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CHE TAO VA KHAO SAT KHUECH DAI QUANG SÛ  DUNG 
TRONG HE THONG THONG TIN QUANG SOI 

Inverstigation and manufactoring optical amplifiers using 
in light-wave communication systems 

Pham Van Hoi , Dang Xuan Cu, Ha Xuan Vinh, Pham Hong Tuan 

Tom tdt 

Bdi bdo ndy trinh bdy cdc ket qud nghien ciru che tao vd khao sdt thuc nghiem cdc bo 
khuich dgi quang sai pha tap ddt hiem (EDFA) vd khuech dgi quang bdn ddn(SOA). Sau 
cdc phdn giai thieu chung ve nguyen ly khuech dgi quang vd cdc tinh todn thong so ciia 
khuich dgi quang, chimg toi trinh bdy cdc ket qud khdo sdt thuc nghiem cdc bo khuech dgi 
quang da che tgo. Cdc bo khuech dgi quang sai pha tgp Er vai ndng do >2500ppm cho he 
s6 khuech dgi G>30dB, thong so tgp dm NF<4.5 dB. bdng thong khuech dgi AA> 40 nm 
vd cong sudt ra bdo hod P'"' > 15 dBm trong khi do khuech dgi quang bdn ddn cho 25dB> 
G> 20 dB, NF>7dB, bdng thong khuech dgi AA< 30 nm vd F'"< 4.5 dBm. Do 6n dinh 
theo nhiet do moi trudng vd nhieu do phdn xg quang cua EDFA tot hon rat nhieu so vai 
SOA. Cdc bo khuech dgi ndy hodn todn dap icng cdc tieu chuan cua ITU cho mgng truyen 
thong cdp quang WDM. 

Tir lilioii: Khuech dgi quang sai EDFA, khuech dgi quang bdn ddn SOA, Sgri quang pha 
tgp ion ddt hiem ndng do cao. 

Abstract 

This paper presents some new the experimental results of study and manufactoring the 
EDFA and SOA, which has been done in Vietnam in recent time. After brief introduction 
of optical amplification we show the experimental result obtained from EDFA with high 
Er-ion concentration (NE,.,>2500ppm) and SOA based on InGaAsP with TiO/SiO^ 
antirefiection thin films. The main parameters of optical amplifiers are: G>30dB; NF<4,5 
dB, P"">15dBm and 25dB>G>20dB: NF>7 dB. P""< 4.5dBm for EDFA and SOA, 
respectivelly. These optical amplifiers are suitable for using in fiberoptic coarse-WDM 
networks according to ITU recommendations. 

Key words: Erbium doped fiber amplifiers. Semiconductor optical amplifiers. High 
concentration Rare-earth doped fibers. 

1. M d D A U dai quang ciia nguyen td Erbium trong thuj 
np.„ u- ! - • " . I - . - J - ' tinh Si02 tai viing bude sdng 1530-1570 nn 
Cong nghe che tao vat lieu quang tu da CO . , , : " ^. . ° ,< ° . . ^^•-„ ^u 

«v,.-,„„ fu- u f -• U-:. ' , - •- . duac khang dinh trong phong thi nghiem th 
nhung thanh tyu noi bat trong thap men vua -x" . , ^ „ „ \ - . - , - - - , u - u ^„: ^^ 
o.,o-43 ^i,„ ^1 - U- . -* I - 1- 1 1 - ' den nam 990 da CO nhung bg khuyech dai sg 
qua da cho phep che tao rat nhieu linh kien va , , „ , . / C I ? C A \ . „-TA; OA,., 
, . - i . • . ^ »• I - • > -. • - quang pha tap Erbium (EDFA) trong dai sonj 
thiet bj quang tu kieu mai va muc tieu irng ^""„ ^ ^'^ . . . : - . -
j . ,„„ . i . . . ^ . , , , . , . , / , . . 550 nm dua vao sir dung trong cac tuyer 
dyng dau tien cua chung la he thong thong tin " , „ , ' . ^ . . • iL. 
„„„„ • r>-' I - I • ' 1 • . truyen thong cap quang duang true, va der 
quang sgi. Dien hinh cua su ung dung nhanh ^ " " . ,. „ , , , , ; , , - ,i ^ . u " 
ni^v% I - ' • ' u- .u-' , • - nay EDFA a mdt thanh phan khong the thiei 
cac ket qua nghien cuu tu phong thinghiemra ,^ . ; x . .^ , , „ „ „ , , A , 
th„^,' r ' 1 - II • \ i • • , cua cac mang tiuven thong cap quang trer 
thyc tien la eac bg khuyech dai sai quang pha "-"" ^"^ .:.°,,.-. . , - r r ^ ^ . i . * -
. . . Ak, w.k .-,., .o9^ ...„ KIA,. ,•...,,! , d, i.u toan the gidi. Kh. cd cac bo EDI A hoat dgnj 
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on djnh trong mang cap quang, mdt cdng nghe 
truyen thong quang mdi da dugc hinh thanh la 
cong nghe ghep nhieu bude sdng quang mang 
thon^ tin trong mpt sgi quang (WDM) [1]. 
Khuech dai quang sgi pha tap dat hiem cd 
nhieu uu diem ndi bat, tuy nhien chung cijng 
cd mpt sd nhugc diem nhat djnh nhu: kich 
thudc cdng kenh, cac linh kien quang sgi de 
gay trong khi van hanh... Vi vay gan day viec 
nghien ciru EDFA cd xu hudng giam dp dai 
sgi pha tap va tien tdi che tao khuech dai 
quang trong mang dan sdng (EDWA) cd kich 
thudc cd vai centimct. Viec phat trien khuech 
dai quang loai mdi can phai nghien curu cac 
tinh chat vat ly ciia vat lieu thuy tinh pha tap 
ndng dp cao va cac cau hinh khuech dai quang 
phu hgp. Can day, cac nghien ci'ru che tao va 
ung dung khuech dai quang tren ca sd ban dan 
(SOA) dang phat trien do cac uu diem ve kich 
thudc va de phat trien mach quang td hgp. 
Phai ndi rang SOA da dugc nghii-n ciru tir 
nhirng nam 70 ciia the ky XX, tuy nhien vdi 
trinh do cdng nghe che tao liic dd SOA cd 
nhieu nhugc diem khd khac phuc nhu: he sd 
tang ich thap ( G<16 dB), thdng sd lap am NF 
kha cao ( NF>10dB) va cdng suat ra khdng dn 
djnh, vi vay chiing da khdng dugc dua vao sir 
dung trong tuyen thdng tin quang khi da cd 
EDFA. Hien nay cdng nghe che tao mang 
mdng chdng phan xa da dat trinh do rat cao, 
cd the kiem soat dugc dp day mang den ca 
nanomet, vi vay viec che tap SOA da cd tien 
bd rat Idn, cac bp SOA hien nay da cd bang 
tan khuech dai quang Idn han 30 nm, he sd 
khuech dai G>20dB va thdng sd tap am NF da 
giam xuong dudi 7dB. 

Trong bai nay chiing tdi trinh bay mdt sd 
ket qua nghien cuu che tao va khao sat irng 
dung khuech dai quang sgi pha tap Er (EDFA) 
va khuech dai quang ban dan (SOA) trong 
tuyen thdng^ tin quang. Npi dung eua bai nay 
gdm hai phan: nghien curu che tao EDFA vdi 
cac nong do ion Er khac nhau va nghien ciru 
chi tao va khao sat SOA trong viing 1300nm 
- 1550 nm nhim irng dung trong mang thdng 
tin cap quang. K6t qua trinh bay trong bai nay 
thugc de tai nghien ciru trien khai cap nha 
nude KC-01-22 va cap Vien KH&CN VN 
trong thdi gian 2002-2005. 

2. Cac loai khuich dai quang sir 
trong tuyen thong tin quang 

Hien nay da cd hai lo^i khuech dai q 
tryc tiep, thiir nhSt la khuech dai quang 
sgi quang pha tap cac ion dat hiem ( i 
Earth Doped Fiber Amplifier: REDFA) v; 
hai la khuich dai quang bang ban 
(Semiconductor Optical Amplifier: S( 
M6i loai khuich dai quang cd uu dien 
nhugc diem nhit djnh. Chiing ta cd the c 
qua cac uu dilm va nhugc diem cua ca( 
khuech dai quang nhu sau: 

* Khuich dai quang sgi REDFA co 
diem rit ro rang la hoat ddng dn djnh tr 
mang cap quang vdi thdng sd tap am t 
(NF<5dB), he so khuich dai cao (G> 30 c 
ghep ndi de rang vdi cac linh kien quang 
va dac biet hiru ich trong mang thdng 
quang ghep nhieu bude sdng (WDM) do j 
khuech dai quang kha rgng (AX> 30 n 
Chinh nhd cd khuech dai quang sgi ma cc 
nghe truyen da bude sdng da dugc phat tr 
rat nhanh trong thap nien vira qua. Cdng ng 
truyen da bude sdng WDM tren mpt ; 
quang da mang lai hieu qua rat Idn trong c 
mang truyen thdng cap quang nhu: tang du 
lugng cua dudng truyen thdng tin len d 
Terabit/giay trong mgt tuyIn thdng tin qiiai 
ma khdng phai dSu tu them dudng truyen da 
ghep tach cac kenh thdng tin quang hoan to. 
bang cac linh kien quang do dd giam tap ar 
giam thiet bj quan ly mang va giam chi p; 
cho bao duong thiet bj tren tuyln. 

Nhugc dilm ca ban cua khuech dai quan 
sgi pha tap ion dit hilm la khdng phu hi 
viing sdng tir 1250 din 1650 nm. Sgi quan 
SiOj pha tap dat hilm chi cd thi sir dung d 
khuich dai quang trong viing sdng 1525-165i 
nm khi pha tap Erbium. Sgi quang thuy tini 
"nang" ZBLAN pha tap Praseodym khulcl 
dai bude sdng 1320 - 1350 nm, tuy nhien di 
han ndi hai loai thuy tinh cd nhi?t dg ndnt 
chay khac nhau (SiOz cd nhi?t dp ndng cha\ 
ISOO^C, ZBLAN cd nhiet dp ndng chay 
850°C) chua thyc hien dugc. Chung ta chua 
tim thay ion pha tap nao trong thuy tinh SiO 
cd thi khuich dai quang d vimg sdng 1350-
1525 nm. Tuy da cd hieu ung khuich dai anh 



Ky vfei H6i thao ICT.rda' 06 Proceedings of ICT.rda'06. Hanoi May. 20-21. 200< 

sdng trong sgi quang theo nguyen ly tan xa 
Raman va Brillouin kich thich cd the khuech 
d̂ i quang trong dai phd nay, nhirng hieu irng 
khuech d^i can cd ngudn bam rat Idn vao 
trong sgi quang dai hang chuc kilo-met va do 
on djnh cung chua dugc cai thien, do dd den 
nay cac bp khuech dai nay sir dung rat han che 
trong tuyen thdng tin quang thyc. Nhugc dilm 
thiir hai cua khuech dai quang sgi la can dp dai 
sgi quang kha Idn (vai met den vai chuc met), 
do do thiit bj kha cdng kenh, khd tuang thich 
vdi cac mach quang td hgp. 

* Khuich dai quang bang ban dan (SOA) 
tren nguyen ly sdng chay da dugc nghien eiiru 
tiir nhffng nam 60 cua the ky XX khi he thdng 
thong tin quang mdi bat dau phat trien. Tuy 
nhien h?in che Idn nhat eua khuech dai quang 
ban dan la do tap am Idn va dp dn djnh thap 
so vdi khuech dai quang sgi. Thdng sd tap am 
cao ( NF > 10 dB) va dn djnh thap cd nguyen 
nhan tir nguyen ly khuech dai sdng chay trong 
viing hoat tinh cua ban dan. Vi ly do tren nen 
khuech dai quang ban dan rat it dua vao sir 
dyng trong tuyen thdng tin quang trong thdi 
gian qua. Khi ky thuat DWDM phat trien, con 
ngudi mudn sir dung tat ca cae bude sdng 
trong dai 1250 - 1700 nm la dai cd h? sd suy 
hao quang va cd tan sac thap cua sgi quang 
SiOz. Cac ion dat hiem khdng the khuech dai 
quang trong dai sdng 1350-1525 nm, do dd 
cac nha nghien ciru cd gang cai thien cac 
thong sd ciia khuech dai quang ban dan de sir 
dyng trong cae bude sdng nay. Uu diem ndi 
b^t ciia khuech dai quang ban dan la cd the 
che t^o cac mdi trudng khuech dai quang bang 
v t̂ lifu ban dan tai bat ky birdc sdng nao 
trong vimg 1000 - 1700 nm. Uu dilm thiir hai 
cua khuech dai quang ban dan la kich thudc 
nhd ggn (I x 0,07 x 0,05 mm^) do dd rat de 
dang phat trien thanh cac mach quang td hgp 
kich thudc nhd ggn va dieu khien don gian. 
Trong nhirng nam gan day, sd lugng cac cdng 
trinh nghien ciru ve khuech dai quang ban dan 
tSng rat nhanh do eac nguyen nhan sau: cdng 
n^h^ che tao vat lieu ban diin dii cd bude tien 
rat Idn ve hudng vi md (ban dan gieng lugng 
tiir, day lugng tir, kich thudc nano ..) va cd 
cac tinh clifil quang vugt ligi hon ban e.:̂  \.l! 

lieu cu; cdng nghe che tao linh kien ban da 
da rat hoan thien vdi dp chinh xac eye cao d 
dd chat lugng linh kien da cd bude tien nha 
vgt; nhu cau md rpng viing khuich dai quan 
cho cae viing sdng chua sir dung tang vpt; k 
nghe quang td hgp ngay cang phat trien va d 
cd rat nhieu linh kien quang dugc td hgp tron 
mdt mach kich thudc nhd. Trong thdi gian td 
hudng phat trien eac bd phat quang va khuec 
dai quang se cd xu hudng giam kich thudc v 
de dieu khieri. Mdt nhugc diem cua khuec 
dai quang ban dan can dugc xem xet la ban 
tan khuech dai cua viing hoat tinh ban dan ph 
tap cd djnh khdng ddng deu trong dai 30 nm 
70 nm, tuy nhien nhugc diem ndy se dug 
khac phuc khi cdng nghe quang td hgp dug 
phat trien. 

Khuech dai anh sang tryc tiep bing pha 
xa cudng buc trong mdi trudng dao mat dg o 
ca che vat ly gidng nhu laser, tuy nhie; 
khuech dai quang khdng yeu cau ed phan he 
quang bang guang phan xa trong bg cgn; 
hudng nhu laser. De cd trang thai dao mat d' 
phan bd trong mdi trudng khuech dai, ta ludi 
ludn can cd cac ngudn bam (quang ho$ 
di^n). Cac thdng so quan trpng nhat cu 
khuich dai la: He so khuich dai G, bang tai 
khuich dai Au ( hoac AA. ), thdng sd t?p an 
NF ( Noise Figure) va cdng suat ra bao hoa F 
cua bp khuech dai. H^ so khuech d^i quan; 
cua bd khuech dai phy thupc vao tan sd (hoi 
bude sdng) cua tin hieu quang tdi va cudng d( 
chiim sang npi tai cac vj tri tron^ bp khuecl 
dai quang. Cdng thirc dl tinh h? sd khuech d? 
G cua bp khuech dai cho ca hai trudng hgj 
SOA va EDFA la: 

(1) 

trong dd Pn, la cdng suat Cjuang Idi ra cu; 
kliulch dai va Pvi„ la cdng suat quang di vac 
khuich dai. Gia sir L la do dai ciia bd khuecl 
dai, he so khuech dai G lien he vdi he sd tanj 
ich g (co) bing bieu tiiirc: 

G(a)) = exp[g((o)L] (2) 

Trong thyc le G (o)) dugc tinh bing doi 
\ i decibel (dB) tiieo cong thirc: 
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G ( d B ) = 1 0 1 o g , o ( P n > / P v , o ) ( 3 ) 

Bang tan khuech dai AVA tai diem giCra 
cue dai G(a)) lien he vdi bang tan tang ich Avg 
la: 

( 
Au^ = AUg 

ln(2) A 1/2 

ln(Go/2), 
(4) 

trong dd Go = exp (goL). Cdng suat ra 
bao hoa cua bp khuech dai Prâ  dupe xac djnh 
khi G giam xudng 2 lan (3 dB) so vdi Go (G = 
Go/2), ta cd: 

P! = 
Goln(2)^ 

G o - 2 
(5) 

trong dd Ps la cdng suat bao hoa cue dai 
cua bd khuech dai tinh theo ly thuyet. 

Ty le tin hieu tren tap am SNR ciia 
khuech dai quang dugc xac djnh thdng qua 
thdng sd tap am (Noise Figure - NF) theo 
bieu thirc sau: 

NF=(SNR)v,o/(SNR)„ (6) 

trong dd SNR dugc tinh tiieo cdng suat 
di^n dugc tao thanh bdi chuyen ddi tin hieu 
quang thanh ddng dien. Nhin chung NF phu 
thupc vao cac thdng sd ciia bd thu quang, dac 
biet la tap am nhiet trong bp thu quang. De 
dan gian cho viec phan tich NF ciia bd thu 
quang ly tudng, ta coi tap am shot la chu yeu 
trong bp thu quang. Cae tinh toan ly thuyet 
cho thay NF ed gia trj nhd nhat la 2 (3 dB), vi 
vay ket luan chung la: khuech dai quang 
khdng cai thien tap am ciia tin hieu, va tap am 
ndi chung se tang len 2 lan (3 dB) [8]. 

Cac thdng sd ciia khuech dai quang can 
dugc khao sat tren thyc te do chirng phu thudc 
vao rat nhieu yeu td cua ban than bd khuech 
dai. 

3. NGHIEN ClTU CHE TAO VA KHAO 
SAT KHUECH DAI QUANG SOI PHA 
TAP Er (EDFA) TAI VIET NAM 

3.1. Che tao khuech dai quang soi pha tap 
Er nong do thap (NEr< 1000 ppm) 

Clu hinh khuech dai dugc lira chgn la cau 
hinh bam ddng hudng hoac ngugc huong vdi 

bude sdng bam 980nm. Sgi quang pha 
la sgi quang dan mot tieu chuan 
micron) vdi phan pha tap tai trun^ tam ^ 
dan quang cd dudng kinh 2,5 den 4 n 
Ndng dp Erbium pha tap trong Idi sgi 
lya chpn trong khoang 600 - 1000 ppm, 
la ty le pha tap 600 hoac 1000 ngu} 
erbium tren mdt trieu phan tir Si02. Sgi 
pha tap nay hien dang su dung rpng rai 
cae bd khuich dai quang tren tuyln thdr 
Dp dai cua sgi pha tap Er tir 10 met d 
met dl khao sat he so tang ich va ta{ 
Laser bam cd cdng suat eye dai 120 m 
bude sdng 980 +/- 4nm va cd thi dieu i 
dugc cdng suit phat xa thdng qua ddng 
cho laser. Chiing tdi da tap trung nghiet 
ehl tao cae bd dien tii' nhu: bp cap ddr 
kiim soat nhiet dp cho laser bom vdi dp c 
xac cao ( ddng bom cd sai sd < 1%, nhii 
de laser dieu chinh dugc trong dai 1 0 - 4 
vdi do chinh xac +/- 0,1 °C), cac bp eh 
thdng sd cdng suit, ddng bom, nhiet dc 
cdng suat ra cua bd khuech dai theo dung 
chuan ciia cac bd hoat ddng tren tuyen th 
tin. 

Ket qua thu dirge nhu sau: 

• He sd khuech dai ciia bd khuich ( 
G = 20 - 26 dB 

• Thdng so tap am ciia bp khuech da 
< NF < 7 dB 

• Cdng suat ra bao hoa ciia tin h 
khuech dai: 10 dBm > P̂ ,̂ > 4 dBi 

• Dp dn djnh cua bp khuich dai qua 
theo cdng suat AP < -30 dB 

3.2. Che tao khuech dai quang sol EDF 
vdi ndng do Er cao (NE,>2000ppm) 

Xu hudng ehl tao eac bp EDFA nhd gc 
va tiln tdi ehl tao cacbp khuich dai quar 
tich phan dang mang din sdng dang la hudr 
nghien ciru chii ylu cua cac phdn^ thi nghiei 
thdng tin quang tren thi gidi. De giam chii 
dai buong khuech dai quan^, dieu can thiet I 
phai tang nong dp cac ion dat hilm trong thu 
tinh. Khi tang ndng dp pha tap dat hilm tron' 
thuy tinh, cac hieu irng tu dam (clustering) s. 
tang theo va dan tdi qua trinh dap tit phat x; 
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quang ho îc qua trinh hap thu tren mire kich 
thich (excited state absorption-ESA) sinh ra 
phat X9 chuyin doi ngugc (Up-conversion 
emision). Cae hieu irng neu tren gay bat Igi 
cho khuich dai quang trong viing hdng ngoai 
1550nm nhu: gay them tap am cho tin hieu, 
giam h? sd tang ich, tang do bat dn djnh ve 
nhi?t trong vung khuech dai.... Tuy nhien, cac 
nghien ciru gan day cho thay khi pha tap them 
AI2O3 vdi ndng do thich hgp vao SiO? va lua 
chpn cdng nghe che tao thuy tinh thich hgp 
(Sol-gel chang han), chiing ta cd the han che 
cac hieu irng bat Igi ciia sgi quang pha tap dat 
hilm ndng dp cao. Cac nghien ciiu ciia chiing 
toi tap trung vao khao sat cac bp khuech dai 
quang sgi pha tap Er vdi ndng do > 2000 ppm 
song song vdi khao sat thuy tinh pha tap dat 
hiem Er, Nd, Pr... ndng do cao che tao bang 
ky thuat Sol-gel dang tien hanh tai Vien Khoa 
hpc Vat lieu. Sgi quang pha tap ndng do cao 
la sgi quang don mot tieu chuan vdi cau triic 
9/125 micron, pha tap Er trong loi sgi dudng 
kinh 2 niicron vdi ndng dp ion Er > 2500 
ppm. Hap thu quang tai buoc sdng 1550 nm 
khi khdng cd bom la 12 dB/met (so vdi loai 
sgi pha tap ndng dp thap < 1000 ppm chi la 
4dB/met). Ngudn bom cho khuech dai quang 
sgi la laser ban dan don mdt phat xa d bude 
sdng 980 nm vdi cdng suat quang ra thay ddi 
dugc tir 0 den 150 mW. Cac ket qua bude dau 
cho thay, chi can sgi quang dp dai 2 - 2,5 met, 
bom bang bude sdng 980 nm vdi cdng suat 80 
mW, h? so khuech dai quang dii dat ngang vdi 
EDFA ndng dp thap cd dp dai 12 met va bam 
vdi cdng suit 100 mW. 

Dp dai tdi uu ciia sgi quang pha tap Er = 
2500 ppm de che tao khuech dai quang dugc 
lya chgn trong khoang 1 ,8 -6 met vdi cdng 
suat bam 35-150 mW tai birdc sdng 980 nm. 

Ket qua thu dugc nhu sau: 

• He so khuech dai : G > 30 dB 

• Cdng suat quang ra bao hoa Pra > 17 
dBm( >50 mW) 

• Thdng so tap am NF =3,4 - 4,5 dB 
vdi EDFA cd dg dai 6 m. 

Day la mpt ket qua rat ed y nghTa ve mat 
cdng nghe che t p khuech dai quang sgi dap 
irng dugc yeu cau ciia mang thdng tin quang 
hi^n dai. 

3.3. Khao sat tap am ciia khuech dai quan; 

Tap am (Noise figure) eua bd khuich d; 
quang sgi la mdt thdng sd rat quan trgng tror 
viec su dung khuech dai quang trong he thon 
thdng tin quang. Tap am cua khuich d: 
quang tinh theo decibel dugc xac djnh bin 
bieu thuc sau: 

NF ( dB ) = 10 logio (Pasc / hvGBo + 1/C 
(V) 

trong do Pase la cdng suat phat xa huyn 
quang ty phat khuech dai (ASE) ra khdi b 
khuech dai trong bang tan Bo, h la hang s 
Plank, V la tan sd quang cua tin hieu va G 1 
he sd khuech dai ciia bd khuech dai [2]. Cdn 
suat ASE trong bang tan Bo rat khd do try 
tiep do nd nam ngay trong tin hieu quan 
dugc khuech dai, vi vay chiing tdi da sir dyn 
phuang phap lam phang dudng cong ASE v 
tinh tmng binh gia trj tin hieu nay. Phuan 
phap nay rat tien Igi la chi can mdt thiet bj d 
phd quang (Optical Spectrum Analyzer 
OS A) cd the xac djnh kha chinh xac NF eii 
bd khuech dai, hon nua phuofig phap nay c 
the sir dung ngay trong tuyen thdng tin quan 
dang hoat dpng. 

Cac ket qua nghien cuu cho thay, tap am cii 
cac bp khuech dai phy thupc vao bang ta 
khuich dai tai cac bude sdng trung tam 153' 
nm va 1560 nm do phd phat xa ASE cu 
khuich dai quang sgi khdng ddng deu tron 
viing 1525-1580 nm. Ngoai ra, tap am ciia h< 
khuech dai cdn phy thupc vao cdng suat bar 
eua khuich dai, mac dii sy phu thupc na; 
khdng Idn. Thdng sd tap am cua bp khuecl 
dai bam ddng hudng vdi cdng suat ban 
khoang 80 mW tai bude song 980 nm, dp da 
sgi pha tap 16 met vdi ndng dp ion Er 80i 
ppm nim trong khoang 7-8 dB va phy thug 
vao tin sd tin hieu quang khuech dai. Vd 
EDFA cd ndng dp pha tap 2500 ppm va dp da 
6m, NF chi cdn 3,2-4 dB (xem hinh 1) 

3.4. Bang tan tang ich ciia khuech da 
quang pha tap Er nong do thap 

Cac nghien ciru ve tang ich ciia khuecl 
dai quang pha tap Er da che t^o cho thay 
bang tan khuich dai ciia thiet bj ed dp rpnj 
trong klioang 1525 - 1565 nm (40 nm) vdi hi 
cr> t 5 n o i/-li r l i A n h l."-̂ -l-i tiV ,'i'ini. i<;in ,t: 
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1560nm la 3 dB khi bam dat chi dp bao hoa. 
Hinh 2..a trinh bay phd ASE ciia cac bp 
khuech dai cd ndng dp pha tap va dp dai sgi 
khac nhau: dudng (a) cho EDFA cd nong do 
Er la 800 ppm va do dai 12 m; dudng (b) cho 

EDFA nong do 2500 ppm va dp dai 2 
dudng (c) cho EDFA ndng do 2500 pm 
dp dai 6 m. Pho ASE phii hgp vdi ban 
khuich dai cua thiet bj. 

- Gain o( EDFA 12m, SOOppm 
Noise Figure 

Input power (dBm) 

— Gain o( EDFA 6m 

- - Noise Figure 

input Power (dBm) 

a b 

Hinh 1. He so khuech dgi G vd thdng sd tap dm NF cua hai bd khuech dgi quang EDFAcd m 
do pha tgp Erbium khdc nhau: a) EDFA ndng do 800 ppm, do ddi sai 12 m cd thdng sd tgp i 

NF> 7.5 dB, G=22 dB; b) EDFA nong dg 2500 ppm, dd ddi sai 6 m cd thdng sd tap dm N 
=3,4 dB. G = 30dB. 

Thdng thudng xac djnh bang tan khuich vao tir hai laser tin hi#u khac nhau vdi cc 
dai tir phd ASE khi ta tinh cdng suat PASE 

giam di mgt nira ( -3dB). Thyc nghiem cho 
kit qua vdi ndng do Er tang, bang tan khuech 
dai cua EDFA md rgng ve viing sdng dai. 
Hinh 2.b trinh bay phd khuech dai tin hieu 
quang ciia bd EDFA cd ndng dp Er =2500 
ppm va dp dai 6m khi cdng suat tin hieu loi 

suat quang loi vao Pjn = -7 dBm. Khi gl 
nhieu bude sdng mang thdng tin trong : 
quang (ky thuat WDM - Wavelength Divisi 
Multiplexing) cac tin hieu quang se du 
khuich dai ddng thdi va de cung d p na 
lugng dii, ehl dg bom can dat bao hoa tro; 
toan sgi pha tap [6]. 
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c) Spectrum ASE of EDFA 6m 2S00ppm 

.̂ ^ 

• — . . . ^ \ - --. \ 

\ 

1530 1540 1550 15G0 

VVavetength (nm) 

1550 1560 1570 

Wavelength (nm) 

Hinh 2. Phd ASE eiia aic bd EDFA vdi ndng dd Er khdc nhau bam bang buoc .s,hi<' %o nm 
cdng suat 100 iiilVui) va lin hieu quang duac khuech dgi trong EDFA cd ndng do Er^2500ppm 

vu do ilJ! sai Id 6 met. 
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4 NGHIEN ClTU CHE TAO VA KHAO 
SAT KWJtCH DAI QUANG BAN DAN 
(SOA) 

Khuech dai quang ban din dya tren 
nguyen ly khuich dai anh sang bang hieu irng 
phat x? cu&ng buc Einstein trong ban dan cd 
cau true chuyin tilp p-n. SOA cd cau true 
giong nhu laser ban dan khdng ed budng cdng 
hudng, vi v$y che tao SOA thudng siir dung 
chip laser ban dan cd phu mang chdng phan 
xa tren hai guang phan xa cua buong cdng 
hudng. Chat lugng cua SOA sdng chay phu 
thugc rit nhieu vao he sd phan xa d hai mat. 
Cac SOA chit lugng tot thudng ddi hdi sy 

phan xa d hai mat rit thip (R< 10^)[6]. Vi 
cac chip ban dan thdng thudng hf so phan x 
CO hiiu d eac be mat kha Idn (R ~ 32%). Chin 
vi vay de cd the ehl tao cac SOA ta phai til 
hanh chdng phan xa cho cac be mat nay. K 
thuat chdng phan xa thudng dugc dung hie 
nay la 1^ thuat phu mang nhieu ldp vdi ca 
chiet suat khac nhau. Gia sir cd mdt chat ba 
dan cd chiet suat n̂ c va chieu day d dugc ph 
nhieu Idp nhu tren hinh 4. Ldp thir r cd chit 
suat n, va dp day d,. anh sang bude sdng Go c 
tdi b§ mat vdi gdc tdi 9. Khi dd mien phii d 
ldp nay dugc dac trung bdi phuang trinh m 
tran: 

\ '̂ / L 1 \ "^"n<>'r cos^v yj \ ' t e c ; (8) 

Trong dd: S^ = 
iTtrj^d^ cos(^) 

1 la do day pha, ta dat rj.,.^ = n 1—^ cos(^) , 

va ITM 

e C 
-^ / cos(^) . Vdi Y = — ta thu duac he sd phan x?i: 

n.ir + y 
va 

4n. 
(9) 

NIU phu mang dan ldp, phuang trinh ma va de thay rf/ = 178 nm ddi vdi bude sdng Og = 
tr§n tren dugc tinh rit dl dang. Vdi moi chit 1310 nm). Tuy nhien vdi ky thuat phii manj 
ban din (vi du nhu GaAs ed nsc=3.4) thi chilt dan ldp nay thi he so phan xa chi bSng 0 vd 

suit chit phu dugc tinh «, = V « ^ = 1>84 ^udc sdng d= d„ va gdc tdi 9 =0. 

Hinh 3: Cau trite mdng phii nhiiu lap len mdt chdt bdn ddn chiet sudt n^c, chieu ddy di 

Vdi ky thu^t phu mang siir dung cae ldp phii mang nay kit hgp vdi che tao cac mat 
phii chong phan xa TiOj/SiOz thi gia trj cua R nghieng Brewster (7") thi cd thi giam sy phan 
cd the d<it dugc 10*. Nlu su dyng ky thuat xa cac mat xudng gan nhu bang 0. Chung tdi 
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da tien hanh phu mang chdng phan xa cau true 
2 ldp Ti02/Si02 sir dung ky thuat bde hai 
bang chum dien tu trong chan khdng cd trg 
giiip bang chiim plasma. Mang dien mdi che 
tao bang phuang phap bde hai chan khdng 
bang chiim difn tiir cd trg giup bang plasma cd 
dp ben cao han han cae mang che tao bang 
cac phucmg phap khac. Ket qua thu dugc da 
giam he sd phan xa tren vat lieu InP-InGaAsP 
xudng cdn 2.10"''. Tuy nhien chat lugng mang 
chdng phan xa che tao trong nude chua dap 
unp dugc yeu cau cua bd khuech dai SOA 
chat lugng cao. 

Hinh 4 trinh bay dac trung ASE v 
hieu Idi ra cua hai khuech dai SOA 
sdng chay che tao tai Viet nam tren c. 
ban dan InP-InGaAsP cd mang chdng | 
xa hai ldp Si02/Ti02 vdi cdng suat tin 
Idi vao P,„ = - 21 dBm. Bang tan khuech 
cua SOA tai vimg sdngl550nm la 30 nm 
bude sdng trung tam la 1540 nm. Thdni 
tap am NF do dugc la 7 dB vdi tin hieu 
vao trong khoang -16 dBm den -24 dBn 
cdng suit loi ra bao hoa ciia khuech 
SOA la 4 dBm. 

^•««« 

•-'Wz 

Hinh 4: Phd ASE vd tin hieu khuech dgi cita SOA kieu sdng ciiay InP-InGaAsP cd h4 sd khuech dg, 
G=20 dB, NF= 7 dB. Ben trdi: Hi so phdn xg 2.10'^, ben phdi: he sd phdn xg 6.10^ 

Chiing tdi cd nhan xet khuech dai SOA cd thdng so tap am NF Idn (7 dB) va cdng suit 1 
ra tuang doi nhd (<4 dBm) so vdi EDFA. Tuy nhien SOA la linh kien rat nhd ggn va dl bao ti 
Ngudn nudi cho bg SOA cung gidng nhu ngudn nudi cho laser bam cua EDFA vdi dp chinh x. 
ve ddng bom < 1% ddng nudi va chinh xac ve nhiet dp de laser <0,2°C. 

Cac bp khuich dai quang EDFA va SOA trong vimg sdng 1300 nm va 1550 nm ehl ta 
trong khudn khd de tai KC-01-22 va de tai d p bd tien hanh trong thdi gian 2001-2005 da duo 
thir nghiem truyen WDM 2 bude sdng tai Phdng thi nghiem thdng tin quang sgi va t̂ i Trun 
tam thdng tin cdng nghe cao Bd qudc phdng. 

Hinh 5. Khuich dgi quang EDFA vd SOA che tgo tgi Viet nam trong khudn khd 
di tdi KC-01-22 
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5.ld:TLUAN 

Che t?o khuich dai quang tren ca sd sgi 
quang pha tap dit hilm va vat lieu ban dan da 
bat dau dugc phat triin tai Vict nam. Cac kit 
qua nghien ciru ehl tao EDFA va SOA vdi 
cic thdng so tang ich G>20 dB, tap am 
NF<7dB va cd dp dn djnh cao ve nhiet dp va 
cdng suit ra bao hoa cho thay eac bd khuech 
d?i nay cd thi sir dung trong ciic tuyen thdng 
tin quang dp dai trung binh ( L < 500 Km) va 
dung lugng vira ( 2,5 Gbp/s). Ket qua nghien 
ciru ve tao mang chdng phan xa cau true 2 ldp 
tren vat lieu InP-lnGaAsP, ve hap thu va phat 
x? laser nglu nhien ciia sgi quang pha tap Er 
nong dp cao cd y nghTa ve khoa hpc ca ban va 
rat cd ich cho viec thiet ke che tao khuech dai 
quang. 

Loi cam on: Tap the tac gia xin chan 
thanh cam on Chuang trinh KC-01, Vien 
KH&CNVN da cho phep lap the nghien ciru 
thyc hien 01 de tai cap Nha nude va 02 de tai 
nghien cuu trien khai cap Bd (2000-2002 va 
2002-2003) de hoan thanh cdng trinh nghien 
cii'u nay. Chung tdi xin chan thiinh cam on Gs. 
Roberto Coisson thupc Dai hgc Parma Italia 
da giup dd chiing tdi mdt sd vat tu quy hiem 
de thuc hien de lai nay. 
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Id Phdn vien trudng Phdn vien Quang hgc, Quang 
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