TAP CHi KHOA HOC VA CONG NGHE, BAI HOC BA NANG - SO 5(40).2010

KHAO SAT SU PHU THUQC CAC PAC TRUNG KHUECH PAI CUA
BQ KHUECH PAI QUANG SQI PHA TAP ERBIUM (EDFA)
O BUOC SONG KIiCH THICH 1480NM

A SURVEY ON THE DEPENDENCE OF AMPLIFIED CHARACTERISTICS OF AN
ERBIUM DOPED FIBER AMPLIFIER (EDFA) AT A STIMULATING
WAVELENGTH OF 1480NM
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TOM TAT

Bo khuéch dai quang soi EDFA c¢6 thé hoat dong hiéu qua & hai bwéc séng bom la
980nm va 1480nm. Trong bai bao nay, t6i da viét cac chwong trinh mé phdng moét EDFA, hoat
dong & buwédc séng bom 1480nm va budc séng tin hiéu 1550nm, bang ngdn ngiv 1ap trinh
Matlab. Trén co s& giai hé phwong trinh téc d6 va hé phwong trinh truyén dan cta EDFA, céac
chwong trinh mé phdng nay da tim ra sw phu thudc cla cac dac trung khuéch dai vao cac
thong sd dau vao nhw cdng suat bom va coéng suét tin hiéu, chiéu dai sgi pha tap. Cac két qua
duoc bidu dién trén db thi cho thay hé s khuéch dai sé tang theo cong suat bom va it bién dbi
theo cong suét tin hiéu. Tuy nhién, néu coéng suét tin hiéu vao qué nhé thi hé s tap am sé cé
gia tri Ion.

ABSTRACT

The Erbium doped fiber amplifier (EDFA) can operate effectively at the two pump
wavelengths of 980nm and 1480nm. In this paper, | present simulated programs for an EDFA,
which operate at the 1480nm forward pump wavelength by means of the Matlab Software.
Based on the solution of the EDFA rate and propagating equations, simulated programs
indicated that the dependence of amplified characters on such input factors as pump capacity
and signal capacity. The graphical results show that the gain will rise with an increase of pump
power and vary little with a decrease of signal power. However, the noise figure will increase if
there is a decrease in the signal power.

1. it van dé

Cép quang c6 cac uu diém nhu tbc do truyén tin nhanh, dung luong 16n va gon
nhe,.v.v. Vi vdy, cic tuyén thong tin cap quang phat trién manh & hau hét cac qudc gia
trén thé gidi. Pé cac tuyén cap quang phat huy hét hiéu qua, hé thong truyén tin phai c6
cac bo khuéch dai phu hop. Bo khuéch dai dang dugc nghién ctu va st dung kha phd
bién hién nay 1a bo khuéch dai quang soi pha tap Erbium (EDFA) [1, 4].

EDFA c6 thé duoc kich thich bdi cac bude song bom 980nm va 1480nm. Trong
bai bao nay, chung toi sit dung mot EDFA duoc kich thich bdi bom mot bom dong
huéng budc song 1480nm vi nd cho hiéu suét luong tir 1én hon bom 980nm [1]. Sau khi
thiét 1ap hé phuong trinh dong luc cho EDFA nay, chung toi tién hanh viét chuong trinh

197



TAP CHi KHOA HOC VA CONG NGHE, BAI HOC BA NANG - SO 5(40).2010

mo phong dé khao sat cac dic trung khéch dai cia EDFA. Trong bai bao nay, 1y thuyét
vé EDFA duoc trinh bay ngin gon trong phan 2; phan 3 dua ra cac két qua mo phong
thu duoc va cac nhan xét, ban luan.
2. Cac Iy thuyét vé EDFA
2.1. Giin d ning lwgng

Gian db cac muc ning lugng cua Er'’” duge mé ta trong hinh la [4]. Khi dugc
kich thich bdi cac photon c6 bude song thich hop, cac ion Er’* & muc 411 s (mre nén) sé
nhay 1én cac mirc ning luong cao. Thoi gian sdng ¢ cac muc kich thich nhé nén hau
nhu ngay l4p tirc cac ion nay s& chuyén khong birc xa v& mirc *I;3, (muc siéu bén) va
luu tra ¢ day trong thoi gian khoang 10ms [4]. Sau d6, cac ion nay sé tiép tuc chuyén vé
mirc *I;s> va phat ra photon c6 budc séng nim trong diy C (1525nm dén 1565nm) [1].
Thoi gian séng & mire siéu bén 16n nén EDFA c¢6 thé khuéch dai dugc tin hiéu.
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Hinh 1. a) Gian d6 cdc mikc ning lwong ciia soi thity tinh pha tap Er.
b) Phé hd’p thu va birc xq cua soi thuy tinh pha tap Er.

Vé6i mdi bude song kha di truyén vao trong soi pha tap, ion Er’” s& hip thu va
blrc xa véi céc tiét dién hép thu va tiét dién bic xa khac nhau. Su phu thudc cua tiét
dién hép thu va tiét dién buc xa cua ion Er’" theo budc song dugc mo ta trong hinh 1b.
Trong bai bdo nay, budc song tin hi¢u 1550nm dugc chon khdo sat vi nd co tiét dién
buc xa 16n hon tiét dién hap thu [1].

2.2. H¢ phwong trinh toc dp va hé phwong trinh truyén déin

Trong trudng tinh thé, do hiéu tmg tach muc ning lwong nén cac mirc muc ‘I,
va 13, dugc mo rong thanh mot dai cac mirc nang luong con nén khoang cach gitta
dinh va day cua muc *I,3, kha rong. Vi vay, soi quang pha tap Erbium (EDF) van c6 thé
khuéch dai tin hiéu khi duoc kich thich boi bude song bom 1480nm. Khi EDF duogc
kich thich béi bom 1480nm, cac ion Er’* chi nhay lén dén dinh vung siéu bén I 3, di
chuyén khong bic xa vé cac mirc ning lugng con trdng & day cta ving nay. Sau
khoang thoi gian song 1, cic ion ndy s& birc xa photon va chuyén vé mirc nén *I;s, [3].

Céac ion Er’" chi hoat dong trong hai dai nang lugong 4113/2 va 4115/2 nén sy phu
thudc ndng do ion Er’" & cac muc theo thoi gian s& co dang:
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v6i oy, 0y, 0,°, 0, 1an luot 12 hé s6 hap thy, hé s6 birc xa cla tin hiéu va bom; t 14 thoi
gian séng & muc siéu bén *I;3; N,,N, la mat 46 photon phan bdé & muc nén Tisn va
r

murc siéu bén 4113/2; O = i _P:. D p = 4 f;: la thong lugng photon cua tin

S b
hv A " hv » Aeﬁ.

hi¢u va bom [3], trong do, I' ,I" 2 VsV, lan luot 13 hé sb chéng phu va tan sb cua tin
hiéu va bom; Ay tiét dién phan bd ion Er* hi¢éu dung; rla héng sb Plank; P,P,: cong
sudt tin hiéu va cong suit bom dua vao trong soi.

Khi hé dat dén trang thai dung, cdc mat do N,(z,?), N,(z,t) s€ la cac ham s6 chi
phu thudc vao toa do z doc theo chiéu dai soi. Hon nita, cung voi tin hiéu va bom, birc
xa tu phat (ASE) ciing lam anh huong dén sy phan bé mat do ion Er’” trén cac mic
ndng luong trong EDF. Vi vay, khi gidi cac phuong trinh (1) va (2) trong trang thai
dung, c6 tinh dén anh huong cua ASE, ta duoc:
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voi N 1a tong mat d ion Er’” ¢ trong soi khuéch dai, o', 0%, V., 1an luot 1a hé
s6 hip thy, hé s6 birc xa va tan sb ctia ASE.

Khi tin hiéu va bom duoc truyén vao trong soi, cong sudt cta ching sé thay doi
doc theo chiéu dai soi do su hép thu, birc xa kich thich va buc xa tu phat. Sy phu thude
cua cong suat bom, cong suét tin hiéu theo toa dd z doc theo soi dugc mé ta boi cac
phuong trinh truyén dan. Bai bao nay khao sat EDFA véi bom xudi nén cac phuong
trinh truyén dan cua ctia bom, tin hiéu va ASE ¢ dang [1]:
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V61 as, , 12 hé s6 suy hao do1 vai tin hiu va bom; vasg 1 tan s6 cia ASE.
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2.3. Hé s6 khuéch dai va hé sé tap am

Hé s6 khuéch dai G (dB) ciia bo khuéch dai quang soi pha tap Er’* c6 chiéu dai
L 1a ti s6 giita cong suét tin hidu dau ra P (L) va cong suét tin hi¢u dau vao P (0) [1]:
R(L)
F.(0)

s

G =10log,, (=) [dB] @®)

DPdi v6i mot bd khuéeh dai, hé sb tap am cling la mot trong cac thong ) dang
quan tdm. Tap 4m giy ra bdi cong suit bic xa tu phat ddng hudng nén hé sb tap am
duoc tinh theo hé sb khuéch dai va cong sudt birc xa tu phat theo biéu thire [1]:

NF = 2 ©)

G GhvAv

3. Két qua nghién ctru va binh luin

Trong bai bao ndy, cac phuong trinh dong luc (3, 4, 5, 6, 7) dugc giai bang cac
chuong trinh mé phong viét trén ngdn ngir l1ap trinh Matlab. Nghiém cta hé phuong
trinh nay sé& 1a cong sudt bom, cong suét tin hiéu va cong suit ASE doc theo chiéu dai
cua soi quang. Tur cac dai lugng nay, bai bao tién hanh tinh toan hé s6 khuéch dai va hé
sO tap 4m ctia EDFA. Trong chuong trinh mé phong nay, EDFA hoat dong véi bom
kich thich budc song A, = 1480nm, phun vao ddng hudng véi tin hiéu & bude song A, =
1550nm. Tin hi¢u va bom dugc dua vao trong sgi cung chiéu tai vi tri z=0, véi cong
Suét ban dé\ﬂl Ps|z=0 = PS(), Pp|z=0 = Pp().
3.1. H¢ s6 khuéch dgi G

Hinh 2a cho théy su thay ddi cua hé sb khuéch dai doc theo cac vi tri trong soi
pha tap chiéu dai 16m, véi cac cong suat bom 2mW, 10mW, 50mW. Vi cac cong suat
bom du 16n, & doan dau cta soi co sy nghich dao d¢ tich lily 16n nén cong sut tin hiéu
va hé s khuéch dai ting nhanh va tién dén gid tri bdo hoa. Vi cac cong sudt bom yéu
(2mW), sau khi hé sé khuéch dai dat dén gid tri cuc dai (kha nho), n6 s& bi giam dan
cho dén cubi soi.
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Hinh 2. a) Sy bién doi ciia hé s6 khuéch dai theo chiéu dai.

b) Sy bién doi ciia hé s6 khuéch dai theo cong sudt bom.
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Hinh 2b cho thay sy thay ddi ciia hé s6 khuéch dai theo cong sudt bom voi cac
soi ¢6 chiéu dai khac nhau 5m, 16m va 35m. Hinh v& chi ra khi tang cong suit bom thi hé
s6 khuéch dai s& tang 1én, nhung hé s6 khuéch dai tang cham hon cong suit bom. Piéu
nay dugc giai thich 1 do anh hudng ctia sy birc xa tu phat, cong suat bom cang 16n thi
blrc xa tu phat cang manh, do d6 lam han ché su tang cua cong sut tin hiéu. Hon nita,
hinh 2b con cho thy céc soi c6 chiéu dai khac nhau (cing ndng do pha tap Er) s& c6 hé sb
khuéch dai khac nhau khi thay doi cong sudt bom. Két qua nay cho thay, trong thiét ké soi
khuéch dai, can phai tinh toan chiéu dai tbi wu voi mot ndng do pha tap hop li.

3.2. H¢ sé tap am NF

Su phu thudc ctia hé s6 tap 4m nhu 1a mot ham cta cong suat bom véi cac soi c6
chiéu dai khac nhau dugc bicu dién trong hinh 3a. Hé s tap 4m s& ting nhanh ciing véi
viéc ting cong suit bom dua vao trong soi. Cong suit bom cang cao, hé sb tap Am cang
16n. Tuy nhién, toc d6 ting cta hé sb tap am khong ti 1& tuyén tinh voi toc d6 ting cong
suat bom.
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Hinh 3: a) Sy thay d6i ciia hé sé tap am theo céng sudt bom.
b) Su thay doi ciia hé 50 tap am theo cong sudt tin.

Hinh 3b biéu dién sy thay d6i ctia hé sd tap 4m vao cong suat tin hiéu voi cac
cong sut bom khac nhau. Két qua nay cho thdy hé s tap 4m c6 gia tri 16n & ving cong
sut tin hiéu nho va giam nhanh khi ting cong sudt tin hiéu vao. Véi cong suét tin hiéu
16n, hé sb tap 4m nho va giam cham khi ting cong suat tin hiéu vao. Nguyén nhan la do
khi cong suét tin hiéu dua vao tang dan, tin hiéu duoc khuéch dai manh dan s& lam tang
ti I¢ tin hi¢u trén tap & 16i ra va do d6 1am giam manh hé $6 tap am.

4. Két luan

Hé sb khuéch dai va hé sb tap am la nhitng thong sb quan trong khi khao sat mat
bd khuéch dai. Cac dic trung khuéch dai nay cua EDFA phu thuéc manh vao céc thong
s6 nhu chiéu dai sgi pha tap, cong sudt bom va cong suét tin hiéu vao. Vi vay, dé su
dung tdi da cac wu diém cua EDFA can tinh toan cu thé dua trén cac yéu cau thuc tién
dé lua chon bd khuéch dai co chiéu dai sgi EDF hop 1y, c6 cong sudt bom thich hop,
khoang céach lip dat 2 EDFA lién tiép dé dam bao cong suat tin hiéu vao khong qua nho.
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