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LO1 MO PAU

Cung véi su phat trién khdng nging cua khoa hoc cdng nghé, nhu cau phat trién
da dang cua céc dich vu vién thdng. Bén canh viéc cung cap céc dich vu vién théng
nhu thoai, internet, cac trd choi twong tac, truyén hinh hoi nghi, kénh thué riéng, mang
riéng 4o, dich vu FTTX... va cac thé hé cong nghé mang 2G, 3G, 4G,... Dan t6i nhu
cau phat trién cac dudng truyén bang rong dé dap tng duoc sy né phong dung luong
truyén tai trong hé thong thong tin.

Trong hé théng thong tin, hé thong thong tin quang déng vai trd rat quan trong,
gitip dam bao truyén tai dung luong Ion trén khoang cach xa va tiét kiém chi phi dau
tu. Cac céng nghé truyén dan soi quang, cdng nghé truyén din SDH dung lugng
2.5Gbit/s, 10Gbit/s ra doi tir rat lau, xong dan dan trg nén 13i thoi do khong dap tng
duoc c4c nhu cau truyén tai dung lwong 16n ¢& vai trim Gbit/s hodc vai Thit/s va chi
phi xdy dung mo rong dung lugng cap sgi quang Ién cao.

Cong nghé tach/ghép kénh theo budc song WDM ra doi da giai quyét dugc phan
nao bai toan dung lugng truyén tai bang rong. Xong lai vap phai mot s6 han ché vé sb
luong budc song tach/ghép duoc truyén tai, khoang 80 budc song ¢ dai band C, vé
dung luong truyén tai trén mdi budc soéng. Do cdng nghé san xuat cac mach tich hop
IC ban dan hién tai, cac IC ban dan bi han ché vé ning luc xir Iy. Nén sé rat kho dé cé
thé tang dung luong truyén tai trén mdi budc séng néu khong cd cac cong nghé san
xuat IC béan dan tién tién mai hozc chat ban dan mai ¢é thuge tinh pha hop.

Ngay nay, nho cac ki thuat diéu ché tién tién ma c6 thé giup 1am ting dung lugng
truyén tai trén mdi budc song tir 10Gbit/s, 40Gbit/s, 100Gbit/s va di dugc thuong mai
hoa. Gan day mot s6 hang san xuat thiét bi d thir nghiém thanh cong ky thuat diéu ché
méi va tao ra dung luong truyén tai 400Gbit/s trén mdi budc song va dang dugc dua
vao thuong mai hda. Viéc ap dung cac ky thuat diéu ché trén nén céng nghé san xuat
IC ban dan hién tai, da gitp 1am giam cac chi phi dau tu ha ting cho cac nha mang.
Nhu 1a c6 thé nang cap hé théng truyén din WDM hién tai tir dung lugng 10Gbit/s
trén mdi budc séng lén 40Gbit/s hoac 100Gbit/s trén mdi budc song, bang cach van
giit nguyén ha tang thiét bi tach/ghép budc séng va nang cap thay thé phan thiét bi
chuyén ddi budc soéng dung lwong 40Gbit/s hoic 100Gbit/s. Trong hé thdng thdng tin
quang, cdng nghé truyén tai budc séng 100Gbit/s sir dung ky thuat diéu ché DP-QPSK
(hay PM-QPSK) dé truyén tai 100Gbit/s dit liéu vao mot budc séng & band C va giri
t6i hé théng tach/ghép bude song dé truyén/nhan téi dau xa.

Tai Viét Nam, mot s6 nha mang nhu VNPT, Viettel di va dang trién khai hé thong
truyén dan quang budc séng 100Gbit/s cua cac hing nhu Huawei, Alcatel, Nortel...
Cong nghé truyén tai budc song 100Gbit/s nay dwgc cac nha san xuit chao ban san
pham véi nhiéu nhitng wu diém: giam gia thanh truyén tai trén mdi bit di liéu, doi hoi
OSNR thép, kha nang truyén tai xa hon, d6 tin cay cao hon...
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Trong dé tai ndy, nghién ciru vé sy anh huéng cua nhidu trén duong truyén hay su
anh huong cua ty so tin hiéu — nhiéu tai ty 1¢ 18i bit caa tin hiéu trong hé théng truyén
tai bugc séng 100Gbit/s, sir dung k¥ thuat diéu ché DP-QPSK. Noi dung dé tai duoc
trinh bay trong 4 phan:

CHUONG 1: TONG QUAN VE HE THONG THONG TIN QUANG
CHUONG 2: KY THUAT PIEU CHE

CHUONG 3: THONG TIN QUANG 100 Gbps

CHUONG 4: MO PHONG VA PANH GIA BER CUA HE THONG

TRUYEN DAN QUANG SOI KET HOP 1a mét mé hinh hé théng thdng tin quang
ma trong d6 hai tir KET HOP 1a phuong phap diéu ché va tach séng quang theo mo
hinh Coherent. Coherent 1a phuong phap ma b thu quang s€ cong tin hiéu quang tai
Véi tin hiéu quang giao dong ndi, sau d6 tach tin hiéu quang tong nay thanh tin hiéu
dién, & phia phat tin hiéu duoc diéu ché & mién quang. DP-QPSK [a mot dang diéu ché
phan cuc kép tir hai tin hiéu diéu ché QPSK. Trong dé tai nay xin dugc sir dung nhiéu,
giit nguyén thuat ngir Coherent va DP-QPSK dé néi dén k¥ thuat diéu ché tao ra bang
thong 100 Ghit/s.

Do thoi gian va kién thirc con han ché nén khdng thé tranh khoi nhitng thiéu sot,
rat mong nhan duoc nhirng sy bo sung, gop ¥ cua quy thiy co ciing nhu ban doc quan
tam dé dé tai nay duoc hoan thién hon.

Xin giri 10i cam on chan thanh dén thay T.S Nguyén Nam Hoang, ngudi di tan
tinh chi bao, huéng dan, b6 sung kién thirc cho t6i trong thoi gian vira qua. Xin chan
thanh cam on cac thay c6 Khoa Dién Tir - Vién Thong, Truong Pai Hoc Cong Nghé -
PH Qubc Gia Ha Noi da trang bi kién thic va gitp do dé hoan thanh dé tai nay.

Ha Ngi, ngay ... thang ... nam 2016
Hoc vién

Lé Vian Quynh
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CHUONG 1. TONG QUAN VE HE THONG THONG TIN QUANG
1.1.  Co ban vé hé théng thdng tin quang.

Ngay nay, song song véi su phat trién caa x& hoi, nhu cau thdng tin lién lac cua
con ngudi 12 khong thé thiéu. Cung véi no 1a sy phét trién caa khoa hoc ky thuat, da
tao ra nhiéu cac loai dich vu vién thong nhu: thoai, truyén hinh hoi nghi, tro choi truc
tuyén... Dong gdp vao sy phat trién to 16n do phai ké dén sy ra doi cua cap soi quang
va k¥ thuat thong tin trén sgi quang.

Théng tin quang 1a mot phuong thic dung &nh sang dé truyén din thong tin. Hé
théng théng tin quang bao gom mot dau phat dung dé mad hoa théng tin thanh tin
hiéu anh sang, kénh truyén dung dé truyén tin hiéu dén dich, dau thu dung dé tai tao lai
thong tin tir tin hiéu nhan duoc. Kénh truyén si dung 1a cap soi quang 1a méi truong
mang thong tin tir tir mot diém dén mot diém khac dudi dang anh sang.

oN OoN oN

INPUT DATA UL
M |:P TRANSMITTER :> LIGHT
CIRCUITRY SOURCE
101010
FIBER OPTIC CABLE
o o on . »| ReceEnErR
DETECTOR CIRCUITRY :>J_U—U—l—
JUUL L 0100
OFF OOFF OFF
OUTPUT DATA

Hinh 1.1. Hé thong thong tin quang dién hinh,

Hinh 1.1 biéu thi mot hé thong thong tin quang dién hinh. Dit liéu dau vao (Input
data) 1a céc tin hiéu s6 duoc gui t6i mach phat tin hiéu, sau d6 duoc chuyén d6i tin
hiéu tir dién thanh tin hiéu quang va phat vao méi trudng truyén tin 12 soi quang va gii
t6i dau thu va duoc chuyén doi tir tin hiéu quang thanh tin hiéu dién va duoc khéi phuc
lai giéng vai tin hiéu ban dau.

Céu trtic don gian caa mot hé thong thdng tin quang c6 thé md ta don gian gom:

- B phat quang E/O: c6 vai trd chuyén doi tin hiéu dién thanh tin hiéu quang
va phat va soi quang. Nguoi ta thuong goi khéi E/O nay la ngudn quang. Hién
nay, linh kién dién tr dwoc st dung 1am ngudn quang la LED va LASER.

- B#é thu quang O/E: c6 vai trd chuyén dbi tin hiéu quang thu duoc thanh tin
hiéu dién gdc gidng véi tin hiéu & phia phat. Cac link kién dién t hién nay
thuong duoc sir dung dé 1am chirc ning nay 1a PIN va APD va chung thuong
duoc goi la linh kién tach séng quang.

- MB&i trwong truyén tin: 1a cap soi quang
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Tin hiéu quang

Tin hiéu dién / i \ Tin hiéu dién
ngo vao ngo ra
\

E/O () O/E >

Bo phat quang Cap sgi quang Bo thu quang

Hinh 1.2. Cdu trlc don gian cua hé théng théng tin quang don hiréng
Dé thuc hién truyén dan gitta 2 diém, can phai co 2 soi quang. Hinh 1.2 mé ta cau
truc don gian cua hé théng théng tin quang don hudng.
Néu cu ly truyén théng tin qua dai thi trén tuyén c6 thé lap thém mot hoic nhiéu
cac bo lap tin hiéu. Cau trac don gian caa mot bo Iap tin hiéu duoc minh hoa ¢ hinh
1.3.

——» O/E —|>— E/O >

Hinh 1.3. Cdu trlic don gian cua bé lap tin hiéu don hwéng

Tram l3p: khi truyén trén soi quang, cong suat cua tin hiéu quang bi suy yéu dan
(do c6 suy hao trén soi quang). Néu cy ly truyén thong tin quéa dai thi tin hiéu quang
nay cd thé khong dén dugc dau thu hoic dén dau thu voi cong suat rat thap va dau thu
khoéng nhan dang dugc tin hiéu, 1Gc nay ta phai st dung cac tram lap & trén duong
truyén. Chitc ning chinh ctia tram Iap 1a thu nhan tin hiéu quang da bi suy giam, tai tao
chdng trg lai thanh tin hiéu dién. Sau d6 stra dang tin hiéu dién nay, khuéch dai tin
hiéu da sira dang, chuyén doi thanh tin hiéu da khuéch dai thanh tin hiéu quang. Va
cudi cung dua tin hiéu quang nay 1én dudng truyén dé truyén tai tiép téi dau thu. Nhu
vay tin hiéu ¢ ngd vao va ngd ra cua tram lap déu la tin hiéu quang va trong tram lap
c6 ca khéi chuyén doi quang-dién va dién-quang.

CA4c cira so truyen dan:

Truyén dan soi quang str dung cac budc séng co phd dién tir gan ving hong ngoai,
phia trén ving &nh sang nhin thiy va khéng thé nhin thdy duoc bang mat. Cac budc
séng sir dung trong truyén din quang dién hinh 1a 850nm, 1310nm, 1550nm va
1625nm. Ca hai loai LASER va LED duoc sir dung dé lam nguon phét anh sang vao
s¢i quang. Laser thuong duoc st dung cho cac bugc séng 1310nm hozc 1550nm trong
ung dung s¢i don mode. LED dugc sur dung cho budc song 850nm hoac 1310nm trong
ung dung soi da mode.

Dai cua cac budc song 1a dai ma trong soi quang né 1am viéc tét nhat. Mdi dai
duoc hiéu 12 mot cua s6 1am viéc. Mdi cira 6 1 vi tri trung tAm khi budc séng hoat
dong binh thuong.
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1.2. Co ban vé sgi quang [1]

1.2.1. Suy hao trén s¢i quang
Suy hao trong hé théng dugc biéu dién nhu sau:

Loss = 22t (1.1)
Pin
Trong do, P;, la cdng suat di vao soi cap va P,,; la cong suat cho phép ¢ dau ra
cua soi cap quang. Dé thuan tién, suy hao soi quang thuong dugc biéu dién dudi dang

decibels (dB) va dugc tinh nhu sau:

Loss g = IOIog% (1.2)

Suy hao trong soi quang ciing duoc biéu diélrrll la (dB/km), tirc la suy hao trung binh
trong soi quang dai 1 kilomet. Cong suat quang trong cac hé théng soi quang thuong
dugc biéu dién 1a dBm, d6 1a do decibel dugc quy vao ImW.

Véi cong suat quang dugc biéu dién 1a dBm, cong suét 16i ra moi noi trong hé
thdng c6 thé duoc xac dinh don gian boi biéu didn cong suat 16i vao 1a dBm va trir di
c4c thanh phan suy hao riéng 1¢ ciing duoc biéu dién 12 dBm.

Céac nguyén nhan chinh gay ra suy hao trong s¢i quang la:

- Do hép thu bai vat liéu hay tap chat ciu tao nén sgi quang

- Do tan xa tuyén tinh

- Do bj ubn cong

1.2.2. Céu tao co ban ciia sgi quang

L&p boc

Hinh 1.4. Cdu triic co ban cua sei quang

Ung dung hién tuong vat Iy phan xa toan phan, soi quang dwoc ché tao co ban
gom ¢6 2 16p nhur sau: cau tric tong quéat duoc minh hoa trong hinh 1.4.
- Lép trong cung (16p 18i) c6 dang hinh tru tron, c6 dudng kinh d = 2a, 1am bang
thay tinh c6 chiét suat n1 duoc goi 12 18i sgi (core)
- L&p thi 2 cling c6 dang hinh tru bao quanh 15i nén duoc goi la I6p vo boc
(cladding) c6 duong kinh D = 2b, 1am bang thay tinh hodc nhya plastic, c6
chiét suat n2 < ni.

Hinh 1.5. Co ché &nh sang lan truyén trong sei quang
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Anh sang truyén tir ddu nay dén dau kia cua soi quang bang cach phan xa toan
phan tai mat ngdn cach gitr 16i va 16p vo boc, va duoc dinh hudng trong 16i. Hinh 1.5
minh hoa co ché anh sang lan truyén trong soi quang.

1.2.3. Céc loai s¢i quang
C6 3 loai cap soi quang co ban duoc sir dung trong hé thdng théng tin quang:

a. Soi da mode chiét suat bac

Index
. , profile
Step-index multimode o
m
— - — ¥
- ’,' —— . —— _“" ;_'.:‘— - e N o ._:

Hinh 1.6. M0 td Soi da mode chiét sudt bdc

Soi da mode chiét suat bac cd chiét suat khic xa bién d6i tir thap - cao - thap khi
duoc tinh tir 16p vo (cladding) — 18i (core) — vo (cladding). Thuat ngir “da mode” noéi
1én thuc té rang c6 nhiéu mode lam viéc trong sgi quang. Soi da mode chiét suat bac
duogc sir dung trong céc tng dung yéu cau téc do bit thip va bang rong (< 1GHz) trén
khoang cach ngan (<3 km) nhu 1a mang noi bo (LAN) hoic 1 mang duong truc c&
nho.

b. Sei don mode chiét suat bac

Step-index single mode o

Hinh 1.7. M@ td soi quang don mode chiét sudt bdc
Soi don mode chiét suat bac cho phép chi mot duong, hoic mode cho anh sang di
qua soi quang, duoc minh hoa trong hinh 1.7. Trong soi da mode chiét suat bac, s6
mode M,, truyén cd thé duoc tinh xap xi 1a:

V2

Mn = ? (13)
O day V duoc hiéu 1a tan sb, hay V-number, lién quan dén kich thudc soi quang,
chi s6 khic xa, va bugc song. V-number duoc cho bai phuong trinh sau:

2ma

v=[Zxn.4 @)

N.A = n,2 —n,2 = n;\/24; (1.5)
Trong phuong trinh trén, a la ban kinh 18i soi quang, A 1a budc song lam viéc, N.A
la khau d6 sd, n 1a chiét suat 16i, n, 1a chiét suat 16p vo va A 1a chénh 1éch chi sé khidc
Xa gitra 161 va vo.
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Céc soi don mode dugc sir dung trong cac tng dung ma trong d6 yéu cau suy hao
tin hiéu thap va yéu cau toc do dit liéu cao, nhu 13 trong cac tuyén duong dai ma o dé
khoang cach lap hay 1a khuéch dai dat dugc t6i da. Bai vi soi don mode cho phép chi
moét mode hay tia sang dé truyén (mode bac thip nhat), né khong bi tan sic mode
gidng nhu soi da mode va vi thé c6 thé duoc sir dung cho cac ung dung bing rong cao
hon. Tuy nhién, thong thuong soi don mode khong bi anh huong béi sy tan sac mode,
& tde do dix lidu cao hon sy tan sic mau c6 thé gigi han hiéu ning ctia duong truyén.

Han ché chinh cua soi don mode 13 twong d6i kho khan dé lam viéc vi kich thudc
16i cia N6 nho. Soi don mode duoc str dung chi véi ngudn phat laser.

c. Sei chiét suat giam dan
Graded-index (parabolic profile) no

Hinh 1.8. Miéu ta sei quang chiét sudt giam dan

Soi chiét suat giam dan 1a mot su rang buoc gitta thong sé do rong 16i va khau do
s6 N.A cta soi da mode va bang rong cao hon cua soi don mode. V&i su tao thanh cua
16i ma chiét suat khiic xa giam xudng theo hinh parabol tir trung tim 15i dén v, anh
séng truyén qua trung tdm cua soi ¢ chi s6 chiét suit cao hon anh sang truyén trong
cac mode cao. Piéu nay nghia la cic mode cao truyén nhanh hon cic mode thap hon,
n6 cho phép “ruot theo” tdi cac mode thap, vi thé 1am giam sé luong cua Sy tan sic
mode, tirc 1a 1am tang bang thong cua s¢i quang.

1.2.4. Sw tan sac

Trong quang hoc, sy tan sac Ia hién twong ma van téc pha caa song anh sang phu
thudc vao tan sé caa n6 hoic 1a khi van téc nhdm phu thudc vao tan sé. Phuong tién
truyén thong tin c6 mot thudc tinh 12 théng sé tan sic, va gay ra nhiéu anh huong khac
nhau. Sy tan sic d6i khi duoc goi 12 su tdn sic mau dé nhan manh tinh chat phu thudc
budc sdng cua nd hoic sy tan sic van toc nhém caa nd dé 4m chi quy luat van téc
nhom. Sy tan sic hau nhu thuong dugc miéu ta cho cic séng anh sang, nhung néd cd
thé xay ra cho nhiéu loai séng ma tuong tac véi méi trudng hay truyén xuyén qua mot
moi truong tur tinh khong déng déu, nhu 1a cac song am thanh. Sy tan sac vat liéu duoc
do bai s6 Abbe cua né V, véi cac sé Abbe thap twong ng Vi su tan sac manh.

Sy tan sac, duoc biéu thi bai s6 hang At, dugce dinh nghia nhu dai rong xung trong
soi quang. Khi mot xung anh sang truyén qua soi quang, cac yéu té nhu 1a khau do sd,
duong kinh 18i, chi sé khuc xa, budce song va do rong tia laser 1a nguyén nhan gay ra
xung bi rong ra.

Sy tan sic anh huong téi nang luc cua hé théng thong tin soi quang duoc hiéu nhu
1a “nhiéu lién Ky tu — intersymbol interference”, hinh 1.10.
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Input pulse Output pulse

| filly

L iy TS e g e

Hinh 1.9: Sy tan sdc 1am xung b; réng ra.

Nhiéu lién ky tu xay ra khi xung bi rong ra do nguyén nhan béi sy tan sac 1am cho
cac xung & dau ra cua hé théng bi chong I1én nhau nén khéng thé nhan dang dugc cac
xung nay. Néu mot xung dau bi trai rong ra ma khi thay doi téc do cia dau vao vuot
quéa giGi han sy tan sac cua soi quang, dit liéu dau ra s& khong thé nhan dang duoc.

Input Input
Output Output
Normal pulses Intersymbol interference

Hinh 1.10. Nhiéu lién ky tu
1.2.5. Céc loai tan sic
Su tan siac duoc chia thanh 2 loai: tdn sac mode va tan sic mau
a. Tan siac mode
Téan sic mode dugc dinh nghia 1a khi xung trai rong ra do thoi gian tré giira cac
mode bac thap hon va cac mode cao hon.
Tén sac mode kho khic phuc trong soi quang da mode, 12 nguyén nhan bang thong
bi gigi han nhung n6 khdng phai 1a van dé trong soi quang don mode & dé chi mot
mode cho phép truyén di.

Low-
order

n
m0de clad

)’ﬁ\‘\ e ——

e
order I Nelad = Neore
mode

Hinh 1.11. Mode truyén trong sei quang
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b. Tén sic mau

Tén sic mau 1a xung bi trai rong ra do thuc té cac budc song khac nhau cua anh
séng truyén ¢ cac van toc anh sang khac nhau qua soi quang. T4t ca cac ngudn sang,
laser ¢ do rong tia han ché. Bai vi chiét suat khic xa cua soi thuy tinh phu thudc vao
budc song, cac budc song khac nhau truyén ¢ van tdc khac nhau.

Téan sac mau gom c6 2 phan: tan sic vat liéu va tan sic dng dan

Atisn sic = Atvét liew T Atc”)'ng din (1.6)

Tén sac vat liéu c6 budc song phu thudc vao chiét suat khic xa cua thuy tinh. Tan
sic vat liéu va tan sic dng dan cé thé c6 dau nguoc lai tly thude vao budc song truyén
dan. Trong truong hop soi quang don mode chiét suat bac, hai loai tan sic nay triét
tiéu 13n nhau ¢ budc séng 1310nm, goi la khong tan sic. Piéu nay cho phép truyén
thong tin bang thong rat cao ¢ budc séng 1310nm.

Tuy nhién, mit han ché 1a mac du tan sic téi thiéu ¢ 1310nm, con suy hao thi
khong. Soi thiy tinh ¢6 suy hao téi thiéu ¢ 1550nm. Két hop véi thuc té cac bo khuéch
dai quang tron erbium hoat dong & dai budc song 1550nm, néu thudc tinh tan sic
khong cua 1310 nm duoc dich tring vai cira so truyén dan 1550 nm, thong tin bing
rong duong dai sé kha thi.

Véi y tuong nady, cac soi dich chuyén ving tan sic khong da duoc phat trién.

Khi dé y dén tan sac tong tir nhiéu nguyén nhan khéac nhau, ching ta co thé tinh gan
dung tan sic tong boi:
Ateorar = [(At)? + (Atp)? + -+ + (A1 (L7)

O day, At,, biéu thi cho tan sic do cac thanh phan khac nhau trong hé thdng. Dung
lwong truyén din cua soi quang thudng duoc biéu dién dudi dang (‘bing thong’ x
‘khoang cach’).

Bing thong gan dung cua soi quang co thé lién quan téi tan sic tong theo quan hé
sau:

BW = 0.35/At,y.y  (L.8)

1.3. Ghép kénh phan chia theo buéc song (WDM)

Muc dich ctia ghép kénh 1a chia sé bang thong cuia kénh truyén dan don 1¢ gitra céc
nguoi dung khac nhau. Trong ghép kénh phan chia theo buéc song, mdi kénh dit ligu
dugc phat di str dung mét budce séng anh sdng khac nhau (mau khéac nhau). Véi viéc sir
dung budc séng khac nhau cho mdi kénh, s& ¢ nhiéu kénh c6 thé duoc phat di qua
cuing soi quang ma khong bi nhiu. Phuong thirc nay duoc sir dung dé lam ting dung
lugng cua cac hé thdng soi quang hién tai. Mdi kénh dix lieu WDM gdm c6 mot ngudn
dit liéu don hodc mot sy két hop cua nguon dir liéu don va mot TDM (ghép kénh phan
chia theo thoi gian).

Bo khuéch dai quang tron Erbium 12 mot bo khuéch dai dugc sir dung dé nang
muc phd cua tin hiéu Ién tir ving 1530 nm t6i 1570 nm. Khi né duoc bom béi mot
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ngudn laser bén ngoai c6 budc séng 980 nm hodc 1480 nm, do loi tin hiéu cé thé cao
c& 30dB (1000 lan).

-

. 4 N\ y ! i Data out
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Hinh 1.12. Ghép kénh phdn chia theo budc séng.

Bai vi EDFA cho phép tin hiéu duoc tai tao lai ma khéng can chuyén ddi ngugc
thanh tin hiéu dién, 1am cho céc hé théng tré nén nhanh hon va tin cay hon. Khi sir
dung két hop véi ghép kénh phan chia theo budc séng, cac hé thong soi quang co thé
truyén maot luong 16n thdng tin trén khoang cach xa vai do tin cay rat cao.

Ghép kénh phéan chia theo mat do budc song (DWDM — Dense wavelength-
devision multiplexing) cho phép truyén tai nhiéu budc séng gan nhau qua cing mot
soi quang. Céc budc song twong Gng Voi tan sb f, ma to chac vién thong quoc té (ITU
— international telecommunications union) dinh nghia khoang céch tan sé chuan héa
Af 14 100 GHz, duoc chuyén d6i thanh khoang cach budc séng A2 13 0.8 nm.

Tiéu chuan trén tuan theo mdi quan hé: AL = ’I}ﬂ

Céc hé théng DWDM lam viéc & cia s6 1550 nm bai vi cac dic tinh suy hao thap
cua thay tinh ¢ 1550 nm va thuc té cac bo khuéch dai soi quang tron erbium 1am viéc
& dai 1530 nm dén 1570 nm.

Bang cac budc song chuan hoéa caa ITU (bang 1.1) chi ra mdi budc song duoc
phat di trong hé thong DWDM c6 tan sé cach nhau 100 GHz, céc hé théng hién tai
dang phat trién da chung minh rang c6 thé giam khoang cach kénh xuéng 50GHz (<
0.4 nm). Khi khoang céach kénh giam xuéng, sé kénh c6 thé duoc phat di ting 1én vi
thé 1am ting dung luong truyén dan caa hé théng hon nita.

Central Central
Frequency Wavelength

(THz) (nm)

196.10 1528.77 195.00 1537.40 193.90 1546.12 192.80 1554.94
196.05 1529.16 194.95 1537.79 193.85 1546.52 192.75 1555.34
196.00 1529.55 194.90 1538.19 193.80 1546.92 192.70 1555.75
195.95 1529.94 194.85 1538.58 193.75 1547.32 192.65 1556.15
195.90 1530.33 194.80 1538.98 193.70 1547.72 192.60 1556.55
195.85 1530.72 194.75 1539.37 193.65 1548.11 192.55 1556.96
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195.80 1531.12 194.70 1539.77 193.60 1548.51 192.50 1557.36
195.75 1531.51 194.65 1540.16 193.55 1548.91 192.45 1557.77
195.70 1531.90 194.60 1540.56 193.50 1549.32 192.40 1558.17
195.65 1532.29 194.55 1540.95 193.45 1549.72 192.35 1558.58
195.60 1532.68 194.50 1541.35 193.40 1550.12 192.30 1558.98
195.55 1533.07 194.45 1541.75 193.35 1550.52 192.25 1559.39
195.50 1533.47 194.40 1542.14 193.30 1550.92 192.20 1559.79
195.45 1533.86 194.35 1542.54 193.25 1551.32 192.15 1560.20
195.40 1534.25 194.30 1542.94 193.20 1551.72 192.10 1560.61
195.35 1534.64 194.25 1543.33 193.15 1552.12 192.00 1561.42
195.30 1535.04 194.20 1543.73 193.10 1552.52 191.90 1562.23
195.25 1535.43 194.15 1544.13 193.05 1552.93 191.80 1563.05
195.20 1535.82 194.10 154453 193.00 1553.33 191.70 1563.86
195.15 1536.22 194.05 1544.92 192.95 1553.73 191.60 1564.27
195.10 1536.61 194.00 1545.32 192.90 1554.13 191.50 1564.68
195.05 1537.00 193.95 1545.72 192.85 1554.54 191.40 1565.09

Bang 1.1. Bang budéc séng chudn héa cua ITU. [2]
1.4. Ngudn phéat quang

C6 2 loai ngudn phat anh sang co ban duoc sir dung cho soi quang: LD (laser
diode) va LED (light-emitting diode). Mdi loai c6 nhiing uu diém va nhugc diém cua
no duoc liét ké trong bang dudi day.

Pic diém LED Laser
Cong suat dau ra Thap hon Cao hon
Do rong pho Rong hon Hep hon
Khau d6 sb Lén hon Nho hon
Toc dd Cham hon Nhanh hon
Gia Ré Dat
Hoat dong dé dang Dé hon Khoé hon

Bang 1.2. So sanh LED va Laser

Céc ngudn phat quang phai lam viéc trong céc ctra so truyén dan suy hao thap cua
sgi thuy tinh. LED thong thuong duoc sir dung ¢ cac budc song 850 nm va 1310 nm,
trong khi laser dugc str dung chi yéu ¢ 1310 nm va 1550 nm.

LED: thuong sir dung trong cac hé théng cé tdc do dir liéu thap hon, hé théng soi
da mode khoang cach ngan hon béi vi gigi han bang thong vén ¢ cua nd va cong suat
dau ra thiap hon. Chung duoc str dung trong céc ting dung ma téc do dir liéu ¢& hang
tram MHz trai nguoc vai toe do dit liéu cua laser 1a GHz.

LD (Laser diode): duoc st dung trong cac tng dung ma yéu cau khoang céch
truyén dai hon va téc do dit lidu cao hon. Bai vi LD c6 cong sut ddu ra cao hon LED,
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n6 c6 kha ning truyén thong tin trén khoang cach xa. Do dé, thuc té LD c6 d6 rong
phd hep hon, no c6 thé dap ng truyén dat bang thong cap trén khoang cach dai.

4 -
=
T 3l Laser
2
a
5 21
=3
< LED ~a
14
fa— Threshold
1

50 100 150 200 250
Drive current (mA)

Hinh 1.13. Piéu khién dong va cong sudt dau ra cua LED va laser.

Trong cé&c tng dung ghép kénh phén chia theo budc song ma trong d6 mot vai
budc song duoc phat di giam xudng trong ciing mot soi quang, d6 6n dinh cua ngudn
phét tro nén bi gidi han. N6 thuong doi hoi mach dién phuc tap va co cau phan hoi dé
phét hién va chinh xac su thay d6i budc song.

Tuy nhién, truyén dan téc do cao sir dung LD thudng c6 nhiéu hiéu qua hon nhitng
nhugc diém va thém vao do6 1a chi phi dat.

1.5. B¢ tach song quang

Responsivity (r)

90% _- 10%

10 _--Quantum _-~

| 1 |

1 1 1 1 1
1000 1200 1400 1600 1800

Wavelength (nm)
Hinh 1.14. Pdp g pho cua bé tach séng quang.

1
600 800

Muc dich ctia bo tach song quang 1a dé chuyén doi &nh sang phat ra tir soi quang
tha thanh tin hiéu dién. Viéc chon b tach séng quang phu thudc vao mot vai yéu td
gom budc song, sy dap tng nhanh, va tc do hay thoi gian 1én (rise time). Hinh 1.14
miéu ta cac loai bo tach séng khac nhau va dap tng phé cua ching.
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Qua trinh ma 4nh sang dwgc chuyén d6i thanh tin hiéu dién 1a nguoc lai véi qua
trinh tao ra anh sang. Anh sang dua téi bo tach song tao ra mot dong dién nho ma duoc
khuéch dai boi mot mach bén ngoai. Cac photon lién tuc kich thich cac dién tr tir viing
héa tri toi ving dan dién, két qua 1a tao ra mot cap dién tir (electron) 13 tréng.

Amplifier

Current

. | ’
gt ™ Output
™ ZS Detector circuit
V] —
Bias
voltage

Hinh 1.15. Mach khuéch dai tich séng quang dién hinh,

Dudi anh hudng cua dién ap bias cac phan tir mang nay di chuyén qua vat liéu va
tao ra mot dong trong mach dién ngoai. Mdi cap dién tir 16 tréng duoc tao ra, két qua
& mdt dong chay dién tir trong mach dién. Thong thuong dong dién & muc nho va doi
hoi mét vai sy khuéch dai duoc thé hién trong hinh 1.15.

Cac photodetector phé bién nhat 1a PIN va APD. Két cau vat liéu cua thiét bi quyét
dinh d6 nhay budc song. Thong thudng, c4c thiét bi thach anh dwoc st dung cho tach
s6ng trong ving phd nhin thiy duoc; Tinh thé InGaAs duoc sir dung trong ving phd
gan vung hdng ngoai gitra 1000 nm va 1700 nm, va germanium PIN va APD duoc st
dung gitra 800 nm va 1500 nm.

Tach song quang alrmo)c song XSV{;”Q Dong toi (nA) | Rise time (ns)
Thach anh PN 550-850 0.4-0.7 1-5 5-10

Thach anh PIN 850-950 0.6-0.8 10 0.070

InGaAs PIN 1310-1550 0.85 05.-1.0 0.005-5
InGaAs APD 1310-1550 0.80 30 0.100
Germanium 1000-1500 0.70 1000 12

Bang 1.3. Pdc diém bé tdch séng quang dién hinh.

- Pap ung (Responsivity): ty 1¢ cua dong dién voi cong suat quang dau ra caa bo
tach song.

- Hiéu suat quang tr (Quantum efficiency): ty Ié cia sb dién tir duoc sinh ra boi bo
tach sdng vai sé photon téi b tach séng.

- Hiéu suat quang tir = (s6 hat dién tr)/photon

- Dong tdi (Dark current): tong dong dién dugc sinh ra boi bo tach song khi khong
c6 anh sang dua vao. Dong tdi ting 1én khoang 10% d6i voi mdi 1an nhiét do ting
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Ién 1°C va tang lén nhiéu hon véi Ge va InGaAs ¢ cic budc song dai hon va véi
thach anh & cac budc soéng ngan hon.

Thoi gian dap @ng (Response time): thoi gian yéu cau b tach song dé dap wng tin
hiéu dau vao quang. Thoi gian dap ¢ng lién quang t6i bang thong cua bo tach song
BW = 0.35/tr.

Trong d6, tr 1a rise time cua thiét bi. Rise time 1a thoi gian doi hoi b tach song 1én

Vi gia tri 12 63,2% cua trang thai doc bén viing cudi cuing cua no.

1.6.

Két luan chwong 1

Tir nhitng noi dung da trinh bay & trén, cd thé tom tit lai cac dic diém chinh cua

mot hé thong thong tin quang bang rong dién hinh nhu sau:

Bo phat tin hiéu quang

Thuc hién chuyén doi tin hiéu dién thanh tin hiéu quang va phat vao kénh truyén
Ngudn phat: laser

Str dung cac ki thuat didu ché, dé dua dit liéu nguoi dung gui vao kénh truyén va
truyén t6i bo thu quang. Ky thuat diéu ché 1a dic trung dé chi ra rang hé théng co
thé dat duoc toc do kénh truyén 1a bao nhiéu thong tin duoc truyén di.

Bo thu tin hiéu quang

Thu nhan tin hiéu quang tir kénh truyén, chuyén doi nguoc lai tin hiéu quang thanh
tin hiéu dién

Ung dung ky thuat giai diéu ché twong tmg dé khdi phuc lai tin hiéu goc dugc phat
di

Kénh truyén théng tin

Cép soi quang
Suy hao quang: 1am suy giam tin hiéu quang qua kénh truyén
Sy tan sac: 1am cho tin hiéu quang bi bién dang, gay nhiéu Ién tin hiéu quang

K§ thuat ghép kénh theo buéc song

Lam ting biang thong truyén tai trén soi quang, bang cach tach/ghép nhiéu budc
s6ng va truyén tai dong thoi trén kénh truyén

Ngoai ra, nho cac bo khuéeh dai soi quang tron EDFA gidp 1am khuéch tai tin hiéu
quang trén kénh truyén
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CHUONG 2. KY THUAT PIEU CHE
2.1, Giéi thigu

Trong dién ttr, diéu ché 1a qua trinh bién ddi cua mot hodc nhiéu thudc tinh cua
mét chu Ky dang s6ng tan sb cao duoc goi 1a tin hiéu séng mang véi mét tin hiéu diéu
ché ma thuong chia thong tin dugc truyén di. Muc dich cua diéu ché thuong 1a cho
phép tin hiéu séng mang truyén tai thong tin trong tin hiéu diéu ché téi mot vai dich
dén. Tai cac diém dich, mot qua trinh giai diéu ché tao ra tin hiéu tir séng mang da
dugc diéu ché. Ba thdng sé quan trong ciia mot chu ky dang song 13 bién do, pha, va
phan cuc. Bat ky céac thuoc tinh nao cua nd cé thé duoc thay d6i phi hop véi mot tin
hiéu tan s6 thap chia thong tin dugc diéu ché. Thong thudng, mot song hinh sin tan sé
cao duoc sir dung lam tin hiéu séng mang nhung mdt chudi xung ciia séng vudng ciing
c6 thé dugc sir dung.

Trong vién thong, su diéu ché la qua trinh chuyén doi mat tin hiéu thong diép, vi
du mot chudi bit s hoic mot tin hiéu am thanh twong tu bén trong mét tin hiéu mang
cd thé duoc truyén di xa. Piéu ché caa mot dang séng hinh sin dugc st dung dé
chuyén doi mot tin hiéu thong diép o bang tan co ban (baseband) thanh mét tin hiéu
passband, vi du tin hiéu &m thanh tan sé thap thanh tin hiéu tan sé &m thanh. Trong
thong tin Am thanh, hé théng cap TV hoic mang dién thoai chuyén mach cong cong la
mét vi duy, tin hiéu dién cd thé chi duoc chuyén thanh phd cua tan sé gigi han
bandpass, V&i cac tan s6 cutoff riéng biét thap va cao. Piéu ché mot song mang hinh
sin 1am nd ¢ thé giir tan s6 noi dung cuaa tin hiéu duoc chuyén d6i cang gan cang tot
tGi tan s6 trung tam (thuong 1a tan sé séng mang) caa passband.

Muc tiéu cua diéu ché sd 1a chuyén doi mot mot chudi bit sé trén mot kénh
bandpass hoic mot bing tan radio han ché. Phan loai theo phuong phap diéu ché thi
ching ta cé hai loai hé théng d6 1a diéu ché cuong do tach song truc tiép va hé thdng
coherent.

2.2.  Diéu ché truc tiép va diéu ché ngoai

Laser va LED duoc str dung trong cac (ng dung vién thong duoc diéu ché sir dung
mét trong hai phuong thire: diéu ché truc tiép hoic diéu ché ngoai.

W 1010110101...
Light

1 = Light on
T output 0 = Light of

Modulating signal (electrical)
Hinh 2.1. Piéu ché tryec tiép.
Trong diéu ché truc tiép cdng suat dau ra cua thiét bi bién ddi truc tiép véi diéu
khién dong dau vao. Ca hai loai LED va Laser c6 thé dugc diéu ché truc tiép sir dung
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tin hiéu twong ty va tin hiéu sé. Loi ich cua diéu ché truc tiép 1a don gian va ré. Nhuoc
diém 1a n6 cham hon diéu ché khong tryc tiép. Piéu ché truc tiép duoc st dung cho
dung lugng 1én téi 10 Gb/s. Hinh 2.1 1a so d6 nguyén 1y diéu ché truc tiép.

Trong diéu ché ngoai, mot thiét bi ngoai dwoc sir dung dé diéu ché cuong do hoic
pha ctia nguon sang. Ngudn sang con lai trong khi diéu ché ngoai gidng mot “cira
chép” duoc diéu khién boi thong tin duoc phat di, hinh 2.2. Bidu ché ngoai thuong
dugc sir dung trong cac tng dung téc do cao nhu hé thng vién théng duong truc hodc
cap TV dau cudi. Loi ich cua diéu ché ngoai 1a né nhanh hon va c6 thé dugc sir dung
v6i ngudn phat laser cong suit cao hon. Nhuoc diém 1a n6 dat hon va doi héi mach
dién phic tap dé xir ly tin hiéu diéu ché cao tan RF.

m Modulator H 1010110101...
Light

1 = Light on
tput
ouwe T 0 = Light off
Modulating
signal
(electrical)

Hinh 2.2. Piéu ché ngoai.

Diéu ché ngoai thuong sir dung mot bo diéu ché quang tich hop ma két hop voi
mét 6ng dan séng giao thoa Mach-Zehnder duogc tao ra trén mot tim lithium niobate
(LiNbO3). Ong dan séng dugc tao ra st dung mot qua trinh in khac gidng véi qué
trinh san xuat chat ban dan. Ving ong dan nho duoc pha tap thém tap chat dé lam tang
chiét suat khuc xa dé anh sang dwoc dan qua thiét bi. Hinh 2.3 biéu thi diéu ché ngoai
sir dung 6ng dan séng giao thoa Mach-Zehnder. [3]

Modulated path
Light input | —— Light output
——— B —
Unmodulated path
LiNbO3

Hinh 2.3. biéu ché ngoai st dung éng ddn séng giao thoa Mach-Zehnder.

Anh sang di vao bo diéu ché tach ra lam hai duong. Mot duong khong thay doi
hay khong dugc diéu ché. Puong khac c6 cac dién cuc dit qua nd. Bai vi LiNbO3 I
mét vat liéu dién quang, khi mot dién ap dat qua dng dan song thi chiét suat khic xa
cua né bi thay d6i, gay ra mot sy quay ph ty 18 véi bién do cua dién ap dua vao.
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Khi 4nh sang duoc két hop lai, hai song xen vao véi mot séng khac. Néu hai séng
la cing pha sy giao thoa xay ra & dau ra. Néu hai séng khong cung pha, su giao thoa
khong xay ra va cac song triét tiéu nhau. Pién 4p dau vao dugc két hop véi dich pha
180° duoc dit la V. Dich pha tao ra duoc tinh béi:

Dich pha = A6 = 180°x V;,,/V, (2.1)

O day V;, 1a dién 4p dua vao bo diéu ché. Bo diéu ché LiNbO3 duoc phaét trién va
duogc sir dung diéu ché ngoai trong cac ung dung vién théng. Cac thiét bi cho phép lam
Viéc ¢ ca hai budc séng 1310 nm va 1550 nm.

2.3. Ky thuat diéu ché PSK

Tat ca dir lidu truyén dat boi thay d6i mot vai khia canh cua tin hiéu gdc, séng
mang (thuong la song hinh sin) huong tng tin hiéu dir liéu. Trong truong hop cua
PSK, pha duoc thay d6i ddc trung cho tin hiéu dir liéu. C6 2 cach co ban dé sir dung
pha cua tin hiéu:

- Bang cach kiém tra pha cua nd véi thong tin truyén dat, trong truong hop giai
diéu ché phai ¢ maot tin hiéu tham chiéu dé so sanh véi pha cuaa tin hiéu nhan
duorc.

- Bing cach thay d6i pha véi théng tin truyén dat — phuong phap vi phan, mot s6
trong d6 khong can tin hiéu séng mang tham chiéu (¢én mot mie do nhét dinh)

Céch thuan tién dé biéu dién phuong thirc PSK 14 bién dién trén so 6 chom sao.
Céc diém nay biéu dién trén mat phang phic hop, céc truc thuc va ao duoc goi 1a pha
Va truc vudng goc twong (ng vai khoang cach 90° cua ching. Biéu dién nhu vay trén
truc vudng goc cua nd dé thuc hién dé dang. Bién d6 cua mdi diém dén truc pha duoc
st dung cho diéu ché song hinh cosin (hoic 14 sin) va bién do vé phia truc vudng goc
dé diéu ché song hinh sin (hoic cosin), minh hoa trén hinh 2.4.

Q
A
010

011 110

Q)
c

001 | 1

O—vN——O

D
Q

o 101

Hinh 2.4. So' @6 chom sao biéu dién 8-PSK.
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Trong PSK, cac diém chom sao lra chon thuong duoc chon véi mot goc va
khoang cach quanh vong tron. Diéu nay cho ti da cic pha riéng biét giita cac diém
lien ké. Chiing dwoc chon trén vong tron va tat ca duoc phat di voi ciing nang lugng.
Theo cach nay, ciing twong ty nhu biéu dién cac s6 phac va vi thé cac bién do can céc
s6ng hinh sin va cosin. Hai vi du dién hinh 1a “khoa dich pha nhi phan — BPSK” sir
dung 2 pha va “khoa dich pha ciu phuong — QPSK” sir dung 4 pha, mac du cé thé st
dung nhiéu hon s6 pha. Do dit liéu dugc truyén dat thuong 1a nhi phan, phuong thuc
PSK thuong duoc thiét ké véi sé cac diém chom sao 1a liy thira cua 2.

DPinh nghia:

Dé xac dinh cong thic ty 18 18i, mot vai dinh nghia sau dugc can dén:

E, = nang luwong ctia moi bit

E, = nang luong cua moi ky tu = E, /n véi n bit trong mot ky tu
T, = chu ky cua bit

T, = chu ky cua ky tu

N,/2 = mat 6 phd ngudn nhidu (W/Hz), nhiéu AWGN.

P, = xac suat bit 13i

P, = x&c suat ky tu 15i

Q(x) 1a x&c suat ma mot mau lay tir mot tién trinh ngau nhién voi trung binh khdng
va ham mat do xé&c suat Gaussian bién don vi s& 16n hon hoic bang x. Ham 13i
Gaussian: [1, pp. 187, Ham xac sut 15i]

=L (Ce-t?2gr =1 x
Q(x)—mfx e dt = Zerfc(ﬁ),xzo (2.2)

2.3.1. Diéu ché BPSK

o

Hinh 2.5. So' @6 chom sao ciia BPSK
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BPSK la dang don gian nhat caa diéu ché khéa dich pha (PSK). N6 st dung 2 pha
léch nhau 180° va ciing c6 thé duoc goi 1a dang 2-PSK. N6 khdng quan trong phai dic
biét chinh xac vi tri xac dinh cac diém chom sao, va trong so d6 hinh sao ching thé
hién trén truc thuc ¢ 0° va 180°. Cach diéu ché nay 1a manh nhat cua cac phuong thuc
PSK tir khi nd c6 muc nhiu hodc bién dang cao nhat dé 1am pham vi giai diéu ché
cudi cuing khong chinh xac. Tuy nhién, chi cho phép diéu ché 1 bit/ky ty (hinh 2.5) va
cting khong phu hop cho cac ung dung ty I€ dir liéu khi bang thong bi gidi han.

Loai diéu ché nay can khdi phuc pha va né cé thé thuc hién duoc. Giai ma vi phan
dé dang st dung nhung tiéu ton nhiéu hiéu ning.

Dang tin hiéu cho BPSK theo phuong trinh sau:

sp(t) = \/%Cos(anct + n(1-n)),n=01(2.3)

Piéu ndy mang lai 2 pha 0 va mr. Trong d6 f. 1a tin sb caa song mang dit liéu nhi
phan duoc truyén dat theo tin hiéu sau:

So(t) = /ZTﬂcos(anct + 1) = — /ZTﬂcos(anct), doivoi bit “0”  (2.4)
b b
s;(t) = szﬂ cos(2mf.t), doi voi bit “1” (2.5)
b

Vi thé, khoang cach tin hiéu c6 thé duoc biéu dién bai phuong trinh:

¢(t) = \/TZbCOS(ZﬂfCt) (2.6)

O day bit 1 duoc biéu dién boi \/E, ¢ (t) va bit 0 dwoc biéu dién bai —/E,¢(t).

Str dung phuong trinh co s& nay dé biéu dién két qua cta muc tiép theo trong so
d6 tin hiéu dinh thoi. Tin hiéu cao nhat 12 dang song cosin dugc diéu ché BPSK sir
dung thu tuc diéu ché BPSK. Ludng bit & dau ra duoc biéu dién tin hiéu trén.
Ty 1& 16i bit:

Ty lé 16i bit (BER) ctia BPSK trong AWGN duoc tinh:

P,=0Q (\/%) hoac P, = %erfc (\/5:’;) (2.7)

Day chi la mot bit trén mot ky tu, né ciing 1a ty I¢ 16i ky tu.
2.3.2. Piéu ché QPSK

D6i khi QPSK duoc hiéu 12 PSK 4 phan, PSK 4 chiéu, 4-PSK hoic 4-QAM. (mic
di cac khai niem géc vé QPSK va 4-QAM la khéac nhau, két qua diéu ché cac séng am
thanh 13 chinh x4c nhu nhau). QPSK st dung 4 diém trén so d6 chom sao dugc dit &
c4c vi tri bang nhau trén mot vong tron. Vi 4 pha, QPSK c6 thé giai ma 2 bit trén mot
kY tu, biéu didn trong so db véi ma héa Gray Ia ty 18 13i bit (BER) tdi thiéu.

Thuat toan phan tich thé hién QPSK c6 thé duoc sir dung dé nhan d6i ty 1é dit lidu
dugc so sanh voi hé théng BPSK trong khi duy tri bing théng twong dwong cua tin
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hiéu hodc duy tri ty 1& dir liéu cia BPSK nhung yéu cau giam mot nira biang théng.
Trong truong hop khac, BER ctua QPSK chinh xac 1a twong tu vai BER cua BPSK.

Vé6i BPSK, d6 13 van dé chua rd rang vé pha ¢ dau thu va QPSK duoc ma hoa vi
phan thudng duoc st dung trong thuc té.

]

o..1® - Ol.l

© o

00 ~_ | 10

Hinh 2.6. So' d6 chom sao cia QPSK véi ma héa Gray
Thuét toan:

Thuc hién QPSK 1a phé bién hon BPSK va ciing chi ra su thuc hién PSK bac cao
hon. Viét c&c ky tu trong so do chom sao duéi dang cac séng hinh sin va cosin duoc
sir dung dé phat di:

S, () = /%cos (2nft+ @n-1I), n=1234 (28)
Két qua can 4 pha: /4, 3n/4, 5m/4, va 7 /4

Két qua nay trong khoang cach 2 lan kich thudc tin hiéu véi ham don vi co so:

(D) = JTzcos(anct) (2.9)
¢2(t)=\/Tzsin(2nfCt) (2.10)

Phuong trinh co s dau tién (2.9) duoc sir dung la thanh phan pha cua tin hiéu va
phuong trinh tht 2 (2.10) 1a thanh phan cau phuong cua tin hiéu.

Vi thé, tin hiéu chom sao bao gém 4 diém vi tri tin hi¢u (+/Es/2, +Es/2).

Hé sb ¥ chi ra rang cong suat tong tach ra déu nhau giira 2 séng mang.
T§ 18 15i bit:

Mic di QPSK c6 thé dugc coi nhu mot diéu ché 4 phan, dé dang thay khi né nhu
2 ngudn doc lap duoc didu ché séng mang cau phuong. Véi su giai thich nay cac bit
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chin (hoic 1€) duoc sir dung dé diéu ché thanh phan pha cau phuong cua séng mang.
BPSK dugc sir dung trén ca 2 séng mang va ching co thé duoc diéu ché doc lap.
X&c suét bit 16i cua QPSK 1a tuong tu nhu BPSK:

P, =0 (\/%) (2.11)

Tuy nhién, dé dat duoc xac suét 13i bit gibng nhu BPSK, QPSK st dung ngudn
kép (2 bit dugc phat dong thoi)
Ty l¢ 16i ky tu dugc cho béi:

Ps=1—(1—Pb)2=2Q( 5—)—(32(\/5:) 2.12)

Néu ty 18 tin hiéu trén nhiéu cao (diéu can thiét cho céc hé thong QPSK thuc tién)
xé&c suat 16i ky tu ¢ thé duoc tinh sap xi:

P, ~ 20 (\/5:) (2.13)
2.3.3. PSK bac cao

S6 lwong pha bat ky duoc str dung dé tao nén mot chom sao PSK, 8-PSK thuong
la chom sao PSK bac cao nhat duoc phét trién. Véi trén 8 pha, ty 1é 15i tro nén rat cao
va cd tét hon mac du phirc tap hon, cac dang diéu ché cho phép nhu 1a QAM. Mic du,
s6 lugng pha bat ky duoc st dung, xong thuc té chom sao thuong phai doi ph6 véi dir
liéu nhi phan c6 ¥ nghia ma sé lugng céc ky tu thuong 14 liy thtra cua 2 khi cho mot
sb nguyén cac bit trén mot ky tu.

Ty 18 13i bit (BER) [4]
Xéc suét 15i ky tu cho M-PSK, véi M > 4 dugc biéu dién nhu sau:

s
M

P=1- j p6, (6,)do (2.14)

s

M
Trong do:

p6-(6,) = %e*yssinzb’r f Ve (V—yarscoson?/2 gy
0
V=r2+n?
0, = tan™"(r,/r1)
Y= Es/Ng
r1~N(Es, No/2) var,~N (0, No/2) la cac bién Gaussian ngdu nhién
Phuong trinh (2.14) c6 thé dugc tinh sip xi nhu sau:

P, ~ 2Q( ZySSin%) (2.15)
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2.4. Ky thuat diéu ché DP-QPSK [5]
2.4.1. Piéu ché tin hi¢u DP-QPSK

— -
— —
Data
== e

®1:40pucaISpIMer
1
v

|
Q
hodulator 2

Hinh 2.7: So do diéu ché tin hiéu DP-QPSK

Dang diéu ché nay sir dung ghép kénh phan cuc, mang trén mdi pha phan cuc mot
tin hiéu QPSK. Trong hinh 2.7, giéi thiéu cau tric cuaa tin hiéu DP-QPSK. Pau tién nd
s& nhan céc tin hiéu dién trong truong dién. Néu dir liéu dau vao chi I trén mot duong,
ching ta s& tach dit liéu truéc va dua ra 4 nhanh tin hiéu dién dé thuc hién phép sai
phan tién ma hoa. Nhu trong hinh 2.7, néu ta c6 4 duong tin hiéu dau vao, ching ta c6
thé thuc hién phép sai phan tién ma hoa tryuc tiép. Néu dau vao la séng anh sang lién
tuc, no sé tach ra bai bo PBS thanh 2 chum, duoc goi la phan cuc truc giao vai cong
suit ngang bang nhau. Hai anh sang phan cuc truc giao 1a dau vao téi mot bo diéu bién
I1Q dé duoc didu ché va ching ta s& lay ra hai duong tin hiéu QPSK. Cuébi cuing, hai tin
hiéu QPSK phan cuc tryc giao dua qua mot bo ghép cham phan cyc PBC dé tong hop
thanh mot chum anh sang tin hiéu DP-QPSK.

Anh sang lién tuc dau vao duoc cho bai phwong trinh. Trong d6 P, 1a cudng do
anh sang dau vao va w, 1a tan sé goc cua anh sang dau vao:

Ejp = [Py e @0t (2.16)

Anh sang dau vao di qua khbi PBS dé dua ra E, va E, 1a &nh sang phan cuc cong

suat bang nhau va truc giao:

Ey=ejotg,  (217)

2P0 _iwt =
E =ge Jjote, (2.18)

a
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Hai trum anh sang phan cuc 1a dau vao téi bo diéu bién IQ dé dua ra hai tin hiéu
QPSK truc giao. Bo diéu bién IQ thuc té 12 hai bd6 MZM, mot cho PM va hai 1a 3dB
cho bo ghép tryc tiép. QPSK 1a phuwong phap diéu ché bon thanh phan tan sé ky thuat
s6. Tin hiéu séng mang cua né cé bdn trang thai cho phép cua pha roi rac va trang thai
pha thuong la [n/4, 3n/4, 5n/4, Tn/4 ], mdi pha song mang mang hai ky kiéu nhi phan.

2.4.2. Giai diéu ché tin hiéu DP-QPSK

N ,
|
¥ ADC
Si IB E ol :
ignal Beam Es 71X Optical
= PB'S v Mixer N Qx
4 —- ADC >
> I
./
N =
I . : %—P ADC —k
Local Beam Elo X 99 4 !
PRS Optical
Y Mixer N i" Qy
4 % ; ADC '_y
Ll 1 ——————

Hinh 2.8: Sor d6 khdi ciia bg thu DP-QPSK coherent

K§ thuat tach song coherent dwoc sir dung trong giai diéu ché tin hiéu quang DP-
QPSK. Tin hiéu anh sang laser giao dong ndi sau khi tach bang nhau sé di vao hai bo
tron nguon sang coherent léch pha 90°. Tin hiéu anh sang lay qua bo tach cham phan
cuc va duoc tach thanh hai duong phan cuc truc giao 1an nhau cua tin hiéu quang va di
vao hai bo tron Iéch pha 90° dé giao thoa voi anh séng cua tin hiéu giao dong tuong
tmg. Anh sang duoc tao ra boi bo tron can bang s& duoc chuyén ddi thanh tin hiéu
trong tu sau khi can bang thu diode quang. Cac tin hiéu dwa qua mot khdi lay mau
luong tir hda ADC téc do cao va duoc chuyén doi thanh tin hiéu sb, va thuc hién khoi
phuc dir liéu trong bo xt Iy tin hiéu s6. So dd bo thu coherent dwoc biéu dién trong
hinh 2.8.

2.5. Thuat toan khéi phuc tin hi¢u DP-QPSK [5]

Tach tin hiéu anh sang va giao dong noi thanh hai pha phan cuc truc giao va dua
anh sang c6 pha phan cuc giéng nhau nhan dugc qua nhiéu bo thu pha, sau dé tap hop
thanh hai thong tin phan cuc truc giao va cudi cung dugc cach biét bai DSP dé Iy hai
thong tin phan cuc truc giao. CAc tin hiéu sé dua hai chum truc giao cua anh sang duoc
phan cuc Epp_gpsk—x, Epp—gpsk—y ¢ mili phia truéc cua bo thu quang coherent PBS,
sau d6 hai chum 4nh sang dugc phan cuc tuong @ng st dung hai bo tron léch pha 90°
cho viéc thu quang coherent. Epp_gpsk—x, Epp—qgpsk—y duoc biéu dién nhu sau:
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Epp_gpsk—x = Ax() exp(j2nf t) exp[j6,.(t)] (2.19)
Epp—qpsky = Ay exp(j2rf \t) exp[j0,, ()] (2.20)

A, (D), Ay() 12 bién d¢ truong dién dé nhan tin hiéu anh sang X, Y, va £, 1a tan s6
laser ctia bo phat. 8,.,, 6,,, 1a cac pha cia X va Y vao phan cuc (bao gém diéu ché pha
va 13i pha trén truyén dan). Bo tron 90° dua ra bén duong tin hiéu anh sang cua cac
thanh phan trudng dién 1y tuong, 46 1a:

- ﬁ -
Epp—qpskx + 5 ELo

V2
EDP— PSKX__ELO
z QPSKX 2 2.21)

V2
Epp—gpskx + 55 ELo

| Epp—_qpskx — ngLO_

Sau d6, chiing ta s& thyc hién tach séng anh sang can bang trén bon dudng cua tin
hieu tir bo tron 90°. Vi thé Iy ra dugc pha tudng ddng va thanh phan truc giao cua
dong dién tach sdng anh sang.

X = R\/TLOAs(t)COS[Zn(fO - fLo)t + gr,x(t) - (PLO(t)] (2.22)
XQ = R\/mAs(t)Sin[zn(fo - fLO)t + er,x(t) ~— P10 (t)] (223)

Trong do, R la dap ung cua diode quang. Qua tach song coherent, théng tin bién
d6 va pha tr truong tin hiéu anh sang sé dugc gianh riéng vao tin hiéu dién duoc
chuyén doi. Tin hiéu hién tai s& duoc diéu khién qua bo loc va cac bo khuéch dai va
vao mot chip xir Iy DSP. Tin hiéu dién sau khi duoc xir Iy, nd c6 thé giai diéu ché tro
lai thong tin ban dau.

2.6. Kétluan chuong 2

Chuong nay di tap trung nghién ctu vé ky thuat diéu ché duoc sir dung dé tao ra
duoc tin hiéu 100 Gbps. Trong do, khi phan tich so sanh so do mach cua mot s6 cac hé
théng thong tin quang tir dung lugng thip dén dung luong cao ta thay cé 2 dang ky
thuat diéu ché truc tiép va diéu ché ngoai duoc trinh bay trong muc 2.2. Céc hé thdng
thong tin dung lwong cao, nguoi ta thuong sir dung dang mach diéu ché ngoai ma
trong d6 diéu ché ngoai sir dung 6ng din séng giao thoa Mach-Zehnder 1a mot ki thuat
dién hinh st dung trong k¥ thuat diéu ché DP-QPSK.

Ngoai ra, ky thuat diéu ché pha PSK la dang co ban cua cac ky thuat diéu ché
BPSK, QPSK... cic dang diéu ché nay duoc trinh bay trong muc 2.3. Myc 2.4 va 2.5
trinh bay vé nguyén ly hoat dong cua dang diéu ché va giai diéu ché DP-QPSK ma ban
chat n6 1a dang diéu ché ma mang trong né 2 tin hiéu diéu ché QPSK phan cuc tryc
giao véi nhau.
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CHUONG 3. THONG TIN QUANG 100 Gbps
3.1, Gigi thigu

Sy phét trién gan day trong xir Iy tin hiéu sé téc do cao cho phép sir dung cac bo
thu k¥ thuat s6 coherent. Mot bo thu sb coherent co ban 1a két hop trang thai quang
hoc va dién tir; tach sdng coherent vé mit Iy thuyét 12 nguyén ly tach song tdi wu nhat
va mot bo thu thyuc hién can bang luong suy giam truyén dan tuyén tinh thuc té. Mic
du day 1a pham vi ly thuyét caa thdng tin quang, n6 phan &nh qua trinh phat trién ky
thuat nhitng nim qua trong thong tin vo tuyén va thong tin c6 day. Nhu vay, c6 kha
nang cac bo thu ki thuat sé coherent s& nhanh chong tra thanh cong nghé khdng thé bo
qua khi lra chon cdng nghé trong céac hé théng truyén dan quang.

Sy thay d6i nhanh chdng tir cac bo thu tach song truc tiép va chuyén sang cac bo
thu ky thuat s6 coherent dugc thuc day béi mot sé cac diéu khién vé cong nghé. Cac
bo thu k¥ thuat sb coherent da thuc day viéc str dung cac dinh dang diéu ché bac cao
hon, nhu QPSK, ghép kénh phan cuc, sy bu suy giam truyén dan tuyén tinh nhu tan
sic mau va tan sic phan cuc mode (PMD), thiét ké cua cac bo khuéch dai soi quang
tron Erbium cho phép bo qua giai doan trung gian cling nhu la cai thién viéc theo doi
nang lyc quang.

Sy phan cyc thé hién mot pham vi quan trong véi séng quang, ma cé thé duoc chi
y khai thac. Mot vi du don gian la sy quang tm gan day trong cac hé thong truyén dan
quang st dung mot kénh dit liéu dugc ghép phan cuc (Pol-Mux). Kénh truyén Pol-mux
nhu vdy 1am ting gap hai lan hiéu suat pho hé théng (bits/sHz) va lam ting kha ning
chiu dung cac anh hudng tan sic soi quang. Khi két hop véi cac dinh dang diéu ché
tién tién va bang thong cao, truyén dan quang phé hiéu qua 1a kha thi.

Nhitng cai tién vé do nhay thu 1a dong luc chinh tiém an c4c anh huong trong hé
théng truyén thong soi quang coherent. Piéu d6 cho phép:

- Tang khoang cach tram l3p cho hé théng truyén dan quang trén dat lién va dudi

bién

- Tang tc do truyén tai quang ma khong can giam khoang céch céc tram lap

- Tang quy cdng suat quang du phong dé bu suy tai cac bo coupler va cac thiét bi

tach/ghép budc song

- Cai thién do nhay thu cho cac thiét bi do quang nhu: may OTDR, may thu

quang...

3.2. Coherent va b tach song truc tiép
Hai loai cua ciu trdc bo thu duoc st dung dé tach tin hiéu quang l1a: bo tach truc
tiép va bo tach coherent (heterodyne hoic homodyne)

Trong bo tach coherent, mot vung giao dong ndi dugc thém vao vung quang thu
duoc va cong Vi tin hiéu tach duoc boi mot photodetector. Két qua tin hiéu duoc xir
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ly tiép ¢ bang tan co s& (base band) (taich homodyne) hay & mot tan sé trung gian (tach
heterodyne). Pha va tan sb lay duoc tir viing tin hiéu bai bo giao dong laser noi. Két
hop vuing tin hiéu yéu va ving giao dong nodi manh & mat truéc cua bd thu coherent
tao ra su khéch dai tuyén tinh va chuyén déi tin hiéu quang thanh mét tin hiéu dién dau
ra véi do loi st dung cac photodiode thac 1ii (APD), mot thiét bi dién tir ban dan do
nhay cao ma lgi dung hiéu Gmg quang dién chuyén doi anh sang thanh dién ti, tao ra
tin hiéu tt so voi nhidu cua tin hiéu dién tir sau nay. Pay 1a 1y do tai sao mot bo tach
khong yéu cau do loi. Bo tach coherent c6 thé duoc st dung trong mét sé diéu ché.

Beam
Combiner
Received
optical signal — —p»| Detector |——p| Electronics
“oL
Electrical
Local bit stream
O=scilator

Hinh 3.1 Khai niém co ban vé bé tach coherent

Bo tach coherent ¢ nhiéu vu diém hon bo tach truc tiép, nd c¢6 do nhay vé pha
cling nhu 13 bién do cua séng quang, va cung cap mét kha ning loc quang siéu hep
coherent cho hé thong ghép budc song phan chia theo mat o DWDM. Cach tdt nhat
cho bo tach coherent ma do nhay tt nhét (ty I I18i bit thap nhat — OSNR) Ia bo tach
homodyne, nhung phuong thic ndy yéu cau str dung laser co do rong hep dac biét Ia
khoa pha, ma lam cho n6 dat hon. Cac bo thu coherent c6 thé tuyén tinh xudng chuyén
d6i toan bo tin hiéu quang thanh tin hiéu dién baseband st dung bd tach séng
heterodyne hoic homodyne va c6 nhitng wu diém sau ddi véi tach song truc tiép.

D6 nhay ban nhiéu gisi han bo thu c6 thé dat duoc véi mot ngudn dao dong noi
(Local Oscillator - LO) thich hop. LO cho mét d6 loi tin hiéu, trong khi LO ban nhiéu
lan 4t nhidu nhiét cua bo thu, vi thé ching ta cé thé dat duge do nhay ban nhidu gioi
han b thu.

Po phan giai tan s6 ¢ tan s6 trung tan (IF) hodc giai doan baseband 1a cao ma
ching ta c6 thé tach ghép budc séng phan chia theo khoang déng ¢ giai doan dién
(WDM).

3.3. Téch song coherent [6]

Phuong thirc tach song tién tién nhat 1a tach song coherent, & day tham sé quyét
dinh tinh toan & bo thu dua vao su khéi phuc toan bd ¢ truong dién, né chaa ca thong
tin bién do va pha. Vi thé tch séng coherent tra nén linh hoat nhét trong cac dang diéu
ché, khi théng tin c6 thé dugc ma hoa vé pha va bién do hoac thay thé cho ca cac thanh
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phan cua séng mang dong pha (1) va vudng pha (Q). Tach song coherent yéu cau bo
thu nhan ra pha caa séng mang, khi tin hiéu thu duoc giai diéu ché bai mot LO dam
nhiém nhu mot tham chiéu pha thuan tiy. Thong thuong, su dong bd song mang dugc
thue hién boi mot vong lap khoa pha (PLL). Cac hé thdng quang cé thé sir dung mot
PLL quang (OPLL) dé dong bo tan s6 va pha cua laser LO véi laser Tx hoic mot PLL
dién, noi ma chuyén doi thap sir dung mot laser LO chay ty do xay ra bai sy giai diéu
ché & chang thir hai bang mot VCO tuong tu hoic sé cua tan sb va pha dugc dong bo.
Str dung mét PLL dién c6 thé tré nén thuan loi trong cac hé thong song cong, khi bo
thu phat cé thé st dung mot laser twong dwong voi Tx va LO. Céc PLL rat nhay v&i tré
truyén song trén hudng phan hdi, va yéu cau tré ¢ thé 1a kho dé dap tng. Su dong bo
s6ng mang Feedforward (FF) s& khic phuc van dé nay. Hon nita, khi mot may dong bo
FF str dung ca hai Ky tu hién tai va twong lai dé xac dinh pha cua séng mang, n6 cé thé
thu lai hiéu niang t6t hon mot PLL, nhu mét hé théng phan hdi c6 thé chi sir dung cac
ky tu hién tai. Gan day, DSP da cho phép cin chinh su phan cuc va dong b hoa song
mang duogc thuc hién bén trong phan mém.

m (¢)

x1(¢)
x1 i == b(t) > 0 _.é”(‘) o| (1) ¢4 Digital b 5
H(t -
Xt (1) v | Signal .
xg i =+={ b(t) 2() > —’? > P(t) "‘ Processor [T 24

ny ()
Transmitter Channel Receiver
Hinh 3.2. Md hinh hé thang truyén ddn coherent
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(@D@_D E () 1-pol || 34(0) Lk .
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1
o] 1-pol P 2,k | Processor iy
Channel 1 | Down- yz(l@-%&
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Lo PBSI-======} - 1
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Hinh 3.3. Hé thong truyén dan coherent
Mot hé thdng truyén dan coherent va mé hinh chinh tic cua né duoc biéu dién trén
hinh 3.2 va 3.3. O khéi phét — transmitter, cac bo diéu ché Mach-Zehnder (MZ) giai
ma hoa cac ky tu dir liéu thanh mot séng mang quang va thuc hién dinh dang xung.
Néu su ghép kénh phan cuc duoc sir dung, dau ra cua laser TX s& tach thanh hai thanh
phan phan cuc truc giao, n6 s& dugc diéu ché riéng biét va dugc két hop vao mot bo
tach chum phan cuc (PBS). Chlng ta c6 thé viét tin hiéu phat di duéi dang: (3.1)
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Etx 1(t)

E:.(t) = '
e (0) [Etx,z ()
O day, T, 1a chu ky ky tu, P, 14 cong suit phat di trung binh, b(t) 1a dang xung
(NRZ — non return to zero, hoic RZ — return to zero) véi tiéu chuan [|b(t)|?dt = Ts,

= VP T Xic b(t — kT)e (s (3.1)

ws VA @s(t) 12 tan s6 va pha ctia nhidu cua laser TX, va x; = [xyy, xz,k]T la mot
vector phic hop 2x1 dai dién cho ky ty thir k-th dugc phat di. Ching ta giai dinh rang
cac ky tu c6 nang lugng chuan hoa: E[|x,|?] = 1. Cho mot kénh truyén dan phan cuc
don, chung ta c6 thé thiét 1ap khdng sir dung thanh phan phan cuc x, ; tro vé 0.

Kénh bao gém N, chiang cap quang, véi khuéch dai trén duong truyén va DCF sau
mdi chiang. Bo qua sy anh hudng cua hiéu ang phi tuyén, ching ta c6 thé mé hinh hoa
kénh nhu mdt ma tran 2x2 sau:
hy1(t)  hyp(D) o (F) o Hi; (&) Hypp(0)
ha1 (1) hao(0) Hy,(t) Hap(t)

O day, hy;(t) bieu thi dép ung cta dau ra phan cuc thir i téi mot xung dua vao &
dau vao phan cuc thir j cua soi quang. Chon su phan cuc tham chiéu ¢ bo phat va bo
thu tiry y. Phuong trinh trén miéu ta CD, tat ca cac bac caa PMD, suy giam phan lyc I¢
thuoc (PDL), cac anh hudng cua loc quang va sé l1an 1ay mau 16i. Hon nita, mot hé
théng quang coherent bi 18i boi AWGN, gom sy birc xa tu phat dugc khuéch dai tir cac
bo khuéch dai trén duong truyén, bo thu LO ban nhidu, va bo thu nhidu nhiét. Trong
mé hinh truyén dan chuan héa, ching ta md hinh hda anh huong liy ké cua céc loai
nhidu bd mot nguon nhiéu twong duong n(t) = [n,(t),n,(t)]7 duoc tham chiéu toi
dau vao cua b thu.

h(t) = =H(w) (3.2)

Truong E & dau ra cia soi quang 1a: Eg(t) = [Es1(6), Es (t)]T, trong do:

Esi(t) = /P Xk Tore X Com (& — kT,)el (0st+05(0) 4 Egp(0) (3.3)

Duéi gia thiét & hinh vé 3.3, trong d6 su khuéch dai trén dudng truyén cé thé bu
lai sy suy giam trén duong truyén, P. = P, la cdng suat trung binh nhan duoc,
Cim (£) = b(£)®hy, () 12 Mot dang xung dugc chuan hda va Esp, 1a ASE nhiéu trong
su phan cyc thir I. Gia dinh c6 N, chang cap quang va tat ca cac bo khuéch dai trén
dudng truyén c6 do loi G va tac nhan phat tu phat 1a ng,, cdng suat pho 2 chiéu cia
Eqpi(£) 12 Sgop (F) = Nyngyhog (G — 1)/G WIHz

Chang dau tién cua bo thu coherent 1a mot bo chuyén doi thap quang dién tir phan
cuc kép dé khdi phuc tin hiéu baseband duoc diéu ché. Trong mot bo thuc hién sb, céc
dau ra tuong ty duoc loc lowpass va ldy mau ¢ 1/T = M/KT,, & day M/K 1a mot ty
s6 ldy mau. Kénh bj suy giam c6 thé dugc bu ky thuat sé trude khi tach ky tu.

3.4. B¢ phatva b thu DP-QPSK

Mot bo phat DP-QPSK gom 2 bo diéu ché cau phuong va mot bo két hop cham
phan cuc PBC dé ghép kénh 2 dau ra phan cuc truc giao. O phia b thu, tin hiéu quang
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nhan dugc dugc tach thanh 2 nhanh tuy y nhung truc giao, su phan cuc sir dung mot
PBS thir hai. Ca hai nhanh dwoc tron tuan tu trong mot cau tric lai 90° véi dau ra cua
mot giao dong noi.

Pau ra cua cau tric lai 90° (d6ng pha va cac thanh phan vudng goc cua ca hai
trang thai phan cuc) duogc tach véi 4 photodiode (can bang hoic don cuc) va duoc
chuyén d6i sang mién sé sir dung bo chuyén déi tuong tir - s6 toc d6 cao (ADC).

Hinh 3.4 biéu dién so dd chom sao cua diéu ché DP-QPSK, duogc biéu dién trong
hinh khéng gian siéu cau phuong 4-bit. Hinh siéu cau phuong dugc miéu ta bai pha
quang hoc (ddng pha va vudng goc) trén mdi cuc (¢, va ¢,,), R va r la ban kinh vong
ngoai va vong trong cua duong tron (R>r).

x(@n, @,) = [R + rcos(p,)]cos(pp) (3.4)
y(@n, @,) = [R + rcos(@,)]sin(ey) (3.5)
z(@p, p) = 5in(¢,) (3.6)

2bit/symbol 2bit/'symbol

b) 4bit/symbol
Hinh 3.4. So' @6 chom sao cia DP-QPSK.
DP-QPSK diéu ché 4 bit trén mot ky tu, téc do Ky tu thap hon 28 Gbaud 1a du dé
dat duoc tdc d6 112-Gb/s. N6 chuyén dbi thanh téc do dir liu 100-Gb/s khi trir di
phan mao dau ma sira 16i FEC 1a ~7% va phan mao dau Ethernet ~4%.
Téc d6 ky tu thdp hon cai khién kha ning suy giam truyén dan tuyén tinh do do
cho phép cac yéu cau it nghiém ngat vé su can bang dién, ciing nhu 14 co thé sir dung
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cac thanh phan dién & bang thong it hon. Su két hop cua diéu ché DP-QPSK va bo
tach coherent cho phép yéu cau vé OSNR gan bang véi diéu kién Iy thuyét.

3.5. 100 Gb/s DP-QPSK [7]

Tir nam 2005, dé theo kip véi nhitng y8u cau phét trién luu luegng trong cac mang
16i, kéo theo viéc nang cap céc hé thong 10 Gb/s hién tai, duoc thiét ké 18n cac kénh 40
Gb/s. Khi nhu cau cac hé théng mang tiép tuc phat trién nhanh chéng, cac hang thiét bi
s& phai nghién ctu cac kha ning nang cAp mang hon nita. Mot cau hoi quan trong la
Vé6i sy ra doi cua 100 Gb/s, trong thuc té n6 ¢ thé nang cap cac mang hién tai Ién téc
d6 100 Gb/s trén mdi kénh hay khoéng? Mét diéu quan trong 1a mang 40 Gb/s c6 kha
ning nang cap cac dang diéu ché tién tién nhu d3 gisi thiéu, cho phép trang bi thém
cac kénh dir liéu 40 Gb/s vao hé théng 10 Gb/s DWDM. Céc dang diéu ché nhu ODB
(optical duobinary), DPSK va DQPSK da duoc phat trién trong cac mang truyeén tai.

Mot thuoc tinh chung caa cac dang didu ché 1a hd tro khoang cach kénh 50 GHz
DWDM. Céc dang diéu ché truéc 40 Gb/s ma khdng hd tro khoang céch kénh 50 GHz
thi khong duoc phét trién, dong co chinh dé phat trién toc d6 duong truyén cao hon la
cai tién hiéu suat pho va vi thé dat dung luong t6i da trén cac hé théng DWDM va doi
day quang. O 100 Gb/s, hiéu suat pho dugc cai thién dé dap tng su phét trién luu
lugng cua internet va video mot 1an nira 1a yéu t6 chinh dugc mong doi, hd tro khoang
cach kénh 50 GHz van 1a mét doi hoi quan trong. Dé tao diéu kién dé dang két ndi,
ngudng chiu dyng cua truyén dan di qua nhiéu node mang ROADM ciing 14 can thiét,
khi cac kénh s& thuong truyén qua mot luong Ién cac node ROADM. MGi node
ROADM cho phép mdi kénh budc séng dugc thém vao, ha xudng, hoic di xuyén qua
node d6, trong mién quang (khong chuyén d6i sang tin hiéu dién). Vi thé mdi node
ROADM nhu mét bo loc quang diéu khién bang thong cua tin hiéu DWDM.

Péi vai 100 GHz, nghién ctru quan trong da duoc thuc hién gan day trén cac dang
diéu ché tién tién nhu 8-PSK/QAM, 16-QAM hay 32-QAM. M3 héa hon 1 bit/ky tu la
can ban dé giam d6 rong phé cua tin hiéu. O 100 Gb/s, n6 can thiét dé ma hoa it nhat 3
bit/ky tu, 1am hep phé tin hiéu da dé 1am viéc véi cac bd loc 50 GHz. Thir nghiém lan
nay chdng ta sir dung dang diéu ché DP-QPSK ma ma hda 4 b/ky tu (diéu ché hai
nhanh r& phan cuc truc giao véi ca 2 thanh phan déng pha va vudng pha). Do rong phod
cua 100 Gb/s DP-QPSK 1a du hep dé st dung manh m& FEC véi 20% la phan mau
dau. Mic du FEC lam ting toc 6 duong truyén , tbe do ky tu va do rong phé cua tin
hiéu, tin hiéu van c6 thé truyén qua nhiéu ting 50 GHz ROADM ma van c¢6 hiéu ning
thoa dang. FEC véi coding gain cao hon cho phép ning cao do nhay ty sé tin hiéu —
nhiéu (OSNR) va vi thé pham vi dai hon (khoang céch truyén) gifta cac diém tai tao lai
quang — dién — quang (OEOQ), do d6 lam giam chi phi mang.

Uu diém nira cua DP-QPSK 14 nd lyc dang ké trong viéc thuc hién cac haa hen
thoa thuan truéc day bai dién dan mang quang OIF. Céc thanh vién OIF d3 hudéng téi
nghién ciu rat nhiéu céc khéi phan cang va giao dién can thiét dé hd tro cac ki thuat
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diéu ché. OIF bd xung cac diéu khoan khéng bao gém FEC va DSP sau khi tach
coherent, cho dén gid hai linh vuc mo ra sy doi méi cho c&c nha cung cap thiét bi. Nho
luat Moore, chirc nang to 16n cua DSP ma ngay nay da duoc tich hop vao mét chip
don, tham chi 1a 100 Gb/s. Hon thé nira, sir dung tach song coherent, truong E ti da
cua tin hiéu cé thé do dugc trong bo thu , dan dén sy chiu dung tuyét voi cho céc su
suy giam tuyén tinh, nhu 12 tan sic mau (CD) va tan sic mode phan cuc (PMD). Su
suy giam nay c6 thé duoc bu lai trong mién dién, 1am cho 100 Gb/s cang thuc té hon
trén cac soi quang cil.

3.5.1. Cac dic diém ning luc cia 100 Gb/s DP-QPSK

a. Py nhay OSNR

Coherent DP-QPSK c6 @b nhay OSNR vao cai thién khoang 6 dB, so voi OOK
cho téc do bit gidng nhau. 100 Gb/s c6 dung luong cao hon gip 10 1an 10 Gb/s, nhitng
phuong thirc diéu ché méi trong 100 Gb/s 1y twong s& cai thién ning lyc 10 dB, véi
diéu kién 1a c6 thé so sanh do nhay OSNR véi 10 Gb/s OOK.

Mic du kho khin dé dat duoc trong thuc té, phan thiéu hut hiéu suat c6 thé lay lai
duoc bai st dung ky thuat SD FEC. Phu thudc vao thuat toan dac biét, @6 phan giai bit
mém, va toc do phan mao dau duoc chon, d6 loi 2-3 dB nita c6 thé thuc hién so sanh
V6i 7 % ma FEC mé rong cta phan mao dau,

Phan con lai caa su thiéu hut nay c6 thé duoc tao thanh bang cach giam cac phan
khong can thiét. Trong céc hé thong 10 Gb/s OOK, thudong c6 mot phan 1 dB khéng
can thiét hoic hon thé nira dé bu CD khdng hoan hao va n6 giéng véi su cap phét bu
PMD.

Uu diém quan trong cho tach song coherent 1a thong tin pha dién truong duoc qua
han vao vung dién tir, vay sy bl tan sac mién dién (EDC) Ia rat manh trong DSP c6 thé
giam nhe su bién dang véi phan du bu rat nho. Vi thé st dung 100 Gb/s DP-QPSK Vi
SD FEC va EDC, c6 thé cai thién 6 dB cho tach song coherent, cai thién 2-3 dB cho
SD FEC va cai thién 1-2 dB dé lam giam CD va PMD bu. Két qua nay cai thién tong
cong 1a 9-11 dB, dén gan do nhay OSNR cua hé théng 10 Gb/s OOK, vi thé cho phép
100 Gb/s DP-QPSK dugc phat trién cd thé so sanh dat téi hé thong hién tai 10 Gb/s
OOK.

b. Dung sai loc quang

Do téc do 10 Gbaud ky tu ciia chiing, cac kénh 10 Gb/s OOK c6 d6 rong phd hep
hon cac bg loc kénh 50 GHz duoc st dung trong cac hé thong DWDM.

Piéu nay cung cap dung sai tuyét vai cho cac ting ROADM, véi lugng bu it oi sau
truyén tai. Twong ty, dé dam bao dung sai tét cho ROADM & 100 Gb/s, doi hoi mot
téc do ky tu thap vira du, vi do rong pho caa tin higu ty 1¢ vai tée do ky tu.

Str dung 100 Gb/s DP-QPSK (~25 Gbaud) c6 mét wu diém rd rang trén cac dinh
dang téc do ky tu cao hon. Ma hoa tham chi 1 nhiéu bit trén mot ky tu trong mot
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chum tin hiéu day dic va dan tgi viéc giam d6 nhay OSNR. Mot tin hiéu 100 Gb/s DP-
QPSK c6 thé chiu bang thong bo loc dudi 30 GHz véi bu téi thiéu, tot hon dang ké céc
dinh dang tach song truc tiép DQPSK va OOK. Su ngoai Ié nay loc dung sai cho phép
trién khai véi mot lugng 16n cac node ROADM.

Str dung mot phuong phap ma hoa bac cao hon, voi két qua 1am giam hiéu ning
OSNR Il khdng can thiét. Giam téc do ky tu co cac wu diém thuc tién khac nhu 1a dé
dang thyuc hién véi modem trong mét chip ban dan metal oxide b6 xung, va giam bing
théng yéu cau cho céc thanh phan dién — quang. Tuy nhién, sir dung cac chim phuc
tap cao hon dé 1am thap hon nira téc d6 ky tu dé cac yéu cau tin hiéu nghiém ngat hon
va do rong tia laser giao dong noi va giam dung sai nhiéu pha phi tuyén. T4t ca nhiing
nhiéu nay phai duoc chd y khi lya chon dang diéu ché.

c. Dung sai tan sic mau

Véi viéc EDC ¢ bén trong modem chip, CD c6 thé duoc bu ma bo qua céc bo bu
tan sac hiéu chinh quang hoc. Lugng CD ¢6 thé dugc bl bén trong chip 1a mot ham sb
cua s6 cac khoa (chiéu dai dap mg xung) trong dap ng xung hitu han (FIR) dua vao
bo loc va thoi gian tré cia moi khoa.

Lip dat cac hé thong 10 Gb/s DWDM chi yéu sir dung soi bu tan sic (DCF) duoc
trién khai trén toan mang dé han ché CD du thtra & bo thu cia 10 Gb/s OOK, thdng
thuong trong khoang +400 ps /nm ddi véi cac hé thdng duong dai.

NG kha la dé& dang dé dap ung dai nay trong 100 Gb/s DP-QPSK EDC vé&i mot s6
lugng nho cac khda. Tuy nhién, néu hé thong duoc thiét ké bo qua DCF, nd c6 thé cai
thién dang ké hiéu nang. Thong thuong c6 mot dng nho DCF gan trong mot modul bu
tan sic DCM, duoc lap dat voi mbi bo khuéch dai quang. DCF 13 soi quang dic biét
Vv6i CD rong hon soi truyén dan va cé dau nguoc lai.

Két qua 12 n6 c6 suy hao cao hon trén mdi don vi chiéu dai va duong kinh 18i nho
hon. Cac dic diém da cho, mot hé théng ph hop c6 DCF thém vao bo khuéch dai va
s& cho biét luong bu dé dam bao cac su tac dong phi tuyén trong pham vi DCM hon la
mét hé théng khong c6 DCF.

M3i DCM phai phi hop voi dic diém chiéu dai va loai soi quang truyén tai trong
cung doan cé trudc, su lap dat va bao dudng céc hé théng DCF tu do ciing tré nén don
gian. Hon nira, cac hang thiét bi quan tdim dén viéc giam do tré trong mang cua ho dé
cai thién hién nang d6 nhay tré cua cac (ing dung vién thong, nhu 13 tro choi truc tuyén
va mang luu trir dir lidu.

Céc ly do nay, cac hang thiét bi mubn loai bo DCF cho cac mang truyén tai thé hé
sau. Viéc bo DCF lam ting dang ké kha ning chiu tan sac can thiét, dic biét d6i véi
chuan soi quang don mode SSMF G652 va anh hudng dang ké do phuc tap cua EDC,
khi mot s6 luong l6n cac khéa dugc yéu cau trong FIR dé dap tmg doi hoi vé kha niang
chiu tan sic. EDC cao hon lam tang d phirc tap s6 cong chip, lam ting coéng suat tiéu
thu cua chip va giam hiéu qua.
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d. Dung sai tan sic phan cuc mode

EDC ciing c6 thé bu PMD, bé qua cac bo ba PMD quang. Sb luong cac khéa can
dé bu PMD 1a tuong d6i nho, khi su bién dang ning luong xung tir PMD chi ¢6 thé
chan ra mot vai khe thoi gian lién ké.

_Pulse Center

Envelope

Bit Duration T Bit Duration T Bit Flur;mnn T
Hinh 3.5. Xung bj trdi réng do dnh hweng cua tan sdac

Mot théng s6 quan trong dé 1am giam PMD 1a nd phai du nhanh dé lan ra nhanh
chéng su phan cuc dong ma co6 thé xay ra trong cac mang cua cic hing. Diéu nay
twong phan vai su bu CD, nd tinh hon, thay doi rat cham va bai mot lugng nho do bién
thién nhiéu do soi quang. May thay, thuat toan lam giam PMD c6 thé xt ly rat nhanh
su thay ddi trong trang thai phan cuc nhan duoc hoic gid tri tic thoi cia PMD boi vi
hé s6 khoa duoc cap nhat & mot ty 18 trén tan sb clock cia DSP.

3.5.2. Nang cap hé thong truyén dan lén 100G

Pau tién, cac bo thu sé coherent c6 thé khéng hoan toan don gian vi do phuc tap
cua bo phat va bo thu thong thudng cao hon so véi cac dang diéu ché tach séng truc
tiép, chang han nhu 1a 43 Gb/s DPSK hoic tham chi 12 43 Gb/s DQPSK.

Tuy nhién, khi chiing ta nhin tong thé d6 phuc tap hé thdng, cac vu diém cua diéu
ché DP-QPSK va cac b thu s6 coherent 13 13 rang hon. Dé nang cip cac dudng truyén
dan hién c6 18n toc d6 111 Gb/s, dang diéu ché s& c6 thé ddi mat véi tat ca sy suy giam
truyén tai hudng vao bai thiét bi hién c6. N6 bao géom truyén dan trén soi quang PMD
cao, cac module bl tan sic di lap dat, giéng nhu 13 DCF hoic FBGs, cling nhu 13 gigi
han biang thong quang qua tang loc trong cac khdi cross-connect quang hoc (PXC).

O toc d6 111 Gb/s quang pho cua diéu ché DQPSK qué rong dé phu hop véi luéi
kénh 50 GHz, 1am né khéng thich hop véi hau hét cac hé thdng truyén dan trude day.
Diéu ché 111 Gb/s DP-QPSK dugc két hop vai bo thu s coherent, mat khac c6 thé bu
d6 léch tan sac, PMD, FBG gom cac gon pha, ciing nhu 1 kha ning loc méo quang tot
hon bai cac tang PXC trén ludi kénh 50 GHz. Diéu nay sé cho phép cac dudng truyén
dan ma khong thé hd tro toe do 43 Gb/s sir dung cac b thu tach séng truc tiép dé nang
cap 18n téc @6 111 Gb/s sir dung cac bo thu DP-QPSK va coherent sé. Hinh 3.6, biéu
thi sy anh huéng cia PMD d6i véi hé thong 100 Gbs.
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Hinh 3.6. Kha nang chiu PMD cua hé tho”'ng 100 Gb/s PD-QPSK

Thiét ké hé thong chu déo 1a yéu cau dac biét can thiét khi cac kénh truyén két hop
dugce didu ché DP-QPSK véi cac dinh dang diéu ché khac trén cac kénh WDM lan
can. Vi du, khi 111 Gbps DP-QPSK truyén két hop véi cac kénh 10 Gbps OOK &
khoang céach kénh 50 GHz, kha ning phi tuyén dugc giam xudng 4 dB, nhung né phu
thuoc vao khoang cach kénh.

Su két hop diéu ché giita 10 Gbps OOK va DP-QPSK c6 thé dan tai doi hoi khat
khe gigi han truyén dan phi tuyén trén khoang céch xa. Tuy nhién, cac van dé bu co
thé thap hon bai t6i wu cong suat kénh twong ng hodc do quang pho riéng biét cua cac
kénh 40G/100G duogc phat trién tir cac kénh 10G.

3.5.3. Su phitc tap ciaa bd thu tach séng coherent sé

So sanh vai cac bo thu tach song truc tiép, tach song coherent va két hop véi DSP
cho thay mot su thay d6i quan trong vé do phuc tap cua hé thong tir duong truyén tai
dén bo phét va bo thu. Céc thanh phan quang hoc trong b phat va bo thu DP-QPSK
doi hoi do phuc tap cao hon so véi cac dang diéu ché tach song truc tiép thong thuong.

Sy tich hop quang hoc c6 thé 1a mot khuynh hudng day hira hen dé giam footprint,
ngudn tiéu thu va cai thién cac dic tich quang hoc. Vi du, mot diéu ché don DP-QPSK
Mach-Zehnder & bo phét hozc mot mang photo-diode vuéng tich hop dugc két hop voi
mét cau trac lai 90° ¢ bo thu 12 khuynh huéng day hira hen vé sy tich hop quang hoc.

Hon nita, c6 mot sy thay d6i vé do phuc tap tir mién quang hoc téi mién dién. Pac
biét cac ADC la mot thanh phan quan trong cho nhiéu bo thu coherent sé. Biéu kién Iy
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tuéng, tin hiéu quang duoc chuyén ddi sang mién dién s dung mét yéu tb cua 2 lan
ldy mau, dan t&i yéu cau ~60 Gsample/s ADC dé dat duoc mot bo thu coherent 100G.

Thiét ké 60 Gsample/s ADC cho phép biang thong dién 16n hon 18 GHz, mang lai
d6 phan giai doc cua it nhat 4 bit va cdng suat tiéu thu chi mot vai Watt thuc sy 12 mot
thach thirc va doi hoi ky thuat tron tin hiéu tién tién. Diéu nay ciling ding cho phia bd
thu DSP, nd c6 thé gdm tir 40 dén 100 triéu céng va vi thé doi hoi cac xu Iy CMOS 40
nm hoic 65 nm tién tién. Hon nita, dé gigi han cdng sut tiéu thu lién quan t&i giao
tiép lién chip & ca hai khéi ADC va DSP thi cach tot nhat 1a tich hop vao mét chip
don.

Cubi cung, mot yéu tt quan trong cho truyén tai 100 G 1a phuong thirc thuc hién
ma hoa va giai ma hoa FEC tién tién. Dé dat téc d6 25 Gbaud mdi ky tu 1 cho phép dé
thém vao 20% phan mao dau cho FEC ma khéng bi anh huang toi kha nang loc quang.
Str dung cac ma kiém tra chan lé mat do thap (LDPC) véi ~20% phan mao dau két hop
voi giai ma soft-decision cho phép mot do loi giai ma 1én téi 11 dB ¢ BER la 1071°,
no cai thién 2-3 dB trong hiéu qua cua d6 loi giai ma trén cac ma FEC duoc st dung
ngay nay ¢ téc do 43 Gbis.

3.6. Xir ly tin hiéu so trén hé thong thong tin quang coherent

Ly do hé théng théng tin quang coherent tré lai 1a gi va tai sao n6 kha thi? Cau tra
loi nam ¢ nhiing uu diém trong xa ly tin hiéu s6 (DSP). Nang luc cua thiét bi xu ly tin
hiéu sé da duoc cai tién dang ké trong 2 thap ky qua, ciing 1a thanh tich cua chuyén doi
ADC nhanh la nhitng thanh phan quan trong ma lam n6 kha thi dé thuc hién cac budc
xt ly s6 phic tap can thiét ¢é dong bo hoa tin hiéu nhan duoc trong linh vuc ki thuat
$6.

Ca 2 van dé quan ly pha va su phan cuc c6 thé duoc thyuc hién trong pham vi dién
bang céch sir dung DSP. Hon nira, bo tach séng coherent két hop véi DSP cho phép bu
su suy giam trong truyén dan soi quang mo ra kha niang méi dinh hinh cho cong nghé
truyén dan quang trong twong lai. Hé thong thong tin quang coherent c6 thé sir dung
mét hozc nhiéu bo phat song mang don va nhiéu dang diéu ché, véi QPSK 1a k§ thuat
phé bién nhat va ky thuat diéu ché bién do cau phuong (QAM) bac cao hon va k¥
thuat diéu ché khda dich pha (PSK) dang dugc nghién cau.

Xt ly tin hiéu sé hién dang 1am phuong thirc uvu chudng nhit dé bu dip cho su suy
giam tuyén tin cua truyén dan soi quang dwong dai. Sau khi tach séng coherent tin
hiéu DP-QPSK, bén ham chinh dugc thuc hién trong mién sé trudc khi tach song tin
hiéu: bo chuyén doi ADC, b bu tan sic DC, tach kénh phan cuc va xac dinh pha séng
mang. [8]

Bd chuyén doi twong tw sang s6 ADC:

V& co ban ADC 1a mot qué trinh 1dy mau giam. O ddy chung ta chon 2-bit ldy mau
tuy nhién téc do 1y mau bj thay doi.
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Sw bul tan sic:
Sy tan sic trong soi quang 1a mot bo loc pha trén mién dién cua séng anh séang,
dugc cho boi mot ham truyén phic tap trong mién tan sb:

—_ L ®b,
.F”k = bﬂ Z)—
T " b,

Hinh 3.7. Sor do bg loc sé FIR &p dung cho bu tan sdc mau
Bo6 qua su ¢6 mat cua hiéu tng phi tuyén trén soi, soi quang co thé duoc mé hinh
héa nhu mot bo loc pha véi ham truyén dat nhu sau:

. DA? .S w3
G(z,w) = exp (—] 4nCZ w? 247:2);) (3.6)

Bén trong phan dau tién ctia phuong trinh (3.6) 14 su tan sac trén soi va sé hang
thr hai 1a su tan sac cho ang dung da kénh. Pé bl tan sac, ching ta nhan mién dau ra
v6i nghich dao cua ham truyén dat kénh (bo loc FIR). Béc caa bo loc ting 1én khi sb
luong tan sac ting 1én theo chiéu dai ciia dudng truyeén.

Tach phan cuc:

E (n)

E), (71) I Py L Ey (n)

Hinh 3.8. Biéu dién mach DSP tach kénh phan cuc
Ma tran Jones cua truyén dan soi quang dugc biéu dién bai phuong trinh (3.7)
i _ _
T=<\/Ee Vi .“) (3.7)
Vi—a ae
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Trong d6, a va & biéu thi ti 1& phan chia cong suit va su léch pha giita hai mode
phan cuc. Méi quan hé gitra trudng dién dau ra va dau vao duoc cho boi.
£)="(z")
=T ’ 3.8
(Ey Ein,y ( )
Vay, néu ta cd thé tim nghich dao cia ma tran T, chling ta cd thé tach kénh phan
cuc. Hinh v& 3.8 biéu dién mot mach DSP va phuong trinh (3.9) 1a dap ¢ng caa né:

()= G w)(z) @9

Prx(M + 1) = i ) + (1 = |E,(0) [P E, (W) Ex (1)
Pxy(m + 1) = pyy(n) + u(1 = |Ex(W)|?)Ex(n)E; (n)
U 14 thdng s kich thude budc va n 1a sé ky tw. Ma tran p vé co ban 1a mét bo loc
tich cuc FIR.

Trong do:

Xac dinh pha song mang:

Khda pha trong mién phan cing duoc thay thé bai xac dinh pha trong mién phan
mém DSP. Thuat toan dé xac dinh pha dwa vao DSP duoc biéu dién trong hinh. Tin
hiéu QPSK duoc sir dung, duoc biéu dién Ia:

E(t) = Aexp{j[6,(t) + 6.()]}  (3.10)

Trong d6 pha séng mang quang 6,(t) 1a pha cua laser phat duoc tham chiéu téi
LO va pha dir liéu mang 4 gia tri 6, = 0, +m/2, m. Dé xac dinh pha sng mang 6, st
dung DSP, tin hiéu thu dugc tach song coherent dé lay ra phan thyc va phan ao0. N6 s&
hoan thanh bai st dung bo LO va b lai quang 90°.

E(t) = Aexpl16,(0)+ 6,1)] arg() 6,0+60 4] 60
£ Tx Laser Phase Referenced to LO ¥
@ =0,+m/2,r:Data Phase P (t) - OUtPUt
. Phase
4 E—— - -
() Estimation |, ()4

A" expl {46, (1) +46.(n}]
= A" explj{46.(1)}]
Hinh 3.9. Thudt todn xdc dinh pha déi véi QPSK

3.7. ‘Stra sai hwong di’ - FEC

Stra sai huéng di hay theo thuat ngir tiéng anh la ‘FEC — Forward Error
Correction’ 1a phuong phép gitip 1am ting téc d6 truyén dir liéu 1én cao hon va dong
thoi 1am ting khoang céch truyén di liéu, mic du khi tbe d6 dir liéu ting 1én ty sb
OSNR cua hé thong sé& bi giam di. K§ thuat truyén dan coherent c6 thé gidp lam giam
y&u cau vé OSNR do c&c nguyén nhan tan sic mau va tan sic phan cuc mét. Cac hé
thng truyén dan WDM (bao gém ca cac hé thdng khdng phai coherent) da str dung
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c4c ma sira sai hudéng di cho phép céc bit 16i & miic c6 ¥ nghia c6 thé khdi phuc duoc
tin hiéu s6 da phat di va khong c6 16i. FEC méi nhat hién nay st dung 1a thuat toan
‘soft-decision’ cho phép cai thién d6 loi mad hda ‘net coding gain - NCG’.

Optical Transport Unit Optical Data Unit

A A

r

FEC

A FEC r A
I Data - - Data
\/’ 1st Generation: G-FEC "Post-FEC"

“Pre-FEC” 2nd Generation: E-FEC ]‘ HD-FEC Error-Free
Errors 3rd Generation: SD-FEC

Hinh 3.10. Su hoat dong cua FEC

Hinh 3.10, 13 co ché hoat dong cua FEC. O phia phat, dit liéu dugc chén thém vao
mot phan thong tin mao dau c6 chira ma thuat toan FEC sau dé dugc dong géi lai va

gui di.

O phia thu, tin hiéu thu duoc chuyén thanh dit liéu c6 bao gém dir liéu nguoi

ding va ma thuat toan FEC sau d6 dugc giai ma hoa dé tach ra dit liéu nguoi dung da
phat di. Va dit liéu nguoi ding nhan duoc 1a dir liéu géc vao khong chia céc 16i.

C6 3 thé hé FEC da ra doi va da dwoc thwong mai hoa: [9]

3.8.

Thé h¢ th nhat: G-FEC duoc dinh nghia trong chuan khuyén nghi G.709 cia
ITU-T, né dugc cau hinh dé cho phép twong két giita cac nha san xuat thiét bi
WDM véi nhau. Tuy nhién, G-FEC cho phép chi 6 dB NCG véi 6.69 % théng
tin mao dau. G-FEC st dung giai ma hoa kiéu ‘hard-decision’.

Thé hé thir hai: E-FEC — 1a mot mé rong cua FEC, cac thuét toan duoc list ké
trong chuan khuyén nghi G.975.1 cua ITU-T, dua theo cac ki thuat giai ma hoa
dién hinh. E-FEC khong huéng dén viéc tuong két giita cac hé thong E-FEC
cta nhiéu nha san xuat thiét bi khac nhau, nhung né cho phép 8 dB va 9.5 dB
NCG véi thong tin mao dau giira 6.69% va 10%, phu thudc vao thyc té. E-FEC
str dung giai ma hoa kiéu ‘hard-decision’. G-FEC va E-FEC duoc sir dung voi
ca hai hé théng coherent va khong str dung coherent.

Thé hé tha ba: SD-FEC str dung giai ma hoa ‘soft-decision’ va cho phép cai
tién xu ly tin hiéu dién cho cac hé thdng coherent 100 Gbps va dung lwong cao
hon nita. SD-FEC cho phép 1am lgi 11 dB NCG hoic hon nita voi phan thong
tin mao dau 1a tir 15%-35%, phu thudc vao cac dong goi dir liéu. Cac ky thuat
méi hon nita nhu SD-FEC mé rong hién vin dang tiép tuc duoc phét trién nhu
SD-FEC chia s¢ d6 loi, & d6 FEC & dau ra tir hai kénh duoc két hop toan hoc
vé6i nhau dé c6 thé sir dung mé rong gié tri chat lwong caa kénh.

Két luan chwong 3

Trong chuong nay da tap trung di phéan tich cac dic diém vé md hinh théng tin

quang

coherent. Trong d6 dua theo nguyén 1y diéu ché DP-QPSK & bo phat quang va

giai diéu ché DP-QPSK ¢ bo thu quang, tac gia da di ¢én m6 hinh hoa duéi dang ham
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truyén dat va so dd tong quat, tir d6 tinh toan phan tich hé thong thdng tin quang theo
mo hinh coherent duoc trinh bay trong muc 3.3 — ky thuat tdch song coherent.

Sau khi mé hinh hda mét hé thdng thong tin quang hoan chinh, tiép tuc phan tich
dén van dé 1a 1am thé nao dé hé thong dat duoc tée do 100 Gbps - DP-QPSK diéu ché
4 bit trén mot ky ty, toc do ky tu thip hon 28 Gbaud 1a du dé dat duogc téc do 112-
Gb/s. N6 chuyén dbi thanh téc do dit liéu 100-Gb/s khi trir di phan mao dau ma sua i
FEC 1a ~7% va phan mao dau Ethernet ~4%. Hé théng 100 Gbps c6 nhiing dic diém
nang lyc nhu 1a do nhay OSNR cai thién 9-11 dB, c4c van dé vé nhiéu do tan sac trén
kénh truyén, nhidu do cac b loc quang ... cic van dé nay duoc thé hién trong muc 3.4
va 3.5.

Van dé xir ly tin hiéu sé trén hé thong thong tin quang coherent ciing 1a mot van dé
duoc quan tdm, nhd ¢6 xir Iy ki thuat s6 ma viéc xir ly pha va sy phan cuc tro nén dé
dang hon.

Cac ma ‘sta sai hudng di’ 1a mot k¥ thuat khdng thé thiéu trong cac hé théng
thong tin quang tc do cao, duoc ap dung o giai doan trudc khi truyén thong tin va sau
khi nhan duoc thong tin téc @6 bit 12 100 Gbps. O phia phét, dit liéu duoc chén thém
vao mot phan théng tin mao dau 6 chira ma thuat toan FEC sau d6 duoc dong goi lai
va giri di. O phia thu, tin hiéu thu duoc chuyén thanh dit liéu c6 bao gom dir liéu nguoi
ding va ma thuat toan FEC sau d6 dugc giai ma hoa dé tach ra dit liéu nguoi ding da
phat di. Va dir liéu ngudi ding nhan duoc 13 dix liéu goc va khdng chira cac 15i.
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CHUONG 4. MO PHONG VA PANH GIA BER CUA HE THONG

4.1.

doi

Cong cu mo6 phéng Optisystem 14.0

Phan mém Optisystem 14.0 1a mot phan mém thiét ké mang thong tin quang tuong
toan dién, duoc phat trién boi OptiWave. N6 1a mot cong cu hiru ich dé lap ké

hoach, mé phong, thiét ké, cac phan tir cia mang thdng tin quang. Optisystem c¢é giao
dién d6 hoa than thién, kha niang hién thi truc quan va hd tro thu vién cac phan ta. Va
dic biét, phan mém co thé d& dang mo rong do ngudi sir dung c6 thé dwa thém céc
phan tir ty dinh nghia vao.

vat
thé

A

mo

Optisystem cho phép thiét ké tu dong hau hét cac loai tuyén thdng tin quang & 16p
ly, tir hé thdng dudng truc cho dén cac mang LAN, MAN quang. Cac ung dung cu
bao gom:

Thiét ké hé théng thdng tin quang tir mac phan ti ¢&én mac hé théng & 16p vat Iy
Thiét ké mang TDM/WDM va CATV

Thiét ké mang FTTx dua trén mang quang thu dong (PON)

Thiét ké hé théng ROF (radio over fiber)

Thiét ké bo thu, bo phat, bo khuéch dai quang

Thiét ké so dd tan sac

Panh gia BER va penalty cua hé thong vadi cac mé hinh bo thu khac nhau

Tinh todn BER va qui cong sut tuyén cua cac hé thong co sirng dung khuéch dai
quang...

Optisystem c¢d mot thu vién cac phan tir phong phd véi hang traim phan tir dwoc
hinh héa dé c6 dap ung gidng nhu cac thiét bi trong thuc té. Cu thé bao gom:

Thu vién ngudn quang

Thu vién cac b thu quang

Thu vién soi quang

Thu vién cac bo khuéch dai (quang, dién)

Thu vién cac bo MUX, DEMUX

Thu vién cac bo loc (quang, dién)

Thu vién cac phan tir FSO

Thu vién cac phan ti truy nhap

Thu vién cac phan tir thu dong (quang, dién)

Thu vién cac phan tir xtr ly tin hiéu (quang, dién)

Thu vién cac phan tr mang quang

Thu vién cac thiét bi do quang, do dién

Ngoai cac phan tir di dugc dinh nghia sin, Optisystem con co:

Céc phan tir Measured components. Véi cac phan tir nay, Optisystem cho phép
nhap cac tham sb duoc do tir cac thiét bi thuc caa cac nha cung cap khac nhau.

Céc phan tir do ngudi sir dung tu dinh nghia (User-defined Components)
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Optisystem c6 day du cé4c thiét bi do quang, do dién. Cho phép hién thi tham s,
dang, chat lugng tin hiéu tai moi diém trén hé thong.

Thiét bi do quang:

- Phan tich pho (Spectrum Analyzer)

Thiét bi do cong suat (Optical Power Meter)

Thiét bi do mién thoi gian quang (Optical Time Domain Visualizer)
Thiét bi phan tich WDM (WDM Analyzer)

Thiét bi phan tich phan cuc (Polarization Analyzer)

Thiét bi do phan cuc (Polarization Meter). ..

Thiét bj do di¢n:

Oscilloscope

Thiét bi phan tich phé RF (RF Spectrum Analyzer)

Thiét bi phan tich biéu do hinh mit (Eye Diagram Analyzer)

Thiét bi phan tich 15i bit (BER Analyzer)

Thiét bi do cong suat (Electrical Power Meter)

Thiét bi phan tich séng mang dién (Electrical Carrier Analyzer)...

Ngoai ra, Optisystem con hd trg nhiéu cac tinh ning khac nhu: M6 phong phan
cap voi cac hé thdng con (subsystem), ngdn ngir Scipt, Thiét ké nhiéu I6p (multiple
layout), trang béo céo (report page), Quét tham sé va tdi uu hoa (parameter sweeps and
optimizations)...

4.2. Piatvan dé
Ty 18 15i bit (BER):

Trong mang truyén dan thong tin, ty 1& 15i bit 1a ty I cac bit bi 13i trén tong so bit
nhan dugc trong qué trinh truyén dan. BER chi ra rang dit liéu thuong duoc phét lai
nhu thé ndo khi ¢ mot I18i. BER qua cao cho biét toc d6 dit liéu thap hon sé& thuc su
cai thién tong thé thoi gian truyén tai dé cho mot lugng dir liéu duoc phat di khi BER
giam xubng, 1am giam s6 luong cac gai tin phai c6. BER c6 thé dugc cai thién boi viéc
chon mét tin hiéu c6 cudng d6 manh, bang cach chon mot phwong phap diéu ché cham
va manh mé& hoic phuong phap mi hoa duong truyén va bang viéc 4p dung cac
phuong phap ma hoa kénh nhu 1a cac ma du phong ‘stra sai hudng di’. BER trén kénh
truyén dan thong tin 1a s6 bit dugc phat hién 1a sai trude khi stra sai, chia cho tong s6
bit dwoc truyén di (bao gdm ca cac ma du phong 15i). Thong thudng BER kénh truyén
dan thong tin 16n hon BER cua thong tin. BER cua thong tin bi anh huéng béi do
manh ctiia ma ‘stra sai huong di’. [10]

Ty s6 tin hiéu — nhiéu (SNR):

Ty s6 tin hiéu — nhidu 12 mot bién phap duoc sir dung trong khoa hoc va ky thuat
dé dinh lwong bao nhiéu tin hiéu bi 13i bai nhidu. N6 dugc dinh nghia boi ty sb cong
suit tin hiéu véi cdng suat nhidu 1am tin hiéu 15i. Ty s6 16n hon 1:1 chi ra ring muc tin
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hiéu cao hon nhiéu. Trong khi SNR thuong ap dung cho céc tin hiéu dién, no co thé
dugc &p dung cho nhiéu dang tin hiéu khéc nira. Trong k¥ thuat, ty sé tin hiéu nhiéu so
sanh muc cua tin hiéu mong mudn véi mic cua nhidu nén. SNR d6i khi duoc st dung
dé tham chiéu téi ty 1é thong tin hitu ich bi sai hoic dit liéu khéng lién quan trong mot
sir so sanh hoic chuyén ddi. Khai niém ty s tin hiéu nhiéu va dai dong c6 quan hé
chit ch& véi nhau. Dai dong do ty sb gitra tin hiéu khéng bi méo nhat trén mot kénh va
tin hiéu nho nhat c6 thé nhan dang duogc, cho muc dich xac dinh méc nhiéu. Ty s6 tin
hiéu nhidu do ty I& gitta mot mac tin hiéu tly y va nhidu. Bé do ty s tin hiéu nhidu
yéu cau lya chon mét tin hiéu dai dién hodc tham chiéu nao dé. Ty sb tin hiéu nhiéu
thuong dé chi ra mot ty sb tin hiéu nhidu trung binh, c6 thé 1a céc ty sb tin hiéu nhiéu
tc thoi tro nén khac nhau dang ké. Khai niém nay c6 thé duoc hiéu nhu 1a mac nhiéu
so véi 1 (0 dB) va do tin hiéu ‘tréi hon nhiéu’ nhu thé nao. [10]

Ty s6 tin hiéu — nhidu quang (OSNR): la su do ty sé giita cong suat tin hiéu va
cdng suat nhidu trong mot kénh quang.

OSNR = 10log(>) , (4.1)

Trong d6: S — la cong suat tin hiéu quang; N — 1a cdng suat nhidu quang.
Céu truc hé théng md phéng

Dua vao mo hinh hé théng truyén dan coherent duoc trinh bay trong muc 3.3, hinh

3.3 va cac ky thuat lién quan. Ta c6 md hinh ciu tric hé théng 100 Gbps nhu trong
hinh 4.1. [11]

PD-QPSK Transmitter Tx Rx Coherent Recelver

28Ghis QPSK1

X

" Fiber gn° -+ PIN
28Ghls :
112Gbis [ YPnd RN o | 112Gbis
= B{freseon -4 &=
38Gbls = 4 - SsE-- EN

¥

™ Hybrid -»

y 5 PIM

28Gb/s }2 QpPsK2

PBS: Polarization Beam Splitter ADC: Analog to Digital Converter
FEC: Polarization Beam Combiner DSP: Digital Signal Processor

Hinh 4.1. Cdu tric hé thong truyén dan 100 Gbps

Céc hé théng truyén din biang rong dé co thé 1am viéc 6n dinh véi cac dich vy vién
thong, yéu cau dat ra 1a chat luong duong truyén phai dam bao va ty 1é 15i bit cua
thdng tin phai dat muc thap hon 1E-14. Diéu nay doi héi cic mi “sira sai hudng di’ co
hiéu nang xir Iy 16i manh mg. [12]

Tin hiéu bang théng 112 Gbps truyén/nhan trong hinh 4.1, dugc déng goéi va chén
vao phan mao dau caa né mot ma thuat toan FEC. Trong d6 c6 100 Gbps 1a data hay
thong tin dir liéu nguoi duing dé dam bao chat luwong hay BER cua phan data - 100
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Gbps ma truyén/nhan qua kénh truyén dan dam bao mac thap hon 1E-14. Hinh 3.10 va

muc 3.7 miéu ta qua trinh 1am viéc cia mi stra sai hudng di. Pé phan biét BER tai hai

phan doan kénh truyén tin hiéu, ta goi BER kénh truyén 112 Gbps 1a ‘BER-112G’ va

BER cua thong tin dir liéu 100 Gbps sau khi dugc stra sai boi thuat toan FEC 1a ‘BER-

100G’.

Theo khuyén nghi G975.1 cua td chirc vién théng quéc té ITU-T. Bbi véi md FEC
“].2 RS(255,239)/CSOC (n0/k0 = 7/6, J = 8) super FEC code” néu BER dau vao ap
dung ma FEC nay la 5E-3 thi c6 thé dat duoc BER dau ra 1a 1E-16. Tuc 1a BER-112G
cua tin higu 112 Gbps cua h¢ théng nhu trong hinh 4.1 can phai dat nhd hon SE-3 dé
dat dugc BER dau ra cho thong tin truyén tai thap hon 1E-16. [13]

Trong dé tai nay, khdng nghién ciru chuyén sau dén nguyén 1y va co ché lam viéc
ctia ma thuat toan FEC. Do d6, thuc hién mé hinh mé phong hé théng 100 Gbps tir giai
doan truyén phét ¢ téc do bit 112 Gbps qua kénh truyén dan va nhan tin hiéu téc do
112 Gbps va chua thuc hién chén ma thuat toan FEC vao kénh truyén tic 1a mé phong
danh gia BER-112G 1a BER dau vao &p dung ma thuat toan FEC.

OSNR la thdng sé 1am anh huéng t6i chat lugng kénh truyén dan. Do do, s& di mo
phong danh gia sy anh huéng cia OSNR téi BER dau vao ap dung ma FEC — chia
khoa quan trong gilp cai thien BER-100G cua thong tin 100 Gbps dat cht lwong thap
hon 1E-16.

4.3. MOo hinh md phéng

4.3.1. Bai toan mé phéng.

Thiét ké mot bo phéat quang va bo thu quang dugce diéu ché DP-QPSK cho hé
théng kénh truyén din don huéng téc do bit 112 Gbps. Theo md hinh hé théng
coherent trén hinh 4.1 va cac dic diém nhu phan tich trong muc 4.2.

- B0 phat (Transmitter): diéu ché DP-QPSK.

- B6 thu (Receiver): giai diéu ché DP-QPSK, két hop véi DSP.

- Kénh truyén (Channel): soi quang, khoang cach 80 km. Suy hao trén sgi quang
0.25 dB/km. Bo qua cac tham s tan sic, phi tuyén... trén soi quang.

- Thiét 1ap céc tham s6 hao ton do duong truyén (tan sac, phi tuyén...): boi bo thiét
lap OSNR.

- Sb kénh: 1 kénh don huéng

- Khéng ap dung cac ma ‘stra sai huong di’: FEC, AFEC, SD-FEC...

- Thiét lap do va danh gia BER cua md phong (BER): Ia gia tri BER cua kénh
truyén 112 Gbps hay BER-112G la dau vao &p dung ma FEC. BER-112G: 5 *
1073, 14 gi4 tri BER dau vao dé co thé ma hda va giai ma hda duoc kénh thong tin
100 Gbps va cho dau ra BER-100G cua thong tin 100 Gbps 1a 1 * 107, theo ma
FEC “RS(255,239)/CSOC (no/ko=7/6, J = 8) super FEC code”. [13]
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Thay d6i tham sé anh huéng trén duong truyén OSNR, ta duoc BER-112G cua
kénh truyén 112 Gbps. Tir d6 danh gia sy thay d6i cia OSNR va BER-112G va BER-
100G dau ra cia thdng tin 100 Gbps.

4.3.2. Thiét ké mo phéng

Chay tng dung m6 phong Optisystem 14.0, tao project mai, lya chon cac thanh
phan trong thu vién ‘Component Library’ va két ndi link giira chiing thanh so do trong
hinh 4.2.

So d6 thiét ké md phéng: 1a mot mach truyén — nhan tin hiéu don huéng

Layout: 112 Gbps Co herent_DP-QPSK

[Author [Sunday. September 15,2018

112 Gbps DP-QPSK

[Sweep Iterstion: 1/1

BER Test Set
Bitrate = Bitrate bits

________________________________ . Sequence length = 65536 Bits

s H Sequence length for BER= 1

Fork 1x2 '--E{Eﬂ !] Bit Emors =0
BER=0

Bit Emo
Bit Emors
. Szquence
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Optical Power M psK
ptical Power Meter Electrical Constellation Visua lizer_ o
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=
Gaussian Optics| Filter DEF for GESKC -,

E;Enadn_:‘::toh; == ElgEgH;m DF QFSK Receiver  Polarization Type = Dusl Polarization Type =B

Enable Dispersion Compensation = NO dulation Format = QFSK
H SER=0

PSK Sequence Decoder 1
Bits persymbol [b/sym) = 2 bits

WDM Analyzer

Lower frequency limit = 185 THz
Upper frequency limit = 200 THz
Interpolation offset = Sample rate / 12528 nm

ign ndwi
SetOEMR =15
Cptical Fiber
Length =80 km

Attenuation effect = YES
Attenuation = 0.25 dB/m

Electrical Constellation Visuslizer_Y

Hinh 4.2. So @6 mach mé phong kénh truyén tin hiéu 112 Gbps

112 Gbps Coherent_DP-QPSK Parameters X
Label |112 Ghps Coherent_DP-OPSEK. |
| | | Cancel
‘Signals Spatial effects Moise | Signal tracing
Hame Value Units Mode
Simulation window Set bit rate MNormail
Reference bit rate ] Normal
Bit rate 112e+009: bit/s Normal add Param...
Time window 0.5851428571428575e-006i s MNormal
Sample rate 448e+009 i Hz Normal Remave Par
Sequence length 65536 : bits MNormal "
- Edit Faram...
Samples per bit 4 MNormal
Guard Bits 112 MNormal
Symbol rate 28e+009 ; symbois/s :Normal X
Number of samples 262144 Normal V'T"}' GRU
Cuda GPU N Normal e
OSNR 0:dB MNormal
SignalPower 0:dBm Normal

Hinh 4.3. Thong sé téc dé bit cia kénh truyén
Hinh 4.3, 1a thong sb téc do bit truyén qua kénh truyén dan 112 Gbps.
Bit rate: téc do bit 112 Gbps
Symbol rate: toc do ky tu 28 Gbps

DP-QPSK Transmitter:

Bo phét tin hiéu DP-QPSK, trong so dd6 md phong 1a mot mach duoc tao thanh tur
nhiéu thanh phan, theo nguyén 1y diéu ché DP-QPSK trong hinh 2.7. Hinh 4.4 1a so do
chi tiét hé thong con caa khdi phat DP-QPSK.



Trang [52]

= 7

PSK o E
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Hinh 4.4. So do khai phat DP-QPSK

Kénh truyeén:

La cap soi quang, c6 chiéu dai 80 km, suy hao trén soi quang la 0.25 dB/km. Thiét
lap bo qua cac thdng s tan sic mau, tan sic phan cuc mét va cac hiéu tng phi tuyén
kh&c trén soi quang. Dat trén kénh truyén phan tir ‘Set OSNR’ dé thiét 1ap dai dién cho
su anh huong caa cac hiéu tng gay nhidu trén soi quang nhu tan sic, phi tuyén... Hinh
4.5 12 phan tir kénh truyén tin hiéu 112 Gbps.

L i
e

O ptical Fiber
Length = &0 km Set OSNR
Attenuation effect = vYES Signal Freguency = 1550 nm

Attenuation = 0.25 dB/tm Signal Bandwidth = 2*Symbol rate Hz
Set OSNR = 155 dB

Hinh 4.5. Kénh truyén tin hiéu 112 Gbps

DP-QPSK Receiver:

Bo thu tin hiéu DP-QPSK, trong so d6 md phong 1a mot mach duoc tao thanh tir
nhiéu thanh phan, theo nguyén Iy giai diéu ché DP-QPSK trong hinh 2.8. Hinh 4.6 la
so d6 chi tiét hé thong con cua khdi phat DP-QPSK.

Ngoai ra dé dau thu tin hiéu 112 Gbps c6 thé 1am viéc 6n dinh theo mé hinh tach
séng coherent, tin hiéu giai diéu ché DP_QPSK sau d6 dugc chuyén doi tir tin hiéu
tuong tu sang sd va sau d6 dwoc xu 1y s6 va giai ma hoa PSK dé dugc tin hiéu 112
Gbps twong (ng Vi tin hiéu phat di. Theo so ¢4 nguyén ly hinh 4.1.
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Hinh 4.6. So do khéi thu DP-QPSK
Bdng 4.1. Thong sé cac phan ti ciia hé thong:

—, Phan tr r& nhanh, tir 1 kénh thanh 2 kénh.

o Phan tir sgi quang. Chiéu dai: 80km; suy hao:
ptical Fiber ,
length =80 k . 2 3 o z < . .
Length =80 k' 0.25dB/km; dnh hudéng cua tan sic: 0;
Attenuation = 0.25 dB/lem
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Modulation Format = QPSK
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CW Laser

Freguency = 1550 nm
Power = 10 dBm
Linewidth =0 MHz
Azimuth = 45 deg

Ngudn sang Laser

4.3.3. M6 phéng va danh gia két qua

Chay chuong trinh mé phong cho so db thiét ké md phong & muc 4.3.2. Thiét lap
gia tri OSNR trén phan tir ‘Set OSNR’, doc gié tri BER tinh toan duoc trén phan tir
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‘BER Test Set’. Thay ddi gia tri OSNR ting dan, doc gia tri BER va biéu dién trén
biéu 6, hinh 4.7. Sir dung cac phan tir do dé kiém tra va quan sét sy thay dbi: ‘WDM
Analyzer’, ‘Optical Power Meter’, ‘BER Analyzer’ va ‘Electrical Constellation

Visualizer’

Thiét lap twong tu, khi chon khoang chiéu dai kénh truyén soi quang thay doi khac
nhau. Thay d6i gia tri OSNR, quan sat sy thay d6i BER dat dugc trén phan tor ‘BER
Test Set’ va su thay d6i cua cong suat quang trén phan tir ‘Optical Power Meter’. két
qua biéu dién trén biéu db hinh 4.7.

- BER1: kénh truyén cap soi quang c6 chiéu dai 80 km.

- BER2: kénh truyén cap soi quang c6 chiéu dai thay d6i, vi du 20 km.

A. BER - OSNR
3.0E-2
2.0E-2 k

o

W 1.5E-2 \

m —4—BER1
1.0E-2 == BER2
5.0E-3
0.0E+0 | it e i ——

10 10.5 11 11.5 12 12,5 13 135 14 145 15 155 16 16.5 17
OSNR
B. LOG(BER) - OSNR
0 B—E—Na
10 105 11 11.5 12 12.5 13 13.5 14 145 15 155 16 165 17

-1

2
04
w
Qg, 3 —8—og(BERL)
O —=m=|_0g(BER2
Q a( )

-4

OSNR

Hinh 4.7. Biéu do két qua BER va OSNR trong hé thong
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Ta thay trong trudng hop tin hiéu truyén qua soi quang, khi loai bé cac tham sé
duong truyén trén soi quang nhu: tan sic, hiéu ang phi tuyén... chi thiét 1ap thong sé
anh huong 1a suy hao tuyén tinh 0.25dB/km va khoang cach chiéu dai soi quang sao
cho mirc cong suat dén dau thu trong dai phu hop véi link kién thu quang. Két qua
BER cua hé thdng trong truedng hop chiéu dai soi quang thay ddi tuong wng véi cling
mét gi4 tri OSNR 1a xap xi nhu nhau. NGi cach khac, néu cong suat phia phat du Ion
dé truyén qua kénh truyén dén dau thu nam trong dai 1am viéc cua bo thu quang thi gia
tri OSNR trén dudng truyén khong bi anh huéng truc tiép boi khoang cach va suy hao
trén sgi quang.

- Khi OSNR = 10. Thi gia tri BER = 2.7E-2 (BER > 5E-3). Trong hinh 4.8 a) va

b) 1a két qua gia tri BER va OSNR doc trén khoi ‘BER Test Set’ va “WDM
Analyzer’ ciia mé phong.

pER-C5
a8 |

BER Test Set
Bit rate = Bit rate bit's
Sequence length fEE-E-S-E*

0 & e

WDM Analyzer
Signal Power (dBm}) Noise Power (dBm) SNR (dB) MNoise Power: 0.1nm (dBm) |OSNR (dB)
Min value -18.436693 -21.965418 3.5287201 -28.478198 10,0415
IMax Value -18.436693 -21.965418 3.5287201 -28.478193 10,0415
Total -18.436693 -21.965418 -28.478198
Ratio max/min 0 0 0 0 0
(THz) (THz) (THz) (THz) (THz)
Frequency at min 19341449 193.41449 19341449 19341449 193.41449
Frequency at max 1593.41445 193.41445 193.41449 193.41445 193.41445
N -z . - \
Hinh 4.8. Gia tri BER dar duwoc, khi OSNR la 10
Electrical Constellation Visualizer n Electrical Constellation Visualizer n
- [ Etectrical Consteliation Visualizer_x sandindes 0 [2 - [B™ Eiectrical Constellation Visualizer_y Sanalndes 02
_ﬂﬁjﬂ Auto Set uﬁ; Auto Set
r ° Amnplitude - 1 o Armplitude - |
§ Automatic range é Automatic range
! Maw | 2734086622 5y, i, May; | 28228467527 g,
8 Min 3005445778 ., g Mirg | 29180887244 5.,
I £
g _ Amplitude - [ g, - Amplitude - G
= ;_ [#] Automatic range = ;_ [ dutamatic range
A Maw 2054042473y % |9 Max: | 29191799108 a.
2 Min |31 70546968 2 ER Ming 2663775926 au
gq- [ Imwert Calars E [lnwvert Colors
[ Color Grade - [ Colar Grade
o
3 2 Q 1 2 0 1 2
-1 {a.u.) -1 {a.u.)
Amplitude Amplitude

" Hinh 4.9. So dé chom sao ciia tin hiéu gidi diéu ché DP-QPSK, OSNR Ia 10
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Biéu do hinh mét cua tin hiéu giai diéu ché DP-QPSK, doc boi phan tur ‘Ber
Analysis’ nhu trong hinh 4.10. So dd chom sao cua tin hiéu giai diéu ché DP-QPSK
tuong (tng vai tin hiéu ¢ 2 phuong X va Y nhu trong hinh 4.9.

BER Analyzer n

E BER Analyzer Signalndef0 |2

Time (bit period)
02 05 08 11 e S

l Signal

Show Eve Diagram

Analysis ]

Max. Q Factor
Min. BER

Eye Height
Threshold

== =R

Decision Inst.

[ rwert Colors
Color Grade

Pattems

Calculate Patterns

0
Amplitude (a.u.)

Patterns

Pattern 1 fe-012
Pattern 2 1e-011
Pattern 3 1e-010
Pattern 4 1e-009
Pattern 5 1e-008

-1 a 1

QFactor 4 MnBER ), Threshold Ji Height }, BER Pattern [

Hinh 4.10. So' d6 hinh mdt cua tin hiéu gidi diéu ché DP-QPSK, OSNR 1a 10
- Khi OSNR = 12.5. Thi gié tri BER = 3.4E-3 (BER < 5E-3). Trong hinh 4.11 a)
va b) 1a két qua gia tri BER va OSNR doc trén khdi ‘BER Test Set’ va ‘WDM
Analyzer’ cia md phong.

HER- D
B
BER Test Set
Bit rate = Bit rate bit's
Sequence length = 85538 Bits
Sequence length for BER = 65312
Bit Errors = 222
BER: = 00033950609
loq of BER = -2 45864
Bit Emars: ¥ Polarization = 115
Bit Errars: " Peolarzation = 107
Sequence length for BER per iteration = 0.065312e+006

a)

WDM Analyzer

Power (dBm) Moise Power (dBm) SNR (dB) Moige Power: 0.1nm (dBm) | OSNR (dB)
Min value -18.423755 -24 455543 6.031788 -30.968323 12.544568
Max Value -18.423755 -24 455543 6.031788 -30.968323 12 544568
Total -18.423755 -24 455543 -30.968323
Ratio max/min 0 0 0 0 0

(THz) (THz) (THz) (THz) (THz)

Frequency at min 153.4144% 18341448 18341445 153 41445 19341445
Freguency at max 153.4144% 18341448 18341445 153 41445 19341445

b)
Hinh 4.11. Gia trj BER dat duoc, khi OSNR 12 12.5
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Biéu d6 hinh mit cua tin hiéu giai diéu ché DP-QPSK, doc boi phan tir Ber
Analysis nhu trong hinh 4.12. So d6 chom sao cua tin hiéu giai diéu ché DP-QPSK
tuong tng vai tin hiéu ¢ 2 phuong X va Y nhu trong hinh 4.13.

BER Analyzer

[ Signal

= BER Analyzer
Time (bit period)

Analysis ‘

Signal Index:D =

Ao Set

Show Eye Diagram

Max. @ Factor

Min. BER

Eye Height

Threshaold

Decision Inst.

(=R = ]

[ Irwvert Colors
Color Grade

Patternz

ul
Amplitude (a.u.)

Patterns

Calculate Patterns

Pattern 1

Pattern 2

= | ka

Pattern 3

Pattern 4

Pattern &

L T I T T T

1 [}
ol Rl R ) )
= = e el s
=R R =]

QFactor /| MinBER }, Threshold }, Height }, BERPattern [

Hinh 4.12. So d6 hinh mdt cua tin hiéu gidgi diéu ché DP-QPSK, OSNR 1a 12.5

u Electrical Constellation Visualizer

Electrical Constellation Visualizer

FE' Electrical Constellation Visualizer_X

[ Notse | signal

ot

[ All - signal+hoise
1

Amplitude - Q (a.u.)

aa |

-

Amplitude

Signal Index: D < |

Auto Set
Amplitude - |
Automatic range

May: |24022160092| 5,
Mire |-2.504619864¢ 5.,

Amplitude - &
Automatic range
Max: | 25948101963 4,

Mire 2582179715 4y

[Inwert Colors
[ Calor Grads

Molse | Signal

I All - signal+hioise

Amplitude - @ (a.u.)

E' Electrical Constellation Visualizer_Y

Amplitude

Signal Indes: El =
Auto Set
Amplitude - |

Automatic range
Maw | 24762046298 5.,

Min; | -2834634028 5
Ampltude - 0

Automatic range
Maw 24852913733 4

Min: | -2.430776532: 5y

[lrwert Calars
[ Calor Grade

Hinh 4.13. So' d6 chom sao cua tin hiéu gidi diéu ché DP-QPSK, OSNR 1a 12.5

Ta thidy mdi tin hiéu & phuong phan cuc X va Y, cac diém ban tin nam & cac goc
phan tu twong tng phan bé tran vé phia truc gbc 0, va c6 rat nhiéu diém c6 xu hudng
nam chéng vao goc phan tu 1an can. Tac 14 c6 hién twong mat, sai Iéch théng tin nhan
duogc, cac diém ban tin nam tran qua géc phan tu 1an can sé khong thé nhan dang duoc
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- Khi OSNR = 15.5. Thi gia tri BER = 1.5E-5 (BER < 5E-3). Trong hinh 4.14 a)
va b) 1a két qua gia tri BER va OSNR doc trén khéi ‘BER Test Set’ va ‘WDM
Analyzer’ ciia mé phong.

-ﬂ—#

BER Test 5=t

Bit rate = Bit rate bit's

Sequence length = BE535 Bits
nce length for BER = 65312

= iteration = 0.0E03 1 2e+000
a)
WDM Analyzer

Signal Power (dBm) MNoize Power (dBm} SNR (dB) Noige Power: 0.1nm (dBm) | OSNR (dB)
Min value -18.438655 -27.4756592 9.0370374 -33.988473 15.545818
Max Value -18.438655 -27.4756592 9.0370374 -33.988473 15.545818
Total -18.438655 -27.4756592 -33.988473
Ratio max/min 0 0 0 0 0

(THz) [THz) (THz) (THz) [THz)

Frequency at min 19341449 193.41449 193.41449 193.41449 193.41449
Freguency at max 19341449 193.41449 193.41449 193.41448 193.41448

b)
Hinh 4.14. Gia trj BER dat dwoc, khi OSNR la 15.5

Electrical Constellation Visualizer n Electrical Constellation Visualizer n
. . . . Signal Indsx: < | . N - N Signal lndes: =
= E Electrical Constellation Visualizer_X ? E | & [= Electrical Constellation Visualizer_Y ° El
5 Auto Set 5 Auto Set
@ - &
Amplitude - | Amplitude - |
] o o " 8 | u
2 Automatic range ] o n Automatic range
Max: | 21128162675 4 Ma | 21463438130 oy
& Min | -2100790833 4. & Min: |2 082898125 4.
) . E
= ) 5| - i
5[~ Amplitude - 0 5.~ Amplitude - G
& (3 ! & (3
& Automatic range i Automatic range
= ‘:—,: i 1 May: |22307413530( 5., H g Max | 23016043245 5
1 | Mine |2 117321424 4 z° Min -2 7148458942} 5.y
< [CDinvert Colors < [Jinvert Colars
[ Color Grade [ Color Grade
. [] -
' —
2 A 1 2 2 1 0 2
-1{a.u.) | Ampli -1{a.u.)
Amplitude Amplitude

Hinh 4.15. So' d6 chom sao cua tin hiéu gidi diéu ché DP-QPSK, OSNR 1& 15.5

Ta thdy khi OSNR la 15.5, gia tri BER dat duoc di giam dan. Quan sat so do
chom sao cua tin hiéu giai diéu ché, viing gan truc goc 0 trong so dd chom sao tin hiéu
Xuat hién it hon cac diém chom sao cua tin hiéu va it bi chong lan sang viing géc phan
tu 14n can. Tac 13, kha ning nhan dang tin hiéu véi cac ban tin kha dung 1a tét hon.

- Khi OSNR = 16. Thi gi4 tri BER = 0E+0 (BER < 5E-3). Trong hinh 4.16 1a két
qua gia tri BER doc trén khdi ‘BER Test Set” cua md phong. Hinh 4.18 1a so dd
chom sao cua tin hiéu giai diéu ché DP-QPSK.

Ta thay, khi BER 14 0, cac diém chom sao cua tin hiéu nim gon & goc phan tu

trong ung cua nd. Va khong xay ra hién twong chong 1an sang géc phan tu 1an can.
Tuc la tin hiéu nhan dugc c6 thé duoc nhan dang day du.
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HER-T
[
BER Test St
Bit rate = Bit rate bit's
Sequence length = 65538 Bits
Sequence length for BER = 85312
Bit Errors = 0

Bit Errors: ¥ Polarzation =0
Bit Errors: % Polarization = 0
Sequence length for BER per iteration = 0.085312+008

a)

WDM Analyzer

Signal Power (dBm) Noise Power (dBm) SNR (dB) Noise Power: 0.1nm (dBm) | OSNR (dB)
Min value -18.46808 -27.959756 9.4806757 -34.472538 16.003456
Max Value -18.46808 -27 9589756 9.4906757 -34 472536 16.003456
Total -18.46808 -27 959756 -34 472536
Ratio max/min 0 0 0 0 0

(THz) {THz) {THz) (THz) {THz)

Frequency at min 15341449 15341449 153.41449 15341449 15341449
Freq) y at max 193.41449 193.41449 193.41449 193.41449 193.41449

b)
Hinh 4.16. Gia tri BER dat duoc, khi OSNR la 16
Luc ndy, quan sat so dd hinh mat cua tin hiéu qua phan tir ‘BER Analyzer’ ta thiy
tin hiéu da hién thi rd rang hinh mat hon, trén hinh 4.17.
BER. Analyzer ﬂ

E BER .AI'IEWZEI' Signal Inde:-::

Time (bit period)
02 05 04 1 | LB e |

l Signal

Show Eye Diagram

Analysis I
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L) Rl ) e ) E Y e ]

[ Irweert Colars
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Calculate Patterns
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Patierns

Pattern 1 ie-012
Pattern 2 Te-011
Pattern 3 1e-010
Pattern 4 1e-009
Pattern 5 1e-008

-1 0 1

Q Factor /i MinBER }i Threshold }i Height #i BER Pattern j

Hinh 4.17. So d6 hinh mdt cua tin hiéu gidi diéu ché DP-QPSK, OSNR 14 16




Electrical Constellation Visualizer
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n Electrical Constellation Visualizer

Stinelietzs D: |
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Amplitude -1
] utomatic range
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[ dutomatic range:
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Hinh 4.18. So' d6 chom sao cua tin hiéu gidi diéu ché DP-QPSK, OSNR 14 16
- Khi OSNR > 16. Thi gia tri BER = OE+0 (BER < 6.5E-3). Quan sét so dé chom
sao va so d6 hinh mat cua tin hiéu ta thiy OSNR ting 1én thi cac diém chom
sao c6 xu hudng tap trung vé phan trung tm cua goc phan tu cia n6 so Vai truc
gdc va so do hinh mat cua tin hiéu c¢6 xu hudéng hién thi ré rang hinh mat hon.
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Hinh 4.19. So d6 hinh mdt cua tin hiéu gidi diéu ché DP-QPSK, OSNR 14 22
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Bl Electrical Constellation Visualizer

et D: B
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Hinh 4.20. So' do chom sao cua tin hiéu gidi dieu ché DP-QPSK, OSNR 1 22
n.

BER Analyzer

=

Signal Inde:-::D =

BER Analyzer
Time (bit period)
0.5

Auto Set

[ signal

-1

0

Amplitude (a.u.)

QFactor i MinBER }, Threshold ), Height }, BER Pattern /

Shows Epe Diagram

Analysis }

Max. @ Factor
Min. BER

Eye Height
Threshold
Decision Inst.

Do O =D

[ Invert Colors
Color Grade

Patterns

Calzulate Patterns

Paiterns

Pattern 1 Te.
Pattern 2 1e
Pattern 3 1e-

Pattern 4
Pattern &

Hinh 4.21. So d6 hinh mat cua tin hiéu gidi diéu ché DP-QPSK, OSNR 14 30
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Hinh 4.22. Sor do chom sao cua tin hiéu gidgi diéu ché DP-QPSK, OSNR I 30
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So sanh so d6 chom sao cua tin hiéu giai diéu ché DP-QPSK, trén hinh 4.9, 4.13,
4.15, 4.18, 4.20 va 4.22, rd rang khi OSNR ting lén cac diém ban tin cia so do chom
sao cua tin hiéu giai diéu ché DP-QPSK cang c6 xu hudng co hep vé phia trung tam
cua goc phan tu twong tNg Vi Vi tri phwong truyeén tin hiéu. Dong nghia 14 tin hiéu thu
duoc sau giai diéu ché DP-QPSK c6 s6 bit 131 it hon hay BER nho hon. Do d6, tin hiéu
dwoc nhan dang va giai ma hoa c6 d¢ tin ciy cao hon khi OSNR tét hon.

Tuong ty quan sat so dd hinh mét cua tin hiéu giai diéu ché DP-QPSK, trén hinh
4.10, 4.12, 4.17, 4.19 va 4.21, ta thay khi OSNR I6n hon, dang tin hiéu trong so d6
hinh mat it bi méo hon va tin hiéu thé hién rd rang dang hinh mét.

Ta thay trén hinh 4.13 va 4.15 tai ving giao giita cac goc hay tai ving quanh truc
g6c 0 trén so do chom sao tin hiéu cua cac phuong truyén tin hiéu c6 cac diém ban tin
Xuat hién, va cac diém ban tin khac ciing ¢6 xu hudng trai rong ra trén goc vudng cua
phuong truyén tin hiéu. Nén tin hiéu sau khi giai diéu ché DP-QPSK gui dén bo giai
mi hoa, dé giai ma hoa va sta 161 tin hiéu sé& c6 nhitng bit 16i khdng nhan dang dugc 1a
nhitng bit & viing tiép giap giira cac goc vudng. Va nhu vay sé rat kho dé cd thé giai
ma hoa, khoi phuc dugc ban tin goc nhu ban dau ¢ hudng phat di néu khdng ¢ cac ma
stra sai huéng di phi hop. S6 luong cac diém ban tin tap trung o ving tiép giap gitra
cac goc vudng sé trg nén nhiéu hon khi gia tri OSNR giam xubng, tic 14 gia tri BER
tré nén cao hon. Va duong nhién, tin hi€éu c6 BER cao hon, khi quan sat vao so dd
hinh mit, dang cua tin hiéu s& bi méo dang.

Qua két qua mé phong ta thu duoc két qua chinh d6 1a:

- OSNR > 12.5 thi BER = 3.4E-3 dat duoc theo dau vao bai toan mé phong dit ra

- Khoang céach kénh truyén tai thong tin, cap soi quang co chiéu dai khac nhau qua
quan sat trén phan tir ‘Optical Power Meter’ ta thay, cap soi quang cang dai suy
hao tuyén tinh cang cao thi cong suat quang dén bo thu quang yéu dan. Nhung hé
thong dat duoc BER tuong ty nhau khi OSNR thay d6i. Pay la két qua dé di dén
nhitng két luan sau day.

4.4. Kétluan

Sy ra doi caa céng nghé tach/ghép kénh theo budc song (WDM) va gan day 1a su
ra doi cua k¥ thuat diéu ché DP-QPSK két hop véi ky thuat thu/phat quang diéu ché
két hop theo md hinh coherent tao ra bang thong 100 Gbit/s trén mdi kénh budc song.
Lam cho dung luong truyén tai trén mdi tuyén truyén dan cé thé dat 8Tbit/s hodc hon
nita. Piéu ndy da giai quyét dugc phan ndo vé nhu cau truyén tai bang rong dé dap ung
nhu cau bang thong ngay cang 16n cho viéc phat trién cac dich vu vién thong.

Péi vai hé théng truyén dan quang 100 Gbit/s, tin hiéu diéu ché DP-QPSK trén
mdi kénh budc séng. Khi b qua cac tham sb nhidu trén dudng truyén nhu: su tan sac,
cac hiéu &ng phi tuyén, nhidu do cac tic nhan bén ngoai... cac tham sb nay dugc thay
thé bai gia tri OSNR thiét lap trén duong truyén.
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Ty sb tin hiéu - nhidu OSNR trén duong truyén 16n hon 16 dB thi hé théng truyén
dan 100 Gbps, trén mdi kénh budc song co tin hiéu 112 Gbps dau vao ma hoa ‘sira sai
hudng di - FEC’ dat ty 18 13i bit BER = 0E+0 d¢é thu duoc tin hiéu kénh truyén dan 100
Gbps ¢6 ty 18 13i bit thap hon 1E-16, dam bao céc dich vu vién théng lam viéc binh
thudng. OSNR trén duong truyén nho hon 16 thi trén mdi kénh budc séng c6 tin hiéu
112 Gbps dau vao ma hoa ‘stra sai hudng di - FEC’ dat ty ¢ 15i bit BER 16n hon 1E-6.

Ty s6 tin hiéu — nhidu OSNR trén duong truyén 1a 12.5, thi hé thdng truyén dan
100 Gbps, trén mdi kénh budc song co tin hiéu 112 Gbps dau vao ap dung ma ‘sira sai
hudng di - FEC® dat gid tri ty 1¢ 13i bit 1a BER = 3.4E-3 (BER < 5E-3). Pam bao tin
hiéu thu dugc ¢ dau thu cd ty 18 15i bit phi hop dau vao dé cé thé &p dung thuat toan
‘stra sai hudng di’, theo ma FEC “RS(255,239)/CSOC (n0/k0 = 7/6, J = 8) super FEC
code” duoc khuyén nghi boi tiéu chuan G.975.1 cua ITU-T. M4 héa va giai ma hoa
stra sai tin hiéu 112 Gbps d¢am bao cho BER & dau ra cua tin hiéu kénh truyén dan 100
Gbps la thap hon 1E-16, phii hop véi yéu cau tieu chuan chat lugng dich vu vién théng
hién nay. Ty s6 OSNR I6n hon 12.5 thi ti 1& 15i bit BER cua tin hiéu 112 Gbps ndi trén
cang giam do d6 tin hiéu dau vao giai ma hda sira sai huéng di’ cang tro nén tét hon,
do d6 1am cho tin hiéu kénh truyén thdn tin 100 Gbps thu duogc cé ty 16 BER cang tro
nén tt hon. Hay chét luong hé théng truyén dan 100 Gbps cang tré nén tbt hon.

Do dic diém cua cac hé théng truyén din, téc do bit cang cao thi kha ning anh
huong cua cac hidu ung nhiéu gay sai léch thong tin nhan duoc hay ty 18 16i bit cang
¢6 xu hudng cao 1én. Pé tin hiéu sau giai ma hoa ma ‘sira sai hudng di’ & dau thu co
thé 1am viéc dugc véi cac loai dich vy vién théng va dam bao chat luong thi yéu cau
can phai co céc thuat toan, ki thuat khac dé nang cao chat luong tin hiéu ¢ dau thu hon
nita. Bé lam duoc diéu ndy, cac nha san xuat thiét bi di thém vao cac ma sua sai
huéng di nhu FEC, AFEC, SD-FEC... ¢ giai doan trudc va sau khi truyén nhan tin
hiéu diéu ché va giai diéu ché tin hiéu DP-QPSK téc d6 112 Gbps. Cac ma sira I5i nay
phu thudc vao thuat toan va giai phap cua tirng nha san xuat thiét bi va da manh dé cai
thién hiéu niang cua mdi kénh budc séng. Cac thé hé mang sau nay, thuat toan sira sai
huéng di 1a mot ki thuat khdng thé thiéu dé nang cao hiéu suat va chat luong cua
mang. Tham chi, cac thuat todn mé sira 16i nay c6 thé 1am giam cac yéu cau vé ty sd
tin hiéu — nhidu trén duodng truyén hon nira. Va day ciing 1a mot chu dé huéng téi dé
nghién cau.

Quan trong hon nira 13, do yéu cau dau vao cua thuat toan sira sai hudng di va
trong md hinh md phong da cho két qua yéu cau vé OSNR kha thap. Tuc 13, kha nang
sira sai cua thuat toan sira sai hudng di rat tot. Nén khi trién khai hé thong truyén dan
thue chdng ta c6 thé bo qua su anh huéng cua tan sic trén dudng truyén, nhu vay sé
khdng can thiét phai trang bi cac bo bu tan sic DCE/DCM trén dudng truyén nhu doi
Vvé6i cac hé théng truyén tai budc séng 10 Gbit/s nhu trudc day.
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Thong sé suy hao tuyén tinh trén mdi kilomet cip quang dudng truyén
(0.25dB/km ddi véi loai cap quang chuan G652) khong 1am anh huong truc tiép ti ty
1 15i bit cua kénh truyén tin hiéu 112 Gbps ¢ dau thu. N6 chi 1am suy giam tuyén tinh
muc cOng sut tin hiéu quang dén bo thu quang. Tac 13, néu cbng suit tin hiéu quang
phat vao kénh truyén dén bo thu quang c6 mac tin hiéu nam trong dai 1am viéc cua
linh kién thu quang thi suy hao tuyén tinh hay chiéu dai trén cap soi quang khéng gay
anh huong dén ty 18 181 bit caa kénh truyén tin hiéu 112 Gbps. Trong thuc té, khi muc
cdng suat ¢ dau thu cao qua, hoic thap qua muac s& 1am cho linh kién dién tir cua bo
thu quang thu duoc mac cdng suit & ngoai dai l1am viéc va cac linh kién phat quang
cling khong thé phat di cong suat 6n dinh qué Ion. Do dé, tin hiéu thu duoc sé& bi nhiéu
I6n hoic 1a khong thu duoc mic cdng suat phi hop. Dé giai quyét van dé nay, ddi voi
nhitng tuyén truyén dan duong dai, nguoi ta lap thém cac bo khuéch dai quang dé
nham dat duoc mic cong suat dam bao & dau thu. Tuy nhién trén thuc té n6 gap nhiing
van dé kho khan nhu 13 sy tan sic trén soi quang, su tan sic va nhidu & céc khdi
khuéch dai quang, linh kién dién tir ciu thanh thiét bi truyén dan. Vi vay, sé luong
nhitng bo khuéch dai quang ¢ trung gian tuyén truyén dan ciing khong phai 1a vo han.

Khi phan tich hé théng, dira vao so ¢6 chom sao va so dd hinh mat cua tin hiéu sau
giai diéu ché DP-QPSK theo 2 phuwong X va Y, ta ¢ thé nhan dang va danh gia tin
hiéu d6 c6 ty 18 bits 15i t6t hay xau. Trong thuc té, c6 thé ding cac may phan tich phd,
phan tich 13i bit dé do kiém va danh gia.

**k*
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