Bai gigng: “Mang truyén tii quang” Chuong 2- Khuéch dai quang

- CHUONG 2 -
KHUECH PAI QUANG
2.1- GIOI THIEU CHUNG

Trong cac hé théng thong tin quang, cu li truyén déu bi gidi han bdi suy hao
ctia soi quang. D4i v6i cac hé thong thong tin quang cu ly dai, dé bu suy hao thudng
s dung céac tram 1ap quang - dién, trong do tin hi¢u quang duoc chuyén thanh tin
hi¢u dién, tai tao xung va chuyén tin hi€u dién thanh tin hiéu quang dé tiép tuc
truyén di. Cac tram lip nhu vy rat phtc tap va gia thanh cao ddi v6i hé thong
quang WDM. Mot giai phap khac dé bu suy hao 1a dung cac bo khuéch dai quang,
dé khuéch dai truc tiép tin hiéu quang ma khong yéu cau chuyén d6i trong mién
dién.

So voi1 céac tram ldp quang - dién, cac bo khuéch dai quang cd cac uu diém
sau:

- Khuéch dai truc tiép tin hiéu quang.

- Khong phu thudce vao tde do bit va phuong thirc diéu ché tin hiéu nén nang cip hé
thdng don gian hon.

- Khuéch dai dong thoi duoc nhiéu kénh budc song khac nhau trong hé théng
quang.

Hau hét cac bo khuéch dai quang khuéch dai anh sang téi théng qua phat xa
kich thich, giéng nhu laser. Tuy nhién, bo khuéch dai quang soi khong c6 hoi tiép
quang. Nguyén 1y co ban ctia khuéch dai quang 13 str dung ning luong bom quang
hodc dién dé thuc hién dao mat do. Noi chung, hé s6 khuéch dai quang phu thudc
khong chi vao tan sd (hodc budc song) cua tin hidu quang t6i, ma con phy thudc vao
ca cuong d§ anh sang bom bén trong bd khuéch dai. Su phu thudc cua h¢ s6 khuéch
dai quang vao tan sb va cudng do tin hiéu quang nhiéu hay it con phu thudc vao moi
truong khuéch dai.

2.1.1 Céc tham s6 co ban
2.1.1.1 H§ s6 khuéch dai

Hé s6 khuéch dai (G) dugc dinh nghia la:

G =Poy/ Pin (2.1)
G (dB) =10 log (Poy/ Pin) (2.2)

trong do, P;, va Py, 1a cong suat dau vao va dau ra cua b khuéch dai quang [mW].
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Hé s6 khuéch dai 1a mot tham sb quan trong ctuia bg khuéch dai. N6 dic trung
cho kha nang khuéch dai cong suét anh sang cua bd khuéch dai. Tuy vay, hé $6
khuéch dai bi gidi han boi cac co ché bdo hoa khuéch dai. Diéu nay lam gii han
cong suét quang ra cyc dai cua bd khuéch dai.

2.1.1.2 P$ réng bing tin khuéch dai

Hé s6 khuéch dai cuia bo khuéch dai quang 14 khong bang nhau véi tat ca cac
tan s cua tin hiéu quang vao. Néu do hé sd khuéch dai G cua céc tin hiéu quang &
cac tan sd khac nhau s& nhan duoc mot dap tng tan s quang cua bd khuéch dai
G(f). Py chinh 12 d6 rong bang tan khuéch dai ctia bo khuéch dai quang.

D0 rong bang tan khuéch dai cua bo khuéch dai quang B, dugc xac dinh bdi
diém -3dB so véi hé s6 khuéch dai dinh ciia bo khuéch dai. Gia tri B, xac dinh bang
thong cua céc tin hi¢u co thé duogc truyén boi mot bo khuéceh dai quang. Do do, anh
huong dén hoat dong ciia cac hé thdng thong tin quang khi sir dung chung.

2.1.1.3 Céng sudt ra bio hoa

Khi hoat dong & ché d6 tin hiéu nho, cong suét quang & dau ra s& tang tuyén
tinh v&1 cong sudt quang & dau vao theo hé sb khuéch dai G: P, = G.P;,. Tuy nhién,
cong suat dau ra khong thé ting mai dugc. Bang thuc nghiém, cho thay rang trong
tat ca cac bo khuéch dai quang, khi cong suit dau vao P, ting dén mot mirc ndo do,
hé sé khuéch dai G bit dau giam. Két qua 1a cong suit & dau ra khong con ting
tuyén tinh vé6i tinh hiéu dau vao nira ma dat trang thai bao hoa. Sy thay ddi cua tin
hiéu quang dau ra so véi cong sut quang dau vao ¢ dugc minh hoa trong hinh 2.1a.

Pout, sat

3dB |

Pout

a) b) Pout,sat
Hinh 2.1 a) Cong suat dau ra lién quan vdi cong suat dau vao
b) HE s6 khuéch dai li€n quan vdi cong suat quang dau ra

Hinh 2.1b biéu dién su thay ddi ctia hé s khuéch dai G theo cong suit quang
dau ra P, Cong sut & dau ra tai diém G giam 3 dB duoc goi 1a cong suét ra bao
hoa Psat, out-

Cong suét ra bdo hoa Pgat, out cU2 MOt b khuéch dai quang cho biét cong suét
d4u ra 1én nhat ma bo khuéch dai quang do co thé hoat dong dugc. Thong thuong,
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mot by khuéch dai quang c6 h¢ so6 khuéch dai cao sé& c6 cong suat ra bao hoa cao
bo1 vi sy nghich ddo nong do cao co thé dugce duy tri trong mgt dai cong suat vao va
ra rong.

2.1.1.4 H¢ sé nhiéu

Giéng nhu cac b khuéch dai dién, cac b khuéch dai quang déu tao ra nhiéu.
Ngudn nhidu chinh trong cac bd khuéch dai quang 13 do phat xa tur phat. Vi sy phat
xa tu phat 13 cac su kién ngau nhién, pha ctia cac photon phat xa ty phét ciing ngau
nhién. Néu photon phat xa ti phat c6 hudng gan véi hudng truyén cua cac photon
tin hiéu, chung s& tuong tac véi cac photon tin hiéu gy nén su dao déng vé pha va
bién do. Bén canh do, nang luong do phat xa tu phat tao ra cling s€ dugc khuéch dai
khi chung truyén qua bo khuéch dai vé phia dau ra. Do d6, tai du ra ctia bo khuéch
dai cong suét quang thu dugc Py, bao gém ca cong suét tin hiéu dugc khuéch dai va
cong sudt nhiéu phat xa ty phat duoc khuéch dai (ASE).

Pout = G.Piy + Pase (2.3)

Anh huéng cua nhiu d6i v6i bd khuéch quang dugce biéu dién boi hé sb
nhiéu (NF), md ta luong suy gidm ty 1é tin hiéu trén nhiu (SNR) sau khi qua b
khuéch dai. Hé s6 NF duoc cho boi cong thuc sau:

SNR

F=_ 2.4
SNR,,, 4

SNR,
NF (dB) =10 lo - 2.5
(@B)= 10 log — 25)

out

trong do, SNR;,, SNR; 1a ty s6 tin hiéu trén nhilu tai dau vao va dau ra cua bod
khuéch dai [mW].

Hé s6 nhiéu NF cua bo khuéch dai cang nho thi cang t6t. Gia tri nho nhat cta
NF c6 thé dat duoc 1a 3dB. Nhitng bd khuéch dai thoa man hé sé nhiéu tbi thiéu nay
duoc goi 1a dang hoat dong & gid1 han luong tu.

2.1.2 Phan loai
CAu tao chung cua bd khuéch dai quang dugc biéu dién tai hinh 2.2.

Trong mot bd khuéch dai quang, qua trinh khuéch dai anh sang dugc dién ra
trong mot mdi trudng duge goi vung tich cuc. Céc tin hiéu quang duoc khuéch dai
trong ving tich cuc voi hé sé khuéch dai 16n hay nho tuy thudc vao ning luong
dugc cung cdp tir mot ngudn bén ngoai goi chung 1a ngudén bom. Cac ngudn bom
nay co tinh chit nhu thé nao tuy thudc vao loai bo khuéch dai quang hay noi cach
khéc, phu thudc vao cAu tao cla vung tich cuc. Tuy theo cAu tao cla vung tich cuc,
c6 thé chia khuéch dai quang thanh hai loai chinh:
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i 1

Moi trudng tich
N> —— cuc —> W\
Tin hiéu quang : Tin hiéu quang
dau vao W khuéch dai dau ra
Nguon
bom

Hinh 2.2 - M6 hinh tong quat cta b khuéch dai quang

2.1.2.1 B$ khuéch dai quang bdn din SOA
- Vung tich cuc dugc cAu tao béng vat liéu ban dan.
- Cau triic cta vung tich cuc cia SOA tuong ty nhu ving tich cuc cta laser ban dan.
Piém khac biét chinh gitta SOA va laser 1a SOA hoat dong ¢ trang thai dudi mic
nguong phat xa.
- Ngudn cung cép ning lugng dé khuéch dai tin hiéu quang 1a dong dién
2.1.2.2 Khuéch dai quang soi OFA
- Ving tich cuc 1a soi quang dugc pha dit hiém. Do d6, OFA con duogc goi 1a DFA
- Ngudn bom 13 ning luong anh sang dugc cung cip boi cac laser c6 budc song
phat quang nhé hon budc séng cua tin hiéu can khuéch dai.
- Tuy theo loai dat hiém duoc pha trong 16i cua soi quang, budc séng bom cua
ngudn bom va ving anh sang dugc khuéch dai cia OFA sé& thay doi. Mot sd loai
OFA tiéu biéu:

+ EDFA - B0 khuéch dai soi pha Erbium: 1530nm — 1565nm

+ PDFA - Bo khuéch dai soi pha Praseodymium: 1280nm — 1340nm

+ TDFA - Bo khuéch dai soi pha Thulium: 1440nm -1520nm

+ NDFA- Bo khuéch dai soi pha Neodymium: 900nm, 1065nm hodc
1400nm

Trong cac loai OFA nay, EDFA dugc st dung phé bién hién nay vi c6 nhiéu
vu diém vé dic tinh k¥ thuat so voi SOA va c¢6 ving anh sang khuéch dai (1530nm-
1565nm) thich hop v6i dai tan hoat dong cua hé théng ghép kénh theo budc song
mat do cao DWDM. Chi tiét vé EDFA s& dugc trinh bay trong phan 2.3 cta chuong
nay.
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Ca hai loai khuéch dai quang SOA va EDFA déu hoat dong dua trén hién
tuong phat xa kich thich. Ngoai ra, mot loai khuéch dai quang khac cling dugc su
dung nhiéu trong cac hé thing WDM hién nay 1a khuéch dai Raman. Loai khuéch
dai nay ciing st dung soi quang 1am ving tich cuc dé khuéch dai anh sang. Tuy
nhién, nguyén ly khuéch dai cia bd khuéch dai Raman dya trén anh hudng phi
tuyén cua soi quang (hién tugng tan xa Raman dugc kich thich SRS) hon 14 hién
tuwong phat xa kich thich. Chi tiét vé loai khuéch dai nay s& dugc trinh bay duéi day.

2.2- KHUECH DAI QUANG BAN DAN (SOA)
2.2.1 CAu tric va nguyén 1y khuéch dai tin hiéu

CAu trac va nguyén Iy hoat dong ctia bd khuéch dai quang ban dan SOA
turong tu nhu laser ban dan. Nghia 13 ciing dwa vao hé théng hai dai nang luong cia
chat ban dan va cac qué trinh bién ddi quang dién: hip thu, phat xa tu phat va phat
xa kich thich. Trong do, tin hi¢u quang duoc khuéch dai dya trén hién tuong phat xa
kich thich xdy ra trong vung tich cuc cua SOA. Vung tich cuc nay dugc dat gitra hai
16p ban dan loai n va p (xem hinh 2.3). Ngudn bom bén ngoai dugc cung cip boi

dong dién phan cuyc. Dong phn cuc

b

Vung tich cuc

4 * 4
1 Rz

Hinh 2.3 CAu tric caa mot bo khuéeh dai quang ban dan SOA

Do ¢6 cau trac va nguyén 1y hoat dong twong tu v6i laser ban dn nén SOA
con dugce goi la bo khuéch dai laser ban dan SLA.

Su khéac nhau chinh gitta SOA va laser ban dan 1a SOA hoat dong dudi mirc
ngudng dao dong. Piéu kién nay xay ra khi dong dién phan cyc I;,s < dong dién
ngudng I, cua laser hodc/va hé $6 phan xa cta hai mdt phan xa cta vung tich cuc
nhd. Khi d6, qua trinh phan xa, cong huong va ty phat xa anh sang s€ khong xay ra.

SOA c¢6 thé duoc phan thanh hai loai chinh dya vao h¢ $6 phan xa cua hai
mat phan xa cua 16p tich cuc. Loai thu nhét, b khuéch dai Fabry-Perot FPA c¢6 h¢
sd phan xa cao (c6 thé 1én t6i 32%). Ciu trac cua FPA ciing twong tu nhu laser
Fabry-Perot nhung hoat dong v&i1 dong phan cuc I;,<ly. Voi ciu trac hoc cong
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hudng c6 hé sé phan xa cao, qua trinh hdi tiép, chon loc tan sb xay ra. Két qua 1,
FPA c6 hé s6 khuéch dai cao nhung phd hé s6 khuéch dai nhdp nho, khong déu.
Diéu nay lam giam bang thong cua bd khuéch dai FPA.

Pé khic phuc han ché trén ddy ctua FPA, hai 16p chong phan xa AR c6 hé s6
phan xa R = 0, dugc dit tai hai dau cua vung tich cuc dé khong cho qua trinh phan
xa xay ra bén trong bd khuéch dai. Khi do, tin hiéu vao SOA s& duogc khuéch dai khi
chi di qua mét 1an xuyén qua ving tich cuc ciia b khuéch dai ma khong c6 hoi tiép
Ve, Day la cAu trac cua loai SOA thtt hai: khuéch dai song chay TWA. Trén thuc té,
hé sé phan xa ¢ hai ddu cta ving tich cuc cia TWA khong hoan toan bang 0 ma c6
gid tri rat nho tir 0.1% dén 0.01%.

2.2.2 Céc tham s
2.2.2.1 Pdc tinh ciia bé khuéch dai FPA va TWA

Xét mot b khuéch dai FPA ¢ hé sb phan xa cong suét ¢ hai mat phan xa
cua lop tich cuc 1a R; va R, nhu hinh 2.4. B khuéch dai nay cling c6 th¢ TWA néu
cho R; =R, = 0. Do d6, qua trinh phan tich sau day déu c6 thé ap dung cho FPA va
TWA.

E 4LE, tGy e \ t,t,\|G E.e™™

> > >

>

t,Go\JR E, e t,A|Gs R, Eje ™ E, =X
< < >

t,GgA|R R, E e 1,Gg\JGs /R R, E e 1,t,Gy\|Gg /R R, E e
> : > >

I r » 1
R1 R2

Hinh 2.4- Qué trinh khuéch dai tin hiéu xay ra trong FPA

Bo qua suy hao khi 4nh sang truyén qua mdi mit phan xa, ta c6 hé sb xuyén
qua ctia cong sut anh sang di qua mdi mit phan xa tuong tng 1a (1-R,) va (1-R,).

Tuong tng, ta c6 hé sb phan xa va hé s6 xuyén qua cia cudng do dién
trurong tai hai mat phan xa la \/E, \/R_z va t, :ﬁ, t :m.

Goi G, 1a hé sd khuéch dai don thong cia SOA khi tin hi€u quang di qua
vung tich cuc ma khong c6 sy hoi tiép (hé sd phan xa R= 0). Ta cé:
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G, =2 = expl(Tg - )L (2.6)

trong do:

g: hé s6 khuéch dai trén mot don vi chiéu dai caa vung tich cuc

o: suy hao trén mot don vi chiéu dai cta vung tich cuc

I: hé sb tap trung biéu dién mirc do tap trung cua ludng anh sang bén trong

vung tich cuc

L: chiéu dai cua ving tich cuc

Pin, Pou: cOng suét tin hiéu & du vao va dau ra cia b khuéceh dai

Qua trinh khuéch dai tin hiéu anh sang trong FPA (xem hinh 2.4) c¢6 thé dugc
dién giai nhu sau:

Dién truong cua tin hiéu quang vao E; duoc dua vao héc cong hudng cua
FPA c6 chiéu dai L tai mat phan xa R;. Sau khi xuyén qua mit phan xa R, tin hi¢u
ban dau s& duoc khuéch dai bai vung tich cuc va dat cuong do ¢, \/G_S E.e’™ tai mat
phan xa R, (k 12 hé s truyén dan cta méi truong khuéch dai). Tai ddy, mot phan
nang lugng anh sang s& truyén ra ngodi v4i cuong do 1,7, \/G_S E.e”™ . Phan con lai
s& phan xa ngugc trd lai vé phia R1 v6i cuong do ¢, \/G_S JR,E,e”™. Tai R1, dién
truong thu duoc 1a ¢,G, \/R_z E.e, Tuong tu nhu tai R2, mot phan dién truong
1,G¢+/R,R, E,e" s& phan xa nguoc vé phia R2, phan con lai s& di ra ngoai hoc cong
huodng. Sau khi di qua khoang cach L cua vung tich cuc, tin hi€u thu dugc tai R1 dat
gid tri 1,G4\/Gs /R R, E,e*. Qua trinh phin xa va truyén xuyén qua mit phan xa
R2 tiép tyc dién ra. Phan tin hi¢u xuyén qua c6 dién trudng 1,,G,/Gs /R R, E;e ™™ .
Phan con lai s& phan xa nguoc vé phia R1. Ctr nhu vay qua trinh phan xa trong ving
tich cuc tiép tuc tiép dién.

Dién truong tong cong thu duoc tai dau ra coa bo khuéch dai s& bang tong
clia cac thanh phan dién truong di xuyén qua R2. Néu gia sir rang thoi gian truyén
trong héc cong hudng nhé hon chu ky cta dién truong toi E;, ta c6 dién trudng thu
duoc tai dau ra:

E,=Ee™tt,Y (JRR G)"e"™ (2.7)
m=0
\i ‘,/Rle GS‘ <1, bidu thirc (2.6) c6 thé bién dbi thanh:

—jkL
E -E Gt (2.8)

* 1-JRR G
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Ham truyén dat cong suat cta bo khuéch dai FPA:
(1-R)(A-R,))G(w)

" (1-G.JRR,)’ +4G /R R, sin’ kL]
S 1772 S 172

Do sin?(kL) =sin*(2 L) =sinz(ML) [5] v6i v 14 van téc 4nh sang truyén
v v

o

E

1

GFPA (60) = (2 9)

trong mdi truong khuéch dai, ® 1 tan sé goc dang xét, m, 12 tan sb goc cong hudng
ma tai d6 hé s6 khuéch dai dat gia tri 16n nhat. Biéu thirc (2.9) duogc viét lai nhu sau:

E[ (1-R)(A-R,)G(w)
G _|Ee] _ 1 2778 2.10
rea (@) E| (1-G4\[RR,) +4G\[RR, sin’[(0—,)L/V] (219

Néu hé sb phan xa ctia hai mdt phan xa cia FPA béng nhau R;=R,=R, biéu
thirc (2.10) tré thanh:

_ (1-R)*G,(w)
"~ (1-G,R)’ +4G,Rsin’[(@ —w,)L/ V]

o

Ei

GFPA (60) = (21 1)

Hinh 2.5 biéu dién hé sé khuéch dai G(f) ctia FPA thay dbi theo tan sé voi 3
gi4 tri khac nhau ctia hé sé phan xa R=0.3, R=0.03 va R=0.

Gia sir hé s6 khuéch dai don thong G, twong ung véi R=0 (TWA), c6 dang
Gauss. Khi hé sd phan xa cua hai 16p phan xa cua vung tich cuc 16n R=0.3, hé $6
khuéch dai G(w) khong bang phang theo tan sé ma c6 dang gon séng 16n do chic
ning loc tan sb cta hdc cong huong.

GFPA max

Grpa(®)

A

GFPA (R=0.3)

GFPA (R=0.03)

GFPA min

Hinh 2.5 - Heé sb khuéch dai ciia FPA thay doi theo tan sb

Tai cac tan sé cong hudng @=(2nfN)/(2L) véi N 1a s6 nguyén, hé sé khuéch
dai cua FPA dat gia tri cuc dai. Gitta céac tan s6 cong hudng, hé s6 khuéch dai cua
FPA giam nhanh chong. Do d6, dai tan khuéch dai dugc xac dinh tai vi tri -3dB so
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v6i hé s6 khuéch dai dinh cua FPA nho so v6i dai tan khuéch dai cia TWA. Vi vay,
FPA khong thich hop véi cac ing dung khuéch dai trong hé théng thong tin quang.

Khi hé s6 phan xa R=0.03, G(®) tién gin t&i G, nhung van con gon séng nho.
D0 gon song nay cod thé duoc loai bo béng cach giam hé $6 phan xa hon nita dé bo
khuéch dai tré thinh TWA.
2.2.2.2 Xuyén nhiéu trong SOA

Xuyén nhiéu xay ra khi cac tin hiéu quang khac nhau duoc khuéch dai dong
thoi trong cing mot bd khuéch dai. Co6 hai loai xuyén nhidu xay ra trong SOA:
xuyén nhiu kénh va bao hoa hé sé khuéch dai chéo.

Xuyén nhiéu kénh xay ra 1a do hiéu tng tron boén budc song FWM. Ban chat
va anh huéng cua hiéu tng phi tuyén nay dbi v6i hé thong thong tin quang WDM
duogc trinh bay trong hinh 2.6.

He S0 khueclAl dai — -
giam do xuyén nhiéu

Tinhigu#t — I L —

01010\_,01010
/\ “

e e B
Tinhi¢u #2¢ 1 ¢ o 1 01 0 0 1

Hinh 2.6- Anh hudng cta xuyén nhidu kénh trong SOA khi khuéch dai hai tin hiéu

Xuyén nhiéu kénh gay nén do hién tuong bao hoa hé s6 khuéch dai xay ra
trong SOA. Xem xét dau vao SOA 1a tong cua hai tin hiéu quang & cic budc song
khac nhau. Gia thiét ring ca 2 budc song nim trong bing thong cua SOA. Sy c6
mat cua tin hi¢u thtr hai s€ lam suy gidm mat do dién tor & vung nang lugng cao do
qué trinh bitrc xa kich thich, dan dén sy nghich dao néng dd dugc quan sat ¢ tin hi¢u
thir nhat giam xudng. Do d6, tin hiéu tht nhat s& khong dugc khuéch dai giéng nhu
tin hiéu tht hai, va néu mat do dién t & vung nang lugng cao khong du 16n thi tin
hiéu thir nhat c6 thé bi hp thu. Qua trinh nay xay ra dong thoi d6i véi ca hai tin
hiéu. Do dé, trén hinh 2.6 ta thay, khi mirc 1 cta hai tin hiéu 1 va 2 xay ra dong thoi,
d6 loi cua mdi tin hiéu s& nho hon so véi binh thuong.

Hién twong xuyén 4m phu thudc vao thoi gian séng cua dién tir ¢ trang thai
ning luong cao. Néu thoi gian séng du 16n so v6i téc d6 dao dong cua cong suit
trong cac tin hiéu vao, cac dién tir khong thé chuyén tir trang thai ning luong cao
xudng trang thai ning luong thip do sy dao dong nay. Do d6, khong cé xuyén am
xay ra.

D61 voi cac SOA, thoi gian song nay ¢ muc ns. Do do, cac dién tir dé dang
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phan ung lai sy dao dong cong suét cua céc tin hiéu duge dicu ché & tbe do Gbls,
dan dén mot sy suy yéu hé théng chinh do xuyén 4m. Nguoc lai, thoi gian séng phat
xa tu phat trong EDFA 13 khoang 10ms. Do d6, xuyén 4m chi c¢6 mat néu téc do
diéu ché cua cac tin hiéu vao thap hon vai kHz, diéu nay thuong it gip trong thuc té.
Do d6, EDFA phu hop hon khi dugc sir dung trong cac hé thong WDM hon SOA.
2.2.3 Ung dung ciia SOA

Véi cac dic tinh ki thuat trén, SOA ¢6 nhiéu khuyét diém so voi EDFA khi
dugc dung lam khuéch dai quang. Do do, cho du SOA dugc nghién ctru va ché tao
truéc EDFA, nhung SOA khong duoc str dung 1am bo khuéch dai quang trong hé
thdng WDM ciing nhu cac hé thong truyén din quang khac hién nay. Thay vao do,
dira trén cac hiéu tmg phi tuyén dap Gmg nhanh ciia SOA, SOA duogc dung trong
cac tung dung khac ciia hé théng thong tin quang nhu: bd bién ddi budce song, khoi
phuc xung dong hd va cac img dung xtr Iy tin hiéu quang.

2.3 — KHUECH DAI QUANG SU DUNG SOI PHA ERBIUM (EDFA)
2.3.1- Céu triic va nguyén 1y khuéch dai tin hiéu

CAu tric cua mot bd khuéceh dai quang soi1 pha Erbium EDFA dugc minh
hoa trén hinh 2.7. Trong d6 bao gom:

Soi pha Er**
Bo cach li E g D B¢ cach li
—> - Coupler » —>
r Laser bom

Hinh 2.7 - Céu trac téng quat cia mot bo khuéch dai EDFA

1) Soi quang pha ion ddt hiém Erbium (EDF):

La noi xay ra qua trinh khuéch dai (ving tich cuc) cia EDFA. Ciu tao cua
s0i quang pha ion Er’* dugc minh hoa nhu trén hinh 2.8.

Trong do, vung 161 trung tam (c6 duong kinh tir 3 -6 um) cuia EDF dugc pha
tron ion Er’” 13 noi c6 cuong do song bom va tin hi€u cao nhét. Viéc pha cac ion
Er’" trong ving ndy nhim tao ra sy chong lin cua ning lugng bom va tin hiéu véi
cac ion erbium 16n nhat dan dén kha nang khuéch dai t6t hon. Lép boc c¢6 chiét suat
thip hon bao quanh ving 18i. Lép vo bao vé bao quanh soi quang tao ban kinh soi
quang tong 1 250 pm. Lép vo ndy c6 chiét suit 16n hon so vé6i 16p boc dung dé loai
b6 bat ky anh sang khong mong muén ndo lan truyén trong soi quang. Néu khong
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ké dén chat pha erbium, cdu trac EDF gidng nhu soi don mode chuan trong vién
thong. Ngoai ra, EDF con dugc ché tao béng cac loai vat li¢u khac nhu so1 thuy tinh
flouride hodc soi quang thuy tinh da thanh phan.

/\

Lop boc silica Vung pha ion

d:leMm Er3+ \

Lép phu
d=250pum
| 1.81 pha véi Ge
d=3-6 pm
Mode song An=0,01 -0.05

s

Hinh 2.8 - Mit cit ngang cta soi quang pha ion Erbium

Gian dd phan bd ning luong cua Er' trong soi silica dwoc minh hoa trong
hinh 2.9. Theo d6, cac ion Er’* c6 thé ton tai ¢ nhiéu ving ning luong khac nhau
duge ky hiéu: *Tisp , “Lisn , *Lis, “Ton, *Fon, *Son, “Hiyp. Trong do,

- Vung 1,5/, cO mic nang lugng thép nhét, dugc goi la ving nén.

- Vung *I;3,, duge goi 1a ving gia bén vi cac ion Er’'co thoi gian sdng tai ving nay
lau (khoang 10ms) trudc khi chuyén xudng ving nén. Thoi gian song nay thay doi
tiy theo loai tap chit dugc pha trong 16i cia EDF.

- Vung M1, Top, *Fop, *Sop, “Hyyp 12 céc vung nang luong cao, dugc goi la vung
kich thich hay ving bom. Thoi gian cac ion Er’* ¢6 trang thai ning luong trong cc
vung ndy rat ngan (khoang 1 ps).

Su chuyén doi ning lugng cta cac ion Er'” co thé xay ra trong cdc trudng
hop sau:

- Khi c4c ion Er’" ¢ ving nén nhan moét mirc nang luong bang do chénh léch ning
luong gitta ving nén va ving ning luong cao hon, ching s& chuyén 1én ving c6
mirc ning lugng cao hon (su hap thu ning luong)
- Khi cac ion Er’* chuyén tir cac ving ning luong cao xudng ving ning luong thap
hon s€ xay ra hai truong hop sau:

+ Phan ra khong buc xa: nang lugng dugce gidi phong dudi dang photon tao
ra sy dao dong phan tur trong sgi quang

+ Phat xa 4nh sang: nang lugng dugc giai phong dudi dang photon.
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Hinh 2.9- Gian d6 phan bd ning luong ctia ion Er’* trong soi silica

Do chénh léch nang luong giita ving gia bén (*I;3,) va ving nén (*I;s,):
- 0.775eV (tuong ting vo1 nang lugng cua photon ¢6 budc song 1600nm) tinh tir day
vung gia bén dén dinh cua ving nén
- 0.814eV (1527 nm) tinh tir ddy ving gia bén dén ddy cta ving nén
- 0.841 eV (1477nm) tinh tir dinh ving gia bén dén day ctia ving nén

Mat d6 phan bd niang luong cia cac ion Er'” trong ving gia bén khong déu
nhau: cac ion Er’" c¢6 khuynh huéng tip trung nhiéu & cic mic ning luong thap.
Piéu nay dan dén kha ning hap thu va phat xa photon cta ion Erbium thay doi theo
budc séng. Phd hip thu va phd khuéch dai cia EDFA c6 16i pha Ge duogc thé hién
tai hinh 2.10.

23]
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Budc song (um)

Hinh 2.10- Pho hép thu va phd khuéch dai cia EDFA c¢6 15i pha Ge
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2) Laser bom:

Cung cip ning lugng anh sang dé tao ra trang thai nghich dao ndng d6 trong
vung tich cuc. Laser bom phat ra anh sang c6 budc song 980nm hodc 1480nm.
3) WDM Coupler:

Ghép tin hiéu quang can khuéch dai va anh sang tir laser bom vao trong soi
quang. Loai coupler dugc st dung 1a WDM coupler cho phép ghép cac tin hi¢u co
budc song 980/1550nm hodc 1480/1550nm.
4)B¢ cdch ly quang:

Ngin khong cho tin hiéu quang phan xa nguoc vé phia dau phat hodc céc tin
hi€u quang trén duong truyén phan xa ngugc vé EDFA.

Nguyén 1y khuéch dai cia EDFA duoc dua trén hién tuong phat xa kich
thich.

Qua trinh khuéch dai tin hiéu quang trong EDFA c¢6 thé duoc thuc hién theo
cac budc nhu sau (xem hinh 2.11).

Nang
luong
A

o Vung bom
1/

F
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Hinh 2.11 - Qua trinh khuéch dai tin hiéu xay ra trong EDFA

v6i hai bude song bom 980 nm va 1480nm

Khi sir dung ngudn bom laser 980nm, cac ion Er’* ¢ ving nén s& héap thu
nang lugng tur cac photon (c6 nang luong Ephoton =1.27eV) va chuyén Ién trang
thai ndng lugng cao hon ¢ vung bom (1).

Tai ving bom, cac ion Er’” phén rd khong birc xa rat nhanh (khoang 1us) va
chuyén xuong vung gia bén (2).
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Khi str dung ngudn bom laser 1480nm, cac ion Er’* & viing nén s& hap thu
nang luong tir cac photon (c6 nang lugng Ephoion =0.841eV) va chuyén sang trang
thai ning lwong cao hon & dinh ctia ving gia bén (3).

Céc ion Er’” trong ving gia bén ludn c6 khuynh huéng chuyén xubng ving
ning luong thip (4).

Sau khoang thoi gian sdng (khoang 10ms), néu khong duoc kich thich boi
cac photon c6 ning luong thich hop (phat xa kich thich) cac ion Er’* s& chuyén sang
trang thai nang luong thap hon & ving nén va phat xa ra photon (phat xa tu phat) (5).

Khi cho tin hiéu 4nh sang di vao EDFA, s& xay ra dong thoi hai hién tuong
sau:

- Céc photon tin hiéu bi hap thu bai cac ion Er’* ¢ viing nén (6). Tin hiéu anh sang
bi suy hao

- Céc photon tin hiéu kich thich cic ion Er’" & ving gia bén (7). Hién tugng phat xa
kich thich xay ra. Khi d6, cac ion Er’* bj kich thich s& chuyén trang thai niang luong
tir mirc ning luong cao & ving gia bén xudng muic ning luong thip & ving nén va
phat xa ra photon méi c6 cing hudng truyén, cung phan cuc, cing pha va cing
budc song. Tin hiéu anh sang duoc khuéch dai.

Do rong giita ving gia bén va ving nén cho phép su phat xa kich thich xay
ra trong khodng budc song 1530 nm — 1565nm. Pay cling 1a ving budc song hoat
dong cua EDFA. D¢ logi khuéch dai giam nhanh chong tai cac budc song 16n hon
1565 nm va bang 0 dB tai budc song 1616 nm.
5)Yéu cdu doi véi nguon bom:

a) Buoc song bom

Véi cac ving ning lugng dugce néu trong phan 2.3.1, anh sang bom co thé
duogc su dung tai cac budc song khac nhau 650 nm (4F9/2), 800 nm (419/2 ), 980 nm
(*i12), 1480 nm (*I;35). Tuy nhién, khi budc séng bom cang ngan thi cac ion Er’*
phai trai qua nhiéu giai doan chuyén d6i ning lugng trude khi trd vé ving nén va
phat xa ra photon anh sang. Do d6, hiéu suat bom khong cao, ning luong bom s& bi
ton hao. Vi vay, trén thuc té, anh sang bom st dung cho EDFA chi dugc st dung tai
hai budc song 980nm va 1480nm.

Trong EDFA, diéu kién dé c6 khuéch dai tin hiéu 1a dat duoc su nghich dao
ndéng do bang cach sir dung ngudn bom dé bom céc ion erbium 1én trang thai kich
thich. C6 hai cach thyc hién qua trinh nay: bom truc tiép tai budc song 1480 nm
hoic bom gian tiép tai budc séng 980 nm.

- Phuong phéap bom gian tiép (bom ¢ 980 nm): trong trudng hop ndy, ion erbium
lién tuc duoc chuyén tiép tir ving nang luong *I;s» thip 1én ving ning luong cao
L1, sau d6 cac ion s& phan rd xudng vung ‘I3, nhung khong phat xa. T ving nay,
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khi c6 anh sang kich thich thi cac ion s& phat xa budc séng mong mudn (tir 1550
dén 1600 nm) khi chuyén tir viing nang lugng *I;3, xudng ving *I;s,. Pay chinh 14
hé théng ba muc. Thoi gian séng cta ion erbium & muc “I;;, khoang 1pus trong khi
& ;3 thi t6i 10ms. Vi thoi gian séng dai, vung s duoc goi la vung on dinh. Vi
vay, cac ion dugc bom 1én muc cao, sau d6 nhanh chéng xuéng vung 3, va ton tai
& d6 trong mot khoang thoi gian twong d6i dai tao nén su nghich déo vé nong do.

- Vi phuong phap bom truc tiép (1480 nm): cac ion erbium chi hoat dong trong hai
vung nang lugng M3 va Tisp. bay la h¢ théng 2 muc. Cac 1on erbium lién tuc duoc
chuyén tir ving nang luong nén “I;s, 1én ving niang luong kich thich I3, nho ning
luong bom. Vi thoi gian ton tai & mac nay dai nén ching tich lily tai day tao ra sy
nghich dao ndng do.

Ngudn bom c6 hiéu qué cao & ca hai budc song 980 va 1480 nm. Dé c6 hé sb
khuéch dai hon 20 dB thi chi can tao ra nguén bom c6 cong suat nho hon 5 mW,
nhung van can phai ¢6 ngudn bom tir 10 dén 100 mW dé dam bao cho cong suit ra
dua 16n.

Chi sb nhiéu lugng tr gidi han 1a 3 dB dat duoc & budc song 980 nm. Doi
v6i budce séng 1480 nm thi chi sé nhifu 1 vao khoang 4 dB vi tiét dién ngang phat
xa tai 1480 nm cao hon tai 980 nm va su buc xa kich thich do nguén bom da gidi
han su nghich ddo tich Iuy tai 1480nm. Do dd, budc song bom 980 nm dugc Ung
dung cho cac bd khuéch dai tap am thép. Hé s6 khuéch dai tai budce song bom 980
nm cao hon tai 1480 nm tai cung cong suat bom. Do do, dé dat dugc cung mdt hé $6
khuéch dai thi cong suit bom tai 1480 nm phai cao hon tai 980 nm. Vi cong suit
bom & 1480 nm 16n hon nén cong suat dau ra 16n hon, do d6 bom & budc song
1480nm duogc tng dung cho cac bd khuéch dai cong suat. Ngoai ra, budce song bom
1480 nm dugc truyén trong soi quang voi suy hao thip. Do d6, ngudn bom laser co
thé dat xa by khuéch dai.

Hién nay, bom budc séng 1480 nm duoc st dung rong rai hon vi chung san
c6 hon va do tin cdy cao hon. B tin cdy la dac diém quan trong ddi vé6i laser bom
vi n6 ding dé bom cho khoang cach dai va dé tranh 1am nhiéu tin hiéu. Cac thiét bi
khuéch dai cong suat doi hoi cong sudt bom cao nhat va d6 6n dinh cta chung 1a
mAau chét trong qua trinh nghién ctru phat trién chung. Néu ting dugc do 6n dinh
ctia laser c6 budc song 980 nm thi co thé ching s& dugc chon 1am ngudn bom. Mot
s6 EDFA duoc bom tai ca hai budc song dé tan dung vu diém cta ca hai budc song.
b) Céng sudt bom

Cong suat bom cang 16n thi s& c6 nhiéu ion erbium bi kich thich dé trao doi
nang lugng vaéi tin hi¢u can khuéch dai va s& 1am cho hé sd khuéch dai tang lén.
Tuy nhién, hé sb khuéch dai khong thé ting mai theo cong suit bom vi s6 lugng cac
1on erbium duoc céy vao soi la co gidgi han. Ngoai ra, khi cong suat bom tang 1én thi
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hé sé nhifu s& giam. Diéu nay s& duogc trinh bay trong phan tinh hé sé nhiéu cta
EDFA.
c) Huong bom

Bo khuéch dai EDFA c6 thé duoc bom theo ba cach:

Bom thuan: nguén bom duoc bom cung chiéu voi hudng truyén tin hiéu.

Bom ngugc : ngudn bom duge bom nguogc chidu véi hudng truyén tin hiéu.

Bom hai chiéu: st dung hai ngudn bom va dugc theo hai chiéu nguoc nhau .

Huéng bom thuin c¢6 wu diém nhidu thip vi nhiu kha nhay cam véi hé sb
khuéch dai ma hé sb khuéch dai tin hiéu cao nhét khi cong suét tin hiéu vao thép
nhit. Trong khi d6, huéng bom nguoc cung cap coéng suit ra bio hoa cao nhung co
hé sb nhiéu cao hon bom thuén.

Do vay, khuyén nghi str dung ca hai laser bom ¢ budc séng bom khac nhau.
Viéc bom tai budc song 1480 nm thuong duoc st dung theo chiéu nguoc voi hudng
truyén tin hi¢u va bom tai 980 nm theo hudng thuan dé su dung tot nhat vu diém
ctia mdi loai bom. Bom tai 1480 nm c¢6 hiéu suét lugng tir cao hon nhung c6 hé $6
nhidu cao hon, trong khi bom tai budc séng 980 nm c6 thé cung cip mot hé sd
nhidu gan murc gidi han luong tir. Hé s6 nhidu thap phu hop cho cac tmg dung tién
khuéch dai.

Mot EDFA duoc bom bai mot ngudn bom c6 thé cung cip cong suat dau ra
cuc dai khoang +16 dBm trong ving bdo hoa hodc hé sé nhiéu tir 5-6 dB trong ving
tin hiéu nho. Ca hai budc song bom dugc sir dung dong thoi co thé cung cip cong
sudt dau ra cao hon; mot EDFA duoc bom kép c6 thé cung cap cong suét ra toi +26
dBm trong vung cong suat bom cao nhét c6 thé dat dugc. Hinh 2.12 thé hién mét
EDFA duoc bom hai chiéu.

Soi pha Er**

B¢ cach li [ Q ) B¢ cach li
—> =l > Coupler Coupler > » —>

|

Laser Laser
bom bom

l‘

Hinh 2.12 - Céu hinh bd khuéch dai EDFA bom hai chiéu

2.3.2 Cac tham s6
1)Phé khuéch dai
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Phd khuéch dai cia EDFA dugce trinh bay trong hinh 2.10 1a tinh chat quan
trong nhét cuia EDFA khi x4c dinh céc kénh tin hiéu dugc khuéch dai trong hé théng
WDM. Hinh dang cua phé khuéch dai phu thudc vao ban chit cua soi quang, loai
tap chét (Ge, Al) va ndng do tap chit dugc pha trong 15i cua soi quang.

Hinh 2.10 cho thiy phé khuéch dai cia EDFA c6 16i pha Ge kha rong. Tuy
nhién, phd khuéch dai nay khong bang phing. Piéu nay s& din dén viéc hé sd
khuéch dai khac nhau ddi v6i cac bude song khac nhau. Néu hé sd khuéch dai cua
cac kénh tin hiéu khong dong nhat, nhat 1a sau khi qua nhiéu tang EDFA, sai s6 hé
s6 khuéch dai nay sé& tich luy tuyén tinh dén muc khi téi dau thu kénh budc song co
hé s6 khuéch dai 16n 1am cho dau vao may thu qua tai. Nguogc lai, kénh tin hi€u co
hé sb khuéch dai nho thi ti s6 SNR khong dat yéu cau. Su lam phéng hé sé khuéch
dai 1a can thiét dé loai bo sy khuéch dai méo cac tin hiéu qua cac EDFA duong
truyén ghép tang.

Mot sb bién phap duoc st dung dé khic phuc su khong bang phing cua phd

khuéch dai:

e Chon lya cac budc song cd hé s6 khuéch dai g?m béng nhau. WDM lam
viéc ¢ dai song bang C (1530 nm + 1565 nm). Trong dai budc song nay
chon 40 budc song lam budc song cong tac cia WDM. Céc budce song
nay c6 hé sb khuéch dai gan bang nhau.

e (Cong nghé can bang hé sé khuéch dai: dung bd can bang hip thu bot
cong suét & bude song co hé s6 khuéch dai 16n va dung bd khuéch dai dé
ting cong suat cta budc song co hé sb khuéch dai nho.

e Thay d6i thanh phéan tron trong soi quang: dung soi quang tron thém
nhom, photpho nhom hay flo ciing v6i erbium s& tao nén bo khuéch dai
¢6 bang tan duoc mé rong va phd khuéch dai bang phang hon.

Ngoai ra, phé khuéch dai cia EDFA con phu thude vao chiéu dai cua soi

EDF. Ly do 1a vi trang thai nghich dao ndng d¢ thay d6i doc theo chiéu dai cua soi
quang khi cong suit bom thay doi.

Bo khuéch dai EDFA hoat dong ¢ bang C (1530 nm +1565 nm). Tuy nhién,
hé sb khuéch dai cua soi pha c6 dudi trai rong dén khoang 1605 nm. Diéu nay kich
thich su phat trién cta cac hé théng hoat dong & bang L tir 1565 nm dén 1625 nm.
Nguyén 1y hoat dong ciia EDFA bang L giéng nhu EDFA bing C. Tuy nhién, c6 su
khac nhau trong viéc thiét ké EDFA cho bang C va bang L. Cac phan tir bén trong
bd khuéch dai quang nhu b cach ly va coupler phu thudc vao bude séng nén ching
s& khac nhau trong bang C va bang L. Su so sanh cac tinh chat cia EDFA trong
bang C va bang L duoc thé hién trong bang 2.2.
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Bang 2.2: Bang so sanh EDFA hoat dong trong bang C va bang L

Céc thong s6 Bang C Bang L
Heé s6 khuéch dai Cao hon Nho hon khoang 3 lan
Phé khuéch dai ft béng phang hon Béng phang hon
Nhiéu ASE Thép hon Cao hon

Hinh 2.13 trinh bay c4u trac cia mot bo khuéch dai bang L 1am bang phang
hé s6 khuéch dai trong khoang budc song 1570nm + 1610nm véi thiét ké hai tang.
Tang dau tién dugc bom & budc séong 980nm va hoat dong nhu mot bo EDFA
truyén théng (soi quang dai 20 nm +30 nm) c6 kha ning cung cap hé sé khuéch dai
trong khoang budc séng 1530 nm +1570 nm. Nguoc lai, ting thi hai c6 soi quang
dai 200m va dugc bom hai chiéu sir dung laser 1480nm. Mot bo cach ly duoc dat
gita hai tang nay cho phép nhiéu ASE truyén tir ting thir 1 sang ting thi 2 nhung
ngin ASE truyén nguoc vé ting thir nhat. Vi ciu trac ndi tiép nhu vay, khuéch dai
hai tang c6 thé cung cap hé s6 khuéch dai phang trén dai bang thong rong trong khi
van duy tri mrc nhiu thap.

B T “myqyim  Arimrm s Bo ! I Bo
cachli | Coupler cach li : Coupler Coupler cach li
Tin hiéu p | L L Tin hiéu
vao ' I : ra
I I
I 098 pm [\ I o148 pm | 1.4% pm
| 1.1 Er*+-Doped | | LD Er'*-Doped [ D
[ Fiber | Fiber -
Khéi khuéch dai thir nhat Khéi khuéeh dai thir hai

Hinh 2.13 - Cau hinh ctia mot bd khuéch bang L hai tang lam bang phing hé
s0 khuéch dai trong dai bude song 1570nm + 1610nm

2) H¢ s6 khuéch dai

Hé s khuéceh dai ctia mot b EDFA ¢6 thé duoc tinh theo biéu thirc sau:
L
G=exp| [(N,(2)0\" =N, (2)0 Wz | (2.12)
0

trong do:
- Ny(z), Ny(z): mét d6 ion erbium & trang thai kich thich va ¢ trang thai nén
tai vi tri z trong doan sgi quang pha erbium.

- L: chiéu dai s¢i pha erbium.
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- 09, 6@ tiét dién ngang hap thu va phét xa cuia ion erbium tai budc song
tin hiéu.
Biéu thirc (2.12) cho thdy hé sb khuéch dai lién quan dén su nghich dao
nong do trung binh. Goi N, , N, lan luot 12 ndng do ion erbium & muc ning luong
nén va mirc nang lugng kich thich trung binh. Khi d6 N, , N, s& duoc tinh theo cac

biéu thuc sau:

N, = % ! N,(z)dz (2.13)
_ 1L

L (N.(2)dz 2.14
N, L!de (2.14)

Biéu thirc (2.12) co thé duoc viét lai mot cach don gian hon nhu sau:
G =exp[(N,0( = N,o\" )T L] (2.15)

Tir biéu thie (2.15) thiy rang hé s khuéch dai tin hiéu sau khi di qua soi
quang chi phu thudc vao nghich dao néng do cac ion erbium trung binh trong soi
quang ma khong phu thudc vao chi tiét vé dang nghich dao nhu mot ham ddi véi vi
tri doc theo chiéu dai sgi quang. Trong biéu thuc (2.15) hai tham s6 N(z) va Na(2)
l1a ham cua vi tri z doc theo sg1 quang dugc cho béi:

(a)

ng"lz @+ R
N,(z)= - , N (2.16)
(¢ +0“)T, P(2)+ (o +o)r, P2
hf, A hf, 4 ’
N,(z)=N =N, (2) (2.17)
trong do:

e 7 : thoi gian séng cua ion erbium ¢ trang thai kich thich T3
e Ps(z): cong suét cua tin hiéu tai vi tri z trong sQi quang.

e Pp(z): cong suat bom tai vi tri z trong soi quang.

o[, :hésd chéng 14n tai budc song tin hiu.

ol ,:hé sd chong 1an tai budc song bom.

e A : dién tich tiét dién ngang hiéu dung.

e f, : tan s6 tin hiéu.

of,: tan s6 bom.

e N : mat d¢ ion erbium tong cong.

@ (o),

e 0.",0.° : tiét dién ngang hap thu va phat xa tai budc song tin hiéu.
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(a)

oGp,

o E,e) : tiét dién ngang hip thu va phat xa tai budc séng bom.

e h: hing s6 Planck; h = 6,625.107*J.s.

Tir biéu thirc (2.15) ta thdy hé sd khuéch dai cia EDFA phuy thudc vao cac yéu tb
sau:

e Phu thudc vao ndng d6 ion Er™: khi ndng d6 Er” trong soi quang cta bd
EDFA ting thi kha ning chung dugc chuyén 1én muc ning lugng cao hon
cang nhiéu, do d6 hé sé khuéch dai ting. Nhung néu nong do Er” ting qua
cao s& gy tich tu din dén hién tuong tiéu hao quang 1am cho hé sé khuéch
dai giam.

e Phu thudc vao cong suit tin hiéu t6i va cong suit bom quang: khi cong suit
vao ting, birc xa bi kich ting nhanh, nghia 1a ion Er" ¢ muc ning luong
cao tré vé muirc ning luong co ban cang nhiéu 1am giam ndng do sd ion
Er” ¢ muc ning luong cao, 1am yéu di kha ning birc xa cta ion Er” khi tin
hiéu quang dugc dua td1, do do hé s6 khuéch dai giam. S€ c6 mdt muc gidi
han ma cong suat tin hiéu vao ting nhung cong suit ra khong ting nita goi
1a cong suit bio hoa.

e Phy thudc vao chiéu dai soi: khi chiéu dai soi ngn thi tin hiéu khong duoc
khuéch dai nhiéu do d6 hé s khuéch dai tin hiéu nho. Nguoc lai, khi chiéu
dai tang 1én thi tin hiéu duoc khuéch dai nhidu hon, do d6 hé sb khuéch dai
16n hon. Tuy nhién, khi chiéu dai vuot qua kha ning cong suat bom thi hé
s6 khuéch dai tin hiéu sé bj giam do chiéu dai qué 16n ma cong suét bom lai
khong dap g hét chiéu dai soi thi tin hiéu s& bi suy hao dan va do d6 lam
giam hé sb khuéch dai.

e Phy thudc vao cong sudt bom: cong suit bom cang 16n thi s& c¢6 nhiéu ion
erbium bj kich thich dé trao d6i nang lugng vaéi tin hi¢u can khuéch dai va
s& lam cho hé sb khuéch dai tang 1én. Tuy nhién, hé s6 khuéch dai khong
thé ting mii theo cong suit bom vi sé luong cac ion erbium dugc ciy vao
so1 1a co gid1 han.

3) Céng sudt ra bdo hoa

Su bio hoa xay ra khi cong suét tin hiéu vao EDFA 16n giy ra su giam hé sd
khuéch dai. Vi vay, no gioi han cong suét ra cua bo khuéch dai. Su bdo hoa hé sb
khuéch dai nay xuat hién khi cong suat tin hiéu ting cao va giy ra sy phat xa kich
thich & mdt ty 1€ cao va do do lam giam sy nghich dao néng do. biéu do co nghia la
sd cac ion erbium & trang thai kich thich giam mot cach dang ké. Vi vdy, cong suit
tin hiéu & du ra bi han ché boi sy bio hoa cong Sut. Cong suét ra bao hoa Pout, sat
dugc dinh nghia 14 tin hiéu ra ma & d6 h¢ s6 khuéch dai bi giam di 3 dB so v&i khi
khuéch dai tin higu nhé.
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Cong suit ra bio hoa khong phai 1a mot hang sb ma ting tuyén tinh v&i cong
suit bom. Cong suit bio hoa c6 thé dugc xac dinh bdi cong suét tin hiéu dau ra ma
tai d6 hé s6 khuéch dai bang hé s6 khuéch dai tin hiéu nho trir 3 dB. Nhu vay bang
cach xac dinh hé sé khuéch dai tin hiéu nho ta c6 thé suy ra diém bdo hoa va tir d6
xéac dinh cong suit ra bio hoa.

Cong suét ra bdo hoa ciing thay ddi tuy theo budc song cua tin hiéu, vi mat
d6 cac ion Er’* phan bd tai ving ning lugng gia bén khong bang nhau. Hinh 2.14
con cho biét cong suét ra bdo hoa tai 1.55 um cao hon tai 1.53 um véi cing cong
suat bom.

- g -
—~ o ®
= 4
B4 . -
< 1555 um .- -
o) % -
S e --i
£ 4 1 F
e B 1.532 um
= e T A
3 - .
22 o &
en
=
S
0 _1 T T T I
15 20 25 30 35

Cong suat bom (MW)

Hinh 2.14- D thi biéu dién cong suit ra bio hoa ting tuyén tinh theo cong
sudt bom vao tai budc song bom 975 nm ddi véi bude séng tin hidu
la 1555 nm va 1532 nm.

4) Nhiéu trong b khuéch dai

Nhiéu trong bd khuéch dai 1a mot yéu to gid1 han quan trong ddi v6i hé
thong truyén dan. D6i voi EDFA, anh hudng cua nhidu ASE dugc tinh théng qua
thong sé hé sé nhidu NF duoc cho boi cong thirc :

NF = 2ny, (2.18)
trong do, ng, = N»/(N,-N;) duoc goi 1a he ) phat xa tu phat, Ny, N, 1a néng do 1on
erbium & mirc nang luong nén va mic nang luong kich thich.

Nhu di trinh bay trong cac cong thuc (2.16) va (2.17), N,, N, thay d6i doc
theo chiéu dai cta sgi quang va phu thudc vao cong suit ctia ngudn bom va cong
suét cua tin hiéu. Do d6, hé sb nhiéu NF cua EDFA cling phu thudc vao chiéu dai
ctia soi quang L va cong sudt bom Pp, gibng nhu hé sb khuéch dai tin hiéu cua
EDFA.

Hinh 2.15 biéu dién su thay dbi cuia NF va hé sb khuéch dai tin hiéu theo
chiéu dai cua soi quang v&i mot $6 gia tri cia Pp/Pg, khi cong suét tin hiéu dau vao
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1mW tai bude song 1,53 um. Két qua cho thiy ring NF co thé dat gan bang 3dB
khi cong suét cua nguén bom Pp >> P, .

V&i muac nhiéu tuong ddi thép, EDFA 1a sy lya chon 1y tuéng cho cac hé
théng thong tin quang WDM hién nay. Du vay, nhiéu do b khuéch dai cling lam
giéi han chét lugng cac hé thdng thong tin quang duong dai sit dung nhiu bd
khuéch dai EDFA. Van dé nhiéu tré nén nghiém trong khi hé thong hoat dong trong
ving tan sic zero cta soi quang. Khi d6 cac hiéu tung phi tuyén sé 1am ting nhiu
bd khuéch dai va giam phd tin hiéu. Ngoai ra, nhifu ctia bo khuéch dai ciing giy
nén rung pha dinh thoi. Van dé nay s& dugc trinh ¢ phan sau.

i
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= (=]
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Chiéu dai soi khuéch dai (m) Chiéu dai soi khuéch dai (m)

fz) {5
Hinh 2.15- (a) Hé s6 nhiéu NF va (b) Hé s6 khuéch dai ctia EDFA khi chiéu
dai soi quang thay ddi tai mot sb gia tri clia cong suat bom Pp/Py,

Nhiéu ASE khéng chi gi6i han ti 16 SNR trong cac hé théng sir dung cac bd
khuéch dai quang, ma con dit ra nhitng gii han khic dbi voi cac tmg dung khac
nhau cia cac bd khuéch dai quang trong céc tuyén thong tin soi quang. Chang han,
xem xét mot vai bo khuéch dai quang duoc ghép tang doc theo mot khoang truyén
dan nhu cac bo 1ap tuyén tinh dé bu suy hao soi quang. Cong suit nhidu ASE P
s€ 1a mot ph?m trong cong suét dau ra P, ciia mot bd khuéch dai nao d6 trong chudi
khuéch dai va trd thanh dau vao cua bo khuéch dai tiép theo. Do d6 Py c6 thé
dugc khuéch dai boi cac bo khuéceh dai tiép theo. Do sy bdo hoa hé sb khuéch dai
phu thudc vao tong cong suat dau vao, nhidu ASE tir dau ra ctia cac tang trudc trong
chudi khuéch dai c6 thé 16n dén mirc nd s& lam bdo hoa cac bd khuéch dai phia sau.
Néu su phan xa tai dau ra va dau vao cta bd khuéch dai thép, ASE dugc phat xa
theo hudng nguoc vé dau vao tir cac bo khuéceh dai thude céc t?lng sau cling co thé
di vao céac bo khuéch dai & phia trudc, cang lam tang sy bao hoa gay ra do ASE.

Vi cac bo khuéceh dai quang sg1, su tao thanh nhiéu ASE nay co thé dan dén
su tu dao dong doc theo tuyén truyén dan cua soi quang va do d6 su phan xa c6 mat
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doc theo duong truyén. Mac du sy phan xa nhu vay 1a nho, trong mot khoang truyén
dai v&i mét sd lugng 16n cac bd khuéch dai nhu cac bd 1ap tuyén tinh, cong suét
ASE tich tu doc theo chudi khuéch dai kich hoat su dao dong. Dé t6i thiéu hoé anh
hudng nay, cac bd cach ly quang c6 thé duoc ndi doc theo lién két soi quang dé
giam ASE hudng nguoc, nhung diéu nay s& ngin can hé thong duoc sir dung cho
truyén din song hudng.

Thém vao sy suy giam hoat dong vé mat cong suét, sy hdn tap vé pha cua tin
hiéu do phat xa ty phat ciing giy anh hudng nhu nhiu tan sb va nhidu bién do, dic
biét 1a nhiéu pha do sy phéan xa tai cac giao dién quang. Vi tin hi¢u to1 bd khuéch
dai quang ciing c6 mot lwong nhidu pha do su trai rong phd cua ngudn laser cang
1am ting nhiéu trong bo khuéch dai. Piu nay s& lam suy giam hoat dong cia cac hé
thong thong tin quang.

2.3.3- Ung dung ciia EDFA

Trong phan ndy trudc hét can xem xét viée st dung bo tién khuéch dai
EDFA tai ddu thu va tp trung vao thiét ké dbi voi cac hé thong cy ly dai khi st
dung mot chudi cac bo khuéch dai quang.

Cac bod khuéch dai quang dugc st dung dé cai thién do nhay cua may thu
quang nho khuéch dai trude tin hiéu quang lam cho né du manh va co thé boé qua
nhidu nhiét so v4i nhiéu phat sinh do bd tién khuéch dai. Két qua 1a d6 nhay cua
may thu duoc cai thién 10 dB + 20 dB khi sir dung bo tién khuéch dai EDFA. Trong
nam 1990 da thi nghiém dat két qua 1a chi can 152 photon/bit cho hé thong quang
hoat dong tai tdc do bit (0,6 + 2,5) Gbit/s. Trong mdt thi nghiém khéc, d0 nhay may
thu — 37,2 dBm (147 photon/ bit) da dugc thuc hién tai tde do bit 10 Gbit/s. Co kha
nang st dung hai bg tién khuéch dai ndi tiép nhau; d§ nhay may thu duoc cai thién
18,8 dB nho k¥ thuat nay. Thuc nghiém vao nam 1992 da dat dugc d nhay ky luc -
38,8 dBm (102 photon/ bit) tai 10 Gbit/s khi st dung hai EDFA. Gidm d¢ nhay bi
han ché thép hon 1,2 dB khi tin hiéu duoc truyén trén 45 km trén soi dich tan sic.

Tinh d6 nhay may thu can bao gdm tit ca cac ngudn nhidu dong tai may thu.
Tinh ning quan trong nhit khoi ddu khi thiét ké bo tién khuéch dai quang 13 anh
huong cua ASE dén tin hiéu. Do su két hop tu nhién cia phat xa ty phat, tin hi¢u
duoc khuéch dai bi nhiéu hon tin hiéu vao. Dong dugc tao ra tai diode tdch quang
6 thé duoc viét dudi dang:

1=RNGE, +E,[ +i, +i, (2.19)

trong d6 R 1a dap tng cua diode tach quang, G 1a hé s6 khuéch dai ctia bd khuéch
dai, E, la truong tin hiéu, Eg, 1a truong quang két hop v&1 ASE, i va ip 1a dong
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thang dang phat sinh boi nhiéu nd va nhidu nhiét trong may thu. Tri s trung binh
ctia dong nhidu bao gom:

- RGP, +P,) (2.20)

trong d6 P, = |Es|2 1 tin higu quang dau vao b¢ tién khuéch dai va Py, 1a cong suat

nhiéu ASE b6 sung vao tin hi¢u c6 bién do la:

2
P =S, Av,, (2.21)

sp

=|E

sp

Sep 1a mat do phé va Av  la do rong bang tan hiéu dung cua phat xa tu phat nam
trong bang tan bo khuéch dai hoac bang tan bo loc néu bd loc quang dat sau bg
khuéch dai. Chu ¥ rang Eq, trong biéu thirc (2.19) bao gém chi ASE c¢6 phan cuc
tryc giao véi tin hiéu nén khong thé phach voi tin hiéu.

Nhidu dong Al bao gém thing gidng bat ngudn tir nhidu nd, nhiéu nhiét va
nhidu ASE. Nhiéu dong ASE c6 ngudn gbc tir phach gitta E va E, va phach cua
ASE v6i chinh né. Dé hiéu khai niém phéach nay rd hon, chii ¥ ring ASE c¢6 dién
truong Eg, 1a bang tan rong va co thé viét dudi dang:

=[5, exp(4, — o 1Mo, (2.22)

trong do ¢, 1a pha cua thanh phan phd nhiéu tai tan sé o, va tich phin mo rong trén
toan bo béng tan cua bod khuéch dai (hoic bo loc). Khi sir dung
E, \/_ exp(p, —iw,t) thanh phan giao thoa trong biéu thirc (2.19) bao gém hai bd
phan va dan t6i thang dang dong dudi dang:

2RI GP.S, )”20059 do,,i, —”S cosO,dw,do! (2.23)

Lsig-
trong d6 6, = (o, —@, Yt +¢ —¢, vd 0, =(0, —w' )t +¢' —¢ 13 hai pha ngiu nhién
thay d6i nhanh. Hai pha nay déng gop vao nhiéu dong 1a do phach cua E; véi Eg, va
phach cua Eg, voi chinh né. Lay trung binh theo pha ngau nhién, phuong sai tong
o =((Al))” cla thang dang dong c6 thé viét:

2

o’ =0, +0! +c7s1g w T 0w (2.24)

trong d6 o2 dic trung cho nhiéu nhiét va cac sé hang con lai la:

o2 =24[R(GP, + P, JIAf (2.25)
ol, , =4RGPS Af (2.26)
o, ,2=4R*S2Av, Af (2.27)
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trong do Av,, la d6 rong bang tan cua bo loc quang va Af la do rong bang tan dién
ctia nhiéu méy thu.

BER c6 thé c¢6 duogc xac dinh nho biéu thire:
1
BER = Eerfc(Q/ V2 ) (2.28)

véi tham s Q duoc xac dinh theo biéu thuc sau:

rec

_I,-1, _RG[2P,) (2.29)

o, + (O o, + (O
Biéu thirc (2.29) c¢6 duoc 12 nho gia thiét ty s6 phan biét bang khong (I,= 0) sao cho
I, = RGP, = RG(2P,,) v6i P, 1a do nhay mdy thu déi v6i gia tri BER cho trudc
(Q = 6khiBER = 10‘9). Dong nhiéu RMS o, va o, c6 dugc tir cac biéu thic (2.24)
dén (2.29) nho dit P = P, =2P, va P~ 0 tuong tng.

Phan tich c6 thé dugc xem xét mot cach don gian nho so sanh bién do cac sb
hang khac nhau trong biéu thic (2.23) . Nhdam muc dich nay, sit dung R =ng/hv va
viét cac biéu thirc (2.24) — (2.26) dudi dang hé sé nhiéu F, cia bo khuéch dai:

ol =2p’nGP.Af | hv (2.30)
ol =2(qnG) F,PAf | hv (2.31)
o.. ., =(gnGF,) Av,,Af (2.32)

trong d6 RP, dugc bo qua trong biéu thirc (2.25) vi dong gép cua nhifu nd duge bo
qua. So sanh biéu thirc (2.30) vé6i (2.31) chi ra rang ol co thé bo qua khi so sanh

véi o’

ve_sp VI NGF, nho. Nhicu nhiét o7 ciling c6 thé bo qua khi so sanh véi cac so

hang tr¢1 hon. Céc dong nhiéu o, va o, dugc lay xap xi nhu sau:

2 2 )1/2
Sig—sp + cysp—sp ,0¢9 =0

o, =0 - (2.33)

D6 nhay may thu c6 duoc bang cach thay biéu thuc (2.33) vao biéu thic (2.32) va
str dung biéu thuc (2.30) , (2.31) véi P, =2P, détim P, . Két qua la:

B, =hvEAfl0? + olav,, /ar) "] (2.34)

D6 nhay may thu ciing c6 thé viét dudi dang sé luong trung binh cta photon/ bit

N ,nh¢ st dung P, =N, hvB. Dat Af = B/2 la gia tri dién hinh cua d6 rong bang

ec

tan mdy thu N, va cho bdi biéu thirc:
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N :%ng2+Q@Avm/By“] (2.35)

P

Biéu thirc (2.35) 1a cach biéu dién don gian ctia do nhay may thu. N6 thé hién tai
sao phai sir dung cac bo khuéch dai c6 hé sb nhiéu nho; do nhay may thu giam khi
F, ting. N6 ciing chi rd ring cc bo loc quang c6 thé cai thién d6 nhay mdy thu nhu
thé nao khi sir dung Av,,. Hinh 2.16 thé hién N,1a ham cta Av,, /B d6i v6i hau

hét giai tri cua hé s6 nhidu F, khi 1dy Q=6 , gia trji yéu cau dé thuc hién BER = 10”.

800 R
Z 600

400

Do nhay may thu, ,

200

10° 10’ 10? 10°
Do rong bang tan bg loc, AVey/B
Hinh 2.16- B§ nhay may thu phu thude
do rong bang tan bo loc doi véi mot sb tri s F,

Do rong biang tin quang toi thiéu phai bang téc do bit dé tranh nghén tin
hi€u. Gia tri to1 thi€u ctuia Fn 1a 2 61 véi bo khuéch dai 1y tudng. Vi vay khi stir dung
Q=6 , 46 nhay mdy thu tot nhét tir biéu thirc (2.35) 1a N, =44,5 photon/ bit. Gia tri
nay c6 thé so sanh voi N , =10 d6i v6i may thu 1y tuong hoat dong trong gidi han
nhiéu ludng tu. TAt nhién N , =10 la khong thé thuc hién duoc trong thuc té do
nhiéu nhiét; thong thuong N,16n hon 1000 d6i véi may thu khong cé khuéeh dai
quang. Phén tich trong phan nay chi 1d ring N , <100 co thé thuc hién duogc khi cac
bo khuéch dai quang dugc st dung lam tién khuéch dai tin hiéu thu méc du bi giam
do nhi€u phat xa tu phat. Puong pho hep cua laser cling anh hudng dén do nhay
may thu.
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Cai thién d§ nhay may thu duogc thuc hién khi st dung EDFA hoat dong nhu
bo khuéch dai cong suat dé ting khoang cach truyén dan tuyén quang diém ndi diém
ndi thi va gitta cac ddo. Mat khac EDFA hoat dong nhu bo khuéch dai cong suét
cling thudng dugc st dung dé ting cong suat téi mic cao 100 mW. Vao nim 1992,
mdt tin hiéu 2.5 Gbit/s dd duoc truyén trén khoang cach 318 km nho ky thuat nhu
vay. Tdc do bit ting tdi 5 Gbit/s dugc truyén khi st dung hai EDFA dé khuéch dai
cong sudt tin hiéu tir - 8 dén 15,5 dBm ( khoang 35 mW). Mirc cong suat nay la du
16n nén SBS trd thanh van dé. SBS c6 thé loai trir thong qua diéu pha sdng mang
quang nén mo rong d6 rong dudng séng mang téi 200 MHz hoic 16n hon. Pidu ché
tryc tiép laser cling gy ra dich tan va néi rong phd tin hiéu. Thuc nhgiém vao nim
1996 d3 truyén tin hiéu 10 Gbit/s trén khoang cach 442 km khi st dung cac bd
khuéch dai dudong bom tir xa.

2.4- BO KHUECH PAI RAMAN (RA)
2.4.1- CAu tric va nguyén 1y khuéch dai tin hiéu

Khong giéng nhu nguyén 1y khuéch dai cia EDFA, khuéch dai Raman
khong can mot soi quang pha ion Er’" riéng. Trong khuéch dai Raman, tin hiéu
quang duogc khuéch dai doc theo toan bo chiéu dai cua soi quang silic binh thuong.
CAu trac ctia mot bd khuéch dai Raman dugc minh hoa trong hinh 2.17.

Sdi quang

thuGng
Isolator
» —»

Coupler

Hinh 2.17- Céu trac cta bd khuéch dai Raman

Soi quang 13 noi xay ra qua trinh khuéch dai. Soi quang nay ciing 13 soi
quang truyén tin hiéu nhu sgi SMF, DSF, ...Trong b khuéch dai quang RA khong
can str dung soi quang dic biét (pha ion Erbium) nhu b khuéch dai EFDA.

Coupler dung dé ghép budc song tin hiéu vao véi budce song bom.

Laser bom dung dé cung cap ning luong cho cic nguyén tir cia soi quang
chuyén 1én trang thai kich thich, gitp tao ra sy nghich dao néng do.
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B0 cach ly dit ¢ hai dau cua bd khuéch dai quang dé ngan chin tin hiéu phan
xa & hai dau bd khuéch dai. Pong thoi nd ciing giup loai trir nhidu ASE theo hudng
nguoc vé phia dau vao c6 thé gdy anh hudng dén tin hiéu dau vao.

Khuéch dai Raman dua trén hién tuong tan xa Raman kich thich. Tén xa
Raman kich thich 13 hién tugng mot nguyén tir hap thu ning luong cia mot photon,
sau do tao ra mgt photon c6 nang lugng khac. Vi vay, tan xa Raman kich thich dugc
dinh nghia 13 hién twong photon thtr cip dugc sinh ra do kich thich tir ngudn bén
ngoai.

DPé ¢6 khuéch dai Raman phai tao ra sy nghich dao néng do. biéu nay dat
dugc bang cach cung cip ning lugng cho cic nguyén tir clia soi quang tir mot laser
bom c6 budc song thap hon budc séng cua tin hidu. Khi do, cac nguyén tir cla soi
quang s& hap thu ning luong bom c6 ning luong cao (budc soéng ngin) va chuyén
lén muc nang lugng cao hon. Khi ¢é tin hi¢u dén, no sé kich thich céc nguyén tir
dang ¢ murc ning luong cao chuyén sang trang thai ning luong thap hon va giai
phoéng ra mét nang luong dudi dang photon dnh sang c6 cung budc soéng (dai hon
budc séng bom) va cung pha véi tin hiéu dén. Do d6, tin hiéu da dugc khuéch dai
(xem hinh 2.18).

Mtic ning lugng chuyén (Transition state)

E;
Tin hiéu cin M Tin hiéu duge
Laser bom " i » :
khuéch dai M khuéch dai
Es : o
Miic ning luvdng dao dong (vibration state)
E, Miic ning Iwgng nén (ground state)

Hinh 2.18 - So dd chuyén ning lugng trong khuéch dai Raman

Duya trén gian dd ning luong trén, tan sb anh sang bom fi, va tAn s6 anh
sang duogc khuéch dai fiueen 4ai duoc xac dinh nhu sau:
foom = (Es — E;)/h (2.36)
fihuéen dai = (E2 — E1)/h (2.37)
trong do: h 1a héng s6 Plank; E;, E,, E; 1a nang lugng cua céc trang thai chuyén dich,
trang thai trung gian va trang thai nén cua cic nguyén tir trong soi quang.
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2.4.2 Cac tham s
1) H¢ 6 khuéch dai

Hinh 2.19 biéu dién su thay d6i hé s khuéch dai ctua bo khuéch dai Raman
theo do chénh léch budc song gitra tin hiéu va ngudén bom. Qua d6 cho thiy, hé sd
khuéch dai Raman ting hau nhu tuyén tinh véi do chénh léch budc séng giita tin
hiéu va nguén bom, dat gia tri dinh tai 100 nm va giam nhanh chéng sau do. Trong
hinh ciing cho thdy, bang thong khuéch dai ctia bo khuéch dai Raman co thé dat
duoc tir 45 nm dén 50 nm.

g4 — Thuc té
- - Xapxi .
\

6 . \

oo G R
4 - ~80nm L% 45-50 nm

4
/7
2 d
4
‘4

O I I I |

0 40 80 120 160

Dich budce song (nm)

Hinh 2.19- Hé s khuéch dai cta bd khuéeh dai Raman

thay d6i theo do chénh 1éch budc song cia tin hiéu va ngudén bom

2) Nguon bom

Néu dai tan cua céc tin hiéu cn khuéch dai Raman 16n hon bang thong bo
khuéch dai ctia bo khuéch dai Raman (gia stir 40nm), can phai st dung nhiéu nguén
bom khéac nhau. Mdi ngudn bom c6 budc séng cach nhau khoang 40nm (bang bang
thong bo khuéch dai). Khi d6, dai tan 16n cua cac tin hiéu c6 thé duoc khuéch dai
mdt cach hiéu qua (hinh 2.20-a). Tuy nhién, do dic tinh khuéch dai ctia bo khuéch
dai Raman va do khoang cua cac bude song bom, bang thong khuéch dai tong cong
c6 dang gon song nhu hinh 2.20-b.

Véi wu diém bang thong khuéch dai 16n, bo khuéch dai Raman duoc quan
tam dén trong cac Gmg dung thong tin quang. Tuy nhién hiéu suit khuéch dai ctia bo
khuéch dai Raman khong cao. DPé dat duoc hé sd khuéceh dai 16n, can phai sir dung
cong sudt bom twong dbi cao.
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Nguén bom Gon séng hé so
0 ai th i khuéch dai
Nguon bom Dai tan dwoc sir dung ) 43 kh :
#l # #3 RS D, s
A - - \‘ . \l \‘
B 4 - 4 B 4 /\‘ 4 \\ \\
(=17 |-
40 nm 40 nm (b)

Hinh 2.20 - (a) Véi khoang cach cac ngudén bom 40nm, cac kénh nam trong dai tin
rong duogc khuéch dai; (b) Gon song hé s6 khuéch dai do khuéch dai Raman va do
khoang cach cach ngudn bom

2.5 SO SANH CAC LOAI BO KHUECH DbAI

2.5.1 Uu khuyét diém ciia bd khuéch dai SOA

2.5.1.1 Uu diém

- Hé s6 khuéch dai 16n (25-30dB).

- Kich thuée nho, c¢6 thé tich hop véi cac linh kién quang ban dan khac.

- Dai thong 16n, co thé 1én t6i 100 nm, rong hon so vdi EDFA.

- C6 thé thuc hién khuéch dai tin hiéu & cé hai ctra s6 anh sang 1300nm va 1550 nm.
2.5.1.2 Khuyét diém

- Cong suit ra bdo hoa thip (khoang SmW) han ché kha ning cua SOA khi duogc sir
dung lam b khuéch dai cong suat.

- Hé s6 nhidu cao (5-7 dB) anh hudng dén chat luong cia SOA khi duoc st dung
lam bg tién khuéch dai va khuéch dai duong day.

- Phu thudc vao phan cyc cua tin hi¢u quang téi

- Xuyén nhiéu kénh 16n do céc hiéu tng phi tuyén: hiéu tng tron 4 bude séng FWM
va hiéu ung bao hoa hé s6 khuéch dai chéo

- Ph6 khuéch dai c6 dang gon séng do khéng hoan hao cua 16p chdng phan xa tao ra
- Kém 6n dinh do hé sb khuéch dai chiu anh hudng cta nhiét o

2.5.2 Uu Khuyét diém ctia bo khuéch dai EDFA

2.5.2.1 Uu diém

- Ngudn laser bom ban din c6 db tin cdy cao, gon va cong suit cao.

- Céu hinh don gian: ha gia thanh cua hé théng.

- CAu trac nho gon: co thé lép dat nhiéu EDFA trong cung mot tram, dé van chuyén
va thay thé.
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- Cong suat ngudn nudi nho: thuan loi khi 4p dung cho cac tuyén thong tin quang
vuot bién.
- Khong c6 nhidu xuyén kénh khi khuéch dai cac tin hiéu WDM nhu bo khuéch dai
quang ban dan.
- Hau nhu khong phu thudc vao phan cuc cua tin hi¢u.
2.5.2.2 Khuyét diém
- Pho khuéch dai cia EDFA khong bang phang.
- Bang tan hién nay bi gi6i han trong bang C va bang L.
- Nhiéu duoc tich lily qua nhiéu ching khuéch dai gdy han ché cu ly truyén dan.
2.5.3 Uu khuyét diém ciia bd khuéch dai Raman
2.5.3.1 Uu diém

So v&i cac loai khuéch dai quang khac, bg khuéch dai Raman c6 nhitng uu
diém sau:
- Nhiéu thap
- CAu trac don gian, khong can soi dic biét.
- D& chon bang tan.
- C6 thé dat duoc bang thong rong nho két hop vai laser bom.
2.5.3.2 Khuyét diém

Tuy nhién, bén canh nhiing wu diém, bd khuéch dai Raman cling c6 nhiing
nhuoc diém nhu sau:
- Xuyén nhiéu gitra cac kénh tin hiéu do hién tugng tdn xa Raman kich thich SRS.
Day 1a mot trong cac hi¢u Uing phi tuyén cta soi quang c6 thé gdy anh hudéng dén
chat lugng cua hé thong ghép kénh theo budc song WDM.
- Hé sb khuéch dai thap.
- Hiéu suét khuéch dai thép hon so v&i EDFA: khuéch dai Raman can mot cong sudt
bom 16n hon dé€ dat cung mot gia tri h¢ s6 khuéch dai
2.6- KET LUAN

Cac bo khuéch dai quang, dac biét la cac bd khuéch dai quang soi, dong vai
tro rat quan trong trong hé thong thong tin quang cu ly dai va téc do bit cao. Béi vi
cac bd khuéch dai quang khuéch dai truc tiép tin hi¢u quang, c6 kha nang khuéch
dai dong thoi nhiéu kénh quang cua hé thong WDM. Trong cac loai bo khuéch dai
quang thi bg khuéch dai quang soi pha erbium (EDFA) dugc st dung pho bién nhat.
Bd khuéch dai quang soi loai nay dugc st dung trong cac linh vuc nhu: Bo tién
khuéch dai dé nang cao d6 nhay may thu, by khuéch dai cong suat va bd 1ap quang.
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Ca ba vi tri nay cia EDFA déu dua dén két qua 1a cu ly cua tuyén thong tin quang
tang 1én dang ké.
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CAU HOI VA BAI TAP
Nhiém vy cua khuéch dai quang (OA) trong hé thong WDM la:
a. Ngin khong cho tin hiéu quang phan xa vé phia may phat.
b. B suy hao trén dudng truyén.
c. Bu tan sic trén dudng truyeén.
Trang thai nghich dao néng do trong SOA duogc thuc hién béng cach:
a. Sir dung khoang cong hudng Fabry-Perot.
b. Sir dung dong dién phan cuc thuén.
c. Bom anh sang c6 budc song 1480nm.
MBoi trudng xay ra qua trinh khuéch dai trong EDFA 1a:
a. Khoang cong huong Fabry-Perot.
b. S¢1 quang pha Erbium.
c. Chat ban dan.
Do rong bang tan khuéch dai cia EDFA 14 tir:
a. 980nm dén 1480nm.
b. 1480nm dén 1550nm.
c. 1530nm dén 1565nm.
Uu diém cua khuéch dai Raman so v6i khuéch dai quang soi EDFA 1a:
a. H¢ s6 khuéch dai 16n hon.
b. Linh dong hon trong vi¢c chon bang téng khuéch dai.
c. Str dung laser bom c6 coéng suat nho hon.

St dung k¥ thuat khuéch dai Raman vé6i cac ngudn bom cé budce song lan
luot 13 1450nm va 1520nm c6 thé khuéch dai tin hiéu quang c6 budc song 1a:

a. 1310nm va 1550nm.
b. Trong bang C.
c. Trong bang C va bang L.
Nguyén nhan giy ra nhidu ASE trong khuéch dai quang 1a do:
a. Hién tuong tron bon séng quang (FWM).

b. Hién tuong phat xa tu phat.

Hoc vién Céng nghé Buwu chinh Vién thong 77

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bai gigng: “Mang truyén tii quang” Chuong 2- Khuéch dai quang

c. Xuyén nhiéu gitra tin hiéu va ngudn bom.
8- So v6i khuéch dai duong day, khuéch dai cong suét co dac diém:
a. Nhiéu nho hon.
b. Cong suit dau ra bao hoa 16n hon.
c. Bang thong khuéch dai nho hon.

9- Cho P, 1a cong suét tin hiéu tai diu vao; G va Pgg 12 hé s6 khuéch dai va
cong suit nhidu ASE cia bd khuéch dai. Hay xac dinh cong suit quang thu
duoc tai du ra, Pout, ctia b khuéch dai.

10- Cho Pj,, Py, 1a cong suét tin hiéu tai diu vao va dau ra; N, Ny la cong suét
nhiéu tai diu vao va dau ra; G va P g 13 hé s6 khuéch dai va cong suét nhiéu
ASE cua b khuéch dai. Hay xac dinh hé s6 nhidu NF (Noise Figure) ctia bd
khuéch dai.
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