Chicong 6: Linh kién ctia h¢ théng théng tin quang

Chuong 6
LINH KIEN CUA HE THONG
THONG TIN QUANG

6.1. Hé théng truyén din quang
6.1.1. So' 46 khéi ciia cac hé thong thong tin

So d khdi co ban nhét cia hé thong thong tin dién va quang dwgc mo ta trén
hinh 6-1a,b. Trong hinh:

Ngudn tin hiéu: cic dang thong tin thong thudng nhu tiéng néi, hinh anh, s0
li¢u, van ban...

Mach dién tir: c¢6 nhiém vu xir 1§ ngudn thong tin dé tao ra c4c tin hi¢u dién
dudi dang analog hodc digital.

Khéi E/O: mach bién ddi dién - quang c6 nhiém vu diéu bién tin hi¢u di¢n thanh
cudmg do birc xa dnh sdng dé phat di (bién doi tin hi¢u di¢n thanh tin hi¢u quang).

Soi quang c6 nhiém vu truyén dén tin hi¢u quang tir noi phét dén noi thu,

Khdi O/E: mach bién déi quang - di¢n con goi 1a by thu quang c6 nhi¢m vu tiép
nhén 4nh sdng tir sgi quang dua dén va bién doi trd lai thanh tin hi¢u dién nhu tin hiéu
dién da phat di.

_ Tai tin: Trong h¢ théng dién thi tai tin 1a céc séng dién tir cao _!:5:1, trong hé
thong quang tai tin 12 dnh séng va ciing 1a séng dién tir song 6 tan sO rdt cao (10" =
10"° Hz) do vdy tai tin quang rat thudn lgi cho tai cic tin hi¢u béng rong.
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Hinh 6.1. Hé thong truyén dan quang
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Chuwong 6: Linh kién cta hé thong thong tin quang

6.1.2. Tram lip quang dién (optoelectronic repeater)

Suy hao cua s¢i1 quang la nguyén nhan gidi han cy ly truyén cla céc h¢ thnng
théng tin quang. D4i véi cdc hé thong truyén dan quang cu ly dai, gidi han vé suy hao
dugc khic phuc bing cich sir dung céc tram 13p quang dién (optoelectronic repeater).
Trong céc tram ldp quang dién nay (xem hinh 1.1), qué trinh khuéch dm tin hiéu quang
dugc thuc hién qua nhiéu budc. Diu tién, tin hiéu quang s& dugc bién dbi thanh dong
dién bdi cdc bo thu quang (optical receiver) sir dung linh kién tich séng quang nhu
PIN hay APD. Dong quang di¢n thu dugc s€ dugce tdi tao lai dang xung, dinh tho1 va
khuéch dai boi cdc mach phuc héi tin hiéu va mach khuéch dai. Sau d6, tin hi¢u dién
s& duge bién ddi thanh tin hidu quang théng qua céc nguﬁn quang trong bd phit quang
(optical transmitter) va dugc truyen di trong s¢i quang.

Nhur viy, qud trinh khuéch dai tin hiéu dugc thuc hién trén mién dién.
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Hinh 6.2. Céu triic ctia mgt tram ldp quang dién (optoelectronic repeater)

Céc tram 13p quang di¢n da dugc sir dung pho bién trong cic hé thong truyén
din quang mdt budc séng nhu hé théng truyén din quang SDH. Tuy nhién, khi sur
dung cho cic hé thong truycn din quang da budc séng nhu hé théng WDM, rat nhiéu
tram 13p quang dién can dugc sir dung dé khuéch dai va ti tao cic kénh quang co
bude séng khac nhau. Diéu nay lam ting d6 phic tap ciing nhu ting gi thanh cia hé
théng truyén ddn quang WDM.

6.1.3. Uu diém ciia h¢ théng truyén din quang
So v&i hé théng thong tin dién , hé théng thong tin quang c6 mét s6 wu diém sau:
+ Soi quang nho, nhe hon diy kim loai, d& udn cong, ton it vét lidu.

+ Sgi quang ché tao tir thuy tinh thach anh khéng bj dnh hudng cua nudc, axit,
kiém nén khdng bi &n mon. f)nng thoi, soi 1a chat dién moi nén cich dién hoan toan,
tin higu truyen trong sgi quang khéng bj anh hudng cta nhiéu bén ngodi téi va ciing
khong gy nhiéu ra moi truomg xung quanh.

109



Chirong 6: Linh ki¢n ctia h¢ thong théng tin quang
+ Pam bao bi mét thong tin, khéng s¢ bi nghe trdm.

+ Kha nang truyén dugc rit nhidu kénh trong mét s¢i quang c6 duong kinh rit
nho. Tiéu hao nho va khong phu thuge tin sb nén cho phép truyén din bing rong va
tdc 46 truyén 16n hon nhiéu so véi sgi kim loai.

+ Gi4 thanh rét ré.
6.2. Kh4i niém vé k¥ thuét ghép kénh phan chia theo bwéc séng -WDM
6.2.1. Sy twong téc giira 4nh sdng va vit chét

Nhu da biét, theo 1y thuyét dai niing hrgng cua vét chat, thi théng thucmg cic
hat déu ton tai & mirc co ban (Ey) vi mirc nay c6 ning lr.rt;mg thap nhét nén ciing bén
vimg nhit. Chi cén kich thich mét ning lugng nio d6, vi dy nhu quang nang, dién
nang, nhit ndng... thi cdc hat & mirc co ban s& di chuyén 1én mirc ning lugng cao hon,
goi la cdc mirc kich thch (E;). Cdc hat chi ton tai ¢ cdc mirc kich thich mot, thoi gian
rat ngin khoang 10°® gidy rdi n6 lai dich chuyén vé cic mic ning lugng thdp hon va
phédt ra dnh sdng, hay con goi 1a cic photon. Photon phﬁt ra theo dinh luét bao toan

ning lugng:

hv=E; - E;
va ta c6 tin s birc xa clia 4nh séng tinh theo céng thirc
v = 'El _Ek
h

Trong dé:
e v-tin sé birc xa cua dnh sing (v=c/A).
¢ h- hiing sé Plank (h = 6,625.10* I.s =4,16.10"° eV.s).
® C-vin téc cua 4nh sdng (c = 3.10° m/s).

A - dd dai bude séng cua birc xa 4nh sdng phat ra.

L= & ¢ 1240 |:eV,nm:| _ 124D[e\v'_nmi|

v E,-E, (E.-E,) E, eV
h
6.2.2. Khdi ni¢m vé ky thuit théng tin quang WDM

B loc quang lién quan dén ky thuat ghép kénh phén chia theo budc sdng -
WDM. Vi mbi mot nguon sing don sic c6 4o rqng phd hep, nén trong truyén dan né
chi sir dung mét phan rat nho bing truyén dﬁn ciia mét s¢i quang. Ghép kénh phén
chia theo budc séng sé tao ra rat nhicéu kénh phd sir dung dong thoi.
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Chuong 6: Linh kién cua hé théng thong tin quang
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Hinh 6.3. Mgt nguoén quang dom sir dung mot phdn rdt nhé bang rruyé:n dan cua pfm’;
c6 san cua soi quang ghép kénh phan chia theo bucoc song (WDM) tao ra rdt nhiéu
kénh pho su dung dong rhoi.

Ta th:?iy’cé rat nhiéu viing hoat dong phé c6 thé thém vao. Mot cdch 1y tuong,
su ting dot bién dung luong thong tin clia mot s¢i quang c6 the dat duge bang viée
truyén din dong thoi cdc tin hi¢u quang trén cing mét sgi quang tir nhi€u ngudn anh
sang khdc nhau c6 cdc budc séng dinh birc xa dit cach nhau mot céch chinh xdc. Boi
m&i ngudn séng hoat ddng tai mdt budc séng dinh khic nhau, tinh toan ven cua cdc tin
tirc dc 1ap tir mi ngudn dugc duy tri dé viée chuyén ddi tudn ty sang tin hiéu dién &
dau thu. Pay 1a co s& cia ghép kénh phan chia theo budc song (WDM).

Hai co cAu WDM khéc nhau md ta trong hinh sau:
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Hinh 6.4. Hé théng WDM dom hudmg két hop N tin hi¢u déc ldp dé truyén trén 1 soi
quang don. '



Chuong 6: Linh kién cua hé théng thong tin quang

Trong hinh trén, linh kién WDM don huéng dugc sir dung dé két hop céc budc

séng mang tin hi¢u khic nhau trén mot sgi quang don tai mot diu va dé tich ching
viio bd tich quang thich hop tai déu kia.
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Hinh 6.5. H¢ thong WDM hai hieong, trong do, hai budc song hodc nhiéu hon dugc
truyén dong thoi trong cdc hwdng nguoc nhau trén cing mgt sgi quang.

So db hé thing WDM hai huéng duge md ta trong hinh trén.

So d6 nay gom viéc g tin trc trong mot huéng tai mot bude song ., va dong
thoi trong hudéng ngugce lai tai bude séng 2.

Trong céc hé thong thong tin quang trong hai hinh trén, cdc bo ghép kénh phan
chia theo budc s6ng c6 hai loai dugce st dung rong rai nhat la cdc linh kién tan séc
canh nhu céc lang kinh hogc céc cdch tir, va cdc bd loc mang mong hodc cic linh kién
tich hgp quang don mot.

6.2.3. B loc quang bing céc linh ki¢n tén sic (hay bg ghép kénh t4n siic canh)

~ So do6 cua mot bd ghép kénh tin sic canh dugc mo ta trong hinh 6.6 d6i voi hé
thong 3 budc séng sir dung, & do do / d. 13 do tan sic canh cua linh kién.

ThiukihL, Phantirtan sic canh Thau Kinh L
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Hinh 6.6. So d6 biéu dién .:-n.;ir phcﬁn tir WDM tdn séc canh cho 3 budc song. Nhiéu
buérc séng cé thé két hop hodc phan chia voi loai linh kién nay.

Khi linh kién sir dung nhu mot bd phén kénh, dnh sdng tir s¢i quang di ra dugc
chuin tryc bing thau kinh L, (goi 1a thau kinh chuédn tryc) va di qua phan tir tan sic
canh vi né dugc phan chia thanh cdc kénh c6 budc séng di vao cdc chim tia ¢6 dinh
huéng khong gian khac nhau. Thiu kinh L, (thAu kinh hdi tu) s& hdi ty cdc tia dau ra
vio céic sgi quang thu thich hop hodc cic b tich quang thich hop.
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Chuong 6: Linh kién cua hé théng thong tin quang

6.3. B§ loc quang mang mong

Trong phan nay chiing ta s& nghién ciru vé& bé loc quang mang méng. Hoat dong
cia mot phan tir ghép kénh loai b loc dugc mb ta trong hinh 6.7 cho hoat dong cua
hai budc song.

Céic b loc dugc thiét ké dé truyén 4nh sdng cho mot bude séng cy thé va de
ho#c hap thy, hodc phén xa tit ca cic budc séng khéc.

Céc bé loc loai phan xa thudmg dugc sir dung vi tdn hao cua céc bd loc loai hép
thu ¢é xu hudng tdng cao hon (cao hon 1dB).

Bo loc phan xa gébm mot tim kinh phing, bén trén né nhiéu 16p mang mong
chét céch du;n khac nhau du-:;fc lang dong tu}r theo tinh chon loc ctia budc séng. Cac bo
loc nay co thé str dung noi uep thanh chudi dé phan chia thém cic kﬁnh budc séng. Su
phirc tap ciing ting theo s6 lugng céc bd loc ndi tiép va sy tang tén hao tin hiéu ciing
Xay ra vai viéc ting thém cic by ghép kénh ndi tiép. Nhin chung chi nén han ché hoat
dong dén 2 hodic 3 bo loc (c6 nghia 1a hoat ddng 3 hodc 4 kénh).

Hinh 6.7. B loc mang mong nhiéu lop phan xa sir dung cho WDM.
Linh kién nay trong suét tai bwde séng Ay va phan xa tai budc song 4.

_Trong thiét ké céc hé thung WDM, can phai chd ¥ 1am giam dén murc thap nhét
céc yeu té gdy ra sur giam sit pham chit ngoai bién ctia dudng t.ruyf;n Trén day la cic
linh kién WDM thu dong, d6 chon loc bude séng cia ching duge ¢b dinh. Ngudi ta
cling phdt minh ra céc phan tr WDM tich cyc, céc phén tir nay dugc chuyén mét cich
tich cyc hodc dugc di€u chinh theo budc séng. Giira céc phin tr WDM tich cuc l1a
nguon da budc séng va céc tf:- hop tich quang, cdc laser c6 kha néng diéu chinh buéc
song, va cic bg loc ¢6 thé diéu chinh budc song.
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Churong 6: Linh kién ctia hé thong thong tin quang

B§ loc c6 thé diéu chinh buwérc séng (a wavelengthtunable-filter)

Tam thach anh di \d\érng Tam yach anh ¢6 dinh
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Hinh 6.8. Vi du vé b§ loc diéu chinh budc séng. Mot tam thach anh di déng
thay doi d¢ dai tuyén duong di qua tinh thé dé thay d6i phé ra hinh sin.

_Trong phuong phdp nay, céc tin hi¢u tin tc khic nhau dugc gm vao céc keénh
tin sb riéng cua do rong bang B. Bing viéc sir dung mdt b loc véi déi thong ¢6 do
rong B ma né c6 the dieu chinh wrén khoang tin s6 cua céc kénh nay, ngudi ta c6 thé
chon dugc kénh theo yéu cau.

O day, mot phan tir da cép ludng chiét suit cu tao tir hai éng dan séng bing
thach anh (a birefringent multiple - order element) dugc dat giira hai by tach tia phén
cuc (polarizing beam splitters).

 Cong suat ra P ctia 4nh séng tai céc cang ra A va B lién h¢ v6i cong sudt vao P,
bang cong thirc

P 2
P = 2(1+ms——mmﬂ“)

A

Trong d6:

- An: d6 chénh Igch giira chiét sudt thong thudng va chiét suét khéc thudng cla
vat liéu ludng chiét.

- & : d¢ dai budc song.

- Déu = lién quan dén céc cang A (ddu +) va cang B (ddu -).

Su hlen d6i hinh sin cua pho ra ¢6 thé dugc thay ddi bing cich thay ddi do dai
dudmng truyén L di qua tinh thé. Dieu nay dat dugc bing cich di chuyén mdt trong cdc
tam thach anh 1én trén h{}ac xunng duéi. Sy thay dbi chiéu dai theo cap béc chu ky
quay phén cyc s& xédc dinh vi tri cia kénh.

Vi tuyen quang la thudn nghich, linh kién nay cé thé duge sir dung nhur 14 b
ghép kénh va hodc nhu 1a b phén kénh déu dugc.
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Churong 6: Linh kién ciia hé thng thong tin quang

6.4. Nguyén Iy ghép kénh theo bwrée séng quang (WDM)
6.4.1. Gidi thiéu chung

Sy phat tnen nhanh chéng cuia cc mo hinh truyén sé ligu, dic biét 12 Internet da
lam biing n6 nhu cAu ting bang théng . Trong bbi canh IP (Internet Protocol) dang ndi lén
nhu la nf:n tang chung ctia moi loai hinh djch vy trong u:ong lai, cdc nha cung cap du::h vu
truyén dan bit budc phai xem xét lai phuong thirc truyén din TDM truyén thong, v6n i
wru cho truyén thoai nhung lai kém hiéu qua trong viéc tén dung bing thong.

+ Luu lugng
/
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Hinh 6.9. Tieng quan giita nhu céu truyén theai vi truyén sé liéu

. Tém lai, ta phai giai quyct bai tedn ting bang thong cho vién théng tl.r{mg lai.
Céc nha cung cép dich vu truyén dén bit dau xét dén ba phuong thirc truyén din sau:

1. Truyén din ghép phin khong gian SDM (Space Devision Multiplexing):
don gian va khnng can sy phat trién u::c-ng ngh¢, chi don thudn 1 ting so lugng s¢i
quang, toc d¢ truyén din van giir nguyén. Ta cé thé chon SDM néu trén tuyén truyén
dan can tang bﬂng thong da c6 sin s0 lugng s¢i quang chua ding va khoang cich
tuyén truyén din 13 dt ngén dé khong cin dung céc b lap, bd khuéch dai. Néu khoang
céch 1a xa, khi d6 chi phi s&€ vut tang do mbi hé thong lap thém déu cin mot s6 lugng
bd lap, bd khuéch dai... nhu hé théng cii.

2. Truyén din ghép phin theo thoi gian TDM (Time Devision Multiplexing)

~ Tang toc do truyen din 1én trén s¢i quang. Khi uep tuc ding phuong thirc
truyén thong nay, ta phai xem xét dén hai vén dé:

Truéc va khi truyén trén s¢i quang. Trude khi chuyén thanh tin hi¢u quang dé
truyén di, cdc linh kién dién tir c6 kha nang xir If véi toc do bit toi da 1a bao nhiéu?

Thyc té hién ‘nay cho thdy, & da sb cdc mang truyén din, linh kién dién tir c6
kha nang dip ng mt d6i véi cdc dong tin hiéu ¢ toc d 2.5 Gbps hodc 10 Gbps. Nhu
vdy thi chua giai quyét tron ven bii todn ting bing thong.
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Chicong 6: Linh ki¢n ctia hé thong théng tin quang

Trong phong thi nghi¢m da cho céc linh ki¢n hoat déng & tbe d9 40 Gbps hoic
80 Gbps. D& TDM c6 thé dat dugc nhirng toc d6 cao hon, céc phuong phép thue hién
tich/ghép kénh trong mién quang, dugc goi la phan kénh théi gian trong mién quang
(Optical time Division Muinplmmg OTDM) dang dugc tich cyc trién khai.

Céc két qua nghién ciu trong phong thi nghiém cho thiy OTDM c¢6 thé ghép
dugc cic ludng 10Gbit/s thanh luéng 250Gbit/s. Nhung khi do6, truyen trén sqi quang
s& vap phai céc van dé nghlem trong anh hudng den chat lugng truyén dan: tén sic sic
thé, tan sic phén cuc, phi tuyén tinh.

3. Ghép phin theo bwéc séng WDM (Wavelength Devision Multiplexing)

Ghép thém nhiéu budc séng dé c6 thé truyén trén mot soi quang, khong cén
ting toc do truyén dan trén mot bude séng. Cong ngh¢ WDM c6 thé mang dén giai
phdp hoan thién nhét trong diéu kién cong nghé hién tai.

Thir nhét né van giit tbe do xur Iy cua céc linh kién dién tr & mirc 10 Gbps, bio
dam thich hop véi soi quang hién tai. Tha}f vao d6, cong nghé WDM ting bang théng
bﬁng cich tén dung cira s6 lam vige cua sgi quang trong khoing buéc séng 1260 nm
dén 1675 nm. Khoang budc séng nay duge chia lam nhidu bang séng hoat déng nhur
minh hoa trén bang 1.1.

Thoat tién, hé théng WDM hoat dong & bang C (do EDFA hoat déng trong
khnang bang séng nay). Vé sau, EDFA c¢6 kha ning hoat dqng oca bﬁng C vabang L
nén hé thdng WDM hién tai diing EDFA c¢6 thé hoat déng & ca bing C va bing L.

Néu theo chuin ITU-T, xét khoéng céch gifra cac kénh budc séng la 100 Ghz
(dam bao kha ning chung Xuyén nhleu kénh trong diéu kién cnng ngh¢ hi¢n tai), s€ c6
32 kénh budc séng hoat dong trén moi bing. (N hur vay, néu vén giit nguyén téc 46 bit
lrén mo_lguh_tm;.f_ﬁﬂ, dung cong ngh¢ WDM ciing di lam ting bing thong truyén trén
mot s¢i quang Ién 64 lar lan’

Bdng 1.1 S phin chia cdc bang séng

Bing song Mota Pham v1 birde song (nm)
Bang O Ongmal 1260 dén 1360
Bing E Extended 1360 dén 1460
Béng S Short 1460 dén 1530
Bang C Conventional 1530 dén 1565
Bang L Long 1565 dén 1625
BingU Ultra-long 1625 dén 1675




Chucong 6: Linh kién ciia hé thong théng tin quang

6.4.2. So a6 khdi tong quat
4. Pinh nghia

Ghép kénh theo budc séng WDM (Wavclength Devision Multiplexing) la cﬁng
ngh¢ “trong mét s¢i quang dong thoi truyén din nhiéu buédce séng tin hiéu quang”. O
dau phat nhiéu tin hi¢u quang c6 budc séng khic nhau dugc t6 hop lai [ghép kénh) dé
truyén di trén mdt s¢i quang. 0] dau thu, tin hiéu to hop d6 dugc phan giai ra (tich
kénh), khdi phuc lai tin hiéu goc roi dua vao_cac dau cudi khéac nhau.

b. So' dd chirc ning

Pé dam bao viéc truyén nhdn nhiéu budc séng trén mdt sgi quang, hé thong
WDM phai thue hién cac chirc nang sau:
Phat tin hiéu

‘Trong hé théng WDM, nguén ph4t quang duoc ding 12 laser. Hién tai da c6
m{t s6 loai ngudn phét nhu: Laser diéu chinh dugc bude song (Tunable Laser), Laser
da buéc séng (Multiwavelength Laser)... Yéu cdu d6i v&i ngudn phat laser 1a phai co

6 rong phd hep, budc séng phat ra 6n dinh, murc cong sudt phat dinh, budc séng trung
tdm, d6 rong phd.

Ghép/tach tin hi¢u

Ghép tin hiéu WDM la sy két h-;rp rnqt sb nguon sdng khic nhau thanh mgt
ludng tin hi¢u 4nh sdng téng hop dé truyén din qua s¢i quang. T4ch tin hiéu WDM la
sir phén chia ludng 4nh sing tdng hop d6 thanh céc tin hiéu 4nh sing riéng ré tai moi
cong dau ra bd tach. Hién tai da c6 cic bd Iéchfghép tin hi¢u WDM nhu: bo loc mang
mong dién méi, cich tir Bragg soi, cich tir nhiéu xa, linh kién quang to hgp AWG, bo
loc Fabry-Perot...

Khi xét dén céc b tach/ghép WDM, ta phai xét céc tham sb nhu: khoang cdch
gilta cac kénh, do rong bing tan cua cic kénh budc séng, budc séng trung tam cua
kénh, mirc xuyén am giira cic kénh, tinh dong déu ciia kénh, suy hao xen, suy hao
phan xa Bragg, xuyén am dau gan dau xa...

Tl _
e 1% |
© ™ Wi > DE
Mx | 1 HH :
; I__I Trwyentin hiéw wén soiquang | _ MUX
EDFA EDFA
Ti Khuéch dai tin hiéu Khuéch dai tin hiéu
s .. Thotin hiéu
PRAIBIED G i iy Tich tinhida |

Hinh 6.10. So dé chikc ning hé thong WDM
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Truyén dén tin hi¢u

~ Quétinh truyén dén tin hiéu trong s¢i quang chiu sy anh hudng clia nhiéu yéu
t: suy hao sgi quang, tén sic, cic hi¢u (ng phi tuyén, van d€ lién quan dén khuéch dai
tin higu ... M&i vin dé ké trén déu phu thudc rat nhiu vao yéu to soi quang (loai sgi
quang, chat lugng sgi...)
Khuéch dai tin hi¢u

_ Hé théng WDM hién tai chu yéu sir dung b khuéch dai quang s¢i EDFA

(Erbium-Doped Fiber Amplifier). Tuy nhién b khuéch dai Raman hién nay ciing da
dugc sir dung trén thyc té. C6 ba ché d¢ khuéch dai: khuéch dai cong suat, khu@ch dai
duﬁnggg?__ tién khuéch dai. Khi dung bo khuéch dai EDFA cho hé thong WDM phai
dam bao cic yéu cau sau:

o D0 lgi khuéch dai ddng déu dbi v6i tét ca cc kénh budc séng (mic chénh l¢ch
khong qué 1 dB).

o Sy thay d8i sb lugng kénh budc séng 1am vige khong duoc gdy dnh hudng dén
murc cong suat dau ra cia cic kénh.

e C6 kha nang phét hi¢n sir chénh léch mirc cong suat déu vao d¢ diéu chinh lai
cdc hé s6 khuéch dai nhim dam bao dic tuyén khuéch dai la bang phing 461 van
tat ca céc kénh.

Thu tin hi§u

Thu tin hiéu trong cdc hé théng WDM ciing sir dung céc bd tach séng quang
nhu trong hé thong thong tin quang théng thudng: PIN, APD.

c. Phén loai h¢ thong WDM

F— ALAZEILIN
-- R et =
T '|'i} 1 & - |"'.;-—|_ | _l ::
' mux |t QO B >l DE
| Ll 313200 kN L_. | MUX i
i EDFA - EDFA :
[ ' Hé théng WDM ddu hitdng
T -
— s
o1 e
| MUX el
t | _ MUX
| EDFA 5
[ }— He théng WDM song lnfdag R

Hinh 6.11. Hé thong ghép budc song don hwdng va song hwong
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— Hé thnng WDM vé co ban chia lam_hai loai: h¢ thcmg do’n hudéng va song
hudng nhu minh hoa trén hinh trén. Hé thﬂng don hu(mg chi truyén theo mot chleu
trén sgi quang. Do viy, dé truyén thdng tin giira hai diém can hai sgi quang. Hg théng
WDM song huéng, nguogc lai, truyén hai chiéu trén mét sgi quang nén chi cén 1 sgi
quang dé c6 thé trao d6i thong tin giira 2 diém.

Ca hai hé t!mng déu ¢6 nhimg wu nhugc diém riéng. Gia sir ring cong ngh¢ hi¢n
tai chi cho phép truyén N budc séng trén mét s¢i quang, so sdnh hai hé théng ta thy:

- Xét vé dung lugng, hé thﬂng don huéng c6 kha nang cung cap dung hrgng cao
gip db6i so v6i hé théng song huéng. Nguogce lai, sb soi quang cén ding gép d6i so véi
hé théng song hudng.

Khi sy cb dit cap xay ra, hé théng song huéng khong cin dén co ché chu}ren
mach béo v¢ ty dong APS (Automatic Protection-Switching) vi ca hai déu cua lién két
déu c6 kha nang nhén biét sy ¢d mot cach tirc thoi.

bimg vé khia canh thiét ks mang, h¢ thfmg song hudng khé thiét ké hon vi con
phai xét thém céc yéu td nhur: vén dé xuyén nhiéu do ¢6 nhiéu buéc s6ng hon trén mot
sgi quang, dam bao dinh tuyén va phén bd budc séng sao-cho hai chiéu trén s¢i quang
khong ding chung mét budc séng.-

Céc bé khuéch dai treng hé théng song hudng thudng c6 céu triic phic tap hon
trong hé théng don hudng. Tuy nhién, do ijijﬂ'B_Elﬂug khuéch dai trong h¢ thong song
huéng giam Y2 theo moi chiéu nén & hé thong song hudéng, céc bd khuéch dai s& cho
cong suat quang ngd ra 16n hon so v6i & hé thong don hudng.

6.4.3. Pic didm ciia hé théng WDM ¢

Thyec t& nghién ciru va trién khai WDM di it ra duge nhimg wu nhuge diém
cua cong nghé WDM nhu sau:

a. Uu diém ciia cong nghé¢ WDM

* Ting béng thong truyén trén sgi quang so lan trong Ung sO budc séng dugc
ghép vao dé truyén trén mdt sgi quang.

* Tinh trong sudt: Do cong nghé WDM thugc kién tric 16p mang v4t 1y nén né c6
thé ho trg céc dinh de_mg sO liéu va thoai nhu: ATM, Gigabit Ethernet, ESCON,
chuyén mach kénh, IP ..

* Kha ning m¢d rong: Nhitng tién b trong cong ngh¢ WDM hira hq:n(tfmg béang
théng tmyen trén s¢i quang 1én dén hang Tbps, dip img nhu cdu mo rong mang
& nhiéu cip d6 khac nhau.

* Hién tai, chi c6 duy nhit céng nghé WDM la cho phép xiy dyng mé hinh mang
‘lmjiéﬂ tai quang OTN (Optical Transport Network) gitp truyén tai trong sudt
nhidu loai hinh dich vy, quan 1§ mang hidu qua, dinh tayen linh ddng ..
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b. Nhwgc diém ciia céng nghi WDM

e Vin chua khai thac hét bang tdn hoat déng c6 thé cia s¢i quang (chi méi tin
dung duoc bang C va bang L).

e Qui trinh khai thic, bao dudng phirc tap hon gip nhiéu lan.

. Neu hé théng sqi quang dang sir dung la s¢i DSF theo chuin G.653 thi rat khé
trién khai WDM vi xuit hién hién tugng trdn bon budc séng kh gay git.

6.4.4. Lwr6i ITU

Viéc_chuén ho4 céc bd budc séng dung cho cic mang WDM la hét sirc cdn thiét
vi n6 bao dam cho céic thiét bj ctia cdc nha cung r:ap khéc nhau déu dugc san xuit theo
cling mét tiéu chuan, va déu 1am viéc tuong thich v&i nhau,

Khi chuén ho4 budc séng, van dé can phai xem xét dau tién I 12 khoang c4ch
gitra céc kénh phai dya theo tan s6 hay buéc séng. Khoang céch tin sé bing nhau sé
1am cho khoang céch budc séng hoi khéc nhau, Khong ¢6 mét tidu chudn k¥ thuét nao
dugc wu tién dé lya chon trong trudng hop nay. Trong khuyén cdo ITU-G.692 cic
kénh cich nhau m¢t khoang 50 GHz (twong dwong véi khoang cich budc séng la
0.4nm) v6i tin sb trung tim danh dinh 12 193.1THz (1552.52 nm). Tén s nay & giita
dai théng cia s¢i quang 1.55um va bo khuéch dai quang sgi EDFA (xem hinh_1.4).
Khoang céch nay phu hop véi kha nang phan giai coa cic bd MUX/DEMUX hién nay,
d6 6n dinh tan sb cia cdc bd laser, MUX/DEMUX,... Khi cong nghé hoan thién hon
khoang cach nay sé phai giam di.

Mét vin dé khéc, khé khin hon 12 chon lira mot bd budce séng tiéu chuén bao
dam cho cic hé Ihc-ng chu 4, 8, 16, Vh 32 budc sdng hoat dong tuong thich vai nhau
bi vi cdc nha san xuét déu 6 céc cau hinh kénh tbi vu riéng va cic ké hoach nang cap
hé thnng tir it kénh 16n nhiéu kénh khéc nhau. ITU da chuin hod (ITU G.959) bé 16
budc séng bét dau tir tan s6 192.1 THz, rong 200GHz mdi bén cho giao dién da kénh
giita c4c thiét bj WDM.

Cudi ciing 1a phai luu § khong chi /o bao dam céc tdn sb trung tAm ma con
phai bao dam d¢ 1¢ch tin sb t6i da cho phép. Pdi vdi Af > 200 GHz, ITU quy dinh do
léch tan s6 12 khong vuot qua +Af /5 GHz. Véi Af =50 GHz va Af =100 GHz thi dén

thoi diém nay ITU van chua chuén ho4.

1931 TH=

30 GHz 50 GHz

Hinh 6.12. Luwoi budc séng theo ITU
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6.4.5. Céic yéu t6 anh hwdng dén chit lvgng ciia h¢ thong WDM
C6 3 yéu t6 co ban ciia soi quang anh huéng dén kha ning ctia céc hé thong
théng tin quang, bao gom:
e Suy hao
o Tién sdc
e Hién tiwgng phi tuyén xdy ra trong sgi quang.

Tuy nhién, d6i vdi cic hé thong khéc nhau thi mirc d§ anh huong cia cdc yéu tb
nay cung khac nhau.

Déi véi céc hé théng cy ly ngén, dung lugng thip thi yéu td chi yéu cin quan
tim la suy hao.

Débi véi cdc hé thé-ng tbe db cao, cu ly tuong dbi 1én thi yéu té chi }'éu cén
quan tam la suy hao va tdn séc.

Dbi voi cdc hé théng cyr ly dai va dung Iugng rat 1o thi ngodi 2 yéu t6 trén can
phéi xem xét den ca cic hiéu g phi tuyén.

6.5. Céc linh kién trong ki¢n trong h¢ thong WDM
Cic linh kién duge sir dung trong céc mang quang hién dai bao gém

e Cic by ghép/tach (couplers)
e B¢ phét laser (lasers) .
e B¢ tich quang (photodetectors)
e B{ khuéch dai quang (optical amplifiers)
e B chuyén mach quang (optical switches
e B§ loc (filters) '
e B{ ghép/tich kénh (multiplexers).

6.5.1. B¢ ghép/tich tin hi¢u (Coupler)

a. Pinh nghia

— B ghépltach tin higu (Coupler) 1a thiét bi quang dang dé két hop c4c tin hiéu
truyén dén tir c4c sgi quang khéc nhau. Néu coupler chi cho phép anh séng truyén qua
n6 theo mét chidu, ta goi 13 coupler c6 huéng (directional coupler). Néu n6 cho phép
4nh séng di theo 2 chiéu, ta goi 12 coupler song huéng (bidirectional coupler).

( Coupler théng dung nhét I coupler FBT (Fused Bin€onical Taper). Coupler
ndy dugc ché tao bing céch dat 2 sgi quang canh nhau, sau d6 vira nung chay dé ching
két hop véi nhau vira kéo gian ra dé tao thanh mdt ving ghép (coupling region]JM@t
coupler 2 x 2 dic trung bdi ti s0 ghép a (0<a<1). « 12 ti 1¢ cong suét 4nh séng ngd vao
1 dén ngd sto véi tong cdng suat Anh sing vao ngd vao 1. Phan ti 1¢ 1-a cdng suat
4nh sdng con lai cta ngd vao 1 s& duge truyén dén ngd ra 2. Hinh 1.9 12 mét coupler
FBT 2 x 2 ¢6 hudng.
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Sdi quang

. &
Pau vio L Paural

Piu vao 2 Paura 2

Chiéu dai ghép

~Hinh 6.13. Céu tao coupler FBT 2 x 2

Coupler ¢6 thé 1 chon lya budc séng (wavelength selective) hay khdng phu
thudc vao budc séng, twong ing véi a phu thudce hay khong phu thude vao budce séng.

Trudng hop a = 1/2, coupler duoc ding dé chia cong suat tin higu ngd vao
thanh hai phan bang nhau & hai ngd ra. Coupler trong truong hop ndy dugc goi 1a
coupler 3 dB. Coupler hinh sao nxn c6 thé dugc tao bing céch két ndi cic coupler 3dB
nhur trén hinh sau.

1 dB couprlens

Hinh 6.14. Coupler hinh sao véi 8 ngé vao va 8 ngd ra dwgc hinh thanh tir cdc
coupler 3dB. Céng sudt tir mét ngé vao dugc chia déu cho cdc ngé ra
b. Nguyén 1y hoat dgng

[Khi hai s¢i quang dugc dit canh nhau, 4nh sing s& dugc ghép tir soi nay sang
s¢i kia va ngugce 1ai.)D6 1a do qui trinh truyén mét 4nh sdng trén sgi quang qua vnng
ghép s& khic so vai truyén trén sgi quang don. Khi d6 ( toan by dnh séng thudc mot sgi
quang s& dugc ghép hoan toan sang sgi quang ghép voi né, phan 4nh sang nay lai tiép
tuc duge ghép ngugce trd lai sang s¢i quang ban dau theo mét chu ky tuan hoan khép
kin.)Két qua ta c6 cudmg do truomg dién tr & diu ra cia bd ghép E,, E,; duge tinh
theo cudmg d trudmg dién tr dau vao E;;, E;; theo céng thirc

[Em(f} _if cos(xd) isin(x) [ E,(f)
E,(f) isin(xd) cos(x?) )\ E,(f)
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Trong d6:
B lahé s pha cia sy truyén dnh sang trong sgi quang.

e K Iah¢ s6 ghép. k phu thudc vio chidu rong clia sgi quang, chiét suit cuia 16i soi
va dén khoang cédch gan nhau cua hai s¢i quang khi thyc hién nung chay.

Néu chi cho 4nh sdng vao ngd 1 (cho E;»=0), khi d6 cong thirc (1.32) dugc viét

lai Ia;
E,(f)=e™ cos(xd) E,(f)
En(f)=e "' sin(xd) E, (1)
Ta nhén xét ring & 2 dau ngd ra c6 sy léch pha n/2.
c. Ung dung

Coupler 12 linh ki¢n quang linh hoat va c6 thé cho nhiéu tmg dung khic nhau.
B coupler véi ti s6 ghép o = 1 duge ding dé trich mét phan nhé tin hiéu quang, phuc
vy cho myc dich gidm sat,

Coupler con 12 by phan co bén dé tao nén cic thinh phin quang khic, ching
han nhur: cic b chuyén mach tinh, cdc b6 diéu ché, b giao thoa Mach-Zehnder MZI...
MZI ¢6 thé dugc ché tao hoat dong nhu bo loc, MUX/DEMUX, chuyén mach vi b
chuyén déi buéc séng.

Thuc hién ghép/tich bude s6ng trén soi quang. Nhor diéu chinh chidu dai ghép
thich hop khi ché tao, coupler 2 x 2 ghép 50:50 phan bé cang suét 4nh sang tir mot diu
vao ra lam 2 phan bang nhau & 2 ngd ra. Coupler niy con dugc goi 12 coupler 3 dB,
img dung pho bién nhat. Tir coupler 3 dB, ¢6 thé tao nén bd coupler n x n ghép n tin
higu khic nhau vao mt s¢i quang.

6.5.2. B{ isolator/circulator
a. Djnh nghia

Coupler va phén I6n céc linh ki¢n quang thu dong khéc la cic thiét bj thuédn
ngugc (reciprocal) theo nghia thiét bi s& hoat déng cung mét kiéu néu dao ngd vio va
ngd ra vl nhau.

Isolator 14 thiff*t bi khéng thudn ngugc (nonreciprocal). N6 chi truyén 4nh sing
qua n6 theo mt chi€u va ngin khong cho truyén theo chiéu ngugc lai. N6 dugc dung
tai dau ra cua céc thict bj quang (bj khuéch dai, ngudn phit laser) d¢ ngan qué trinh
phan xa nguge tré lai cic thiét bj d6, gay nhiéu va hu hai thiét bi. Hai tham sé chinh
cua Isolator 12 suy hao xen va d¢ cich ly.
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Circulator cting thyc hién chirc nang tuong ty nhu b Isolator nhung né thudng
¢6 nhiéu cong, thudng 12 3 hodc 4 cira. Chinh vi sur trong dong giita hai loai thiét bi, ta
sé chi trinh bay hoat déng cua bd Isolator ma thoi.

Dy s by
f——
ISOLAT®R \
—
(a) ib) (c)
Hinh 6.15: (a) So d6 khéi cuia bé Circulator 3 cira.
(b) So d@6 khéi ciia b Circulator 4 cira.
(c) So dd khéi ciia b Isolator.
b. Nguyén 1y hoat djng
Bé quav pha Faradav
1B ’ Anh sdng di
o ) |,|‘, © o Vo et
—| — —_— — — '
— e | | e —
Anh sdng di vie ' I{I y //
1 i . -
/ ///’ Aunh sing phan xa
Ect phm eife Bé phin cie
(a)
Bé guay pha Famdav ﬂ?g&
fas) ) @ %) &)
— -@ — — —
Anh sing divio \ ! h ) \

l\‘x \ Aohsé ng dira

U_l Ll L_lﬁt_jk

e

Anh shug phin xa

. t
Hinh 6.16. (a) Cau tao b¢ Isolator khi dnh sdng vao phin cuc dgo
(b) Cdu tao bé Isolator khi dnh sdng vao phén cuec bt ky
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Trang thai phan cuc cua 4nh sing truyén trong s¢i quang dugc dinh nghia 1a
chiéu phan cyc cua vector cuong do truong E nidm trén mit phang vudng géc voi
phuong truyen 4nh sang trong s¢i. Ta goi la phén cyc ngang va phan cyc doc. Qua
trinh truyén 4nh sing trong sgi quang la su két hop tuyén tinh truyén céc séng phan
cuc ngang va phin cuc doc.

M@ hinh don gian cta bd Isolator dugc minh hoa nhu trong Hinh 6.16. (a)( Gia
str 4nh sdng truyén 14 phéan cyc doc, truyén dén bd phan cuc (Polarizer), by nay thyc
hién chirc néng chi cho s6ng phén cuc doc di qua, khéng cho song phan cyc ngang di
qua. Sau bd phén cyc 1a bj quay pha Faraday. thue hién quay pha 451; theo chiéu kim
ddng hd khdng phan biét chiéu 4nh séng dén.

Tiép theo 12 bo phin cuc, bd niy thyc hién chirc nang chi cho séng phén cuc
45° di qua. Nhur vay, b Isolator ta xét chi cho phép séng phin cuc doc di qua theo
chiéu tir tri sang phai. Trong trudng hop_séng phan xa theo chiéu nguge lai, néu song
qua duge b phéin cuc thir hai, qua tiép theo by quay pha Faraday, thi cing khong thé
qua dugc bd phén cuc thir nhat (do ldc niy,séng phan cuc ngang).

Trén thye té thi song truyén trong soi quang ludn la sy két hop tuyén tinh cua
c4c trang th4i phin cyuc ngang va doc nén thiét ké b Isolator phirc tap hon. M6 hinh
thu nhé duge trinh bay trong Hinh 6.16. (b).

Anh séng truyén trong s¢i quang v6i trang thai phan cuc bt Ki dugc dua dén bo
tach/ghép trang thdi phan cyc SWP (Spatial Walk-off Polarizer), tich thanh hai dong
tin hiéu phin cuc doc va ngang theo hai duong doc lap nhau. Tlep theo, dén bd quay
pha Faraday, quay pha 45° theo chiéu kim dong ho. Mat phéng A2 (Half-wave plate)
thire hién quay pha 45° theo chiéu kim cl-:mg hd déi véi tin higu truyen tir trdi sang
phai, quay pha 45° theo chiéu nguoc kim dbng hd theo chiéu truyén ngugc lai. Cubi
cung, tin hi¢u & hai nhanh dugc két hop lai nho b SWP thir hai. Néu theo chiéu ngugc
lai, hai b SWP s& khir 14n nhau. Anh sang truyén qua b SWP thir hai, qua b quay
pha Faraday s& khong thé két hop lai dugc tai bd SWP thir nhét nhu minh hoa trén
Hinh 6.16.

c. Ung dung
B{ Isolator va Circulator ¢6 nhirng (g dung sau:

e B{ Isolator thudng dung trudc dau ra bd khut:ch dai quang hodc nguﬁn phat
laser 4 ngin 4nh sang phan xa ngugc trd lai thiét bi giy nhiéu va c6 thé 1am hu
thiét bi.

¢ B Circulator dugc diing nhu mét bd phan dé ché tao phan tir xen rdt quang
OADM.
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6.5.3. B§ lgc quang

a. Téng quan

AN

g ] 1 N LD ll
TN Boloc .i"uL f&.{lfxl\ﬂgﬂ I l.'

(al
Hinh 6.17. So d6 khoi cia bé loc.
{a) Bo loc 6 dinh bidc song Ak.
(b) Bé loc c6 thé diéu chinh budc séng dugc tronkhodangng AA.

Dinh nghia ;

[B6 loc 1a thiét bi chi cho phép mot kenh budc séng di qua, khod d6i véi t

cdc kénh budc séng khac ']{N Iguyén ljr_Jw ban nhét cta b loc 12 sy giao thoa giir:
tin hi¢u, buéc séng hoat dong cua bd lgc s& dugc cong pha nhiéu lan khi di qua n6
kénh bude s6ng khic, ngugc lai, s& bj triét tiéu vé pha.|

Tuy thude vao kha ning diéu chinh kénh budc séng hoat déng, ngudi ta chi

loc 1am hai loai: bd loc c¢b dinh (fixed filter) va bd loc diéu chinh dugce (tunable fili

Yéu cau ddi voi bd loc

Hién nay, c6 rit nhiéu cong ngh¢ ché tao bd loc. Tuy nhién, yéu cau chung dbi ve
ca cac cong nghé la:

»

B4 loc tét phai c6 gid tri suy hao xen-@t'}_lép.*\ TL Y WMy Him ﬂu’t t

B& loc phai khong phy thudce nhiéu vio trang thai phin cyc cua tin higu dua vi
Dai thong hoat dong cia bo loc phai khéng nhay cam voi sy thay ddi nhi
cla mo1 truong.

B0 loc phai dam bao trong khoang nhiét do hoat djng (thudmg la khoang

C), 46 dich dai théng hoat ‘déng‘phéi khong vugt qua khoang céich giil:
kénh budc séng hoat ddng gan nhat.

Khi tmg dung ghép néi uép nhiéu bd loc trong hé théng WDM, bing thong
dgng sé& bj thu hep lai. Bé han ché tdi da diéu nay, céc bg loc phai c6
truyén dat trong khodng budc séng hoat dong la bing phéng.

Ham truyén dat cta b loc phai c6 d@ﬁdoc I6n dé trénh giao nhau & phan va
hai budc séng 1dn cdn, gdy xuyén nhiéu giira cdc kénh.

Giam chi phi san xuit.
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Van dé nay lai phy thudc vao céng nghé ché tao. Tuy nhién, khi van dé nay dat
1én hang dau thi ta s& c6 hai lya chon.

Thir nhit 12 diing céng nghé 6ng din s6ng, cho phép san xudt trén nhitng vi
mach tich hop quang (bt lai hoat déng phu thudc vao trang thai phin cyc cia séng
quang).

Thir hai 1a ding cong ngh¢ san xu_:it cdc thiét bj thuin quang, tuy khé khin
trong tich hop mach nhung ¢é nhiéu vu diém 1a: khong phu thudc vao trang thai phan
cuc cla song quang, ghép séng tir s¢i quang vao thiét bj dé dang.

b. Théong s6 co ban
4 'y

olos dBJ B4 rjug bing théng

24K

Suy haothém viodB)
b
=

Suy hao thém v (dBy

Vinguanyén nhidu i
P ' - '
- Y
Lol - .
LY
" X ; -

133,47 153425 #(nmy) 1540.56 7.(nm)

(a) (b)
Hinh 6.18. (a) Cdc thong 56 ddc trung cua bo loc. (b) B gon séng ciia bé loc.

Hinh trén minh hoa céc dic tinh dic trung cho mét b loc, céc dac tinh d6 duoc
dinh nghia nhu sau:

* Budc s6ng trung tim: phai 1a budce séng tuin theo tiéu chudn ITU-T

¢ DO rong bang théng (Pass Bandwidth): do rong clia ham truyén dat ta1 muc suy
hao xen céch dinh 0.5 dB. Trong mét so truong hop, ngudi ta con c6 thé xét
bing théng di qua 1 dB, 3 dB)Bac tinh ndy rit quan trong vi laser trong trudmg
hop khéng ly tuéng chi phat tin hiéu cé budc song dao dong nhat dinh so vai
buéce séng trung tim dugc qui dinh theo chuén ITU-T.

* D réng bang chin (Stop Bandwidth): d¢ rong cia him truyén dat tai m].'m suy
hao xen cédch dinh 20 dB. Dai chin ciia by loc phai cang nho cang tot dé trinh
hién tugng xuyén nhiéu giira céc kénh.

* Do cich ly (Isolation): dé chi cong suit ciia mot kénh budc séng xuyén nhiéu
sang cédc kénh budc séng 1an cin.
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e PO gon séng (Ripple): do chénh léch dinh-dinh trong pham vi mét kénh budc
song.

e Hé sb sir dung bang thong BUF (Bandwidth-utilization Factor): ti sb cia do
rong kénh truyén LW (Linewidth) ctia 4nh séng dugc truyén di so véi 4nh sdng
phan xa tai mét mirc suy hao xéc dinh. B¢ loc 1y tudng phai c6 BUF = 1. Trén
thye té, khi IL = - 25 dB thi BUF = 0.4

Néu bd loc thude loai ¢6 thé didu chinh budc séng duge, né con cé thém cic
dac tinh nira nhu la:

e Khoang diéu chinh budc séng dong: khoang budc séng ma trong pham vi hoat
ddng cua bo loc.
e S6 kénh budc séng c6 thé xir Iy: ti 1& khoang diéu chinh budc séng dong trén
khoang cich giira cic kénh budc song.
o Thoi gian diéu chinh: thisi gian diéu chinh giita cic kénh buéc séng hoat dong
khéac nhau.
e Til¢ nén bién SSR (Sidelobe Suppression Ratio): khoang céch gilta gid tri cong
suat dinh so vdi gia tri cong suat lon nhat & bién.
D phin gidi: dd dich buéc séng nhé nhét b loc c6 thé nhan biét duge.
c¢. Cich tir
_ Cach ur ding dé mo ta cic thuet bi ma hoat déng cua né dua trén hién tugng
giao thoa gitra céc tin hi¢u quang xuét phit tir cing mét ngudn quang nhung c¢6 do léch
pha tuong ddi véi nhau.
Phén biét véi céch tir 1 vat chudn (etalon) la thiét bi & d6 nhiéu tin higu quang
dugc tao ra nho mot hoc cong hudng (single cavity) 1ap lai céc tia di ngang qua no.
S6ng 4nh sang ¢6 lan truyén theo hudmg z véi tan 56 goc la @ va hﬁng s6 pha la

B s& c6 46 dich pha la (ot- Bz). Do d6 d6 dich pha tuong dbi giira hai séng pht sinh tir
mét ngudn c6 thé duge tao ra bﬂng cich cho chung truyen qua hai ducmg khéc nhau.

gfgng hodc nhur 1a mt}t l:m ghép kénh dé két hop cdc budc stfmg ,

Hinh 6.18. 1a hai vi du vé cdch tir: trén mit phing cich tir (grating plane), cdc
khe (slit) dugc cich déu nhau. Khoéng céch giira hai khe ké cén goi la pitch. Do cic
khe nho nén theo hién tugng nhiéu xa (diffraction) 4nh séng truyén qua céc khe niy sé
lan toa ra moi hudéng. Trén mit phang 4nh xa (imaging plane) s& quan sit dugc hién
tugng giao thoa cng hudng (constructive interference) va trit ti€u cic budc song tai
cdc diém khdc nhau, cach tir nay dugc goi 1a cich tir nhiéu xa (diffraction grating).

Hinh 6.18. (a) la cich tT t.ruyen dan (transmission gratings),
Hinh 6.18. (b) 1a cdch ur phan xa (reflection gratings).
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Mat phang Mat phing " Mat phing Mit phing
cach nr anh xa anh xa cach nr

(a) (b)
Hinh 6.18. {a) Cdch tir rmyén dan va (b) Cdch tir phan xa
Mit phang
cach tir

Pén mat phing
anh xa

nguon

Hinh 6.19. Nguyén téc hoat déng cua cdch tir truyén dan.
Cdch tir phan xa hoat déng twong tir

i f

Hinh 6.20. Cdch tit blazing véi géc blaze a.
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ha Sg1 quang

Hinh 6.21. Bé loc ghép/téch kénh dugec tao tir cde bg loc mang mong dién moi

6.5.4. Bj ghép/tdch kénh buéc séng

__ B ghépitich kénh budc séng, cing véi b két ndi chéo quang, 1a thiét bj quan
trong nhat cau thanh nén hé thong WDM.

Khi ding két hop voi bd két néi chéo quang OXC (Optical Crossconnect) sé
hinh thanh nén mang truyén tai quang, c6 kha nang truyén tai dong thoi v trong suot
moi loai hinh dich vy, ma céng nghé hién nay dang hudng téi.

Tuy nhién, trong khi thiét bj va céng nghé chuyén mach quang, nhin chung van
con dang & mirc nghién ciru tai cdc phong thi nghi¢m thi céc thiet ghép/tach kénh budc
s6ng di dugc thurong mai hod rong rai.

Vé cong nghé ché tao, cong nghé ché tao b loc (ma di dugc trinh bay chi tiét &
phan 6.4.3.) va cong nghé ché tao b tach/ghép kénh hoan toan giong nhau. Chi khac
12 bd lgc thudng chi c6 mdt budc séng hoat dong, con bd tich/ghép kénh hoat dong
irén nhidu kénh budc séng lién tuc. Bd loc chinh 12 phan tir co bén cdu tao nén bd
ghép/tich kénh.

a. Pinh nghia

Nguyén 1y hoat djng cia by MUX/DEMUX ciing tuong g nhu b Coupler.
Tuy nhién, b Coupler/Splitter thuc hi¢n ghép tach tin hi¢u c6 cing budc séng, con bd
MUX/DEMUX thure hién ghép tich tin hi¢u & céc budc séng khac nhau. So d6 khoi bd
MUX/DEMUX cho trong hinh 6.22. (a) va (b).
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Chirong 6: Linh ki¢n ciia hé thong thong tin quang
tinh _
B$ MUX/DEMUX thudmg duge mé ta theo nhimng thng sb sau:
Suy hao xen (Insertion Loss): 43 mé ta & phin coupler. ( UL\{F
So lugng kénh xir 1y: sé lugng kénh budc séng & dﬁu vio va déu ra cia bd
ghép/tach kénh. Théng s nay(ﬂﬁc____g_hﬂ dung lrgng cua thiét bj."

Budc séng trung tam: cdc budc song trung tim phai tuin theo chuén ciia ITU-
T dé dam bao van df.: tuong thich,

Bing thong: d6 rong phd (linewidth) cta kénh budc séng trén thye té. Bang
thong thudng dugc tinh 14/d§ rong cia ham truyén dat cong suat & cic mire
cich dinh 1dB, 3dB, 20dB.

Gid trj 16n nhét suy hao xen: dugc tinh 12 khoang céch nhé nhiét giira dinh cia

ham truyén dat cong sudt cua mét kénh budc séng ndo d6 so véi mirc IL=0
(dB) (minh hoa trén 6.22.c).

Do chénh léch suy hao xen vao giita cdc kénh: dugc tinh 12 hiéu cta gia tri lén
nhat va nho nhét suy hao xen vao giira cic kénh budc séng.

Ay
EErEE—
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ll
"
(b)
Khoing cich gilra
f cdc kénh bude séng
—= 0.580m bl
04 | Loy
= \ | A—T Suy bao thém
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(c)

Hinh 6.22. B¢ tdch/ghép kénh budc séng quang.
(a) So dé khoi bj ghép kénh bude séng (MUX).
(b) So do khoi bg tdach kénh budc séng (DEMUX).
(¢) Cdc thong 56 ddc trung ciia bp MUX/DEMUX.
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¢. Ghép ting dé tao b ghép kénh dung lirgmg cao

~ Nhu chu vé& dung lugng ngay cang cao trong khi cong nghé ché tao sgi quang
van con nhirng gioi han nhat dinh, lam han ché toc dj truyén dan mot kénh budc séng.
Dicu d6 doi hoi phdi ting so lugng kénh buéc séng truyén trén mot sgi quang, co
nghia k& so lugng kénh ma bd MUX/DEMUX xur I§ phai ting Ién.

Trong khi cong nghé _ché tao ph_én tir co ban vén con gidi han & mdt khoang 56
hrong kénh budc séng c6 thé xir Iy nhat dinh thi giai phap ghép tang dugc xem la gidi
phép hgp ly nhat.

Ghép ting ndi tiép don kénh (Serial)

Trong phuong phdp nmay thuc hié¢n ghép n ting, méi tAng chi thyc hién
ghép/tich mét kénh budc séng. Mot vi duy tiéu bicu 1a b DEMUX 8 kénh budc séng,
ché tao tir céc phan tir co ban 12 b loc TFMF nhur da trinh bay trong hinh (1:25).

~— Uu diém lon nhét ctia phuong phép ghép tang néi tiép 12 s6 budc séng xir 1y 6
thé thay dbi linh dong bing cich thém/bot sO bé loc ghép vao (“pay as you grow”).
_ Nhugc diém chinh 1a chi c6 thé tang 1én dén mét s6 lugng budc séng nao d6 ma
thdi, do suy hao xen s& ting gin nhu tuyén tinh véi s6 lugng bo loc thém vao.

Ghép mt tang (Single-Stage)

Tt ca céc budc g,@nggé\u duge tach ddng thoi trong mot tAng duy nhét. Vi dy
cho cu tric nay 1a6b loc AWG> 7

Uu diém ciia phuong phép nay suy hao xen nho, tinh ddng nhét cuia suy hao tot hon.
Nhugc diém 12 sé kénh duge tich bi han ché do cong nghé san xuit AWG.
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(a) (b
Hinh 6.23. Ghép tdng dé tdng dung lwong ghép/tdch cdc kénh buoc song.
(a) Ghép tang theo timg bang song.
(b) Ghép tdng dan xen chan lé.
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Ghép ting theo timg bing séng (Multistage Banding)
Phuong phdp nay thuc hién v6i_n/m ting, mdi tang thuc hién ghép/tach m kénh
budc séng thuge cing mot bang séng (thong thuong m = 4 hodc m = 8, s6 lugng kénh

budc song trong mét bang séng 1a do nha san xudt thiét bj qui dinh) xem hinh (6.23. a).
Nhu véy, doi héi b MUX/DEMUX ¢ ting dau phai c6 dai budc song hoat ddng raLn,mg

Uu diém: han ché dugc suy hao thém vao m lin so v6i phuong phap ghép tang
1'101 uep Céu triic nay c6 thé m& rong thém nhiéu ting. Ciu tric ¢6 dang mé dun nén &
ting cudi ciing c6 thé chi ding mdt bang.

Nhugc diém: phi pham tai nguyén “budc séng” do phai chira khoang céch rong
gilta cic bang séng.

Ghép ting dan xen chiin 1é

C6 thé 4p dung véi hai ting hosc nhiéu hon. Tang diu 1am nhiém vy ghép/téch
cc kénh budc séng chin, 18 ra lam thanh hai bang, dua dén ting hai. Tiép theo, ting
hai c6 thé thyc hién chirc nang twong ty nhu ting mét hoic thuc hién ghép/tich riéng
ra thanh cdc kénh riéng 1€ (xem hinh 6.23. b).

Uu diém cua phuong phép nay 12 cang vé tang cudi, khong can phai dung cac
bd loc c6 d§ chinh xéc cao do khoéang céch giita cic kénh budc séng can xur ly & ting
sau s& cang rong ra.

6.5.5. B§ chuyén mach quang
a. Cdc b§ chuyén mach don (Single Switch)

Theo chic néng, cac bd chuyén mach don thuémg dugc chia 1am hai loai: on/off
va chuyén tiép (passing).

Bo chuyén mach on/off (1x1) s& cho phép/hodc khong cho phép tin hiéu dnh
sdng di qua ( hinh 6.24. (a).

Chuyén mach chuyén tiép 1x2 huéng tin hiéu 4nh sang tir sgi quang thir nhét
sang s¢i quang thir hai hodc sang sg¢i quang thir ba (hinh 6.24. (b). Ciu hinh -::hu:-,rén
mach 1x2 trong hinh hinh 6.24. (b) la cAu hinh chuyén mach don gian nhit. Cic bo
chuyén mach chuyén tiép 1xN don mang tinh thuong mai cao.

B chuyén mach chuyén nep 2x2 ¢6 thé két ndi hai sgi quang nay véi hai sgi
quang khac. Bo chuyén mach chuyen uep 2x2 ¢6 thé c6 hai trang théi: trang thai két
ndi thing (bypass/bar) va trang thai két n6i chéo (cross/inserted) (hinh 6.24. (c). Thuat
ngir khong nghén dung dé chi mot b chuyén mach c6 thé két noi bat ky ngd vio dén
bat ky ngd ra.

Hinh 6.24. (d) trinh bay bj_ chuycn mach 2x2 c6 nghén vi bd chuycn mach nay
chi c6 thé két ndi tir sgi quang 1 dén s¢i quang 4.
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Hinh 6.24. Cdc logi cdu hinh chuyén mach quang:
(a) Chuyén mach On/Off (Ix1);
(b) Chuyén mach chuyén tiép (1x2) (khong nghén);
(d) Chuyén mach 2x2 cé nghén.

Nhicu vi du don gian vé céc (mg dung cua b chuyén mach khing dinh tam
quan trong ciia c4c bd chuyén mach trong hé thong théng tin s¢i quang nhu sau:

» Cic chuyén mach on/off dugc diung 1am c4c ddu phat va diu thu cdch ly trong
thiét bj do thir. B chuyén mach 1x2 cho phép lya chon kénh va dugc ding cho
chuyén mach bao vé (dé dinh huéng lai luu lugng khi sei quang bj dirt).

e Cic chuyén mach 1xN dugc ding dé kiém tra va do céc linh kién quang, kiém
tra tir xa cc h§ thong théng tin s¢i quang.

» Cé4c chuyén mach 2x2 dugc ding dé két ndi thing nit trong c4c mang quang.
Chuyén mach 2x2 thudng dm;rc ung dung trong cdc mang FDDI. Khi mot tram
nao d6 bj hu héng hoic bj mat nguon bd chuyén mach sé ty dong thay doi sang
trang th4i nghén, do d6 dam bao ludng luu lugng khong bi anh hudng khi niit bi
hur héng.

Céc chuyén mach don duge ché tao theo céc kiéu khoi (latching) hodc khﬁng
khod (nonlatching). Loai khoa s& giit nguyén trang théi (vi tri) cla chuyén mach néu
ngudn bj mét.
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Nguyén ly hoat dpng ciia cdc chuyén mach don

Nguyén 1y hoat déng ctia cdc chuyén mach don dién hinh thudng dya trén: di¢n -
quang, quang co hoc, nhiét quang. Hinh 6.25 trinh bay mét sd nguyén 1y hoat djng cua
b{ chuyeén mach.

Néu chuyén mach thién 4p ciia mdt bd khuéch dai quang bin din (SOA-
Semiconductor Optical Amplifier) sang hai trang thdi on/off thi tao ra dugc mét
chuyén mach dién - quang (hinh 6.25. (a) vi mot SOA chi khuéch dai 4nh sing khi n6
dugc phin cuc va hép thu 4nh sdng khi n6 khdng duge phin cue.

Hinh 6.25(b) trinh bay mét vi du khac ctia chuyén mach EO, trong d6 ti s& ghép
ciia bd ghép 6ng din s6éng phu thuge vao dién 4p 4p vao. Thay ddi ti s6 ghép bing cich
dung LiNbO; dé€ ché tao 16p trén cung cia by ghép vi LiNbO; 1a loai nhién li¢u c6 chi
s0 khic xa thay d6i theo gid tri cia dién 4p 4p vao.

Chuyén mach quang co hoc hogt dong dya trén chuyén ddng co hoc cia céc
linh kién quang. Vi dy, di chuyén léng kinh trong hinh 6.25(c) theo chiéu doc s& cho
phép chuyén mach mét tin higu quang tir sgi 2 sang sgi 3.

. Ta ciing cé thé dat dugc két qua tuong ty Khi dét nhe 1én try mét guong hinh
cau (hinh 6.25(d). C4c thau kinh GRIN (graded-index) s& lam cho viéc chuyen tiép dnh
sang ghép tir/vio sgi quang duge dé dang hon.

Hinh 6.25(e) trinh bay vi du vé chpyén mach quang. M{t ¢3p s¢i quang & ngod
vao chuyén tir vi tri nay sang vi tri khédc dé thue hién vige chuyén mach tin hi¢u quang.

Nguyén Iy cua vigc lam mét tic dung cua toan by anh sang phan xa bén trong
(FTIRFrustration of Total Internal Reflection) dwgc img dung dé ché tao bd chuyen
mach dugc trinh bay trong hinh 6.25(f). Nhic lai 12 mot phéan 4nh sing sé& truyén qua
moi truimng khuc xa khéc ngay ca khi khong c6 dnh sang phan xa bén trong. Ta goi anh
séng dugc truyén qua nay la s6ng suy bien (evanescent wave). Nhé hiéu ing nay, khi
14 chuyen mach dugc gin véi lang kinh thi s& tao ra dnh sang phan xa bén trong. Khi 14
chuyen mach (switching Platc} tién toi gan lang kinh, thi toan bo dnh sang phan xa bén
trong bj mét tic dung, két qua 13 chim 4nh sing phan xa sé di chuyén dan din sang
hudng khac.
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Hinh 6.25. Nguyén Iy hoat dgng cua cdc bg chuyén mach quang:

(a) Chuyé'n mach on/off ding SOA;

3
d)
GRIN
lens
N Switching
plate
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lens

(b) Bé ghép dng ddn séng ché 1ao tie LINBO3;
(c) Chuyén mach ding lang kinh chuyén dong:

(d) Chuyén mach ding gwong hinh caw;

() Chuyén mach bang cdch di chuyén sgi quang;

(f) Chuyén mach img dung hiéu img FTIR;

(g) Chuyén mach quang - nhiét sir dung bé giao thoa Mach-Zehnder.
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Do d6, bang cch di chuyén 14 chuyén mach huéng téi lang kinh, ta ¢6 thé dinh
huéng tin higu 4nh sang sdng soi 3. Khi 14 chuyén mach khong tiép xic véi lang kinh, s&
xay ra hi¢n trong phan xa 4nh sdng bén trong va tin hiéu quang di vao sgi 2. Chi y 12 qué
trinh chuyén dong co hoc cua céc linh kién quang xay ra rit nhanh, rét it va chic chin.
Nén hi¢n nay, cic by chuyén mach quang co hoc dang dugc sir dung phé bién nhit.

Hinh 6.25(g) trinh bay vi du vé chuyén mach quang nhi¢t. Mgt bd giao thoa
Mach- Zehnder keét hgp v6i mot bd dich pha gin trong mdi nhanh giao thoa, Bang hoi
noéng, ta c6 thé dicu khién sé lrong bd dich pha, nghia la c6 thé dinh hudng tin hiéu
quang sang so1 2 hodc soi 3.

_ Cdc chuyén mach quang nhiét c6 téc do chuyén mach nhanh hon so véi céc b
chuyén mach quang co hoc, va quan trong nhit 13, ching ¢6 thé dugc thye hién theo
cong ngh¢ trang thai rin planar (planar solid - state) nhu cdc ma trin chuyén mach lém.

M5t s6 tham s6 chinh quy dinh dic tinh cia cdc bd chuyén mach:

e Tisb tit md (extinction ratio): thé hién dic tinh ciia bd chuyén mach on/off.
Diy 1a ti 50 gilta néng lugng 4nh séng khi chuyén mach & trang th4i on vA ning
lugng 4nh sdng khi chuyén mach ¢ trang théi off. Gid tri nay cang cao cang tét,
thuomg ndm trong khoang tir 45 dén 50 dB. .

¢ Suy hao xen (insertion loss): don vi do céng suit suy hao do b chuyén mgich
gy ra thudmg c6 gid tri khoang 0.5 dB.

* Nhiéu xuyén 4m (crosstalk): ti 50 giira cong sudt ngd ra dugc tao ra bai ngd vao
mong muon va cong suat ngd ra dugc tao ra béi ngd vao khéng mong muédn.
Gia tri nay cang cao cang tot, thuomg khoang 80 dB.

 Thoi gian chuyén mach (switching time): tham s& rit quan trong. Khi sir dung
céc bg loc hiéu chinh dugc, thoi gian chu:-,rén mach yéu cau phu thude vao cic
ung dung cla chuyén mach. Déi véi cic mang chuyén mach kénh ngay nay,
thori gian chuyén mach khoang c& ps, tham chi c& ms, nhung déi véi cdc mang
quang chuyén mach géi, thoi gian chuyén mach chi khoang vii ns, thim chi
khoang ps. Céc b chuyén mach don quang - co hoc va quang - nhiét c6 thoi
gian chuyén mach nim trong khoang tir 2 dén 20 ms, trong khi céc bo chuyén
mach don quang - dién ¢6 th&i gian chuyén mach c& ns.

Ngoai nhimg tham s6 ké ra trén ddy, trong i liéu tham khdo déc tinh cia phin
tr chuyén mach con ¢6 méjt s6 tham s nhu dai buée séng hoat déng, PDL, va nhiét
d¢ phong.

b. Céc khéi chuyén mach quang lém (multistage/large optical switch)

Céc khdi chuyén mach quang véi s lugng céng tir vai trim dén vai ngan dang
du(rc_nghién ciru cho hé ‘théng mang quang thé h¢ tiép theo. Khi thiét ké céc khoi
chuyen mach quang 16n, can quan tim dén cédc vin dé sau:
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o S$6 legng cuia cde phan tir chuyé‘:n mach ean thiét: cde b chuyén mach lom duge
tgo thanh tir cdc phan tir chuyén mach theo nhiéu cach khéc nhau) nhu s& trinh
bay bén dudi. Chi phi va d6 phuc tap cua khbi chuyén mach phy thuge vao )
phéan tr chuyen mach dugc yéu cau, cich déng géi, ghép ndi, phuong phap ché
tao va diéu khién.

e Tinh dong nhdt cua suy hao: cdc bé chuyén mach cé thé tao ra suy hao khdc
nhau cho timg két noi khéc nhau cua ngd vao va ngd ra. Khbi chuyén mach
cang lém thi su khéc nhau vé suy hao cang nhleu) banh gid tinh dong nhét ctia
suy hao bﬁng cich xem xét so Phan tir chuyén mach toi thiéu va t6i da trén
duong din quang d6i véi timg két néi ngd vao/ra khic nhau.

o S5 diém néi chéo trong khéi chu}:en mach: thong sé nay ddc bi¢t quan trong
trong viéc ché tao céc khm chu}ren mach quang. Mgt s0 khéi chuyen mach
quang dugc tich hop tir nhiéu bd chu}fen mach trén mt mach duy nhat. Khong
giong nhu trong cic mach dién tich hgp (IC), & d6, cac két ndi gitta nhiéu linh
kién khéc nhau c6 thé nim trén nhiéu 16p, trong céc mach quang tich hc;lp. tht
ca cac két ndi déu dugc tao ra trén .mat lop duy nhét bing cdc ong dan séng.
Néu cdc dudng dan cua hai ong dan song cat nhau (tao ra dtém noi chéo) thi sé
xay ra cac hi¢u ung khong mong mudn nhu suy hao cong_ sudt v hién tugng
nhiéu xuyén am. bé hi¢n tugng suy hao cong Suﬁt va nhiéu xuyén am khoéng
gy anh hudng den khdi chuyén mach thi phai téi thiéu hod hoac han ché hoan
toin céc diém cit nhau nay.

e Cdc ddc tinh nghén: vé chirc ndng, cd rhé chia khoi chuyén mach thanh hai
logi: nghén va khong nghén. Khéi chuyen mach goi 1a khong nghén khi mét
cung ngo vao nao do dang roi co thé két noi voi bét kv ngd ra nao ciing dang
1'01 Vi thé, mét khbi chuyen mach khéng nghén c6 kha ning thuc h1¢n mm ket
ndi tir ngo vao dén ngd ra. Neu trong khoi chuyén mach c6 mdt sd két ndi
khong thé thuc hién dugc, khéi chuyen mach nay dugc goi xem la c6 nghén.
Phén 1én cic img dung deu yéu cau chuyén mach khong nghén. Vi chuyén
mach khéng nghén c6é thé phéan thanh hai loai 1a: chuycn mach khéng nghén
theo nghia rong (wide-sense nonblocking), va chuyén mach khéng nghén theo
nghia hep (strict-sense non- bl{}ckmg} Theo nghia rong, bit ky ngd vio nio
chua duge sir dung ciing c6 thé két noi vai bt ky ngo ra no cling chua dugc sir
dung ma khc-ng can phai dinh tuyén lai cdc ket noi dang ton tai; khéi chuyen
mach dang nay sir dung cic thudt toén dinh myen dic trung dé dinh tuycn cho
cic két n6i hién c6 sao cho dam bao khong xdy ra nghén cho cac két ndi ué
sau d6. Theo nghia hep, bét k¥ ngd vao ndo chua duge sir dung ciing dugc ket
ndi voi bit ky ngd ra nao ciing chua dugc sir dung ma khong can quan tam dén
trang thai cua céc két ndi trudc dé trong khéi chuyen mach.

Mot khéi chuyen mach khong nghén yeu ciu vn;c d;nh tu}'en lai cho céc két nm
de dam bao thugc tinh khong nghén dugce goi la khoi chuyen mach khong nghén sap
xép lai (rearrangeably non-blocking switch). Viéc dinh tuyén lai cac két ndi c6 thé
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hogc khdng thé dugc chip nhan con tuy thude vao img dung vi chiic chin céc két ndi
s& bj ngit trong m{t khoang thoi gian nao d6 khi ching dugc chuyén mach sang dudmg
dan khac. So vai cac cau tric chuyén mach khong nghén theo nghia rong, uu diém cua
cdc ciu tric chuyén mach l':.hn:mg?r nghén sap xép lai 1a sir dung cang it céc bd chu:-,fen
mach nho thi kich thuée cua khoi chuyen mach ci‘mg I6n. Tuy nhién, khi cic cdu tric
khdng nghén sﬁp xep lai sir dung cang it by chuyén mach nhé thi thudt to4n diéu khién
dé thiét lap két ndi cua ching cang phirc tap, nhung néi chung v6i cong nghé vi xir 1y
ip dung &rong khéi chuyén mach ngay nay, thi diy la van dé nhd, khong quan trong.
Nhugc diém 16n nhét cta cic khdi chuyén mach khong nghEn sip x€p lai la khong thé
phuc vu cho cdc ing dung khong cho phép ngﬁt cac ket nm dang ton tai, tham chi
trong khoang thoi gian cuc ngﬁn khi can thiét lap mot két ndi méi.

) RG rang, tuy thuéc vao ung dyung cua khéi chuyén mach trén thuc té mot thong
$0 c6 thé duge vu tién hon cdc thong s6 khéc.

Bang sau diy trinh bay sy so sanh gilta cic céu tric chuyén mach khdc nhau,
trong d6 cdu triic Spanke ding c4c bd chuyén mach 1xn, céc cdu tric con lai déu hinh
thanh tir by chuyén mach 2x2.

Bingl.2 So sdnh gifta cdc cdu triic chuyén mach khdc nhau.

Loai khéng nghén $6 bd chuyén mach | Suy hao lém nhat | Suy hao nhé nhat

Crossbar Wide-sense n 2n-1 1
Clos Strict-sense 42005 5020 — 5 3
Spanke Strict-sense 2n 2 2

Benes Rearrangeable 2 = 2logan-1
g ;{21031 n=1) 2log,n—1 3
Spanke- . Rearrangeable " H n
B —(n=1) —

enes > 7

6.5.6. B4 chuyén ddi buéc séng

B chuyén d6i budc séng 1a thiét b -:I:luyén dé!i tin hi¢u ¢6 budce séng nay ¢ ds"_iu
vao ra thanh tin hiéu ¢6 budce séng khac ¢ dau ra. Poi vai h¢ thong WDM, bj chuyén
d6i bude séng cho nhiéu ing dung hiru ich khéc nhau:

¢ Tin hi¢u c6 thé di vio mang véi budc séng khong thich hop khi truyén trong
mang WDM. Ching han nhu hién nay c4c thiét bj WDM trén thé gidi da sé déu
chi ¢6 kha néng hoat dong trén cdc budc séng thude bing C va bang L, nhung
tin hiu SDH hoat djng véi budc séng 1310 nm c6 theé truyén trén hé théng
WDM nhir céc bo. chuyen dbi budc séng dit ¢ bién gidi gitta mang WDM va
mang SDH, chuyén d6i tin hiéu tir budc séng 1310 nm sang tin hiéu tuong
thich véi budce séng theo qui dinh ITU-T hoat dong & viing 1550 nm.
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e B0 chuyén ddi khi dugc trang bj trong céc cAu hinh nit mang WDM gitp sir
dung tii nguyén budc séng hiéu qua hon, linh dong hon.

C6 bén phuong phép ché tao bd chuyén ddi bude séng: phuong phip quang-
dién, phuong phép cira quang, phuong phép giao thoa va phuong phép tron budc séng.
Phuong phép tron budc séng 1a phuong phép toan quang, hoat dgng hoan toan khdng
dwa vao tin higu dién, tuy nhién hi¢n tai cong nghé ché tao theo phuong phép nay van
chua du hoan thién dé c6 thé thuong mai ho4.

a. Tao bing phwong phdp quang - dién

~ Pay la phuong phap ché tao by chuyén dbi budc séng don gian va phd bién
nhat hién nay.

Tin hiéu ddu vio truéc hét duge chuyén sang dang tin hiéu dién, téi tao lai
va sau d6 dugc mot b) phit laser pht buéc séng khdc. Thudng cdc bo chuyén doi
budc song d4u vao bién ddi-diu ra cb dinh ding phuong phdp ché tao nay. Tinh
trong sudt cua thiét bj loai ndy phy thudc vao kiéu t4i tao (regeneration) cia thiét bi
dbi voi tin hidu:

e Tii tao 1R: diu thu don gian chi -::huyén déi tin hiéu diu vao tir dang ning
]Lr;rng cic hat photon 4nh sdng sang cdc hat dién tr, sau d6 cdc hat dién tir dugc
khuéch dai b&i mdt bd khuéch dai twong ty RF (Radio Frequency) va phdt ra tia
laser vdi budc séng thich hop.

¢ Tii tao 2R: phuong phép t4i tao nay chi dp dung dugc khi tin hi¢u diu vao la tin
hiéu s6. Tin hiéu dugc sira lai dang xung (reshaped) nh& cho di qua. cong logic,
khong thyc hién dong b lai tin hiéu (retimed) nén phuwong phip ché tao nay dé
lam nay sinh hién tugng Jitter.

o Tii tao 3R: thuc hién ddng thoi viéc sira ddng xung va déng b lai cho tin hiéu.
Phuong phép nay giip xod bo nhimg anh hudng dén dang cua tin hi¢u do céc
yéu té nhu: phi tuyén tinh, tan siic trong sgi quang, nhiéu cia bo khuéch dai...
Tuy nhién, dé dong bd lai tin hi¢u moi b chuyen débi budc s6ng chi hoat ddng
tuong ung véi mot ludng tin hiéu sb c6 toc do bit nhit dinh, giam tinh trong
sudt cua thiét bi.
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Amp Noly
sl N
iy byl
[T UL |
————» Pholodetestor L' +  Amplifier | +  Laser Driver # Laser
(a)
Reshaped Signal
o (Phase Jitter Prasent)
|
[ Photodetector ] Ampller || Gat Laser Driver | —»| Laser ——»
{b)
NosySlgnal 2 £> Reshaped and Retimed
| U wa |||
| ’ Performance
—— | Photodetector L+ Amplifier o| Gate | Lo| movtorng, L1 aser i L
=
Timing Recovery — Clock
(c}

Hinh 6.26. Cdc logi chuyén déi budc séng quang dién: (a) IR; (b) 2R; (c) 3R

b. Ché tao bing phwong phép cira quang

Phuong phap chv.;é tao cac by chuyén dbi budc séng ding phuong phdp cira
quang tdn dung tinh chat cua mdt s6 thiét bj quang c6 ddc tinh dau ra thay dﬁir theo
cudmg d¢ tin hi¢u. Sy thay d6i nay duge chuyén dén tin hi¢u chua dugc dicu ché, goi
12 tin hiéu dd (probe signal) cdu hinh cho di xuyén gua miért bi. Tai diu ra, tin hiéu do
mang thong tin chira trong tin hi¢u dau vao. Céc thiét bj ché tao theo phwong phdp nay
thuémg thugc dang diu vao thay ddi-ddu ra cb dinh, hoic dau vio thay d6i - dau ra
thay déi tuy theo tin hiéu do 12 ¢6 dinh hoic c6 thé diéu chinh budc séng khéng.
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K}f thudt chinh cia phuong phap nay la diéu ché chéo dg lgi CGM (Cmss-Gmn
Modulation), tdn dung hiéu (ng phi tuyén trong mdt by khuéch dai quang bin din
SOA, tin dung tinh chit cia SOA 1a ¢6 d9 lgi thay dm theo cudmg df tin hwu di vao.
Nguyén 1y hoat dong ciia mét thiét bj SOA dugc céu hinh 1am bd chuyén d6i budc
s6ng dugc minh hoa nhur trén hinh sau:

Tin hiéu A,

| | I | Song do A,
. Bs loc 4, _I |_| |_

SOA —>

Séng do ;'P

Tin hiéu

Mit dé
hat mang

bo lgi

Piura
song do

Thdi gian
.

Hinh 6.27. Bg chuyén doi buéc song ché tao theo phirong phdp cira quang
c. Ché tao bing phwong phép giao thoa

Ky thudt chinh cia phuong phép nay chinh la diéu ché chéo pha. Khi cudmg do
séng mang trong bd khuéch dai thay doi cling véi tin hiéu ddu vao, né 1am thay déi
chiét suat cia méi truong o loi, dan dén thay déi pha cia tin hiéu do.

Hién trong diéu ché pha kiéu nay c6 thé chuyén sang diéu ché bién dd bing
cich dung bd lgc Mach- Zehnder. Trong d6, ca hai nhénh cta b loc Mach- Zehnder
déu c6 cung chiéu dai, mdi nhanh ding két hgp thém vdi mot bd khuéchh dai SOA.

Tai dau vio cia b¢ loc Mach-Zehnder ding bg Coupler tich tin hiéu di the:n hai
nhinh cua bo loc theo ti 1¢ khong déu nhau. Do cudng do tin hiéu di trén mbi nhénh
khong déu nhau nén khi di qua cac by SOA sé& bj djch pha céc lugng khong gidng
nhau. Theo nguyén ly hoat ddng cua MZI, sy léch Pha giira hai tin hiéu nay dugc
chuyén dén mét tin hiéu diéu ché bién 49 & ddu ra truyén vl budc song khéc.
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Thin gian
Hinh 6.28. Bién doi bude séng bang diéu ché xuyén pha
sir dung bg khuéch dai quang bdn dan cd gén bé loc Mach-Zender bén trong

d. Ché tao bing phwrong phéap tron buéc song

Phuong phéap ché tao nay dya trén hi¢n twong tron bén budc séng, trong do néu c6
ba I::-um: song f,, f,, {3 ciing U'uycn trong soi quang thi theo hién tugng phi tuyén tinh s&
Xuét hi¢n séng anh hudng do hi¢u tmg phi tuyén tinh dugc tinh la: f, + £>-f3. Ung dung cho
b6 chuyén dbi budc séng khi f, = f, va sau d6 cho qua bf khuech dai SOA. Gia sir séng
vao ki hiéu Ia f; va séng do 1 f,, bd khuéch dai SOA dugc cu hinh sao cho mét trong hai
budc séng sinh do hién tugng FWM 2f-f, va 2ff, nim trong bing thong hoat déng ciia
tin hiéu, khi d6 ta da thyrc hién duge chuc ning chuyén déi budrc séng.

Uu diém cia phuong phip ché tao nay la tinh trong sudt dbi véi cac dinh dang
tin hi¢u, nghia la c6 thé hoat dong v&i nhiéu toc dd bit khic nhau. Tuy nhién, nhugc
diém la khi khoang céch gilta bude séng tin hi¢u f; va budc séng do f; ting thi hicu
qua chuyén doi budc séng s€ giam.

f, 4 % o,

l; !-'.P B pa L]

2
Hinh 6.29. Chuyén déi budc séng
bédng cdch trgn bon budc séng trong bé khuéch dai quang

-“

143



Chuong 7: Ghép quang va khuéch dai quang

Chwong 7
GHEP QUANG VA KHUECH PAI QUANG

7.1. Ghép quang

B ghép quang con goi 1a Photo coupled isolator, Photo-couplers, Photo-coupled
pairs va Optically Coupled pairs.Tir thong thuomg nhét cho linh kién ndy lq/hm-__
Couplers. B ghép quang diing dé truyén dat tin hiéu v dong thdi tao su céch dién giira
nhimg mach mén Ngoai ra, n6 con dung trinh cic vong dat (ground circuit circuit
terrestre) giy nhiéu trong mach dién. Sy truyén dat tin hiéu dugc thuc hién qua 4nh sé.ng)

7.1.1. Co ché hoat djong

Thong thudng bd ghép quang gébm 1 diot vdi vat liéu ban din loai III/V
(v.d.GaAs) phat ra tia héng ngogai va 1 phototransitor v&i vét liéu silic.Véi dong dién
thuan, diot phét ra birc xa hong ngoai voi chiéu dai séng khoang 650-950nm. Dong
dién thuan Ig c6 cudng do khoang 1-30mA.

Signal Signal
input Common
2200 (= VCC) 2208
Signal Signal
GND input
Optocoupler Optocoupler
(a) Oplocoupler switches on {b) Optlocoupler swilches on
if Signal input is HIGH if Signal input is LOW

L*ﬁ LH/:-?;E 7.1. Opto-Couplers

Néng lugng bu‘r: Xa @}’ dugc chiéu lén trén bé mit cia phototransitor (face to
face) hay chiéu gidn tlf:p qua mot méi trudng dan quang . Bo ghép quang face to face
thudng dut;ugﬂflng nhit.

y AU ‘n 1 3 . - ‘£
Dau j;ﬁbiin hi¢u dugc phéan phat (LED hong ngoai) trong by ghép quang bién
thanh tin hi¢u 4nh sdng. Sau d6 tin hi¢u 4nh sing dugc phén nhdn (photodiot,
phototransitor, IC ¢é t6 hgp diot) bién lai thanh tin hi¢u dién
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Hinh 7.2. Nguyén Iy lam viéc cua Opto-Couplers v

Tuy theo loai bd ghép quang, tan sb truyén dat tin hiéu c6 thé tir QSE: dén

20MHz. B$ ghép quang dugc 1 vo nhya loai DIP (Dual-In-Line- Plastic) bao vé. Vé

nhya nay chin sang va cich di¢n. Phan phat va phan thu dugc ghép bing 1 loai nhya
trong sudt va cdch dién.

7.1.2. Cic tinh chiit quan trong
1. Tinh cach di¢n

Nhu da ndi, b ghép quang thudng duUcLGung dé c4ch dién giira 2 mach di¢n c6
dién thé cich biét khd 16m. B ghép quang c6 thé 1am viéc vdi dong dién 1 chiéu hay
tin hiéu dién c6 tan sé kha cao)f)a-: biét v&i thé tich nho bé, bd ghép quang to ra vu
viét hon so véi bién thé.

2. Dién tré ciach dién

f’ D6 1a dign trg v6i dong dign 1 chiéu giira ngd vao va ngd ra cua bd ghép quang,
NG c6' ri s0 bé nhdt 1a 10"'Q, nhu thé du ddp img yéu céu thong thuong } Nhu thé
chiing ta can chii ¥, v&i dong dién rd trong khoang nA c6 thr: anh hudng dén’hoat dong
cua mach dién, vi du khi dong dién rd chay vao cuc goc cua phﬂtotransunr con dé
tréng. Gip trudng hop nay ta ¢6 thé tao nhirng khe trong trén mach in hay 1 dudng
mach in néi voi digén thé dat gitra ngd ra va ngd vio. Vi bd ghép quang ta cdn cé
mach in loai tét.

3. Dién dung ghép noi
Su mién nhiéu tin hiéu ddng hanh (common mode transient immunity).

Céu tric cia b ghép quang g-&nm ¢6 phototransitor, LED, phﬁn co. Giira cac
phén tr nay c6 thé tao ra 1 dién dung tir 0.3...2pF. Di¢n dung nay dugc do khi chan ¢
ngd vao ciing nhu chin & ngd ra duge ndi tit. Véi sy thay d6i cao dp kh4 nhanh
(500V/pus — vi du do nhirng Xung dién nhu;‘.l{ trong ludi dién) gilra ngd ra va ngd vao,
di¢n dung ky sinh ¢ thé truyén di su thay doi nay va xung dién & ngd ra ¢6 nhing gai
nhon. Trong truong hop nay, nén sir dung bo ghép quang khong c6 chin nbi voi cue
gdc, va giira cuc thu va cuc phat nén ndi 1 ty dién dé 1am giam gai nhiu xung ra. Dé
khong tao thém di¢n dung ky sinh, voi bo ghép quang ta khong nén ding chan dé cam
IC.Véi tri s6 di¢n dung ghép ndi cang bé ta cé sy mién nhiéu dong hanh cang tét.
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4. Dién thé cach ly

Pién thé cach ly 1a dién thé cao nhét giira ngé vao va ra ma by ghép quang c6
thé chiu r.tl,mg ndi. Dién thé cach ly con tuy thudc vio chu tnic cia bd ghép quang,’
khong khi..

5. Hig¢u ing truwong
~ Dudi 1 mét thé khé cao gitra LED va phﬂl‘.mranszmr ¢ khoang cédch khd gin, ta

¢6 1 dién trudmg kha 16n. Néu bd ghép quang 1am viéc véi diéu kién nhur thé lién tuc
vai ngay, cic thong sb clia bd ghép quang (dic biét 1a phototransitor) b thay ddi.

~ Hiéu ing trudng cﬁng 10 rang hon véi nhi€t d cao (100°) va 1 dién thé 1 ch‘iéu
khé cao (1kV). Céc thdng s6 nhu d§ khuéch dai, dién 4p va dong dién nguoc c6 thé b
thay doi, vdi 1 di¢n truwdong kha lon.

« S0 vdi transitor, cic thong s6 cla LED rat én dinh dudi tac dung cua dién

truong. Nguoi ta c6 thé bao vé 16p chuyén tiép pn cia transitor silic bing 1 mang ion
trong suot dé chﬁng lai anh huong cua di¢n truomg (Transparent Ion Shield — Trios).

6. Su ldo hoa

Vi thoi gian, cong sudt phat séng ciia LED bj giam di, do d6 ta c6 hé sé truyén
dat cua 1 by ghép quang bé di. Ngudi ta trdnh sy ldo hod clia 1 bd ghép quang béng
phuong phép “Burn in “. Sau khi san xuét, cdc bd ghép quang dugc cho lam viéc voi
dong di¢n va voi nhiét d¢ xung quanh kha 16n trong 1 théi gian (vi du 24 gio). Do dé
b¢ ghép quang bi lao hoa trudc va né khong bi 1ao hod nhanh nhu cac bd ghép quang
chua qua “Burn in”. Pé cho bd ghép quang lam viéc 1au dai khong bi 130 hoa nhanh,
nhiét do xung quanh va dong dién lam viéc cing thap cang tdt.

7. Hé s6 truyén dat

Hé sé r.ruyén dat (current transfer ratifo-CTR] giéng nhu do khuégh dai dong
dién cua 1 transitor. H¢ s6 truyén dat 1a hé so tinh theo phan trdim cho biét dong dién
dién ra (vi du ctia 1 phototransitor) 1én hon so véi dong dién vao cia LED héng ngoai
trong 1 b ghép quang (CTR= (Io/Ig) x 100%).

Theo so db mach dudi, ta c6 thé do dugc hé sé truyén dat. Ngudn dong Ir c6 thé
tao bing 1 dién 4p én dinh ndi tiép véi 1 dién tro. Trong dic trung k¥ thudt cta 4 loai
bo ghép quang CNY17...ta c6 sy lién h¢ gilra dong dién Ir qua LED va hé s truyén
dat. Sy lién hé nay khong tuyén tinh. Ca  cuong d6 chiéu sdng cia LED hdng ngoai va
dd khuéch dai cua phototransitor cling déu gia tang nhanh khi Ip lﬁng Véi dong Ig khd
lém, dat tuyén khéng con déc nhiéu nira. Cudng do chiéu sing cia LED khéng con
tang theo I va phototransitor cling bdo hoa. Nhu thé by ghép quang chi hoat dong véi
tin hiéu twong déi bé.

Trong b§ ghép quang digital phan nhén 13 1 mach td hop, tri s6 CTR khong con
¥ nghia. O diy, nguoi ta chi can biét véi cudng do dong dién & ngd vao dé c6 trang
thai High hay Low & ngd ra.
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Hinh 7.3. Hé 56 truyén dat
8. P§ rong dai tin s6 - Tan s6 truyén dat
Céc b ghép quang hién nay c6 thé dat dén tin s
» B ghép quang loai transitor dén 250kHz.

e B¢ ghép quang véi bd nhén td hop don gian ( photodiode, transitor nhanh) dén
2MHz.

e B ghép quang véi bd nhéan 1a mach td hop (IC) dén 20 MHz.
7.1.3. Cac sur lra chon khi diung bj ghép quang

Dé dap img cdc doi hoi cho timg tng dung cic bd ghép quang duge chon va thir
nghiém dic biét.

1. Pam bao sy ciach dién

Véi dién thé V0 =500V va & nhiét dd 175°C dién tré cdch nhiét phai >10°Q.dé

dam bao sy cich dién nay bd ghép quang phai lam vig¢c véi céc thong 56 gi6i han bing
nhirng mach dién bao v¢.

2. Bj ghép quang dwgc thir nghiém 100% dé dam bao thoi gian chuyén tiép ngin
tn <45 pus  (Ig= 10mA)
tor <4,5 us (I = 10mA)

3. C6 dp on dinh cao hon véi anh hwémg méi trrdmg

Vi Iy do kinh té vo boc b ghép quang khong dugc lam bing kim loai hay gom
ma lam bing plastic di pham chat t6i hon. Trong nhirng diéu kign néng (25-55°C) va
im (trén 90% d6 4m twong di), ham dm trong khong khi c6 thé thim vao bén trong
linh kién va lam doc céch dién giam di. Ngudi ta c6 thé dung silicon boc bén ngoai.
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7.1.4. B$ ghép quang véi phototransistor

Emitter uutput Collector nutput

B — — — '_‘—._

Hinh 7.4.

Thong thudng cuc goc clia phototransitor dugc n-::-l ra ngoai (vi dy trong
trudng hop véi mach phan héi). Tuy nhién bd ghép quang van lam viéc trong trudng
hop khong ¢6 cuc gbc. Trong trudng hop khdng ¢6 cyuc goc, b ghép quang ¢ h¢ so
truyen dat gitra LED va phototransitor ln hon, vi bé mit cyre gbc khong bi che ]ap 1
phan bai cong tc cta cuc goc.Tuy nhién khong cé cuc goc bo ghép quang van cé
nhirng bat lgi:

e Bd ghép quang lam vigc khong on dinh véi nhigt dd cao (vi dong di¢n ngugc
ting cao voi nhigt do).
¢ Bo ghép quang lam viéc cham hon. Néu ta ndi giira cuc goc va cyc phit 1 digén IIG'

by ghép quang lam vic nhanh hon, dong dién ngugc bé hon. Tuy nhién h¢ 50
truyén dat ciing bé di vi 1 phén dong dién cla cuc goc bi dan di mat,

e Cudmg do séng cua LED bi giam di, nhung dong quang di¢n cua photmrans:tr.&r
gia ting khi nhiét d ting cao. Do d6 bd ghép quang lam viéc kha on dinh voi

nhiét dé.
+3
12vac. 470
R1  24Yac: 1000 R2
d8vac: 2200 oc1 47K R
M1 _l {1 aN25 470
1243 Vac 1N4DO7 __! [ c3 -+
D —-| 10UF 16V

—
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Hinh 7.5.

7.1.5. B$ ghép quang véi photo-darlingtontransistor

Hoat dong ctia mdt by ghép quang vai photo- darlingtontransistor gidng nhu voi
1 phototransistor, nhung vdi hé so truyén dat 16n hon(tu 200...1500) nho sy khuéch
dai kha 16n cia ‘darlmgmn -transistor. Tuy nhién véi photo darlington-transistor ta ¢
mot sO nhugc diém:
e Thoi gian déng mé cham
e Dong tdi ting
e Tuy thudc nhiéu vao nhiét do

V6i mach dién khong c6 dién tré & gitra cuc phat va cuc goc. Khong ¢6 dién
trd, bd ghép quang c6 hé sb truyén dat 16n voi dong dién qua diot nho, nhung bi anh
hudng boi nhiét do rat 16n.Véi dién tr¢ (trong khoang MQ) bo ghép quang c6 hé )
truyén dat bé hon nhung lam viéc t6t véi nhiét do cao.

anode [ 1 —E] base
cathode 2}:5‘ 5| collector
3 J 4 | emitter
Hinh 7.6.
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7.1.6. B$ ghép quang véi photothyristor va phototriac

Véi 4nh séng, ta c6 dong dién Iy lam thong photothyristor din dién .Dé cho
phﬂmnsmr nhay véi dnh séng né chi c6 thé 1am viéc voi dién dp va dong dién bé vi
céu tric cia n6 bé va mong.

Khi dién thé va cudng d0 dong di¢n thay d6i nhanh theo thoi gian, tri s6 dV/dt
va di/dt kha 10m, th}mstor ¢6 thé ty kich va dan dién ngodi § muc:-n Dé chﬂng lai hi¢u
ing nay, ta c6 thé ndi 1 dién tro Rgk giira catdt va Gate. Vi tri s0 Rgk bé,chong nhiéu
dV/dt tét, nhung can dong di¢n I qua LED I6n, ngugc lai véi tri s6 Rgk lom (tr 10k
dén 100k), dong I; bé nhung chong nhiéu dV/dt tdi.

Medium/High Power Thyristor Drive Circuit

@

+Voor—MWN

2 } 5 M {Toad) 1
- rit [ -
(=] L B A T rse—

Medium/High Power Triac Drive Circuit (Zero-cross Operation)

Q( @ ——Wh—
+ Ve —AAN——
o ‘”} N i D men
|
-? B T B AN i )
LEDAGSSO M LA N
REDLED ( [0
@—ﬁ‘ - ®4®Jm’°
} |
T e |,
Ll ]
Q —rf TW wee
mmm HIGH TENSION TENSIONE ELEVATA! _/
Hinh 7.7.
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7.1.7. Mt sb lwu ¥ co ban véi bg ghép quang
1. V6i mach di¢u khién
o Dé diéu khién cic by ghép quang, ta cin dong vao cho LED hong ngoai la
10mA va dong ra cho photntrans:smr khoang 2mA 12 bé nhat. Dé giam thai

gian lén (rise time) va thoi gian tré (propagation delay), dong diot hong ngoai
c6 thé giam cdon 1mA nhung chbng nhiéu t6i.

e Vi cdc mach dién trén, bd ghép quang c6 thé thay thé cdc ro-le. Bo ghép quang
lam viéc nhanh hon, khong c6 hi¢n tugng nay (contact bounce), an toan hon va
céich dién tét hon.Tuy nhién ro-le lam viéc véi dong dién 16n hon, dién thé & ngdra
16m hon, dién trér khi ro-le ndi dién nho hon va dién trd ngat dién cao hon.

» B{ ghép quang c6 thé thay the cdc bién thé xung. N6 c6 thc truyén cic tin higu
1 chleu hay tin hi¢u c6 tin s6 thap. Trong khi do, bién thé xung chi c6 thé 1am
vige t6t v&i tan s6 cao va mot bo dém (latch) dé luu giir tin higu 1 chiéu. Bién
thé xung c6 thoi gian 1én nhanh hon bo ghép quang véi phototransistor.

» Céc IC tai va nhan tin hi¢u dugc dung trong viéc truyén cic tin hi¢u digital qua
cic duf.mg truyén dir liéu rat dai trong sy hién dién céc tin hiéu nhiéu. Bién dé tin
hiéu nhiéu cao nhat cho phép 1a Khong 30V. Trong nhiéu trudng hop thyc té, tin
hiéu nhiéu c6 thé 1én dén vai trdm Vc-lt trén cdc dudng truyén. BS ghép quang voi
d0 cdch dién hang nghin Volt to ra rat hiru dung trong trudng hgp nay.

2. Véi mach tuyén tinh
Dong dién thuén cua didt hong ngoai phai cé cudmg do khoang tir SmA dén 20mA.
Tin hiéu bién diéu (modulating signal) dugc ghép vao nén cua dién thé 1 chiéu nay.
V6 tAn sd cao phototransistor phai lam vigc v6i 1 khuéch dai c6 tong tré vao
thap, thudmg 1a khuéch dai cé cuc goc noi dat.
3. Tém tit djc tinh cdc linh kién ghép tin hi¢u

Linh ki¢n Uu diém Khuyét diém
B§ ghép - Kinh té, ré tién - Khi ngft dién hay din dién déu c6
quang - C6 thé ché tao véi vat ligu bin din MOt dién tr& gidi han (dien tro

khéng thé bing zero hay v6 cuc).

- Dong dién khi dén dién va dién dp
khi ngat di¢n deu c6 tri so gidi han.
- Hé sb truyén dat CTR thap.

- Lam viéc tir tin hi¢u 1 chiéu dén tin
hiéu xoay chiéu v&i tdn s6 cao

- C4ch dién t6t dén vai KV

- Téng tr&r cach dién cao

- Kich thuéc nho

- Khéng c6 cong tic nén khong bi nay
- Cong sudt tiéu thy it
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)

" Re-le - Lam viéc vdi cong suat lon - Dt tién vi m4 ro-le 1am bing kim
- Khi dan dién c6 dién tré it thip loai quy
- C6 thé truyén tin hiéu 1 chiéu - Cong suat ti¢u thu cao
- Cich dién tdt - Vén toc 1am vige rat cham
- Kich thudc 1on
Bién thé - Truyén tin hiéu véi vén téc cao. - Khéng thé t:ruyen tin hi¢u 1 chiéu
Xung - Kich thuéc trung binh hay xoay chiéu c6 tin sé thip

- Dé cich dién (co tcmg trd cao hay

-C6 hé sb lruyén dat tét
dién thé cao) rat dat tién.

ICphatva - C6 thé ché tao véi vat liéu ban ddn - Téng tré céch dién bé

nhén tin - Kich thuéc bé (Dip)/Truyén tin véi - Dién thé ddnh thung rat thap <
E“ dudng  yin téc cao 30V.

- C6 thé truyén tin hidu DC ré tién.

7.2. Khuéch dai quang -

0 Trong céc bd khuéch dai quang (Optical Amplifier) tin hi¢u 4nh sing dugc
“khuéch dai tryc tiép trong mién quang ma khong thong qua viéc bién déi sang mién
dién. Cac bd khuéch dai quang c6 céc uu diém sau:

 Khéng phu thugc vao toc dé bit va phuong thirc diéu ché tin hiéu nén ning cép
hé thong.
e Khuéch dai nhiéu tin hiéu cé budc séng khéc nhau ciing truyén trén mot s¢i quang.
7.2.1. Nguyén Iy khuéch dai quang

Nguyén 1y khuéch dai quang trong céc bd khuéch dai quang dugc thuc hién dua
trén hién twong phét xa kich thich va khong cé sy cong hudng xay ra trong qua trinh
khuéch dai.

a. Hién twgng phat xa kich thich (stimulated emission) 12 mdt trong ba hién tugng
bién dbi quang dién dugc ing dung trong thong tin quang. Cic hién tugng nay dugc
minh hoa trén hinh sau:

= : B o E o .
h-tn E : h{ N i hILi
T TR . 1 ' L N R A R =
i LT T N i
: : P P .
E) : | E: y bfycingpha)
(a). Hap thu (b). Phat xa ty phét (c). Pht xa kich thich

Hinh 7.8. Cdc hién twgmg bién doi quang dién
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» Hién tugng phat xa kich thich, hinh ¢, xay ra khi mét dién tir dang ¢ trang thi
ning lugng cao E; bi kich thich bdi mdt photon ¢6 ning lugng hv 4 bang véi
do chénh léch nang luong gilra trang théi nidng lwgng cao va trang théi nang
lugng thip cua dién ur (Eg =E; - E }J(;Khl do, dién tir s& chuyén tir trang théi
niing lugng cao xudng trang thii ning lugng thip hon vi tao ra mét photon c6
ndng lugng bing véi nang lugng ctia photon kich thich ban diu.

» Nhu vdy, tir mdt photon ban dau sau khi khi xay ra hién tugng phat xa kich
thich s& tao ra hai photon (photon ban diu va photon mdi dugc tao ra) c6 cung
phuong truyén, cung phin cuc, cing pha va clng tin scu) (tinh két hop,—
coherent, ciia dnh sang). Hay ndi cich khac, qui trinh khuéch dai dnh séng
duoc thue hién.

» Hién tugng nay dugce ung dung trong cic b khuéch dai quang ban din (OSA)
va khuéch dai quang sgi (OFA)) Hién tugng phét xa kich thich ciing dugc tng
dung trong viéc ché tao laser.

» Tuy nhién, diém khic biét chinh giira laser va céc bo khuéch dai quang 12
Lrnng cdc bd khuéch dai ql_.lagg khon _g xay hién tugng hp_m_ga___ﬁ cong hudng.
Vi néu xay ra qui trinh hoi tiép v cong hudng nhu trong laser, bd khuéch dai
quang s& tao ra cdc dnh séng két hop cua riéng né cho dit khong c6 tin hiéu
quang & ngd vao. Nguﬁn dnh sing nay dugc xem la nhiéu xay ra trong b
khuéch dai. Do vay, khuéch dai quang c6 thé lam tang cong suat tin hi¢u anh
séng dugc dua vao ngd vao bo khuéch dai nhung khong tao ra tin hiéu quang
ket hgp cua riéng n6 & ngd ra.

b. Hién twgng hip thu (absorption)

. (Hién tugng h:ip thu, hinh (a), xay ra khi mt photon ¢6 néng lugng hf), bi hﬁp
thu boi mot dién tr ¢ trang thdi nang lugng thip. Qué trinh nay chi xay ra khi
ning lugng hf,, ctia photon bﬁng vai do chénh léch ning lugng gitra trang thai
nang lugng cao va trang théi nang lugng Lhap cuadiénta (Eg=E; - E]} Khi
xdy ra hién tugng hip thy, dién tir s& nhin ning lugng tir photon va chuyén lén
trang thai ning luong cao.) Hay néi cich khac, hién tugng hip thu 13 nguyén
nhdn gdy suy hao cho tin"hiéu quang khi di qua bd khuéch dai quang. Qu4
trinh nay xay ra dong thoi vai hai hién tugng phat xa tr ph’at va phét xa kich
thich trong mdi trudmg tich cuc (active medium) cia bd khuéch dai.

¢. Hién twrgng phat xa ty phat (spontaneous emission)

* Hién nrong phdt xa ty phat, hinh (b), Xay ra khi mot dién tor -::huyen trang thai
ning lrgng tir mirc ning lugng cao E; xudng mirc ndng luong Lhap E, vi phat ra
mét ning lugng Eg = E, - E; dudi dang mét photon 4nh séng. Qué trinh nay xay
ra mot c4ch ty nhién vi trang thai ning lugng cao E; khong phai 1a trang thdi nang
lugng bén vimg cla dién tir. Sau mét khoang théi gian dugc goi 12 thoi gian'séng
(life time) cua dién tir & mirc ning lugng cao, cic dién Iu s€ tr dong chuyén vé
trang thi ning lugng thap h{rnj{u'ang thdi nang lugng bén vimg). Tiy theo loai
vat liéu khic nhau, thoi gian song cia dién tir s€ khic nhau.

—_—
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*  Cho dii hién trong phat xa tu phét_iao ra photon 4oh sang, nhung trong khuéch
dai quang, phét xa tu phat khang tgo ra dd lgi khuéch dai. Nguyén nhan 1a do
hién tugng nay xay ra mdt céich wr phat khong phu thude vao tin hi¢u dnh sdng
dura vao bd khuéch dai. Néu khong c6 4nh séng tin hiéu dua vao, van c6 nang
lugng 4nh sdng dugc tao ra & ngd ra cua bd khuéch dai. Ngoai ra, 4nh sing do
phét xa ty phat tao ra khong c6 tinh két hgp nhu hi¢n tweng phét xa kich thich.

»_ Do véy, phét xa ty phat dugc xem 12 nguyén nhén chinh gay nhiéu trong céc
bo khuéch dai quang. Loai nhiéu nay dugc goi I nhiéu phét xa tu phat dugc
khuéch dai ASE (Amplified Spontaneous Emission noise).

7.2.2. Phin loai khuéch dai quang

Téng quét, cdu tao clia mdt bd khuéch dai quang c6 thé dugc biéu dién nhu
hinh sau:

Fiber-to-Amplifier

- Coupler =
. o ‘"u‘ ”.”.
NN _.'D__" Actrve medium _.D__. AN
Optical - Amphfied optical
input signal onput signal
Pump
Source

Hinh 7.9. M& hinh tong qudt ctia mot bg khuéch dai quang
«  Trong mdt bd khuéch dai quang, qué trinh khuéch dai dnh sing dugc dién ra
trong mdt mdi trudmg duge goi ving tich cyc (active medium). Céc tin
hiéu quang dugc khuéch dai trong ving tich cuc véi o loi 16n hay nho thy
thugc vao nang lugng dugc cung cap tir mét ngudn bén ngodi goi chung la
ngudn bom (Pump Source). Cic nguon bom nay ¢6 tinh chat nhu thé nao ty
thudc vao loai khuéch dai quang hay néi cich khic phu thude vao c4u tao clia
ving tich cyc.
= Tiy theo cdu tao clia ving tich cuc, c6 thé chia khuéch dai quang thanh hai
loai chinh:

v Khuéch dai quang b4n ddn SOA ( Semiconductor Optical Amplifier)
- Vung tich cyc dugc cdu tao bing vét liéu ban din,

- C_fiu tric ciia ving tich cyc ciia SOA tuong tu nhu viing tich cyc cia laser bin
din. Diém khdc biét chinh giita SOA va laser 1a SOA hoat dong & trang thdi
dudi mic ngudng phat xa.

- Ngudn cung cap nang lugng dé khuéch dai tin hi¢u quang 1a dong dién.
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¥' Khuéch dai quang s¢i OFA (Optical Fiber Amplifier)

- Vang tich cyuc 1a sgi quang dugc pha dit hiém. Do d6, OFA cdn dugc goi Ia
DFA (Doped-Fiber Amplifier).

- Nguon bom la nang lrong 4nh sang dugc cung cap béi cic laser ¢6 budc séng
phét quang nhé hon bude séng cua tin hiéu cin khuéch dai,

- Tay theo loai dat hiém dugc pha trong 15i ca soi quang, buéc séng bom ctia
ngudn bom va ving dnh sdng dugc khuéch dai cia OFA sé& thay dbi. Mot sé
loai OFA tiéu biéu:

+ EDFA (Erbium-Doped Fiber Amplifier): 1530nm — 1565nm
+ PDFA (Praseodymium-Doped Fiber Amplifier): 1280nm — 1340nm
-+ TDFA (Thulium-Doped Fiber Amplifier): 1440nm -1520nm
+ NDFA (Neodymium-Doped Fiber Amplifier): 900nm, 1065nm hodc 1400nm

€ Trong cic loai OFA nay, EDFA dugec sir dung phd bién hién nay vi c6 nhiéu wu
diém vé dic tinh ky thudt so véi SOA va c6 ving 4nh sing khuéch dai
(1530nm-1565nm) thich hop véi dai tan hoat ddng cia hé théng ghép kénh theo
budc séng mét do cao DWDM (Dense Wavelength Division Multiplexing).

4 Ca hai loai khuéch dai quang SOA va EDFA déu hoat déng dya trén hién tugng
—phdt xa kich thich. Ngoai ra, mét loai khuéch dai quang khéc ciing duoc st
dung nhiéu trong cdc hé théng WDM hién nay 12 khuéch dai Raman. Loai
khuéch dai nay cling sir dung sgi quang lam ving tich cyc dém dnh
sang. Tuy nhién, nguyén ly khuéch dai cia khuéch dai Raman dwa trén_inh
hudng phi tuyén cia sgi quang (hién tugng tdn xa Raman dugc kich thich SRS,

Stimulated Raman Scattering) hon 14 hién trong phit xa kich thich.

7.2.3. Céic thong s6 k¥ thuit cia khuéch dai quang
a. P§ lgi (Gain)
¢ D6 lgi cia mét by khuéch dai quang 1a ty sb giira cong sut quang & ngd ra chia
cho cOng suat quang & ngd vio.
G= Po_m
Pin ( 1. 1)

G(dB) = 10.1og[ 224"}
Pin

(1.2)
* G: D§ lgi tin hiéu cia by khuéch dai quang

" Py, Poy cONg sudt tin hi¢u 4nh sing & ngd vio va ngd ra cia by khuéch dai
. auang (MW .
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e D{ loi 1a mot théng sb quan trong cua b khuéch dai. N6 dic trung cho kha
ndng khuech dai cong sudt anh sang cua b khuéch dai. Tuy vay. dd lgi cua mot
bo khucch dai bi giéi han bi céc co ché bio hoa do lgi. Piéu nay lam gidi han
cdng sudt quang ra cuc dai cua b khuéch dai.

b. Bang thong d¢ lgi (Gain Bandwidth)

¢ Dg lgi cua bo khuech dai quang khong bang nhau cho tt ca cédc tan s6 cua tin
hiéu quang vao. Néu do d) lgi G cua céc tin hiéu quang véi cic tan s khéc
nhau, m¢t ddp rng tan su quang cua bd khuéch dai G(f) s& dat dugc. Dy chinh
1a pho dd loi cia bd khuéch dai quang.

— e Bang thong d¢ lgi cua bd khuéch dai quang B, dugc xédc dinh bdi diém -3dB so
vdi do lei dinh cua b khuéch dai. Gia tri By xéc dinh bang thong cua céc tin
hiéu c6 thé duge truyén béi mdt bd khuéch dai quang. Do d6, anh hudng dén
hoat djng cua cdc h¢ ﬂmng thong tin quang khi sir dung chiing nhu céc b lap
hay b6 tién khuéch dai.

¢. Céng sudit ngd ra bao hda (Saturation Output Power)

¢ _Khi hoat dong & ché do tin hiéu nho, cong suﬁt quang & ngo ra sé ting tuyén
tinh vé6i cong sudt quang & ngd vao theo h¢ sb 9 101 G: Pou = G. Pm'jTuy nhién,
cong suét ngd ra khong thé ting mii dugc. Bing thyc ‘nghiém, ngudi ta thay
ring trong tat ca cédc bd khm:ch dai quang,fkhl cdng suét ngd vao P, tang dén
mdt mirc nao do, d6 loi G bit diu giam. Két qua 1a céng sudt & ngd ra khong
con ting tuyén tinh véi tinh hi¢u ngd ra nira ma dat trang thai bao hoa }Su thay
d6i cua tin hiéu quang ngd ra so voi cong sut quang ngd vao ¢ dugc minh hoa
trong hinh sau:

P'-1 saf

Hinh 7.10. Céng sudt ngd ra theo cong sudt ngé vao

G 4 Db loi tim hifa

Hinh 7.11. Dé loi khuéch dai theo cong sudt quang ngé ra
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Hinh trén biéu dién sy bién déi ctia ¢ lgi tin higu G theo cong suét quang ngd
ra Pout. Cong suat ¢ ngd ra tai diém d¢ lgi giam di 3 dB duoc 201 12 cong suit ra bio
hoa P g ou.-

¢ Cong sudt ra bao hoa P g, o, ciia mot bd khuéch dai quang cho biét cong suét
ngd ra lén nhit ma bd khuéch dai quang d6 c6 thé hoat dong dwoc,) Thong
thuomg, mét by khuéch dai quang c6 d9 lgi cao s& c6 cong suat ra bao hoa cao
bai vi sur nghich déo néng d6 cao c6 thé dwoc duy tri trong mét dai coéng suat
vao va ra rng.

d. Hg¢ s6 nhiéu (Noise Figure)

* Gidng nhu cdc by khuéch dai dién, cic bd khuéch dai quang déu tao ra nhidu.

— Nguén nhiéu chinh trong céc bé khuéch dai quang 1a do phat xa tr phat. Vi su
phdt xa tr phat 13 cdc sy ki¢n ngau nhién, pha cia cdc photon phét xa tir phat
cling ngdu nhién{ Néu photon phat xa tu phat c6 hudng gin véi huéng truyén
cua cic photon tin hi¢u, ching sé& tuong tic véi cic photon tin hiéu giy nén su
dao ddng vé pha va bién d6. Bén canh dé, ning lugng do phat xa ty phat tao ra
cling s& dugc khuéch dai khi ching truyén qua bo khuéch dai vé phia ngd ra. Do
do, tai ngd ra cia bd khuéch dai cong sut quang thu dugc P, bao gn;}m ca cong
sudt tin hi¢u dugc khuéch dai va cong sudt nhiéu phat xa tw phét)duge khuéch
dai ASE (Amplified Spontaneous Emission).

IEaut =G.P, + P,qgﬁ (1.3)

-2 Anh hudng cta nhidu déi véi bo khuéch quang dugc biéu didn béi hé sb nhiéu
NF (Noise Figure), md ta syr suy gidm ty s tin hi¢u trén nhiu SNR (Signal to
Noise Ratio) do nhiéu ciia by khuéch dai thém vao.JH¢ sé NF dugc cho béi
cong thirc sau:

SNR,
'S'-'h:R aLr

NF =

(1.4)
SNRin, SNR, 12 ty 56 tin hiéu trén nhidu tai ngd vao va ngd ra ciia bd khuéch dai.

— He 56 nhiéu NF ciia b khuéch dai cang nho thi cang tét. Gid trj nhé nhét ciia
NF c6 thé dat duoc 1a 3dB)Nh&ng b0 khuéch dai thoa min hé so nhiéu tHi thiéu nay
duoc goi la dang hoat dong'é gidi han lugng tir.

Ngoai bon théng s6 ky thudt chinh dugc néu & trén, cic bd khuéch dai quang
con dugc danh gid dya trén cic thong s sau

* D nhay phin cuc (Polarization sensitivity) 12 su phu thudc cia dé lgi cia b
khuéch dai vao phin cyuc cua tin hiéu.

e Anh huéng ciia nhiét do déi voi do loi va bang thong 46 loi.
» Xuyén nhiéu (crosstalk).
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7.2.4. Ung dung ciia khuéch dai quang

Khuéch dai quang dugc (mg dung trong cic c4c hé théng truyén din quang nhu
cic bd khuéch dai nhim lam ting cOng sudt cua tin hi¢u quang trén dudng truyén, khic
phuc suy hao do s¢i quang va cédc méu han, ndi xay ra trén dudng truyén. Tuy theo vi
tri 1ip dit, cdc bd khuéch dai trén tuyén truyén din quang dugc chia lam ba loai:

a. Khuéch dai cong suit (Booster Amplifier): Bd khuech dai quang dugc dit ngay
sau thiét bj phat nhim muyc dich lam tang cong suat tin hiéu quang dén mirc cao
nhat dé 1am cho khoang céach truyén cuc dai] Yéu ciu cua cic bd khuéch dai cong
sudt 12 tao ra cOng suat déu ra cyc dai chir khong phai d§ lgi cuc dai vi cong sudt tin
hiéu ngd vio lon.

b. Khuech dai dwdmg day (In-line Amp!tﬁer} Céc by khuéch dai quang dugc dat trén
tuyen quang nhim myc dich bi mét mét cong sudt giy ra boi suy hao s¢i, suy hao do
két ndi va suy hao do viéc phan phéi tin hiéu quang trong mang?Cﬁc bo khuéch dai
dudng diy ¢6 thé dugc ]ap dat noi ticp nhau trén dudng truyen dé gia tén kh-:}ang céch
lip dat. Tuy nhién, viéc lip dit ndi tiép cic by khuéch dai quang s€ 12 hé so SNR
anh huémg dén chat lugng cua hé thong truyén dan quang. Yéu cau cua 5 khuéch dai
dudng déy 1a do 6n dinh trén toan b dai thong cua h¢ thong WDM, gir nhiéu & muc
cuc tiéu va thyre hién viéc trao dbi tot tin hiéu quang vdi s¢i quang truyén dan.

C. Tlen khuéch dai (Preamplifier). Cic bd khuéch dai quang dugc dat ngay trudc
thiét bj thu quang nhdm khuéch dai tin hi¢u ngay trudc khi tin hi¢u dugc dua vao
thiét bi. E}:eu nay lam glam yéu cau nghiém ngat ctia d nhay thiét bi thu va cho
phép hé théng truyen din quang hoat djng vdi toc d¢ bit cao hcm] Do vi tri ldp dat,
cic bo tién khuéch dai hoat dong v6i cong suat tin hiéu vio yéu va murc nhiéu & dau
thu cao. Do viy, yéu cdu cua mdgt b tién khuéch dai 1a 4o nhay lom, d§ loi 16m va
nhiéu thap

~ ¥ Ngoii cdc img dung chinh lam céc bd khuéch dai trén dudmg truyén quang,
cic by khuéch dai quang SOA va OFA con dugc su dung trong cdc b chuyén doi
budc séng. Viéc chuyén dm budc séng duge thue hién dya trén hién tugng bao hoa dé
1gi va hién tugng tron bén budc séng FWM (Four-Wave Mixing) xay ra trong cic b
khuéch dai quang.

7.3. Bo khuéch dai quang bén din (SOA)
7.3.1. Ciu triic va nguyén Iy hoat djng

Ciu tric vd nguyén ly hoat ddng cua khuéch dai quang ban dan SOA
(Semiconductor Optical Amplifier) tuong tr nhu laser ban danNghia la cling dya vao h¢
théng hai dai ning lugng cia chat ban dan va cdc qud trinh bi¢n doi quang di¢n: hép thy
(absorption), phat xa ty phdt (spontaneous emission) va phdt xa kich thich (stimulated
emission). Trong d6, tin hiéu quang dugc khuéch dai dya trén hién tugng phét xa kich
thich xay ra trong viing tich cyuc ctia SOA. Ving tich cuc nay duge dat gitta hai 1op ban
din loai n va p. Ngudn bom bén ngoai dugc cung cap béi dong di¢n phan cuc)

158



Chiurong 7: Ghép quang va khuéch dai quang

Dong phan cyre
I
Ving tich cue
> -
Pin Pou
N + I
R, R;

Hinh 7.12. Cdu triic ciia mét b khuéch dai quang bdn dén SOA

Do cé cau tric va nguyén ly hoat ddng tuong ty véi laser ban dan nén SOA con
dugc goi la khuéch dai laser bin din SLA (Semiconductor Laser Amplifier).

Su khdc nhau chinh gitta SOA va laser ban dan lﬁ(&OA hoat déng duéi mirc
ngudng dao ddng. Diéu kién nay xay ra khi dong dién phin cuc I,;,, < dong dién
ngudng I, cia laser va hé sb phan xa cua hai mit phan xa cua viing tich cuc nho. Khi
d6, qua trinh phan xa, cdng hudng va v phét xa dnh sing sé khéng xay ra.

SOA c6 thé dugc phan thanh hai loai chinh dya vao hé so phan xa ctia hai mit
phan xa cua ldp tich cuc.

— Loai thi nhat khuéch dai Fabry-Perot FPA (Fabry-Perot Amplifier) c6 hé sb
phan xa cao (c6 thé 1én t6i 32%) ')Cau tric cua FPA cung tuong tu nhu laser Fabry-
Perot nhung hoat clqng voi dong phan cuc Ibias<Iph. (Vm cau tric héc cong hudng c6 hé
s6 phan Xa cao, qud trinh héi tiép, chon loc tan s6 Xay ra, Ket qua 1a, FPA ¢6 dd lgi cao
nhung phd 46 loi khuéeh dai nhép nhd, khéng déu. Piéu nay lam giam bang thoéng
khuéch dai cua FPA.

— Dé khic phuc han ché trén cia FPA, hai lnrp chong phan xa AR (anti-reflection) c6
hé s6 phan xa R = 0, dugc dat tai hai dau ciia viing tich cwc dé khong cho qué trinh phan
Xa Xay ra bén trong bd khuéch dai. Khi dé, tin hiéu vao SOA s& dugc khuéch dai khi chi
di qua mét lan (duge goi 1a single pass) xuyén qua viing tich cyc ciia bd khuéch dai ma
khong c6 héi tiép vé. Déy 1a cAu tnic cua loai SOA thir hai: khuéch dai séng chay TWA)
(Traveling Wave Amplifier). Trén thuc té, h¢ s6 phan xa & hai dau cia viing tich cuc cia
TWA khong hoan toan bing 0 ma cé gid trj rét nho tir 0.1% dén 0.01%.

7.3.2. Dic tinh cia b) khuéch dai FPA va TWA
& Xet mdt bd khuéch dai FPA ¢6 h;:_sgvphmxa_canﬂ suét & hai mit phan xa ciia

tich cuc 1a R) va R, nhu hinh 7.12. B6 khuéch dai nay cung c6 thé TWA

néu cho R, = R, = 0. Do d6, qué trinh phin tich sau, déu c6 thé dp dung cho
FPA va TWA. -

& Bo qua suy hao khi dnh sing truyen qua moi mit phén xa, ta cé hé sé xuyén qua
cla cdng sudt anh sang di qua moi mit phan xa twong Gng 12 (1-R;) va (1-R,).
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& Tuong tng, ta c6 hé phan xa va h¢ s6 xuyén qua cia cudmg dd dién trudng tai
hai mét phan xa la:

JR Ry vat = I-R .ty = I-R,

4  Goi Gs W ﬂn( 40 o don. thdng (single-pass gain) ona SOA Ehi tn hiku
guang di qua vaing tich circ ma khong c6 sur hoi ticp (hé s6 phan xa R=0).

Ta co:
G — R}IHF — (1" _ L]
in (1 5}
Trong dé:
-g: d6 loi trén mot don vi chiéu dai cua ving tich cyc
-« suy hao trén mot don vi chiéu dai cia viing tich cuc
-T: hé s tap trung (confinement factor) biéu dién mirc d¢ tap trung cia
ludng dnh séng bén trong vung tich cuc
i
-1.. chién dai cia vimng tich cire
©RTIN, RTOuL wung sudil LI NEGU O RO vile vin e ra e b Rhiedeh Gan -
+ hE; t,\JG E,e™™ N VG Ee™ .

\ ] \ g
e - >

t,Gs/RR.E e ™ .ILGS.\."‘G;MIIRIREE,Q_}N (1.G /Gy JRREe™™

Hinh 7.12. Qud trinh khuéch dai tin hiéu xay ra trong FPA

Qua trinh khuéch dai tin hiéu 4nh sing trong FPA (xem Hinh 7.12. ) c6 thé
duge din giai nhu sau:

Dién truong cua tin hiéu quang vao E; dugce dua vao héc cong huong cua FPA
¢6 chiéu dai L tai mat phan xa R,. Sau khi xuyén qua mat phan xa Rh tin hiéu ban diu

© s& duge khuech dai boi viing tich cuc va dat cuong do '&J_L ¢ ra1 mit phéan xa R,
(k 13 hé sb truyr:n dan ctia mdi truomg khuéch dai).
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Tai diy, mdt phin nang lugng 4nh sing sé truyén ra ngoai véi cuong dd

[ -l : C i e . .
NG Ee . Phan con lai s& phan xa ngugc trd lai vé phia R, vdi cudng do

.fl "";IGE -...’IRE .Efﬂ_'lﬁ

rle ‘,!E_Ere':-'u

v" Tai Ry, dién truomg thu dugce [a . Twong ty nhu tai Ry, mét phin

R R.Ee ¥ ) . . .
nGsyA R Ee s€ phan xa ngugc vé phia R,, phén con lai s€ di ra

dién truong
ngoai hdc cong hudng.
v" Sau khi di qua khoang céch L cua ving tich cye, tin hi¢u thu dugc tai Ry dat

gia trj 10 }J"Gs JR R, Ef'}'ﬂ . Qui trinh phan xa va truyén xuyén qua mit phin
xa R2 tiép tuc dién ra. Phan tin hiéu xuyén qua cé dién truong

'G. [RR.Ee™®
n:GsyOs yRR.Eje . Phén con lai s& phan Xa ngugc vé phia R,. Cr nhu vay
qua trinh phan xa trong viing tich cyc tiép tuc tiép dlen)

v' Dién trudmg mng cong thu dugc tai ngd ra cua bd khuéch dai s& bang tong cua
cac thanh phan dién truong di xuyén qua R,. Néu gia sur rang thoi gian Lmyén
trong hoc cong hudng nho hon chu ky cua dién truong t6i E; | ta ¢6 dién truong
thu dugc tai ngo ra.

-k ~&w k]
Iﬂe'ﬂ"nr : g(,jﬁ,ﬁ G, )" .i_ 1
MTw
Vi .I‘ﬁﬂ <! biu thie (267 c6 thé bién d6i thanh:
- 1"5:1,1':9‘-"‘

1= JRR,G e
Ham truyén cong suat ciia by khuéch daj FPA:

(- R,Jﬂ R.)G \@)

Gy (@)= £ :
™ (-G, {RoZ: )’ +4G,JR.R; sin’ kL]

E| "

sin® (kL) = sin* (2 L) = sin* (2 =2) 1
1 ¥

Véi v 1 van téc dnh sdng truyén trong méi trudmg khuéch dai, o 12 tin 36 géc
dang xét, wp la tan sO géc cong hudng ma tai d6 do loi dat gid tri lon nhat. Biéu thire
trén dugc viét lai nhu sau:

G,.. (@) === = (1-R)1-R,)G: (@)
TUTE]D -G, JRR,Y +4G, (R R, s’ {(0-0,)L V]
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Néu hé sb phan xa cua hai mit phan xa cia FPA bing nhau R, =R; =R.
E,| _ (1-R)'G (@)
E| (1-G,R)* +4G,Rsin’[(@~a,)L/V]

e vla vén toc 4nh sing truyén trong mbi truong khuéch dai

GFP'A (&J) =

o 1a tin s géc dang xét

o 12 tin sb g6c cong huong ma tai d6 45 loi dat gid tri 16n nhit
L chiéu dai FPA

R hé s6 phan xa cta hai mat phan xa

Gs la ring do lgi don thong (single-pass gain) cua SOA

GFP‘A max

Grpa(m) Grepa (R=0.3)

b

GFPA (R=DD3)

GFPA min

Hink 7.13. D6 loi G(f) ciia FPA thay déi theo tan s6 véi R = 0.3;R =0.03vaR =0

v Gia sir do loi don thong Gs, tuong (mg véi R = 0 (TWA), c6 dang Gauss. Khi
hé s0 ph‘ﬁn xa gﬁa hai lép phan xa cta ving tich cyc 16n R = 0.3, do loi Qj (:_)l
khong bang phing theo tén 'sb ma cd dang gon séng 16n do chirc nang loc tan sO
cua hoc cfng huong.

_ ¥ Tai céc thn sb cong hudng o = (2nfN)/(2L) v6i N 12 s& nguyén, 6 1gi cia FPA
dat gia trj cyc dai) Giita cdc tan so cong huong, (8% l¢i cia FPA giam nhanh
chéng..Do d6, bang thong do loi (duge xac dinh tai vj tri -3dB so vai 4§ lgi
dinh) ciia FPA nho so véi bang thong do lgi cia TWA.,

v Vi vy, FPA khong thich hop véi céc tmg dung khuéch dai trong hé théng
thong tin quang. -

v Khi hé sb phan xa R = 0.03, G(w) tién gan t6i Gs nhung vin con gon séng nho.
Do gon séng nay ¢6 thé dugc loai bo bing cich giam h¢ so phan xa hon nira dé
bd khuéch dai trd thanh TWA.
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7.3.3. Nhiéu xuyén am (Crosstalk) trong SOA

Nhiéu xuyén am xay ra khi céc tin hi¢u quang khéc nhau dugc khuéch dai dong
thoi trong cing mot b khuéch dai. Cé hai loai nhiéu xuyén dm xay ra trong SOA:
nhiéu xuyén kénh (interchannel crosstalk) va bao hoa d lgi (cross saturation).

Nhiéu xuyén kénh xay ra la do hi¢u u'ng trén bDn budc séng FWM (Four Wave
Mixing). Ban chit vA anh huong ciia hiéu img phi tuyén nay dbi hé thong théng tin
quang WDM khéng dugc trinh bay trong chuong nay.

dloigim — .

dﬂﬂ'ﬂﬁ&tﬂk _|-—-J'
1 0 1 T 01010
—_—
Tinhitu #29 ¢ o o 1 01 0 0 1

Hinh 7.14. Anh huéng ctia nhiéu xuyén kénh trong SOA khi khuéch dai hai tin hi¢u

Nhiéu xuyén kénh gdy nén do hién tuong bao hoa d¢ loi xay ra trong SOA dugc
minh hoa trén. Xem xét dﬁu vao bo SOA la tong cua hai tin hiu quang & cac budc
séng khac nhau. Gia thiét ring ca 2 bu6c séng nim trong bang théng clia SOA. Sy c6
mit cia tin hi¢u thir hai s€ lam suy gidm mét d$ di¢n tir & viing néng lugng cao do qui
trinh birc xa klch thich 1am din dén sy nghp:h dao nnng do dl.rc;rc quan sit & tin hiéu
thir nhit giam xudng. Do d6, tin hiéu thir nhit s& khéng dugc khuéch dai glﬁng nhur tin
hiéu thr hai, va néu mét d¢ dién tir & viing ning lugng cao khnng du 16n thi tin hidu
thir nhét c6 thé bj hap thu. Qué trinh ndy xay ra dbng thoi ddi véi ca hai tin hiéu. Do
do, trén hinh-2:8ta tha_v, khi mirc 1 cua hai tin hiéu 1 va 2 xay ra d{}ng thoi, do lgn cua
moi tin hiéu sé nho hon so vdi binh thudmg.

f Hién tugng xuyén idm phuy thujc vao thai gian séng ciia dién tr & trang thai
néng lugng cao }Neu thori gian séng du 16m so véi toc do dao dong cia cong suat trong
cic tin hiéu vio, cdc dién tr khéng thé chuyén tir trang thii ning lugng cao xudng,
trang thai ning lugng thip do sy dao déng ndy. Do d6, khong c6 xuyén 4m xay ra.

ﬁ-)m véi cac SOA, thoi gian song nay ¢ mirc ns. Do d6, c4c dién tr dé dang
phan img lai sy dao dfng trong cdng sudt cua céc tin higu dugce diéu ché & toc 49 Gbfs,
dan dén mot sy suy yéu hé thong chinh do xuyén am.;]Nguqc lai, thoi gian song phat
xa tu phat trong EDFA 1a khoang 10ms. Do d6, xuyén am chi ¢ mit néu téc do diéu
ché cta céc tin hi¢u vao it hon vai kiloHertz, diéu nay thudng it gép trong thuc té. Do
d6, EDFA phi) hop hon khi duge sir dung trong cic hé thdng WDM hon SOA.
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7.3.4. Uu khuyét diém va img dung ciia SOA
» Uu diém
Do lgi cao (25-30dB).
Kich thudc nho, c6 thé tich hgp véi céc linh kién quang bén dan khic.
Dai théng 16n, ¢6 thé 1én téi 100 nm, réng hon so véi EDFA.
C6 thé thuc hién khuéch dai tin hiéu & ca hai cira s6 4nh sang 1300nm va 1550nm.
» Khuyér diém

- Cong suét ra bio hoa thap (khuang 5SmW) han ché kha ning cua SOA khi dugc
str dung 1am b khuéch dai cong suat.

- Hésbd nh{f:u cao (5-7 dB) anh hudng dén chit lugng cia SOA khi dugc sir dung
lam bd tién khuéch dai va khuéch dai dudng day.

- Phu thudc vao phan cyuc cta tin hig¢u quang tdi.

- Nhiéu xuyén kénh I6n do cdc hiéu tng phi tuyén: hiéu tng tron 4 budc séng
FWM (four wave mixing) vd hiéu Ung bdo hoa d{ lgi chéo (cross-gain
saturation).

- Phé do lgi ¢6 dang gon séng do sy khong hoan hao cuia l6p chdng phan xa.
- Kém 6n dinh do d6 lgi chiu anh hudng ciia nhiét 9
» Ung dung

Vi cac dic tinh ky thudt trén, SOA ¢6 nhiéu khuyét diém so véi EDFA khi
duge dung lam khuéch dai quang. Do d6, cho-dit SOA dugc nghién ciru va ché tao tir
truéc EDFA, nhung SOA khong dugc sir dung lam bo khuéch dai quahg trong hé
théng WDM ciing nhu cac hé thong truyén dan quang khdc hién nay( Thay vao dé, dya
trén cac hiéu ung phi tuyen dap ing nhanh ctia SOA, SOA dugc ding trong cdc img
dung khic ciia hé thdng théng tin quang nhu: bd bién d6i budc séng (wavelength
convertor), phuc héi xung clock (clock recovery) va cdc irng dung xir 1y tin hig¢u quang
(optical signal processing applications). }

7.4. B§ khuéch dai quang s¢i pha tap Erbium (EDFA)

— Th-:mg tin quang s¢i da phat trién manh trong cic hé théng vién théng trén thé
gidi cing nhu tai Viét Nam. Viéc tang kha nang truyén dan via mg r-:;rng khoang cach
truyén dan chi c6 thé giai quyet hi¢u qua bang cic hé thng tmyen din méi sir dung
cac cong ngh¢ nhu SDH hoac ATM két hop voi cic linh kién truyén thu kiéu méi nhu
cic bo khuéch dai quang hoc. Khuéch dai tin hiéu quang bing céch sir dung cic sgi
quang pha dat hiém da mo ra nhirng kha nang giam gia thanh tuyén truyen din trong
cdc mang vung hodc ciac mang dudng tryc bang vig¢c tang khoang cich cac tram lap
hodc da kénh truyén trén cdc mang dja phuong c6 san. Céc bd khuéch dai quang soi
bing sgi din quang pha tap erbium (EDFA) ¢ budc séng 1550nm da dugce sir dung
rong rai trong cdc tuyén thong tin cdp quang duong dai hodc cdc mang vong lon.
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Nguyén tic hoat dﬂng cua cic khuy:.f.,h dai quang sgi pha ldp Erbium 14 phit xa
cudng birc. Cic ion E 3" hip thu cdc photon tir chim sdng bom v&i bude séng nho hon
1,5 mm, rdi lai tdi phét xa mét phén ning Iucmg dudi dang cic photon véi bude song
cua signal. Céc ion E3" da dugc chon bai vi né phat xa huynh quang tai bude song ~
1.5 mm, budc song na sinh ra béi dich chuyén phat xa giira trang thdi dién ta bj kich
thich va mire co ban@115/2)

Cic cong trinh n, nghién ciru vé laser va cic khuyéch dai quang pha tap véi céc
ion dat hiém va v&i Erbium, khi so sanh vai cdc phuong phip ché tao khic, cho thiy
rang bang phuong phap sol-gel, di ché tao cic khuyech dai quang, trén dé thuy tinh,
v6i ndng d6 erbi 0.25 at.% va véi chiéu dai khuyéch dai 1a 5,7 cm, thoi gian song 1a 6
ms v&i Gain (dB/mW) ¢& 2 T tai budc séng bom 980 nm.

Trong cong ngh¢ vién thong quang hoc toan bg (all-optical telecomunications)
thi cic laser pha tap dat hiém va khuyéch dai quang la mdt vai trong s6 cic linh ki¢n
co ban, va bdi sy can gidm gi4 thanh va kich thuéc linh kién nén n6 can phai dugc tich
hop lai. Sy nhé gon va cong suét cla laser va khuyéch dai quang chui yéu lién quan tGi
mirc d§ ion dal hiém pha tap cang nhiéu cang tdt va phai giam thap nhat mét mat trong
qué trinh truyén séng.

Trong bai nﬁ}r s€ trinh bay vai nét so luge vé cdc by khuéch dai quang s¢i pha
tap Erbium va céc ing dung cta né trong thong tin quang( Sr dung cic b khuéch dai
quang s¢i pha tap Erbium (EDFA) dé kéo dai cu ly va tang toc d bit Imycn din dang
dugc xem nhu 1a mét trong nhitng gidi phdp tdt nhit dé xay dung céc hé thong théng
tin quang s¢i. Trong nhitng g dung d6, EDFA dugc diing 1am tién khuéch dai quang
dé cai thi¢én d§ nhay thu c6 sirc hap din dic biét . Su cé mit ctia bo khuéch dai quang
trong hé thong théng tin quang néi chung va trong b thu khuéch dai quang (OAR) néi
riéng da 1am ting cong suat tin hiéu quang 12 do EDFA di khuéch dai tin hiéu trudc
khi tién hanh tach song tai by thu quang. ')

7.4.1. Céc céu triic EDFA

Er’ Doped
fiber

Isolator @ Isolator
— == —— Coupler (H - —

K

Hinh 7.15. Cau triic 16ng qudt ctia mét bo khuéch dai EDFA

Cau tric ciia mdt b lghuéch dai quang sgi pha trgn Erbium EDFA (Erbium-
Doped Fiber Amplifier) bao gom

Laser bom
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S¢i quang pha ion dét hiém Erbium EDF (Erbium-Doped Fiber) 1a noi xay ra
qué trinh khuéch dai (ving tich cyc) cua EDFA. Ciu tao cia s¢i quang pha ion
Er3*dugc minh hoa nhu sau.

Lop boce silica

d=125pm Ving pha ion

EI}FA

Lép pha
/d=25[’lpm
I Lai pha vai Ge
d=3-6 um

Mode séng an —}Gl -0.05

qums\

Hinh 7.16. Mt cdt ngang ciia mét logi sgi quang pha ion Erbium
Trong d6:

+ Ving 16i trung tAm (c6 duong kinh tir 3 -6 um) cia EDF dugc pha trgn ion
Er3+1a noi c6 cudng do séng bom va tin hiéu cao nhét. Viéc pha céc ion
Er®* trong ving nay cung cap sy chong 1ip cla ning lugng bom va tin
hiéu véi c4c ion erbium 16n nhét din dén sy khuéch dai tot hon.

+ L6p boc (cladding) c6 chiét suét thip hon bao quanh viing 16i.

+ Lop phu (coating) bao vé bao quanh sgi quang tao ban kinh s¢i quang tfmg
cfng 12 250 pm. Lép phu nay c6 chiét suat 16n hon so véi 16p boc ding dé
loai bd bét ky 4nh sing khong mong mudn nao lan truyén trong s¢i quang.

_ Néu khdng ké dén chat pha erbium, cu tric EDF giéng nhu sgi don mode
chuin trong vién thong. Ngoai ra, EDF con dugc ché tao bing cic loai vit liéu khic
nhu sgi thiy tinh flouride (flouride-based glass fiber) hodc s¢i quang thiy tinh da vat
liéu (multicomponent glass fiber).

- Laser bom (pumping laser): Cung cdp niing lugng 4nh séing dé tao ra trang thii
nghich dao ndng d¢ trong ving tich cuc. Laser bom phét ra dnh sdng ¢6 budc
s6ng 980nm hodc 1480nm.

- WDM Coupler: Ghép tin hi¢u quang can khuéch dai va dnh sdng tir laser bom
vao trong s¢i quang. Loai coupler dugc sir dung 12 WDM coupler cho phép
ghép céc tin hiéu cé budc séng 980/1550nm hodc 1480/1550nm.

- B¢ cich ly quang (Optical isolator): Ngin khong cho tin hiéu quang dugc
khuéch dai phan xa ngugc vé phia dau phét hofic c4c tin hi¢u quang trén duong
truyén phan xa ngugc vé EDFA.
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7.4.2. Ly thuyét khuéch dai trong EDFA
a. Gian d6 phéan bé ning lugng ciia £r3*

Gian d6 phin bb ning lugng ciia Er3*trong sgi silica duge minh hea trong
hinh v&. Theo d6, cic ion Er3* c6 thé tén tai & nhiéu ving ning lugng khéc nhau
dugc ky higu: *Iys5s5, *Taszy *lya s *lopy s *Fopz *Sesn. *Hiyga.

Trong dé:

- Vang *[,5/, c6 mirc nang lugng thip nhit, dugc goi Ia viing nén (ground-state

band). .
- Vang *I 3, dugce goi la viing gia bén (mestable band) vi céc ion E73*c6 thoi

gian song (lifetime) tai ving ndy lau (khoang 10ms) tru6c khi chuyén xuéng
ving nén. Théi gian séng ny thay déi tdy theo loai tap chét dugc pha trong 16i
cua EDF.

- Vang *Iyy 2, *losz, *Fozas *Sass, *Hyyyy 12 céic viing nang lwong cao, duge
£0i 13 viing kich thich hay ving bom (pumping band). Thoi gian céc ion Er3+
c6 trang théi n3ng lugng trong cic viing ndy rit ngin (khoang 1 ps).

Enargy Diagram
520 [ | Hyqp
A E
543 | ~ ] 4g
3 s 2
ir MNon-radiative
__ 850 | : o
E 'Y i
£ Y 4
° 800 | | “lorn
3 L 4
o 880 | : ] “hiz
g A :
a :
metastable +
1480 | ] 4|1:i|l'2
1550
! g
| 5|8 ¢
(=] § -§
Y
[ ] *hsn

Ground state

r3+

Hinh 7.17. Gidn dé phan bé ning lwong cia ion £ trong sgi silica.

167



Chueong 7: Ghép quang va khuéch dai quang

Su chuyén dbi nang lugng cua cdc ion Er3* c6 thé xay ra trong céc truong
hep sau: '
- Khi cic ion Er3*t & vung nén nhin moét mirc ning lugng bing dd chénh léch

niang lugng gilta ving nén va ving ning lwong cao hon, ching s& chuyén lén
ving ¢6 muc ning lugng cao hon (su hap thy nang lugng).

- Khi céc ion £r3*chuyén tir cdc viing nang lugng cao xudng ving ning lugng
thdp hon sé& xdy ra hai truong hgp sau:

o Phin ra khong birc xa (nonradiative decay): nang lugng dugc giai phéng dudi
dang photon tao ra sy dao dong phin tr trong sgi quang.

e Phit xa 4nh sdng (radiation): ning lugng dugc giai phéng dudi dang photon.
D§ chénh léch nang lugng gitra viing gid bén ( *1,3,) va ving nén ( *135/2)

e 0.775eV (tucrng g véi ning lugng cia photon ¢6 buée séng 1600nm) tinh tr
day ving g:a bén dén dinh ctia ving nén.

¢ 0.814eV (152? nm) tinh tir 44y viing gia bén dén d4y cla ving nén.

¢ 0.841 eV (1477nm) tinh tir dinh viing gia bén dén day clia ving nén.
Mat dé phan bd ning lugng cla cc ion Er3* trong ving gia bén khong déu

nhau: céc ion Er** ¢6 khuynh hudng tép trung nhiéu & cdc mirc ning lugng thép.

Piéu nay dan dén kha nang hép thu va phit xa photon cua ion Erbium thay doi theo
budc séng. Phd hap thu (absomnn spectrum) va pho d¢ 1¢i (gain spectrum) cua EDFA
¢6 16 pha Ge dugc biéu dién trén hinh dudi:

*

10 1 T ¥ T i

[

8

Loss o gain (dBm)

L L L

Cross section (x 1072 md)

1.48 1.50 1.52 1.54 1.56
Wavelength {pm)

Hinh 7.18. Pho hdp thu (absorption spectrum) va phé d¢ lgi (gain spectrum)
cua EDFA cé 15i pha Ge
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b. Nguyén Iy hoat djng cia EDFA
Nguyén 1y khuéch dai cua EDFA dugc dua trén hién tugng phat xa kich thich.
Qua trinh khuéch dai tin hiéu quang trong EDFA ¢6 thé duoc thuc hién theo cic
budc nhu sau:
- Khi sir dung nguf:‘m bom laser 980nm, céc ion Er3* & ving nén s€& hap thu ning
lugng tir cac photon (c6 ndng lugng Ephoton = 1.27¢V) va chuyén Ién trang théi
ning lugng cao hon ¢ ving bom (pumping band) (1).
- Tai vﬁné bom, c4c ion Er3* phén rd khong bic xa rit nhanh (khoang 1ps) va
chuyén xuéng viing gia bén (2). !
- Khi sir dung ngudn bom laser 1480nm, cic ion E73*& ving nén s& hip thu

ndng lugng tir cic photon (c6 ning lugng Eppgon = 0.841eV) va chuyén sang
trang théi nang lugng cao hon & dinh cla ving gia bén (3).

e

p ' Metastable band
fun | %\m\“\\hﬁn R R
| RN -E\k\‘fcfﬁk‘ww&x&fﬁhﬁﬁg
® ® ® @

980-om 1400-0;m g
Wv”l t - hot 1..556 m-. P
T R
Ground-siais band
Hinh 7.19. Qud trinh khuéch dai tin hiéu xday ra EDFA véi hai budc séng bom
980 nm va 1480nm
Cac ion Er®* trong ving gia bén ludn c6 khuynh hudng chuyén xudng ving
ning lugng thfip (ving c6 mat d¢ dién ur cao) (4).
Sau khoang thoi gian séng (khodng 10ms), néu khéng dugc kich t+hIch bai cac
photon c¢6 ning Iugng thich hop (phét xa kich thich) cdc ion Er3*s& chuyén sang trang
thii ning lugng tha"'.p hon & viing nén va phét xa ra photon (phét xa ty phat) (5).

-~ lower sisde

J/
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Khi cho tin hiéu 4nh sang di vao EDFA, sé& xay ra dong thoi hai hién tugng sau:

- Céc photon tin hiéu bj hip thu béi céc ion Er3* & viing nén (6). Tin hiéu 4nh
sdng bi suy hao.

- Cic photon tin hiéu kich thich céc ion Er3* & ving gia bén (7). Hi¢n tuong
phit xa kich thich xay ra. Khi d6, céc ion Er3* bj kich thich s& chuyén trang
thdi néng Im;mg tir muc nang lugng cao & viing gia bén xudng mirc nang lugng
thdp & ving nén va phat xa ra photon méi ¢6 ciing huéng ln.tyen cung phin
cuc, cung pha va cling budc séng. Tin hi¢u dnh sdng dugc khuéch dai.

D¢ rgng giira viing gid bén va viing nén cho phép sy phat xa kich thich (khuéch
dai) xay ra trong khoang buéc séng 1530 nm - 1565nm. Déy ciing la viing budc séng
hoat dong cua EDFA. D¢ lgi khuech dai giam nhanh chong tai cac budc song lon hon
1565 nm va bang 0 dB tai buéc séng 1616nm.

7.4.3. Yéu céu d6i véi ngudn bom
a. Budc song bom

V@i cdc ving nang lugng duge néu trong phﬁn trén, 4nh sdng bom c6 thé dugc
sir dung tai cic budc séng khic nhau 650 nm ( *F,,,), 800 nm ( *I,/,), 980 nm
( *1,,/2), 1480 nm ( *I,,,). Tuy nhién, khi budc séng bom cang ngén thi c4c ion
Er3* phai trai qua nhiéu giai doan chuyén df::i ning lugng trudc khi trd vé viing nén
va phét xa ra photon 4nh sing. Do d6, hiéu suat bom khong cao, nang lugng bom sé& bj

hao phi qua viéc tao ra cic phonon thay vi photon. Vi vy, trén thuc té, 4nh sidng bom
stir dung cho EDFA chi dugc sir dung tai hai budc séng 980nm va 1480nm.

Trong EDFA, diéu kién dé c6 khuéch dai tin hiéu 1a dat dugc sy nghich dao
néng d5 bing céch sir dung ngudn bom dé bom céc ion erbium lén trang théi kich
thich. C6 hai céch thuc hién qud trinh nay: bom truc tiép tai budc séng 1480 nm hodc
bom gi4n tiép & buéc séng 980 nm.

e Phuong phép bom gi4n tiép (bom & 980 nm): Trong trudng hop ndy, ion erbium
lién tuc dugc chuyén tiép tir viing nang lugng *I, 5/2 thép lén ving ning lugng
cao *I;, 2, sau d6 c4c ion s€ phan rd xudng ving *I; 3/, nhung khéng phat xa.
Tir viing nay, khi c6 dnh sdng kich thich thi cic ion s& phét xa budc séng mong
mudn (tir 1550 dén 1600 nm) khi chuyén tir ving ning lugng *I, 3/, xudng
viing *1,5/,. Day chinh 12 hé théng ba mirc. Thoi gian séng cia ion erbium &
mirc *1,,,, khoang 1ps trong khi & *I,5/, ftl'ﬁ t&i 10ms. Vi thoi gian song dai,
ving o 4 15/2 dugc gw 12 ving 6n dinh. Vi vay, cac ion dugc bcsm lén mirc cao,
sau d6 nhanh chéng roi xudng ving *I,3/, va ton tai & 46 I:mng mot khoang
thoi gian trong d6i dai tao nén sy nghich dao vé ndng do.
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e Vi phuong phap bom tric tiép (1480 nm): céc ion erbium chi hoat dong trong
hai viing ning lugng va *f, /5. D4y 12 h¢ théng 2 mirc. C4c ion erbium lién tuc

dugc chuyén tir ving nang lugng nén *I, 5/, 1én ving nang lugng kich thich
*1,3/2 nhdr nang lugng bom. Vi thoi gian ton tai & mirc ndy dai nén chiing tich
ldy tai day tao ra sy nghich déo nfﬁng do.

Ngudn bom 6 hi¢u qua cao & ca hai bude s6ng 980 va 1480 nm. Pé ¢6 hé sb
khuéch dai hon 20 dB thi chi cén taora nguon bom cé cong suét nho hcrn 5 mW, nhung
vin can phai ¢6 nguon bom tir 10 dén 100 mW dé dam bao cho cong suat ra di 6.

Chi'sé nhiéu luong tir gi6i han 1a 3 dB dat dugc & budce séng 980 nm. Pbi vdi
buéc séng 1480 nm, chi s6 nhiéu vao khoang 4 dB vi tiét dién ngang phat xa tai 1480
nm cao hon tai 980 nm va sy birc xa kich thich do ngufm bom da gidi han sy nghjch
dao tich lu¥ tai 1480nm. Do d6, budc séng bom 980 nm dugc ng dung cho cic bd
khuéch dai tap &m thip. Hé s6 d9 loi tai bu6c s6ng bom 980 nm cao hon tai 1480 nm
tai cung cong suit bom. Do d6, dé dat dugc cung mét h¢ s6 d9 lgi thi cong suat bom
tai 1480 nm phai cao hon tai 980 nm. Vi cong suét bom ¢ 1480 nm 16n hon nén cong
sudt 'ngd ra 16n hon, do d6 bom & budc séng 1480nm dugc tmg dung cho cic bd
khuéch dai cong suit. Ngoai ra, budc séng bom 1480 nm dwge truyén trong sqi quang
v6i suy hao thap. Do d6, ngudn bom laser c6 thé dat xa bd khuéch dai.

Hién nay, bom budéc séng 1480 nm dm;m sir dung rng rai hon vi chiing sin c6
hon va d9 tin cdy cao hon. D§ tin cdy 1 déc diém | quan trong d6i véi laser bom vi n6
ding dé bom cho khoang céch dai va dé tranh 1am nhiéu tin hiéu. Céc thiét bj khuéch
dai cong suat ddi hoi cong sudt bom cao nhét va 6 6n dinh cua ching la méu chbt
trong qua trinh nghién ciru phét trién chiing. Néu ting dugc do 6n dinh cia laser ¢6
budc séng 980 nm thi cé thé ching s& dugc chon lam nguén bom. Mot s6 EDFA dugc
bom tai ca hai budc s6ng dé tin dung wu diém cia ca hai budc séng.

Bdng 1 So sanh hai budc séng bom 980nm va 1480nm

Bwéc séng bom 980 nm 1480 nm
Tinh chét:
D§ lgi Cao hon Thip hon
Do lgi cong sudt bom Thap hon Cao hon
Suy hao cong suit bom Cao hon Thip hon
Hé s6 nhiéu Thép hon Cao hon
l:i'ng dung Tién khuéch dai Khuéch dai cong sudt
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b. Cong suit bom

Cong suit bom cang 1on thi s€ c6 nhiéu ion erbium bi kich thich dé trao doi
nang lugng vdi tin hiu can khuéch dai va s& 1am cho hé so khuéch dai tang 1én. Tuy
nhién, hé sé khucch dai khong thé ting mii theo cong sut bom vi 50 lugng céc ion
erbium dugc cdy vao s¢i 1a ¢6 gi6i han. Ngoai ra, khi cong suat bom tﬁng I&n, hé s
nhiéu s& giam. Piéu nay s& dugc trinh bay trong phén tinh hé s6 nhiéu cia EDFA.

¢. Hweémg bom
B$ khuéch dai EDFA ¢6 thé dugc bom theo ba céch:
- Bom thudn (codirectional pumping): ngudn bom dugc bom cing chiéu véi
hudmg truyén tin hiéu.
- Bom ngugc (counterdirectional pumping): ngudn bom dugc bom nglmc chiéu
véi huéng truyén tin hiéu.

- Bom hai chiéu (dual pumpmg): sir dung hai nguén bom va dugc theo hai chiéu
ngugc nhau.

Hudmg bom thuin c6 wu dlérn nhiéu thdp vi nhiéu khé nhay cim véi d¢ lgi ma
do loi tin h1¢u cao nhét khl cong suét tin hiéu vao thip nhﬁt Tmng khi 46, huémg bom
nguoc cung cap cong suét ra bao hoa cao nhung c6 hé s6 nhiéu cao hon bom thuén.

Do viy, ngudi ta dé nghj str dung ca hai laser bom ¢6 budc s6ng bom khéc nhau.
Viéc bom tai bude séng 1480 nm thudng dugc sir dung theo chteu nguge vai huong
truyen tin hiéu va bom tai 980 nm theo hudng thuan dé sir dung t6t nhat wu dlem cua
moi loai bom. Bom tai 1480 nm c¢6 hiéu suét lugng tir cao hn:rn nhung cé hv:; b nhiéu
cao hon, trong khi bom tai budc séng 980 nm c6 thé cung cap mot hé s6 nhiéu gﬁn '
mirc gii han lugng tir. Hé s6 nhiéu thap phit hep cho céc (mg dung tién khuéch dai.

Mét EDFA dugc bom bing mét ngudn bom c6 Ihe cung cip cong sudt diu ra
cuc dai khoang +16 dBm trong ving bdo hoa hodc hé s& nhiéu tir 5-6 dB trong Vung
tin hi¢u nho. Ca hai budc song bom dugc sir dung dong thoi c6 thé cung cép cong suat
dau ra cao hon; mét EDFA dugc bom kép ¢6 thé cung cép cong suét ra t&i +26 dBm
trong viing cong suit bom cao nhit c6 thé dat dugc. Hinh 6 thé hién mdt EDFA dugc
bom kép.

Gid trj cdc dac tinh cta bd khuéch dai EDFA dugc trinh bay trong bang 2.

As+Ap

WDM WDM
RS W (()

h m\@\

Hinh 7.20.  Cdu hinh b khuéch dai EDFA dwgc bom kép.
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7.4.4. Pho khuéch dai

Phc- do l¢i cua EDFA dugc trinh bay trong hinh Hinh ? 18. 1a tinh chat quan
trong nhat cia EDFA khi x4c dinh céc kénh tin hiéu dugc khuéch dai trong hé thong
WDM. Hinh dang cia phd khuech dai phu thudc vio ban chét cia s¢i quang, loai tap
chét (Ge, Al) va ndng db tap chit duge pha trong 151 cua s¢i quang.

Hinh 7.18. cho lhéy phD d9 lgi cua EDFA ¢6 161 pha Ge khé rong. Tuy nhién,
pho d¢ g1 nay khong hﬁng phﬁng Diéu nay sé din dén viéc hé sb khuéch dai khic
nhau d6i v&i cdce bude song khac nhau. Néu do loi cua cdc kénh tin hi¢u khong dc-ng
nhat, nhét 12 sau khi qua nhiéu ting EDFA, sai sb d loi nay sé tich lu¥ Iu_',fen tinh dén
mirc khi t6i ddu thu kénh budc séng c6 do lgi cao lam cho dau vio _mady thu qui tai.
Ngugc lai, kénh tin hi¢u c6 do loi nho thi ti s6 SNR khong dat yéu cau. Su 1am phing
do lgi Ia can thiét dé loai bo sy khuéch dai méo céc tin hi¢u qua cic EDFA dudng
truyen ghép Iang

Mot sé bién phdp dugc sir dung dé khic phyuc s khong bing phing cua phéd
do loi:
* Chon lya cic bude séng c6 d6 lgi gan bing nhau. WDM lam viéc & dai séng
bang C (1530 — 1565 nm). Trong dai budc séng nay chon 4‘() I:n.;cfrc song 1am
budc song cong tic cia WDM. Céic budc séng niy ¢6 do loi gan bang nhau.

» Cong nghé cin bing d6 loi: ding bd cin bang (equalizer) hap thu bét cong suit
& bude séng c6 d 1oi 16m va bs khuéch dai dé ting cong suit cua bude song cd
do lgi nho.

» Thay ddi thanh phin tron trong sgi quang: ding s¢i quang trn thém nhom,
photpho nhém hay flo cung véi erbium s€ tao nén bd khuéch dai ¢6 bang tan
dugc mé rong va phd khuéch dai bing phing hon.

Ngoai ra, pho do lgi cua EDFA con phu thujc vao chleu dai cua sgi EDF. Ly
do la vi trang thdi nghich dao nong do thay di doc theo chiéu dai cua soi quang khi
cong suit bom thay dbi.

Bo khuéch dai EDFA hoat dong ¢ bdng C (1530-1565 nm). Tuy nhién, d¢ loi
cua s¢i pha tap c6 dudi trii ryng dén khoang 1605 nm. Diéu nay kich thich su phat
trién ctia c4c hé thong hoat dong & bdng L tir 1565 dén 1625 nm. Nguyén 1§ hoat dong
cua EDFA béang L giong nhu EDFA bang C. Tuy nhién, ¢6 sy khic nhau trong viéc
thiét ké EDFA cho bang C va bang L. Cdc phan ur bén trong bd khuéch dai quang nhur
bd cich ly (isolator) va bd ghép (coupler) phy thugc vio budc séng nén chiing s& khéc
nhau trong bang C va biang L. Su so sanh cic tinh chét cia EDFA trong bang C va
bang L duge the hién trong bang 2.

173



Chuong 7: Ghép quang va khuéch dai quang

Bing 2 Bang so sanh EDFA hogat djng trong bing C va bing L

Tinh chit Bing C Biing L

Do lgi Cao hon Nho hon khoang 3 lin
Phd dd lgi [t bing phinghon |  Béng phing hon
Nhiéu ASE Thap hon Cao hon

Hinh dudi trinh hhy céu tric cia mdt by khuéch dai bﬁng L 1am bing phing d¢
lgi trong khoang budc séng 1570nm — 1610nm véi thiét ké hai tang.

‘ Téng du tién duge bom & budce séng 980nm va hoat dong nhu mét b EDFA
truyén thong (s¢i quang dai 20-30nm) cé kha nang cung cép dé loi trong khoang budc
song 1530-1570 nm.

Nguoc lai, ting thir hai c6 sgi quang dai 200m va dugc bom hai chiéu sir dung
laser 1480nm. Mot bd isolator dwgc dat gilra hai tang nay cho Phép nhiéu ASE truyén
tr Iang thir 1 sang tang thir 2 nhung ngin ASE tmyén ngugc vé tang thir nhét. Véi ciu
triic noi t1ep nhu vy, khuéch dai hai tang cé thé cung cap d¢ lg phfmg trén mt ving
bing thong rong trong khi van duy tri mirc nhiéu thép.

Optical [ Buk-type WDM | Optical | Bulk-type WDM Bulk-type WDM| Optical
Isolator : Coupler 13013.[01' CDUPIEI' Coupler : Isolator
—P — — —»
In I | | : \[ \‘ : Out
: |I| | : : B | [ =:

%um ’ :1,4ﬂpm 1[,48}1111
) |Er*-Doped. ' | LD |Er*-Doped| LD | |
Fiber Fiber

Flrst Amp Umt Secund ﬁmp Umt

Hinh 7.21. Cédu hinh ctia mét bg khuéch dai bang L lam béng phdng d¢ lgi

trong khoang bucc séng 1570nm — 1610nm voi thiét ké hai r&ng
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7.4.5. Céc tinh chat cia EDFA
a, P lgi (Gain)
Dé loi cia mdt bd EDFA c6 thé dugc tinh theo phuong trinh sau:

G = explf, (N ()0 - Ny@o )zl oy
Trong do6: ' '
- N,(2), N,(z): mét d§ ion erbium ¢ trang thdi kich thich va ¢ trang thai nén tai vi
~ tri z trong doan sgi quang pha erbium.
- L: chiéu dai sgi pha erbium.

IEJ

. JE‘ . - tiét dién ngang hdp thu va phét xa cia ion erbium tai budc séng tin
hi¢u.

- Phuong trinh (2.11) cho thay dt;- lgi lién quan dén sy nghich dao ncmg d$ trung
binh. Goi N, N, 1an Iuot 12 ndng do ion Erbium & mic ning lugng nén va mirc
ning lugng kich thich trung binh. Khi d6, Nv Nz s& dugc tinh theo cong thirc sau:

Ny =1 [ Ny(2)ds 2.12)

57 1 pL
No = [, Ny(@)ds (2.13)

Phuong trinh (2.11) ¢6 thé dugc viét lai mdt cich don gian hon nhur sau:

G = exp[N;0,” - N;0i") L] 2.14)

Tur phuong trinh trén, ta thiy do lgi tin hiéu sau khi di qua sgi quang chi phu
thudc vao sy nghich dao nong do cdc ion erbium trung binh trong sgi quang ma khong
phu thudc vao chi tiét vé dang nghich ddo nhu mét ham d6i vm vi tri doc theo chiéu

dai s¢i quang. Trong phuong trinh (2.12), (2.13) ¢6 hai tham 50 Nl{z} va N, (z) 1a ham
theo vj tri z doc theo sgi quang dugc cho bai

(a) (@)
to. ‘Tg E-‘IE P
nred st 5z Pp(2)

(a), ( e) (@), (e)
r(g’ )j" (o +0 }Fp
Yoy Sps(z)+—L hfsi Pp(2)

N5z = N (2.15)

N,(z)=N-N,(2) (2.16)
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to sau:

Trong d6:
e T:thdi gian séng cia ion erbium & trang théi kich thich o BT
e Ps(z): cong suét cua tin hiéu tai vi tri z trong s¢i quang.
e Pp(z): cOng sudt bom tai vi tri z trong sgi quang.
o I :hésdchdngldp tai budc séng tin hidu.
o [, :hésd chdng lap tai budc séng bom.
e fo: tan s tin hiéu.
* f, :tanso bom.

¢ N ! mit d) ion erbium tfmg chng.

. g;cl , ;g -.I) . tlét dlén ngang h{i‘p th]:] Va phﬁ[ xa ta] hl!ljfc Sﬁng ti“ hleu
. J;‘m'ﬂ_;a_-l - tiét dién ngang hép thy va phét xa tai budc séng bom.

h : hing sé Planck; h = 6,625.1073].s.
Tir cong thife (2.15) ta thiy h¢ s6 khuéch dai cia EDFA phu thuge vao cic yéu

Phy thudc vio néng do ion Er*3: Khi néng d Er** trong soi quang cua bd
EDFA ting thi kha ning ching dugc chuyén lén mirc nang lugng cao hon cang
nhidu, do d6 hé sé khuéch dai tang. Nhung néu nong d6 Er** ting qué cao s&
gdy tich tu dan dén hién tugng tiéu hao quang lam cho h¢ s6 khuéch dai giam.

Phu thudc vao cong sudt tin hi¢u dén va cong sudt bom quang: Khi cng suat vao
ting, birc xa bj kich ting nhanh, nghia 1a ion ET** & mic ning luong cao tréy vé
mir¢ ning luong co ban cang nhiéu lam gidm nong 4o sb ion Er*? & mirc ning
lugng cao, lam yéu di kha ning birc xa cia ion £+** khi tin hi¢u quang duoc dua
t6i, do d6 hé sé khuéch dai giam. S& c6 mdt mic gidi han ma cong sudt tin hiéu
vio ting nhung cOng suat ra khong ting nira goi 1a cong suat bao hoa.

Phy thuc vao chiéu dai soi: Khi chiéu dai soi ngén thi tin hi¢u khong dugc
khuéch dai nhiéu do d6 d loi tin hiéu nhé. Ngugc lai, khi chiéu dai ting lén, tin
hiéu dugc khuéch dai nhiéu hon, do d6 do lgi lén hon. Tuy nhién, khi chiéu dai
qué dai so v’d“l cong suat bom thi d§ lgi tin hi¢u s€ bi giam do chiéu dai qua 1om
ma cong suat bom lai khéng dap Gmg hét chiéu dai sgi thi tin hiéu s& bj suy hao
dan va do d6 lam giam do loi.

Phu thudc vao cong su_ﬁt bom: Céng suat bom cang 16m thi s& c6 nhiéu ion erbium
bi kich thich dé trao doi ning lugng vai tin I'Eiéu can khuéch dai va s& lam cho h¢
50 khuéch dai ¥ing lén. Tuy nhién, hé so khuéch dai khong thé ting mai theo cong
suét bom vi s6 lugng céc ion erbium dugc cay vao soi la ¢6 gidi han.

176



Chicong 7: Ghép quang va khuéch dai quang

Do vay, tiy theo Ung dung cua EDFA, céc yeu té trén s& dugc hiéu chinh sau
cho d¢ lgi cia EDFA dat gi4 tri yéu cau véi hiéu sudt cao nhit, Thong thudmg, d9 loi
cua EDFA vao khoang 20-40 dB tuy theo rng dung cua EDFA la bd khuéch dai cong
sudt, khuéch dai dudmg truyén hay tién khuéch dai.

b. Céng suit ra bio hoa (Output saturation power)

Su bdo hoa xay ra khi cong suat tin hi¢u vao EDFA Ién giy ra sy giam h¢ 50
khuéch dai. Vi vdy, n6 gidi han cong suét ra cuia b khuéch dai. Su bio hoa hé sb khuéch
dai nay xudt hién khi cong suét tin hiéu tang cao va gay ra sir phat xa kich thich & mét ty
I¢ cao va do d6 lam giam sy nghich dao nong do. Dicu d6 c6 nghia la 56 céc ion erbium &
trang thii kich thich giam mét cich dﬁng ké. Hé qua 13, cong suat tin hiéu & ngd ra bj han

ché bai sur bao hoa cong suat. Cong sudt ra bao hoa P, ..+ se+ dugc dinh nghia 1a tin hiéu
ra m & dé hé s6 khuéch dai bj giam di 3 dB so véi khi khuéch dai tin hiéu nho.

S 87

]

1565pm .-

=
i
[

“a
L

QOutput Saturation Power (m
&
%]
3

=]
1

Pump power (mW)

Hinh 7.22. Cong sudt ra bao hoa tang tuyén tinh theo cong sudt bom vio tai budc
song bom 975 nm déi véi budc song tin hiéu la 1555 nm vir 1532 nm.

Céng suit ra bio hoa khong phai 1a mét hﬁng s6 ma tang 1én tuyén tinh véi cong
suit bom (xem hinh 8). Cong sudt bao hoa ¢6 thé duoc xic dinh bﬁng cong suat tin hiéu
ngo ra mi tai dé do loi bi’mg d¢ lgn tin hi¢u nho trir 3 dB. Nhu vay bﬁng cach xac dinh do
lgi tin hiéu nho ta c6 thé suy ra diém bio hoa va tir d6 xéc dinh cong sudt bdo hoa.

Céng sudt ra bio hoa cling thay ddi tiy theo budc séng cla tin hiéu vi mat do
cdc ion Er3*phan bé tai viing nang lugng gia bén khéng bing nhau. Hinh 2.16 cho
ﬂ'lﬂ}-’ cong suat ra bao hoa tai 1.55 um cao hon tai 1.53 pm véi cling cong suit bom.

7.4.6. Uu khuyét diém cia EDFA

a. Uu diém
- Nguén laser bom ban din c6 dé tin cdy cao, gon va cong sut cao.
- Cau hinh don gian: ha gid thanh cia hé théng.

- Chu tric nho gon: ¢6 thé lip dat nhiéu EDFA trong ciing mot tram, dé vin
chuyén va thay the.
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- Cong sqﬁt ngudn nudi nhé: thudn loi khi dp dung cho cic tuyén thong tin quang
vurgt bién.

- Khéng ¢6 nhiéu xuyén kénh khi khuéch dai céc tin hiéu WDM nhu b khuéch
dai quang bén dan.

- Hau nhu khéng phu thuge vio phin cyc cua tin hiéu.
b. Khuyét diém

- Phd d§ 1¢i cia EDFA khéng biang phing.

- Bang tan hién nay bj gidi han trong bang C va bang L.

- Nhiéu dugc tich lily qua nhidu chang khuéch dai gay han ché cu ly truyén dan.
2.4. Bj khuéch dai quang RAMAN (RA)
2.4.1. Nguyén Iy hoat dong

Khuéch dai Raman dya trén hién tugng tin xa Raman kich thich (Stimulated
Raman Scattering). T4an xa Raman kich thich 12 hién tugng mét nguyén tir hap thu
ning lugng clia mét photon, sau d6 tao ra mot photon c6 ndng lugng khac. Vi vay, tin
xa Raman kich thich dugc dinh nghia 1a hién tugng photon thir cédp dugc sinh ra do
kich thich tir nguén bén ngoai.

Mirc ning ludng chuyén (Transition state)

E]. ¢ _
I\'.:' I:"-'III
Laser bam Tin hiéucan [\ [\ VRY Tin hiéu dugc
‘ khuéchdai vV 7 khuéch dai

Hinh 7.23. So d6 chuyén ndng heong trong khuéch dai Raman

Pé c¢6 khuéch dal Raman thi phai tao ra sy nghich dao nafmg d6. Piéu nay dat
dugc bing cich cung cap ning lugng cho cdc nguyén tir cha sgi quang tr mot laser
bom ¢6 buéc séng thap hon budc séng cia tin hiéu. Khi d6, cic n guyén tr cua sgi
quang s& hap thu ning lugng bom c6 ning lugng cao (budc song ngdn) va chuyén Ién
mirc ndng lugng cao hon. Khi ¢é tin hiéu dén, né sé kich thich cdc nguyén tir dang &
mirc ning Iugng cao chuyén sang trang thi ning lugng thap hon va giai phéng ra mét
nang lugng dudi dang photon dnh sing c6 cling budc séng (dai hon budce séng bom)
va cung pha vai tin hiéu dén. Do dé, tin hiéu di dugc khuéch dai.
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Dua trén gian do niing lugng trén, tan s6 dnh sing bom fyerm, v2 tan s6 4nh sdng
duge khuéch dai fy,é0h ¢, droc xdc dinh nhu sau:

fhom = (E5 — E;)/h
f khoéen 4 = (E2 — E))/h
Trong dé:
o hla hing sb Plank;

e E,;, E;, E; 1a ndng lugng cia cac trang thii ning luwgng cao (transition
state), trang théi ndng lugng trung gian (vibration state) va trang thii
ning lugng thap (ground state) cua cic nguyén tr trong sgi quang.

~ Khéng giong nhu nguyén 1y khuéch dai cua EDFA, khuéch dai Raman khong
can mot sgi quang riéng va ddc biét (pha tron ion Er3+).
_ Trong khuéch dai Raman, tin hiéu quang dugc khuéch dai doc theo toan bd
chiéu dai cia sgi quang silic binh thudng.
Céu triic ctia mot bd khuéch dai Raman dirge minh hoa trong hinh 2.19.

Sdi quang

thudn
B Isclator

Coupler * ———

I |

—] Laser bum

Hinh 7.24. Cdu triic ciia bg khuéch dai Raman
_S¢i quang la noi xdy ra qud trinh khuéch dai. Soi quang nay cung la s¢i quang
truyén tin hiéu nhu sgi SMF, DSF, .

Trong khuéch dai quang khong can sir dung s¢i quang dic biét (pha ion
Erbium) nhir b khuéch dai1 EFDA.

Bé ghép (Coupler): diing dé ghép budc séng tin hiéu vio vai séng bom.

Laser bom (Pump laser): ding dé cung cip ning lugng cho cic nguyén tr cia
s¢1 quang chuyén 1€n trang thai kich thich, gidp tao ra su nghich dao néng do.
B cach ly (Isolator): dat & hai déu cia bd khuéch dai quang dé ngﬁn chén tin

hi¢u phin xa ¢ hai diu b khuéch dai. Pong théi né cling gidp loai trir nhiéu ASE theo
hudéng ngugc vé phia déu vao ¢ thé gay anh hudéng dén tin hiéu dau vao.
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2.4.2. D réng bing tin va h¢ s6 khuéch dai

Hé s6 khuéch dai Raman tang hu nhu tuyén tinh v&i dd chénh léch bude séng
giira tin hiéu va nguon bom (wavelength offset), dat gid trj dinh tai 100 nm va giam’
nhanh chéng sau d6. Trong hinh cting cho thiy, bang théng dé lgi cua khuéch dai
Raman c6 the dat duoc tir 45-50nm.

g4 — Acwal
-— Approximale,
1
0 1 ’5 1
Fa
A R
41 ~80 nm % 45-50 nm
\
-
" A
2 e’ b
U T ] I ]
0 40 80 120 160

Wavelength offset (nm)

Hinh 7.25. Hé s6 d¢ loi Raman thay doi theo dg chénh léch budc song cua tin hi¢u va
nguon bom (wavelength offset)

) Néu dai tn cua céc tin hiéu can khuéch dai Raman 1ém hon biang thong do lgi cua
khuéch dai Raman (gia sir 40nm), cn phai sir dung nhiéu nguon bom khdc nhau. Mdi
ngudn bom c6 budc séng cach nhau khoang 40nm (béing v&i bang thong do loi). Khi d6,
dai tin 16n cua cde tin hiéu ¢6 thé duge khuéch dai mét cach hiu qua (xem Hinh 7.26.-a).
Tuy nhién, do dic tinh khuéch dai cia khuéch dai Raman va do khodng ctia cic buoc
s6ng bom, bang thong do loi tong cong c6 dang gon séng nhu hinh Hinh 7.26.-b.

Véi wu diém bang théng do loi 1ém, khuéch dai Raman dwgc quan tam dén tong
cdc img dyung thong tin quang. Tuy nhién hi¢u suat do loi cta khuéch dai Raman khong
cao. Dé dat dugc hé sé khuéch dai 1om, can phai sir dung cong suat bom tuong doi cao.

Nguon bom

Nguén bom Gom do lon (Gain ripple)

a8 A WA W
=T I"
40 nm Em b)
Hinh 7.26.
(a) Véi khoang cdch cdc nguén bom 40nm, cdc kénh nam trong ddi tan réng dugc
khuéch dai.

(b) Ggn dé loi do khuéch dai Raman va do khodng cdch cdch nguon bom.
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2.4.3. Uu khuyét diém cia khuéch dai Raman
So vdi cdc loai khuéch dai quang khac, khuéch dai Raman ¢6 nhitng wu diém sau:
Tap am nhiéu thip.

1

Céu triic don gian, khéng can s¢i dic biét. |

Dé chon bing tan.

Cé thé dat dugc bing thong rong nho két hop vai laser bom.
Tuy nhi€n, bén canh nhirng wu diém dé bd khuéch dai Raman ciing ¢6 nhirng
nhugc diém nhu sau:

- Xuyén am giira cdc kénh tin hié¢u do hién tuong tédn xa Raman kich thich SRS.
bay 1a mdt trong cac higu hung phi tuyén cua sgi quang c6 thé giy anh hudng
dén chat lugng ciia hé thong ghép kénh theo bude séng WDM.

- Hé s khuéch dai thip.

- Higu suat khuéch dai thdp hon so véi EDFA: khuéch dai Raman can mot cong
suit bom 16n hon dé dat cung mot gia trj 4§ loi.
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Chwong 8
LASER

Giéi thi¢u chung

Laser I3 tén viét tit cia cum tir Light Amplification by Stimulated Emission of
Radiation c¢6 nghia laC'khuéch dai 4nh sang bing phédt xa cudng bfrc”) Laser dugc
phong theo maser (Microwave Amplication by Stimulated Emission of Radiation-Sy
khuéch dai s6ng viba do Su phdt xa cudng birc), mjt thiét bj c6 co ché trong ty nhung
{20 ra tia vi séng hon 1a céc birc xa dnh sing. Maser diu tién dugc tao ra boi Charles
H. Townes va sinh vién tbt nghiép J.P. Gordon va H.J. Zeiger vao nam 1953. Maser
diu tién d6 khong tao ra tia séng mot céch lién tyc. Nikolay Gennadiyevich Basov va
Aleksandr Mikhailovich Prokhorov ciia Lién bang X6 Viét da 1am vige doc 1dp trén
linh vuc lugng tir dao dong va tao ra hé thong phéng tia lién tuc bing cich ding nhiéu
hon 2 mirc nang lugng. Hé théng d6 c6 thé phéng ra tia lién tuc ma khong cho céc hat
xubng mirc ning lugng binh thudng. Nam 1964, Charles Townes, Nikolai Basov va
Aleksandr Prokhorov cing nhan giai thuong Nobel vat 1y ve nén tang cho linh vuc
dién tr lugng tr, din dén viéc tao ra mdy dao dong va phong dai dua trén thuyét
maser-laser.

8.1. Cdc phin tir ciia quang laser

Hinh 8.1. Cdc phan tir cia quang laser

(1) Buong céng hudng (ving bi kich thich)

(2) N, gucﬁn nudi (nang lugng bom vao ving bi kich thich)
(3) Guong phan xa toan phan

(4) Guong bdn ma

(5) Tia laser
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) Budng cong hudng chira hoat chit laser, d6 1a mt chét dic bi¢t ¢6 kha ning
khuéch dai dnh sdng bing phét xa cudng birc dé tao ra lgser: Tinh chat cua laser phy
thudc vao hoat chat dé, do do nguoi ta cdn cir vao hoat chat dé phén loai laser.

Nguon nuéi 1a phin cung cdp ning lugng cho hé théng laser. Bao gdm cyc
phéng di¢n, dén nhdy, dén ho quang, 4nh sang tir laser khdc. Viéc Iya chon loai ngudn
nuoi no dé sir dung dya chii yéu vao moi trudmg kich thich Ia logi gi, va didu nay Ia
yéu to chii chot quyét dinh 1am sao ma nang lugng truyén vao trong méi trudmg.

Vi du: Laser He-Ne ding cwe phéng dién trong hén hop khi Heli Neon. Laser
Nd:YAG ding 4nh sing hoi tu tir dén nhdy Xenon.

MGi trudmg kich thich 12 yéu t6 chinh quyét dinh buéc séng, va céc tinh chét
khdc cua tia laser. C6 hang trim méi trudng kich thich c6 thé 1am dugc. Mbi truimg
kich thich bi kich thich bang nguén bom tao ra sy kich thich déng déu gilta cdc
electron, can thiét cho sy phét xa cudng birc cic hat photon, din dén hién tugng"
khuéch dai 4nh séng.

Mét vi du vé co ché hoat dong cua laser cé thé duge miéu ta cho laser thach
anh. Dudi su tic dong cia hiéu dién thé cao, cic electron cla thach anh di chuyén tir
muc ning lwong thap 1én mirc nang lugng cao tao nén trang thai dio nghich mat do
cua electron.

O mirc nang lugng cao, mot sé electron s& roi ngéu nhién xudng mic ning
luong thip, giai phéng hat dnh sdng dugc goi 1a photon. Céc hat photon niy sé toa ra
nhi¢u huéng khic nhau tir mét nguyén tir, va phai cic nguyén tir khic, kich thich
eletron & cdc nguyén ur nay roi xuéng tiép, sinh thém céc photon cling tin s, ciing
pha va ciing huéng bay, tao nén mét phan tng day chuyén khuéch dai dong 4nh sdng.

Céc hat photon bj phan xa qua lai nhiéu lan trong vit li¢u, nh&r cic guong dé
tang hi¢u suat khuéch dai 4nh sdng. Mt so photon ra ngoai nho cé guong phan xa tai
mot ddu cua vit liéu. Tia sang di ra chinh 14 tia laser.

8.2. Nguyén tic hoat dong laser
8.2.1. Swr phat xa curdmg bire

Ta di biét rﬁng sur phit xa béi cdc hat (nguyén tir, phin tir, ion) trong céc ngudn
sdng thong thudng 1a cdc qua trinh xdy ra mot cich ty phat, hoan toan ngau nhién. Khi
nhan dugc mot nang lwgng thich hop, hat sé tir trang théi bén nhay lén trang thai kich
thich ¢6 mirc ning lugng cao hon. Sau mét thoi gian, hat sé roi trd vé trang thdi bén va
phéng thich ning lugng (di hip thy) dudi dang anh sang, nghia la phat ra photon.

Nidm 1917, khi nghién ciru qua trinh twong tic gitta dnh sdng va vit chat,
Einstein cho ring : Khong nhirng céc hat phat xa mét cich ngau nhién nhu trén ma cdn
c6 thé phat xa do tac dong cua bén ngodi. Khi ta chieu vao h¢ mot birc xa, thi céc hat
dang & mirc néng lugng kich thich E; sé roi tré vé trang thdi can ban E, va phit ra l?ut;
xa: Do 1a hién turgng birc xa kich thich ddng (hay birc xa cam tmg, birc xa cudng birc).
Day la co s& hoat dong ciia may Laser.
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Cic hat thay doi giira hai mirc nang lugng E; (cin ban) va E; (kich thich). Khi
ta kich thich bang quang tir (photon) ¢6 ning lugng.

hi =E, -E,

Thi cac hat tir mirc E, s€ nhay 1én mirc E,.

S6 hat & mirc nang lugng kich thich E; (cao hon) binh thudng it hon ¢ mirc néng
lugng cén ban E; (thdap hon).

% Tém lai, khi ta chiu vao hé mdt chim tia séng kich thich c6 ndng lugng
photon 12 hi/ (thi trong mdt thai gian d6 s& 1am cho mot sd hat tir trang théi co ban E,
nhay Ién trang thdi kich thich E; (sy hép thu), trong théi gian d6, mot s6 hat tir mirc E,
ty phdt roi tro ve E,, mét sé hat khéc bi dung va&i photon kich thich ciing roi tré vé E,
(su phit xa ngau nhién va phdt xa cudmg bic). Nhung luén ludn n; < n;. Do dé, cic
photon kich thich h1- (gédp céc hat & mic E; nhiéu hon gip cic hat ¢ mic E,, nghia la
hién tugng hip thu manh hon hién tugng phit xa dnh sdng. Vi vay, ¢ diéu kién binh
thwomg, khi di qua mgt moi triedng vdt chat bao gio dnh sdng ciing bi yéu di.

- Khi mét photon hat giip mdt hat & trang thi kich thich va 1am hat nay roi trér vé
mirc cin ban thi photon dugc hat phéng thich ciing 1a hi (ndng lugng do hat hap thy
khi di tir E, 1én E,), photon méi sinh ra nay hoan toan gidng photon.

Nhur vy két qua cua sy kich thich 13 tir mgt photon té1 hat, ta duge hai photon
phat xa. Ta goi la phat xa cudng birc.

Trudc Sau
—— "

Huc ~
cao Mot photon

Phat xa tv phat JULU =
hay phan hay Muc
— thapo —.'_ (a)

Phat xa Muc Hai photon
cu'dng bic "._ cao — JU'\I:"-
SAVAVA, Mdc WAVAV A 2

Photon ___ =
thap _._ (b)
Hap thu Mic
cudng bifie —  €ao _._

Photon Muc
_._ thap {c)

Hinh 8.2. Cdc qud trinh phdt xa tw phdt va phdt xa cwong birc
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8.2.2. Sy khuéch dai 4nh séng di qua mot moi truromg

Biy gid ta thir gia thuyét c6 mot truomg hgp: Trong mét moi trudmg s hat &
trang thai kich thich 1én hon sé hat & trang thdi can ban: n, > n,. Trong trudng hop
nay, photon kich thich sé gip céc hat & trang théi kich thich nhiéu hon & trang thdi can
ban. Khi d6 hién twgng birc xa s&€ manh hon hi¢n tugng hap thu va két qua ngugc véi
truong hop trén, khi truyén qua méi trudmg, anh sing manh hon 1én

Thue vdy, khi mét photon kich thich gap mét hat ¢ trang thdi kich thich va gay
ra sy phat xa thi mjt photon thanh hai. Ctr nhu thé sé photon ting 1én rat nhanh, vi khi
tmycn qua mdi truomg, ta duge mdt chiim tia sdng c6 cuong dd manh.

Nhur vy, van dé 12: Mudn c6 mét chim tia sang cyrc manh bing cich duge khuéch
dai lén nhu trén, ta phai lam cdch nio oé ny > np. P6 1a sy “dao nguge mat do (ndng do)”.
Maéi trudmg khi bi dao nguge mét dd (nong dé) nhu viy duge goi 14 méi trudmg hoat tinh.

Pé s6 hat ¢6 nang lugng cao nhidu hon hat sd hat ¢6 nang lugng thép, nguvi ta
phai cung cép ning lugng cho méi truéng, phai “bom” ning lugng cho né. Mot trong
cdc cdch 1am nghich dao mét d¢ (ndng do) 12 phuong phip “bom” quang hoc. K¥
thudt niy dua dén giai Nobel vé vat 1y cho nha bic hoc Phidp Kastler ndm 1966 (cOng
trinh nay cta Kastler dugce thuc hién tir nam 1950). Kastler ding mt chim tia sang
¢6 cuong 46 manh 1am bom dé bom ning lugng cho méi trudmg khlen né tr¢ thanh
hoat tinh. Phuong phdp bom quang hoc thuong duge ding véi cic chét rin va chét
16ng. V6i laser khi, ngudi ta thudng nghich dao mit do (ndng do) bing cich phong
dién trong khi kém.

8.2.3. Bj cing hwding

Véi diéu kién ny > n,, mm trudmg cho kha ndng cé thé thue hién sy khuéch dai
cudng do dnh sang, nhung mudn ¢6 duge mot chiim tia Laser c6 dac tinh dinh hudng
cao dd thi chi c6 mdi truémg hoat tinh thi chua da, ma con cdn mot bd phén goi 12 b
cong hudng. Bd phan nay vira c6 tic dung ting cudng cudng d§ dnh sdng, vira c6 tic
dung dinh huéng chim tia laser khi né phéng ra khoi mdy. Trong truong hop don gian
nhét, bd phan cong hudmg gdm hai guong phing M, va M,, dit & hai diu may.

Cic photon c¢é phuong di chuyén thing géc véi hai guong s& doi di, di lai
nhiéu lan trong mdi trudmg hoat tinh. Nhu viy bé phan cfng huong dong vai tro nhu
mét cdi by 4nh sing. Trong khi phan chiéu qua lai nhu thé, cic photon ddp vio cic
hat & trang théi kich thich, lam phéng thich céc photon khac. Céc photon néy lai phan
chiéu qua lai glﬁ'a M, va M,, dip vio cic hat & trang théi kich thich va lai lam bét ra
cdc photon méi nira, cir nhu thé cuong dé 4nh sdng tang 1én rat manh.

_ Vi cac photon nay khong di chuyén thing géc voi hai guong thi sau mdt hoéi di
chuyén, ching bi lot ra ngoai méy.
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8.2.4. Thém phét xa cudng birc
Ta nhén thiy trong céch céu tao trén clia mAy laser, c6 thé mot phﬁn nang lugng
s& bj miét di do sy phan chiéu trén hai gwong M,, M, va do sy nhiéu xa lam léch

phuong di chuyén cta céc photon. Do d6, ta chi thyc su c6 hién tuong khuéch dai
cuong do 4nh sdng néu cong suét P sinh ra do sy phét xa cudng bic 16n hon cong suat

P’ bi mét di.
J n'mq Gﬂ"#'l ’I Gurgng ‘l

Lo PE L PR MR
pre—

Anh sing

Hinh 8.3. Su phdt xa cudng birc trong budng céng hudng laser

Nhur viy mudn c6 duge sy khuéch dai cudng do 4nh séng, khong nhiing ta phai
c6 diéu kién dau tién np > n; ma n, — n; phai 16n hon mét tri s6 (dwong) xdc dinh. Tri
s6 nay dugc goi Ia thém phét xa cudng buc. Ta ¢6 trj sO cang 16n thi thém phat xa
cudng birc cang thap

Chi khi vao n, — n, vugt qua thém, thi méi c6 4nh sdng laser phit ra.
8.2.5. Cac dic tinh ciia tia laser
1. Tinh don sic

Céc photon phét xa cudng birc mang cing mdt nang lugng hat nén anh sang rét
don sic. Néu xét 4nh sing phét ra béi nggu: héng tao thi trong truong hop laser, bé
rong PP’ cua vach 6943A° hep khoang 10 14n so voi bé r rong QQ’ cua vach nay trong
trudmg hop phét xa théng thudng.

Zypf~"""7775

Hinh 8.4. Tinh don séc
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2. Tinh déng pha

V6i mot ngudn sdng thong thuomg, 4nh sdng phét ra boi cdc hat 12 4nh sdng
khong dong pha nhau, nghia 12 khéng c6 mot sur lién hé ndo vé pha gilra cac dao dong
phat ra bgi cdc hat. Trong trudmg hgp ngudn sang laser, cdc photon phét ra deu dong
pha nén 4nh séing laser 1a 1 chim 4nh sdng diéu hop. Chinh vi vy, chim tia laser c6
thé gy ra cdc tic dung rat manh (téng hop céc dao dong dong pha).

3. Tinh song song

Chum tia laser phit ra song song véi truc, véi mét géc loe rét nho.

Nam 1962, ngudi ta tao ra mét chim tia laser ¢6 géc loe 12 3 x 107 rad.
8.2.6. Céc ché dp hoat djng .~

1. Ché @ phit lién tyc

Trong ché do phat lién tuc, cong suét ctia mot laser tuong dbi khéng dbi so véi
thoi gian. Sy dao nghich mét 4§ (electron) can thict cho hoat djng laser dugc duy tri
lién tyc béi ngudn bom nang lugng déu din.

2. Ché dp phit xung

Trong ché do phat xung, cong sudt laser ludn thay ddi so vdi thoi gian, voi dic
trung la cdc giai doan “déng” va “ngét” cho phép tdp trung ning lugng cao nhat c6 thé
trong mét thoi gian ngén nhét c6 thé.

Cdc dao laser 13 mdt vi dy, v6i nang lugng du dé cung cdp mét nhiét lugng cin
thiét, chiing c6 thé lam boce hoi mt lugng nhé vt chat trén bé mdt mau vt trong thoi
gian rat ngan. Tuy nhién, néu cing ning lugng nhu vy nhung tiép xic véi mau vat
trong thoi gian dai hon thi nhiét lugng s& c6 thdi gian dé xuyén sdu vao trong miu vit
do d6 phan vit chat bj boc hoi sé it hon.

C6 rit nhiéu phuong phap dé dat dugc diéu nay, nhu:

+ Phuong phdp chuyén mach Q (Q-switching)

+ Phuong phdp kiéu khod (modelocking)

+ Phuong phép bom xung (pulsed pumping)

Dao laser: Thiét bj 1a sy két hop giira 2 cbng nghé: laser femto gidy va ’hién vi
huynh quang hai photon, thanh mét loai mdy thdam do linh hoat c& nho duy nhat. Méy
tham do c6 thé xdc dinh c4c té bao don 1é trong khong gian 3 chiéu, ddm xuyén t6i 250
micromet vao trong khoi mé.

8.2.7. Dang phé
Hién tugng laser xay ra do sy twong tic ciia hai hé thong;
+ H¢ nguyén tir ¢6 chuyén mirc nang lugng cua dién tir Jam phat sinh photon.

+ Héc cong hudmg tao béi cic guong dau cubi.
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1. Tuong tac giira birc xa véi hé nguyén tir
Mot photon s& phdt sinh khi 1dién tr chuyén tir 1 mirc ndng lugng cao xuéng 1
murc ning lugng thép hon:
| =E;-E,
Trong thyrc té ¢6 sy mé rong vach phd do 2 qud trinh sau:
e Homogeneous broadening: dic trung cho tit ca cdc nguyén tir trong hé,

* Inhomogeneous broadening: vach phé bj mé rong do cdc hi¢u ng nguyén tr
riéng biét. Trong tinh thé céc nguyén tur khic nhau c6 thé ¢6 céc chuyén mirc
ning lugng khéc nhau it do cdc nguyén tr lin cdn. Céc nguyén tir trong khi
chuycn dong theo cdc hudng khac nhau vm céc van tbc khéc nhau, do dé gy ra
c4c dich chuyén Doppler khéc nhau 1én tan sb.

* Qua trinh nay cthm wru thé véi laser khi; laser Helium-neon c6 do rong ban phf:-
~1.1x 10° Hz dén 1.4 x 10° Hz.

* Phé cua laser thyc c6 thé bj anh hudng do tén hao phan xa bdi guong va tn xa
khéng khi.

2. Hoc cjng hudng tao béi cdc grong diu cudi
Diéu kién cong huéng: hanh trinh qua héc 2L = s6 nguyén m lan budc séng.
2L =mi
C6 rat nhiéu tin s6 laser dugc phép, cich nhau cic khoang.
[N
¥
Goi 1a cidc mode héc cong hudmg (cavity modes) hay mode doc (longitudinal

modes).

Ngum thiét ké laser phai t6i wu hod thiét ké cho tan sd mong mudn nhé& viée
diéu khién h&n hop khi, céc dic trung kich thich va phan xa ciia hbc va c6 thé ding bd
loc, hodc ting khoang cich giita cic guong (tdng L).

o
4¢' = = - o ~
=[ Modehop ® r Daithéng Nad
2 5| doi S o
%]
; N
= o
ol Oem
i 3's
= o
- S
s . W)
Budc séng Budc song
«==m Mode hdp == Daithéng d6 ldi

Hinh 8.5. Mode doc (longitudinal modes)
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~ Trong thuc té chi c6 nhimg c}_m}fén mirc ning lugng véi thoi gian sbng tuong
dbi 16m méi c6 thé tao ra cic vach phd c6 thé sir dung dugc.

Ning luong laser kha dung nhan duoc khi dd loi cua héc dugc diéu chinh dé
chon 1 trong cac vach laser kha di.

Su phét xa ddng thoi nay duge goi 12 longitudinal modes.

Ngoai ra, hc laser ¢6 thé tao ra mdt sé mode khong gian hay TEM modes
(mode ngang Tranverse Electric Magnetic). C4c mode nay hinh thanh do céc tia hoi
léch so van truc chinh.

Trong thyc té, mode mong mudn 13 TEM0O, 12 tia don véi phan bd néng lugng
theo phan bo Gauss.

©46 thi ariing 4§ Hinh anh chiim tia

A-0
VAN |

A\ reue () 0

Hinh 8.6. Mode ngang

8.2.8. Di¢u khién Laser
i Cong suat birc xa, budc séng, dong hoat dong va thoi gian st dung cua Laser
déu thay d6i theo nhiét d9, do d6 can ¢6 cic vong diéu khién di¢n va dicu khién nhi¢t.
+ Vong diéu khién dién:
o Chéng céc xung dong vi thé pha huy
e Diéu ché dong laser
* Diéu chinh dong ngudng
+ Vong diéu khién nhiét:
o Tiép xiic nhiét véi vo laser
e Thudmg chira linh kién bom nhiét bén dan goi la thermoelectric cooler

hogc Peltier device c6 tdc dung thu nhit (bom nhi¢t tir laser ra vo 1 oai
10 I [ enetn mH 10 TIRONI

cua dau laser).
Bom nhiét dién: ding dién tir chuyén nhiét lugng tir mt hdp thu nhit ra mjt truyén
nhiét thong qua diy cdc ban dan BiTe (Bismuth Telluride) loai N va P ghép luin phién
vot kim loai tiép xdc véi cdc mat truyén nhiét va mat hap thu nhiét.
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8.3. Céc kiéu laser

Argondon

8.3.1.

Carbon Dioxide

3 |
 — "ﬂ?# * 5% w700D
n. &3

Laser

ks 1& Laser mode khda
’ Ti:Sapphire °
Laser

Laser ban dan
Laser Helium-Neon

Hinh 8.7. Cdc loai laser thong dung
Laser chit rin
C6 khoang 200 chit rén c6 kha nang ding 1am méi trudng hoat chat laser. Mot

s6 loai laser chit rin thong dung:

8.3.2.

+ YAG-Neodym: hoat chdt 12 Yttrium Aluminium Garnet (YAG) cong thém 2-
5% Neodym, cé bude séng 1060nm thude pho hong ngoai gan. C6 thé phat
lién tuc t&i 100W hodc phét xung véi tan s6 1000-10 000Hz.

+ Héng ngoc (Rubi): hoat chét 1a tinh thé Alluminium c6 _gi’m nhitng ion
chrom, ¢6 budc séng 694,3nm thude viing do cha dnh sdng trdng.

+ Bin din: loai théng dung nhét 1a diot Gallium Arsen c6 bude séng 890nm
thudc phd hong ngoai gan (trinh bay ky & phén 8.4.).
Laser chat khi

He-Ne: hoat chét 1a khi Heli va Neon, ¢6 budc séng 632,8nm thudc phé dnh
sdng do trong viing nhin thay, cong suét nho tir mot dén vai chuc mW.

Argon: hoat chat 12 khi argon, budc séng 488 va 514,5nm.
CO,: budc séng 10 600nm thudc phd héng ngoai xa, cong suit phét xa c6 thé

t&i megawatt (MW). Trong y hoc @ng dung 1am dac mo.
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Phéng dién
P . ngang (cong . A TV ;
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:  doc (cong suat P i
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Hinh 8.8. Bdng mé ta cdc loai laser khi

8.3.3. Laser chit long
Moi trudmg hoat chit 12 chét 16ng, thong dung nhét 12 laser mau.
» Tinh chit:

+ DO dinh huéng cao: tia laser phét ra hau nhu Ia cham song song do d6 kha
ning chiéu xa hang nghin km ma khéng bj tdn xa.

+ Tinh don séc rit cao: chim séng chi ¢6 mdt mau (hay mot bude s6ng) duy
nhit. Day Ia tinh chét déc biét nhat ma khong ngudn sang nao co.

+ Tinh dong bé ctia cdc photon trong chiim tia laser: C6 kha néng phdt xung
cuc ngan: c& mili gidy (ms), nano gidy, pico gidy, cho phép tap trung nang
lrgng tia laser cuc lon trong thod gian cyc ngan.

8.4. Laser Diode (LD) -~

Dioxide <, Day dién

BE nhiét va
Liép xic dién

Chum ra efip

Hinh 8.9. Diode laser bdn ddn
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Mot loai laser ¢6 cdu tao tu-:mg tir nhu mét diod. N6 ¢6 méi mrcmg kich thich la
chét ban din. Diod laser hoat dong gan gidng véi diod phat quang. Né ciing duge goi
14 den diode néi xa va dugc viét tit 13 LD hay ILD.

Chat bén din (Semiconductor) I3 vét liéu trung gian giira chédt din dién va chit
cich dién. Chat b4n dan hoat déng nhu mot chét cdch dién & nhiét dé thap va cé tinh
dan dién & nhiét d6 phong. Goi 1a "bén din" nghia 12 c6 thé din dién & mot diéu kién
nio d6, hodc & mot diéu kién khic s& khong dan dién.

8.4.1. Ving ning lwgng trong chit bdn din

Tinh chét din dién cia cdc vit liéu ran dugc giai thich nhé 1y thuyét viing ning
lugng. Nhu ta biét, dién tir ton tai trong nguyén tr trén nhitg mirc néng lwgng gidn
doan (cdc trang thdi dirng). Nhung trong chat rin, khi ma céc nguyén tir két hop lai véi
nhau thanh céc khdi, thi cic mirc ning lwong nay bi phi 1én nhau, vi trd thanh céc
vung nang lugng va sé cd ba vung chinh.

r Y
Cie i
chwia lip | //mdﬂ
1
N3ng . Ving trbng
[1womg = e _ nling lung
; \"w
e -

Hinh 8.10. Viing nang lieong trong chdt bdn dén
8.4.2. Céu tric ning lwgng dién tir trong mang nguyén tir cia chit ban dén

Ving héa trj dugc lap day, trong khi ving din tréng. Mirc ning lugng Fermi
nim & viing trong ning lugng.

e Ving hod tri (valence band): ‘v’hn_g ¢O nang lugng th:ip nhit theo thang ning
luong, 12 viing ma dién tir bi lién két manh véi nguyén tr va khéng linh dgng.

* Ving dan (Conduction band): Viing ¢6 mirc nﬁng lugng cao nhit, 13 viing ma
dién tir sé linh dong (nhur céc dign tr tr do) va dién tir & viing nay sé la dién
tir dan, c6 nghia la chéat sé cé kha ning din dién khi ¢6 dién ur ton tai trén
ving dan. Tinh dan dién ting khi mit d dién tr trén ving dan ting.

* Ving cdm (Forbidden band): Ving nim giira ving hod tri va viing dan,
khong ¢6 mirc nang lugng nao do d6 dién tir khong thé ton tai trén viing cam.
Néu ban dan pha tap, c6 thé xuét hién cic mic nang lugng trong ving cdm
(mirc pha lap) Khoang céch giira diy w‘.lng dan va dinh viing hod tri goi la d¢
rong ving cam, hay nang lugng ving cam (Band Gap). Tuy theo dd réng
viing cdm 16n hay nho ma chat ¢6 thé 13 dan dién hoéc khong din dién.
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Nhu véy, tinh dAn dién cia cdc chét rin va tinh chat cia chét ban din c6 thé 1§
giai mot cach don gian nhé 1y thuyet ving nang lugng nhu sau:

e Kim loai c6 ving din va ving hod tri phu 1én nhau (khong c6 ving cdm)
do d6 ludn ludn cé dién tir trén vang dan vi thé ma kim loai ludn ludn
din dién.

e Cic chit ban din c6 viing cdm c6 mdt dd rong x4c dinh. O khong b tuyét
d6i (0 K), mirc Fermi nim gitra ving cAm, c6 nghta 12 tt ca céc dién tir ton
tai & viing hod tri, do d6 chat bén din khéong din dién. Khi ting dan nhiét do,
cic dién t sé nhin dugc nang lugng nhiét kg.T (vGi kg la héng sO
Boltzmann) nhung ndng lugng nay chua di dé dién tir vugt qua viing cam
nén dién ti van & ving hoé tri. Khi ting nhiét 45 dén muc du cao, s& c6 mot
sb dién tir nhdn duge nang lwgng 16n hon ndng lugng ving cAdm va no sé
nhay 1én viing din va chét rin tr& thanh dan di¢n. Khi nhiét ¢ cang ting 1én,
mét do dién tir trén viing dan sé cang tang lén, do dd, tinh dAn dién cua chat
ban din tang din theo nhiét d¢ (hay dién tr&r sudt giam dan theo nhiét d9).
M@t cach gan ding, c6 thé viét su phu thugc cia di¢n tré chat ban dan vao

nhiét &6 nhur sau:
AFE
R =R,ex s
2%k, T

Ta cé:
R, 12 hing s6
AE, 12 d6 rong ving cAm.

Ngodi ra, tinh dn cta chét bin din c6 thé thay doi nhd cdc kich thich nang
lrong khac, vi du nhu dnh sang. Khi chicu sdng, cac dién tir s¢ hap thu nang lugng tr
photon, va ¢é thé nhay lén ving dan néu ning luong du 16m. Py chinh la nguyén nhan
dan dén sy thay d6i vé tinh chat cta chit ban dan dudi tac dung cua dnh sdng (quang -
ban dan).

8.4.3. Ban dan pha tap
Cht bin dan loai p c6 tap chit 1a cdc nguyén tir thuoc nhém 1T, dan dién

chi yéu bing cdc 15 tréng (viét tat cho chir positive, nghia la duong). Chét ban dan
loai n ¢6 tap chit 1a cic nguyén tir thujc nhém V, céc nguyén tu nay dung 4
electron tao lién két va mot electron 1ép ngoai lién két long 1éo véi nhén, day chinh
Ia céc electron dn chinh. C6 thé gidi thich mt céch don gian vé ban dén pha tap
nho vao ly thuyét viing ndng lugng nhu sau: Khi pha tap, s& xuat hign cdc mirc pha
tap ndm trong viing cam, chinh céc mirc nay khién cho dién tir dé dang chuyén Ién

viing din hoac 15 tréng dé dang di chuyén xudng yung hoé trj dé tao nén tinh dan

cua vt ligu. Vi thé, chi gﬁn pha tap v&i ham lugng rat nho cling lam thay ddi 16m
tinh chat dan dién cua chét ban dan.
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8.4.4. Cic djc tinh phé cia diode laser

Trong diode Laser chi c6 mét s& séng 4nh séng c6 budc song nhét dinh méi c6
thé lan truyén dugc trong buong cong hudmg. Diéu kién dé truyén lan 4nh sdng 12 séng
phan xa va séng t&i phdi déng pha véi nhau.

Nhur vay Laser chi khuéch dai nhitng budc séng o thoa min diéu kién (n, N
céc sb tr nhién).
QHL
,‘[ﬂ =

Méi budc séng d6 duge goi 14 mode qgc, hay don gian 1a mode. Tép hgp dinh
cia cic mode nay sé tao thanh dudng bao pho birc xa cua diode Laser.

Ta sé tim dugc khoang cich vé mit tan sd giira hai mode lién tiép nhau.

M=
Phd birc xa cua Laser phu thudc rat nhiéu vio ~dong dién dinh thién. Khi Laser
hoat dong & ché d6 dudi ngudng, birc xa tr phit chiém uu thé va do d6 6 rong vach
phﬂ giong vai LED. Tuy nhién, neu diode Laser hoat dong ¢ ché do 16n hon ché d
ngudng thi d§ vach phd s& giam xudng. Vach phé hep lai do tic dong cia bubng cong
hudmg va khuéch dai theo ham mii nhimg mode dat t¢i mic ngudng, dong thoi bo qua
tit ca cic mode khic.

Anh Sﬁng Ta P & foh sdng ez

0,5 --snee
A I

J Ay

—
£ 10ng vach phi
a) B}

P 4 Anhsing ra Anh séng ra

1\ B8 rong vach phd 1

c} | d)
Hinh 8.11.

a) Cdc mode trong Laser bdn ddn;

b) Puong bao vach phé khi Laser hoat dong dwdi mirc nguong;
¢) Duong bao vach pho khi Laser hoat dong trén mitc nguomg;
d) Phé bitc xa.
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Khi diode Laser hoat dong du6i mirc ngudng thi tit ca cdc mode truyén din
duge khuech dai nhu nhau. Neéu ting dong di¢n phén cyc diode lén thi h¢ so khueéch
dai tang. Tuy nhién mode ¢6 budc séng gan véi bude séng hoat dong danh dinh hon ca
sé du;n.‘ khuéch dai nhiéu nhit. Hién tugng ndy dugc bicu dien nhu hinh trén. Nhu :\»’{ly
c6 thé thay ring, khi diode Laser hoat dong trén mirc ngudng thi do rong vach pho s€
hep ding ké so voi LED.

Bén canh cic mode doc, con ¢6 cic mode ngang va cic mode bén (lateral
mode). Cic mode nay cd xu hudng lam cho céc chum tia ra phan ki manh, két qua la
vige ghép ndi voi soi quang s€ kém hiéu qua. Trang thdi 1y tudng chi ¢6 mot trong cic
mode ngang co ban va mode bén cia né ton tai (diéu nay s& lam cho chim sang ra
song song va ¢d dudng kinh ngang nho).

Vai hau hét cac diode Laser, viing hoat tinh déu c6 bé day nho hon 1 pm
8.4.5. Sy bién thién cong suat quang theo dong diéu khién

Ta nhén thiy ring véi diode Laser hoat dong trén mirc ngudng, cong sut ra ti
1¢ tryc tiép v&i dong dién chénh léch so véi muc ngudng. Trong thyc te, diode Laser
hoat dong trén mirc ngudng khong thé hién quan hé tuyén tinh hoan toan giira lugng
inh sing ra va dong dién dinh thién. Diéu ndy c6 nguyén nhin tir hién tugng mode-
hopping.

Coéng sudt quang (mw)

Biiohoa

Bidc xa kich thich

Biic xa g phat
T T T 1 T 1
50 100 150 200 250 300 (Ddngdién phin cuc LASER)

B

Hinh 8.12. Su bién thién cong sudt quang theo dong diéu khién.

Biéu dién sy bién thién cua cong suét ra theo dong dién diode déi véi mét diode
Laser phdt quang ¢ budc séng 850nm. Hinh v& nay cho Lhé}u & trén diém ngudng
diode Laser mdi hoat dong nhur mét Laser. Ta ciing biét ring céng sudt ra s& bio hoa
khi dﬁng dién du 16n. Bai vi do dong dién c6 cudng dd cao lam néng diode, diéu nay
lam giam hiéu suit nghich dao.
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8.4.6. Cac yéu t6 anh hwémg dén tudi tho ciia Laser
e Lip dat va thir nghiém
e Cac xung di¢n trr phdt sinh bén ngoai trong thoi gian ngﬁn
s  Mirc dong
e Nhiét d
&  Mirc birc xa cuc dai
e Sy gia hod linh kién

8.5. Cac img dyng cia laser

Vao thoi diém duge phat minh nim 1960, laser dugc goi la "giai phép dé tim
kiém céc (mg dung". Tir d6, ching tr& nén phd bién, tim thdy hang ngan tién ich trong
cdc (ng dung khdc nhau trén mei linh vyc cta xa héi hién dai, nhu phau thudt mit,
huéng din phuong tién trong thu khéng gian, trong céc phan tng hop nhit hat nhan...
Laser dugc cho 12 mdt trong nhimg phét minh anh hudng nhét trong thé ky20.

fch lgi cha laser déi véi céc tmg dung trong khoa hoc, cong nghiép, kinh doanh
nim & tinh ddng pha, dnng mau cao, kha néng dat dugc cudmg do sing cuc ky cao, hay
S1r hr.;rp nhét cia cic yéu to trén. Vi du, su dcmg pha cua tia laser cho phcp né hoi tu tai
mot diém c6 kich thudc nhé nhét cho phép bdi gidi han nhiéu xa, chi rong vai nanémét
ddi véi laser ding dnh sﬁng Tinh chét nay cho phép laser c6 thé luu trir vai gigabyte
thong tin trén céc ranh cia DVD. Ciing 14 diéu ki¢n cho phép laser voi cong suat nho
van ¢6 thé tap trung cudng d§ sing cao va ding dé cit, dot va c6 thé lam boc hoi vat
liéu trong ky thuat cit bing laser. Vi du, mét laser Nd: YAG, sau qud trinh nhén doi tan
s0, phong ra tia séng xanh tai budc séng 523 nm vdi cong suit 10 W ¢6 kha nang, trén
Iy thuyét, dat dén cudmg do sang hang triéu W trén mot cm vudng. Trong thuc té, thi
su tép trung hodn todn cla tia laser trong gidi han nhiéu xa Ia rat khé.

Tia séng laser véi cudng d6 cao ¢6 thé cat thép va céc kim loai khéc. Tia tir
laser thuong c¢6 d¢ phan ki rat nho, (d¢ chudn true cao). Do chudn true wyét déi 12
khong thé tao ra, boi gidi han nhiéu xa. Tuy nhién, tia laser ¢6 d6 phén ky nho hon so
véi cdc ngudn sang. Mot tia laser duge tao tir laser He-Ne, néu chiéu tir Trii Dt 1én
Mat Trang, sé& tao nén mdt hinh tron ducmg kinh khoang 1 ddm (1,6 kilémét). Mot vai
laser, dic biét 1a vdi laser ban dan, ¢é véi kich thuéc nho din dén hiéu u*ng nhiéu xa
manh vdi dé phin ky cao. Tuy nhién, céc tia phﬁn k¥ d6 c6 thé chuyén déi vé tia chuén
truc béng cac Ihau kinh héi tu. Tréi lai, 4nh séng khéng phai tir laser khong thé 1am
cho chuin truc bang céc thiét bi _quang hoc dé dang, vi chiéu dai dong pha ngdn hon
rat nhiéu tia laser. Dinh lut nhidu xa khong ap dung khi laser dugc truyén trong céc
thiét bj din séng nhu sgi thuy tinh. Laser cudng dé cao ciing tao nén cic hiéu ing thd
vi trong quang hoc phi tuyén tinh.
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