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Tai liéu k¥ thuit mién phi

LOI GIOI THIEU

Thé ky 21 |a thé ky ciia cong nghé théng tin. S biing né ciia cac logi hinh dich
vu théng tin, dac biét 1a s phét trien nhanh chéng cia Internet va World Wide Web
lam gia tang khéng ngirng nhu cau vé dung lieong mang. Diéu nay doi héi phdi xay
ding va phét trién cac mang quang méi dung lwong cao. Cong nghé ghép kénh theo
buéc song quang (DWDM) la mét giai phap hoan hao cho phép tan dung hizu hiéu
bang théng réng lén cia spi quang, ndng cao rd rét dung lweng truyén dan dong
thoi hg gia thanh sin phdm. S phét trién cia hé thong WDM cling véi cong nghé
chuyén mach quang sé tao nén mgt mgng théng tin thé hé méi - mang théng tin toan
quang. Trong mgng toan quang nay, giao thizc IP - giao thizc chugn cho mgng vién
théng thé hé sau (NGN) s¢ duroc tich hop véi WDM. Sy tich hop ndy s¢ tao ra mat
két cdu mang triec tiép nhdt, don gian nhat, kinh té nhdt, rdt thich hop s dung cho
Ca mang dwong truc va mang do thi.

Nham dép iing nhu cdu hoc hdéi, nghién cizu vé hé théng théng tin quang,
nhom téc gid TS L& Quéc Cuwong, ThS D6 Van Viét Em, ThS. Pham Qudéc Hop,
ThS. Nguyén Hupnh Minh Tam, hién dang giang day tai Hoc vién Bueu chinh Vién
théng va Cong nghé thdng tin — Co' s¢ TP. Hé Chi Minh phéi hop véi Nha xudt ban
Théng tin va Truyén théng xudt ban cuon sach “ Hé thang théng tin quang” — tdp 2.
Cau tric ciia cusn sach bao gom bén churong:

Chuong 1: Hé thong théng tin quang WDM. Churong ndy trinh bay cac nguyén
ly co ban ciia DWDM, khdo sét chi tiét cac hién tirong phi tuyén anh hweng
deén chdt luong cia hé theng WDM, va cac linh kién duwoc sir dung cho hé
thong WDM.

Chuong 2: Khuéch dai quang. Chirong ndy tim hiéu nguyén |y hoat déng cua
céc logi khuéch dai quang, tinh nang va cac ing dung cia chiing trong mang
truyén ddn quang

Chuong 3: Truyén tai |P/WDM. Chuong ndy nghién cizu vé xu huéng tich hop
IP trén WDM, ddc biét quan tam dén vin dé dinh tuyén va gan budéc sdng
trong mang WDM.

Chuwong 4: Hé thong théng tin quang Coherent. Chiwong ndy tim hiéu céc
nguyén |y co ban cia hé thong Coherent, nhiing wu diém cia nd so véi hé
thong IM/DD va trién vong ciia cdng nghé ndy trong turong lai.

PDF created with pdfFactory Pro trial version www.pdffactory.com




Cusn sach duroc bién sogn nham phuc v cho sinh vién hé dai hoc va cao dang
chuyén nganh Pién tir - Vién théng ciia Hoc vién Cong nghé Bueu chinh Vién théng.
Ngoai ra cusn sach ciing co thé siz dung dé 1am tai ligu tham khdo cho céc kj si
cdng tac trong Iinh veec Vién théng.

Do khudn khé gigi han ciing nhe tinh ing dung thyc té cua tai lidu, cac md
hinh toan hoc dwoc trinh bay trong cuon sach nay d@di khi chi 1a cac két qua cudi
cling va duwoc gidi thich, minh hoa bang cac y nghia vit |y cu thé. Bé hiéu thém vé
viéc dan xudt va chuing minh cac két qua ndy, ban doc co thé doc thém cac tai lidu
tham khao.

Do tinh chdt phitc tap cing nhw s phét trién nhanh chéng ciia cong nghé,
cusn sach “Hé thong théng tin quang” - tdp 2 khong thé tranh khéi nhizng thiéu sot.
Chuing tdi xin chan thanh cam on tdt ca cac y kién déng gop cua cac ban doc dé
hoan thién hon cudn sach nay.

Xin trén trong gidi thiéu cusn sach ciing ban doc..

Ha Ngi, thang 4 nam 2009
NHA XUAT BAN THONG TIN VA TRUYEN THONG
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CHUONG 1
HE THONG THONG TIN QUANG WDM

GIOI THIEU

Budgc vao thién nién ky mai, ching ta chirng kién nhiéu su thay déi quan trong
trong nén cng nghiép vién thdng c6 anh huong to 16n dén cudc sdng caa chiing ta.
C6 nhiéu nguyén nhan gy ra sy thay doi nay:

Trudc hét d6 1a sy giating lién tuc vé dung luong mang. Nhan té chinh cho sy
giatiang ndy 1a sy phét trién nhanh chong caa Internet va World Wide Web. Bén
canh d6 1a viéc cac nha kinh doanh ngay nay dwa vao c&c mang téc do cao dé
thue hién viéc kinh doanh caa minh. Nhitng mang ndy duoc dung dé két ndi céc
van phong trong mot cong ty ciing nhu gitra cac cong ty cho viéc giao dich
thwong mai. Ngoai ra con ¢ mot sy twong quan 16n gitra viéc gia ting nhu cau
va gia thanh bing théng caa mang. Céc cong nghé tién tién d& thanh cong trong
viéc giam lién tuc gia thanh cua bang thong. Viéc giam gia thanh cua bang
théng nay lai 1am thic day sy phét trién caa nhiéu wng dung méi sir dung nhiéu
bang théng va mé hinh sir dung hiéu qua hon. Chu ky hdi tiép duong ndy cho
thiy khong c6 diu hiéu giam bat trong mot tuong lai gan.

Bai bo va pha va s doc quyén trong linh vuc vién thong. Su bi bo doc quyén
ndy da kich thich sy canh tranh trong thi treong, diéu ndy dan dén két qua la
giam gia thanh cho nhitng nguoi s dung va trién khai nhanh hon nhitng k¥
thuat va dich vu méi.

Su thay dbi quan trong trong thé loai luu luong chiém wu thé trong mang.
Nguoc lai véi luu lwong thoai truyén thong, nhiéu nhu cau méi duatrén dir liu
ngdy cang phét trién. Tuy nhién nhiéu mang hién nay da duoc xay dung chi dé
hd tro hiéu qua cho luu luong thoai, khéng phai 1a dit liéu. Viéc thay doi nay 1a
nguyén nhan thdic day nhitng nha cung cip dich vu kiém tra lai cach thicc ma ho
x8y dwng nén mang, kiéu dich vu phan phéi va trong nhiéu truong hop ngay ca

md hinh kinh doanh toan thé caa ho.
Nhitng nhan t ndy da din dén sy phét trién cia mang quang dung luong cao.
Cong nghé dé d&p tng viéc xay dung c&c mang quang dung luong cao ndy 1a cong
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12 Hé théng théng tin quang

nghé ghép kénh theo budc sdng DWDM. Trong chwong ndy ching ta s8 tim hiéu vé
hé thong théng tin quang WDM, cu thé s& nghién cau:
Nguyén ly ghép kénh phan chia theo budc song quang (WDM).
Céc yéu t6 anh huong dén chat lwong cua hé théng WDM do sy lan truyén caa
tin hiéeu WDM trong soi quang, trong dé tap trung vao viéc tim hiéu céc hiéu
rng phi tuyén.
Céc linh kién, phan ti trong mang WDM.
M hinh mang WDM bao gom céc phan tir mang, topd vat |y, topd logic va céc
k¥ thuat chuyén mach bao vé.

. NGUYEN LY GHEP KENH THEO BUOC SONG QUANG
(WDM)

1. Giéi thiéu chung

Sy phét trién nhanh chéng caa cac md hinh truyén sb liéu, dac biét 1a Internet
dalam bung nd nhu cau tang bang thdng (xem hinh 1.1). Trong bbi canh IP (Internet
Protocol) dang n6i [én nhu 1 nén tang chung cua moi loai hinh dich vu trong tuong
lai, c&c nha cung cip dich vu truyén dan bit budc phai xem xét lai phuong thic
truyén din TDM truyén théng, von téi uu cho truyén thoai nhung lai kém hiéu qua
trong viéc tan dung bang thong.

Hinh 1.1 Twong quan giza nhu cdu truyén thogi va truyen so liéu.
A Luu lugng

250 1
200 -
160 1

100 -

50 4

. . . . . -
1996 1997 1998 1999 2000 2001 Nam

Tom lai, ta phai giai quyét bai toan ting biang thong cho vién théng tuong lai.
Céc nha cung cap dich vu truyén dan bat dau xét dén ba phuong thie truyén dan sau:
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Chuong 1: Hé théng théng tin quang WDM 13

Truyén din ghép kénh phéan chia theo khéng gian SDM (Space Division
Multiplexing): don gian va khdng can su phét trién cong nghé, chi don thuan 1a
ting sd lwong soi quang, téc do truyén dan van giir nguyén. Ta cd thé chon SDM
néu trén tuyén truyén din can tang bang théng da co sin sb luong soi quang chua
duing va khoang céch tuyén truyén dan la da ngan dé khdng can ding céc bo lap,
bo khuéch dai. Néu khoang céch 1a xa, khi d6 chi phi s3 tang vot do mdi hé thdng
ldp thém déu can mot s lwong bo 1ap, bo khuéch dai... nhu hé théng ci.

Truyén din ghép kénh phan chia theo thoi gian TDM (Time Division
Multiplexing): tang téc do truyén din Ién trén soi quang. Khi tiép tuc ding
phuong thirc truyén théng ndy, ta phai xem xét dén hai van dé: truéc va khi
truyén trén soi quang. Trudc khi chuyén thanh tin hiéu quang dé truyén di, céc
linh kién dién tir 06 kha nang xir Ii véi téc do bit téi da la bao nhiéu? Thyc té
hién nay cho thiy, & da sd cac mang truyén dan, linh kién dién tir c6 kha ning
dép ang tét ddi véi cac dong tin hiéu o tdc do 2.5 Gbps hoic 10 Gbps. Nhu vay
thi chua giai quyét tron ven bai todn tang bang théng. Trong phong thi nghiém
d4 cho céc linh kién hoat dong & toc d6 40 Gbps hoac 80 Gbps. Bé TDM ¢6 thé
dat duoc nhitng tc d6 cao hon, cac phuong phédp thuc hién tach/ghép kénh
trong mién quang, duoc goi la phan kénh thoi gian trong mién quang
(Optical Time Division Multiplexing - OTDM) dang duoc tich cuc trién khai.
Céc két qua nghién ciru trong phong thi nghiém cho thady OTDM c¢6 thé ghép
duoc céc ludng 10Gbit/s thanh ludng 250Gbit/s. Nhung khi d6, truyén trén soi
quang S5 vap phai c&c van dé nghiém trong anh huong dén chit lwong truyén
dan: tan sic sic thé, tan sic phan cuc, phi tuyén tinh.

Truyén din ghép kénh phan chia theo bwéc song WDM (Wavelength
Division Multiplexing): ghép thém nhiéu budc sdng dé co thé truyén trén mot
soi quang, khéng can tang tbc do truyén dan trén mot budc song. Cong nghé
WDM c6 thé mang dén giai phap hoan thién nhat trong diéu kién cong nghé
hién tai. Tha nhat N van giir tbc do xur ly caa céc linh kién dién tae & mac 10
Gbps, bao dam thich hop vai sgi quang hién tai. Thay vao do, cong nghé WDM
tang bang thdng bang cach tan dung cira sb 1am viéc cua soi quang trong khoang
budc sdng 1260 nm dén 1675 nm. Khoang budc sdng ndy duoc chia lam nhiéu
bang song hoat dong nhu minh hoa trén bang 1.1. Thoat tién, hé¢ théng WDM
hoat dong & bing C (do EDFA hoat dong trong khoang bing song ndy). Vé sau,
EDFA c6 kha nang hoat dong ¢ ca bang C va bang L nén hé théng WDM hién
tai diing EDFA c6 thé hoat dong ¢ ca bang C va bing L. Néu theo chuan ITU-T,
xét khoang céch giira cac kénh budc sdng 14 100 Ghz (dam bao kha nang chéng
xuyén nhidu kénh trong diéu kién cdng nghé hién tai), & c6 32 kénh buéc song
hoat dong trén mdi bang. Nhu vay, néu van gitr nguyén téc do bit trén mdi kénh
truyén, ding cdng nghé WDM ciing du |am tang bang thdng truyén trén mot soi
quang |én 64 lan!
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Bdng 1.1 Sy phén chia cac bang song.

Bang séng Mb ta Pham vi bwéc séng (nm)
Bang O Gbc (Original) 1260 - 1360
Bang E Mé& réng (Extended) 1360 - 1460
Bang S Ngan (Short) 1460 - 1530
Bang C Quy wéc (Conventional) | 1530 - 1565
Bang L Dai (Long) 1565 - 1625
Bang U Siéu dai (Ultra-long) 1625 - 1675

2. So d6 khéi tong quét

a) binh nghia

Ghép kénh phan chia theo buéc song WDM (Wavelength Devision
Multiplexing) 1& cdng nghé “trong mot soi quang ddng thoi truyén dan nhiéu budc
song tin hiéu quang”. O dau phét, nhiéu tin hiéu quang c6 buéc sdng khéc nhau duoc
t6 hop lai (ghép kénh) dé truyén di trén mot soi quang. O dau thu, tin hiéu to hop d6
dugc phan giai ra (tach kénh), khoi phuc lai tin hiéu goc roi dua vao cac dau cudi

khac nhau.
b) So' d6 chiic ndng

Hinh 1.2 So @6 chirc nang hé théng WDM.

T _ _
Tx2 LD‘I @ LD-I L [Rx? |
; MUX - truyéntinnien  <H | MDL'jEX .
— trén sgi quang — -
EDFA EDFA :
Khugch dai Khugch dai .
TxN ~ ~
X tin hieu tin hieu
Phattinhieu  gpep tin hieu Tachtinhiey | tinhieu

Nhu minh hoa trén hinh 1.2, & dam bao viéc truyén nhan nhiéu budc song
trén mot soi quang, hé thbng WDM phai thuc hién céc chirc nang sau:

Phét tin hiéu: Trong hé thdng WDM, ngudn phét quang duoc ding 1a laser. Hién
tai d& co mot sb loai ngudn phét nhu: laser didu chinh duoc budc sdng (Tunable
Laser), laser da buéc sdng (Multiwavelength Laser)... Yéu cau déi voi ngudn
phét laser 1a phai c6 do rong phd hep, budce song phét ra 6n dinh, mirc cdng suat
phét dinh, bugc song trung tam, do rong phd, do rong chirp phai nam trong giéi

han cho phép.
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Ghép/téch tin hiéu: Ghép tin hieu WDM 1a s két hop mdt sd ngudn sang khéc
nhau thanh mot ludng tin hiéu dnh sang tong hop dé truyén dan qua soi quang.
Téch tin hieu WDM 1a sy phan chia ludng &nh sang tong hop d6 thanh céc tin
hiéu &nh sang riéng ré tai mdi cong dau ra bo tach. Hién tai da co céc bo
tach/ghép tin hiéu WDM nhu: bd loc mang mong dién mdi, cach tir Bragg soi,
céch tir nhidu xa, linh kién quang t6 hop AWG, bo loc Fabry-Perot... Khi xét
dén céc bo tach/ghép WDM, ta phai xét cac tham sd nhu: khoang céch giira céc
kénh, d6 rong bang tan caa céc kénh budc song, budce song trung tam caa kénh,
muc xuyén am giira céc kénh, tinh ddng déu cua kénh, suy hao xen, suy hao
phan xa Bragg, xuy&n am dau gan dau xa...

Truyén dan tin hiéu: Qua trinh truyén dan tin hiéu trong soi quang chiu s anh
huang cua nhiéu yéu té: suy hao soi quang, tén sic, cac hiéu ang phi tuyén, van
dé lién quan dén khuéch dai tin hiéu... Mdi van dé ké trén déu phu thudc rat
nhiéu vao yéu tb soi quang (loai soi quang, chat lrong soi...) matass xét cu thé
trong phan 11. Cac yéu té anh hugng dén chdt lirong cia hé théng WDM.

Khuéch dai tin hiéu: Hé thong WDM hién tai chu yéu st dung bo khuéch dai
quang soi EDFA (Erbium-Doped Fiber Amplifier). Tuy nhién bo khuéch dai
Raman hién nay ciing da duoc st dung trén thuc té. C6 ba ché do khuéch dai:
khuéch dai cong suat, khuéch dai duong vatién khuéch dai. Khi diing bo khuéch
dai EDFA cho hé théng WDM phai dam bao céc yéu cau sau:

- Do loi khuéch dai dong déu ddi véi tat ca cac kénh budc song (mirc chénh
Iéch khéng qua 1 dB).

- Su thay doi sb luong kénh budc sdng 1am viéc khdng duoc gay anh huong
dén mixc cong suat dau ra cia cac kénh.

- Co6 kha niang phét hién si chénh léch muc cong suat dau vao dé diéu chinh
lai cac hé sd khuéch dai nham dam bao dic tuyén khuéch dai 1a bang phiang
dbi véi tat ca céc kénh.

Thu tin hiéu: Thu tin hiéu trong céc hé théng WDM ciing sir dung céc bo téch

sdng quang nhu trong hé thong thdng tin quang théng thuong: PIN, APD.

¢) Phan logi hg théng WDM

Hé théng WDM vé co ban chia 1am hai loai: hé théng don huéng va song
huéng nhe minh hoa trén hinh 1.3. Hé thong don huéng chi truyén theo mot chiéu
trén soi quang. Do vay, dé truyén thdng tin gitta hai diém can hai soi quang. Hé
théng WDM song hudng, nguoc lai, truyén hai chiéu trén mot soi quang nén chi can
1 soi quang dé cd thé trap dbi thdng tin gitra 2 diém.

Ca hai hé théng déu c6 nhirng wu nhuoc diém riéng. Gia sir rang cdng nghé hién
tai chi cho phép truyén N budc sdng trén mot soi quang, so sanh hai hé théng tathiy:

PDF created with pdfFactory Pro trial version www.pdffactory.com




=

6 Hé théng théng tin quang

Hinh 1.3 Hé théng ghép buéc song don huéng va song huréng

1112131 N
Tx1 —> X
- -
—l—_l>—|—n )—L_(>_|— =
! MUX )] > DE
: T = :

: L 111213, N L MUX :
: EDFA +— EDFA ;
Hé thang WDM don hudng
Tx1 X

- 111213, - —(~]

B N
: MUX L (i +D,1 (i +2),.,IN L MUX ‘
EDFA EDFA i

TN Hé théng WDM song huéng

Xét vé dung luong, hé théng don huéng cd kha nang cung cip dung luong cao
gap doi so vai hé thdng song hudng. Nguoc lai, b soi quang can dung gap d6i
s0 vai hé thong song huéng.

Khi s c6 dat cap xay ra, hé théng song hudng khéng can dén co ché chuyén
mach bao vé tu dong APS (Automatic Protection-Switching) vi ca hai dau caa
lién két déu o6 kha nang nhan biét s ¢ mot cach tuc thoi.

Pting vé khia canh thiét ké mang, hé thong song huéng khé thiét ké hon vi con
phai xét thém céc yéu té nhu: van dé xuyén nhidu do c6 nhiéu budc sdng hon
trén mot soi quang, dam bao dinh tuyén va phan bé budc song sao cho hai chiéu
trén soi quang khdng dung chung mot budc song.

Céc bo khuéch dai trong hé thdng song huéng thuong cd ciu tric phic tap hon
trong hé thong don hudng. Tuy nhién, do sb budc song khuéch dai trong hé
thdng song hudng giam ¥ theo mdi chiéu nén & hé théng song hudng, cac bd
khuéch dai s3 cho cdng suat quang ngd ralén hon so véi ¢ hé thong don hudng.
3. Pic diém caa hé théng WDM
Thuc té nghién cau va trién khai WDM da rit ra duoc nhitng vu nhuoc diém
cta cong nghé WDM nhu sau:
Uu diém caa cong nghé WDM
Tang bing thdng truyén trén soi quang sd lan tuong wng sb buéc sdng dugc
ghép vao dé truyén trén mot soi quang.
Tinh trong subt: Do cdng nghé WDM thudc kién tric 16p mang vat 1y nén nd cd
thé hd trg c&c dinh dang sb liéu va thoai nhu: ATM, Gigabit Ethernet, ESCON,
chuyén mach kénh, IP...
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Kha nang mo rong: Nhitng tién bo trong cdng nghé WDM hira hen tang bing
théng truyén trén soi quang |én dén hang Tbps, dap wng nhu cadu mé rong mang
& nhiéu cap do khéc nhau.
Hién tai, chi cd duy nhit cong nghé WDM la cho phép xay dung md hinh mang
truyén tai quang OTN (Optical Transport Network) giGp truyén tai trong subt
nhiéu loai hinh dich vu, quan ly mang hiéu qua, dinh tuyén linh dong...

Nhuwoc diém cia cong nghé WDM
Vin chua khai thac hét biang tan hoat dong c6 thé cua soi quang (chi mai tan
dung duoc bang C vabang L).

Qua trinh khai thac, bao dudng phirc tap hon gap nhiéu lan.

Néu hé théng soi quang dang sir dung 1a soi DSF theo chuan G.653 thi rat khd
trién khai WDM vi xuit hién hién tuong tron bn budc sng khé gay gat.

4. Lwéi ITU

Viéc chuan hoa céc bo buéc sdng dung cho cac mang WDM 1a hét sic can
thiét vi n6 bao dam cho céc thiét bi caa cac nha cung cip khéc nhau déu dugc san
Xuit theo ciing mot tiéu chuan va déu 1am viéc twong thich vai nhau.

Khi chuan hod budc song, van dé can phai xem xét dau tién & 1a khoang céch
giita c&c kénh phai dya theo tan sb hay buéc song. Khoang cach tan sb bang nhau sg
lam cho khoang céch budc sdng hoi khac nhau. Khdng cé mot tiéu chuan ky thuat
nao duoc uu tién dé lya chon trong trudong hop ndy. Trong khuyén céo 1TU-G.692
cac kénh cach nhau mot khoang 50 GHz (twong duong véi khoang cach budc song
|4 0.4nm) Vi tan sd trung tAm danh dinh 1& 193.1THz (1552.52 nm). Tan sb ndy &
gitta dai thdng cua soi quang 1.55mm va bo khuéch dai quang soi EDFA (xem hinh
1.4). Khoang cach nay phu hop véi kha nang phan giai caa cac bd MUX/DEMUX
hién nay, do 6n dinh tan sb caa cac bo laser, MUX/DEMUX,... Khi céng nghé hoan
thién hon khoang cach nay s¢ phai giam di.

Hinh 1.4 Luéi budc song theo I TU.

193.1 THz

50GHz | 50 GHz

Mot van dé khéc, kho khan hon |a chon lya mot bd budc song tiéu chuan bao
dam cho céc hé thong cho 4, 8, 16 va 32 budc song hoat dong twong thich véi nhau
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boi vi c&c nha san xuat déu cd cac cau hinh kénh téi wu riéng va céc ké hoach nang
cap hé thong tir it kénh 1én nhiéu kénh khéc nhau. I TU d& chuan hoa (ITU G.959) bo
16 budc sdng bat dau tir tan sb 192.1 THz, rong 200GHz mdi bén cho giao dién da
kénh gitra cc thiét bi WDM.

Cubi cung la phai luu y khdng chi bao bao dam céc tan sb trung tAm ma con
phai bao dam do6 léch tan sb téi da cho phép. Bi véi Df 3 200 GHz, ITU quy dinh
do léch tan sd lakhéng vuot qua +Df /5 GHz. Véi Df = 50 GHz va Df = 100 GHz thi
dén thoi diém ndy 1 TU van chwa chuan hod

1. CAC YEU TO ANH HUONG PEN CHAT LUQNG CUA HE
THONG WDM

C6 3 yéu té co ban cia soi quang anh huong dén kha nang caa céc hé théng
théng tin quang, bao gom:

Suy hao.

Téan sic.

Hién twong phi tuyén xay ra trong sei quang.

Tuy nhién, d6i voi cac hé théng khéac nhau thi mirc d6 anh huong cia cac yéu td
nay ciing khac nhau. Vi du:

Déi voi cac hé thong cu ly ngin, dung luong thip thi yéu té cha yéu can quan

tam la suy hao.

Déi vai cac hé théng tdc do cao, cu ly twong ddi 16n thi yéu té cha yéu can quan

tam & suy hao vatan sic.

Déi véi cac hé théng cu ly dai vadung luong rat 16n thi ngoai 2 yéu té trén can

phai xem xét dén ca céc hiéu tng phi tuyén.

Hién tuong suy hao va tén sic da duoc trinh bay chi tiét trong “Hé thdng théng
tin quang” - Tap 1. Trong phin ndy S tap trung trinh bay vé cac hién tugng phi
tuyén.

1. Téng quan veé céc hiéu &ng phi tuyén

a) Pinh nghia

Hiéu 1ng quang duroc goi 1& phi tuyén néu cac tham 6 ciia nd phu thugc vao
cuong dg &nh sang (cong suat). Cac hién tugng phi tuyén co thé bo qua dbi véi céc
hé théng thong tin quang hoat dong & mirc cong suét vira phai (vai mwW) véi toc do
bit 18n dén 2.5 Gbps. Tuy nhién, & téc do bit cao hon nhu 10 Gbps va cao hon
vahay & mutc cong sut truyén dan 16n, viéc xé céc hiéu tng phi tuyén 1arat quan
trong. Trong c&c hé théng WDM, céc hiéu ang phi tuyén co thé trd nén quan trong
tham chi & cong suat vatéc do bit vira phai.
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Céc hiéu wng phi tuyén co thé chiaralam 2 loai. Loai thir nhat phét sinh do tac
doéng qua lai gitra cac song anh sang vai cac phonon (rung dong phan tir) trong moi
truong silica- mot trong nhiéu loai hiéu tng tan xa ma chlng ta da xem xét 1a tan xa
Rayleigh. Hai hiéu trng chinh trong loai nay latan xa do kich thich Brillouin (SBS)
vatan xa do kich thich Raman (SRS).

Loai thir hai sinh ra do sy phu thudc caa chiét suat vao cuong do dién truong
hoat dong, ti 1& véi binh phuong bién do dién truong. Céc hiéu tng phi tuyén quan
trong trong loai ndy |a hiéu ung tu diéu pha (SPM - Self-Phase Modulation), hiéu
rng diéu ché xuyén pha (CPM - Cross-Phase Modulation) va hiéu tng tron 4 buéc
song (FWM - Four-Wave Mixing). Loai hiéu tng nay duoc goi la hiéu ing Kerr.

Trong céc hiéu &ng tén xa phi tuyén, nang luong tir mot sdng anh sang duoc
chuyén sang mot sdng anh sang khéc cé budc song dai hon (hoic ning luong thip
hon). Nang lwong mét di bi hip thu bai cac dao dong phéan tir hoic cac phonon (loai
phonon lién quan dén sy khéc nhau gitta SBS va SRS). Song thir hai duoc goi a
song Stokes. Song thir nhit co thé goi 1a song bom (Pump) gay ra su khuéch dai
song Stokes. Khi song bom truyén trong soi quang, nd bi mit nang leong va sdng
Stokes nhan thém nang lugng. Trong truong hop SBS, song bom 1a song tin hiéu va
song Stokes la song khdng mong mubn duoc tao ra do quéa trinh tan xa. Trong
truong hop SRS, song bom la sdng c6 nang lugng cao va song Stokes la song tin
hiéu duoc khuéch dai tir sdng bom.

N6i chung, c&c hiéu (ng tén xa duoc dic trung bai hé sb do loi g, duoc do
bang m/w (meters per watt) va do rong phd Af (ddi vai do loi twong ang) va cong
suit ngudng Py, cua anh sang téi - mirc cong suat ma tai ¢6 suy hao do tén xa 1a 3
dB, tirc 1a mdt nira cOng suat trén todn bo do dai soi quang. Hé sb do loi 1a mot dai
lwong chi cudng do cua hiéu tng phi tuyén.

Trong trudong hop tu diéu pha SPM, c&c xung truyén bi hién tuong chirp (tan
s xung truyén di thay doi theo thoi gian). Biéu ndy lam cho hé sb chirp (chirped
factor) tro nén dang ké ¢ c&c mirc nang luong cao. Su ¢6 mat cua hién tuong chirp
lam cho hiéu tng gidn xung do tan sic mau tang 1én. Do vay, chirp xay rado SPM
(SPM induced chirp) c6 thé gay tang do gian xung do tan sic mau trong hé théng.
Déi véi cac hé théng téc do bit cao, chirp do SPM ¢ thé 1am tang mot cach dang ké
d6 gidn xung do tan sic mau tham chi ¢ cac mic cdng suat vira phai. Anh huong cua
SPM khéng chi phu thudc vao diu tham sb GVD (Group Velocity Dispersion) ma
con phu thudc vao chiéu dai caa hé théng.

Trong hé thbng WDM da kénh, chirp xay ratrong mot kénh phu thudc vao sur
thay d6i chiét suit theo cuong d6 caa cac kénh khéc. Hiéu ang ndy duoc goi 1a hiéu
rng diéu ché xuyén pha (CPM - Cross-Phase Modulation). Khi xem xét hién tuong
chirp trong mot kénh do sy thay doi chiét suit theo cuong do cua chinh kénh d6, ta
goi hiéu rng nay l1a SPM.
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Trong céc hé thbng WDM, mét hiéu &ng quan trong khéc d6 1a hiéu ung tron
bon budc song. Néu hé thbng WDM bao gém céc tan sb fy, fo, ..., fn, hiéu ang tron
bon budc song sinh ra cac tin hiéu tai cac tan sb nhu & 2f; - f; vaf; + f; - fy. Cac tin
hiéu mai ndy gay ra xuyén kénh (crosstalk) voi céc tin hiéu ¢ sin trong hé thong.
Xuyén kénh nay anh huong dac biét nghiém trong khi khoang céch gitta cac kénh
hep. Viéc giam tan sic mau |am tang xuyén kénh gay ra boi hiéu tng tron bon budc
song. Vi vay, hé théng sir dung soi quang dich chuyén tan sic chiu anh huong caa
hiéu &ng tron bén budce song nhiéu hon 1a hé thong sir dung soi don mét.

b) Chiéu dai va di¢n tich higu dung

Sy téc dong phi tuyén phu thudc vao cu ly truyén dan va mit cit ngang cia soi
quang. Tuyén cang dai, si tac dong qua lai gitra anh sang va vat liéu soi quang cang
lén va anh huéng cua phi tuyén cang xau. Tuy nhién, khi tin hiéu lan truyén trong
soi quang, cong suat caa tin hiéu giam di do suy hao cia soi quang. Vi vay, hau hét
céc hiéu ung phi tuyén xay ra ngay trong khoang dau cua soi quang va giam di khi
tin hiéu lan truyén.

Hinh 1.5 Tinh chiéu dai truyén ddn hiéu dung. (a) Phan bo cdng sudt dac trung doc
theo chiéu dai L cia tuyén. Cong sudt dinh 1a Pi,. (b) Phan bé cong sudt
gia dinh doc theo tuyén dén dé dai hiéu dung Ler. Chiéu dai Ler duoc
chon sao cho di¢én tich cia ving duwdi dwong cong trong (a) bang dién
tich cua hinh vuéng trong (b).

Coag suat
Coag suat

Chiéu dai tuyén L Lett  Chiéu dai tuyén
(a) (b)

Mé hinh cua anh huang ndy cé thé rat phic tap. Trong thuc té, c6 thé sir dung
mot md hinh don gian vai gia thuyét ning leong khong thay déi qua mot do dai hiéu
dung cb dinh L. Gia sir P, 1 c6ng suat truyén trong soi quang va P(z) = Pne® |a
cdng suat tai diém z trén tuyén, vai o 1a hé sd suy hao. L duogc ki hiéu Ia chiéu dai
thue cua tuyén. Chiéu dai hiéu dung caa tuyén duoc ki hiéu 1a Ler duoc dinh nghia
nhu sau [1]:
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L
P.Ller = OP(2)dz (1.1)
=0
Do do6:
1_ eaL
L, = 1.2
« = (12)

Thuong thi tuyén da dai do d6 L >>1/a cho nén L »L/a. Chang han nhu o =
0.22 dB/kmtai | = 1,55 umva, taco Les ~ 20 km.

Anh huéng caa phi tuyén ciing tang theo cuong dé nang luong trong soi. Véi
mot cdng suit cho trudc, cuong do ti 1é nghich véi dién tich 18i. Do niang luong phan
bd khéng déng déu theo mat cit ngang caa soi, do d6 dé thuan tién khd niém dién
tich vang 16i hiéu dung A« (effective cross-sectional ared) thuong dugc sir dung
(xem hinh 1.6). Dién tich nay lién quan dén dién tich thic caa I8i A va phan bd trén
mit cat ngang caa mode co ban F(r,q) nhu sau [1]:

Hinh 1.6 Dién tich mat cit ngang hiéu dung. (a) Phan bé ddc trung cuong do tin
hiéu doc theo ban kinh cia spi quang. (b) Phan bé cuong dé gid dinh
tirong duwoc Véi (a) cho thdy cuong dg khac khdng chi trong ving Acs
Xung quang tam spi quang.

Cudng do6 Cudng do6
Ban kinh (Aesr/P)"
(a) (b)
. 2 2
[CdF(r,q)| rdrdq]
" a3
CdF(r,q)| rdrdg
véi rvaq latoado cuc.
Thuong c6 thé danh gid gidtri A« thdng qua cong thie don gian hon [2]
At » pWo© (1.4)
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Véi wo 1a ban kinh truong mét.

Dién tich hiéu dung nhu dugc dinh nghia ¢ trén c6 mot y nghia la sy phu thugc
cua hau hét céc hiéu tng phi tuyén cé thé duoc biéu dién bing dién tich hiéu dung
dbi voi mode co ban truyén trong soi quang cho truéc. Chiang han nhu cuong do
hiéu dung caa mot xung c6 thé duoc tinh lgr = PIA«s, Vi P 1a cdng suat xung, dé
tinh todn anh huong cua céc hiéu tng phi tuyén nhue SPM duoc xem xét dudi day.
Dién tich hiéu dung cia SMF khoang 85 pm? va caa DSF khoang 50 pm?. Céc soi
quang bu tan sic cd dién tich hiéu dung nho hon va do d6 c6 anh huang phi tuyén
[6n hon.

2. Tan xa do kich thich Brillouin

Trong truong hop SBS, céc phonon lién quan dén sy téc dong tén xa la cac
phonon am hoc va s tuong téc ndy xay ra trén dai tin hep Af = 20 MHz & buéc
song 1550 nm. Séng bom va song Stokes truyén theo hai huéng nguoc nhau. Do dé,
SBS khéng gay ra bat ky tac dong qua lai ndo gitta cac budc song khac nhau khi ma
khoang cach budc song 1on hon 20 MHz (la truong hop dac trung cho WDM). Tuy
nhién, SBS ciing cd thé tao nén méo kha quan trong trong mot kénh don 1é. SBS tao
rado loi theo huéng nguoc lai véi huéng lan truyén tin hiéu, néi cach khéc 1a hudéng
vé phia nguén. Vi vay, nd lam suy giam tin hiéu duogc truyén ciing nhu tao ramot tin
hiéu c6 cudng d6 manh vé hudng phét, nén phai ding mot bo cach ly dé bao vé. Hé
sd d6 loi SBS gs xap xi 4x10™ m/W, khéng phu thudc vao budc song.

Cong suat ngudng cho SBS ¢6 thé tinh bang cong thirc sau [2]:

Pinsas = 21A«i/OsL et (15)
Vai gg lado loi cua SBS. Nhu dandi trong muc (2.3.1) Le» /o nén:
Pisss= (21aA«i)/08 (1.6)

Gia trj dic trung coa gg » 5x10™ m/W tai | = 1550nm. Ly a = 0.046, 1/km =
0.2dB/Km va A = 55n?, tinh dugc Pisas= 8mW cho mot kénh.

Mot céch khéc dé tinh cong suat ngudng nay 1a[3]:
Pinses = 4.4x10°%0% aDf W (1.7)
Vai - d: duong kinh 161 soi quang (nm);
- | : budc song hoat dong (mm);
- a: hé sb suy hao (dB/Km);
- Af: @6 rong phd ciangudn quang (GHz).
3. Tan xa do kich thich Raman

Néu dua vao trong soi quang hai hay nhiéu tin hiéu co budc séng khéc nhau
thi SRS gay ra sir chuyén niang luong tir cac kénh ¢ budc song thip sang cac kénh
6 buéc sdng cao hon (xem hinh 1.7). Su chuyén ning luong tir kénh tin hiéu co
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budc song thip sang kénh tin hiéu co budc song cao 1a mot hiéu tng co ban 1am co
so cho khuéch dai quang va laser. Ning lwong caa photon ¢ budc song | lahc/l véi
h 1a hing sb Planck (6.63x10™* Js). Do d6, photon cia budc séng thip cé ning
lwong cao hon. Sy chuyén nang leong tir tin hiéu buéc sdng thap sang tin hiéu budc
sdng cao twong (rng vai viéc sinh ra cac photon nang lugng thip tir cac photon ning
lwong cao hon.

Hinh 1.7 Anh huéng cia SRS Nang lwong tir kénh buéc song thap duwoc chuyén
sang kénh budc song cao hon.

1) ST

-
Sgi quang

Khéng gidng nhu SBS, SRS 1a mot hiéu tng bang rong. Hinh 1.8 cho thay do
loi 1& mot ham caa khoang céch budc sdng. Gia tri dinh caa hé sb do loi gr Xap Xi
6x10™ MW & buéc sdng 1550 nm nhé hon nhiéu so véi d6 loi caa SBS. Tuy nhién,
céc kénh céch nhau dén 15 THz (125 nm) 3 bi tc dong caa SRS. SRS gay anh huong
trén ca hudng truyén va hudéng nguoc lai. Mac SRS gitta cac kénh trong hé théng
WDM anh huéng xau cho hé théng, SRS ¢d thé duoc ding dé khuéch dai hé théng.

Hinh 1.8 Hé 6 dé loi SRSI1a ham cia khodng cach kénh.

He&od&10461 Raman (x10-14 m/W)

] [l [l

1

20 30 40
Khoang cach kénh (THz)

o
-t
o
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24 Hé théng théng tin quang

Cong suit ngudng cho SRS ¢6 thé tinh bang cong thirc sau [2]:
Pihsrs = 16Aei/grLeff = (16aAef)/Or (1.8)
Giatri dic trung ciia gr »1x10™ m/W tai | = 1550nm. L4y o = 0.046, 1/km =

0.2dB/Km va Agr = 55mm?, tinh duoc Pinsrs = 405mW cho mot kénh. Con sb nay
cho thdy c6 thé bé qua SRStrong hé thong don kénh.

Mot céch khéc dé tinh cong suat ngudng nay 1a[3]:
Prsrs = 5.9x107%0 a W (1.9)
V6i:
- d: dwong kinh 18i spi quang (nm).
- | : budc song hoat dong (nmm).
- hé s suy hao (dB/Km).
4. Lan truyén trong mdi trwong phi tuyén
Theo [1,2] d6i véi méi trudng tuyén tinh, vector phan cuc P c6 mbi lién hé véi
dién truong tac dong E nhu sau:
P(r,t) =e,c(r,t)E(r,t) (1.10)
Vi ce lado cam dién (electric susceptibility). Méi lién hé giita ce voi chiét
suit cua méi trudng n cd thé biéu dién bang:

n=lvc, (L.11)

Céc hiéu tng khc xa phi tuyén xay ralado s phu thuoc cuadd cam dién vao
cuong do dién truong E. Trong soi quang, c&c hién tuong phi tuyén cd thé xem xét
théng qua biéu thirc gan ding sau:

P(r,t) = P_(r,t) + P (r,t) = e,c (r, )E(r,t) +e,c PE*(r,1) (1.12)

S6 hang thir nhét trong cong thirc (1.12) 1& phan cuc dién mdi tuyén tinh, con
sd hang tht hai 1a phan cuc dién méi phi tuyén.

Chiét suat khic xa caa méi truong S5 &

n(W,E) = n_ (W)+ny.E? (1.13)

Véi w latan sb goc cua anh sang. S6 hang thir nhat trong cong thire (1.13) 1a
chiét suat tuyén tinh va |a nguyén nhan gay ratan sic vat liéu. S6 hang thir hai thé
hién hiéu tng phi tuyén bai vi no ti 1& véi cudong do anh sang | = 0.5e,cnE2. Hé sH
khc xa phi tuyén:

M = 3/8nce? (1.14)
C06 thé biéu dién sy khiic xa phi tuyén theo mot cach khéc:
n = ng (W)+nnL(P/Ae) (1.15)
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Vi P 14 cong suit anh sang. B4i véi soi quang silica, thuong ny, = 3.2x10%
MW va Agp55mm?. Gia st P = 1mW thi ny (P/A«) = 5.8x10°. Pay 1a phn phi
tuyén caa chiét suat trong diéu kién binh thuong. Chiét suat caa silica vao khoang
1,45 cho nén rd rang trong truong hop ndy cac hiéu tng phi tuyén co thé bo qua

Hang s lan truyén pha b = wn/c ciing phai phu thudc véo E2 Sy phu thuoc
nay c6 thé biéu dién nhu sau:

b = wn./c + (3w/8cn)cE? (1.16)
C06 thé biéu dign hang sd pha phi tuyén theo mot cach khéc:
b=b.+guP (1.17)

Véi by 1a thanh phan tuyén tinh cia hing sb lan truyén pha va gy =
(2p/l Ynni /A 12 hé 6 1an truyén pha phi tuyén. Gid s n. = 3.2x10°%° m/W, At =
55m?* val = 1550nm, khi d6 gy = 2.35x10° /m.W. Lai gia st P = 1mW, phan phi
tuyén trong hing sd lan truyén pha vao khoang 10°. Luu y gu P = (2p/l ) (P/A«)
Vi vay:
b=be +(2p/ ) (P/Aer) (1.18)
5. Hiéu &ng tw diéu pha SPM

Xét mot hé thong don kénh, anh sang nhu 1a sdng EM ¢6 dang (chi xét phan
thuc):

E(zt) = Ece®“cos(wt-bz)

b dugc tinh theo cdng thire (1.16) nén s3 ¢6 do dich pha bé sung. B dich pha
nady duoc tinh bang:

L L
F= db - b )dz= (\ﬂNL P(z)dz =g, B, L & (1.19)
0 0

C06 thé biéu dién sy phu thudc ndy theo mot cach khéac:
F = (3w8cn)ce P EL & (1.20)
Dua vao cdng thire (1.19) va (1.20) co thé giai thich co ché SPM nhu sau: Do
dich pha phi tuyén F cua sdng mang quang thay di theo thoi gian 1a do cuong do
(cdng suat) caa xung anh sang thay doi theo thoi gian. Sy thay doi ndy la do thay doi
ctia cOng sudt dau vao Pi(t) valhay sur bién thién theo thoi gian caa bién do xung khi
xung lan truyén doc theo soi quang. Do d6 F tré thanh mot ham sb theo thoi gian
F (). Theo dinh nghia dao ham cua dé dich pha dF (t)/dtt 0 biéu dién s thay dbi cua
tan sd. S thay doi tan so ndy dwoc goi |a chirping. Bay gio & rd vi sao hiéu tng
nay duoc goi la ty diéu pha: Biéu ché nay |a sy thay doi tan so xay ra do sy dich
pha gay ra boi chinh xung anh sang.
Trong tan sic mau, c&c budc song khac nhau (cac tan sd) lan truyén theo cac
van téc khéc nhau. Nhu vay xung mang céc tan so khéac nhau khi lan truyén s3 gidn
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ra. RG rang SPM gay ra gidn xung thdng qua tan sic mau. Can luu y mot vu diém
cia SPM la& khi cong sudt lan truyén cao, ¢ khodng ddu spi quang, SPM c6 thé nén
xung. Tuy nhién khi xung lan truyén xa hon, xung s bi gi&n nhiéu hon. Hién tuong
nén xung ndy co thé sir dung dé bl tan sic.

Céc hiéu ang phi tuyén thuong duoc danh gia qua céc gisi han cong suit cho
hé théng théng tin. Bé anh huong caa SPM la téi thiéu, do dich pha phi tuyén phai
rat nho tic laF < < 1. Theo c6ng thirc (1.2) Ler »1/a cho nén Py, < < a/gy.. Vidu a
= 0,2dB/km tirc o = 0,046 1/km va gy = 2,35x10° /m.W thi cdng suit dau véo
phai nho hon 19,6 mW.

6. Hiéu @&ng diéu ché xuyén pha

SPM la giéi han phi tuyén cha yéu trong hé thong don kénh. Trong hé théng
da kénh do dich pha cia mot kénh, vi du nhu kénh th nhit F 1, phu thudc khéng
nhitng vao cuong do (cong suit) caa chinh kénh ¢6 ma con phu thudc vao cuong do
cua nhitng kénh con lai. Hién tuong ndy goi la diéu ché xuyén pha CPM. Vi du xem
xét hé théng ba kénh. Khi d6 F 1 3 1a:

F 1= guLe(P1+2P>+2P3) (1.21)

CMP anh huang dén chét lwong truyén dan théng qua co ché gibng nhu SPM:
tan sb chirping vatan sic mau. CPM c6 thé anh huong dén hé thdng manh hon SPM
vi hé s 2 trong cdng thirc (1.21).

7. Hiéu @&ng trén bon bwéc song

Trong hé thbng WDM sir dung cac tan sb goc w....W,, su phu thudc caa chiét
suit vao cudng do (cong suat) khéng chi gay ra su dich pha trong mdi kénh ma con
sinh ratan sb méi nhu 12 2wi-w, va wi+w-w. Hién tugng ndy goi 1a hién tuong tron
bon buéc sdng (FWM_Four-wave Mixing). Tréi véi SPM va CPM chi ¢6 anh hudong
ddi vé6i cac hé théng tdc do bit cao, hiéu ang tron bdn budc song khdng phu thudc
vao tdc do bit ma phu thudc chat ché vao khoang céch kénh va tan sic mau cua soi.
Giam khoang céch kénh 1am tang anh huong caa hiéu wng tron bdn budc song va
viéc giam tan sic mau ciing vay. Do do, cac anh huong cia FWM phai duoc xem
xét ngay ca ¢ cac hé thong toc do vira phai khi khoang céch kénh gan nhau va/hoic
khi sir dung soi dich chuyén tén sic.

Pé hiéu cac anh huong caa hiéu tng tron bdn budc song, ta xét mot tin hiéu
WDM latdng caa n song phiang don sic. Truong dién caa tin hiéu ndy cé thé dugc
viét mot cach don gian:

n
E(r,t) :é_ E, cos(w;t - b,z)
i=1

Theo cdng thirc (1.12), phan cuc dién méi phi tuyén cé thé duoc viét:
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Po () =e,c?Q & a E cos(w;t- b,z)E, cos(w;t - b,z)E, cos(w,t - b,2)
i=1 j=1 k=1
3 n
3€°°e a EEE > +28 EE, %, coswt- b,2) (1.22)
i=1 i g
+80¢ & £ 2 cosamt- 3.2) (1.23)
i=1
£ 300 & 8 2 coq(2 t- (2b, - b (1.24)
4 2.1 A i E;cos((2w; - w;)t- (2b; - b;)2) .
3e C(3) Jd o 2
———a a E"E;cos((2w, +w;)t- (2b; +b,)2) (1.25)
i=1 jti
(3 n
24 8 A EEE,
i=1 j>i k>j
" (cos((w; +w, +w,)t- (b, +b; +b,)2) (1.26)
+cos((w;, +w; - w)t- (b, +b; - b,)2) (1.27)
+cog((w, - w; +w, )t- (b, - b; +b,)2) (1.28)
+cos((W, - w, - w)t- (b, - b, - b,)2)) (1.29)

Nhu vay, do cam dién phi tuyén caa soi quang tao ra cé&c truong mai (cac song
maGi) & tan sb witwitwic (W, Wi, Wi 6 thé giéng nhau). Hién tugng ndy goi 1a hiéu
{rng tron bdn budc song. Nguyén nhan 1a do cac tin sb Wi, W, Wi t6 hop vai nhau tao
ra bugc song thir tu & tin sb witwitwi. Doi voi khoang cach tan sb bang nhau va
mot sr lwa chon i, j, k ndo d6, buéc song thir tu anh heong dén wi. Vi du, cho
khoang céch tan sb Dw v&i Wi, Wa, Ws 1& c&c tan sb lién tiép, nghia la we = wy+ Dw
vaws =Wy + 2DW SE CO Wi-WotWs = Wo VA 2Wo-Wp = Wa.

Biéu thuc (1.22) cho thdy anh huéng caa SPM va CPM ma ta da dé cap dén
trong muc 5. Hiéu #ng tir diéu pha SPM va 6. Hiéu iing diéu ché xuyén pha, cac biéu
thire (1.23), (1.24) va (1.25) cd thé bo qua do khong co si ddng pha. Dudi céc diéu
kién thich hop, co thé dé thoa man diéu kién dong pha ddi véi cac biéu thirc con lai,
d6 latat ca cac dang wi+wi-W, i,j Lk (Wi, w; cO thé giéng nhau). Chang han, néu cac
budc song trong hé théng WDM 1a gan nhau hoic phan bd gan ving tan sic khong
cua soi, thi b gan nhu 1a khdng doi trén céc tan sd nay va diéu kién dong pha gan
nhu 1& duoc thoa mén. Khi céc diéu kién nay thoa mén, cong suat caa cac tain sd magi
duoc tao ra cd thé phai quan tam dén.

C6 thé xéc dinh gia tri cia hiéu tng tron bon budc song dang wi+w-w, i,j L K
don gian nhu sau:
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Dinh nghia wijx = W+wW-wi va hé sb suy bién (Degeneracy Factor)

_13 0=
k16, it
Phan cuc dién mdi phi tuyén tai wik co thé duoc viét:
Puix (z,t) = 4e di E E;E, cos(w, +w; - w, )t- (b; +b; - b,)2) (1.30)

Gia sir rang céc tin hiéu quang lan truyén nhu cac song phing qua dién tich 16
hiéu dung Aer trong soi (xem hinh 1.6), theo (1.25) c6 thé biéu dién cong suit caa
tin hiéu & tan sd Wi sau khi lan truyén qua khoang cach L trong soi 1a

® &
wtC g

O day, P, P, Py la céc cong suit ngd vao tai cac tan sb Wi, W, Wi. Chl y rang
chiét suit n duoc thay thé bai chiét suit hiéu dung ner caa mode co so. Sir dung
chiét suat phi tuyén ny., c6 thé viét

d .2
& e Qi ? PP.RL? (1.31)
2

ik — A,
Hay xem xé mot sb vi du cu thé. Gia sir ring mdi tin hiéu quang & cac tan sb
Wi, W, W cO cdng suit ImW va dién tich 18i hiéu dung cua soi quang 1a Aes =
50nm?. Ciing gia st wi * W, dé dij = 6. Sir dung ny. = 3.0x10nm?/W, khoang céch
lan truyén L = 20 km. Cong suat Py caatin hi¢u & tan sd goc wik sinh ra do hiéu
rng tron bon budc sdng khoang 9.5mW. Gia tri ndy chi thap hon cdng suat cua tin
hiéu ImW khoang 20 dB. Trong hé théng WDM, néu c6 kénh khéc ciing & tan sb
Wijk, hiéu ng tron bon budc song co thé gay nhidu kénh nay.
Thuc té, c&c tin hiéu tao boi hiéu tng tron bén budc sdng co nang leong thip
do khdng c6 sir ddng pha hoan toan va suy giam suy hao soi.

I11. CAC LINH KIEN TRONG HE THONG WDM

Céc linh kién duoc s dung trong cac mang quang hién dai bao gdm céc bo
ghép/tach (couplers), bd phat laser (lasers), bo téch quang (photodetectors), bd
khuéch dai quang (optical amplifiers), bd chuyén mach quang (optical switches), bo
loc (filters) va bd ghép/tach kénh (multiplexers). Muc ndy s tap trung xem xét
nguyén |y hoat dong caa cac linh kién néu trén. Béi véi mbi linh kién trudc tién s
duaramé hinh mé ta don gian sau d6 1a cac mé hinh toén hoc chi tiét. Ban doc c6
thé bo qua phan md ta todn hoc néu thiy chua can thiét dé tham khao. Riéng bo
khuéch dai quang s3 dugc xem xét riéng & churong 2. Phan ndy ciing khéng trinh bay
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b phét laser. Ban doc cd thé tim hiéu b phét laser trong “Hé thdng théng tin quang
_Tap1".
1. B ghép/tach tin hiéu
a) Pinh nghia

Bo ghép/tach tin hiéu (Coupler) la thiét bi quang dung dé két hop céc tin hiéu
truyén dén tir c&c soi quang khéc nhau. Néu coupler chi cho phép anh sang truyén
qua nod theo mat chiéu, ta goi 1a coupler ¢ huéng (directional coupler). Néu né cho
phép anh sang di theo 2 chiéu, ta goi la coupler song huéng (bidirectional coupler).

Hinh 1.9 Cdu tgo coupler FBT 2 x 2

. S6iquang ~

Naa vag 1 . Naaral
Vugg ghep

Naa vag 2 I<—L>I Naara?2

I I
Chiea daghep

Hinh 1.10 Coupler hinh sao véi 8 ngd vao va 8 ngd ra duwoc hinh thanh tir cac
coupler 3dB. Cong sudt tir mét ngd vao duroc chia déu cho cac ngd ra.

Cac coupler 3dB

/
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Coupler thdng dung nhat 1& coupler FBT (Fused Binconical Taper). Coupler
ndy duogc ché tao bang cach dat 2 soi quang canh nhau, sau d6 vira nung chay dé
chiing két hop véi nhau vira kéo dan ra dé tao thanh mét vang ghép (coupling
region). Mot coupler 2 x 2 dic trung boi ti s ghép a (0 < a < 1). a lati Ié cdng suit
anh sang ngd vao 1 dén ngd ra 1 so véi tong cong suat anh sang vao ngd vao 1. Phan
ti [& 1-a cong suit anh sang con lai caa ngd vao 1 s& duoc truyén dén ngd ra 2. Hinh
1.9 lamét coupler FBT 2 x 2 ¢ hudng.

Coupler ¢6 thé 1a chon lya budc sdng (wavelength selective) hay khong phu
thudc vao budc song, turong ing véi a phu thudc hay khéng phu thuéc vao budc song.

Truong hop a = 1/2, coupler dugc dung dé chia cong suét tin hiéu ngd vao
thanh hai phan bing nhau & hai ngd ra. Coupler trong truang hop ndy duoc goi 1a
coupler 3 dB.

Coupler hinh sao nxn c6 thé duoc tao bang cach két ndi céc coupler 3dB nhu
trén hinh 1.10.

b) Nguyén ly hoat déng

Khi hai spi quang dugc dat canh nhau, anh sang s€ dugc ghép tur soi nay sang
soi kia va nguoc lai. D6 1a do qué trinh truyén mode anh sang trén soi quang qua
viing ghép s3 khéc so véi truyén trén soi quang don. Khi dé, toan bo anh sang thuoc
mot soi quang st duoc ghép hoan toan sang soi quang ghép véi nd, phan anh sang
nay lai tiép tuc duoc ghép nguoc tro lai sang soi quang ban dau theo mot chu ky
tuan hoan khép kin. Két qua ta co cuong do truong dién tir & dau racaa bd ghép Eq,
Eo2 duoc tinh theo cuong d6 truong dién tir dau vao Ejy, Ei; theo cng thire [1]:

ok, (f)o . aeoskl) isin(kl)oad, ()0
a(1)8_ w : stk) - isin(k) g, (1) 8 w3
Ex(f)g  &sin(kl) coskl)5&E, ()5
Trong do:
- b lahé sd phacua sy truyén anh sang trong soi quang.

-k laHé sb ghép. k phu thudc vao chiéu rong cia soi quang, chiét suit caa 16i
soi va dén khoang cach gan nhau caahai soi quang khi thuc hién nung chay.

Néu chi cho &nh sang vao ngd 1 (cho Ej; = 0), khi d6 cdng thirc (1.32) duogc
viét lai l&

En(f) =€ ™ costkl) E, (1) (1.33)
E,(f)=e™ &®/? snkl) E,(f) (1.34)

Tanhan xét rang & 2 dau ngd ra co su léch pha p/2. Ciing trong diéu kién nay,
tatinh duoc ham truyén dat cong suét:
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g, (f)o_aeos’(kl)§ (1.35)
T.(f)g &sn?(k) 5

O day ham truyén dat cong suat T;; dugc dinh nghia:

2

E.

o

=

T. =

i
Ttr cdng thic (1.35) dé co coupler 3 dB d6 dai coupler phai dwoc chon sau cho
kl =(2k +2)p /4 véi k 1asd khong am.
¢) Cécthéng so co bdn
Bo6 coupler WDM duoc dic trung boi cac théng sd sau [2]:

Suy hao vurgt mirc Pe (Excess Loss): dugc dinh nghia:

Hinh 1.11 Céc théng s ddc trung ciia coupler

P,. P
1in 2
{ ;
P =~ Coupler
1out 2% 2
- T
P4 P3

P (dB)—-lOIog§eo aP /

J

(1.36)

QIIO
v
OO

O day P;: cong suat tai ngd raj,
P:: cong suét tai ngd vao.
Theo hinh 1.11, Pg duoc tinh:
Pu(dB) = -10 log[(Px+P3)/Py]

Suy hao xen IL (Insertion Loss): lati sd cua cong suat tin hiéu ngd ra so voi
ngd vao tai mot budc sdng cu thé. Suy hao xen 1a suy hao ma coupler thém vao
ngd vao vango ra.

IL12(dB) = -10 log[P2/P1] (1.37)
Ti sb ghép CR (Coupling Ratio): duoc dinh nghia
CR(dB) = -10 log[ Po/(P+Ps)] (1.38-3)
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CR c6 thé duogc bidu dién theo % :
CR(%) =[P,/(P, +P,)] 100 (1.38-b)
Dé thiy
IL=CR+P, (1.39)
Tinh dong nhat U (Uniformity): dic trung cho coupler diing trong truang hop

chia ddi cong suat (50:50). Hé sb nay dé chi d6 ddng nhat giita 2 nhanh cua
coupler (bang 0 trong truang hop coupler 1 tuang).

U(dB) = ILmax — ILmin = 10 log[Ps/P] (1.40)
Suy hao do phén cwc PDL (Polarization-dependent Loss): la dao dong I6n
nhét cua suy hao xen do sy thay d6i phan cuc anh sang dau vao. Thuong chi s
nay khong vuot qua 0.15 dB.
Tinh dinh hwéng D (Directivity): 1a phan céng suét tin hiéu ngd vao xuat hién
tai ngd rakhéng mong mudn.

D(dB) = -10 log[P4/P] (1.41)
Xuyén kénh dau gan (near-end crosstalk): ding dé danh giatinh dinh huéng.
NEC(dB) = - 10log[P,(I ,)/P,( ,)] (1.42)
Suy hao phan héi RL (Return Loss): duoc dinh nghia:
RL(dB) = -10 log[P1out/Pain] (1.43)

P§ cach ly (Isolator): ding danh gia phan anh sang trén mot duong bi ngan
khong dat dén mot duong khéc. Vi du | 1 14 budc song truyén tir cong 1 dén
cong 2, truyén dén cong 4 1a khdng mong mubn. Tuong tu | , truyén tir cong 1
dén cong 4, truyén dén cong 2 1a khdng mong mubn. Khi d6 do cach ly dugc
dinh nghia nhu sau:
|.2(dB) =- 10l0g[P,(1,)/R(1 )] (L.44)
|,(dB) =- 10l0g[R,(1 ,)/R(1 ,)]
d) Ungdung
Coupler 1a linh kién quang linh hoat va c6 thé cho nhiéu ttng dung khéc nhau:
Bo coupler vai ti sb ghép a ~ 1 duoc ding dé trich mot phan nho tin hiéu quang,
phuc vu cho muc dich giam sat.
Coupler con 1abd phan co ban dé tao nén céc thanh phan quang khéc, chang han
nhu: c&c bd chuyén mach tinh, cac bo diéu ché, bo giao thoa Mach-Zehnder
MZI... MZI ¢ thé dugc ché tao hoat dong nhu bo loc, MUX/DEMUX, chuyén
mach vabo chuyén déi budc song.
Thuc hién ghép/téch bude sdng trén soi quang. Nho diéu chinh chiéu dai ghép
thich hop khi ché tao, coupler 2 x 2 ghép 50:50 phan bd cong suit anh sang tir
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mot dau vao ralam 2 phan bang nhau & 2 ngd ra. Coupler ndy con duoc goi 1a
coupler 3 dB, ung dung phd bién nhat. Tur coupler 3 dB, c6 thé tao nén bo
coupler n x n ghép n tin hiéu khac nhau vao mét sgi quang.

2. Bo isolator/circulator

a) binh nghia

Coupler va phan lén cé&c linh kién quang thu dong khéc |a céc thiét bj thuan
nguoc (reciprocal) theo nghia thiét bi s& hoat dong ciing mot kiéu néu dao ngd vao
va ngd ra vai nhau. Isolator 1a thiét bi khéng thuan nguoc (nonreciprocal). N6 chi
truyén &nh sang qua né theo mot chiéu va ngan khong cho truyén theo chiéu nguoc
lai. N6 duoc dung tai dau ra caa céc thiét bi quang (bo khuéch dai, ngudn phét laser)
dé ngan qua trinh phan xa nguoc tré lai céc thiét bi d6, gay nhidu va hu hai thiét bj.
Hai tham sb chinh caa lsolator |a suy hao xen vado céch ly.

Circulator ciing thuc hién chirc nang tuong tu nhu bd Isolator nhung né
thuong ¢ nhiéu cong, thuong 1a 3 hodc 4 cong. Chinh vi sy teong dong giira hai
loai thiét bi, ta s& chi trinh bay hoat dong caa b 1solator ma théi.

Hinh 1.12 (a) So dé khoi ciia bg Circulator 3 cira. (b) So do khéi ciia bé Circulator
4 cira. (€) So do khoi cia bg 1solator.

[ER PN

ISOLATOR

(a) (b) (c)

b) Nguyén ly hoat déng

Trang tha phan cuc cua &nh sang truyén trong soi quang duoc dinh nghia la
chidu phan cuc cia vector cuong do truong E ndm trén mat phing vudng goc Vi
phuong truyén &nh sang trong soi. Ta goi & phan cuc ngang va phan cuc doc. Qua
trinh truyén anh sang trong soi quang la su két hop tuyén tinh truyén céc song phan
cuc ngang va phan cuc doc.

M hinh don gian cia bd Isolator dugc minh hoa nhu trong hinh 1.13 (a). Gia
sir anh sang truyén |a phan cuc doc, truyén dén bo phan cuc (Polarizer), bo ndy thuc
hién chirc nang chi cho sdng phén cuc doc di qua, khéng cho sbng phén cuc ngang
di qua. Sau bd phan cuc 1abd quay pha Faraday, thuc hién quay pha 45° theo chiéu
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kim ddng hd khéng phan biét chiéu anh sang dén. Tiép theo 1a bo phan cuc, bo nay
thuc hién chic niang chi cho sdéng phan cuc 45° di qua. Nhu vay, bd Isolator ta xét
chi cho phép song phan cuc doc di qua theo chiéu tir tréi sang phai. Trong trudong
hop sdng phan xa theo chiéu nguoc lai, néu sdng qua dugc bd phan cuc thi hai, qua
tiép theo bo quay pha Faraday, thi ciing khéng thé qua duoc bd phan cuc thir nhat
(do ltc nay sbng phan cuc ngang).

Hinh 1.13 (a) Cdu tgo bg Isolator khi &nh sang vao phan cyc doc. (b) Cdu tao bg
Isolator khi &nh sang vao phan cyc badt ky.

Bé quay pha
Faraday Anh sang
/ dira
o |o i o, g,//g 2
——F— — — / S e o
Anh sang ) 70, ) 5
. s Kh Net €. -
divao oa A Anh sang
B& phan cuc B6 phan cuc phan xa
(a)
Bé quay pha
Faraday
® £ 1S |5 | -S
Anh sang tes [0 Lot Anh sang
di vao dira
S| -S| ||\ &
- - -t - ——1 7
SWP Matphing | /2 SWP Anh sang
phan xa

(b)

Trén thyc té thi sdng truyén trong soi quang ludn 1a s két hop tuyén tinh cua
céc trang théi phan cuc ngang va doc nén thiét ké bo Isolator phirc tap hon. M6 hinh
thu nho dugc trinh bay trong hinh 1.13 (b).

Anh sang truyén trong soi quang vai trang théi phan cuc bat ki duoc dua dén
bo tach/ghép trang thai phan cuc SWP (Spatial Walk-off Polarizer), tach thanh hai
dong tin hiéu phan cuc doc va ngang theo hai duong doc lap nhau. Tiép theo, dén bo
quay pha Faraday, quay pha 45° theo chiéu kim dong hé. Mt phing | /2 (Half-wave
plate) thuc hién quay pha 45° theo chiéu kim dong hd d6i vai tin hiéu truyén tir tréi
sang phai, quay pha 45° theo chiéu ngugc kim dong hd theo chiéu truyén nguoc lai.
Cubi cung, tin hiéu & hai nhanh duoc két hop lai nho bd SWP thir hai. Néu theo
chiéu nguoc lai, hai bd SWP s khir 13n nhau. Anh sang truyén qua bd SWP thir hai,
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qua bo quay pha Faraday s& khong thé két hop lai dugc tai bo SWP thtr nhat nhu
minh hoatrén hinh 1.13.
¢) Ungdung
Bo Isolator va Circulator c6 nhirng irng dung sau:

Bo Isolator thuong dung trude dau ra bo khuéch dai quang hoic ngudn phét

laser dé ngan anh sang phan xa nguoc tro lai thiét bi gay nhidu va co thé 1am hu

thiét bi.

Bo Circulator dugc dung nhu mot bo phan dé ché tao phan tir xen rét quang

OADM.
3. B0 loc quang
a) Téng quan
binh nghia

Bo loc lathiét bi chi cho phép mot kénh budc sdng di qua, khoa déi véi tat ca

céc kénh budc song khéc. Nguyén ly co ban nhit caa b loc 1a sy giao thoa giita cac
tin hiéu, budc song hoat dong caa bd loc S8 dugc cong pha nhiéu 1an khi di qua no,
céc kénh budc song khéc, nguoc lai, 3 bi triét tiéu vé pha. Tuy thudc vao kha ning
diéu chinh kénh budc sdng hoat dong, nguoi ta chia bd loc 1am hai loai: b loc cb
dinh (fixed filter) vabo loc diéu chinh duoc (tunable filter). Hinh 1.14 1a so d6 khdi
bo loc ¢b dinh vabo loc diéu chinh dugc.

Hinh 1.14 So do khei cia bé loc. (a) Bé loc o dinh buéc song | . (b) Bé loc c6 thé
diéu chinh buéc song duroc trong khéang D .

lalz I A I (LEMEN)
Pol 2ol | LEKEN /\/\... e
S Bé6 loc | k K >) Bé Iocdcggg chinh
—b / )
@ (b)

Yéu ciu déi véi bd loc
~ Hiénnay, c6 rat nhiéu cdng nghé ché tao b loc. Tuy nhién, y&u ciu chung
doi vai tat ca cac cong nghé 1a:
Bo loc tét phai co giatri suy hao xen IL thap.
B6 loc phai khdng phu thudc nhidu vao trang tha phan cuc caatin hiéu dua vao.

Dai théng hoat dong cua bo loc phai khéng nhay cam véi s thay doi nhiét do
cua méi truong. Bo loc phai dam bao trong khoang nhiét d6 hoat dong (thuong
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la khoang 100° C), d6 dich dai théng hoat dong phai khéng vuot qua khoang
céch gitta hai kénh budc song hoat dong gan nhét.

Khi ¢rng dung ghép ndi tiép nhiéu bo loc trong hé théng WDM, bang thdng hoat
dong sz bi thu hep lai. Bé han ché tdi dadiéu ndy, cac bo loc phai c6 ham truyén
dat trong khoang buéc song hoat dong 1a bang phang.

Ham truyén dat cua bd loc phai c6 do doc Ion dé tranh giao nhau & phan vat cua
hai budc song 1an can, gay xuyén nhiéu giira cac kénh.

Giam chi phi san xuat. Van dé ndy lai phu thuoc vao cong nghé ché tao. Tuy
nhién, khi van d& ndy dit 1&én hang dau thi ta s c6 hai lya chon. Thir nhit 1a
dung cdng nghé dng dan song, cho phép san xuit trén nhitng vi mach tich hop
quang (bu lai hoat dong phu thudc vao trang thai phén cuc cua song quang). Thir
hai 1a ding cong nghé san xuat cac thiét bj thuan quang, tuy kho khan trong tich
hop mach nhung c6 nhiéu vu diém l& khdng phu thudc vao trang tha phan cuc
ctia song quang, ghép song tir soi quang vao thiét bi dé dang.

Hinh 1.15 (a) Cac théng so ddc trung cia bé loc. (b) Bé gon song cuia bé loc.

A A
D6 rong

_ olosas bang théng ol
m m
) )
) )

g -101+ m \ c -10 ¢
> © \ >
& I &

g -20 | = Vung g -20
o} - 5 xuyén o
@ I hié 8

< -30 ¢ 2 nhied < 304
> Z >
n n

-40 ¢ AN -40 ¢

\\
N
N o [ .
1633.47 1634.25 I (nm) 1540.56 I (nm)
(a) (b)

b) Thong sé co bdn
Hinh 1.15 minh hoa cac dac tinh dac trung cho mét bd loc, cac dac tinh dé
duoc dinh nghia nhu sau:

Budc song trung tAm: phai 1& budc song tudn theo tiéu chuan ITU-T

Do rong bang théng (Pass Bandwidth): 1& 6 rong cua ham truyén dat tai mac
suy hao xen cé&ch dinh 0.5 dB. Trong mét s trudng hop, ngudi tacon cd thé xét
bang thong di qua 1 dB, 3 dB. Bic tinh ndy rat quan trong vi laser trong truong
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hop khong i tuong chi phét tin hiéu cd budc song dao dong nhat dinh so Véi
budc song trung tam duoc qui dinh theo chuan ITU-T.
D6 rong bing chian (Stop Bandwidth): 1a d6 rong caa ham truyén dat tai mac
suy hao xen céch dinh 20 dB. Dai chin caa bo loc phai cang nho cang tot dé
tranh hién tuong xuyén nhiéu giira céc kénh.
Do céch li (Isolation): dé chi cong suat caa mot kénh budc sdng xuyén nhiéu
sang céc kénh budc song lan can.
Do gon song (Ripple): 1ado chénh Iéch dinh-dinh trong pham vi mot kénh budc
song.
Hé sd sir dung bang théng BUF (Bandwidth-utilization Factor): lati sb cua do
rong kénh truyén LW (Linewidth) caa anh sang duoc truyén di so véi anh sang
phan xa tai mot mic suy hao xac dinh. B6 loc ly tuwoéng phai ¢c6 BUF = 1. Trén
thuc té, khi IL = -25 dB thi BUF = 0.4.

Néu bo loc thudc loai co thé diéu chinh budc song duoc, nd con co thém céc

dac tinh nra nhu |
Khoang diéu chinh budc song dong: 1a khoang buéc sbng ma trong pham vi
hoat dong cua b loc.
S6 kénh budc song cd thé xir 1y: 1ati 1& khoang diéu chinh budc sdng dong trén
khoang cach gitra cac kénh budc song.
Thoi gian diéu chinh: Thoi gian diéu chinh giira céc kénh budc sng hoat dong
khac nhau.
Ti 1€ nén bién SSR (Sidelobe Suppression Ratio): la khoang céach gitra gia tri
cdng suat dinh so vai giatri cong suit 1on nhat & bién.
Do phan giai: 1ad6 dich budc song nho nhit bo loc co thé nhan biét dugc.
c) Cach tw

Céch tir dung dé mo ta céc thiét bi ma hoat dong caa nd dua trén hién tuong
giao thoa gitta c&c tin hiéu quang xuat phét tir cling mdt ngudn quang nhung co do
léch pha twong ddi voi nhau. Phan biét véi cach tir 1a vat chuan (etalon) lathiét bi &
d6 nhiéu tin hiéu quang dugc tao ra nhd mot hdc cong huong (single cavity) 1ap lai
cac tiadi ngang qua no.

S6ng anh sang co lan truyén theo huéng z voi tan s goc law va hing sé pha
lab s3 c6 do dich phala (wt-bz). Do d6 do dich pha twong dbi gitra hai song phét
sinh tir mot ngudn co thé duoc tao ra bang cach cho ching truyén qua hai duong
khac nhau.

Trong WDM céch tir dugc dung nhu 1& mot bo téch kénh dé téch céc budc
s6ng hozc nhu [a mot bd ghép kénh dé két hop céc budc song.

PDF created with pdfFactory Pro trial version www.pdffactory.com




38 Hé théng théng tin quang

Hinh 1.16 la hai vi du vé céch tir: trén mat phang céch ti (grating plane), céc
khe (slit) duoc cach déu nhau. Khoang céch giira hai khe ké can goi 1a pitch. Do céc
khe nho nén theo hién tuong nhidu xa (diffraction) anh sang truyén qua cac khe nay
s3 lan toa ra moi huéng. Trén mit phang anh xa (imaging plane) s& quan sét dugc
hién tuong giao thoa cong hudng (constructive interference) va triét tiéu cac budc
song tai c&c diém khéc nhau, céch tar ndy duoc goi la cach ta nhidu xa (diffraction
grating).

Hinh 1.16(a) l& c&ch tir truyén dan (transmission gratings), 1.16(b) 1a céch tir
phan xa (reflection gratings).

Hinh 1.16: (a) Cach tur truyén ddn va (b) Cach tir phan xga

Mit phdng  Mét phing Mit phdng  Mét phéng
cach t anh xa anh xa cach ta

(a) (b)

Hinh 1.17 Nguyén tdc hogt déng cia céch tir truyén dan. Céch tir phan Xa hoat
dong tuong tu. Se chénh léch do dai gidra cac tia khic xg tai goc qq Voi
cac khe ké can la: AB- CD = &[sin(q;) - sin(q,)]

M3t phang
cach tu

/ P&n mit phéng
‘~‘ anh xa
3ol

C

Ud
a

Tur nguén

0\
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Nguyén ly hoat dong

Theo hinh 1.17 ta c6 su chénh @6 dai gitra cac tia khic xa tai goc qq Véi cac
khe ké can 1a AB- CD =4d[sin(q,)- sin(q,)]. Giao thoa xay dung (constructive
interference) xay rakhi:

a[sin(g;)-sin(ga)] = ml (1.45)
Véi m: bac caa céch tir. Khi g = 0 ¢6 thé viét lai (3.14) nhu sau:
asin(qq) = mi (1.458)

Trén thyc té, nang luong tap trung tai bac 0 khi g = ¢q di v6i moi budc sdng.
Nang lugng anh sang tai bac 0 [a vo ich vi cac budc song khdng duoc tach roi. Do
d6 cin thit ké cac cach tir khéc goi 1 blazing (xem hinh 1.18).

Hinh 1.18 Céch ti blazing véi goc blaze a. Nang lwong cia giao thoa téi dai tirong

ung voi goc blaze la cuc dai.

ar
[y
~

d) Cach t# Bragg
Binh nghia

Céch tir Bragg duoc sir dung rong réi trong hé théng théng tin quang. Moi s
bién doi tuan hoan trong méi trudng truyén song (thuong 1a bién ddi tuan hoan chiét
suat médi truong) déu oo thé hinh thanh céch tir Bragg.

Nguyén ly hoat dong

Xét hai song truyén theo hai chiéu nguoc nhau véi hé sb pha la b, bs. Ning
lwong cua tin hiéu ndy dugc ghép sang tin hiéu kia néu ching thoa man diéu kién
vé pha:

2
Ibe - by =P (1.46)
L
Trong do: L lachu ky cach tir.

Trong céch tir Bragg, nang leong caa song truyén theo hudng dén duoc ghép
va0 song phan xa tuong (ng truyén theo hudng nguoc lai. Xé sdng ¢ hé s6 pha by
truyén theo chiéu tir trd sang phai. Nang luong cua song ndy st duoc ghép vao song
tan xa caa nd theo chiéu nguoc lai (cd cling budc sdng véi song téi) néu thoa man
diéu kién vé pha:
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By - (-by)| = 20, = 2P (147)

Goi bo = 2pnetll o, | o 1 budc sdng anh sang t6i va ngr 1a gid tri chiét suat hiéu dung
cua soi quang hoic éng dan song (vat liéu 1am céch tir Bragg). Khi d6, diéu kién
phan xa duoc viét lai &

| 0= 2ness L (1.48)
Cong thirc trén goi la diéu kién Bragg. Trong do, | o duoc goi 1a song Bragg.

Hinh 1.19 (a) minh hoa co ché hoat dong cua phan xa Bragg. D6 1a mot soi
quang hoat dong theo co ché phan xa Bragg. Chiét suat twong ddi cua li soi quang
duoc 1am bién ddi tuan hodn doc theo chiéu dai cua soi dong vai trd nhu céch tu
Bragg. Song truyén trong soi quang va nd duoc phan xa lai theo mdi chu ky céch ti.
Céc sdng phan xa s3 cong pha véi nhau néu budc song tuan theo diéu kién Bragg ta
datrinh bay ¢ trén.

Hinh 1.19 (a) Céach tix Bragg trong soi quang chiét suat dong nhat. (b) Céch tir
Bragg trong spi quang chiét sudt giam dan. (c) Phé cong sudt phan xga
cua cach tir dong nhat. (d) Phé cdng sudt phan xa cia céch tir giam dan.
D la do rong cua dai théng va la khoang cach giira buoc song dinh va
diém phdn xg téi thiéu dau tién trong trirong hop mt cat chiét suat dong
nhdt. Dt/ 1é nghich véi chiéu dai cach tir. DI 1 d 1éch budc sdng so Voi
budc song dong pha.

Cach tir trong sgi quang chiét suat déng nhat A Céch tr trong sgi quang chiét suat giam dén

mm

(a)

|

k

(b)

o
—

104

-20+

-304

Pho&oag suatsong phai xai(dB)
Pho&oag suatisong phai xai(dB)

-40 : >
4 -2 0 -2 -4 D

(c)
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Hinh 1.19 (c) va (d) 1a d6 rong phd cdng suit cua sdng phan xa dbi véi hai
truong hop céch tir: céch tar ddng nhit va céch tir giam dan. Céch tir giam dan
(apodized grating) 1a treong hop ché tao chiét suat twong déi sao cho cang xa trung
tam céch tir, sy khéc biét vé chiét suit cang giam. Dung céch tir giam dan s3 giam
dugc cong suat cia song phan xa 1an can, nhung doi lai phai chiu bing théng hoat
dong tang |én. Theo db thi, ta ciing thdy rang cang xa buéc sdng Bragg, pho cua
song phan xa cang giam. Co nghia la khi hoat dong véi cac kénh budc song cach
nhau mot khoang cach nhat dinh, chi c6 budc song Bragg la phan xa tré lai khi
truyén qua céch tir Bragg, cac budc song khéc sé truyén di xuyén qua
Ung dung cia cach ti: Bragg

Céch tir Bragg la nguyén ly co ban ding trong cng nghé ché tao bo loc, bo
ghép xen/rét quang, ding dé bu suy hao tén sic.

Ung dung dé ché tao bo loc o thé diéu chinh quang-am hoc.

Ngoai ra, ddi voi linh vuc khuéch dai quang, céch tir Bragg con cho nhiéu ang
dung quan trong nhu: 6n dinh dé loi, can bing do6 loi cho EDFA.
e) B loc cach tir kiéu spi quang
binh nghia
Céch tir Bragg kiéu soi quang 1a mat doan soi quang nhay véi dnh sang, dugc
ché tao bing cach dung tia cuc tim UV (Ultra-violet) chiéu vao dé lam thay dbi mot
céch tuan hoan chiét suat bén trong 18i. Sy thay d6i chiét suat trong 16i soi chi can
rat nho (khoang 10™) ciing d& du tao ra cach tir Bragg. Bo loc céch tir Bragg kiéu soi
quang duoc phan 1am hai loai: céch tar chu ky ngan va céch tir chu ky dai. Céch tir
chu ky ngan c6 chu ky céch tir twong duong véi budce song hoat dong (khoang 5nm).
Trong khi d6 céch tir chu ky dai c6 chu ky céch tir 16n hon nhiéu 1an so véi budc
song hoat dong (khoang vai traim 5nm dén vai mm). Bo loc Bragg kiéu soi quang
ciing c6 thé 1a bo loc ¢b dinh hoic bd loc diéu chinh duoc.
Nguyén |y hoat déng ciia cach tiz chu ky ngan
Nguyén ly hoat dong caa bd loc Bragg kiéu soi quang hoan toan twong tu nhu
tadadé cap ¢ phan trén. Bang céch tao sy thay d6i tuan hoan chiét suét trong 16i soi
quang, qué trinh truyén song trong soi quang qua nhirng mién chiét suit khac nhau
khi d6 tré nén nghiém dang dbi véi diéu kién Bragg. Khi truyén trong soi quang da
duogc céch tir Bragg hod, chi ¢o budc song | =1 g & dugc phan xa tro lai va cong
pha véi nhau, cong pha véi song toi, lam tang cuong d6 song phan xa. Cac budc
song khéc s truyén xuyén qua hoic phan xa tro lai khdng déng ké do triét pha voi
nhau. Budc song Bragg | g cia b loc dugc tinh tir cdng thirc:

| B = 2nerr L (1.49)
Trong d6: - net lachiét suit tuong di caa ldi soi.

- L lachu ky cach tir Bragg.
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Nguyén |y hoat dong cua cach tu chu ky dai

Nguyén |y hoat dong cua bd loc Bragg kiéu soi quang chu ky dai ¢ khéc so
véi loai chu ky ngan. Trong loai céch tir chu ky ngin mata da xét & trén, khi budc
song truyén trong 16i soi a1 g, sOng phan xa tré vé & dugc ghép cong pha véi nhau
va cong pha véi song téi. Tat ca quatrinh d6 chi dién ratrong 18i soi quang. Déi Voi
céch tir chu ky dai, song truyén trong phan 16p pha ngodi 18i soi theo chiéu di s
dugc ghép cong pha véi song truyén trong phan 16i soi ¢ cling chiéu. Diéu kién dé
co sr ghép cong pha gitra phan mode song truyén trong 16i va phan mode sdng
truyén trong 16p vo |a:

b- by = 2P (1.50)
L
Trong d6: - blahé sd phaciamode sdng truyén trong 18i.

- b5 lah¢ s pha caa mode sdng bac p truyén trong 16p vo.

Thuong thi hiéu sb gitra hai hang sb lan truyén ndy rat nho nén L s3 trg nén rat
lén dé viéc ghép nang luong co thé xay ra. Gia tri ndy thuong vao khoang vai tram
um (luu y doi véi céeh tir soi Bragg hiéu sb giira hang sb lan truyén cia mode téi va
mode phan xa larat 6n nén chu ky céch tir L s rat nho). Do taco mbi lién hé gitra
hé sb phava chiét suat tuong doi:

b= 2PN
T (1.52)
Nén tur cong thac (1.50), ta suy ra duoc:
I =L(ng - &) (1.52)

Nhu vay khi biét dugc ner, N taco thé ché tao mot cach tir giatri L mot cach

hop |i sa0 cho viéc ghép nang leong xay ra ¢ ngoa dai budc sdng mong muén. Cach
tur trong treong hop nay hoat dong nhu mot bo suy hao theo budc song.
Bé loc Bragg kiéu spi quang co thé diéu chinh duroc

Tir cdng thire (1.49) va (1.52), tathiy ta chi can thay d6i chu ky cachtir L 1
c0 thé thay dbi burdc sdng hoat dong cua bd loc Bragg kiéu soi quang. Trén thuc té,
dé thay ddi chu ky cach tir nguoi ta thuong ding 2 cach: dung nhiét hozic dung sirc
cing. Su thay doi bugc sdng hoat dong cia bo loc dugc xac dinh 1a mot ham theo
chidu dai cach tir (L) vanhiét o (T).

DI =0.8(DL/L)+(8x10°®/°C)DT (1.53)

Ung dung ciia bé loc cach ti Bragg kiéu soi quang

Céch tir Bragg kiéu soi quang la thiét bi thuan quang nén c6 nhitng uu diém
cua ho thiét bi ndy nhu: suy hao thap, dé phéi ghép tin hiéu tir soi quang vao thiét b,
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khdng nhay véi se phan cuc, hé sb nhiét thip. Nho céc dic tinh d¢6 cho nhiéu ung
dung khac nhau:

Tao ngudn laser bang cach ghép 2 bo loc céch tir Bragg soi quang clng budc
song hoat dong véi nhau dé tao thanh hdc cong huang, rodi diing mot ngudn laser
phét buréc song lién tuc cho chiéu vao. Ngudn laser tao bang pheong phép nay
con co thé diéu chinh dé sdng ra ¢ ché 46 mode-locked.

On dinh buéc séng: tan dung tinh chon loc chinh xéc budc sdng cua bo loc
Bragg kiéu soi dé 6n dinh sdng bom budc sdng 980 nm. Dung két hop véi 2
coupler nhu minh hoatrén hinh 1.20 (a). Mach héi tiép so sanh giita sdng qua bd
loc va sdng khéng qua bd loc dé diéu chinh tré lai ngudn laser DBR.

Bu tén sic bang cach ding cach tir chu ky giam dan (Chirped Grating). Khi anh
sang vao soi quang kiéu ndy, nhitng budc song khac nhau s3 phan xa ¢ nhitng
diém khéc nhau, duong di khéc nhau, dan d¢én bl duoc tan sic néu ciu hinh
thich hop. Minh hoatrén hinh 1.20 (b).

La thanh phan quan trong trong viéc ché tao cac bo xen/rét, két hop voi bo
Circulator. Minh hoatrén hinh 1.20 (c).

Bo loc céch tir Bragg chu ky dai cd thé déng vai trd nhu céc b loc bang (bing
gom nhiéu kénh budc song) rat hiéu qua, ang dung dé can bang do loi khi ding
bo khuéch dai EDFA.

Hinh 1.20 Mét s6 #ng dung ciia bé loc céach tir Bragg kiéu soi quang. (a) Ung dung
ta0 nguon phét laser. (b) B tan sic bang cach ding cach ti chu ky giam
dan. (c) Thanh phan cdu tao bg xen/rét kénh burdc song.

0,
90% 4,
DBR 10%
S (b)
Math o
fiied khieé Cath to0
fiiea tod Bragg
| , PHPNE
Cash toBragg [Coupler
I,

(@) (©)

f) B¢ loc Fabry-Perot
Dinh nghia
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Bo loc Fabry-Perot gdm mét khoang duoc tao boi hai guong c6 hé sb phan
Xa cao dat song song véi nhau. Anh sang di vao guong thir nhat, mot phan di qua
guong thir hai, phan con lai duoc phan xa qua lai gita hai bé mat caa hai guong. Bo
loc dang ndy goi 1a giao thoa ké (interferometer) hay vat chuan (etalon) Fabry-Ferot.

Nguyén ly hoat déng
Céc song anh sang ¢ di ra khoi b loc Fabry-Perot dugc cong dong pha véi

nhau. Cac budc song nay duoc goi la budc song cong huong caa bd loc va phai thoa
man cong thac [2]:

2l=1\N (1.54)
Trong do: - |: chiéu dai khoang cong huong Fabry-Perot;

- N: sb nguy@n tuong tng véi | y.

Hinh 1.21 Nguyén ly hoat déng cua bg loc Fabry-Perot.

~“NS— NV ‘—", NS
Song di vao ‘/' Cdac song truyén qua
— AN guong 2 déu cdng
S déng pha véi nhau
Sa

RUPAVE S N\
Phan xa qua lai gitia 2
guong cua khoang
cong huéng
Suy ra, khoang céch giira 2 kénh budc song lién tiép |a:
| nea-l = 1,572 (1.55)
Trong d6: | 4 1a budc song dinh caa bo loc trong mdi trudng cd chiét suat n, val x =
| /ncvéi | labudc sdbng anh sang trong chan khong.
Ham truyén dat cong suit cua bd loc Fabry-Perot dugc xéc dinh 1a[1]:

A
- 1 R)2
Tee(f) = (1.56)
2VR . ,
[1+( sin(2pft ))°]
1- R
Cong thirc (1.56) c6 thé biéu dién theo budc song nhu sau:
A
. @R (1.56)
Te(l) = R
[L+ (Y sin(2prl /1))’

Trong do:
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- Alasuy hao do hip thy cua guong.
- R1ado phan xa cua guong, duoc tinh 1ati sd ¢Ong suat song phan xa so Voi
song den.

- llachiéu dai caa khoang cong huong.
-t =nl/c véi clavantdc anh sang.

Tathiy rang T, () 1aham tuan hoan theo | , chu ky ciaa n6 duoc dinh nghia

lakhoang phé tu do FSR (Free Spectral Range):
FSR = c/2nl (1.57)

Bing théng 3 dB cua bo loc Fabry-Perot tai mdi dinh caa ham truyén dat cong
suit duogc ki hiéu la FWHM. Khi bo qua suy hao trong bo loc (A = 0), FWHM duoc
tinh tir cdng thirc:

c ,1-R
FWHM = (——)(—— 1.58
(2IO In)( R ) (1.58)
Théng sb dic trung cho bo loc 1a dd min F (Finesse), dugc dinh nghia nhu
sau:
FWHM 1- R

F chi sb budc song mabo loc co thé phuc vu.

Hinh 1.22 Ham truyén dat cdng sudt cia bé loc Fabry-Perot.

8(dB)

104

coag sua

204

Ham truyea Aat

-304
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Hinh 1.22 |4 ham truyén dat caa bo loc Fabry-Perot khi A = 0, R = 0.75, 0.9
va 0.99. Ta co thé thiy ring R cang 16n thi kha ning chéng xuyén nhidu giira cac
kénh cua bo loc cang giam.

Bé loc Fabry-Perot diéu chinh duroc

Tur cong thirc (1.54) xac dinh budc song hoat dong cua bo loc Fabry-Perot, ta
thiy c6 thé thay ddi budc song hoat dong bing céach thay doi chiét suat n caa khoang
cong huang hoic thay doi chiéu dai | cia khoang. Thay d6i chiéu dai | bang céch ép
gitta mat trén va mat dudi cua khoang mot cap dién cuc lam biang gdm. Thay doi
dién &p gitta hai dién cuc s 1am thay doi chiéu dai caa khoang. Tuy nhién, khi di
chuyén hai guong, van dé giir cho hai guong song song nhau rat khé thuc hién. Do
vay, co ché ndy khdng dat duoc tinh chinh xéc cao. Co ché thuc hién dugc minh hoa
nhu trén hinh 1.23.

Mot phuong phép khéc 1a thay dbi n bang cach dung tinh thé long dién-tir 1ap
day khoang cong huang. Chiét suat caatinh thé long dién-tir s3 thay d6i khi c6 dong
dién di qua. Phuong phép ndy ciing ¢ nhuoc diém |a céc chat tinh thé long dién-tur
thuong dé bién dong theo nhiét do.

Hinh 1.23 Duing dién cuc dé thay doi burdc song hoat déng cua bé loc Fabry-Perot

Co ché gilr cho 2 guong
clia bo loc song song

Pién cuc gém

, 9

-
Sgi quang I I Sgi quang

Pién cuc gém j

Ung dung ciia bé loc Fabry-Perot

Bo loc Fabry-Perot ciing la thiét bi thuan quang nén kha ning ung dung kha
phong pha. Tuy nhién, kha ning vuot troi so véi céc thiét bi loc kiéu khéc 1a hé sb F
cua bd loc Fabry-Perot kha 16n (dén 2000), cong véi kha niang diéu chinh buéc sdng
linh dong nén thuong duing trong phong thi nghiém dé kiém tra, do luong cac thiét bi
guang khac.
g) Bé loc da khoang mang meéng dién méi (TFMF)
Binh nghia

B6 loc mang mong TFF (Thin-film Filter) ciing & mot dang caa giao thao ké
Fabry-Perot, trong d6 céc guong bao quang héc cong huong duoc hién thuc bing
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nhiéu 16p mang mong dién mdi cd thé phan xa duoc. Bo loc ndy 1abd loc dai théng
chi cho mét buéc sdng nhit dinh di qua va phan xa tat ca cac budc sdng con lai.

Bo loc da khoang mang mong dién mdi (TFMF) gdom nhiéu héc cong huong
céch nhau bang cac mang mong dién mdi phan xa nhu minh hoa trong hinh 1.24 (a).
S6 héc cong hueng cang nhiéu thi ham truyén dat cdng suat co dinh cang phing
trong dai thdng va co do doc cang dang (hinh 1.24).

Hinh 1.24 B¢ loc da khoang mang mong TFMF (Thin-film Multicavity Filter). (a)
Cdu tao bé loc gom cb 3 héc cing hueng. (b) Ham truyén dat cong sudt
déi Véi cc triong hop gom: mét, hai, ba hac cong hueng.

o 3
Guong gém nhiéu I6p T&.’
mang moéng dién moi ‘3 0 1
o
/ <§ -10 4 3 héc cong hudng
; %) o g. 2 hée cong hudng
o o ,
5 5 S t5-20- 1 héc cdng hudng
S 5 5 >
£ £ £ =)
o o =) =
<g <g' <c=> E -30 ]
(3] (5] %] A3
$ $ 8 -
&
T T T -40 + + + >
0.998 1 1002 | 9%
a) b)

Ung dung ciia bé loc TFMF

Hinh 1.25: Bg loc ghép/tach kénh duroc tao tir cac bg loc mang mong dién moi.

Sgi quang

o haukinn [}—————— |
< 1
Sai quang

»f | Thau kinn D7| 3
» | Thau kinh Di I's
[ mhaw kinh D—1-

Dé thuy tinh

bén.g hep

Sai quang
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Bo6 loc TFMF ¢6 nhiéu wu diém nhu: ham truyén dat c6 dinh bing phing, do
dbc cao, thiét bi hoat dong 6n dinh véi nhiét do, suy hao thap va it bi anh huong boi
s thay dbi trang tha phan cuc caa tin hiéu nén hién nay bo loc loai ndy duogc tng
dung rong rai. Mot tng dung tiéu biéu nhét 1a tao b tach budc song (DEMUX),
thuc hién vai 8 budc sdng, nhu minh hoatrén hinh 1.25.

h) Bé loc Mach-Zehnder
Binh nghia

B6 loc Mach-Zehnder 1a mot loai giao thoa ké. Song di vao bo loc duoc phan
thanh nhiéu duong khéc nhau, sau d6 cho giao thoa véi nhau. MZI thuong duoc san
XUt dira trén cac mach tich hop quang va thudng gom céc couple 3 dB dugc ndi voi
nhau bang cac dudng cd cac do dai khéac nhau (hinh 1.26).

Hinh 1.26: (a) Bé loc MZI duoc tgo thanh bang cach két noi cac coupler dinh
huéng 3 dB. (b) So do khoi cia MZI. DI 1a dé |éch vé dwong di gitra hai
nhanh (c) So dé khdi ciia MZI bén tang siz dung cac burdc song khéac nhau
& méi tang.

Ngé vao 1 Ngéra1

A s W o

Do léch duong di DL

Ng6 vao 2 Ngdéra 2

(a)

Ngé vao 10— Mz — O Ngéra1
(bL)
Ngé vao 20— — O Ngéra?2
(b)
Ngé vao1 o MZI MZ| MZI MZI |———- o Ngéra1
Ngs vao 2 O (DL) (2DL) (4DL) @) [ o Ngsra2

(c)

Nguyén ly hoat dong

Trén hinh (1.26), gia st tin hiéu di vao ngd sb 1, sau b coupler dau tién, cong
suat duoc chia déu ¢ hai ngd ra nhung co d6 1éch pha p/2. Do léch vé duong di DL
lam cho do léch pha tang thém bDL ¢ nhanh dudi. Tai coupler ther hai, tin hiéu &
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nhénh dudi di vao nhénh trén va lai tré hon nhénh trén 1ap/2. Do léch phatuong dbi
téng cong & nhanh trén 1a p/2+bDL +p/2. Tuong tu tin hiéu tir nhanh trén di vao
nhéanh dudi & nhanh dudi thi do léch pha tuwong ddi téng cong la p/2+bDL -p/2 =
bDL. Néu bDL = kp véi k 1a1¢ thi c&c tin hiéu & ngd ratha nhat duoc cong dong pha
con ¢ ngd ra thir hai s triét tiéu 1an nhau do nguoc pha. Do d6 tin hiéu s dugc
truyén vao tir ngd vao thir nhat rangd rathi nhat. Néu k chin thi tin hiéu s8 truyén
tir ng® vao thir nhit dén ngd rathu hai.

Ham truyén dat cong suit trong trudng hop chi co ngd vao 1 latich cuc:

o3,,(f)6_asin®(bDL/2) ¢

T,()5 Scos’(bDL/2)5 (1.60)

Trén thuc té, dé ting do déc caa ham truyén dat cong suat, bd loc Mach-
Zehnder thuong duoc mic ndi tiép véi nhau. Tuy nhién, néu mic ndi tiép nhiéu bo
loc s3 dan dén suy hao thém vao tang.

Bé loc Mach-Zehnder c6 thé diéu chinh duwroc

Bo loc Mach-Zehnder cd thé diéu chinh duoc cd ciu tric dbi xang gitra 2
nhénh trén va nhanh dudi cia 6ng din sdng. Biéu chinh budc sdng hoat dong bing
céch diéu chinh chiét suit trong déi cia mdt nhanh. Phuong phép thay doi chiét suat
tuwong ddi cd thé 1a diing nhiét hoic tao 6ng dan song bang céac chat dién-tir (ching
han nhu LiINbOs), sau d6 &p dién &p Ién dé l1am thay d6i chiét suat twong d6i cua
chat dé.

Ung dung cuia bé loc Mach-Zehnder

Bo loc Mach-Zehnder thuong duoc tng dung dé ché tao cac bo ghépltach
kénh. Xét truong hop MZI don. Véi DL ¢b dinh, ngd vao 1 tich cuc, MZI s& dong
vai tro 1a bo tach kénh 1x2 néu céc bude song dugc chon tring véi cac dinh caa ham
truyén dat. Cu thé néu b = 2pngy/l thi buéc sng ngd vao | ; phai dugc chon sao cho
NettDL/l § = mi/2 voi mi 14 sd nguyén duong. Néu m 1a1é thi | ; s3 xuat hién & ngb ra
thir nhit vi ham truyén dat cdng suét trong truong hop ndy 1a sin?(mip/2) = 1, con
néu m; 1a chan thi | ; s3 xuat hién & ngd ratha hai vi ham truyén dat céng suat trong
truong hop ndy 1a cos’(mp/2) = 1. Vi MZI Iathiét bi thuan nghich nén khi cac ngd
vao vara doi chd cho nhau né s3 1a mot bo ghép kénh 2x1. Bé co bo tach kénh 1xn
v6i n 1a liy thira cua 2 can ndi chudi (n-1) MZI (hinh 1.26¢). Tuy nhién so Vi
TFMF thi chudi MZI c6 chat luong kém hon: dai théng khdng phang va viing
chuyén tiép khdng dc. Céac bd ghépltéch kénh dung lwong cao hon thudng ding
cdng nghé tién tién hon mata s xé & phan sau.

i) Bé loc cach tir 6ng ddn song matran (AWG)
binh nghia

AWG latruong hop téng quét caabd loc giao thoa Mach-Zehnder (hinh 1.27).
B6 loc ndy bao gdm hai bo coupler nhiéu cong (multiport coupler) duoc két néi voi
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nhau bang mot ma tran dng dan song (array of waveguides). AWG cd thé duoc xem
nhu 1& mot thiét bi & d6 mot tin hiéu duoc nhan ban 1&n thanh mot loat cac tin hiéu
V6i cé&c do léch phatuong dbi khac nhau rong duoc cong lai véi nhau.

AWG ¢ thé duoc sir dung nhu 1a bo ghép/tach kénh 1xn. So véi chudi MZI,
AWG c6 ton hao thap, dai thdng phang va dé dang duoc san xuat duatrén cac mach
quang t6 hop (integrated optic substrate). AWG con c6 thé duoc st dung nhu 1a mot
bo két ndi chéo budc song (wavelength crossconnect). Tuy nhién bo két ndi chéo
trong truong hop ndy khéng 6 kha ning tu dinh tuyén (xem hinh 1.28).

Hinh 1.27 Céch tix ong ddn sdng ma trdn

Ma tran
oéng dan séng

Cadc dng dan
séng ngo vao

Coupler
ngo vao

Coupler
ngod ra

Cdc 6ng dan
séng ngo ra

Hinh 1.28 Mdu bg két néi chéo duoc tao tir AWG

|—‘J>H_<,o|—\|\:|;—\
TSNS
fh e AN BB

Cdch tir éng dan
séng ma tran

oY Re Ba ee
@wr\;,\;@\:
Wr W on ww
AR AN mm A

Nguyén ly hoat déng

Xem xét AWG trén hinh (1.27). S5 ngd vao vangd ra caa AWG lan. Coupler
th nhat cd kich thugc 1a nxm, con coupler thir hai ¢ kich thuéc 1a mxn. Hai
coupler ndy duoc ndi véi nhau bang m éng dan song, dugc goi 1a céc ng dan song
dang matran. D6 dai caa céc bng dan song duoc chon sau cho do léch vé chiéu dai
gitta hai dng dan song ké can |a DL. Coupler dau tién chiatin hiéu thanh m phan. Do
léch pha giita c&c phan ndy phu thudc vao khoang cach ma tin hiéu tir ngé vao dén
mot 6ng dan song.

Ki higu d 1ado léch vé duong di (twong déi voi bat ky mot ng dan song
ngd vao ndo va bit ky mot dng din sdng ma tran ndo) giira dng dan song ngd vao i
vaéng dian sdng matran k. Gia sir rang 6ng dan song matran k co d¢ dai duong dan
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I6n hon 6ng din song k-1 mot khoang DL. Twong tu ki higu d®* 1a do léch vé
duong di (twong ddi véi bat ky mot 5ng dan sdng matran ndo va bat ky mot dng dan
sdng ngd ra nao) giira ng dan sdng matran k va éng dan song ngd raj. Khi d6 pha
tuwong dbi cua cac tin hiéu tir ngd vao i dén ngd raj di qua m duong khéc nhau dugc
cho boi:
2 .
e =|—p(n1d;; +n,kDL +n,d%) k=1..,m (1.61)
O day m la chiét suat khic xa caa cac coupler ngd vao va ngd ra, np la chiét suit
khuic xa ctia cac 6ng dan sbng matran. Tir ngd vao i, nhirng budc song | 1am cho f
khéc nhau mot boi sd cua 2p thi s& duoc cong dong phatai ngd raj.
Gia sir c&c coupler ngd vao vangd ra duoc thiét ké sao cho:
df =d" +kd" (1.62)
3 = +
thi phatuong dbi cua céc tin hiéu co thé viét lai nhu sau:

=22 +ngr)+ 2P +n,DLend®) k=1.m (169

ij
Cau truc nay duoc goi 1a ciu trdc vong Rowland (hinh 1.29).
Néu budc song | & ngd vao i thoa man diéu kién:
n,d" +n,DL +n,d?* =pl (1.64)

V6i p 1amot s nguyén duong thi 8 duoc cong ddng pha o ngd raj.
Hinh 1.29 Vong Rowland diing dé tao céc coupler cho AWG

Cau oag daa
s Song matraa

N L ~ L d
Cag oAg daé '/
song ngodvaga )/

Déi voi truong hop AWG sir dung nhu mot bo téch kénh thi tat ca céc budc
song duoc dwadén ciing mot ngd vao i. Do d6 néu céc buéc song | 1, | o,..., |  caahé
théng WDM thoa mén diéu kién:

nd" +n,DL +n,d =pl (1.65)
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cho mdt p ndo dé thi cac buéc sdng ndy s8 dugc tach boi AWG. Luu y d" va
DL can thiét dé xé&c dinh chinh xéc t6 hop céc buéc song duoc phan kénh, khoang
céch tbi thiéu giira cac budc song khdng phu thudc vao hai tham sé d6 ma cha yéu
phu thudc véo d™* .

Néu c6 buéc song | j thoaman diéu kien:

n,d" +n,DL +n,d™ =(p+DI | (1.66)

thi ca hai buéc song | j val | déu duoc tach ra ¢ ngd raj. Nhu vay AWG ¢
dép (rng tuan hoadn va tat ca cac budc sdng phai cuing nam trong mot FSR.
j) Bé loc quang —am diéu chinh dwoc (AOTF)
Binh nghia

Bo loc quang-am AOTF (Acousto-Optic Tunable) [atiéu biéu cho ho thiét bi ma
cdng nghé ché tao két hop giita &am thanh va dnh sang. Dung song 8m thanh dé tao
céch tir Bragg trong 6ng dan song, c&c céch tir ndy thuc hién chire nang lra chon budc
song. Trong diéu kién cdng nghé hién tai, bd loc AOTF 1a mét trong nhitng thiét bi
duy nhit c6 kha nang diéu chinh dé lva chon nhiéu bugc sdng cting mét Iic. Kha nang
nay gitip cho b loc lalinh kién chii cht ché tao cac bo két ndi chéo budc song.

Nguyén ly hoat déng

Hinh 1.30 Mgt AOTF don gian.

Bo&huyea fiod
song aén

Song aén hot

Ngodvag Ngoda

Xem vi du caa mot AOTF trén hinh 1.30. AOTF lamdt ng dan sdng duoc tao
thanh tir vat liéu khic xa kép va chi hd tro cac mode TE va TM bac thip nhat (vi du
lam bang Ti trén nén LiNbOs). Gia sir nang luong anh sang ngd vao 1a TE mode. Bo
phan cuc ngd vao (input polarizer) chi chon nang lugng anh sang trong mode TM
duoc bd tri ¢ 2 dau cudi cua dng dan song.

Bo6 tao sing &m (Acoustic transducer) tao ra song am bé mat SAW (Surface
Acoustic Wave) lan truyén doc theo hodc nguoc chiéu véi huéng truyén dan caa anh
sang. Két qua caa s lan truyén ndy la mat do caamdi truong thay doi mot cach tuan
hoan. Chu ky cua s thay d6i mat do ndy bang véi budc song caa song am. Sy thay
ddi mat do mot cach tuan hodn ndy déng vai trd nhu 1a mot céch tir Bragg.
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Néu céc hé sb chiét sudt nre va nry cia cac mode TE va TM thoa diéu kién
Bragg:

Moy _ M , 1 (1.67)
I I

thi 4nh sang s duoc ghép tir mot mode ndy dén mot mode khéc. Nang luong énh
sang trong mot dai phd hep xung quanh budc sdng | thoa diéu kién phan xa Bragg
S8 bj chuyén d6i tir TE sang TM mode. Nhu vay thiét bi nay dong vai trd nhu mot bo
loc bang hep khi ¢ ngd vao chi co nang lugng anh sang trong mode TE va ¢ ngd ra
chi c6 nang lugng anh sang trong mode TM la dugc chon (xem hinh 1.30).

Trong LiNbOs;, mode TE va TM ¢6 do chénh Iéch vé chiét suit Dn = 0.07.
Diéu kién phan xa Bragg co thé viét lai:

| =L(Pn) (1.68)
Hinh 1.31 B§ loc quang-am c6 thé diéu chinh dwoc AOTF (Acousto-optic Tunable
Filter).
B6 phan chuyén
ddi ndng luong
séng am
Ng6vao1 BOphan Bophan  \os a1

cuc ngd TE TM cuc ngé

TE+TM | E 5 { TE+TM

Ngoé vao 2 Ngdéra2

it

Tin hiéu RF

Véi mot budc sdng am hoc L thich hop AOTF ¢6 thé chon rabudce song | phu
hop. Vi du d chon duoc budc sng | = 1550 nm véi Dn = 0.07 thi budc sdng am
hoc vao khoang L = 22mm. Van toc &m thanh trong LiNbOs 1&3.75 km/s do d6 tan
sd RF 3 la khoang 170 MHz. Bo AOTF trén hinh 1.30 |a thiét bi phu thudc vao
phan cuc. Hinh 1.31 1a AOTF khéng phu thudc vao phan cuc.

Ham truyén dat cong sudt

- sin’§fp /2)y1+ (20! /D)Zg

(1.69)
1+(2D /DY

Véi:  -Dl =1-1 Vil ¢ labudc sdng thoadiéu kién Bragg;
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-D=1¢¥IDn s do do rong dai thong caa bd loc véi | 1a chiu dai caa b loc.

Ham truyén dat duoc vé trén hinh (1.32). Nhu vay | quyét dinh d6 rong cua dai
théng. C6 thé chitng minh dugc FWHM=~0.8D. Nhu vay bo loc cang dai dai théng
cang hep. Tuy nhién luu y rang toc d6 hiéu chinh ciing ti 18 thuan véi | vi téc do nay
duogc xéc dinh bai thoi gian can thiét dé song am truyén qua hét chiéu dai caabd loc.

Hinh 1.32 Ham truyén dat cdng sudt cia bé loc AOTF

A

suat(dB)
o

oAg
N
=)
L
]

at c

cC -204

/

2]}

Ham truye
&
o
)

4 2 0o 2 4 D%)
Ung dung ciia bé loc AOTF

Hinh 1.33 B¢ két noi chéo burdc sdng duroc tao tir cac bg loc AOTF

|i,|%—> N R _>|%'|%
B6 loc quang am
12]2———| diéuchinhdugc | —— |12
TRF1
(a)
1,101,1 5 11,2
103,030 > B6 loc quang am —> 1 7.15,03.0%
12121212——3| di6uchinhduge f——p 12,21

TRFL RF4

(b)
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AOTF labd két ndi chéo bwéc song. Néu cap cho AOTF nhiéu sdng am hoc
ddng thoi thi nhidu buéc song quang cé thé thoa diéu kién Bragg dong thoi. Do do
v6i mot AOTF c6 thé thuc hién viéc hodn dbi cac budc song gitra hai cong mot cach
ddng thoi (hinh 1.33 b). Nhu vay AOTF ¢6 thé thuc hién viéc dinh tuyén buéc sdng
dong dé dang bang thay doi bugc sdng 8m hoc. Tuy nhién AOTF kho c6 ung dung
nhiéu trén thuc té vi nhidu xuyén kénh 16n déng thoi dé co khoang cach kénh hep
cho DWDM thi AOTF phai ¢6 chiéu dai 16n nén khé san xuét.

4. Bo ghép/tach kénh bwéc song

Bo ghép/tach kénh budc song, cling véi bo két ndi chéo quang, 1athiét bi quan
trong nhat cdu thanh nén hé thbng WDM. Khi ding két hop voi bo két ndi chéo
quang OX C (Optical Crossconnect) s3 hinh thanh nén mang truyén tai quang, cé kha
nang truyén tai déng thoi va trong sut moi loai hinh dich vu, ma céng nghé hién
nay dang hudng toi. Tuy nhién, trong khi thiét bi va cdng nghé chuyén mach quang
nhin chung van con dang ¢ mixc nghién ciru tai cac phong thi nghiém thi céc thiét
ghépitéch kénh budc song da duoc thuong mai hod rong réi. Vé cong nghé ché tao,
cdng nghé ché tao bo loc (ma da duoc trinh bay chi tiét ¢ phan 3. Bé loc quang) va
cdng nghé ché tao bo tach/ghép kénh hoadn toan gibng nhau. Chi khéac 1a bd loc
thuong chi ¢ mot budc sdng hoat dong, con bo tach/ghép kénh hoat dong trén nhiéu
kénh budc song lién tuc. Bo loc chinh 1a phan tir co ban cau tao nén bo ghép/téch
kénh nén phan nay ta s8 khéng di sau vao cdng nghé ché tao nira.

a) binh nghia

Nguyén ly hoat dong cua bo MUX/DEMUX ciing tuong tu nhu bo Coupler.
Tuy nhién, bd Coupler/Splitter thuc hién ghép tach tin hiéu cé cung budc song, con
bo MUX/DEMUX thuc hién ghép téch tin hiéu ¢ cac budc song khac nhau. So d6
khdi bd MUX/DEMUX cho trong hinh 1.34 (a) va (b).

b) Bac tinh
B6 MUX/DEMUX thudng dugc mé ta theo nhitng théng sb sau:
Suy hao xen (Insertion Loss): ¢& mé ta & phan coupler.
S5 luong kénh xu Iy: 1a s legng kénh budc song ¢ dau véo va dau ra cua bo
ghép/tach kénh. Thdng so6 nay dac trung cho dung lugng cuathiét bi.
B}J:c’wc song trung tém Céc budc song trung tam phai tuan theo chuan caa I TU-T
dé dam bao van dé tuong thich.
Bang thong: 1a d6 rong phd (linewidth) cua kénh budc song trén thuc té. Biang
thdng thuong duoc tinh [adé rong ciaa ham truyén dat cdng suat & cac mic cach
dinh 1dB, 3dB, 20dB.
Gia tri lon nhét suy hao xen: dugc tinh 1a khoang céch nho nhét giira dinh cua
ham truyén dat cong suat caia mot kénh budc song nao d6 so vai muac IL = 0
(dB) (minh hoatrén hinh 1.34 (c)).

Do chénh léch suy hao xen vao gitra cac kénh: dugc tinh la hiéu caa giatri Ion
nhat va nho nhat suy hao xen vao gitra cac kénh budc song.
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Hinh 1.34 Bg tach/ghép kénh burdc song quang. (a) S do khai bé ghép kénh budc
song (MUX). (b) So' dé khdi bé tach kénh birsc song (DEMUX). (c) Cac
théng s ddac trung cria bg MUX/IDEMUX.

Khoatig cath gida

A cau keah béo6a song
— 0.8nm —
1
o4 l : i
o : ----- Suy hao thefn
T BW1dB a————-__ ---f- vag cot fiai
g 104+
BW 3dB

&
0]
s
8 204
e
> BW 20dB
n

30 +

-40 -

1 1
1540.56 1541.35 I (nm)

(c)

¢) Ghép tang dé tao bg ghép kénh dung luweng cao

Nhu ciu vé dung lrong ngdy cang cao trong khi cdng nghé ché tao soi quang
van con nhitng giéi han nhat dinh, 1am han ché téc d6 truyén dan mot kénh budc song.
Diéu d6 doi hoi phai tang sb leong kénh buéc sdng truyén trén mot soi quang, co
nghia 1a s6 lwong kénh ma bdo MUX/DEMUX xt |y phai tang 1én. Trong khi cong
nghé ché tao phan tir co ban van con gisi han & mot khoang sb lwong kénh birdc song
c6 thé xir ly nhat d@inh thi gidi phap ghép tang diroc xem1a gidi phép hop ly nhat.

Ghép tang néi tiép don kénh (Serial)

Trong phuong phép nady thuc hién ghép n tang, mdi tang chi thuc hién ghép/tach
mot kénh budc song. Mot vi du tiéu biéu 1a b DEMUX 8 kénh budc song, ché
tao tir c&c phan tir co ban 1abo loc TFMF nhu d trinh bay trong hinh 1.35.
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Uu diém Ion nhit caa phuong phép ghép tang ndi tiép 1a sb bude song xir 1y ¢6
thé thay d6i linh dong bang cach thém/bét sb bo loc ghép vao.

Nhuoc diém chinh la chi c6 thé tang 1én ¢én mot sd luong budc sdng ndo dé6 ma
théi, do suy hao xen s& tang gan nhu tuyén tinh véi sb leong b loc thém vao.

Hinh 1.35 Ghép tang dé tang dung luong ghépitach cac kénh budc song. (a) Ghép
tang theo tirng bang song. (b) Ghép tang dan xen chan 1é.

Béang 1
i—4
Bang 2
e &
14 58 912 1316 /_
SO T AL \_
o
ool I s Bing 3
Bang1 Bang2 Bdng3 Bang 4 I 9
L —
— 12
Bang 4
[N
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L1 < [
— 16
DEMUX téng 1 DEMUX téng 2
(a)
13579111315
— 1
— 3
1357 9111315
|55555|555 15
il
24 6 810121416
AR — 2
A — 4
\—16
DEMUX téng 1 DEMUX téng 2
(b)
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Ghép mét tang (Single-tage)

Tat ca cac budc sdng déu dugc tach dong thoi trong mot tang duy nhat. Vi du
cho ciu tric ndy 1abd loc AWG (hinh 1.27).

Uu diém caa phuong phép ndy suy hao xen nho, tinh dong nhat cua suy hao tbt
hon.
Nhuoc diém lasd kénh duoc téch bj han ché do cong nghé san xuat AWG.

Ghép tang theo tirng bang song (Multistage Banding)
Phuong phdp ndy thuc hién véi n/m ting, mi tang thuc hién ghép/tach m kénh
budc song thudc cling mot bang song (théng thuong m = 4 hoiac m = 8, s6 luong
kénh buéc song trong mot bang sdng 1a do nha san xuat thiét bi qui dinh) xem
hinh 1.35 (a). Nhu vay, doi hoi bd MUX/DEMUX ¢ tang dau phai c6 dai budc
song hoat dong rat rong.

Uu diém: han ché duoc suy hao thém vao m Ian so véi phuong phép ghép tang
ndi tiép. Cau trdc ndy cd thé mé rong thém nhiéu tang. Cau tric cd dang médun
nén & tang cudi cuing c6 thé chi ding mot bang
Nhuoc diém: phi pham tai nguyén “buéc song” do phai chira khoang céch rong
gitra cac bang song.

Ghép tang dan xen chan 1é

CO6 thé &p dung véi hai ting hoac nhiéu hon. Tang dau lam nhiém vu ghép/tach
céc kénh budc song chin, Ié ralam thanh hai bang, dua dén tang hai. Tiép theo,
tang hai c6 thé thuc hién chac ning tuong ty nhu ting Mot hoic thuc hién
ghép/tach riéng rathanh cac kénh riéng lé, xem hinh 1.35 (b).

Uu diém cua phueong phép ndy la cang vé tang cudi, khdng can phai dung cac bd
loc ¢ d6 chinh xé&c cao do khoang céch giira cac kénh budc song can xi 1y &
tang sau S3 cang rong ra.

5. B chuyén mach quang

a) Céc b chuyén mach don (Single Switch)

Theo chic ning, cac bd chuyén mach don thuong duoc chia lam hai loai:
on/off va chuyén tiép (passing). Bo chuyén mach on/off (1x1) s8 cho phép/hoic
khdng cho phép tin hiéu anh sang di qua (hinh 1.36(a)). Chuyén mach chuyén tiép
1x2 huéng tin hiéu anh sang tir soi quang thir nhit sang soi quang thir hai hodc sang
soi quang thir ba (hinh 2.3(b)). Cau hinh chuyén mach 1x2 trong hinh 1.36(b) 1a ciu
hinh chuyén mach don gian nhat. Cac bo chuyén mach chuyén tiép 1xN don mang
tinh thuong mai cao. Bo chuyén mach chuyén tiép 2x2 c6 thé két ndi hai soi quang
ndy vai hai soi quang khéc. Bo chuyén mach chuyén tiép 2x2 c6 thé cd hai trang
théi: trang théi két ndi thang (bypass/bar) vatrang théi két ndi chéo (cross/inserted)
(hinh 1.36(c)). Thuat ngix khdng nghén ding dé chi mot bd chuyén mach cd thé két
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ndi bat ky ngd vao dén bat ky ngd ra. Hinh 1.36(d) trinh bay bo chuyén mach 2x2 c6
ngh&n vi bo chuyén mach ndy chi co thé két ndi tir soi quang 1 d&én soi quang 4.

Hinh 1.36 Céac logi cdu hinh chuyén mach quang: (a) chuyén mach On/Off (1x1);
(b) chuyén mach chuyén tiép (1x2) (khéng nghén); (d) chuyén mach 2x2

cO ngheén.
1 LY 1
(a)
2
1 eV
| o
\‘_ 3

(b)

N
N

o ——>

X
1!

—o —> @ 8 ®

(c)

N
N

e\ o
) ] s

(d)

H

Nhiéu vi du don gian vé céc tng dung cua bd chuyén mach khang dinh tim
quan trong caa c&c bo chuyén mach trong hé théng théng tin soi quang nhu sau:

Céc chuyén mach on/off duoc ding 1am céc dau phét va dau thu cach ly trong
thiét bi do thir. Bo chuyén mach 1x2 cho phép lra chon kénh va duoc diing cho
chuyén mach bao vé (dé dinh huéng lai luu lwong khi soi quang bi dut).

Céc chuyén mach 1xN dwoc dung dé kiém tra va do céc linh kién quang, kiém
tratir xa cac hé théng thdng tin soi quang.

Céc chuyén mach 2x2 duoc ding dé két ndi thang nit trong c&c mang quang.
Chuyén mach 2x2 thudng dugc (tng dung trong cac mang FDDI. Khi mot tram
nao dé bi hu hong hodc bi mat ngudn, bo chuyén mach sé tu dong thay doi sang
trang théi nghén, do d6 ¢am bao ludng luu luong khéng bi anh huéng khi ndt bi
hu hong.
Céc chuyén mach don duoc ché tao theo céc kiéu khda (latching) hoic khéng
khoa (nonlatching). Loai khoa S8 gitt nguyén trang théi (vi tri) cia chuyén mach néu
ngudn bi mat.
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Hinh 1.37 Nguyén |y hoat déng ciia cac bg chuyén mach quang: (a) chuyén mgach
on/off ding SOA; (b) bé ghép éng ddn song ché tqo tir LINBO3; (C)
chuyén mgach ding lang kinh chuyén déng; (d) chuyén mach ding guong
hinh cdu; (€) chuyén mach bang cach di chuyén spi quang:; (f) chuyén
mach #ng dung hiéu iing FTIR; (g) chuyén mach quang-nhiét sz dung bg
giao thoa Mach-Zehnder.
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Bodlich pha
(9) ®

Nguyén ly hoat dong caa céc chuyén mach don dién hinh thuong dua trén:
dién-quang, quang co hoc, nhiét quang. Hinh 1.37 trinh by mot sb nguyén Iy hoat
dong cuabd chuyén mach. Néu chuyén mach thién &p caa mot bo khuéch dai quang
ban dan (SOA- Semiconductor Optical Amplifier) sang hai trang thé on/off thi tao
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raduoc mot chuyén mach dién-quang (hinh 1.37(a)) vi mot SOA chi khuéch dai anh
sang khi né duoc phan cuc va hap thu anh sang khi né khdng duoc phan cuc. Hinh
1.37(b) trinh bay mot vi du khéc cua chuyén mach EO, trong do ti sb ghép cua bo
ghép 6ng dan song phu thudc vao dién &p &p vao. Thay doi ti sb ghép bing céch
dung LiNbO3 dé ché tao 16p trén cling caa bd ghép vi LiNbO3 |4 loai nhién liéu co
chi sb khtc xa thay d6i theo gia tri caa dién &p &p vao. Chuyén mach quang co hoc
hoat dong dua trén chuyén dong co hoc caa céc linh kién quang. Vi dy, di chuyén
lang kinh trong hinh 1.37(c) theo chiéu doc s3 cho phép chuyén mach mot tin hiéu
quang tir soi 2 sang soi 3. Taciing co thé dat duoc két qua twong tu khi dat nhe 1én
tru mot guong hinh cau (hinh 1.37(d)). Céc thiu kinh GRIN (graded-index) s |am
cho viéc chuyén tiép anh sang ghép tir/vao soi quang duoc dé dang hon. Hinh
1.37(e) trinh bay vi du vé chuyén mach quang. Mot cip soi quang & ngd vao chuyén
tir vi tri ndy sang vi tri khéc dé thue hién viéc chuyén mach tin hiéu quang.

Nguyén ly caa viéc 1am mat tac dung caa toan bo anh sang phan xa bén trong
(FTIR- Frustration of Total Internal Reflection) duoc tng dung dé ché tao bo chuyén
mach dugc trinh bay trong hinh 1.34(f). Nhac lai [a mot phan anh sang sz truyén qua
moi truong khic xa khac ngay ca khi khdng cd anh sang phan xa bén trong. Ta goi
anh sang duogc truyén qua ndy 1a song suy bién (evanescent wave). Nho hiéu ttng
nay, khi 14 chuyén mach duoc gan véi lang kinh thi s3 tao ra dnh sang phan xa bén
trong. Khi 1& chuyén mach (switching plate) tién tsi gan lang kinh, thi toan bd &nh
sang phan xa bén trong bi mat tac dung, két qua la chim anh sang phan xa s& di
chuyén dan dan sang hudng khéc. Do d6, biang cach di chuyén 1& chuyén mach
hudng téi lang kinh, ta c6 thé dinh huéng tin hiéu anh sang sang soi 3. Khi la
chuyén mach khéng tiép xdc véi lang kinh, s3 xay ra hién tuong phan xa anh sang
bén trong va tin hiéu quang di vao soi 2. Chl y 1a qué trinh chuyén dong co hoc caa
céc linh kién quang xay ra rat nhanh, rat it va chic chin. Nén hién nay, cac bo
chuyén mach quang co hoc dang dugc sir dung phd bién nhét.

Hinh 1.37(g) trinh bay vi du vé chuyén mach quang nhiét. Mot bo giao thoa
Mach- Zehnder két hop vai mot bo dich pha gin trong mdi nhéanh giao thoa. Bang
hoi ndng, ta co thé diéu khién sd lrgng bo dich pha, nghia la co thé dinh huéng tin
hiéu quang sang soi 2 hoic soi 3. Cac chuyén mach quang nhiét cé toc do chuyén
mach nhanh hon so véi céc bd chuyén mach quang co hoc va quan trong nhat 13,
chiing c6 thé duoc thuc hién theo cong nghé trang théi rin planar (planar solid-state)
nhu c&c matran chuyén mach lon.

Mot sd tham sb chinh quy dinh dic tinh cia céc bo chuyén mach:

Ti b tit mo (extinction ratio): thé hién dic tinh caabd chuyén mach on/off. Bay
la ti sb gitta nang leong anh sang khi chuyén mach ¢ trang tha on va ning
lwong anh sang khi chuyén mach ¢ trang théi off. Giatri ndy cang cao cang tét,
thudng nam trong khoang tir 45 dén 50 dB.
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Suy hao xen (insertion loss): ladon vi do cdng suat suy hao do bo chuyén mach
gay rathuong co giatri khoang 0.5 dB.

Nhiéu xuyén am (crosstalk): ti s giira cong suit ngd ra duoc tao ra bai ngd vao
mong mubn va cong suit ngd raduoc tao ra boi ngd vao khdng mong muén. Gia
tri ndy cang cao cang tbt, thuang khoang 80 dB.

Thoi gian chuyén mach (switching time): [atham sb rat quan trong. Khi sir dung
céc bo loc hiéu chinh duoc, thoi gian chuyén mach yéu cau phu thudc vao céc
rng dung cua chuyén mach. Déi véi c&c mang chuyén mach kénh ngay nay, thoi
gian chuyén mach khoang c¢& ns, tham chi ¢ ms, nhung d6i véi cac mang
quang chuyén mach goi, thoi gian chuyén mach chi khoang vai ns, tham chi
khoang rs. Cac bd chuyén mach don quang-co hoc va quang-nhiét cé thoi gian
chuyén mach nam trong khoang tir 2 dén 20 ms, trong khi cac bo chuyén mach
don quang-dién co thoi gian chuyén mach ¢ ns.

Ngoai nhitng tham sb ké ra trén day, trong tai liéu tham khao dic tinh cua
phan tir chuyén mach con c6 mot sd tham sb nhur dai buge song hoat dong, PDL va
nhiét d6 phong.

b) Céac khéi chuyén mach quang lén (multistage/large optical switch)

Céc khdi chuyén mach quang véi sb lwong cong tir vai tram dén vai ngan dang
dugc nghién ciru cho hé théng mang quang thé hé tiép theo. Khi thiét ké cac khdi
chuyén mach quang 16n, can quan tam dén céc van dé sau:

S luong cia cac phan tir chuyén mach can thiét: cac bg chuyén mach [6n diroc
tgo thanh tir c&c phan tir chuyén mach theo nhiéu cach khéac nhau, nhu s3 trinh
bay bén dudi. Chi phi va do phuc tap caa khdi chuyén mach phu thudc vao sb
phan tir chuyén mach duoc y&u cau, cach déng géi, ghép ndi, phuong phép ché
tao vadiéu khién.

Tinh déng nhdt ciia suy hao: cac bé chuyén mach co thé tao ra suy hao khac
nhau cho tirng két ndi khac nhau cua ngd vao vangd ra. Khdi chuyén mach cang
lén thi se khéc nhau vé suy hao cang nhiéu. Déanh gia tinh dong nhat caa suy
hao bang cach xem xét sb phan tir chuyén mach tdi thiéu va téi da trén duong
dan quang ddi véi ting két ndi ngd vao/ra khéc nhau.

S diém noi chéo trong khoi chuyén mach: thdng so ndy ddc biét quan trong
trong viéc ché tao cac khdi chuyén mach quang. Mot sb khéi chuyén mach
quang duoc tich hop tir nhiéu bd chuyén mach trén mot mach duy nhat. Khéng
gidng nhu trong c&c mach dién tich hop (IC), & d6, céc két ndi gitra nhiéu linh
kién khéc nhau c6 thé nam trén nhiéu 16p, trong cac mach quang tich hop, tat ca
céc két ndi déu duoc tao ra trén mot 16p duy nhit biang cac 6ng dan song. Néu
céc duong dan cua hai 6ng din song cit nhau (tao radiém ndi chéo) thi & xay ra
cé&c hiéu (tng khdng mong mudn nhu suy hao céng suat va hién tuong nhidu
xuyé&n am. Bé hién tuong suy hao cong suit va nhidu xuyén am khéng gay anh
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huang dén khdi chuyén mach thi phai téi thiéu hoa hoic han ché hoan toan céc
diém cat nhau nay.

Céc dac tinh nghén: vé chirc nang, cd thé chia khai chuyén mgch thanh hai logi:
ngh&n va khdng nghén. Khdi chuyén mach goi 1a khong ngh&n khi mot cdng ngd
vao ndo d6 dang rdi co thé két ndi vai bat ky ngd ra ndo ciing dang rdi. Vi thé,
mot khdi chuyén mach khdng nghén c6 kha nang thuc hién moi két ndi tir ngd
vao dén ngd ra. Néu trong khdi chuyén mach cd mot sb két ndi khéng thé thuc
hién duoc, thi khéi chuyén mach ndy duoc goi xem 1a c6 nghén. Phan 16n céac
tng dung déu yéu cau chuyén mach khong nghén. Véi chuyén mach khdng
ngh&n c6 thé phan thanh hai loai 1& chuyén mach khdng nghé&n theo nghia rong
(wide-sense nonblocking) va chuyén mach khdng nghén theo nghia hep (strict-
sense non-blocking). Theo nghia rong, bat ky ngd vao ndo chua duoc sir dung
ciing ¢6 thé két ndi vai bat ky ngd rando ciing chua duoc sir dung ma khdng can
phai dinh tuyén lai cac két ndi dang ton tai; khdi chuyén mach dang ndy sir dung
céc thuat todn dinh tuyén dac trung dé dinh tuyén cho céc két ndi hién co sao
cho dam bao khéng xay ra nghén cho céc két ndi tiép sau 6. Theo nghia hep,
bat ky ngd vao ndo chua duoc st dung ciing duoc két ndi véi bat ky ngd rando
ciing chua duoc sir dung ma khdng can quan tam dén trang théi cua cac két ni
trudc d6 trong khéi chuyén mach.

Mot khéi chuyén mach khong nghén yéu cau viéc dinh tuyén lai cho céc két ndi
dé dam bao thudc tinh khdng nghén duoc goi 1a khdi chuyén mach khdng nghén
sip xép lai (rearrangeably non-blocking switch). Viéc dinh tuyén lai cac két ndi
c6 thé hodc khéng thé dugc chip nhan con tly thudc vao tng dung vi chic chin
céc két ndi s8 bi ngat trong mot khoang thoi gian ndo do khi ching dugc chuyén
mach sang duong dan khéc. So véi céc ciu tric chuyén mach khéng nghén theo
nghia rong, uu diém cua céc ciu tric chuyén mach khéng nghén sip xép lai 1a
sir dung cang it cac bo chuyén mach nho thi kich thuéc caa khdi chuyén mach
cang 16n. Tuy nhién, khi céc cau tric khéng nghén sip xép lai sir dung cang it
bo chuyén mach nho thi thuat toan diéu khién dé thiét 1ap két néi caa chiing
cang phic tap, nhung ndi chung voi cdng nghé vi xt 1y &p dung trong khoi
chuyén mach ngdy nay, thi day Ia van dé nho, khéng quan trong. Nhuoc diém
lén nhit caa cac khéi chuyén mach khéng nghén sip xép lai 1a khdng thé phuc
vu cho céc ung dung khéng cho phép ngit cac két ndi dang ton tai, tham chi
trong khoang thoi gian cuc ngan khi can thiét 1ap mot két ni mai.

RG rang, khi thiét k& mot khdi chuyén mach dung luong 16n thi khdng thé
cling ldc dat duoc su téi uu d6i véi tat ca cac thdng s ké trén. Tuy thudc vao tng
dung cua khéi chuyén mach trén thuc té mot théng sd ¢6 thé dugc uu tién hon céc
théng sb khéac.
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Bang 1.2 trinh bay s so sanh giita c&c ciu tric chuyén mach khéc nhau, trong
d6 ciu trdc Spanke ding céc bo chuyén mach 1°n, c&c ciu trdc con lai déu hinh
thanh tir b chuyén mach 2° 2.

Bdng 1.2 So sanh giira cac cdu truc chuyén mach khéc nhau.

Loai khdng S6 bo Suy hao Suy hao
nghén chuyén mach I&n nhat nhé nhat
Crossbar | Wide-sense n’ 2n-1
Clos Strict-sense 4 \/§n1.5 5 /_2n -5
Spanke Strict-sense 2n 2 2
Benes Rearrangeable n - -
N (2log, n- 1) 2log,n-1 2log,n-1
2
Spanke- | Rearrangeable n n n
Benes > (n-1) 5

Céu truc Crossbar

Hinh 1.38 Khai chuyén mach 4x4 duing 16 bé chuyén mach 2x2.

Ngo&a

Hinh 1.38 trinh bay ciu trdc caa khdi chuyén mach crossbar 4x4. Khéi chuyén
mach ndy ding 16 phan ti: chuyén mach 2x2 va céc két ndi gitta ngd vao va ngd ra
duoc thuc hién bang céch bb tri thich hop cac phan tir chuyén mach 2x2. Vi du, dé
két ndi gitra ngd vao 1 vangd ra 3, can phai sip xép c&c phan tir chuyén mach 2x2
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nhu trong hinh 1.38. Con nhiéu duong din khéc dé di tir ngd vao 1 dén ngd ra 3
nhung dudng dan trong hinh 1a duong dan thich hop nhit duoc chon dwa trén thuat
toan dinh tuyén sir dung trong khéi chuyén mach.

Cau tric crossbar 1a ciu tric cua loai chuyén mach khéng nghén theo nghia
rong (wide-sense). Bé két ndi tir ngd vao i dén ngd ra j, duong dan duoc chon s3 di
qua céc phan tir chuyén mach 2x2 trén hang i cho dén khi né di dén cot j, sau do di
qua c&c phan tir chuyén mach trén cot j cho dén khi nd di ¢én ngd raj. Do do, céc
phan tir chuyén mach trén duong dan ndy & hang i va cot j phai duoc dit & céc vi tri
thich hop dé cd thé tao ra két ndi ndy. Theo quy tic dinh tuyén két ndi nhu trén thi
khdi chuyén mach s3 khdng bi nghén va khéng yéu cau phai dinh tuyén lai cac két
ndi dang ton tai.

Tém lai, mot cAu tric crossbar nxn cin phai c6 n? phn tar chuyén mach 2x2.
Chiéu dai duong dan ngan nht 1a 1 va chiéu dai duong dan dai nhat 14 2n-1 va day
|& mét trong nhitng nhugc diém chinh caa ciu tric crossbar. Chuyén mach nay ludn
tdn tai cac diém ndi chéo nhau.

Cdu truc Clos

Cau tric Clos la loai chuyén mach khéng nghén theo nghia hep (strict- sense
nonblocking) va duoc sir dung rong réi trong thuc té dé xay dung céc khéi chuyén
mach ¢ véi b lwong cong rat [én. Hinh 1.39 trinh by ciu tric chuyén mach Clos
batang c6 1024 cong. Mot khdi chuyén mach duoc xdy dung nhu sau: ding ba tham
sd lam, k vap. Cho n= mk. Tang dau tién vatang thi ba co k phan tir chuyén mach
(mxp). Tang the hai (ting gitta) c6 p phan tir chuyén mach (kxk). Mdi phan ti trong
sd k phan tir chuyén mach cua tang dau tién duoc két ndi vai tat ca cac phan to
chuyén mach caatang thir hai, mdi phan tir chuyén mach caatang dau tién co p ngd
ra, mdi ngd ra dugc két ndi véi mot ngd vao caa tirng phan tir chuyén mach khéc
nhau caa tang thir hai. Twong tu nhu thé, mdi phan tir trong sd k phan tar chuyén
mach cua tang thir ba duoc két ndi véi tat ca cac phan tir chuyén mach cua tang thir
hai. Truong hop p 3 2m-1, thi khéi chuyén mach loai ndy hoan toan khéng bi nghén.

Pé ti thiéu héa chi phi cua khdi chuyén mach, chon p = 2m-1. Théng thuong,
tirng khéi chuyén mach riéng trong méi tang la céc khdi chuyén mach crossbar. Do
d6, mdi bd chuyén mach mx(2m- 1) can m(2m-1) phan tir chuyén mach 2x2 va moi
bo chuyén mach (kxk) trong tang thu hai can k? phan tur chuyén mach 2x2. Téng sb
phan tir chuyén mach can thiét &

2km(2m-1) + (2m-1)k?

v6i k = n/m, thi sb phan tir chuyén mach s3 dat téi thiéu khi m » \/g :
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Dung gia tri ndy caa m ta tim dugc s phan tir chuyén mach can cho ciu hinh
co chi phi thip nhit phai 1a 4v/2n¥? - 4n. Giatri ndy rat nhé hon so véi giatri n?
ctia CAu tric crossbar.

Cautrdc Clos ¢d nhiéu wu diém thich hop véi ciu tao cia cac khéi chuyén mach
datang. Tinh ddng nhat suy hao giita cac két ndi ngd vaolra khac nhau 16n hon va s
lwong céc phan tir chuyén mach ciing nho hon rat nhiéu so véi cau trdc crossbar.

Hinh 1.39 Khéi chuyén mach khong nghén theo nghia hep (strict-sense) 1024x1024
sir dung cac két nai gizza bg chuyén mach 32x64 va 32x32 trong cau tric
Clos c6 3 tang.

1 1 1
e —
: 32x64 32x64 32x64 :
32 —] s ) |32
2 2 2
g B —3
> : 32x64 32x64 32x64 : 1’6
‘g) 64— | 64 >
> pd
32 32 32
993 — \ — 993
: 32x64 32x64 32x64 :
1024 — l— 1024

Cdu trac Spanke

Hinh 1.40 trinh bay ciu trdc Spanke dang duoc ng dung rong réi cho céc
khdi chuyén mach 16n. Mot khdi chuyén mach nxn duoc tao ra bang céach két ndi n
phan tr chuyén mach 1xn véi n phan tir chuyén mach nx1. Ciu triic Spanke 1a ciu
tric khéng nghén theo nghia hep (strict-sense nonblocking). Cho dén nay, tiéu chuan
dé danh gia chi phi caa mat khdi chuyén mach van 1a s lwgng phan ta chuyén mach
2x2 can thiét dé tao rakhdi chuyén mach d6. Cau trdc Spanke chiém wu thé hon 1a o
chd, trong nhiéu truong hop, Mot chuyén mach quang 1xn co thé duoc xay dung
bang cach sir dung mat phan tir chuyén mach duy nhit ma khéng can phai xay dung
tir c&c phan tir 1x2 hodc 2x2. Phan tr chuyén mach ndy tng dung cong nghé MEMS.
Do d6, chi can 2n phan tir chuyén mach MEMS dé xay dung nén khéi chuyén mach
nxn, diéu ndy ciing co nghia la chi phi caa khdi chuyén mach ti 1& voi n, day 1a mot
trong nhirng nguyén nhan lam cho cau tric Spanke chiém wu thé hon so véi cac khdi
chuyén mach khéc. Mat khac, mi két ndi chi di qua hai phan tir chuyén mach, mot
con sb rat nho so véi sd phan tir chuyén mach trong duong dan caa céc ciu tric da
tang khéc. Hon nita, ciu tric ndy co thé tao ra cac chiéu dai duong dan quang gidng
nhau cho tat ca cac két ndi vaolra dé suy hao déu nhu nhau ddi véi ting két ndi
vaolrariéng biét.
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Hinh 1.40 Chuyén mach n(n khéng nghén theo nghia hep (strict-sense) sir dung cac
két noi giira 2n phan ti chuyén mach 1xn trong cau tric Spanke.

11— 1xn nxl1 p— 1
N
o]
«© ©
> 2— 1xn nxi — 2 4
zg’ D
> 4
N
n—— 1xn nxl1 p—n

Cdu tric Benes

Hinh 1.41 Chuyén mach nghén 8x8 sip xép lai sik dung cac két noi giza 20 phan ti
chuyén mach 2x2 trong cdu tric Benes.

1 1
2 2
3 3
Q
zg 4 xg
S - 5
o 5 5
Z P4
6
7 7
8 - 8

Cau tric Benes la cau tric chuyén mach loai khdng nghén sip xép lai duoc
(rearrangeably nonblocking) va |a mot trong nhirng cu tric hiéu qua nhit vé sb
lwong phan tir chuyén mach 2x2 duoc sir dung dé tao ra cac khdi chuyén mach 16n
hon. Hinh 1.41 trinh bay mot khéi chuyén mach khdng nghén sip xép lai kich thuéc
8x8 nhung chi can s dung 20 phan tir chuyén mach 2x2, nhung néu |a ciu tric
Crossbar thi phai can 64 phan tir chuyén mach 2x2. N6i chung, cu tric chuyén
mach Benes nxn can (n/2)(2logzn -1) phan tir chuyén mach 2x2, véi n la mot sb liy
thira cia 2. Trong cu tric ndy, suy hao trén moi duong din déu bang nhau- mdi
duong dan s8 di qua (2logzn - 1) phan tir chuyén mach 2x2.
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Hai nhuoc diém chinh caa cau tric ndy: thar nhit, ddy khdng phai & cau tric
chuyén mach khdng nghén theo nghia rong (wide-sense); thir hai, s6 luong diém
giao nhau cua céc dng din song theo yéu cau |am cho cu triic ndy khé ché tao trong
cac mang gquang tich hop.

Cdu trac Spanke-Benes

Hinh 1.42 trinh bay s két hop giira cu tric chuyén mach Benes va ciu tric
Crossbar, d6 1a mot cau tric chuyén mach 8x8 khéng nghén sip xép lai dung 28
phan tir chuyén mach 2" 2 va khéng c6 diém két ndi chéo giira c&c dng dan song.
Cau trdc nay do Spanke va Benes nghién ctru va duoc goi 1a cau trdc planar n tang
(cAu tric (ing dung cdng nghé ban dan n tang) vi nd phai c6 n tang (n cot) dé thuc
hien mot khdi chuyén mach nxn. Cau trdc ndy can n(n-1)/2 phan tir chuyén mach,
chiéu dai duong dan ngan nhat 1a /2 va chiéu dai duong dan dai nhat 1an, khéng co
céc diém két ndi chéo. Nhuoc diém chinh cia ciu trdc ndy 1a né khéng phai 1a ciu
tric khéng nghén theo nghia rong (wide-sense) va suy hao cia nd khong ddng nhét.
Hinh 1.42 Khéi chuyén mach 8 8 khdng nghén cé thé sip xép lai ding 28 phan ti:

chuyén mach 2x2 va khéng cd diém két néi chéo giira cac ong dan song
trong cau tric Planar n tang.

1 1
T+ T 1 1 F
S T i~ S~ i~ I =
: JEIZ —r Iy ILr 4ir - ]
° [ R A= s ©
S = = = =S o =
1 I 1 1 1 = ~7
8 - 8

6. Bd chuyén do6i buéc song
B6 chuyén doi budc song la thiét bi chuyén doi tin hiéu c6 budc sdng ndy &
dau vao ra thanh tin hiéu co budc song khéc ¢ dau ra. Bdi véi hé thong WDM, bo
chuyén déi buéc sdng cho nhiéu tng dung hitu ich khéc nhau:
Tin hiéu c6 thé di véo mang véi budc song khong thich hop khi truyén trong
mang WDM. Ching han nhu hién nay céc thiét bi WDM trén thé gigi da sé déu
chi cé kha nang hoat dong trén cac budc song thuoc bang C va bang L, nhung
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tin hiéu SDH hoat dong voi budc sdng 1310 nm ¢ thé truyén trén hé thong
WDM nho céc bd chuyén déi buéc sdng dit o bién gisi gitta mang WDM va
mang SDH, chuyén dbi tin hiéu tir budc song 1310 nm sang tin hiéu tuong thich
Véi budc song theo qui dinh ITU-T hoat dong ¢ vang 1550 nm.

Bo chuyén dbi khi duoc trang bi trong c&c cau hinh nit mang WDM giup sir
dung tai nguyén budc song hiéu qua hon, linh dong hon.

C6 bdn phuong phép ché tao bd chuyén dbi budce sdng: phuong phép quang-
dién, phuong phap cira quang, phuong phap giao thoa va phuong phap tron budc
song. Phuong phap tron budc song la phuong phap toan quang, hoat dong hoan toan
khdng dua vao tin hiéu dién, tuy nhién hién tai cong nghé ché tao theo phuong phép
nady van chua da hoan thién dé co thé thuong mai hoa

a) Ché tao bang phirong phap quang-dién
Hinh 1.43 Céc logi chuyén dsi burdc song quang dién: (a) 1R, (b) 2R; (c) 3R

Tin hied nhied _ _Tinhieé nhie&
-y - 7V 1MV Kkhueéh fiai
v IR AN
[ [
N | H
I
|

L

-
I
!
|
I
I

Bo&hueéh
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Bodhati
laser

Bo&ath

5 > Laser p—>
song quang
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Taiitao lai tin hiea

Tin hied nhiea | 17\ J_Ll_l_ (Phase Jitter
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Pay la phuong phép ché tao b chuyén doi buéc song don gian va phd bién
nhat hién nay. Tin hiéu dau vao truéc hét dugc chuyén sang dang tin hiéu dién, téi
tao lai va sau d6 dugc mot bo phat laser phat budc song khac. Thuong cac bd
chuyén dbi budc sdng dau vao bién dbi, dau ra cd dinh ding phuong phép ché tao
ndy. Tinh trong subt cua thiét bj loai ndy phu thudc vao kiéu té tao (regeneration)
cuathiét bi ddi véi tin hiéu:

Téi tao 1R: dau thu don gian chi chuyén d6i tin hiéu dau vao tir dang nang leong
céc hat photon &nh sang sang céac hat dién tir, sau d6 céc hat dién tir duoc khuéch
dai boi mot bo khuéch dai twong tu RF (Radio Frequency) va phét ra tia laser
Véi budc song thich hop.

Téi tao 2R: phuong phép té tao ndy chi &p dung duoc khi tin hiéu dau vao latin
hiéu sd. Tin hiéu dugc sira lai dang xung (reshaped) nho cho di qua cong logic,
khong thue hién ddng bo lai tin hiéu (retimed) nén phuong phép ché tao nay dé
[am nay sinh hién tuong Jitter.

Téi tao 3R: thuc hién dong thoi viéc sra dang xung vadong bo lai cho tin hiéu.
Phuong phép ndy gitp x0d bo nhitng anh huong dén dang caa tin hiéu do cac
yéu té nhu: phi tuyén tinh, tan sic trong soi quang, nhiéu caa bd khuéch dai. ..
Tuy nhién, dé déng bo lai tin hiéu mdi bo chuyén ddi buéc song chi hoat dong
tuong tng vai mot ludng tin hidu sd ¢o tée do bit nhat dinh, giam tinh trong subt
cuathiét bi.

b) Ché tgo bang phweng phép cira quang

Hinh 1.44 Nguyén |y hoat déng ciia bg chuyén déi buéc song ché tao theo phirong

phép cira quang.
Tin hiea | ¢
_,—|_,—|_ Tin hieé dog
> Bodot | , | I | I
Tin hieé dod |, g

Tin hiea | | | |

Ma# fiod

hat mang I_l I_l

Nodéi | | | |

Naa ra tin

hieé dog | | | |

Thoépgian

»
»

Phuong phédp ché tao cac bo chuyén doi budc song dung phuong phép cira
quang tan dung tinh chat caa mot s thiét bi quang cd dic tinh dau ra thay ddi theo
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cuong do tin hiéu. Su thay doi ndy dugc chuyén dén tin hiéu chua duoc diéu ché,
goi latin hiéu do (probe signal) cau hinh cho di xuyén qua thiét bi. Tai dau ra, tin
hiéu do mang thdng tin chira trong tin hiéu dau vao. Cac thiét bj ché tao theo phuong
phép ndy thuong thudc dang dau vao thay ddi-dau racd dinh, hoac dau vao thay doi-
dau ra thay doi tuy theo tin hiéu do 1a ¢ dinh hoic ¢ thé diéu chinh buéc sdng
khong. Ki thuat chinh caa pheong phép nay 1a diéu ché chéo do loi CGM (Cross-
Gain Modulation), tan dung hiéu &ng phi tuyén trong mot bo khuéch dai quang béan
dan SOA, tan dung tinh chat caa SOA la co dé loi thay dbi theo cuong do tin hiéu di
va0. Nguyén |y hoat dong caa mot thiét bi SOA duoc cu hinh 1am bd chuyén doi
budc sdng dugc minh hoa nhu trén hinh 1.44.

0 Ché tgo bang phuweng phép giao thoa

Hinh 1.45 Bién ddi budc song bang diéu ché xuyén pha siz dung bé khéch dai quang
ban dan c6 gean bé loc Mach-Zender bén trong.

= LT

g Yg «— 1
B A
Ip >
(Cw)
Yo of T LT
SOA — 1,
I stinhiea | | | | | | o
«
c c —~
o] ol _Q.
= 3 =
mamang L] LI L 2 E :
hat mang g > 2
b = ) &
g UO) 8
Pha | | | | | | =
Cong suat (I 4) Cong suat (I ¢) Cong suat (I ¢)
I p tinhiea | | | | | |
» Thdigian

K1 thuat chinh caa phuong phép ndy chinh 1a diéu ché chéo pha. Khi cuong do
song mang trong bd khuéch dai thay d6i cling véi tin hiéu dau vao, né lam thay doi
chiét suat caa méi truong do loi, dan dén thay d6i pha cua tin hiéu do. Hién tuong
diéu ché pha kiéu nay co thé chuyén sang diéu ché bién do bing cach dung bo loc
Mach-Zehnder. Trong d6, ca hai nhanh caa bd loc Mach-Zehnder déu c6 cling chiéu
dai, mdi nhanh ding két hop thém véi mot bo khuéch dai SOA (xem hinh 1.45). Tai
dau vao caa bd loc Mach-Zehnder ding bo Coupler tach tin hiéu di theo hai nhanh
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cua bd loc theo ti 1&¢ khéng déu nhau. Do cuong do tin hiéu di trén mdi nhanh khéng
déu nhau nén khi di qua céc bo SOA s3 bi dich pha céc lugng khdng gidng nhau.
Theo nguyén ly hoat dong caa MZI, si léch pha giira hai tin hiéu ndy duoc chuyén
dén mot tin hiéu diéu ché bién do & dau ratruyén voi buéc song khéc.

d) Ché tao bang pharong phap trén buéc song

Phuong phép ché tao ndy dua trén hién tugng tron bon budc sdng, trong do
néu co ba buéc song fi, f2, f3 cung truyén trong soi quang thi theo hién tuong phi
tuyén tinh s& xuat hién song anh huéng do hiéu wng phi tuyén tinh dwoc tinh 1
f1+fo-f3. Ung dung cho bo chuyén doi budc song khi f; = f, va sau d6 cho qua bo
khuéch dai SOA. Gia sir song vao ki hiéu 1a fs va song do lafo, b khuéch dai SOA
duoc ciu hinh sao cho mét trong hai budc sdng sinh do hién teong FWM 2f-fsva
2fsfp nam trong bang théng hoat dong caa tin hiéu, khi d6 ta dathuc hién duoc chic
nang chuyén ddi bugc song.

Uu diém caa phuong phép ché tao ndy Iatinh trong suét déi véi céc dinh dang
tin hiéu, nghia |a cd thé hoat dong véi nhiéu téc do bit khéc nhau. Tuy nhién, nhugc
diém lakhi khoang céch giira budc song tin hiéu fs va bude song do f, tang thi higu
qua chuyén do6i buéc sdng s& giam.

Hinh 1.46 Chuyén déi budc song bang cach trén bon budc song trong bé khuéch
dal quang

I e L

s f, 2ff, f f 2ff 2f,-f,

Tron béi SOA »] Béloc |—

IV.MANG WDM
1. Téng quan

Sy phét trién caa cac hé théng WDM nhin chung c6 thé chia lam ba giai doan
(xem hinh 1.42):

Hé thong WDM thé hé 1: Hé thbng WDM diém-diém véi céc tram xen/ré trén
tuyén phai s dung céc thiét bi MUX/DEMUX dé tach/ghép tit ca cac budc
song.
Hé thong WDM thé hé 2: Hé théng WDM diém-da diém voi cac tram xen/ré
trén tuyén |a cac OADM cho phép téch truc tiép budc sdng can xen/ré.
Hé théng WDM thé hé 3: Mang quang WDM hoan toan véi céc thiét bi chuyén
mach vadinh tuyén buéc song.
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Hinh 1.47 S¢ phét trién cia cac hé thong WDM

| Hé thdng SDH 10 Gbps ( |

| Hé théng WDM diém-diém 8x2.5 Gbps | | Hé théng WDM diém-diém 4x10 Gbps ( |

| Hé thdng WDM diém-diém 16x2.5 Gbps | | Hé thdng WDM diém-diém 8x10 Gbps( |

| Hé thdng WDM diém-diém 32x2.5 Gbps |

| Hé théng WDM sir dung OADM ( |

Ring CS > 10 Gbps/1 soi ( |

OMS Ring > 40 Gbps/ sqi( |
} } } } } >
1998 1999 2000 2001 2002

Hinh 1.48 Mang WDM dinh tuyén budc song.

OXC H OXC M OXC

Pau cubdi
SONET

Pau cubdi
SONET

Mang trong truang hop ndy goi 1a mang dinh tuyén budc séng: mang cung cap
céc duong quang (lightpaths) toi nguoi sir dung 1a cac dau cudi SDH (SONET) hay
céc router I1P. Hinh 1.48 1a mot minh hoa cho mang ndy. Trén hinh 1.48 c6 thé thay
céc duong quang gitta B vaC, D VA E, E vaF, A vaF. Trong mang dinh tuyén budc
sdng nay tai cac nit trung gian, cac duong quang duoc dinh tuyén va chuyén mach
tir mot mot duong (link) dén mot duong khéc. C6 thé xay ra truong hop bién doi
budc song trong truong hop ndy. Céac phan tir chi chdt cho lién két mang quang la
bo két cudi duong day quang (OLT), bd ghép kénh xen/rét quang (OADM) va bo
két ndi chéo quang (OXC).
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Kién tric mang phai d&p ang duoc cac yéu cau sau:
Téa sr dung buéc song: nhu ta thdy trén hinh 1.48, nhiéu duong quang
(lightpath) khéc nhau trong mang khong triing véi nhau c6 thé ciing sir dung mot
budc song. Kha nang téi s dung budc sdng gidp cho sd lwong dudng quang
trong mang cd thé trién khai nhiéu chi véi sb luong budc sdng giéi han. Ta phai
hiéu rang dép tng ndy hét sirc quan trong trong diéu kién bang théng caa thiét bi
WDM hién tai con han ché.
Chuyén doi buéc song: mot duong quang khi duoc dinh tuyén trong mang cd
thé dung nhiéu budc song khac nhau dé truyén tin hiéu. Kha ning chuyén doi
budc song 1a hét sic can thiét d¢é cd mot mang truyén tai quang linh hoat do hiéu
qua St dung budc song cao. Hon nira, chuyén ddi buéc sng con phai thuc hién
tai c&c giao tiép phia mang khach hang dé chuyén doi thanh tin hiéu buéc song
chuin WDM sang tin hiéu budc séng caa mang |ép khéach hang.
Trong sudt: c6 nghia la kién triic mang phai ¢ kha nang truyén tai céc tin hiéu
khéch hang vai nhiéu téc do bit, giao thirc khac nhau.
Chuyén mach kénh: ddi véi 16p kénh quang, co ché thiét 1ap va xoa bo duong
quang tuong tu nhu chuyén mach kénh. Tuy riang qua thuc té, qua trinh ton tai
duong quang gitra hai diém nit mang c6 thé trong thoi gian kha dai: vai thang
hodc vai nam. Co ché chuyén mach géi d6i véi 16p kénh quang hién tai van
chwa dugc phét trién do dép tng cham va kha niang chua linh hoat cua cac thiét
bi hoat dong trong 16p kénh quang. Chuyén mach goi c6 thé dugc &p dung &
mang I6p trén, mang |6p khéch hang nhu IP, ATM..., trong khi duong quang
van gitr nguyén trang théi thiét lap.
Kha nang ton tai khi mang gap su ¢b (SurV|ab|I|ty) mang phal duoc cau hinh
sao cho khi két ndi du:ong day quang gap s ¢d, dudng quang van phai duoc duy
tri bang cach dinh tuyén lai.
M hinh dudng quang: md hinh duong quang 1a do thi cac diém nit mang, véi
céc giao tiép véi 16p mang khach hang (edge) tai mdi ndt. Nhu vay md hinh
duong quang duoc sir dung boi 16p mang khéch hang (16p trén) va duoc thiét ké
sao cho dép trng nhu cau truyén tai théng tin caa lép mang khach hang.
2. TOpo vat ly vatopb logic
Topd vat ly caa mang bao gom céc bo dinh tuyén quang két ndi vai nhau bang
céc cap lién két soi quang diém ndi diém trong mot topd mang ludi bat ky (hinh
1.49). Trong hinh 1.49, mdi cap lién két duoc tuong trung bang mot canh vo hudéng
gitta c&c nit dinh tuyén. NGt & dau cudi két ndi vai bo dinh tuyén. Mai nlt dau cudi
o sH bo phét vabo thu gidi han. Trong hinh 1.50, nit dinh tuyén thu tin hiéu tai mot
budc sdng x&c dinh & ngd vao cua no, sau d6 dinh tuyén tin hidu nay (doc lap véi
céc budc song khac) dén mot ngd rando dé. Bo dinh tuyén cd Dp ngd vao va Dp ngd
raco kha nang xir Iy L budc song giéng nhu L bd chuyén mach buéc song Lp XL p
cau hinh lai duoc.
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Hinh 1.49 Mang WDM gém nhiéu nit dinh tuyén két néi bang cac cap lién két spi
quang diém néi diém. CAc nit dinh tuyén gean véi cac nit dau cusdi hinh
thanh cac nut ngusn va dich cho lueu lirong trong mang.

Nutifiaa cuoé-
chuyeé& math ATM
Nutifiotnh
tuyea

Topo vatilyu

Hinh 1.50 Cdu tric cia bg dinh tuyén cdu hinh lai. Bé dinh tuyén co thé chuyén
mach méi buéc song ¢ ngd vao doc dp véi cac bude sng khac.

a2 Iy
|
I, L
Chuyén mach quang
Iy
a2
I 5 |
2
Chuyén mach quang
Iy
a2
I2
Tach budc séng Ghép buéc séng

PDF created with pdfFactory Pro trial version www.pdffactory.com




76 Hé théng théng tin quang

Topd vat ly caa mang |a mot tap cac nit dau cudi, nit dinh tuyén va céc lién
két soi quang két ndi cac nlt véi nhau vé mat vat Iy matrén do, nguoi ta co thé thiét
lap dudng quang giira cac nlt dau cudi. Buong quang 1a mot duong din di qua mang
d& c6 cAp phét budc sdng gitta cac ndt dau cudi va duoc thiét 1ap bang cach ciu hinh
céc nit dinh tuyén trong mang. Hai duong quang ding chung mot lién két phai sir
dung buéc song khac nhau. Buong quang cung ciap mot duong thdng gitra hai nt
dau cudi véi bang thong bang vai bing théng cia mot kénh, thuong 1a 2.5Gb/s dén
10 Gh/s. Tap hop tat ca céc duong quang da duoc thiét 1ap gitra cac ndt dau cudi tao
thanh t6pb logic.

Hinh 1.51 trinh bay t6pd logic ung vai topd vat |y trong hinh 1.49, t6pb logic
ndy tuong ung véi mot tap cac duong quang trong hinh 1.49. Topd logic 1a mot db
thi véi cac nit tuong (ng voi c&c nit dau cudi trong mang géc va mot canh co
hudng tir nGt B dén nit A néu duong quang duoc thiét 1ap tir nat B dén ndt A. Cip
do vat ly (physical degree) caia mot nit dinh tuyén lasd lwong céc nit dinh tuyén két
ndi truc tiép voi nd biang céc lién két soi quang (vi du cap do vat ly cua tat ca cac nit
dinh tuyén trong hinh 1.49 1& 2). Cap do logic di (logical out-degree) caa mot nit
dau cudi 1a sd duong quang bit ngudn tir ndt d6 va cap do logic dén (logical in-
degree) cia mot ndt dau cudi 1a sd duong quang két cudi tai ndt dé, vi du, trong hinh
1.51, cip do logic di vacap do logic dén cia mdi nit dau cudi déu la 1. Gia sir ring
mdi ndt dinh tuyén két ndi vai mot nat dau cudi duy nhit va nguoc lai, thi don gian
ta chi ndi dén cip do logic va cip do vat ly caa mdi nit.

Hinh 1.51 Topd logic cho mgng ¢ hinh 1.49. Cac canh ¢c6 hudng trong topd nay
tirong trung cho cac duwong quang gidza cac nit dau cudi tirong g trong
hinh 1.49.
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Trong mang c6 N nit, thi trong truong hop 1y tuéng, cd thé thiét 1ap duong
quang gitra tat ca N(N-1) nGt. Tuy nhién, c6 hai ly do khéng xay ra truong hop nay.
Thi nhat, sb lwong budc sdng sin ¢ 8 quy dinh sb dudng quang duoc thiét 1ap. Vi
du, gia sir mot mang cd 128 nit vai cap do vat ly trung binh 1 4, thi c6 thé thiét 1ap
trung binh 640 duong quang song hudng (full-duplex) sir dung 32 budc song hay
noi cach khéc 1a chi ¢d 10 duong quang song hudng trén mdi nit (rat it hon so véi
yéu cau 127 duong quang cho tat ca cac nit khéc). Tha hai, mdi ndt chi ¢ thé 1a ndt
ngudn va dich caa mot s lugng duong quang giéi han 1a Dy. S6 luong ndy duoc xac
dinh dua vao sb lugng céc thanh phan phan cang caa mang (bd phét, bo thu) vatong
sd lwong théng tin ma mét ndt c6 kha nang xu 1y.

Khi khong thé thiét l1ap duong quang gitta tat ca cac cap ndt trong mang, thi
cip ndt nao khong duoc két ndi truc tiép qua dudng quang phai s dung nhiéu
duong quang qua cac nut trung gian dé két ndi théng tin lién lac voi cac ndt khéc.
Tai mdi ndt trung gian, cac gbi dén trén mot duong quang & ngd vao phai dugc
chuyén sang dang dién, chuyén mach duéi dang dién, sau 6 chuyén lai sang dang
quang va giri dén mot duong quang khéc ¢ ngd ra dé dinh tuyén dén ndt dich caa
g6i. Nhu vay, dé dén duoc nit dich cudi cung, céc goi phai di trén duong dan co
nhiéu chang. Xét dén rang budc ndy, méi ndt chi chuyén mach dién véi luong
théng tin han ché, dugc x&c dinh bai sd lwong cong ma chuyén mach dién tai nit
d6 c6 thé xtr ly, dat 1a D,. Céc diéu kién trén day s8 quy dinh gisi han vé cap do toi
da cua mot tépd logic, nghia la s luong duong quang téi da bat ngudn va két cudi
tai mot nat phai 1a Dy = min(Dy, D2). Chi 'y rang ngay ca khi s luong dudong quang
san ¢6 du 16n dé cac duong quang co thé duoc thiét 1ap gitra tat ca N(N-1) cap
ngudn-dich (s-d), néu Dy < N-1, thi van dé s dung cac duong quang gitta cac cap
s-d sao cho khéng xay ra dung do trong mang dién rong 1a mot van dé rat kho
khan. Nhung néu cé thé xay dung mé hinh mang nhu vay, thi tat ca cac goi duoc
dinh tuyén truc tiép trén céc duong dan toan quang va khong yéu cau chuyén tiép
goi tai cac nut trung gian.

3. Cé4c phan tir mang (NE) WDM

3.1 B¢ ddu cudi dwong quang (OLT)
a. binh nghia

Bo dau cudi duong quang OLT (Optical Line Terminal) 1a thiét bi kha don
gian trong mang truyén din WDM. OLT ¢4 trong c&c md hinh mang diém-diém, thuc
hién ghép tin hiéu & dau phé va truyén di trén soi quang, giai ghép ¢ dau thu va
chuyén céc tin hiéu thanh phan dén phia dau cubi khéch hang. Nhue minh hoatrén hinh
1.52, OLT gdm c6 ba khéi chirc nang chinh: chuyén d6i tin hiéu (Transponder), ghép
budc song (Wavelength Multiplexer) va khuéch dai quang (Optical Amplifier) (chic
nang khuéch dai tin hiéu latdy chon & OLT vakhéng dugc minh hoatrén hinh).
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Hinh 1.52 So d6 khoi ciia mét bé dau cusi dwong quang (OLT). OLT bao gom bg
ghép kénh/phan kénh buéc song va bg chuyén doi tin hiéu (transponder).
Bé chuyén dai tin hiéu chuyén déi tin hiéu dén tir ngueoi st dung thanh tin
hiéu phl hop cho viéc truyén dan trén cac tuyén WDM va nguoc lai ciing
chuyén tin hiéu tir tuyén WDM thanh tin hiéu phl hop cho nguoi sik dung.
Céc bg chuyén tiép s¢ khong can thiét néu thiét bi khach hang c6 thé
truyén va nhdn truc tiép cac tin hiéu twong thich véi tuyén WDM. OLT
ciing ¢6 kha nang két cusi mgt kénh gidm sét quang riéng lé (OSC) ding
trén tuyén quang.

Bo6G song Chuyea fiod MUX/DEMUX
khoag thuo& tin hiea
m > ITUl,
Router IP O/EIO i’
B66G song
khoag thuoa
ITU oo ITul, PP
SONET 7 MUX ). 7 >
I osc/
ITU I 4 Boghat |
» osc
SONET Laser
< Bo&hu

Bodiaa cuoanoddmg quang

Bo chuyén d6i tin hiéu thuc hién chuyén tin hiéu dén tir mang khéch hang
vé6i nhirng téc do, budc sdng va giao thirc khac nhau sang thanh tin hiéu thudc budc
song chuan theo qui dinh caa ITU-T. Véi nhitng tin hiéu khach hang khéac nhau, bo
chuyén dbi cung cip céc giao tiép khac nhau. Giao tiép ndy goi |a giao tiép khach
hang. Bo ghép budc sdng ghép céc tin hiéu da qua bd chuyén doi dé hinh thanh tin
hiéu WDM, truyén trén mang WDM. Mang WDM c6 thé sir dung cac bo khuéch dai
quang dé khuéch dai tin hiéu truyén di duoc xa hon.

b. Cac chac nang

Chirc niang chuyén doi tin hiéu

B6 chuyén d6i tin hiéu tai OLT thuc hién céc chirc nang khéc nhau nhu:
Chuyén tin hiéu sang buéc séng, mixc cdng suit va cac théng sé quang cho phu
hop voi yéu cau chung cua 16p kénh quang. Bo chuyén dbi tin hiéu thuc hién
chuyén tin hiéu quang sang dién rdi tir dién sang quang duing céc bo phét laser
WDM ma ta da khao sét & trén. Theo chiéu nguoc lai, thuc hién chuyén doi tin
hiéu tuong thich véi 16p kénh quang sang tin hiéu tuong thich vai 16p khach
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hang ciing qua chuyén d6i quang-dién-quang. Thuc té c6 thé chi thuc hién
chuyén d6i theo mot chiéu tir 16p khéch hang vao 16p kénh quang.

Thém vao hoic trich ra cac tin hiéu méo dau dé co thé quan ly tin hiéu truyén di
ngay tai lop kénh quang.

Giam si BER cuatin hiéu truyén trong I6p khach hang vatin hiéu truyén trong
|6p quang tai dau vao (ingress) va dau ra (outgress) cia no.

Hién tai ciing ¢ xu hudng trién khai bo chuyén déi tin hiéu tai céc thiét bi dau
cudi khach hang. Biéu nay gidp giam chi phi, thiét bi WDM ciing bét cong kénh va
phtrc tap hon. Tuy nhién, phia giao dién dau ra (outgress) caabd chuyén dbi, thuong
goi la giao dién kénh quang, van chua duoc chuan hod va khéc nhau d6i voi cac nha
cung cap thiét bi WDM khéc nhau nén xu huéng céng nghé ndy van chuea duoc trién
khai rong réi.

Chirc niang ghép bwdéc song

B6 ghép budc song thuc hién ghép céac tin hiéu thudc cac budc song khac nhau
twong thich véi khuyén nghi caa ITU-T thanh tin hiéu dé truyén di trén mot soi
quang. Céc ki thuat ghép buéc sdng ma ta da khao sét nhu ki thuat 6ng dan sdng
AWG, k¥ thuat dién mdi mang mong, ki thuat céach tir Bragg,... déu c6 thé duoc tng
dung.

Chirc niang khuéch dai tin hiéu

Chirc niang khuéch dai tin hiéu 1a tdy chon tai OLT. Bé thuc hién duoc chic
nang khuéch dai tin hiéu, c6 thé dung hai ciu hinh EDFA khéc nhau. Ciu hinh
EDFA khuéch dai cong suat cho huéng phét (booster amplifier) va cau hinh EDFA
tién khuéch dai (Pramplifier) cho huéng thu. Hién nay, cac nit mang WDM c6 thé
hoat dong ¢ céc budc song bang C (1530-1565 nm) va bang L (1565-1625 nm) do
bo khuéch dai EDFA hoat dong duoc trén hai bang song nay.

Ngoai ba chic niang chinh trén, OLT con c6 chic nang két cudi (ghépitéch)
kénh gidm s&t OSC (Optical Supervisory Channel). Kénh giam sét duoc truyén trén
mot budc song khéc véi bude song truyén tin hiéu. Vai trd cia OSC la dé gidm sét
hoat dong cua cac bo khuéch dai quang doc theo mot lién két quang va thuc hién cac
chirc nang quan ly khéc.

3.2 Bg khuéch dai dwong quang (OLA)

Céc bo khuéch dai duong quang OLA (Optical Line Amplifier) duoc dung ¢
gitta cé&c lién két quang voi nhitng khoang céch bing nhau (trén thuc té co thé
khoang céch dat cac OLA khdng bing nhau nhung phai nho hon mét gidtri khoang
céch nhat dinh, thuong 1a khoang 100-200 km). Trén hinh & so d6 khdi caa OLA,
thanh phan co ban mot hoac nhiéu khdi do loi 1a soi EDF méc néi tiép véi nhau,
giita c&c chang do loi co thé 14 bd bl tan sic (dispersion compensasor) dé bl tén sic
tich luy doc theo tuyén quang.
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Hinh 1.53 So do khoi ciia mét bg khuéch dai dwong day quang dién hinh. Trén hinh
vé chi vé mét huéng. B khuéch dai sir dung nhiéu tang khuéch dai
Erbium va bao gom bg bul tan sic (tdy chon) va cac OADM giiza cac tang
khuéch dai. Bé bom Raman c6 thé ding dé cung cdp thém dé khuéch dai
Raman cho dogn spi quang. OSC duroc tach ra tai dau vao va két cusi va
Xen vao tai ngo ra.

Bo bu tan sac

Ll gl l\
) [T
\‘ I osc l/ — o _D—‘i:

Chang db loi Chang d6 lgi
Laser May thu ang dolo ang do o | Laserl
bom
Raman

B6 OLA con ¢ céc thiét bi thuc hién chac ning ghép/téch kénh giam sét
OSC. Tai dau vao khi chua qua cac khéi do loi, kénh gidm sét OSC duoc loc lai va
dua vao dau thu OSC. Tiép dén, sau khi khuéch dai cac kénh tin hiéu thudc céac budc
song khéc nhau, kénh OSC dugc ghép chung vao véi céc kénh tin hiéu vatruyén di.
Nhu vay, kénh OSC khéng duoc khuéch dai boi cac OLA. Bo OLA ciing ¢ thé
duoc ciu hinh gdm bo khuéch dai Raman thyuc hién chic nang khuéch dai phan bb
(distributed amplifier) bang cach cau hinh tai diu vao caa nd nguén bom Raman ¢
cdng suat quang 16n, bom nguoc chiéu véi chiéu tin hiéu di vao.

3.3 Bg xen rgt quang (OADM)
a. binh nghia

B6 ghép xen/rét quang OADM (Optical Add/Drop Multiplexer) thuong duoc
dung trong cac mang quang dé thi va mang quang duong dai vi nd cho hiéu qua kinh
té cao, dac biét d6i véi cau hinh mang tuyén tinh, cdu hinh mang vong (Ring).

Chirc ning caa bo ghép xen/rét quang 1a nd duoc ciu hinh dé xen/rét mot sd
kénh budc song, céc kénh budc sdng con lai dugc ciu hinh cho di xuyén qua (pass
through).

Pé minh hoa tinh hiéu qua kinh té cho ung dung cia OADM, ta xét mot mang
goém co ba tram ndi chudi voi nhau, thuong duoc goi 1a cau hinh tuyén tinh (xem
hinh 1.54). Gia sir céc lién két va két ndi déu la song cong, c&c ndt mang duoc ndi
v6i nhau boi hai soi quang, mdi soi truyén theo mot chiéu. Gia sir két nbi A va B
dung mot budc sdng cho chiéu truyén di va vé, két ndi B va C dung mét budc song,
két ndi A va C dung 3 budc song. Nhu vay, lién két A-B va B-C déu dung 4 budc
song.

Néu mang chi ding bo OLT, khi d6 can phai dung 4 OLT véi s bo chuyén
ddi budc sdng 1a16. Trong khi d6 néu trién khai ding OADM tai site B véi ciu hinh
thich hop cho rét kénh budc sdng thudc két ni A va B, cho xen kénh buéc sdng
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thudc két ndi B va C, cho di xuyén qua kénh budc song thuoc két ndi A vaC, taco
thé tiét kiem sb nit mang sir dung chi con 143 (2 OLT+1 OADM) vasd bo chuyén
dbi tin hiéu dung bay gio chi con 14 8. Ca hai ciu hinh déu duoc cho nhu trén hinh
1.54. Trén thyc té, sd budc sdng can xen/rét tai ndt mang thuong rat nho so voi sb
lwong budc song dugc truyén trén soi quang nén hiéu qua tng dung OADM vao
mang 3 larat 16n. Tuy nhién, ta ciing thiy ring néu khoang céch tir tram A dén tram
C du nho, ta cd thé ni truc tiép két ndi gittra A va C makhdng cin quatrung gian la
tram B. Khi d6, hiéu qua cua tng dung OADM khdng con Ién nira. Trong truong
hop céc tram c6 khoang cach tuong ddi nho (mang dé thi) thi ciu hinh mang Mesh
ding OXC [am phan tir co ban 1a cau hinh téi vu nhét.

Hinh 1.54 Mgt vi du vé magng tuyén tinh c6 ba nit dé minh hoa cho vai tro cua
OADM. Ba buoc song duoc dung giiza hai nit A va C va chi mgt budc
song giira Nt A va B va gizra nat B va C. (a) M¢t giai phap dung cho hé
thong WDM diém néi diém. (b) Mgt gidi phap ding OADM tgi niit B.

NEEIENEE
ST

Xen/Rét B6 chuyén déi tin hiéu
(a)

Nut A Nut B Nut C

OADM

N&i théng quang

oh (o

| | -
Xen/Rdét

(b)

\/

[

N

Ung dung OADM s cang hiéu qua hon néu OADM ¢6 kha nang cau hinh
lai. Tuy nhién, thuc té thiét bi OADM c6 kha nang ciu hinh lai chwa dugc thuong
mai hoarong rai.

b. Thugc tinh ce bdn ciia OADM
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Mot diém nit mang déng vai tro 1a diém ghép xen/rét kénh quang trong hé théng cé
nhirng thudc tinh co ban sau:

S6 luong budce song co thé hd tro toi da

S6 lwong budc sdng téi da co thé thuc hién xen/rét. Béi véi da s OADM hién
tai, sb lwong buéc song thuc hién xen/rét thuong quyét dinh bai sd phan cing
duoc ldp dat. Thay d6i sb budc sdng xen/rét bang cach thay doi phan cing.

C6 quy dinh nhitng budc song cu thé ndo cd thé xen/rét tai OADM khdng? diéu
nay c6 anh hudng rat lon 1én viéc dinh tuyén luu luong trong mang.

CO dé dang xen/rét kénh khong: cd 1am gian doan luu luong khi xen rét kénh
khoéng?

OADM c6 ciu tric médun; theo nghia gia thanh ti 18 thuan véi sb kénh duoc
tach ra? Diéu ndy rat quan trong déi voi cac nha cung cap dich vu boi vi ho
mong mubn “tra tién khi can thém (pay as you grow)” chir khong phai tra trudc.

Tinh phic tap caa lép vat ly (suy hao truyén dan) duoc thiét ké co anh huong
dén viéc sir dung OADM va viéc xen c&c kénh mai hay nit mang méi anh
huang téi viéc thiét ké 16p vat Iy nhu thé ndo? Vé co ban, néu suy hao truyén
dan tong cong khong phu thudc vao sd lrong kénh dugc xen/rét thi viéc xen/rot
thém céc kénh mai s& khéng anh hueng nhiéu dén céc kénh hién hiru (tuy nhién
c6 thé xuat hién nhidu xuyén kénh).

OADM c6 thé cdu hinh lai duoc, theo nghia co thé cd thé diéu khién tir xa viéc
xen, rét hoic ndi thong cac kénh bang phan mém?

c. Céc ciu triic cho OADM

Nguoi ta dd dua ra nhidu cu trdc dé ciu thanh OADM, trong d6 phan tir co
ban van la mot hodc nhiéu bo loc, b6 MUX/DEMUX ma ta dd xét ¢ phan I11. Cac
linh ki¢n trong hé théng WDM. Théng thuong, cdng nghé ché tao cac phan tir co ban
nay la cong nghé céach tir Bragg, cong nghé dién mdi mang mong hoac cong nghé
bng dan song.

Mot céch co ban, cd ba ciu tric cho OADM: cau trdc song song, Ciu tric ni
tiép va cau tric xen/rét theo bing song. So sanh céc dic tinh co ban caa ba ciu tric
nay duoc cho trén bang 1.3, trong d6 N 1atong sb kénh buéc song OADM ¢6 thé xir
ly vaD lash legng kénh bude song téi da co thé thuc hign xen/rét.

Cau tric song song

Trong cau tric song song, tat ca cac kénh tin hiéu déu duoc giai ghép kénh.
Sau d6, mot sb kénh tuly y duoc cau hinh rét, cac kénh con lai ciu hinh cho di xuyén
qua mdt céch thich hop, minh hoa nhu trén hinh 1.55(8). Nhu vay, s6 luong kénh
thue hién xen/rét, cu thé kénh ndo thuc hién xen/rét 1a khong cé dinh. OADM ché
tao theo cau trlc song song & khdng tao nhiéu rang budc khi thiét 1ap mot duong
quang giita c&c nit trong mang. Bdng thoi, do OADM xtt 1y dbi véi tat ca cac kénh
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budc song di vao, suy hao thém vao caatin hiéu khi qua OADM la ¢b dinh, khdng
phu thudc vao sd luong kénh xen/rét tai diém nat. Hon nixa viéc xen/rét thém céac
kénh khong lam gian doan cac kénh dang hoat dong.Tuy nhién, so véi diéu kién
thue té, cau trdc ndy s3 khdng mang tinh kinh té do sb luong kénh xen/rét tai moi
nat thuong khdng dang ké so véi sd leong kénh truyén trén soi quang.

Bdng 1.3 So sanh giiza cac cau triic cho OADM

Thuéc tinh Song song Nbi tiép Xen/rét theo bang
D N 1 <<N
Diéu kién rang budc lwa chon | Khéng Quyét dinh khi lap ké | C6 dinh mot tap hop
budc séng xen/rot hoach phan bb buwéc | bwdc song
séng
Thay déi lvu lwong Cao nhét Pap wng dwoc yéu | Twong déi cao
cau
Lap ké hoach phan b buéc | it tdn thei Twong déi Nhiéu rang budc can
séng gian giai quyét
Suy hao thém vao Cé dinh Thay déi Cé dinh twong rng
v6i sb bang séng
dwoc xen/rot
Chi phi (néu sé kénh xen/ré6t | Cao Thép Trung binh
it)
Chi phi (néu sé kénh xen/r&t | Thap Cao Trung binh
nhiéu)

Cau tric song song theo bang (theo mddun)

Pé tang tinh kinh té hon, ciu tric song song c6 thé thay d6i nho bang cach
thiét ké theo tirng médun nhu minh hoatrén hinh 1.55(b). O day, qua trinh MUX va
DEMUX tin hiéu duoc thuc hién theo hai ting. Tang thir nhat MUX tin hiéu tir soi
quang di vao ra thanh céc bang sdng riéng biét va tang thir hai MUX tin hiéu thudc
céc bang song ra thanh céc tin hiéu buéc song riéng ré. Nhu vay, ciu tric theo
modun giup tang hiéu qua sir dung bo MUX/DEMUX cao hon va cho radé suy hao
giita cac kénh budc song ddng nhat hon.

Cau tric noi tiep

Trong cau tric ndi tiép, mot kénh don duoc thuc hién rét va xen tir tap hop cac
kénh di v& OADM. Ta goi thiét bi ndy |1a OADM kénh don SC-OADM (single
OADM). SC-OADM la yéu té co ban cau thanh nén hé théng OADM hoan chinh
bang cach ghép ndi tiép nhidu SC-OADM lai véi nhau nhu minh hoa trén hinh
1.55(c). Trén thuc té, thiét bi kiéu nay cho tinh kinh té cao hon so véi ciu tric song
song nhung suy hao thém vao 16n do mic ndi tiép cac SC-OADM theo nhiéu chang.
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Viéc xen/rét cac kénh mai s3 1am gidn doan céc kénh khéc. Do d6 can co ké hoach
phan b budc sdng trudge dé han ché viéc gian doan ndy.

Hinh 1.55 Céc kién tric khac nhau cho OADM. (a) Dgng song song, tdt ci cac
buéc song duoc phan chia va ghép kénh tro lai; (b) phién ban médun cua
kién trdc song song; () dang néi tiép, cac budc song diroc tach va ghép
tai mgt thoi diém; (d) dang tach bang, mét bang cac budc song ciing
diroc tach va ghép. W biéu thj téng s6 céc burdc song.

Demux Mux

A
2
Jl
\.:

(a)
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Cau tric xen/rét theo bang song

Trong ciu tric ndy, mot nhom ¢ dinh kénh budc song dugc thuc hién
xen/rét tai mdi ndt mang OADM. Céc kénh duoc thiét 1ap thuc hién xen/rét 1a céc
kénh lién tiép nhau trong mot biang song, s& duoc loc bai Mot bd loc cd bang théng
ladai budc song. Sau d6, ching dugc dua Ién mirc ghép kénh cao hon va tur do giai
ghép kénh thanh cac kénh budc song riéng 1é nhu minh hoa trén hinh 1.55(d). Day 1a
Cau trdc trung hoa gitra hai ciu triic song song va cau tric ndi tiép matadamo ta &
trén. SO luong tbi da kénh budc song duoc xen/rét 1ty thudc vao bang théng cua
bo loc. SH lrgng thuc té cac kénh xen/rét 1a con tly thudc vao nha quan ly hé thong
trang bi bao nhiéu bo chuyén doi tin hiéu tai nit OADM. Tuy nhién, s luong cac
kénh xen/rét 12 bao nhiéu ciing khéng anh huong dén qué trinh tinh toan cac duong
quang khéc truyén trong mang va do suy hao cua tin hiéu khi di qua OADM. Trong
mot nhdm kénh, viéc xen/rét cac kénh bd xung s3 khong 1am anh huong toi cac
duong quang khéc trong mang bai vi suy hao ndi théng cho tat ca cac kénh khéng
nam trong nhdm xen/rét 1a ¢d dinh. Tuy nhién cau tric ndy 1am phuc tap ké hoach
hod budc song va dp dat mot sd han ché 1én viéc phan bb buéc song.

d. OADM c6 thé cdu hinh lgi dirgc

Thudc tinh c6 thé cu hinh lai 1a thudc tinh rat can thiét phai ¢ di vai tat ca
céc thiét bi truyén din WDM do né cho phép si linh dong mém déo trong viéc thiét
lap céc duong quang di trong mang. Céc ciu tric caa OADM mata xét ¢ trén déu
khong c6 kha nang ciu hinh lai dugc.

Trong hinh 1.56 1& mot sd céc ciu tric OADM ¢6 thé cau hinh lai. Trén hinh
1.56(a) 1a mot bién thé caa cau tric song song, n6 dung bd chuyén mach quang dé
thue hién xen/rét mot kénh tin hiéu nao d6 khi can thiét. Trén hinh 1.56(b) 1a mot
bién thé caa cau tric ndi tiép khi cac SC-OADM Iic ndy 1a céc thiét bi co thé diéu
chinh duoc buéc song hoat dong, hoic ciu hinh cho di qua tit ca cac budc song.
Tuy nhién, ca hai cu tric néu & trén mai chi giai quyét duoc van dé “ciu hinh lai”
mot phan vi van phai ding c&c bo chuyén doi tin hiéu ¢ dinh. Céc bo chuyén doi tin
hiéu mot céach tong quét duoc phan 1am hai loai: bo chuyén dbi tin hiéu ¢ dinh va
bo chuyén ddi tin hiéu diéu chinh dugc. Bo chuyén doi tin hiéu ¢ dinh thuc hién
nhan va phét véi mot buéc song ¢ dinh trong 1op kénh quang. Bo chuyén doi tin
hiéu diéu chinh duoc, ciu tao gom cdé mot bo phét laser c6 thé diéu chinh duoc va
mot diode thu quang c6 bing théng rong, co thé thuc hién nhan va phét véi nhiéu
budc song khéc nhau. Trong diéu kién cdng nghé hién tai, bo chuyén doi tin hiéu cb
dinh laphd bién nhat.

Khi ding bo chuyén doi tin hiéu ¢é dinh trong cdu hinh “dong” caa OADM
s& dan dén yéu té matacan phai can nhic. D6 latinh kinh té khi vi ta phai lap dat tat
ca cac bo chuyén doi tin hidu ddi voi tat ca budc song ma co thé khdng dung dén.
Chinh vi vay, dé giai quyét tron ven van dé “ciu hinh lai” d6i voi OADM, nguoi ta
giéi thiéu ciu tric nhue cho trén hinh 1.56(c) va (d). Cau tric OADM trén hinh
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1.56(c) la cau tric ndi tiép va cau tric OADM trén hinh 1.56(d) |a ciu tric song
song. Ca hai ciu tric ndy déu phai ding céc bo chuyén ddi budc sdng co thé diéu
chinh duoc dé thuce hién chuyén déi sang budc sdng chuan.

Hinh 1.56 Kién triic OADM cdu hinh lgi duwroc. (8) Mgt OADM diéu chinh diroc mét
phan ding kién triic song song véi cac bg chuyén mach xen/rét quang va
céc b chuyén doi tin hiéu burdc song cé dinh. T ki hiéu bg phét va R 14 bg
thu. (b) Mgt OADM diéu chinh dwrgc mét phan ding kién trdc néi tiép véi
céc b chuyén déi tin hiéu budc song cé dinh; (c) Mgt OADM diéu chinh
dwoc hoan toan dung kién trdc néi tiép véi cac bé chuyén doi tin hidu
diéu chinh duoc;

Demux Mux

<&
«

R|T| cac bé chuyén déi
...... TIRr| tin hieu
vt

EIE
e ElIE

R|T| cac bd chuyén déi
T|R] tin hiéu
vt

Cac bd chuyén
déi tin hiéu
didu khién dugc

e EIE
= EIE

e EIE
= EIE
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Hinh 1.56 Kién tric OADM cdu hinh lai duoc. (d) Mgt OADM diéu chinh duwoc
hoan toan dung kién trdc song song Véi cac bg chuyén dai tin hiéu diéu
chinh dworc.

Demux Chuyén mach quang Mux

I'n

Y

Cdc bo chuyén
déi tin hiéu
diéu khién dugc

e EIELR:
e EIEs
| 4| 7}
~EIEl

3.4 B¢ két néi chéo quang (OXC)
a. binh nghia

Déi véi cac md hinh mang don gian nhu mé hinh mang tuyén tinh hoic mé hinh
mang vong (Ring), OADM |a sy lya chon t6i wu xé vé khia canh kinh té, cdng nghé
ché tao va kha niang d4p ting yéu cau cia mang. Tuy nhién, trong tuong lai khi yéu
cau vé kha ning linh dong trong viéc cung ung dich vu, dong thoi céc dich vu da
phuong tién doi hoi phai dép tng duoc s ting bang théng dot bién thi cac md hinh
mang hién tai khéng dép ting duoc. Khi d6, can phai trién khai mang mat ludi (mesh),
vé6i phan tir trung tam la cac bo két ndi chéo quang OX C (Optical Cross Connect).

Hinh 1.57 Mét mang ding OXC. OXC nam giira thiét bi nguoi s dung cua 16p
guang va cac OLT lgp quang.

i OLT

OXC

= =
AN

SONET
IP SDH ATM
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Mic di OXC thuc hién két ndi chéo dbi véi céc tin hiéu diu vao la tin hiéu
quang, phan 16i cia OXC c6 thé 1a dién hoic 1a toan quang tly thudc vao cau hinh
do nha san xuit qui dinh. M6 hinh cuia mot OXC duoc cho nhu trén hinh 1.57. Nhu
trén hinh 1.57, tin hiéu quang ¢ day phai duoc hiéu la tit ca cac dinh dang tin hiéu
khéc nhau, c6 thé 1a cac dinh dang tin hiéu thudc 16p khéch hang chir khdng thuan
tuy & cac tin hiéu budc song chuan caa WDM duoc I TU-T qui dinh.

b. Yéu cau déi véi OXC
Mot OXC thuong phai dép wng duoc c&c yéu ciu co ban nhu sau:

Cung cip dich vu: OXC phai hd trg kha ning cung cip céc duong quang trong
mang mot cach tu dong ma khéng can sy can thiép caa nha quan |y hé thong,
chang han nhu kha ning d&p tng thém kénh buéc song néu nhu cau bing théng
tang lén...

Bao vé: bao vé duong quang d6i véi cac s ¢d dut cép hoic s ¢b nit mang 1a
mot trong nhirng yéu cu quan trong dbi voi cac b OXC.

Trong suét dbi vai toc do truyén dan bit: 1a kha niang chuyén mach céc tin hiéu
c6 toc do bit vadinh dang khung truyén khéc nhau.

Gidm sét chit luong truyén din: cho phép kha nang trich tin hiéu di dén qua mot
cong khéc dé thuc hién chic ning do dac, x&c dinh va gidm sét chat luong
truyén dan.

Chuyén d6i buéc sdng: budc song & dau vao i, chuyén mach dé dén dau raj cd
thé ciing dugc chuyén doi thanh budc sdng khéc.

Ghép va nhom tin hiéu (Multiplexing and Grooming): cho phép hoat dong vai
céc tin hiéu khéch hang ¢ tdc do bit khéng tuong (ng véi toc do bit cuatin hiéu
truyén trong 16p kénh quang.

c. Céc ciu hinh cho OXC

Mot bd OXC cd thé phan 1am hai phan: phan I8i chuyén mach va phan cong
giao dién. Phan 16i thuc hién céc chirc nang két ndi chéo quang trong khi phan cong
giao dién thyuc hién giao tiép vai tin hiéu khach hang. Cha v rang thdng thuong thi
cong giao dién la cac card chira c&c bo chuyén ddi quang-dién-quang, hoic bo
chuyén d6i quang-dién, tuy nhién dbi véi ciu hinh phan 18i chuyén mach |a toan
quang thi phan 18i duoc ndi truc tiép véi cac bd MUX/DEMUX cua céc OLT hoac
OADM ma khodng can qua bd chuyén dbi quang-dién-quang & phan giao dién. Céc
cau hinh cho OXC duoc cho nhu trén hinh 1.58. Céc ciu hinh trén phan biét nhau &
diém ban chat chuyén mach quang hay dién, c6 sir dung cac bo chuyén dbi quang-
dién-quang hay khong va cach két ndi véi céc thiét bi xung quanh. So sanh giira cac
cau hinh dugc cho nhu trong bang 1.4.

PDF created with pdfFactory Pro trial version www.pdffactory.com




Chuong 1: Hé théng théng tin quang WDM

89

Hinh 1.58 Céc kiéu trién khai OXC khéc nhau. (a) L&i chuyén mach dién. (b) Loi
chuyén mgach quang bao quanh béi bg chuyén d@si O/E/O. (c) L&i chuyén
mgach quang ndi truec tiép dén cac bg chuyén dai tin hiéu trong thiét bi
WDM:; (d) L&i chuyén mach quang néi triec tiép dén bé ghép kénh/phan
kénh bén trong OLT. Chi mgt OLT duwroc vé ¢ moi phia trén hinh, mgc du
thdt sy mgt OXC ¢ thé keét noi dén nhiéu OLT.

OLT OXC OLT
4 )
O/E/O O/E E/O O/E/O
O/E/O O/E Loi E/O O/E/O
O/E/O O/E | diégn | E/O O/E/O
O/E/O O/E E/O O/E/O
\§ J
(@)
4 )
O/E/O O/E/O O/E/O O/E/O
O/E/O O/EIO]| Lei |O/EIO O/E/O
O/E/O O/E/O |quang| O/EI/O O/EIO
O/E/O O/E/O O/E/O O/E/O
\§ J
(b)
4 )
O/E/O O/E/O
O/E/O Loi O/E/O
O/E/O quang O/E/O
O/E/O O/E/O
\§ J
(c)
4 )
Loi
quang
\§ J
(d)
Bdng 1.4 So sanh giiza cac cau hinh ciia OXC
Thuéc tinh C4au hinh | Cau hinh C4u hinh C4u hinh
158(a) | 1.58 (b) 1.58 () 1.58 (d)
Nhém ludng tin hiéu tbc d6 | Co Khéng Khéng Khéng
thap
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Thuéc tinh C4au hinh | Cau hinh C4u hinh C4u hinh
158(a) | 1.58 (b) 1.58 () 1.58 (d)
Dung lwong chuyén mach Thép Cao Cao Cao nhét
Chuyén déi bwédc séng Céb Céb Céb Khéng
Giam sat chéat lwong truyén | BER BER Coéng suét Coéng suét
dan guang guang
Giao dién tai cac OLT SR/VSR SR/VSR IR Phu thuc}c vao
yéu to khac
Chi phi san xuat mét cdng Trung binh | Cao Trung binh Thép
Tiéu thu nang lvong Cao Cao Trung binh Thép
Chiém khéng gian Cao Cao Trung binh Thép

L&i chuyén mach dién

Lai chuyén mach dién thuc hién chuyén mach céc tin hiéu dién. N6 c6 thé
thie hién nhém céc ludng luu leong c6 toe do bit nho lai thanh ludng leu luong cd
téc do bit latdc do bit truyén trén kénh budc sdng thudc 16p kénh quang. L&i chuyén
mach dién thuong duoc thiét ké vai tdng luu lwong ma nd co thé xir ly. Chiang han
nhu téng luu lwong c6 thé xir ly cia mot 16i chuyén mach dién 14 1.28 Tbps, khi d6,
no cd thé thuc hién chuyén mach tsi 512 luong STM-16 hodc 128 ludng STM-64.
Do linh kién hoat dong vaéi tin hiéu dién phu thudc vao toc do bit nén vé lau dai, khi
téc do bit cao thi cac OXC duing 16i chuyén mach dién s3 dat hon do céc linh kién
dién tir hoat dong vai toc do cang cao cang kho ché tao. Tuy nhién, do hoat dong
dira trén céc tin hiéu dién, 16i chuyén mach dién cho kha ning gidm sét chit luong
tin hiéu tét théng qua chi sd BER, kich hoat chuyén mach bao vé khi chét luong
truyén dan khong dam bao. Cau hinh OXC duing 16i chuyén mach dién duoc cho trén
hinh 1.58(a).

L&i chuyén mgch quang

Khéc voi 16i chuyén mach dién, 18i chuyén mach quang thuc hién chic ning
két ndi chéo céc tin hidu quang. Do dé, 18i chuyén mach quang trong subt véi téc do
bit truyén dan, cung cap kha nang mé rong cho nhu cau tang téc do truyén dan trong
twong lai. Tuy nhién, ngoai trir ciu hinh trén hinh 1.58(b) thi kha niang giam sét chat
lwong truyén dan cua OXC khi dung 16i chuyén mach quang khéng tét bing 16i
chuyén mach dién do chi cé kha ning giam sét théng qua cong suat quang do duoc &
dau vao. Céc ciu hinh OXC trén hinh 1.58(b), (), (d) déu dung I8i chuyén mach
quang. Ca ba ciu hinh khéc nhau ¢ chd no két ndi véi cac thiét bi quanh no (thuong
|& OLT hoic OADM). Cau hinh OXC nhu trén hinh 1.58(b) két ndi véi cac OLT
théng qua bd chuyén doi tin hiéu quang-dién-quang véi giao dién phia kénh quang
cho phép khoang céch giira OXC va OLT la ngin hoic cuc ngan. Cau hinh OXC
nhu trén hinh 1.58(c) thi khdng dung cac bd chuyén dbi tin hiéu quang-dién-quang
ma tan dung bo chuyén d6i ndy ¢ cac OLT. Ciu hinh OXC nhu trén hinh 1.58(d)
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khdng dung bat cir bo chuyén ddi tin hiéu ndo trong két ndi gitta OXC vacéc OLT.
Cau hinh ndy mang tinh kinh té nhat nhung trong diéu kién hién tai 1a khdng thuc té
vi nha cung cap dich vu truyén dan cé thé mua thiét bi cua cac nha san xuat khéac
nhau, dé din dén van dé khéng tuong thich buéc sdng hoat dong.

d. C4u hinh toan quang ciia OXC

Hinh 1.59 M4t nit mgng toan quang thuc s két hop bé két néi chéo 18i quang va
bg két noi chéo 18i dién. Tin hiéu duwoc chuyén mach dang quang nhung
duwoc chuyén xuong dang dién khi ching can nhém lai, tai teo hodgc
chuyén doi tir mét buréc song ndy dén mét buréc song khéc.

Il|_2'|3'|4< e > > 1P P A
[ :\
~| Chuyea >
“| math >
“| quang s
f , o\
OLT - OLT
/( A A )
Chuyeé math booa - Xen_{RéﬁJ
song hay baég song Yl Yl nodboa
o) 0
E E
_—1 Chuyea
Nhotn toé fo&hag, math Riea

Biea fiodbdoa song,
Tailtao tin hieéa

E E
) )

Tosea khath hamg

Trong phin ndy ta 3 xét chi tiét cac ciu hinh toan quang cua OXC do c6 tinh
kinh té cao so vai tat ca cac ciu hinh khéc. B4i véi ciu hinh toan quang OXC mata
da xét trong hinh 1.58(d), ta thiy n6 cd céc yéu diém la khdng c6 kha niang nhém
tin hiéu tbc do thap, khdng co kha nang chuyén ddi budc song va khdng cé kha ning
téi tao tin hiéu do hoat dong hoan toan doc lap vai 16p dién. Bé khic phuc céc van
dé trén, tathém vao ciu hinh OXC I8i chuyén mach dién. L&i chuyén mach dién nay
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thue hién chirc nang hoan toan gidng nhu trong cau hinh OXC trén hinh 1.58(a) ma
ta d& xét. Nhu vay, vira dam bao tinh kinh té khi phan Ién céc tin hiéu budc sdng
duogc 18i chuyén mach quang thuc hién chuyén mach, vira dam bao giai quyét céc
nhuoc diém cua ciu hinh toan quang xét & trén vai mot phan nho kénh budc song
yéu cau thuc hién céc téc vu thém (chuyén doi budc sdng chang han).

Nhu ta da biét, ché tao mot phan 18i chuyén mach quang dung lugng 16n hién
nay thuc hién con nhiéu kho khan. Nén cau hinh toan quang OXC nhu trén hinh
1.59 tuy don gian vé mat md hinh nhung lai rat phac tap trong cong nghé ché tao
duoc 18i chuyén mach quang. Gia sir trén thuc té OXC duoc néi voi 8 OLT, mdi
OLT truyén trén soi quang 32 kénh buéc song. Nhu vay, véi md hinh dwa ra can
phai ché tao duoc I18i chuyén mach quang dung luong 256 x 256 méi dép tng du yéu
cau phuc vu mang. Trong diéu kién cdng nghé hién tai diéu nay 1a hét sic khé khan.
Dé khic phuc diéu ndy, nguoi taduarakhéd niém mat phing buéc song.

Hinh 1.60 Mgt OXC mt phang budc song 18i quang, bao gom mgt mat phang cac

bg chuyén mach quang, méi bg cho mgt bugc song. Véi F soi quang va W
budc song trén moi spi quang, néu muén linh hogt tach va ghép budc

song bat ky, mdi bg chuyén mach can c6 kich thugc 2Fx2F.
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M3t phing budc sdng gom céc phan tir co ban 1a cac bo chuyén mach voi
dung luong trung binh, méi bo chuyén mach chi chiu tréch nhiém chuyén mach mot
buoc song. Nguyén ly hoat dong cua mat phang budc song duoc cho nhu trén hinh
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1.60. Mt phang budc song duoc cau tao sao cho céc tin hiéu WDM trén soi quang
duoc di qua chang 1 la cac b DEMUX, tach thanh cac budc song riéng biét nhaw.
Sau d6, cac kénh tin hiéu ciing budc song dugc dua dén céc cong dau vao cia mot
bo chuyén mach ndo d6. Bo chuyén mach ndy chuyén mach tin hiéu tir cong nay dén
cong kia makhéng quan tdm dén viéc chuyén ddi budc song. Chirc nang chuyén doi
budc song khong thusc mit phang pha. Tiép theo, dau ra caa mot bd chuyén mach
duoc duadén cac bo MUX dé ghép tin hiéu vao soi quang truyén di.

Hinh 1.61 Gidi quyét van dé két cusi xen/rét trong phuong phép mat phang budc
song. Can c6 thém mgt bg chuyén mach quang giza cac bé chuyén doi tin
hiéu diéu chinh duwoc va cac bg chuyén mach mat phang buréc song. O
day, T la bg phét diéu chinh duroc trén mgt phia cia meng WDM va R |a
bo thu.
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Tolea khath hamg

Nhu vay, néu ciing trong cing mot diéu kién OXC duoc ndi véi 8 OLT, mdi
OLT truyén trén soi quang 32 kénh buéc song thi ta phai ding 32 phan ti: chuyén
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mach dung lwgng 8 x 8; 8 bd MUX va 8 bo DEMUX. R0 rang da giam dung luong
cuabd chuyén mach di nhiéu lan, phi hop véi kha nang ché tao trong diéu kién hién
tai hon. Tong quét néu st dung F OLT (tuwong ung véi F soi quang) véi W buée
song trén mdi soi quang thi can c6 W (2Fx2F) b chuyén mach mot budc song.

Nhu vay, phuong phdp mit phang buéc song cung cip giai phdp kinh té hon
so Véi viéc sir dung céc bd chuyén mach quang khdng nghén kich thugc 16n. Tuy
nhién, trong phan thao luan & trén, ching ta khdng xem xét cach téi wu hoa sb lrong
céc két cudi xen/rét (1a cac bo chuyén dbi tin hiéu hodc giao dién O/E trén céc 16i
chuyén mach dién). Ca hai hinh 1.59 va 1.60 déu gia st rang c6 du s6 cong dé két
cubi tat ca WF tin hiéu. Diéu nay hau nhu khdng c6, trén thuc té chi c6 mot phan luu
lwong can dugc téch va céc bo két cudi rat ton kém. Hon nita, néu ching ta thuc sy
can WF két cudi trén mdi chuyén mach dién, cau hinh tét nhat 1a ding cau hinh 18i
dién & hinh 1.48 (a) khdng co cac bd chuyén mach mat phiang buéc song.

Néu c6 tong cong T két cudi, tit ca déu oo bo phét laser diéu chinh duoc va
chiing ta muén tach bat ky tin hiéu ndo trong WF tin hiéu, thi can mot bd chuyén
mach quang TXWF gitra c&c bd chuyén mach mit phiang budc song va cac bo két
cubi, nhu trén hinh 1.61. Nguoc lai, véi bd chuyén mach khéng nghén Ién, ching ta
co thé két ndi don gian T két cudi véi T cdng caa chuyén mach ndy, két qua la co
mot bd chuyén mach (WF+T) x (WF+T). Do d6 trong vai trudng hop phuong phép
mit phang budc song khdng dugc eng dung.

Tom lai, pheong phép mit phang buéc song can tinh dén sb lwong soi, phan
leu luong xen/rdt, sb luong két cudi va kha ning diéu chinh caa ching nhu & cac
tham sb riéng biét trong thiét ké. Vi bo chuyén mach kich thuéc 16n, ching ta co
thé phan chia cac cong mot cach linh hoat dé tinh sy thay doi ciatat ca céc théng sb
nay. Hién nay ca OXC I8i dién valdi quang déu duoc thuong mai hod OXC 18i dién
v6i tong dung lwong 1én dén vai Th/s, kha niang nhom dén céc luong STS-1
(51Mb/s), d& dugc san xuat. OXC 16i quang vai trén 1000 cong va OXC mat phing
budc song ciing sip duoc tung rathi treong.

4. Bao vé mang WDM

Cung cap sir phuc hdi chdng lai sr hu hong la mat y&u cau quan trong cho cac
mang téc do cao. Nhitng mang ndy ngdy cang mang nhiéu dir liéu. Do d6 mot gian
doan thdng tin cting lam anh hudong téi hang triéu nguoi Sir dung va gay thiét hai
nghiém trong vé mat kinh té. Céc nha cung cip bang thong va dich vu phai bao dam
do thoéng (availability) caa cac két ndi 1499.999% va thoi gian gian doan nho hon 3
phlt /nam. Bién phép thuc té nhit dé dat duoc d6 théng ndy 1a 1am mang c6 kha
nang sdng sot (survivable) tirc 1a van tiép tuc cung cap dich vu ngay ca trong truong
hop hu hong. Chuyén mach bao vé l1a ky thuat chinh dé bao dam tinh sbng con nay.
K thuat chuyén mach bao vé bao gdm viéc bao dam mot vai dung lwong du thira
trong mang va ty dong dinh tuyén luu luong theo dung luong du thira trénh khoi chd
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hu hong. Trong phan ndy chiing ta s3 tap trung xem xét cac cau hinh chuyén mach
bao vé cho I6p quang bao dam do an toan cho céc 16p khéch hang ma nd phuc vu.

4.1 Cac lgp trong lép quang

Hinh 1.62 M6 hinh mgng quang véi nhieng lép con co ban.
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Lép quang |a mat thuc thé phirc tap thuc hién céc chirc nang nhu ghép kénh
theo budc song, chuyén mach va dinh tuyén budc song, gidm sét chat luong mang tai
cac mirc khéc nhau trong mang. Bé gitip mé ta nhitng chirc nang quan Iy mang, ciing
nhu x&c dinh ranh gi¢i phtt hop gitta c&c loai thiét bi khac nhau, can thiét phai tiép tuc
chia 16p quang thanh nhiéu 16p con. ITU da dinh nghia ba I6p con trong 16p quang
nhu minh hoa trén hinh 1.62. Trén cung la lép kénh quang OCh (optical layer). Lop
nay thuc hién chirc nang dinh tuyén chinh tir dau cudi dén dau cudi cho céac duong
quang. Ching ta da sir dung thuat ngir duong quang dé biéu thi mot két ndi quang.
Chinh x&c hon, mot duong quang la mot duong kénh quang gitra hai nit mang toan bo
mot buéc sdng caa luu lugng. Mot duong quang di qua nhiéu lién két trong mang, &
d6 né dugc ghép vai nhidu budc song khac mang nhirng dudng quang khéc. N6 ciing
06 thé duoc téi tao doc trén duong truyén. Chl y riang ching khéng bao gdm bt ky
chirc nang ghép kénh phan kénh dién theo thoi gian nao trong 16p quang. Bay la chirc
nang |6p cao hon (vi du SONET/SDH). Vi vay mot két néi 10GB/s gitta hai diém ma
khdng co ghép kénh/tach kénh dugc xem la mot duong quang.

MJi tuyén gitra c&c OLT hay OADM thé hién mgt dogn ghép kénh quang
OMS (Optical Multiplex Section) mang nhiéu budc song. Méi OMS lai bao gom mot
vai doan tuyén (link segment), mdi doan 1a mot phan caa mot tuyén gitra hai ting
khuéch dai quang. Mdi phan ndy 1a mgt dogn truyén din quang OTS (optical
transmission section). OTS bao gom c&c OMS cuing véi mot kénh gidm sit quang
(OSC) b xung.
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Mdi |6p kénh quang duroc tiép tuc chia thanh nhizng 16p nhé hon. ITU G.709
mo ta nhirng 16p ndy. Bé thao luan don gian, ching ta st st dung mot sd thuat ngir
hoi khéc voi dinh nghia cia ITU. Pogn kénh quang trong sust OCh-TS (Optical
Channel-Transparent) thé hién mot doan (section) caa dudng quang bén trong mang
con toan quang (all-optical subnetwork). Bén trong doan nay, duong quang dugc
truyén di khoéng cé bat ky mot sy bién d6i vao mién dién ndo. Tai ranh gidi cua
OCh-TS, mdt duwong quang duoc té tao.Trén OCh-TS la doan kénh quang OCh-S
(Optical Channel Section). Lép ndy thém vao phan mao dau véi chirc nang kiém tra
15i (FEC) vao duong quang, do 1a diéu kién dé truyén tin hiéu trong tat ca céc 16p
mang quang phia dudi. Cudi cung, duwong kénh quang OCh-P (Optical Channel
Path) thé hién truyén tai tir dau cudi dén dau cudi caa mot duong quang qua nhiéu
tram té tao trong duong truyén.

Theo nguyén tic, mot khi giao dién giita cac 16p mang khéc nhau duoc xac
dinh rd, cac nha cung cap thiét bi s3 cd thé cung cap céc thiét bi chuan hoé tir bo
khuéch dai quang dén céc tuyén WDM dén toan bd mang WDM. Quan trong khdng
kém 12 viéc phan [op nay phan bd nhitng chicc ning quan ly can thiét. Vi du viéc
téch va xen budc song la chirc nang dugc thuc hién ¢ 16p kénh quang. Viéc giam sat
cdng suit quang trong mdi budc sdng ciing phu thudc vao 16p ndy, nhung viéc giam
sét cdng sut tong lai phu thudc vao 16p OTS, hay 16p OMS, phu thudc vao kénh
giam s& quang duoc duavao hay khong.

4.2 Tai sao phdi bdo vé lép quang

Lép quang cung cap nhitng duong quang (lightpath) cho 16p khéach hang nhu
|a c&c 16p SONET, IP hoic ATM (céc 16p st dung nhitng dich vu cung cap bai 16p
guang goi lalop khéch hang caa l6p quang). Céc |6p khach hang nay hoat dong doc
lap véi nhau, c6 co ché bao vé riéng caa minh va khéng dua vao co ché bao vé duoc
cung cap boi 16p khéc. Tuy nhién trén thuc té van can phai bao vé 16p quang do
nhirng ly do sau:

Mang SONET/SDH c6 két hop céc chirc ning bao vé mé rong nhung cac mang
IP, ATM va ESCON thi khdng, do dé, céc 16p khéach hang ndy mong muén 16p
mang quang phai co cac phuong thirc bao vé dé mang caa ho bao dam duoc do
thdng nhu cac mang SONET/SDH

Co thé thuc hién céc bién phédp bao vé trén céc 16p khéch hang nhung thuc hién
bao vé trén 16p quang s& hiéu qua vé mit kinh té hon.

Lép quang co thé xir Iy mot sb s ¢ hiéu qua hon so véi 16p khéch hang. Mot
mang WDM tai luu lwong trén mot vai budc song trén mot soi quang. Khdng co
bao vé tai 16p quang, dit mot soi quang s& 1am cho céc 16p khéach hang phuc hoi
leu lrong caia minh mat cach doc 1ap. Thém vao d6, hé thdng quan ly mang s
bi tran ngap bai mot lwong 16n canh béo cho s ¢6 ndy. Thay vao do, néu 16p
quang phuc hdi sy ¢d ndy mot sb thuc thé phai dinh tuyén lai it hon vado d6 qué
trinh xtr ly nhanh hon va don gian hon.
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Bao vé tai 16p quang cung cip thém kha ning phuc héi trong mang, vi du, chong
lai nhiéu s ¢ ddng thoi.

Cubi cung, bao vé trong SONET duoc dia trén vong (UPSR/BLSR). Phuong
phép dira trén vong doi hoi dung lwong du trit cho bao vé bang véi dung luong
dang hoat dong. Trong I6p quang, nhiéu phuong phép bao vé khéc dya trén ciu
hinh lugi dang dugc phét trién. Diéu nay hira hen ding it dung leong hon cho
viéc bao Vé.

Tuy nhién bao vé tai [6p quang ciing ¢ nhitng gidi han caa no:

Khong phai tat ca cac sy ¢b déu co thé xu y tai 16p quang. Néu bo phét laser
gan trong mot thiét bi dau cudi cua khéch hang hu, 16p quang khong thé xir 1y
duoc gi. Do dé thiét bj khach hang hu hong can dugc xtr 1y & 16p khach hang.

Lép quang c6 thé khdng co kha niang phét hién cac diéu kién tuong tng dé kich
hoat chuyén mach bao vé. Vi du, mang trong sudt chi cé thé gidm sat duoc cd
cdng suat hay mat cong suat (va trong vai truong hop laty sb tin hidu-trén-tap
am quang). Lép quang con co thé do duoc s suy giam cdng suat nhung nd
khong thé biét duoc mirc cong suat nao 1a phi hop vi c&c mirc ndy phu thudc
v loai tin hiéu dugc truyén di. Do d6 nd chi co thé kich hoat chuyén mach bao
vé khi phét hién mat ngudn quang. Ti sd 13i bit hién thi chat lwegng tin hiéu chinh
xéc hon, tuy nhién mang trong suét khdng thé do duoc ti sb 15i.

Lop quang bao vé luu lugng theo mot don vi la cac duong quang va né khong
thé bao vé mot phan luu luong trong mot duong ma khdng bao vé phan khéac.
Do d6 chirc ning ndy can duoc thie hién ¢ 16p khéch hang.

Tuyén bao vé trong 16p quang cd thé dai hon tuyén chinh va chon lyatuyén thay

thé c6 thé bi gidi han boi quy cong suit caatuyén.

Can phai quan tam dén viéc lién két hoat dong cua cac phuong thic bao vé giira

cac 16p khac nhaw.
4.3 Céac ciu hinh bdo vé 1ép quang

V& nguyén |y hau hét cac cau hinh bao vé 16p quang déu twong tu nhu cac ciu

hinh tuong duong trong SONET va SDH. Tuy nhién, hién thuc ching lai khéc nhau
do mét vai ly do: giathiét bi cho cac két néi WDM tiang theo sb bude sdng duoc ghép
hay duoc két cudi, gii han vé qgiiy cong suat va co thé phai thuc hién bién doi budc
song. Bang 1.5 va 1.6 dudi day tom tat cac ciu hinh bao vé cho 16p quang.

Bdng 1.5 Tom tat cac cau hinh bdo vé quang hoat déng trén 16p doan ghép kénh
guang. CO ca hai logi vong bado vé danh riéng va chia sé.

1+1 1:1 OMS-DPRing OMS-SPRing
Dang tépo Danh riéng Chia sé Danh riéng Chia sé
Diém-biém Diém-biém vong vong
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Bdng 1.6: Tom tat cac cau hinh bao vé hoat déng trong |6p kénh quang

1+1 OCh-SPRing OCh-Mesh
Dang tépo Danh riéng Chia sé Chia sé
Luwdi Vong Luwdi

a. Baoveé 1+1 OMS

Hinh 1.63 So sanh céc ciu hinh bdo vé: (a) 1+1 OMSva (b) 1+1 Och

MUX DEMUX
Lam viea

Bo&hia Chuyea
quang mach

Bab vea
Bo&ath song Bo&acgh song

CY

Boahia p—" | L [ ——] Chuyea
—"l I—" quang Lam viea math —"l I_’—

l:l Bo&hia Chuyeéa l:l
quang macth

l:l Bo&hia Chuyeéa l:l
quang macth

l:l Bo&hia Bad vei Chuyea l:l
quang [~—__ | |  __— math

Bo&ath song Bo&ach song
(b)

Pay 6 thé 1a phuong phép bao vé & 16p quang don gian nhat va duoc trinh bay
& hinh 1.63(a). Tin hiéu tbng WDM duoc bic ciu qua hai dudng riéng biét, sir dung bo
chia quang. Tai dau cudi thu, mot bo chuyén mach quang duoc ding dé lra chon tin
hiéu tét hon gitta hai tin hiéu dén, chu yéu dya trén viéc do cd hay mat tin hiéu. Viéc
chiatin hiéu 1am tang suy hao thém 3dB va bo chuyén mach ciing bo sung thém mot it
suy hao (< 1dB). Mét cach khéc 1a sir dung bo khuéch dai quang trén mdi soi quang va
bo két hop thu dong dé két hop hai hudng tai b thu. Tai mot thoi diém, mot bo khuéch
dai duoc kich hoat va mot bo tit di. Cach ndy c6 thuan loi la trénh duoc s ¢b & mot
diém (bo switch) trong hé théng, nhung thuc hién 6 thé dt tién hon.

b. Bdové 1:1 OMS
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Hinh 1.64 Bdo vé OMS-DPRing. (a) Hoat déng binh thirong. Mét cap khuéch dai
duoc tat di va cac cac cap khac diroc mg, tao thanh mgt bus. (b) Sau khi
hu hong, hai bg khuéch dai hién dang tat duwroc bt 1én va hai b khuéch
dai bén canh ché hur hong duroc tdt di tao thanh tuyén thay thé va phuc

hoi lueu luong.
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So d6 bao vé nay giéng nhu so 46 SONET/SDH 1:1 vaciing ¢6 loi ich twong
ty hd tro luu lwong c6 d6 wu tién thip va cd kha ning chia s¢ mot tuyén bao vé cho
N tuyén lam viéc. So sanh véi so d6 1+1 caahinh 1.58(a), so d6 ndy thuong sir dung
mot bd chuyén mach tai méy phét thay cho bo chia, két qua la téng suy hao duong
truyén nho hon. Twong tu nhu trong SONET, giao thac APS can duoc cung cip dé
hai dau cudi caatuyén phdi hop hoat dong.

c. Vong bdo v¢ danh rieng OMS (OM S-DPRing)

Vong bao vé danh rieng (OMS-DPRing) ¢ l6p quang tuong tu nhu
SONET/SDH UPSR, ngoai trir mot diéu la né hoat dong trén I6p OMS trong khi
UPSR hoat dong ¢ 16p dudong dan SONET/SDH. Phuong phép ndy ¢ thé xem nhu
|& phuong phép chuyén mach trén vong quang don huéng ULSR (Unidirectional
Line-Switched Ring).

Mot so d6 hién thuc caa OM-DPRing dugc biéu dién trén hinh 1.64. Céc tin
hiéu dugc ghép vao vong va téch ra bang céc coupler thu dong. M&i ndt mang
truyén tin hiéu trén ca hai hudng caavong. Luu ¥ céc nit khéc nhau phai truyén trén
céc buéc sdng khac nhau dé trénh xung dot. O diéu kién binh thuong vong hoat
dong nhu mot bus, voi mot cap khuéch dai bi tit di trong ca vong, con cac bo
khuéch dai khéc thi 1am viéc. Khi mot tuyén hong, cac bo khuéch dai canh tuyén
hong duoc tit di vabo khuéch dai 1ac trude khdng hoat dong gior duoc kich hoat dé
khdi phuc luu luong. Vi du, trong hinh 1.64(a), cap khuéch dai bén phai nit A tét di
trong diéu kién hoat dong binh thuong. Trong hinh 1.64(b) khi tuyén CD hong, cip
khuéch dai ¢ C, ké tuyén bi hu, duoc tat di va cip khuéch dai khong duoc kich hoat
lGc dau tai A gid duoc kich hoat tao mot bus méi dé phuc hdi luu leong.

d. Vong bdgo vé chiasé¢ OMS (OMS-SPRing)

Vong bao vé chia s¢ OMS-SPRing (Shared Protection Ring) tuong tu nhu
SONET/SDH BLSR/4 nhung c6 mot sb thay d6i. Mot cau hinh caa vong bdn soi
quang duoc trinh bay trén hinh 1.65. Hai soi quang duoc két néi vai thiét bj WDM
va hai soi con lai ndi quanh vong ring duoc ding cho muc dich bao vé va khong
phai gan vao thiét bi WDM. Khi soi quang bi dut, tin hiéu duoc chuyén mach doan
hodc chuyén mach vong Ién nhitng soi quang bao vé, nhu hinh 1.61. Trong ca hai
truong hop, khong co thiét bi WDM trén soi quang bao vé khdng nhitng tiét kiem
duogc giathanh ma con bao dam suy hao it hon trén duong quanh vong danh cho luu
lwong bao vé. Bo khuéch dai quang co thé duoc ding néu can, phu thudc vao do suy
hao cuatuyén.

Co thé thic hién OMS-SPRing hai soi quang bang cach danh riéng mot nira
céc budc song trén mdi soi quang cho bao vé. Néu dam bao rang buéc song bao vé
trén mot soi quang tuong ng véi budc song lam viéc trén soi quang khéc, tin hiéu
6 thé dugc dinh tuyén lai ma khéng can chuyén d6i bugc song. Tuy nhién, so db
nay can hai nhdm budc sdng duoc giai ghép va ghép tai mdi nit, do d6 chinh xéac
day khéng phai la hoat dong ¢ 16p OMS.
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Hinh 1.65 OMS-SPRing khi hoat déng binh thurong. Chi ¢6 cac spi quang lam viéc
diroC Noi Véi bg ghép xen/rét. Céc spi quang bao vé diroc néi quanh vong.

Cdc sgi
lam viéc

Chuyén mach

Hinh 1.66 OMS-SPRing sau khi hu héng. (&) Chuyén mach dogn. (b) Chuyén mach
vong

Cac soi
bao vé

Cac soi
bao vé

mach

(@) (b)

e. Bdo vé bé chuyén tiép 1:N (1:N Transponder Protection)

Céc so d6 bao vé ¢ 16p OMS ma ching ta da thao luan ¢ trén xir ly su ¢b
tuyén va s ¢b tai ndt mang nhung khdng xt 1y su ¢6 tai thiét bi dau cudi, dic biét
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céc bo chuyén tiép (transponder). Céc bd chuyén tiép co thé duoc bao vé bang ciu
hinh L:N, s dung mdt bo chuyén tiép du phong cho tat ca N bo chuyén tiép 1am
viéc. Mot trong nhitng van dé& can phai khac phuc 1a cac bo chuyén tiép hién nay
hoat dong ¢ céc budc sdng cb dinh vavi thé bo chuyén tiép du phong s3 hoat dong &
céc budc song khéc voi céc bude song cia bd chuyén tiép 1am viéc. Khi tin hiéu
duoc chuyén mach qua bd chuyén tiép du phong, chdng ta can thiét 1ap mot duong
quang méi trém mot budc sdng mai théng qua mang. Mot cach khéc 1a c6 thé ding
mot bo phét laser hiéu chinh duoc trong b chuyén tiép du phong.

f. Bao vé kénh quang danh riéng 1+1 (1+1 OCh Dedicated Protection)

Trong phuong thirc bao vé 1+1 OCh, hai duong quang trén hai tuyén khéc
nhau duoc thiét 1ap cho mot két ndi. Nhu minh hoa trén hinh 1.63(b), tin hiéu khach
hang duoc chia tai du vao va dau thu chon lra tin hiéu tét hon gira hai duong
quang ndy. Giéng nhu SONET va SDH, phuong phép ndy khdng can béo hiéu.
Phuong phédp ndy phu hop véi cau hinh diém-diém, vong va mat luéi. O ciu hinh
vong, so do ndy cdn goi & vong bao vé danh riéng cho kénh quang (OCh Dedicated
Protection Ring) hoic vong chuyén mach don huéng quang (Optical UPSR). Gidng
nhue SONET/SDH UPSR, cach nay khong hiéu qua trong sir dung bang théng vi
bang théng cho bao vé khdng chia s¢ duoc cho nhiéu két ndi cua khéch hang. Tuy
nhién, day 1a mot trong nhitng céch don gian nhat va vi thé duoc thuc hién 6 mot sb
thiét bi ciia vai nha san xuat trong cac bd ghép xen rot vabo két ndi chéo.

Hinh 1.67 Mgt dang khéc cia phurong phap bdo vé 1+1 OCh. Tin hiéu tir thiét by
khach hang duroc chia ra va dwa dén hai bé chuyén tiép dé truyén trén hai
duwong khac nhau va tgi phia thu bé chuyén mach quang tai ddu ra sé
chon tin hiéu ndo tét hon.

MUX DEMUX
_,| Bochia L Chuyén -
quang Lam viéc mach
B6 chia Chuyén
—> —>—
quang mach

B6 chia Chuyén
— f—pp—
quang \ / mach

_,| Bochia / Bao vé \ Chuyén |,
auang [— =] | [ [ maen

B6 chuyén tigp Bo6 chuyén tiep

Bo6 tach song
Hinh 1.67 trinh bay mot hién thuc khéc cua phuong phap bao vé nay, s

dung céc bo cau ndi (bridge) vabo chon (selector) trong mot ndt. O day, tin hiéu vao
|6p quang duoc chia va gai dén hai bo chuyén tiép va sau d6 duogc dinh tuyén riéng
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biét qua mang. Tai dau thu, tin hiéu duoc két thic tai hai bo chuyén tiép vatin hiéu
t6t hon duoc lra chon, sau d6 duoc goi cho khach hang. Trong hinh 1.58, tin hiéu
cua khéch hang dugc dua qua mot bo chuyén tiép va duoc chia ra sau dé. Tai dau
thu, mot trong hai tin hiéu duoc chon lra boi bd chuyén mach quang truge khi duoc
goi cho khéch hang. Cach nay sir dung mot nira sd bo chuyén tiép so véi céch trude
nhung khéng bao vé chdng lai hu hong bo chuyén tiép. Bén canh do, c6 mot vai yéu
t6 anh huong dén dén viéc thuc hién phuong phap nay hay phuong phép khac nhu
tiéu chuan cho viéc chuyén mach tir mot duong ndy sang duong khac va thoi gian
khéi phuc £ khac nhau vai nhitng cach thuc hién khac nhau.

g. Vong bdgo v¢é chia s¢ cho kénh quang (OCh-SPRing)

Vong bao vé chia s¢ cho kénh quang OCh-SPRing la phuong phap bao vé
giong nhu SONET/SDH BLSR/4. Tuy nhién, BLSR hoat dong ¢ 16p duong day
(doan ghép kénh), trong khi OCh-SPRing hoat dong ¢ 16p kénh quang, khong phai &
l6p ghép kénh. Puang 1am viéc duoc thiét 1ap theo duong ngan nhat trén vong. Khi
duong lam viéc hong, né duoc phuc hdi bang chuyén mach doan hay chuyén mach
vong, nhu trong SONET/SDH BLSR/4. Céc dudng quang khéng chong nhau trong
vong ¢6 thé sir dung chung mat budc song quanh vong cho bao vé va céch sir dung
lai vé mat khdng gian nay cho phép OCh-SPRing hoat dong hiéu qua hon OCh-
DPRing trong luu lwong phan bé. Hoat dong cia OCh-SPRing can ban gibng nhu
SONET/SDH BLSR/4 tuy nhién cac soi quang trong SONET/SDH BLSR/4 tuong
rng Vi céc budc sdng va cac két ndi tuong ung véi cac duong quang. Gidng nhu
trong BLSR su phdi hop nhanh gitra c&c ndt trong vong |a can thiét dé giai quyét s
cb tai ndt hoac hd tro leu lrong c6 do wu tién thip.

Bdo vé dang mit luéi cho kénh quang (OCh-Mesh Protection)

Kién tric hinh vong thich hop cho tdpd vat |y thra thét va trong céc truong
hop khi phan [on luu lwong b gidi han trong mat vong (ring). Cac mang dudng truc
ngay nay thuong la day dic vaco dang mit ludi hon 1a ciu hinh vong, véi luu lugng
dugc phan bd dong déu. Béi vai nhitng mang ndy, cac so dd bao vé mit ludi cung
cap bao vé hiéu qua hon la dang vong. Néi chung tépd cang day dac va cang mat
ludi thi bao vé dang luéi cang co loi. So véi cac cau trdc vong thi hiéu qua nay co
thé dat tir 20% dén 60%.

Xé vi du mang mat luéi nhu trén hinh 1.68(a) hd trg baduong quang. Gia Sir tat
ca chiing can duogc bao vé. Mdi kénh quang sir dung mot don vi dung luong trén moi
tuyén ma chiing di qua. Hinh 1.68(b) dé xuat so d6 bao vé 1+1 OCh danh riéng. Trong
trudng hop ndy, tong cong can 8 don vi dung luong bao vé trong mang. Hinh 1.68(c)
dé xuat cau hinh bao vé vong chia s¢ (OCh-SPRing). Trong truong hop ndy céc duong
X vayY cung chiasé mot bang thong bao vé trong khi duong quang Z c6 mot vong bao
vé riéng. Cau hinh bao vé ndy ciing can c6 8 don vi dung lwong bao vé. Luu y, bing
thong bao vé cd thé giam xubng con 6 don vi bang cach cho kénh X, Y chia s mot
vong nhung stir dung duong bao vé danh riéng cho kénh Z. Nhin theo mot cach khac
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néu sir dung 8 don vi dung luong cho bao vé, ta co thé thém céc dudng quang nira chia
s¢ vong bao vé cho kénh Z. Hinh 1.68(d) 1a so d6 bao vé dang mét ludi. Trong so db
nay, cac duong quang ciing dugc bao vé 1+1 nhung cac duong quang bao vé khdng
duoc thiét 1ap trugec ma chi duoc thiét 1ap khi ¢d sy ¢. Cau hinh ndy chi dbi pho voi
mot s ¢ tai mot thoi diém. Trong truong hop ndy chi can don vi dung leong bao vé.

Hinh 1.68 Vi du minh hpa vé hiéu qua sir dung bang théng cia phuwong phép bdo vé
dang mat ludi S0 Véi bao vé dang vong ring. (a) Mét mang myt ludi ¢ ba
duong quang. (b) Bdo vé dwong quang sz dung cdu hinh bdo vé danh
riéng 1+ 1. (c) Bao vé duwong quang s dung vong chia s¢ cho kénh quang
OCh-SPRing. (d) Bdo vé duwong quang sik dung So' dé mit lwdi cho kénh
guang (OCh-Mesh).

Lamviea Y Lam viea X

Neé6mg quang Néémg quang

(@) (b)

Dung 166hg )
babved .-

/1. Vorg bao ved .+

(©) (d)
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Bao vé dang mat ludi khong phai 1& méi. Chang dugc sir dung trong nhitng
nam 1980 trong cac mang c6 bo két ndi chéo sb. Tuy nhién cac so d6 ndy duoc tap
trung héa va van hanh cham chap, thuong can dén vai phat dé khdi phuc lai luu
lwong sau khi ¢ s ¢6. Viéc bao vé ciing rat phirc tap trong quan |y va da khéng co
chuan 4p dung duoc. Sau khi SONET/SDH dugc chuan hoa va yéu cau chuyén
mach nhanh 60ms trong vong SONET/SDH dugc hién thue, phuong phép phuc hbi
dra trén dang mat ludi gan nhu bi bo qua.

Ngay nay dang mit ludi duoc tang cudng sir dung vi nhitng |y do sau:

Nang luc xir Iy cho mang luéi d& duoc tang 1én téc do tinh todn cho dinh tuyén
va bang thdng danh cho quan ly mang tang lén.
Céc bo két ndi chéo quang va bang théng bao vé thiét bi 16p quang cé cac mirc
tbc do (cac duong quang) 16n hon 1a cac bo céc ndi chéo hoat dong & toc do
DS1 va DS3. Vi thé co it thuc thé hon dé diéu khién va bao vé. Tuy nhién tinh
trang ndy s& thay doi khi luu luong tang nhanh.

Céc giao thirc b&o hiéu va dinh tuyén nhanh da duoc phét trién cho cac mang di
liu khéc nhu 1P va ATM va nhiéu giao thirc d6 c6 thé sira doi thich ang dé sir
dung cho Iép quang.

Y éu cau thoi gian bao vé 60ms khdng phai 1a con sb cirng nhic. Nhiéu nha cung
cap bang théng, quan tam dén bao vé luu luong dir liéu S8 thoa man véi thoi
gian bao vé khoang vai trim ms vi diéu nay |am dé& dang hon cho viéc thuc hién
nhirng phuong phap bao vé phac tap.

Nhiéu so d6 bao vé dang mit luéi khac nhau da duoc dé xuat va nhiéu so do
dang duoc thuc hién boi cac nha san xuat thiét bi két ndi chéo quang. Bén canh
nhitng yéu té ¢ trén, phuong phép bao vé dang mit ludi can phai khic phuc mot vai
van dé then chdt dé o6 thé &p dung rong rai:

Céc cau hinh bao vé SONET/SDH da duoc chuan hda tuy nhién chua co chuan
hod vé dang ludi.

Mot trong nhitng uu diém caa dang vong 1a mang duoc chia thanh nhiéu mién
vamdi mién dugc bao vé doc 1ap, phan ndy cia mang khdng thé anh huong dén
phan khéc. Do d6 mang c6 thé diéu khién nhiéu sy c6 d¢ong thoi, mién la ching
xay ratrong cac mién khéc nhau. Bé so do bao vé mat ludi hoan toan o loi nhu
mong mudn, can xem mang ndy nhu 1& mot mién duy nhat. Chia nho mang
thanh nhitng mién con s3 giam hiéu qua sir dung bang théng trir khi cac mién
riéng biét lakhalon

Céc so d6 bao vé mit ludi khé didu khién hon so dd bao vé vong, do d6, cac nha
san xuat phai cung cap cho cac nha cung cap dich vu nhitng cdng cu diéu khién
phl hop dé che diu sir phuc tap khoi cac nguoi van hanh. Vi du, diéu ndy c6 thé
nghia | cung cip nhitng cdng cu tu dong dé thiét ké va tinh toan nhirng tuyén
bao vé chinh trong mang. Nguoc lai viéc van hanh s3 rat phuc tap.
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Mang mét ludi cang hiéu qua néu cd cac co ché béo hiéu nhanh dé truyén cac
théng tin lién quan dén céc s cd vadinh tuyén lai cac dudng quang bi tac dong
boi sy hu hong ndy. Diéu nay din dén céc nit thuc hién chuyén mach bao vé
phai duoc thiét ké can than dé tdi thiéu hoathoi gian xir 1y.

Mang mat lugi cang hiéu qua doi hoi phai c6 bang dinh tuyén bao vé tai cac nt.
Céc bang dinh tuyén cung cip toan b thdng tin vé tépd mang va cac duong bao
vé trong mang. Bang can duoc cap nhat khi cac duong quang, c&c tuyén hodc
céc nit duoc thém vao hoic bo di khoi mang. Quan trong nhat nhitng bang nay
can duoc chuatai tit ca cac nit mang

Bao vé dang mit ludi co thé khac nhau ¢ ché hoac toan bd mang duoc bao vé
nhu mot mién don, hoic nd duoc chia ra thanh nhiéu mién, mdi mién duoc bao vé
doc lap va cac mién duoc két ndi lai véi nhau. Trong qua trinh thodi hoé (degenerate
scenario), mdi mién don cd thé 1a mot vong don, trong truong hop ndy chdng ta
quay lai mé hinh binh thuong cia bao vé vong.

Mot khia canh quan trong khéc dé phan biét cac so dd bao vé 1a tuyén bao vé
duoc tinh truge (offline), hodc ching duogc tinh sau khi sir ¢b xay ra (online). Trong
ca hai truong hop, mot chiéu khéc dugc xem xét 1a mic do caa viéc thuc hién duoc
phan bd. Biéu ndy anh huong dén do phirc tap cua béo hiéu vatéc dong truc tiép dén
téc do phuc hoi.

N6i chung, bao vé dang mit ludi can nhitng chirc nang sau: tinh toédn tuyén,
duy tri tdpd va béo hiéu dé thiét 1ap tuyén bao vé. Nhitng chirc ning ndy duoc thuc
hién trong mang IP hay ATM. Vi dy, trong mang IP, tinh toan tuyén sir dung thuat
todn duong di ngan nhat Dijikstra vatépd duoc duy tri bang cach sir dung giao thirc
dinh tuyén nhu OSPF (Open Shortest Path First). B&o hiéu can duoc sir dung dé
thiét 1ap céc duong di trong cac mang MPLS va ATM. Mét vai giao thirc béo hiéu
dugc dung cho muc dich ndy, bao gdm giao thac dy phong trudc téi nguyén RSV P
(Resource Reservation Protocol), giao thirc bao hiéu giao dién mang-mang riéng
PNNI (Private Network-Network Interface), béo hiéu sd 7 (SS7). Ngay nay dang c6
nhiéu cong trinh nghién ctu dé phét trién MPLS sir dung trong c&c mang quang.

TOM TAT

Thé ky 21 la thé ky cua cdng nghé théng tin. Su bung nd cua céc loai hinh
dich vu théng tin, dic biét 1a su phét trién nhanh chong cua I nternet va World Wide
Web |am gia tang khong ngirng nhu cau vé dung luong mang. Diéu ndy doi hoi phai
x8y dung va phét trién c&c mang quang méi dung leong cao. Cong nghé ghép kénh
theo budc song quang (DWDM) la mot giai phdp hoan hao cho phép tan dung hiru
hiéu biang théng rong 16N caa soi quang, nang cao rd rét dung leong truyén dan dong
thoi ha gia thanh san pham. Sy phét trién cua hé théng WDM cuing véi cdng nghé
chuyén mach quang s& tao nén mot mang thdng tin thé hé méi-mang thdng tin toan
quang trong sudt.
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Chung ta da nghién ctru cac nguyén ly co ban caa DWDM va so sanh cong
nghé ndy voi TDM. Quadé ching tathdy ré rang WDM |a giai phap hoan thién nhat
cho bai toén ting biang théng cua mang vién thdng trong diéu kién cong nghé hién
tai. Cong ngh¢ WDM & céng nghé duy nhit cho phép xay dung md hinh mang
truyén tai quang cho phép truyén tai trong subt nhiéu loai hinh dich vu, quan ly
mang hiéu qua, dinh tuyén linh dong.

Chuing ta thiy bén canh suy hao va tén sic, c&c hién tugng phi tuyén anh co
huong 16n dén chat luong caa hé théng WDM. Céc hién tuong phi tuyén bao gdom tén
xa do kich thich Brilloin (SBS), t4n xa do kich thich Raman (SRS), hién ung tu diéu
pha (SPM), hiéu tng diéu ché xuyén pha (CPM) va hiéu ng tron bdn buéc sdng
(FWM), trong d6 SPM va FWM c¢6 anh huéng nghiém trong nhat. Chiing ta da nghién
clru ngudn gbc cia cac hidu tng ndy va thay rd rang céc hiéu ang ndy cd thé suy giam
rat nhiéu néu soi quang o 18i hiéu dung Ién va cd mot luong tan sic mau nho.

Céc linh kién cho WDM bao gém coupler, isolator/circulator, c&c bd loc va
ghép kénh, bo chuyén mach, bo bién dbi budc sdng, bo phét laser, bd khuéch dai
quang, bo thu quang. Isolator va coupler d& la céc linh kién théng dung trén thuc té.
Nhiéu loai bd loc quang nhu bd loc céch tir kiéu soi quang, bd loc da khoang mang
mong dién mdi, b loc cach tir dng dan song matran da dwoc sir dung rong rai trong
céc hé thbng WDM thuong mai. C6 nhiéu cdng nghé dé san xuét ra céc khdi chuyén
mach quang kich thudc 16n sir dung trong céc bo két ndi chéo. Céc bo chuyén mach
nay dang trong qué trinh thuong mai hod Cac bo chuyén doi budc song toan quang
van con trong giai doan nghlen ctru dé giam gia thanh va nang cao chit luong truéc
khi duarang dung trén thuc té.

Hién nay, c6 ba thé hé mang quang d4 va dang phét trién: mang quang thé hé
thi nhat, mang quang thé hé th hai va mang quang thé hé thir ba. Mang quang thé
hé thir nhit sir dung cép quang thay thé cho cp ddng dé dat duoc dung luong truyén
dan cao hon. Mang quang thé hé thir hai cung cip cac dudong quang chuyén mach
kénh bang cach dinh tuyén va chuyén mach budc song bén trong mang. Mang quang
thé hé thr ba la mang dinh tuyén budc sdng- cung cip céc duong quang trong sudt
t6i nguoi sir dung 1a cac dau cuéi SONET/SDH hay céc bo dinh tuyén IP. Céc phan
tir chi chdt cho lién két mang quang 1a bo két cudi duong quang (OLT), bo ghép
kénh xen/rét quang (OADM) va bo két ndi chéo quang (OXC). OLT duoc sir dung
cho mang diém ndi diém. OADM c6 hiéu qua kinh té cao dbi véi céc ciu hinh vong
(ring). OXC dugc st dung trong céc cau hinh mang lugi (mesh).

Céc ky thuat phuc hdi chdng lai s ¢b dong vai trd ngdy cang quan trong trong
c&c mang truyén tai. Cac 16p khéch hang déu c6 co ché bao vé riéng tuy nhién bao vé
trong 16p quang s cung cip thém kha nang phuc héi. Bao vé trong 16p quang con
hiéu qua hon vé mat bang thong, xt Iy sir ¢ (dac biét 1a khi tat ca cac luu lugng déu
can duoc bao vé) vavé mat kinh té. Cau hinh bao vé dang mét lugi dang la xu thé cho
l6p quang. Hién d& co cac san pham thuong mai cho céc ciu hinh bao vé 16p quang. ..

PDF created with pdfFactory Pro trial version www.pdffactory.com




108 Hé théng théng tin quang

BAI TAP

1.1. Mot soi quang don mode c6 suy hao 0.5 dB/km khi hoat dong ¢ budc song
| = 1.3nm. Puong kinh soi 1ad = 6rmm va ngudn laser ¢6 do rong 1a Df =
600MHz. So sanh cdng suat quang ngudng cho SBS, Ppsss va cho SRS,
Pihsrs.

1.2. Cho soi quang don mode c6 duong kinh 18i 1a d = 8nm. Ngudn laser dua
va0 soi quang co do rong phd Df = 1GHz. Cong suat ngudng déi voi tén xa
Brillouin 1& Pisas = 190mW va d6i véi tan xa Raman 1a Pysrs = 1.70 W.
Tinh buéc sdng hoat dong | (mm) va hé sb suy hao a(dB/km).

1.3. Mot soi quang don mode sir dung ngudn laser ¢6 do rong phd la Df =
800MHZ c6 cong suat quang ngudng cho SBS 1a Pysas = 127mW tai buéc
song 0.85mm. Suy hao cua soi quang tai budc sdng ndi trén la 2dB/km.
Xé&c dinh cong suit quang ngudng cho SRS, Pysrs trong soi quang ndy tai
budc song 0.9mm, gia sir rang suy hao tai budc sdng do 1a 1.8 dB/km.

1.4. Cho céch tir truyén dan c6 chu ky a = 5nm. Tinh do céch goc (hiéu giita
hai goc nhiu xa) gitra hai budc song 1540.56 nm va 1541.35 nm néu hai
budc song ndy duoc chiéu thang goc véi céch tir.

1.5. Cho bd loc AOTF véi Dn = 0.07 nm, buéc song quang dugc chon lal =
1540.56 nm, van téc am thanh 1& 3.75knVs, chiéu dai doan tuong tac am-
quang lal = 22 mm. Tinh (8) chu ky cach tir va tan sd song am, (b) thoi
gian hiéu chinh cta bo loc quang-am hiéu chinh dugc.

1.6. Khao st coupler 3dB 2x2 cho ¢ hinh bén dudi. Gia thiét rang ta két ndi
hai ngd ravai mot doan soi quang. Gia sir cac phan cuc duoc bao toan khi
qua thiét bi nay. Mét tin hiéu anh sang dua vao ngd vao thir nhat. Diéu gi
xay ra? Tim ham truyén dat caa thiét bi ndy. Gia sir coupler duoc sir dung
nhu mot thiét bi thuan nghich vi vay hoat dong cua nd hoan toan khéng
thay d6i khi d6i ngd vao vangd racho nhau.

Ngé vao ———»

3 dB coupler
1.7. Theo hinh 1.17 hay chirng minh sy chénh d6 dai gitra cac tia khic xa tai
goc qq Voi cac khe ké can 1a AB- CD =4[sin(q) - sin(qg,)] khi khoing

céch gitra hai khe ké can (grating pitch) la rat nho so véi khoang céch tir
mit phang céch tir téi ngudn vatéi mat phang anh xa.
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1.8.

1.9.

1.10.

1.11.

1.12.

1.13.

1.14.

1.15.

1.16.

1.17.

Tim phuong trinh cach tir cho céch tir nhidu xa nghiéng blazing trén hinh
1.18.

Ching minh rang céc tan sd cong huong f,, cia hbc Fabry-Perot thoa mén
biéu thirc f, = fo+Df, voi k 1&sd nguyén, fo va Df 1a c&c gia tri khéng doi.
Diéu ndy c6 nghia la céc tan sb ndy cach nhau mot khoang bang nhau. Chu
y ring c&c budc song twong duong khéng céch nhau mot khoang bang
nhaul.

Chirng minh @6 min F caa b loc Fabry-Perot trong cong thirc 1.59. Gia sir
rang hé sb phan xa caaguong R = 1.

Chang minh rang phin cdng suit cua ngd vao duoc truyén qua bd loc
Fabry-Perot trén moi tan s 1a (1-R)/(1+R). Luu y rang phan cong suit ndy
lanho d6i véi cac giatri R 16n. Do d6, khi xem xét tat ca cac tan sd, thi chi
c6 mot phan nho cong suat ngd vao duoc truyén qua hbc cong hudng co
cac mat phan xa cao.

Chang minh rang bing théng 3 dB (FWHM) cua bd loc quang-am 1a »
0.8l x%/IDn.

Tinh chiéu dai tuong tac quang-am can thiét dbi véi bo loc AOTF c6 bang
thong (FWHM) la 1 nm tai budc song hoat dong 1a 1.55mm. Gia sir Dn =
0.07 nm.

DWDM giéng nhu:
a. Ghép kénh phan thoi gian (TDM);
b. Ghép kénh phéan khdng gian (SDM);
c. Ghép kénh phan tan sb (FDM);
d. Ca bacau trén déu dang.
TDM gibéng nhu:
a Tang van tdc cac xe hoi trén xa 16 cao toc;
b. Xaythém xal¢ cao tbc mai;
c. Phan ludng trén xalo cao toc;
d. Tat ca cac cAu trén déu dang.
SDM giéng nhur:
a  Tang van tdc cac xe hoi trén xa 16 cao toc;
b. Xaythém xalo cao tbc mai;
c. Phan ludng trén xalo cao toc;
d. Tat ca cac cAu trén déu dang.
DWDM giéng nhu:
a  Tang van tdc cac xe hoi trén xa 16 cao toc;
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1.18.

1.19.

1.20.

1.21.

1.22.

b.
C.
d.

X &y thém xa o cao tbc mai;
Phan ludng trén xalo cao téc;
Tat ca c&c cAu trén déu dung.

Vai tro cia DWDM |&

a
b.
C.

Tang cdng suat phét quang;

Tang téc do truyén dan trén soi quang;

Tang dung luong truyén dan trén soi quang bang cach tang sb luong
soi quang, thiét bi, khéng can tang toc do truyén dan;

Tang dung lwong truyén dan trén soi quang bing cach ghép thém
nhiéu budc sdng dé cé thé truyén trén mot soi quang, khdng can ting
téc do truyén dan.

Pong luc dé phét trien DWDM |&

a
b.
C.

d.
e.

Su giatang nhanh chéng caa luu luong dit lidu;

Han ché caa viéc phét trién TDM;

Chi phi cao trong viéc lap dit cac tuyén cép quang méi ¢ cac ving
déng dan cu;

Sy tién bo trong cong nghé DWDM:;

Tat ca c&c cAu trén déu dung.

Uu diém ctaDWDM &

a

o

C.

d.

€.

Tan dung bang thdng soi quang;
Giam y&u cau veé thiét bj;
Khéng phu thudc vao giao thuac;
Co kha nang ma rong;

Ca 4 cau trén déu dung.

Bang thdng hoat dong cia DWDM hién nay:

a

b.

C.

d.

Dai Cval;

Dai O;

Dai U;

Ca 4 cau trén déu dung.

Cau ndo trong nhitng cau sau day 1a ding cho hién tuong phi tuyén trong
Soi quang:
a Hién tuong cong suit cuatin hiéu quang bi suy giam khi lan truyén

b.

trong sgi quang;
Hién tuong gidn xung anh sang khi lan truyén trong soi quang;
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C.

d.

Céc tham sb cua tin hiéu quang phu thudc vao cuong do (cong suit)
anh sang;
Tat ca c&c cAu trén déu dung.

1.23. Cac hiéu trng Kerr phat sinh [a do:

a

Su phu thudc cua chiét suat soi quang vao cuong do dién truong hoat
dong;

Nang lwong tir mode lan truyén duoc truyén sang mot mode khéc goi
|a mode birc xa;

Tap chat nhu OH- hip thu ning luong anh sang;

Nang luong tir mot sdng &nh sang duoc chuyén sang mot song énh
sang khéc ¢ buéc song dai hon. Nang lwong mat di bi hip thu boi
cac photon.

1.24.  Céc hiéu ung Kerr bao gom:

a

b.

C.

d.

Hiéu &ng tu diéu pha (SPM);

Hiéu (rng diéu ché xuyén pha (CPM);
Hiéu &ng tron bdn tan sb (FWM);
Tat ca c&c cAu trén déu dung.

1.25.  Hiéu tng tu diéu pha (SPM) la:

a

Sy thay doi tan s (chirping) do cudng do ciaxung anh sang thay doi
theo thoi gian;

Sy thay d6i tan sb (chirping) do cuong d6 cua cac kénh quang khéc
thay d6i theo thoi gian;

Su sinh ra céc tan sb khi c6 nhiéu tan sb lan truyén trong soi quang;
Nang luong tir mot sdng &nh sang duoc chuyén sang mot song énh
sang khéc ¢ buéc song dai hon. Nang lwong mat di bi hip thu bai
cac phonon.

1.26.  Hiéu ung diéu ché xuyén pha (CPM) |a:
a  Su thay d6i tan s (chirping) do cuong do caa xung anh sang thay doi

theo thoi gian;

Su thay d6i tan sb (chirping) do cuong d6 cua cac kénh quang khéc
thay d6i theo thoi gian;

Sur sinh ra céc tan sb khi c6 nhiéu tan sb lan truyén trong soi quang;
Nang luong tir mot sdng &nh sang duoc chuyén sang mot song énh
sang khéc ¢ buéc song dai hon. Nang lwong mat di bi hip thu bai
cac phonon.

1.27.  Hiéu ang tron bdn tan s (FWM) |&
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a  Su thay d6i tan s (chirping) do cuong do caa xung anh sang thay doi
theo thoi gian;

b. Su thay d6i tan sb (chirping) do cuong d6 cua céc kénh quang khéc
thay d6i theo thoi gian;

c. Su sinhracéc tan s khi ¢ nhiéu tan sb lan truyén trong soi quang;

d. Ning luong tir mot sdng anh sang duoc chuyén sang mot sdng anh
sang khéc ¢ buéc song dai hon. Nang lwong mat di bi hip thu bai
cac phonon.

1.28. Céc hiéu ng tan xa phi tuyén phét sinh 1a do:

a  Su phu thudc caa chiét suat soi quang vao cuong do dién truong hoat
dong;

b. Ning luong tir mode lan truyén duoc truyén sang mot mode khéc goi
|a mode birc xa;

c. Tap chit nhu OH- hip thu nang luong &nh sang;

Nang luong tir mot sdng &nh sang duoc chuyén sang mot song énh
sang khéc ¢ buéc song dai hon. Nang lwong mat di bi hip thu bai
cac phonon.
1.29.  Hiéu tng tan xa phi tuyén bao gom:
a. Tan xa do kich thich Brillouin (SBS);
Tan xa do kich thich Raman (SRS);

Tan xa Rayleigh;

o o o

Tat ca c&c cau trén déu ddng;
e. Chicdavab dung.
1.30.  Hiéu tng ndo co thé ang dung dé lam bo khuéch dai quang:
a. Tan xa do kich thich Brillouin (SBS);
b. Tan xa do kich thich Raman (SRS);
c. Tanxa Rayleigh;
d. Khdng cd cau nao dung.
131 Banc6 thé‘ sir dung linh kién ndy dé chia cong suat tin hiéu quang thanh
hai phan bang nhau. D6 lalinh kién gi?
a. Coupler 3dB;
Circulator;
Bo loc quang (Optical Filter);
Bo ghép kénh (MUX);
B0 téch kénh (DEMUX).

® o 0 o
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1.32.

1.33.

1.34.

1.35.

1.36.

Ban sir dung linh kién ndy dé dinh tuyén (vao mot cong ra mét cong tuong
{rng nhat dinh) mot tin hiéu quang. D6 1alinh kién gi?

a
b.
C.
d.
e.

Coupler 3dB;

Circulator;

Bo loc quang (Optical Filter);
B6 ghép kénh (MUX);

B¢ téch kénh (DEMUX).

Ban c6 thé sir dung linh kién ndy dé 1y ra mot budc sdng mong mudn tir
nhiéu kénh burdc song ngd vao. D6 lalinh kién gi?

a
b.
C.
d.
e.

Coupler 3dB;

Circulator;

Bo loc quang (Optical Filter);
Bo ghép kénh (MUX);

B0 téch kénh (DEMUX).

Ban cd thé sir dung thiét bi nay dé két hop nhiéu kénh buéc sdng khéc
nhau thanh tin hiéu tong truyén trong soi quang. D6 lathiét bj gi?

a
b.
C.
d.
e.

Coupler 3dB;

Circulator;

Bo loc quang (Optical Filter);
Bo ghép kénh (MUX);

B0 téch kénh (DEMUX).

Ban cd thé sir dung thiét bi nay dé tach tin hiéu tong gdm nhiéu kénh budc
song khéc nhau thanh céc kénh budc song riéng ré. D6 1athiét bi gi?

a
b.
C.

d.

€.

Coupler 3dB;

Circulator;

Bo loc quang (Optical Filter);
Bo ghép kénh (MUX);

B0 téch kénh (DEMUX).

Trong nhitng dic diém dudi ddy, dac diém nao 1a ding cho ca bo loc cach
tr Bragg kiéu soi quang va b loc quang am AOTF:

a

b.

C.

Hoat dong duatrén nguyén ly phan xa Bragg;
Hoat dong duatrén nguyén |y giao thoaké;

Céch tir Bragg duoc tao ra bang cach tao sy thay doi tuan hoan chiét
sut trong 16i soi quang;
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d. Céch tir duoc tao ra bang cach cho song &m bé mit SAW lan truyén

trong 6ng din song.

1.37.  Trong nhitng dic diém dudi déy, dac diém ndo la dang cho ca bo loc
Fabry-Perot va b loc da khoang mang mong dién moi TFMF:

a

b
C.
d

Hoat dong duatrén nguyén ly phan xa Bragg;

Hoat dong duatrén nguyén |y giao thoaké;

K hoang cong huang duoc tao bai hai guong co hé sd phan xa cao;
Khoang cong hung dugc tao bang nhiéu I6p mang mong dién mdi
c0 thé phan xa dugc.

1.38.  Trong nhirng dic diém dudi day, dic diém ndo la dang déi véi bo loc
Fabry-Perot:

a
b.

-~ 0o a 0

g.

Ham truyén dat c6 dinh bang phang, d6 doc ceo;

On dinh véi nhiét do, khdng nhay véi phan cuc;

Kha nang diéu chinh budc song linh hoat;

D& san xuit dé tao nén cac bd MUX/ DEMUX dung luong 16n:;
Cac cau avab dung;

Cac cau b vac dang;

Céac cau a, bvad dang.

1.39.  Trong nhitng dic diém dudi day, dic diém ndo 1a ddng ddi véi bo loc da
khoang mang mong dién moi TFMF:

a

-~ o Qo0 T

g.

Ham truyén dat c6 dinh bang phang, d6 doc ceo;

On dinh véi nhiét do, khdng nhay véi phan cuc;

Kha nang diéu chinh budc song linh hoat;

D& san xuit dé tao nén cac bd MUX/ DEMUX dung luong 16n:;
Céac cau avab dung;

Céac cau b vac dang;

Céac cau a, bvad duang.

1.40.  Trong céc dic diém dudi day, dic diém nao 1adang dbi vai bo loc céch tir
6ng dan song matran AWG:

a

b.

c
d.
e

Ham truyén dat c6 dinh bang phang, d6 doc ceo;

On dinh véi nhiét do, khdng nhay véi phan cuc;

Kha nang diéu chinh budc song linh hoat;

D& san xuit dé tao nén cac bo MUX/ DEMUX dung luong 16n:;
Céac cau avab dung;
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1.41.

1.42.

1.43.

1.44.

1.45.

f.
g.

Cac cau b vac dang;
Céac cau a, bvad dang.

Trong nhitng cau dudi ddy, cau nd ddng cho bo MUX ¢6 ciu tric ghép
tang theo tirng bang:

a

Co ntang (n latong sb budc sdng), mdi tang chi thuc hién tach/ ghép
mot kénh;

C06 1 tang thuc hién tach/ ghép tat ca cac bude song;

C6 n/mtang (n laténg sd budc sdng), mdi tang thuc hién tach/ ghép
m budc song;

Co 2 tépg, tang dau ghép/ tach céc kénh budc song chin, 1¢é thanh 2
bang. Tang 2 thuc hién tach/ ghép cac kénh riéng ré.

Chi cin cho biét kénh buéc sdng quang ndo can chiém, thiét bi nay s bién
dbi tin hiéu quang phi tiéu chuan thanh budc song phu hop. D6 l1a thiét bi

gi?
a
b.
C.
d.

OLT,

Bo6 chuyén tiép quang (Transponder);
OADM;

OXC.

Thiét bi nay cho phép ban Iy ra hoic dua vao mot kénh quang ndo do. Bé
lathiét bi gi?

a
b.
C.

d.

OLT,

Bo6 chuyén tiép quang (Transponder);
OADM;

OXC.

Thiét bi ndy dat tai noi giao nhau caa nhiéu tuyén DWDM. N6 cho phép
dinh tuyén cac budc sdng tir mot tuyén DWDM ndy sang mot tuyén
DWDM khéc. D6 lathiét bi gi?

a

b.

C.

d.

OLT,

Bo6 chuyén tiép quang (Transponder);
OADM;

OXC.

Thiét bi ndy nhan c&c tin hiéu caa khach hang, xtr Iy va dua chiing vao mot
soi quang duy nhat. 6 lathiét bi gi?
a OLT;

b.

Bo6 chuyén tiép quang (Transponder);

PDF created with pdfFactory Pro trial version www.pdffactory.com



116 Hé théng théng tin quang

c. OADM;
d. OXC.
1.46.  Trong c&c ciu tric OADM dudi day, cu tric ndo s3 1am gidn doan cac
kénh khac khi xer/ rot thém kénh mai:
a Song song;
b. Song song theo bang;
c. Nai tiép;
d. Tat ca cac cAu trén déu dang.
1.47.  Trong céc ciu tric OADM sau, cau tric ndo khdng co diéu kién rang buoc
lwra chon budc song xen/rét
a Song song;
b. Nbi tiép;
c. Xen/rét theo bang;
d. Tét ca cac cAu trén.
1.48.  Trong céc cu tric OADM sau, cau tric ndo ludn 1am tang suy hao khi
xen/rét thém budc song:
a Song song;
b. Nbi tiép;
c. Xen/rét theo bang;
d. Tét ca cac cAutrén.
1.49. OXC ¢ cac chirc nang co ban sau:
a  Cung cip cac dudng quang mot cach tu dong;
b. Bao vé cac duong quang ddi véi cac s cd dut cép hodc s ¢d nit
mang;
Trong sudt dbi véi toc do truyén dan bit;
Giam sét chat lwong truyén dan;
Chuyén doi buéc song;

- 0o a0

Ghép vanhom tin hiéu;
g. Tat ca cac cAu trén déu dang.
150.  Trong céc cau hinh OXC sau, cau hinh nd cho phép giam chit luong
truyen dan théng quati so BER
a Co18i chuyén mach dién;
b. L&i chuyén mach quang bao quanh boi cac bo chuyén doi O/E/O;
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e.
f.

Loi chuyén mach quang ni truc tiép dén cac b chuyén doi tin hiéu
trong thiet bi WDM;

Lai chuyén mach quang ndi truc tiép dén céc bo ghép/phan kénh bén
trong OLT,;

Tat ca c&c cau trén déu ddng;

Chi c6 avab dung.

1.51.  Trong nhitng dic diém dudi day, dic diém ndo 1a KHONG BUNG cho
OXC ¢4 18i chuyén mach quang

a
b.
C.
d.
e.

Nhom ludng tin hiéu téc do thip;

Dung lwong chuyén mach I6n nhat;

Gidm sét chat luong truyén dan théng qua cong suat quang;
Tiéu thu nang luong thip;

Chiém khéng gian nho.

1.52. Lop con cua lop quang 1&:

a
b.
C.

d.

L&p kénh guang OCh;

L&p doan ghép kénh quang OMS;
Lép doan truyén dan quang OTS;
Tat ca c&c cAutrén,

1.53. Doan ghép kénh quang OMS la

a

b
C.
d

Tuyén gittacac OLT hay OADM:;

. Doan gitracéac OLA;

Tuyén gitta cac bo chuyén tiép quang (Transponder);

. Tat ca céc cau trén déu dung.
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