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TINH TOAN PQ NHAY THU CUA TUYEN THONG TIN QUANG M-QAM
CO SU DUNG KHUECH PAI QUANG
INVESTIGATION OF RECEIVER SENSITIVITY OF M-QAM OPTICAL COMMUNICATION
LINKS WITH OPTICAL AMPLIFIER

Lé Trung Thanh Tran Pirc Hin, P6 Dinh Hung, Nguyén Duy Huyén
Truwong Dai hoc GTVT Ha Noi Truong Dai hoc Bach khoa Ha Ngi
TOM TAT

Bai bao dé xuat phurong phap phan tich, tinh toan, thiét ké hé thong truyén dan quang M-QAM,
mot céng nghé méi dang dwgc quan tam hién nay. Cac tham sb quan trong dnh huwéng dén chéat
luong truyén dan nhw cac ngudn tap 4m cia bé khuéch dai va bo tach séng quang da duoc phan tich,
déanh gia. D& xay dung phuong phdp tinh toan dé nhay thu quang cho hé théng M-QAM cé st dung
b6 khuéch dai quang soi EDFA nhuw b6 tién khuéch dai PA. Pa khdo sét dinh lwong suw phu thuéc cla
céng suét thu sau bo téch séng quang vao céc tham sé ctua hé théng nhw hé sé khuéch dai G, mirc
diéu ché M , hé sb tap &m NF, bang tan bé loc quang Bo, hé sb birc xa tw phat Nsp, ti sé 16i bit BER
va téc dé bit Rb...v.v. Két qua phan tich thu duoc sé la co sé& cho bai toén thiét ké hé théng M-QAM.
V&i cu ly truyén dén L km cung téc dé bit Rb ( Gbps ) va ti sé 16i bit BER.... cho truéc nguoi thiét ké
dé dang tinh toén xéac dinh duoc mét bé théng sé téi wu cho hé théng.

ABSTRACT

The purpose of this paper is to propose a method for analysis and calculation of M-QAM optical
transmission system, a technology that has been attracting much attention recently. A numbers of
noise sources such as noise from optical amplifier and from optical detector, which all have an
influence on the sensitivity and consequently an accurate estimation of the receiver sensitivity of the
system is analyzed... A calculation method of the receive sensitivity of M-QAM transmission system
using the optical fibre amplifier EDFA as PA is studied. The theory results are simulated on computer
using different parameters of the system such as: the gain G of EDFA, the NF of amplifier, the BER,
M-modulation level, band of optical filter Bo, bit rate Rb and spontaneous emission coefficient Nsp ...
The results of the analysis has applied to design the M-QAM transmission systems. With given
transmission distance L km, bit rate Rb and BER, a designer can calculate different parameters of the
system, to determine the optimal saturable gain of the amplifier.

I. PAT VAN PE II. PHUONG PHAP TiNH PO NHAY THU
. C £ 2 QUANG CUA TUYEN THONG TIN
b6 nhay thu quang la mét tham s6 rat

quan trong va can phai dugc tinh toan trong qua QUANG M-QAM

trinh thiét ké mot tuyén thong tin quang. Trong Gia sir by khuéch dai quang EDFA dugc
c4c tuyén thong tin quang truyén tin hiéu khoa sit dung lam tién khuéch dai (PA) trong hé
dong-mé (OOK:On-Off Keying), d6 nhay thu thong (hinh 1).

da dugc nghién ciru kha chi tiét trong mot s6

cong trinh [1.6.7]. Tuy nhién, trong hé thong EDFA

thong tin quang truyén tin hiéu M-QAM thi Bodea |B. P r=———1 Déugiii
chua co6 mot két qua nghién ctru chi tiét nao. oid Tacfuljla?; ¢ iy ché
Bai bao dé xuat phuong phap tinh toan do nhay 1‘

thu quang va cy ly truyén dan cua tuyén thong T bt Video

tin quang M-QAM. Céc két qua nay s& duoc M-0AM

md phong, danh gia va so sanh véi cac tham s6 ,

khac nhau cta hé théng cé st dung va khong st Hinh 1. Hé thong thong tin quang M-QAM

dung EDFA.
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Ty sb cong sudt song mang trén tap am
CNR sau tach song quang cua hé thong nay sé€
duoc tinh theo [2,3,4]:

2' 2
CNR :—0’5T =,
Gtotal

(1)

trong d6, m 1a chi sé diéu quang, I, 1a dong
photo sau tich song quang va o[, la tong
cong suat tap 4m sau tach song.

Pdng thoi, mdi quan hé gitta CNR va xéac
suat 101 bit BER cua tin hiéu M-QAM duoc
tinh theo [3]:
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trong do M=L? 14 s6 muirc diéu ché; E,,No
tuong Ung la nang lugng bit va mat do tap am;
Q(x) dugc xac dinh qua ham bu sai 16i:
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CNR., 12 ty s cong suit song mang trén
tap am trung binh sau tach séng quang [7]:
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trong d6 A; 1a bién do ctia diém tin hiéu
thr 1, Amax 1a bién d6 cuc dai.

Q(x) =

erfc(

Theo dinh nghia thi d6 nhay thu la cong
suét nho nhat co thé thu dugc tai mot gia tri xac
suét 15i bit BER nao d6 cua hé théng. Do vy,
ttr (1) d6 nhay thu tinh duogc la:
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trong do, Be, By 1a bang tan dién cua bo thu va
bang tan quang cua bd loc quang sau EDFA;
e.k,R,T 1an luot 1a dién tich electron, héng sb
Boltzman, dién tro tai tach song va nhiét do
tuyét ddi; Tase 12 dong pho6to tao ra do phat xa tu
tw phat duogc khuéch dai sau tach song,
IASE = ERPASE = Z‘Jinsphz)(G —1) BO PASE la
céng suit ciia phat xa tu phat duoc khuéch dai;

Ny h,v,G tu'ong (g 14 hé s6 phat xa, hang sb

Plank, tan s6 quang va h¢ s6 khuéch dai cua
EDFA.

Néu hé thong dung soi quang c6 hé sb
suy hao a(dB/km), thi khoang cich truyén
dan cua tuyén thong tin quang M-QAM duoc
tinh theo cong thic:

P, -P
L =—"—= [km] (5)
(94
& d6, Py 1a cong suat phat dua vao dau soi
quang va Py 1a 46 nhay thu quang.

1. MOT SO KET QUA MO PHONG

Nhu viy ta c6 nhan xét la @6 nhay thu
quang phu thudc vao nhidu tham s cia hé
thdng thong tin quang nhu: phu thudc vao hé s6
khuéch dai G cua bd khuéch dai quang, vao
bang tan cta bo loc quang, vao tdc do bit truyén
dan, vao dang diéu ché hay vao hé sb tap 4m
ctia bo khuéch dai quang,v.v... Do vy, trong
thiét ké tinh toan tuyen truyén dan quang M-
QAM c6 st dung khuéch dai quang ta can phai
nghién ctru sy phu thudc ciia d6 nhay thu va
khoang cach truyén dan vao cac tham sd khac
nhau cua hé¢ thong, dé tir 46 tim ra tap gia tri t6i
vu cac tham sb cua hé théng ma vin dam bao
chat lugng truyén tin. Véi muc dich do, trong
phan nay chiing t6i mé phong su phu thudc cua
do nhay thu quang va khoang cach truyén dan
clia tuyén vao mot s6 tham sb khac nhau cta hé
thong.

Trén hinh 2 1a két qua m6 phong cho su
phu thude ctia @6 nhay thu vao hé s6 khuéch dai
G cua EDFA voéi cac tbe do bit khac nhau va
cho hé théng diéu ché M-QAM co cac muc
didu ché M= 8, 16, 32 va 64 tuong mg. Cac
tham s6 duoc sir dung trong md phong nay 1a:

R=50Q), T=300°K, By=1GHz, A =1550nm,
m=0,2; R =0,8A/W x4c suét 15i bit BER=10~.
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Hinh 3. S@( phu thuoc cua do nhay thu vao G
voi bang tan quang va Ny, khac nhau

Két qua md phong cho thiy, d6 nhay thu
dat duogc gia tri cao khi gia tri cua h¢ s6 khuéch
dai G tang; tuy nhién no lai ty 1€ nghich voi tdc
d6 bit, khi tdc do bit ting thi d6 nhay thu bj
giam Xuéng. Do nhay thu dat duoc cac gia tri
cao nhu -50dBm, -49 dBm, -47dBm va -46 dBm
cho cac téc do bit 2,5 Gbls, 5 Gb/s, 7,5 Gb/s va
10 Gb/s. Bong thoi ta cling c6 nhan xét 1 gid tri
d6 nhay thu khong ting va dat dén bao hoa néu
nhu hé sé khuéch dai G cia EDFA ting qua
mot gia tri giéi han nao d6. Didu nay co thé
dugc giai thich nhu sau: khi G tang thi cong
sudt tin hiéu sau tach séng quang ting theo,
nhung khi d6 ciing 1am ting cc thanh phan tap
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am tac dong lén hé thdng, 1am cho tong cong
sut tap 4m sau tich song quang ciing ting theo.
Ty sb tin hiéu trén tap am cua h¢ théng, do do,
s& khong ting duoc nita va dat dén gia tri bio
hoa.

Su phu thudc ciia d6 nhay thu vao hé sb
khuéch dai G vé6i hé sb tap &m NF va bang tan
cua bd loc quang By khac nhau dugc moé phdng
trén hinh 3. Ta thdy rang, bing tan cta bd loc
quang By c6 anh huong rét it dén do nhay thu;
trong khi, hé s6 buc xa tu phat Ng, lai c6 dnh
huong lon dén gia tri cia do nhay thu. Vi du
dung phuong phap didu ché M=64, thi gia tri
cua do nhay thu s& giam gﬁn 2 dB khi Ng, tang
tir Ng;=1 dén gia tri Nop=1,26.

Rb = 10Gbss, BER=1-9
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Hinh 4. Su pl{u thu,éc cua do nhay thu vao NF
voi so mite dieu che khac nhau
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Hinh 5. Sw phu thuoc cua do nhay thu vao G va
voi M khac nhau

Ngoai ra, d§ nhay thu con phu thudc vao
cac tham s khac cia hé thdng nhu hé sb tap 4m
NF cua bd khuéch dai va sb mac didu ché M.
Hinh 4 va hinh 5 mé phong mdi quan hé giita
d6 nhay thu cua hé théng v6i NF cua bd khuéch
dai va véi hé s6 khuéch dai G khi hé thdng su
dung cac phuong phap diéu ché khac nhau. Két
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qua mo phong cho thiy gia tri ciia d6 nhay thu
s& giam nhanh khi NF ting, diéu nay la do khi
NF tang thi cac thanh ph?m tap am buc xa ty
phat duoc khuéch dai tang, lam giam ty sd tin
hi€u trén tap 4m sau tach song quang va anh
huéng manh dén do nhay thu. Vi du voi hé
thong 64-QAM nhu dugc chi ra trén hinh 4, tai
G = 25dB, gia tri cia d6 nhay thu dat duoc la -
46 dBm khi NF=4 dB; tuy nhién khi NF tang
dén 8 dB thi do nhay thu lac nay chi la -
42dBm. Mit khac, khi s6 mirc diéu ché tang thi
hiéu suat bang thong sé& ting nhung lai 1am cho
d6 nhay thu giam xudng nhu duoc chi ra trén
hinh 5; vi du tai M= 16 va G = 5dB gia tri do
nhay thu dat dugc -46,5 dBm; tuy nhién khi )
mirc didu ché M ting 1én dén 64 thi d nhay thu
lic nay chi dat -44dBm. Do do, khi thiét ké hé
thdng truyén tin hiéu M-QAM thi nha thiét ké
phai cén nhic tinh toan giita cic tham sb:
khoang cach truyén dan, d6 nhay thu quang, hé
s6 khuéch dai G va sb muc diéu ché duoc st
dung dé dam bao dwoc chét luong truyén din
yéu cau.
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Hinh 6. Moi quan hé giita khodng cdch tuyén va
G voi M=64

Rb=5 Gh/s

210 B
205}, 4
Rb=7.5Ghfs

Rb=10Gh/s
Lo @ TE L0 0-0-0-0-6-0-0-0-0-0 -

Khoang cach truyen dan L [kmn)

5 10 15 20 25
He 50 khuzch dai G[eB]

Hinh 7. Moi quan hé giita khodng cdch tuyén va
G voi M=256

Mot trong nhitng tham sé quan trong can
quan tam khi thiét k& tuyén la khoang cach
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truyén dan cua tuyén; boi voi mot khoang cach
tuyén truyén din cho trudc, nha thiét ké can
chon cac tham sd khac cta hé théng dé dam bao
dugc chat luong truyén tin yéu cau hay véi mot
tdp cac tham so cho trude thi ta can phai tinh
toan dugc xem 1a khoang cach truyén dan cuc
dai c6 thé dat dugc 1a bao nhiéu vi mot gi tri
BER cho trude. Trén hinh 6 va hinh 7 1a mbi
quan h¢ giira khoang cach truyén dan cta tuyén
va hé s6 khuéch dai G cua EDFA véi céc toc do
bit 2,5 Gb/s, 5 Gb/s, 7,5 Gb/s va 10 Gb/s tuong
tmg, két qua md phong cho hai hé théng 64-
QAM va 256- QAM, v6i BER =107, R& rang
khi toc d6 bit tang thi khoang cach truyén dan
clia tuyén s& bi giam xuong; vi du tai toc do bit
2,5 Gb/s, khoang cach truyen cuc dai co thé dat
duoc 225 km cho hé thong 64- QAM va 212
km cho hé thdng 256- QAM, tai G = 5dB; tuy
nhién khi téc do bit ting dén 10 Gb/s thi
khoang cach chi con 1a 210 km cho hé thdng
64-QAM va 195 km cho hé théng 256- QAM
v6i cung mot gia tri G nhu trén.

Ta thay rang, yéu cau vé ty 18 1i bit BER
ctia hé thong c6 anh huong rat lon dén do nhay
thu cling nhu khoang cach truyén din cua tuyén
va yéu cau vé chat lugng cua hé thong thong tin
cang cao thi khoang cach truyén dan cuc dai
ctia hé thdng cang nho. Két qua m6 phong rno1
quan h¢ gitra khoang cach truyén din cta tuyén
64-QAM v6i hé s6 khuéch dai G cua EDFA
cho hai hé théng ¢d yéu cau ty 18 13i bit BER
tuong Ung la 10° va 10" duoc chi ra trén hinh
8. Ta thdy khi yeu cau chit luong cua hé thong
truyén tin cao, gia sur tir BER= 10 dén gia tri
BER=10" thi khoang cach truyén din s& giam
khoang 10 km tai toc d6 bit R,=10Gb/s.
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Hinh 8. Moi quan hé giita khodang cdch tuyén va
G voi BER khdc nhau
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Hinh 9. So sanh h¢ théng ¢é va khéng cé
khuech dai quang EDFA.

&

DPé ting khoang cach truyén din cua
tuyén ciing nhu d6 nhay thu quang, nguoi ta
thuong dung bo khuéch dai quang EDFA lam
tién khuéch dai. Hinh 9 so sanh khoang cach
truyén dan tbi da co thé dat dugc cua cac hé
thong: c6 va khong s dung bd khuéch dai
quang va cac hé théng ¢6 sb mirc didu ché M
khac nhau. Vé&i hé théng khéng co st dung
khuéch dai quang EDFA thi khoang cach truyén
din cuc dai chi dat khoang 40 km tai

BER =10, trong khi hé théng c6 st dung

khuéch dai quang thi khoang cach truyén dan s&
tang hon nhiéu va c6 thé dat dén 190 km cho hé
théng 256- QAM hay tham chi 12 220 km cho
hé thong 16- QAM. Nhu viy hé thdng st dung
khuéch dai quang s& co khoang cach truyén dan
16n hon hin so v6i hé thong khong str dung bo
khuéch dai quang.

IV. KET LUAN

Trong thiét ké tinh toan tuyén truyén din
quang M-QAM, khoang cach truyén din va do
nhay thu quang 13 hai tham s rat quan trong
can duogc nghién ctru. Hai gia tri nay phu thudc
vao nhiéu tham sé khac nhau cua hé thong nhu
hé sb khuéch dai G, phuong phap diéu ché duoc
st dung hay hé sb tap am NF cua bo khuéch
dai. Bai bao da khao sat sy phu thudc cua do
nhay thu quang va khoang cach truyén dan cua
tuyén thong tin quang M-QAM vao mét sd
tham sb ciia hé thong. Cac két qua niy co thé
dugc dung dé thiét ké tuyén thong tin quang
truyén tin hi€u M-QAM dam bao gia tri BER
theo yéu cau.
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