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CHE TAO VA KHAO SAT KHUECH PAI QUANG SU DUNG
TRONG HE THONG THONG TIN QUANG SOI

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

Pham Vin Héi, Ding Xuan Cy, Ha Xuin Vinh, Pham Héng Tuin

Tom tit

Bai bdo nay trinh bay cdc két qua nghién ciru ché tao va khdo sat thuc nghiém cdc bo
khuéch dai quang soi pha tap dat hiém (EDFA) va khuéch dai quang ban dan(SOA) Sau
cdc phan gidi thiéu chung vé nguyén ly khuéch dai quang va cdc tinh todn théng sé cia
khuéch dai quang, chiing (6i trinh bay cdc két qua khdo sat thuc nghiém cdc bg khuéch dai
quang da ché tao. Cdc bo khuéch dai quang soi pha tap Er véi nong dé >2500ppm cho hé
6 khuéch dai G>30dB, thong sé tap dm NF<4.5 dB, bing thong khuéch dai AA> 40 nm
va cong sudt ra bdo hoa P > 1S dBm trong khi d6 khuéch dai quang bdn ddn cho 25dB>
G > 20 dB, NF>7dB, bang théng khuéch dai AX< 30 nm va P*'< 4,5 dBm. P on dinh
theo nhiét do méi truomg va nhiéu do phan xa quang cia EDFA tét hon rit nhiéu so voi
SOA. Cdc bg khuéch dai nay hoan toan ddp ing cdc tiéu chudn cia ITU cho mang truyén
théng cap quang WDM.

Tir khoa: K/mech dai quang soi EDFA, khuéch dai quang ban din SOA, Soi quang pha
tap ion ddt hiém nong dé 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 (Ng,>2500ppm) and SOA based on InGaAsP with TiOy/SiO;
antireflection 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.
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1.MO DAU

Cong nghé ché tao vt liéu quang tir da c6
nhirng thanh tyu ndi bat trong thdp nién vira
qua da cho phép ché tao rat nhicu linh kién va
thiét bj quang tir kiéu méi va muc tiéu ing
dung déu tién cua ching 1a hé théng théng tin
quang soi. Dién hinh cua sy ang dung nhanh
cac két | qua nghién cdu tr phong thi nghiém ra

thyc ticn la cac b khuyceh dai b()l quang pha
tnn A4 hibmae vl 1OQ7 LA~ LA, s b, NN

dai quang cua nguyén t6 Erbium trong thuy
tinh SiO, tai vung budc song 1530-1570 nnr
duoc khing dinh trong phong thi nghiém th
dén nam 1990 da c6 nhimg b khuyéch dai s¢
quang pha tap Erbium (EDFA) trong dai song
1550 nm dua vao si dung trong céc tuyér
truyén thong cap quang duong truc, va dér
nay EDFA la mét thanh phan khong thé thiéu
cla cic mang truyén thong cdp quang trér
toan thé idi. Khi ¢é cac bo EDIFA hoat dény
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on djnh trong mang cap quang, mét cong nghé
truyén théng quang mai da dugc hinh thanh 1a
cong nghé ghép nhiéu budc séng quang mang
théng tin trong mdt sgi quang (WDM) [1].
Khuéch dai quang s¢i pha tap dat hiém c6
nhiéu wu diém ndi bat, tuy nhién ching ciing
c6 mdt sé nhuge diém nhét dinh nhu: kich
thudc cong kénh, cac linh kién quang sgi dé
gay trong khi van hanh... Vi vy gan day viéc
nghién ciru EDFA c¢6 xu huéng giam do dai
soi pha tap va tién téi ché tao khuéch dai
quang trong mang dan séng (EDWA) ¢6 kich
thudc c& vai centimét. Viéc phat trién khuéch
dai quang loai mdi can phai nghién ciru cac
tinh chét vat ly cua vét li¢u thuy tinh pha tap
nong d6 cao va cac cau hinh khuéch dai quang
pht hogp. Gan (ddy, cac nghién ciru ché tao va
ing dung khuéch dai quang trén co s6 ban dan
(SOA) dang phat tncn do cac uu diém ve kich
thudc va de phat trién mach quang t5 hop.

Phai noi rang SOA da dugc nghién ciru tir
nhirng nim 70 cua thé ky XX, tuy nhién véi
trinh d§ cong nghé ché tao lic d6 SOA ¢o
nhiéu nhugce didm khé khic phuc nhu: hé so
tang ich thap ( G<16 dB), thong sb tap am NF
kha cao ( NF>10dB) va cong suat ra khéng 6n
dinh, vi vay ching da khong dugc dua vao su
dung trong tuyén théng tin quang khi da c¢o
EDFA. Hién nay céng nghé ché tao _mang
mong chéng phan xa da dat trinh do rat cao,

¢ thé kiém soat dugc dé diy mang dén g
nanomét, vi vay viéc ché tao SOA di co tién
bd rat Iém, cac bd SOA hién nay di cé bang
tin khuéch dai quang Ién hon 30 nm, hé sé
khuéch dai G>20dB va thong so tap am NF da
giam xudng dudi 7dB.

Trong bai nay ching td1 trinh bay mét s0
két qua nghién clru ché tao va khao sat ng
dung khuéch dai quang soi pha tap Er (EDFA)
va khuech dai quang ban dan (SOA) trong
tuyen thong tin quang. N§i dung cua bai nay
gom hai phan nghién ciru ché tao EDFA véi
cac néng do ion Er khac nhau va nghién ctu
ché tao va khao sat SOA trong vung 1300nm
-~ 1550 nm nham rng dung trong mang thong
tin cap quang Két qua trinh bay trong b'u nay
thudc de ta nghxcn cuu trien khai cap nha
nude KC-01-22 va cép Vién KH&CNVN
trong thai gian 2002-2005.

2. Cic loai khuéch dai quang sir
trong tuyén théng tin quang

Hién nay da c6 hai loai khuéch dai g
truc tiép, thir nhat la khuéch dai quang
soi quang pha tap cac ion dét hiém (I
Earth Dopcd Fiber Amplifier: REDFA) Vi
hai 14 khuéch dai quang bang ban
(Semiconductor Optical Amplifier: S
M3i loai khuéch dai quang co uu dién
nhugc diém nhat dinh. Ching ta c6 thé ¢
qua cac uu diém va nhuoc diém cua cac
khuéch dai quang nhu sau:

* Khuech dai quang sgi REDFA ¢¢
diém rat r5 rang 1a hoat dong 6n dinh tr
mang cap quang véi thong sO tap am t
(NF<5dB) hé so khuéch dai cao (G> 30 ¢
ghép ndi dé rang vdi cac linh kién quang
va dic biét hiru ich trong mang thong
quang ghép nhiéu budc song (WDM) do
khuéch dai quang khi rong (AA> 30 n
Chinh nho ¢ khuéch dai quang soi ma c¢
nghé truyén da budc song da duge phat tr
rat nhanh trong thap nién vira qua. Céng ng
truyén da budc song WDM trén mot
quang da mang lai hiéu qua rat 16n trong ¢
mang truyén thong cap quang nhu: ting du
lugng cua duong truyén thdng tin Ién d
Terabit/giay trong mét tuyén thong tin quai
ma khong phai dau tu thém dudng truyén da
ghcp tach cac kénh thong tin quang hoan to:
bang cac linh kién quang do dé6 giam tap ar
giam thiét bi quan ly mang va giam chj p.
cho bao dudng thiét bi trén tuyén.

Nhuoc diém co ban cua khuéch dai quan
sgi pha tap ion dét hiém I3 khoéng phu he
viing séng tir 1250 dén 1650 nm. Soi quan
SiO, pha tap dat hiém chi co thé sy dung d
khuéch dai quang trong vung song 1525-165:
nm khi pha tap Erbium. Sgi quang thuy tinl

“nang” ZBLAN pha tap Praseodym khuéc|
dai buoc song 1320 — 1350 nm, tuy nhién dq
han ndi hai loai thuy tinh c6 nhigt dg
chay khac nhau (SiO; c6 nhiét dp nong chay
1800°C, ZBLAN c¢6 nhiét dé nong chay
850" C) chua thuc hién dugc. Ching ta chua
tim thay ion pha tap nao lrong thuy tinh SiO,
c6 thé khuéch dai quang ¢ ving séng 1350-
1525 nm. Tuy da c6 hiéu (ng khuéch dai anh

Q non,g
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séng trong SO’I quang theo nz,uycn Iy tan Xxa
Raman va Brillouin kich thich ¢c6 thé khuéch
dai quang trong dai phd nay, nhung hiéu irng
khuéch dai can c6 nguén bom rat lon vao
trong sgi quang dai hang chuc kil6-mét va do
dn dinh ciing chua duoc cai thi¢n, do do6 dén
nay cac by khuéch dai nay sir dung rat han ché
trong tuyen thong tin quang thyre. Nhuoc diém
thir hai cia khuéch dai quang soi 13 can do dai
sgi quang kha lon (vax mét dén vai chuc mét),
do d6 thiét bi kha cong kénh, kho tuong thich
véi cac mach quang td hop.

* Khuéch dai quang bang ban dan (SOA)
trén nguyén ly song chay da dugc nghién ciru
tir nhitng nam 60 cia thé ky XX khi hé théng
thong tin quang moi bat dau phat trién. Tuy
nhién han ché Ion nhit coa I\hucch dai quang
ban dan la do tap am lén va do én dinh thap
so v6i khuéch dai quang soi. Thong sb tap am
cao ( NF > 10 dB) va 6n dinh thip co nguyén
nhéan tir nguyén ly khuéch dai song chay trong
viing hoat tinh cua ban dan. Vi ly do trén nén
khuéch dai quang ban dan rit it dua vao sir
dung trong tuyén thong tin quang trong thoi
gian qua. Khi ky thuat DWDM phat trién, con
ngudi mudn st dung tit ca cic budc song
trong dai 1250 — 1700 nm la dai c6 hé s6 suy
hao quang va cé tan sic thip cua sgi quang
Si0,. Cac ion dét hiém khéng thé khuéch dai
quang trong dai song 1350-1525 nm, do do
cac nha nghién ciru cb ging cai thién cac
thong sb cia khuéch dai quang ban dan dé sir
dung trong cac budc song nay. Uu diém ndi
bat cta khuéch dai quang ban dan la c6 thé
ché tao cac méi truong khuéch dai quang bang
vat liéu ban din tai bat ky budc séng nao
trong ving 1000 — 1700 nm. Uu diém thi hai
cta khuéch dai quang ban dfm la Kich thudc
nho gon (1 X 0,07 x 0,05 mm ) do do lal dé
dang phat trién thanh cac mach quang td hop
kich thuéc nho gon va diéu khién don gian.
Trong nhirng nim Qﬁn day, sé luong cac cong
trinh nghién ciru vé khuéch dai quang ban dan
tdng rat nhanh do céac nguy<n nhan sau: cong
ngh¢ che‘lao vat licu ban dan dd ¢o buoc ticn
rat 16n ve huong vi mo (ban dan giéng luong
tr, day hrong wr. Kich thude nane ) va ¢o
cac tinh chit que me Vet rdi hon Bian e v it

li€u cii; cong nghé ché tao linh kién ban da
da rat hoan thién vgi do chinh xac cuc cao d
do chat lugng linh kién da c6 budc tién nha
vot; nhu cau md rong viing khuéch dai quan
cho cac vung séng chua sir dung tang vot; k
ngh¢ quang t6 hop ngay cang phat trién va d
cé rat nhiéu linh kién quang dugc tb horp tron
mot mach kich thude nho. Trong thoi gian to
huéng phat trién cac bé phat quang va khuéc
dai quang sé€ co xu huéng giam kich thuéc v
dé diéu khién. Mot ‘nhugc diém cta khuéc

~dai quang ban dan cin dugc xem xét 1a bin

tan khuech dai cua vang hoat tinh ban dan ph
tap c¢6 dinh khong dong déu trong dai 30 nm
70 nm, tuy nhién nhuoc diém ndy sé dug
khac phuc khi cong nghé quang té hop dug
phat trién.

Khuéch dai anh sang truc tiép bang phé
xa cudng buc trong moi truong dao mat do ¢
co ché vat ly gidng nhu laser, tuy nhié
khuéch dai quang khong yéu cau ¢6 phan hé
quang bang guong phan xa trong bo cn:
hudng nhur laser. Dé c6 trang thai dao mat d
phan bo trong moi trudng khuéch dai, ta luds
luén can c6 cac nguon bom (quang hoa
di¢n). Cac thong so quan trong nhat cu
khuéch dai la: Hé sb khuéch dai G, bang tar
khuéch dai Av ( hodc AA ), théng ) tap an
NF ( Noise Figure) va cong suit ra bio hoa P
cua bd khuéch dai. Hé sb khuéch dai quan;
cua bd khuéch dai phu thuge vao tan sé (hod
budc séng) cua tin hiéu quang toi va cuong de
chum sang ndi tai cac vi tri trong bo khuécl
dai quang. Cong thirc dé tinh h¢ s6 khuéch da
G cua bd khuéch dai cho ca hai trudng ho
SOA va EDFA la:

Pra
P

trong do P,, 1a cong suit quann 16i ra cu:
khuéch dai va Py, la cdng suat quang di v
khuéch dai. Gia su L la d6 dai cia b khuecl
dai, hé sé khuéch dai G lién hé véi hé sb tan
ich g (w)bang bieu thirc:

G(w) = cxp[g(w)L] (2)

Trong thuc (& G (m) duge tinh bing dot
vi decibel (dB) theo cong thire:

G= (1

vao
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G ( dB) =10 loglo ( Pm / P\'pu) (3)

Biang tan khuéch dai Av, tai diém giira
cyc dai G(w) lién hé véi bang tan ting ich Av,
la:

trong d6 Gy = exp (goL). Cbdng suét ra
bao hoa ctia bd khuéeh dai P.,° dugc xdc dinh
khi G giam xubng 2 lin (3 dB) so véi Gy (G =
Go/2), ta co:

G, In(2
P:‘ = 0 ( )Ps
G,-2
trong do P, la cong suat bio hoa cuc dai
cua bg khuéch dai tinh theo ly thuyét.

Ty 1€ tin hiéu trén tap am SNR cua
khuéch dai quang dugc xac dinh théng qua
théng s6 tap am (Noise Figure - NF) thco
biéu thirc sau:

NF=(SNR)y,,/(SNR)r (6)

trong do SNR dugc tinh theo cong suét
dién dugc tao thanh bdi chuyén d6i tin hiéu
quang thanh dong dién. Nhin chung NF phu
thugc vao cac thong sb cua bo thu quang, dac
biét 1a tap 4m nhiét trong bd thu quang. Dé
don gian cho viéc phan tich NF cua bd thu
quang ly tudng, ta coi tap am shot la chu yéu
trong bd thu quang. Cac tinh toan ly thuyét
cho thay NF c¢6 gia tri nho nhét la 2 (3 dB), vi
vay két luan chung la: khuéch dai quang
khong cai thi¢n tap 4m cua tin hiéu, va tap am
noi chung sé tang lén 2 lan (3 dB) [8].

(4)

)

Cac thong s6 cua khuéch dai quang can
dugc khao sat trén thuc t€ do chung phu thudc
vao rat nhiéu yéu to cua ban than b khuéch
dai.

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

3.1. Ché tao khuéch dai quang s¢i pha tap
Er néng dd thiap (Ng,< 1060 ppm)

Cau hinh khuéch dai duoc lva chon la cau
hinh bom dong hudng hodc nguoc huong voi

budc song bom 980nm. S¢i quang pha
la soi quang don mot tl.éu chuz:an
micron) vi phan pha tap tai trung tam.
dan quang c6 duong kinh 2,5 der~1.4 n
Néng dé Erbium pha tap trong 61 soi
lwa chon trong khoang 500 — 1000 ppm,
Ja ty 1& pha tap 600 hodc 1000 nguy
erbium trér. mot triéu phan tir SiO,. Sqn'
pha tap nay hién dang sir dung rong r?il
cac bo khuéch dai quang trén tuyén thor
P dai cua sgi pha tap Er tir 10 mét d
mét dé khao sat hé s6 tang ich va taj
Laser bom c6 cong sudt cuc dai 120 m
budc séng 980 +/- 4nm va co thé diéu «
duogc cong suat phat xa thong qua dong
cho laser. Chung t6i da tap trung nghiér
ché tao cac bd dién tr nhu: bd cap don
kiém soat nhiét do cho laser bom véi do ¢
xac cao ( dong bom co sai s6 < 1%, nhi
dé laser diéu chinh duoc trong dai 10 - 4
véi do chinh  xac +/- 0,1°C), cac bd ch
thong s6 cong suat, dong bom, nhiét di
cong sudt ra ctia b khuéch dai theo ding
chuan cua cac bd hoat dong trén tuyén th
tin.

Két qua thu duge nhu sau:

e Heé sb khuéch dai cua bo khuéch «
G=20-26dB

e Thong sb tap am clia bd khuéch da
<NF <7dB

° Céng sudt ra bdo hoa cia tin h
khuéch dai: 10 dBm> P, >4 (B

e D¢ 6n dinh cia b khuéch dai qua
theo cong suat AP < -30 dB

3.2. Ché tao khuéch dai quang sgi EDF
véi nong dd Er cao (Ng,>2000ppm)

Xu hué‘ng,Ché tao cac by EDFA nho g
va tien t6i che tao cac bd khuéch daj quar
tich phan dang mang dan séng dang I3 hygp
nghién ciru ch yéu cia cac phong th nghié:
thong tin quang trén thé gidi. DE giam ohid
dai buong khuéch dai quang, diéu cin (hid, |
phai ting nong do céc ion dat hiém trong thu
tinh. Khi tdng nong d6 pha tap dit hiép, tron,
thuy tinh, cac hiéu ng tu dam (clustering) s
tang theo v dan t6i qua trinh d3p iy phat x
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quang hodc qua trinh hap thy trén mirc kich
thich (excited statc_absorption-ESA) sinh ra
phat xa chuyén déi nguoc (Up- conversion
emision). Cac hiéu ung néu trcn gay bat loi
cho khuéch dai quang trong viing héng ngoai
1550nm nhu: gdy thém tap dm cho tin hiu,
giam h¢ s6 tang ich, tang do bat on dinh veé
nhiét trong vung khuéch dai.... Tuy nhién, cac
nghién curu gan day cho thay khi pha tap thém
Al,0; v6i nong dd thich hop vao SiO; va lua
chon cong nghé ché tao thuy tinh thich hop
(Sol -gel ching han), ching ta c6 thé han ché
cac hiéu ung bt lgi cua soi quang pha tap dat
hiém ndng d6 cao. Cac ng,hlcn cuu cua ching
toi tdp trung vao khao sat cac bo khuéch dai
quang soi pha tap Er v&i ndng dé > 2000 ppm
song song v&i khao sat thuy tinh pha tap dat
hiém Er, Nd, Pr... néng do cao ché tao bang
ky thuat Sol-gcl dang tién hanh tai Vién Khoa
hoc Vat li€u. Soi quang pha tap ndng dd cao
la soi quang don mét tiéu chuan vé6i cau tric
9/125 micron, pha tap Er trong I0i sot duong
kinh 2 micron v&i nong d¢ ion Er > 2500
ppm. Hép thu quang tai buoc song 1550 nm
khi khéng c6 bom la 12 dB/m¢ét (so voi loai
soi pha tap nong dd thip < 1000 ppm chi la
4dB/mét). Ngudn bom cho khmch dai quang
soi la lascr ban dan don mol phat xa & budc
séng 980 nm v&i cong sudt quang ra thay doi
duoc tir 0 dén 150 mW Cac két qua bude dau
cho thay, chi cén soi quang d¢ dai 2 - 2,5 mét,
bom bang budc song 980 nin véi cong suat 80
mW, h¢ s6 khuéch dai quang di dat ngang voi
EDFA nong do thap co do dai 12 mét va bom
v&i cong suat 100 mW.

b¢ dai ton uu cua soi quang pha tap Er =
2500 ppm dé ché tao khuéch dai quang duoc
lva chon trong khoang 1,8 ~ 6 mét véi cong
suat bom 35- 150 mW tai budce séng 980 nm.

Két qua thu duoc nhu sau:
:G>30dB
o (ong suét quang ra bio hoa P, > 17
dBm( >50 mW)
e Thoéng sé tap 4m NF =34
vo1 EDFA ¢6 do dai 6 m.
bay la mét két qua rit co y nghia vé mat
cong nghé ché tao khuéch dai quang soi1 dap

ung dugc yéu cau cua mang thong tin quang
hién dai.

e Hé so khucch dai

- 45 dB

3.3. Khado st tap Am cia khuéch dai quan;

Tap 4m (Noise figure) cua by khuéch d;
quang s¢i 1a mot thong s6 rat quan trong tron
viéc sur dung khuéch dai quang trong hé thon
thong tin quang. Tap am cua khuéch d
quang tinh theo decibel duoc xéc dinh ban
bi€u thirc sau:

NF (dB ) =10 log,¢ (Pye / hvGB, + 1/C
(N

trong dé P, l1a cong sut phat xa huyn
quang tu phat khuéch dai (ASE) ra khoi b
khuéch dai trong bang tin B,, h 1a hang s
Plank, v la tan so quang cua tin hiéu va G |
hé s6 khuéch dai ctia bd khuéch dai [2]. Con
suat ASE trong bang tan B, rat kho do tru
tiép do nd nam ngay trong tin hiéu quan
dugc khuéch dai, vi vay chung t61 da su dun
phuong phap lam phang duong cong ASE v
tinh trung binh gia tri tin hiéu nay. Phuon
phap nay rat tién loi 1a chi can mot thiét bi d
pho quang (Optical Spectrum Analyzer
OSA) ¢6 thé xac dinh kha chinh xac NF cu
bd khuéch dai, hon nita phuong phap nay c
thé sir dung ngay trong tuyén thong tin quan
dang hoat déng.
Cac két qua ‘nghién cau cho thay, tap &m cu
cac bd khuéch dai phu thuéc vao bang th
khuéch dai tai cac budc song trung tam 153
nm va 1560 nm do phd phat xa ASE cu
khuech dai quang soi khong déng déu tron

vung 1525-1580 nm. Ngoai ra, tap am cua b
khuéch dai con phu thudc vao cong suét bon
cia khuéch dai, mdc du sy phu thugc na;
khong 16n. Thong sd tap am cla bd khuecl
dai bom dong huéng véi cong suat bon
khoang 80 mW tai budc song 980 nm, d¢ da
soi pha tap 16 mét vGi nong do ion Er 80
ppm nam trong khoang 7-8 dB va phu thud
vao tan sO tin hiéu quang khuéch dai. Vé
EDFA c¢6 ndng do pha tap 2500 ppm va d¢ da
6m, NF chi con 3,2-4 dB (xem hinh 1)

3.4. Biang tin ting ich cua khuéch da
quang pha tap Er nong do lhap

Cac nghién ctu vé tang ich cua khuécl
dai quang pha tap Er da ché tao cho thay
bang tan khuéch dai cua thiét bi co d ron;
trong khoang 1525 - 1565 nm (40 nm) voi he

cA tann oh ohdnh 1ach tr vain 182N A4
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1560nm 1a 3 dB khi bom dat ché d6 bio hoa. EDFA ndng dé 2500 ppm va d dai 2
Hinh 2.a trinh bay phd ASE cia cic bd dudng (c) che EDFA nong dé 2500 pm
khuéch dai c6 ndng dé pha tap va dé dai sgi  do dai 6 m. Phd ASE phu hop vGi ban
khac nhau: duong (a) cho EDFA ¢6 néng dd  khuéch dai cua thiét bi.

Er 1a 800 ppm va d6 dai 12 m; dudng (b) cho

= - —— 15 35 y — ——— %
..... ﬁa-in O::-EDFA 12m. 800ppm — Gain of EDFA6m
oise Tigure ~ - - Noise Figure
0 _ 30 4 CZ,
- g A e
g g g 2
£ & c c
3 | H 3 3
* % =1 8
154 L2
—T T T T T T T [ 20 T Y T T
-24 -2 -20 -18 -18 14 12 -20 -18 -16 14
Input power (dBm) tnput Power (dBm)
a b

Hinh 1. Hé 56 khuéch dai G va théng sé tap am NF cua hai bg khuéch dai quang EDFA c6 ne

do pha tap Erbium khac nhau: a) EDFA néng dé 800 ppm, do dai soi 12 m co Ihong 56 1ap «

NF>7,5dB, G=22dB; b) EDFA néng dj 2500 ppm, dé dai soi 6 m co thong so tap am N.
=3,4dB, G =30dB.

Théng thudng xac dinh bing tan khuéch  vao tir hai laser tin hiéu khac nhau véi ct
dai tir phd ASE khi ta tinh cong sudt P,ge sué! quang 16i vao P,, = -7 dBm. Khi gt
glam di mét nua ( -3dB). Thuc nghiém cho  nhi€u budc séng mang thong tin trong :
két qua vdi ndng d¢ Er tang, bing tin khuéch  quang (ky thuit WDM — Wavelength Divisi
dai cta EDFA m¢& rong vé vung song dai. Multlplexmg) cac tin hiéu quang s& du
Hinh 2.b trinh bay phd khpéch dai tin hiéu  khuéch dai dong thoi va dé cung cép ni
quang cua by EDFA c6 nong d6 Er =2500 lugng du, ché d6 bom cin dat bdo hoa tro:
ppm va do dai 6m khi cong suit tin hiéu 16i  toan soi pha tap [6].

204 18.3 dBm
3) Spectrum ASE of EDFA 12m 141 dBm )
0+ < b) Spectrum ASE of EDFA 2.5m 2500ppm 104 N ":'0'“ Microsphere taser
. ! h\ ¢) Spectrum ASE of EDFA 6m 2500ppm : rom DFB laser guoge
% R '
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E T AN z i
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394 AN o 30

* 40 -

-4
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1520 150 15i0 1550 1560 1570 168 1530 1540 1550 1560 1570 1580
Wavelength {nm) Wavelength (nm)
a b

Hinh 2. Pho ASE cua cdc bo EDFA voi n()nq do Er khdac nhau bom bung buge SOne 980 nm
cong suat 100 mWeay va tin hiéu gireng dige khuéceh dai troing EDFA co nong di ) 2500 ppm
et <l s da 6 mee



Ky yéu Hdi thao ICT.rda’06

Proceedings of ICT.rda'06. Hanoi May. 20-21, 200

4. NGHIEN CUU CHE TAO VA KHAO
SAT KHUECH DAI QUANG BAN DAN

(SOA)

Khuéch dai quang ban din dua trén
nguyén ly khuéch dai anh sang bang hiéu {mg
phat Xa cuorng bire Einstein trong ban dan co
cau tric chuyen tiép p-n. SOA ¢6 ciu tric
giong nhur laser ban din khong c6 budng cong
hudng, vi vay ché tao SOA thuong sir dung
chip laser ban dan c6 phu mang chong phan
xa trén hai guong phan xa clia budng cong
huong. Chat Iuong cia SOA song chay phy
thudc rat nhiéu vao hé so phan xa & hai mat.
Cac SOA chit luong tét thudng doi hoi sy

3 " cos d,
( C ) - [rnl ( in),8in o,

(isind;)/n;
cos 0,

va Ny =1
M,
D
R — (nmr )- Vé d’ - /10
n., +tY 4n,

Néu pht mang don 16p, phuong trinh ma
trdn trén dugc tinh rat dé dang. Vi mdi chat
ban dan (vi du nhu GaAs c6 n,=3.4) thi chiét

suat chét pha dugc tinh n, = \/n_n, =184

)

27n,d. cos(6) . g,
Trong dé: 9§, = P la d6 day pha, tadit7n,, =n
#((

phan xa ¢ hai mat rat thap (R< 107 )[6] V¢
cac chip ban dan théng thuomg hé sé phan x
¢b hiru & cac bé mit kha Ién (R~ 32%). Chin
vi vay dé c6 thé ché tao cac SOA ta phai tié
hanh chong phan xa cho cac bé mat nay. K
thuit chéng phan xa thuong duoc dung hié
nay la ky thuat phu mang nhiéu 16p voi ca
chiét suit khac nhau. Gia sir ¢6 mot chat ba
dan c6 chiét suit ng. va chiéu day d dugc ph
nhiéu I6p nhu trén hinh 4. Lép thir r c6 chié
suat n, va do day d.,. anh sang budc song 9, ¢
toi bé mat vai goc t6i 8. Khi do mién phu d
16p nay duge dac trung bdi phuong trinh m
tran:

1
sc

®)

C ,
2 /cos(@). Véi ¥ =— tathu dugc hé s6 phan xa:

®

va dé& thdy d, = 178 nm ddi v&i budc séng &, =
1310 nm). Tuy nhién v&i ky thuat phu mang
don 16p nay thi hé s6 phan xa chi bang 0 v&
budc séng 6= 0, va goc tdi 6 =0.

LN

/ n
L |dh

AN /
N

RN

Ng-

Hinh 3: Cdu triic mang phii nhiéu I6p 1én mét chdt ban dan chiét sudt ny,, chiéu day d;

Véi ky thuat phu mang str dung cac 1op
pha chong phan xa TIO?/SIOZ thi gia trj cua R
cd thé dat dugc 107, Néu su dung kv thuat

phu mang nay két hop voi ché tao cac mat
nghiéng Brewster (7 ) thi c6 thé giam su phan
xa cac mat xudng gin nhu bing 0. Chung t6i
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da tién hanh phi mang chdng phan xa cu tric
2 16p TiOy/SiO, sir dung ky thuat béc hai
bang chim dién tur trong chan khoéng cé trg
giup bang chum plasma. Mang dién méi ché
tao bing phuong phap béc hoi chan khéng
bang chum dién tir ¢6 trg gihp bang plasma c6
d6 bén cao hon hin cac mang ché tao bang
cac phuong phap khac. Két qua thu duoc da
giam hé 56 phan xa trén vat liéu InP-InGaAsP
Xuong con 2. 107, Tuy nhién chit lugng mang
chdng phan xa ché tao trong nudc chua dap
l'mg dugc yéu cau cia bd khuéch dai SOA
chat lugng cao.

Hinh 4 trinh bay dac trung ASE v
hiéu (i ra cha hai khuéch dai SOA
song chay ché tao tai Viét nam trén ¢
ban din InP-InGaAsP c6 mang chong i
xa hai 16p Si0,/TiO; v6i cong sudt tin
16i vao P,, = - 21 dBm. Bang tan khuéch
ctia SOA tai ving séngl550nm la 30 nm
budc song trung tam la 1540 nm. Thon;
tap am NF do dugc 1a 7 dB véi tin hiéu
vdo trong khoang - -16 dBm dén -24 dBrr
cong suat 16i ra bdo hoa cua khuéch
SOA 1a 4 dBm.

Hinh 4: Phé ASE va tin higu khuéch dai ciia SOA kiéu séng chay InP-InGaAsP c6 hé sé khuéch da.
G=20dB, NF=7 dB. Bén trdi: H¢ sé phan xa 2.10°, bén phai: hé s6 phan xa 6.10°

Chung t6i ¢6 nhan xét khuéch dal SOA c6 thong sb tap am NF lén (7 dB) va cong suit |
ra tuong d6i nho (<4 dBm) so voi EDFA. Tuy nhién SOA la linh kién rit nho gon va dé bao t
Nguon nudi cho bd SOA ciing gidng nhu nguon nudi cho laser bom cia EDFA véi d6 chinh x:
vé dong bom < 1% dong nudi va chinh xac vé nhiét d¢ dé laser <0, 2°C.

Cic bd khuéch dai quang EDFA va SOA trong ving song 1300 nm va 1550 nm ché ta
trong khuon khé de tai KC-01-22 va dé 1ai cdp bd tién hanh trong thai gian 2001-2005 da dug
thir nghi¢m truyen WDM 2 budc song tai Phong thi nghiém thong tin quang sgi va tai Trun

tam thong tin cong nghé cao B6 quoc phong.

Hinh S. Khuéch dai quang EDFA va SOA ché tao tai Viét nam trong khugn khé
dé tai KC-01-22
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5. KET LUAN

Ché tao khuéch dai quang trén co s& soi
quan pha tap dat hlem va vit licu ban dan da
bat dau dugc phat trlen tai Vit nam. Cac két
qua nghién cuu ché tao EDFA va SOA vdi
chc thong sb tang ich G>20 dB, tap am
NF<7dB va ¢6 dd 6n dinh cao vé nhiét do va
cong suét ra bio hoa cho thiy cac bd khuéch
dai nay co thé st dung trong cic tuyén thong
tin quang do dai trung binh (L < 500 Km) va
dung luomg vira ( 2,5 Gbp/s). Kct qua nghién
ciru vé tao mang chéng phan xa cau trac 2 16p
trén vat Ileu InP-InGaAsP, vé hap thu va phat
xa laser ngau nhién cua sgi quang pha tap Er
nong do cao co y nghia vé khoa hoc co ban va
rht ¢6 ich cho viéc thiét ké ché tao khuéceh dai
quang.

Loi cam on: Tap thé tic gia xin chan
thanh cam on Chuong trinh KC-01, Vién
KH&CNVN di cho phép tap thé nghién ctru
thuc hién 01 dé tai cdp Nha nudc va 02 dé tai
nghién ctu trién khai cip Bo (2000-2002 va
2002-2003) d¢ hoan thanh céng trinh nghién
ctu nay. Chuang t6i xin chin thinh cam on Gs.
Roberto Coisson thudc Pai hoc Parma ltalia
da gitp d& chang t6i mot sb vat tu quy hiém
dé thuc hién dé tai nay.
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