voi ky thuét xac dinh ngudng dua trén soi
(b6 loc Mamyshev). Tuy nhién mot s6 van dé gip phai voi cac
giai phap nay d6 1a yéu cau chiéu dai cua soi phi tuyén va/hodc
xung clock ddng bo dé khoi phuc thanh cong tin hiéu gbe trong
su ¢ mit cia MAI, dé bi anh hudng boi nhiing thay déi trong
diéu kién méi truong, chi phi cao, ting do phirc tap cua hé

thdng thu hoic phat.

Céc k¥ thuat duoc str dung dé dé han ché anh hudng cua nhidu
trong bd khuéch dai Ranman trén mang LR-PON bao gdm: sir
dung bo loc dai phd hodc loc mién thoi gian dé giam nhidu tron
ciia ASE trong bing va ngoai bang hodc ¢ thé dwa vao tinh
chat phan cyc ciia nhidu va tin higu dé khir nhiéu ASE. Dé giam
nhiéu tan xa Rayleigh kép c6 thé str dung cac b cach ly quang
dat gitra cac bo khuyéch dai. Vi du vé6i cac hé théng st dung 2
bd khuyéch dai Raman tap trung va bo cach ly quang s& cho hé
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s6 tap 4m thap hon 5.5 dB. Pé giam anh huong cua nhidu RIN,
cac cAu hinh bom nguoc duoc sir dung dé thay do6i thoi gian
song (tai trang thai ning luong cao) cin bang véi thoi gian
truyén dan qua soi, con néu ciu hinh bom thuan dugc sir dung,
thi yéu cu cac ngudn bom phai c6 do 6n dinh cao va nhidu thip
dé tranh anh huéng ciia nhiéu RIN. Cac phuong phéap xir ly
nhiéu néu trén méi chi duoc nghién ctu va ap dung trén cac
mang duong truc ma chua dugc nghién cau trién khai trong cac
hé thong mang truy nhap, dic biét 1a mang LR-PON str dung ky
thuat ghép kénh DWDM va khuéch dai Raman.

1.8. Cac nghién ciru lién quan dén luin an

Cac hudéng nghién ctru chinh hién nay vé hé thong LR-PON bao
gom: ting khoang cach truyén din, ting ti 1 chia, giam thiéu
anh hudng cta nhidu do cic b khuéch dai quang giy ra, su
dung hiéu ung tan xa Raman kich thich ¢ mo rong khoang

cach va bang tan khuéch dai...
1.9. Van dé nghién ciru ciia ludn an

Trén co s& két qua phan tich cac han ché cua cac nghién ciru
lién quan, vin dé nghién ctru duge dé xuat trong luan 4n nay la:
dé xuat thiét ké va ché tao bo khuéch dai quang Raman duoc
bom bang cong suit thip (<1W) dé kéo dai khoang cach truyén
dan cho mang truy nhap quang da budc song si dung cong
ngh¢ DWDM (DWDM LR-PON); nghién ctru giai phap cai
thién hiéu ning cho hé théng mang LR-PON sir dung ky thut
OCDMA va bj khuéch dai EDFA c6 san trén thi truong; phan

tich, ddnh gia anh hudng ctia nhiéu ASE, tin sic mau va cau
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hinh bom dén hiéu nang cua hé théng mang; so sanh cac két qua
tinh toan ly thuyét, moé phong véi cac két qua thir nghiém trén
hé théng mang thuc té tir d6 dua ra cac giai phap tdi wu nhat
cho viéc trién khai hé thdng mang truy nhip quang da budc
song (WDM, OCDM) tai Viét Nam.

CHUONG 2
THIET KE CHE TAO VA KHAO SAT PAC
TINH CUA BQ KHUECH PAI QUANG
RAMAN
2.1. Nghién ctru thiét ké phan di¢n tir ciia thiét bi FRA
2.1.1. Yéu cau ciia ngudn laser bom cho khuéch dai

gquang Raman

bo on dinh cta hé s6 khuéch dai trong qua trinh hoat dong;
Thoi gian hoat dong (thoi gian song danh dinh) ctia by khuéch
dai dat yéu cau trén tuyén (t > 15000 gio); Kiém soat va diéu
hanh bo khuéch dai trong mang thong tin chung; Gia thanh bao
tri, stra chita, thay thé va tuong thich cta thiét bi c6 tinh kinh té

cao va thudn tién.

2.1.2. M6 hinh ciia by khuéch dai quang Raman
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Hinh 2.1: Cdu hinh bom thudn cho khuéch dai quang Raman
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Hinh 2.2: Cdu hinh bom ngwoc hiedng cho khuéch dai quang

Raman phén bo

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

Cac mach dién thiét ké co thé bom déng thoi ba modun laser
ban din c6 cong suit cao, mdi laser ban dan co thé phat dat
dugce cong suit quang dén 1W. Cac modun duoc diéu khién
riéng biét. Mach dién c6 cong ghép ndi may tinh dé nap chuwong

trinh diéu khién tir may tinh cho b vi diéu khién.

2.2. X4y dung phin mém diéu khién ngudn laser bom



Hinh 2.3: So do hién thi cdc thong 6 thu nhdn tir hoat dong cua
mo-dun laser

Chuong trinh hoat dong trén may tinh dwoc viét bang ngdn ngit
Visual Basic va duoc t6 chirc thanh cac module dé d& quan 1y,
kiém tra, va sira 16i. Dé modul giao tiép vi may tinh bén ngoai,

chung t6i thuc hién két nbi qua cong RS232.
2.3. Ché tao phin dién tir cho laser ban dén

Véi so dd mach duoc thiét ké, chung toi ché tao va lép rap
mach dién diéu khién cho bo khuéch dai RAMAN nhu hinh
dudi day:

Hinh 2.4: Mach dién cdp dong nuéi 6n dinh cho cdc mé-dun

laser bom



Hinh 2.5: Mach én dinh dong bom cho laser diode
2.4. Thiét ké phin quang tir cho khuéch dai quang soi
Raman

Phéan quang tir cta khuéch dai quang Raman gdém cac linh kién

chinh nhu sau:

Hinh 2.6: Céu tric phén quang tir thu dong ciia thiét bi khuéch

dai Raman

M06-dun laser bom ghép néi véi soi quang don mdt tiéu chuan;
B0 ghép kénh quang soi theo budc song (bd WDM); Bo cach ly
quang soi; Bo cong cong sudt quang; Soi quang ting cuong
hiéu g tan xa Raman; Soi quang truyén thong tin va khuéch
dai dong thoi (soi SMF-28 dai 90km, soi bu tan sic DCF dai
4km, sgi nhay quang pha tap GeO, ndng do 18% dai 0.5km).



Hinh 2.7: Cdu hinh RFA hodn chinh dwoc ghép tir phan quang
tir va phan dién tir
2.5. Két qua khio sat dic trung ciia mé-dun laser bom

Két qua khao sit cong suit phat xa ctia modul laser 34-0250-
DWO0-300 dugc trinh bay trong hinh 2.8.
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Hinh 2.8: Pdc trung I-P cua laser 34-0250-DW0-300 tai budc
song 1470.1 nm

2.6. Két qua khao sat pho phat xa Raman tw phat sir
dung 3 ngudn laser bom
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Hinh 2.9: Phé phdt xa Raman tw phdt (séng Stokes) trong viing
1550 nm dich 90 nm vé viing séng dai so véi burde séng laser

bom 1470-1471 nm

2.7. Két qua khao sat khuéch dai quang bing hiéu tng
Raman cudng birc
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Hinh 2.10: Phé tin hiéu chua khuéch dai (1) va tin hiéu da duwoc
khuéch dai (2) khi L= 90 km, P, =880 mW)

Hinh 2.10 mé ta pho phat xa cta tin hiéu quang chua dugc
khuéch dai (duong 1) va di dugc khuéch dai bang hiéu tng tan
xa Raman cudng birc (dwong 2) khi chiéu dai sgi quang la
90km. Két qua chi ra réng tin hiéu d3 duoc khuéch dai lén
11dB, d6 rong phd va budc song tin hiéu khong thay doi trong
qué trinh khuéch dai.
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2.8. So sanh cac thong s6 cia khuéch dai Raman

thwong mai va ché tao

Cic thong sb so sanh

B( khuéch dai RMPM1300

B0 khuéch dai ché tao

Soi quang str dung

G.652, G.653, G.654, G.655

G.652, G.653, G.654,
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 séng OSC 1500 - 1520 it hd tro
S6 budc song 1-40 1-40
Ving cong cong suat tin hi¢u vao
3 -40 = +5 dBm -40 + +10 dBm

khi tat bom
Cong suat 3 nguon bom két hop > 1200 mw <1000 mw
Ving hé s6 khuéch dai — ba nguon

10+ 18dB 11+16dB
bom trén soi G.652
He¢ so NF tai cong suat bom

<3.7dB 3.68 dB

880mW, bom nguoc
Dong cung cap voi 3 nguon bom 15A 11A
Nhiét d¢ hoat dong -5+55°C 0+70°C

Ttr bang so sanh chiing ta c6 thé thay rang bo khuéch dai quang
Raman do chung t6i ché tao co hé s khuéch dai tuong duong
v6i bo khuéeh dai quang thwong mai dang sir dung trén tuyén
trong khi cong suit bom yéu ciu 1a thip hon va dong cung cip
cho ngudn bom ciing thp hon.

2.9. Thir nghi¢ém khuéch dai quang Raman di ché tao
trén tuyén thue

Chung toi da tién hanh thir nghiém bo khuéch dai quang Raman
trén tuyén WDM thuc t& nhim danh gia cac thong sb cua thiét
bi hoat dong trén tuyén va so sanh voi két qua khao sat tinh

trong phong thi nghiém ciing nhu cac két qua mod phong.
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2.10. Két ludn va dé xuit cac phwong an ché tao
khuéch dai quang Raman phuc vu tuyén théng tin
quang WDM bang rong

Chuong nay da hoan thanh viéc thiét ké va ché tao bd khuéch
dai Raman sir dung laser ban dan cong suat 350 mW, c6 d6 on
dinh va cong suét phat quang +/-1%, 6n dinh nhiét do dé laser
bom +/-0.1°C tai ché d6 dong bom cho laser dén 1200 mA.
Nguon laser bom kiéu cong cong sudt duge ché tao trong mot
hop dé thuén tién cho lap rap nhiéu laser co diéu khién dong bo
va thich hop véi thiét bi khuéch dai quang sir dung trén tuyén
thong tin quang thyc té.

Bén canh d6, chung t6i ciing da thiét k& va ché tao thanh
cong td hop quang tir cho khuéch dai quang soi Raman theo ciu
trac phan bd va cong cong sut quang. Soi quang thong tin tiéu
chuin SMF-28 két hop véi soi bu tan sic DCF da duoc thiét ké
dé dua vao thir nghiém tan xa Raman cudng buc. Cac linh kién
quang tir thu dong di duoc khao sat k§ dé phu hop véi cac bude
song Stokes va budc song tin hi¢u nham thu dugc hé sb khuéch
dai quang t6i wu voi cong suit quang hién c6. Cac két qua
nghién ciru thiét ké, ché tao va khao sat khuéch dai quang
Raman trén tuyén thong tin WDM cho phép c6 thé dua ra dé
Xudt phuong an ché tao loat nho cac thiét bi khuéch dai quang
Raman dua trén cac tiéu chi sau:

- Mang thong tin quang WDM Iudn c6 budc song dinh

thoi sit dung bude song 1508 nm, vi vay khuéch dai
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quang can phai khuéch dai ca tin hiéu nay. Phuong an
t6i wu 1a st dung song bom Raman trong ving 1420-
1430 nm dé khuéch dai tin hiéu quang trong viing 1500-
1520 nm.

Mang théng tin quang WDM c6 budc song chuan dé
dinh dang ludi budc song thong tin, khuéch dai quang
bat budc phai khuéch dai budc song nay voi cudng do
da 16n cho toan tuyén. Cac budc séng bom Raman
trong ving 1450-1470 nm dap tng tot yéu cau nay.

DPé mo rong bang tan khuéch dai quang cho toan dai
1525-1600 nm, ciu hinh bom da budc song can duge
sir dung. Cong suit quang bom cé yéu cau > 300 mW
cho d6 dai soi quang > 30km. Hé s6 khuéch dai Raman
phu thudc bude séng bom 1a théng sb tham khao co ich
cho thiét k& khuéch dai Raman. Két qua so sanh bing
tan khuéch dai Raman khi bom bang budc song 1452
nm va 1470 nm cho thiy hoan toan cé thé méo rong
bang tan khuéch dai quang dén vai chuc nano-mét trong
ving bude song 1550 nm. Pay 1a vu diém chinh va
quan trong cua khuéch dai quang Raman cho thong tin

WDM.

Két hop cac bd khuéch dai quang sgi EDFA va FRA

cho phép nang cao hi¢u ning ctia tuyén thong tin quang
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WDM ca vé bang tan, hé sb tap am NF va diéu chinh
cong suat tin hidu thu.

Két qua md phdng so sanh véi thuc nghiém bo khuéch
dai quang Raman trén tuyén truyén dan thong tin thuc t& néu
trén s€ dugc trinh bay trong Chuong 4 cua ludn an. Ngoai ra,
chuong nay ciing tién hanh thr nghiém bo khuéch dai quang
Raman trén tuyén truyén dan WDM thuc té, cac két qua thu
duogc phan anh réng b khuéch dai ché tao dap ung duoc cac
tiéu chi dat ra nhu hé s6 khuéch dai cao (1én dén 16dB cho buéc
song 1555.36nm), c6 phd khuéch dai phu hop voi cac bod
khuéch dai dang dugc st dung trén tuyén, khuéch dai d@)ng thoi
budc song dinh thoi 1508.6nm (tuy chua cao do ngudn bom co
budc song khac voi ngudn bom dang duoc sir dung trén tuyén

thuc).

CHUONG 3

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

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

Trong chuwong ndy ching t6i dé xuit mot kién trac mang truy
nhap quang thu dong da budc song khoang cach dai (LR-PON)
sir dung k¥ thuat ma hoa bién do phd két hop véi da truy nhap
phéan chia theo ma quang (SAC/OCDMA).
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3.1.1. Nhifu gay ra béi by khuéch dai EDFA

Nhiéu chu yéu trong bd khuéch dai quang 1a nhidu phat xa tu
phat duoc khuéch dai (ASE). Nhidu ASE s& tao ra mot pho nén
rong xung quanh tin hiéu duoc khuéch dai, va ban than ching
ciing dugc khuéch dai khi di qua bo khuéch dai. Vi ASE duoc
tao ra trudc photodiode, né 1am ting ba thanh phan nhidu khac
nhau trong bd thu quang.

3.1.2. Phén tich 1y thuyét

Kién trac mang LR-PON dua trén k§ thuat SAC/OCDMA duogc
minh hoa trong hinh 3.1.

Két cudi duong truyén quang
OLT

Ngudi Ma héa
Ptx
‘
C1

Ngudi Ma héa

t

|
|

Ngudi
dung 1

C2

>
Ptx I\fgufri Méghﬁa
dung K pho K

CK

Thiét bi mang quang
ONU

Cong cong suit K:1
=
Th-3
3
=)
R
3
Chia cong suit 1:K

|
|

Hinh 3.1: So do khéi hé thong mang LR-PON dua trén
SAC/OCDM

3.2. M6 phéng hé thong biang phin mém Optisystem

Trong phin nay chung t6i st dung phan mém OptiSystem dé
md phong hé théng mang LR-PON di duogc dé cap o trén.

3.3. Phin tich cic két qua md phéng va so sanh két qua
v6i ly thuyét
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Céc thi nghiém md phong dugc thuc hién dé nghién cuu anh
hudng cta nhidu ASE va vi tri ciia bo khuéch dai EDFA dén
hiéu nang cua mang truy nhdp quang da budc song LR-PON
dwa trén cong nghé SAC/OCDM. Céc két qua khao sat BER
theo cong suit phat, BER theo vi tri ciia bo khuéch dai, BER
theo s6 luong ngudi diung dong thoi cling nhu hé sb khuéch dai
theo khoang cach truyén dan cho thiy cac két qua mo phong la

hoan toan phii hop vai cac tinh toan 1y thuyét.

3.4. Panh gia hiéu ning ctia hé théng mang khi sir
dung by thu APD

Thay thé bo thu PIN bang cac bd thu photodiode thac lii (APD)
va khao sat cac anh hudng ctia nhidu ASE dén hiéu ning cta hé
thdng nhu trén, ngoai ra chung toi ciing danh gia tim quan
trong cua bd thu APD va tim ra hé s6 khuéch dai dong cia APD
phul hop nhit cho hé thong. Cac két qua tinh toan 1y thuyét va
mod phong cho thiy BER va sb lugng ngudi ding dugc cai thién
dang ké khi st dung bo thu APD (voi hé sé khuéch dai dong
thich hop M=3).

3.5. Két luin chwong

Trong pham vi chuong ndy, ching t6i da dé xuat mot kién triic
mang truy nhédp quang thu dong khoéng cach dai (LR-PONs) sur
dung k¥ thuat mi hoa bién d6 phd/da truy nhap phan chia theo
méd quang (SAC/OCDMA). Dya trén mé hinh mang dugc dé
xuét, chiing t6i di khao sat anh hudng ciia nhidu ASE va cac
loai nhiéu khéc. Theo cic két qua tinh toan va mo phong, dé dat
duoc ti 18 15i bit thap thi bo khuéch dai EDFA nén duoc dat gan
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phia phat (trc OLT) cu thé 1a trong khoang tir 10 dén 20 km tir
OLT véi tong khoang cach tuyén truyén dan 12 90km. Ching toi
cling da khao sat hé thong trong truong hop st dung bo thu 1a
PIN hoac APD va théy ré’lng khi str dung bd thu APD do c6 hé
s6 khuéch dai dong thich hop (M=3) s& cho phép cai thién hiéu
ning cia hé théng. Ngoai ky thuat OCDMA va bo khuéch dai
quang EDFA duoc trién khai hiéu qua trén mang truy nhap
quang da budc song thi bén canh nd con mot cong nghé khac do
1a DWDM va bo khuéch dai Raman ciing gitip nang cao duoc
hiéu ning, ting s6 luong ngudi truy nhap ciing nhu bing thong
va khoang cach cua mang truy nhap, ndi dung nay s€ dugc

ching to6i trinh bay trong Chuong 4 cua luén an.

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

4.1. Xay dung mé hinh mang LR-PON si& dung
DWDM va khuéch dai Raman

Pé khic phuc duge nhuge diém ciia cac hé thong LR-PON di
trién khai nhu trinh bay trong phan dau cia Chuong 4, dong
thoi mo rong dugc bang tan khuéch dai cho hé théng mang.
Ching toi d& xuit mot kién trac mang LR-PON st dung k¥
thuast DWDM (khodng cach budc song 0.4 nm) va bo khuéch
dai Raman phan bd DRA dugc bom bang cong suat thap.
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4.1.1. M6 hinh khuéch dai quang sit dung tan xa
Raman kich thich

Mo hinh 1y thuyét dé giai thich hiéu Gmg tin xa Raman cudng
buic sir dung trong khuéch dai quang dya trén hé thong cac cap
phuong trinh vi phan mé ta sy thay ddi cua cong sudt ngudn
bom, cong suat phat xa ngiu nhién va cong sut tin hiéu khuéch
dai doc theo truc sgi quang (truc z). Cac hé phuong trinh nay co
thé ap dung cho kiéu bom mdt hodc bom nhiéu budc séng cho
khuéch dai Raman, dong thoi ciing chi ra sy anh huéng cua
chiéu bom, chiéu tin hiéu va sy anh huéng cua nhiét do toi bic
xa Raman tu phat duoc khuéch dai (ASE).

4.1.2. Phan tich ly thuyét mé hinh mang dé xuat

Trong phan nay chiing toi phan tich khuéch dai Raman phan b6
trong cac hé théng truyén din DWDM sir dung ca hai cau hinh
bom thuan va bom nguge. Tinh toan cac loai nhiéu gay ra tai bo
thu, tir 46 suy sao ti 1& 16i bit va ti s6 SNR cua hé théng.

4.2. M6 phong hé thong bang phin mém Optisystem
4.2.1. Cat dat mo phong

Trong phan nay chiing ti thiét 1ap mot mo hinh mang DWDM
LR-PON bang viéc sir dung phan mém Optisystem 7 dé so sanh
cong suat nhidu ASE voi cac két qua thuc nghiém trong chuong
2. Trong mo hinh ndy chung t6i st dung mot bo khuéch dai
Raman phan b voi hai co ché bom khac nhau 1a bom thudn va

bom nguoc.
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Hinh 4.1: So do khoi ciia hé thong DWDM sir dung khuéch dai

Raman phén bé
4.2.2. Cac két qua mé phéng

Mo phong duge thyc hién dé danh gia anh huong cua nhidu
ASE, NF, va tan sac mau dén hiéu ning ciia mang trong céc cau
hinh bom khéc nhau. Chiing ta c6 thé thay rang trong trudng
hop bom thuan ca coéng suat nhidu DRA thuin va ngugc déu
nho hon cong suét nhidu trong trudng hop bom nguoc. Nhu vy
bom thuén ¢ nhiéu vu diém hon bom nguoc dimg trén quan
diém ti uu vé nhiéu (ASE). Ngoai ra, so sanh v6i phd ASE cua
bo khuéch dai da ché tao trong chuong 2 ching ta thay rang
ching 1a tuong dong (khoang -35dBm), diéu nay chimg to rang
cac két qua khao sat bing mo phong 1a dang tin cdy va phu hop

v&i thuc nghiém.

Cac két qua khao sat hé ) tap am NF theo chiéu dai cua bd
khuéch dai, BER theo cong suat phat cho hai truong hop c6 va
khong c¢6 nhidu ASE trong cac ciu hinh bom thuin va bom
nguoc cho thidy anh hudng cua nhidu ASE ting trong céc
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truong hop bom ngugc, ngoai ra anh hudng cta tan sic mau

cling ting trong trudng hop bom nguoc va c6 nhiéu ASE.
4.3. Két luén

Trong chuong nay, chung toi dé xuat mo hinh mang LR-PON
sir dung k¥ thuat DWDM va bd khuéch dai quang Raman phan
bb dé tang khoang cach truyén din va 1am phing bing thong do
lgi. Thong qua md hinh dugc khao sat, ching t6i so sanh anh
hudng cua nhidu ASE, hé s6 tap 4am NF va tan sic mau trong

cac cAu hinh bom khac nhau.

Céc két qua mo phong cho thiy cdu hinh bom thuén c¢6 nhiéu
ru diém hon cdu hinh bom nguoc dimg trén quan diém tdi vu
vé nhidu (nhifu ASE). Hé sb tap am NF ciing cho két qua tdt
hon khi cong suit bom ting cao trong c4u hinh bom thuan, diéu
nay la do no it bi anh huong badi tan xa Rayleigh kép, day chinh
12 nhan t& quyét dinh viéc lua chon cac bo khuéch dai Raman
bom bang cong suit thdp (<IW) cho cic cdu hinh mang truy

nhép c6 khoang cach vira phai.
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KET LUAN

Luan 4n tap trung giai quyét van dé nang cao hiéu ning cho
mang truy nhdp quang da budc soéng st dung cong ngh¢ da truy
nhédp phan chia theo ma quang OCDMA, ghép kénh phén chia
theo budc song mat do cao DWDM va céc bd khuéch dai quang
EDFA, khuéch dai quang Raman phan bd dugc bom bing cong
suét thip (<IW). Phan tich anh hudng ctia cac loai nhiéu gay ra
trong qué trinh khuéch dai, hé s6 tap am NF, tan sdc mau, dic
biét 1a nhiu phat xa tw phat dwoc khuéch dai (ASE) lam gi6i
han hiéu ning cta cac hé théng truyén din thong tin quang. Céac

két qua dong gop madi vé mat khoa hoc cua luan an bao gom:

1. Ché tao thanh cong bo khuéch dai Raman, bﬁng viéc khao
sat va do dac thuc nghiém da xay dung dugc cac bo dit liéu
vé cac tham sb cuia bd khuéch dai Raman bom bang cong

sut thip (<1W) ché tao tai Viét Nam.

2. Xay dung duoc co sd 1y thuyét va khao sat bing mod phong
anh huong ciia nhiéu do bo khuéch dai EDFA gay ra
(nhiéu ASE) dén hiéu ning cua mang truy nhap LR-PON
da budc song dua trén ky thuat OCDMA.

3. Xay dung duoc co so 1y thuyét va khao sat baing mé phong
anh huong cta nhidu do bo khuéch dai Raman gy ra

(nhiéu ASE va NF) va tan sic mau dén hiéu ning cua
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mang truy nhdp LR-PON sur dung k¥ thudt DWDM trong

cac cau hinh bom khac nhau.

Bén canh nhitng két qua dat duogc, chic chdn luan an khong
tranh khoi nhimg thiéu s6t. Nghién ciru sinh rat mong nhan
dugc nhidu y kién dong gop hitu ich cua cac thiy, cd va ban

doc.
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