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Tém tit. Chung t6i dd nghién ctru hé thong mai dé tao tin hidu ghép kénh phén chia tin sb truc giao
OFDM cho cac hé thong ROF bang cach str dung laser diéu ché truc tiép DML. Tin hiéu song quang 40GHz
nay duoc tao ra bdi DML dugc diéu khién boi tin hiéu OFDM 3,5Gb/s dugc truyén boi tin hiéu RF 20GHz.
Hé théng méi nay sir dung laser didu ché truc tiép va Fiber Bragg Grating, day 1a hé thong thuc té cho cac
mang truy cap bang thong rong trong tuong lai.

Tir khéa. Laser diéu ché tryc tiép (DML), Fiber Bragg Grating (FBG), Ghép kénh phén chia tan sd truc
giao (OFDM).

1 GIOITHIEU

Gan day, s6 luong nguoi dung mang khong day dang tang rnanh do sy xuét hién cua cac tng dung va dich
vu internet hién dai. Mang cap quang du kién s& dap mg nhu cau luu lugng ngay cang tang bang cach tan
dung cac dic tinh dung lugng cao va chi phi thap. Ky thuat ROF trd thanh giai phap hdp dan trong viée
hién thuc hoa mang khong day bang thong rong trong tuong lai vi chiing c6 bang thong 16n va c¢é thé dugc
sir dung dé phéan phdi tin hidu khong day phat trién rat nhanh. Nham dén cac dic diém vé toc do truyén cao
va dung luong mang 16n 6G, cong nghé v tuyén qua cap quang ROF c6 thé duoc sir dung nhu mot trong
nhitng lwa chon thay thé cong nghé truy cap bang cach tan dung céc loi thé vé toc do cao va bang thong cao
cta no [1-3], [16] Truyén thong sgi quang duong nhu ¢6 tbc do dir liéu cao hon nhiéu [4]. Dé giam tong
chi phi va tao cau hinh don glan hon cho hé théng ROF, nhiéu phuwong an tai sir dung budc song hodc song
anh sang tap trung trong hé thong trung tam (Central Office CO) da dugc dé xuit va ching minh bang thuc
nghiém trong [5-9]. Tin hiéu OFDM tré thanh mot lwa chon dé truyén trong cic mang truy cp va duong
dai thé hé tiép theo vi n6 c6 hiéu suit phd cao va kha ning chdng tan sic mau va tan sic phan cuc mode
[10-15]. Nhiéu phuong phap tron hodc dao nguoc tin hiéu RF di duogc gidi thiéu nhu sir dung dai bién kép
(Double-side band DSB), di bién don (Single-side band SSB) va diéu ché triét tiéu song mang quang. Uu
diém chinh cua ky thuat DSB 1a don gian, chi phi thap va chi can bd diéu bién mot nhanh. Hé thong méi
nay gi6i thiéu DML chi phi thap dé tao DSB quang. Khi so sanh vé&i bo diéu bién quang ngoai, DML tiét
kiém chi phi va c6 cong sudt diu ra cao hon. Trong bai nay, chung toi di nghién ctru hé théng ROF dé
truyén tin hiéu OFDM 3,5Gbit/s 16PSK trén song mm 40GHz do DML tao ra.
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DML: direct modulation laser 2f (: —, )
FBG: Fiber Bragg Grating Mixer l

EDFA: erbium-doped fiber amplifier

TOF: tunable optical filter | Rx
Cir: optical circulator PD: photodetector Customer U ml
Rx: Receiver BER: bit error ratio

Hinh 1: Kién trac cta hé théng OFDM ROF
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Kién tric ctia hé théng OFDM ROF dugc trinh bay trong Hinh 1. N6 bao gdm CO, Base station (BS) va hé
thong khach hang. Trong CO can tao ra tin hiéu séng mm quang, d dai cua soi quang truyén tir CO dén
BS 1a 50 km. Trong BS, may do quang tdc d6 cao duoc st dung dé thue hién chuyén doi quang/dién (O/E)
cho tin hiéu séng mm quang trude khi ting tin hiéu Radio Frequency (RF) dién da chuyén d6i biang cach
sir dung bo khuéch dai RF cong suat cao. Tin hidu RF c6 thé duoc phét t6i hé thong khach hang bang ang-
ten. Trong hé thong thuc, c6 mot s song hai cao hon do tinh phi tuyén cia DML, nhung chuing qua nho va
c6 thé bo qua. Tin hidu bing co s6 3,5Gb/s duoc tron v6i song hinh sin 20GHz dé thyuc hién diéu ché song
mang phu Subcarrier modulation (SCM) va sau dé cac tin hiéu hdn hop nay dugc sir dung dé didu khién
DML nhédm tao ra tin hiéu quang DSB. Déu ra dang soéng cua DML duoc diéu khién boi tin hiéu RF tron
f(t)cosoit co thé duoc biéu thi gan ding bang G(t) c6 mot song mang quang va hai dai bién bac nhit nhu
sau.

G(t) = GoJi[Ef(t)]cos(wctm)t + GoJo[Ef(t)]coswct + Gola[Ef(t)]cos(we-wi)t Q)

Trong do f(t)[=0 hodc 1] la dit liéu duong xuéng ky thuat sb, w14 tan sb goc ciia tin hiéu Local Oscillator
(LO). Go va o lan luot 12 bién do dién va tan s goc cua dau ra song anh sang cla DML. Jo[Ef(t) Jcosact va
Ji[Ef(t)]cos(wct)t 1an luot 1a bac 0 va bic mot cua ham Bessel loai mot va & 1a chi sé diéu ché cudng do.
Cir va FBG duoc st dung dé triét tiéu song mang quang khoi cac dai bién bac nhat. Ching t6i gia dinh dé
don gian hoa viéc phan tich rang song mang quang dugc tich biét hoan toan khoi cac dai bién quang béc
nhat.

Dbi véi viée truyén qua soi quang duong xuong c6 d6 dai L, P(o) biéu thi hang sb truyén cia soi. T+ va
7- 1an luot 13 d6 16ch tré gy ra boi sy tan sic cua soi & cac dai bién quang (o¢ + (m va ¢ - ®1) SO VOi song
mang quang ban dau wc. Chiing c6 thé dugc biéu thi dudi dang T+=-21LcD o1/ o va t-=21LcD o1/ o,
trong d6 D 1a tham s tan sic. Tin hiéu DSB quang tao ra duoc truyén qua soi quang duong xudng c6 do
dai L, do tan séc cua soi quang, tin hi¢u DSB quang tr¢ thanh

G(t) = Godi[Ef(t-t+)]cos[(wcto)t-B(wctw)L] + Goli[Ef(t-1-)]cos[(wc-m)t- P(mc-wi)L]
+ GoJo[&f(t)]cos[wct-P(wc)L]

~ Gup = GoJa[Ef(t-T+) Jcos[(wcto)t-B(octmnL] + Godi[Ef(t-T.) Jcos[(we-wn)t- Blwc-miL] )
Ap dung tin hiéu quang nhanh trén cho may do anh bang thong rong Photodetector (PD), biéu thirc (2)
tao ra tin hiéu dién nhu sau:

ou= %G& JZE)f(t- ) +H(t-1)1+GFE (&) f(t- 1) f(t-t-)cos[2 @i t- B(we + o)L+B(oc + wL]

Lai ¢6 B(or £ o) = () + o (@) + 3 0?(0o) +.
V61 Ji(Ey)=yxJ1(€) (x =0, hay 1) Bing cach mo rong hang s truyén ciia soi cho mdi dai bién quang thanh
chudi Taylor xung quanh tan s6 goc ciia séng mang quang, tin hiéu dién dugc tao ra sé tré thanh

fout = %G&]f(&)[f(t- ) + f(t-0)] + G§JE () fit- ©) f(t-r)cos2ami[t- B*(we)L] 3)

Tir (3) co thé théy rﬁng tin hiéu dién dugc tao ra chu yéu bao gém thanh phén DC %Gé J2(E)[f(t- T)+H(t-
)] va thanh phin hai 2e). Chu ky lam viéc ctia ma dit liéu sau khi dugc chuyén déi xudng tir song mm s&
giam. Khi © = 1- - T+ bang chu ky hoat dong cia di liéu bang co s6, s& khong c6 tin hiéu song mm & 20,
trong d6 T 1a d 1éch thoi gian tré giita cac dai bién quang hoc bic mot trén va dudi gy ra boi tan séc.
Khoang cach truyén cuia song mm quang dugc tao ra bdi hé théng nay ciing bi han ché do nhidu d6i véi dix
liéu bang co s6.
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3  MOPHONG VA KET QUA
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Hinh 2: M6 phong hé théng OFDM ROF

Mo phong hé thong OFDM ROF duoc trinh bay trong Hinh 2. Tin hiéu bang co s& OFDM 3,5Gbit/s c6 thé
dugc tao ngoai tuyén bang chuwong trinh Matlab. Phé tin hiéu quang DSB dugc tao ra trinh bay trong Hinh
3 duéi dang hinh 3(i). Cir va FBG dugc sir dung dé triét tiéu song mang quang tir cac dai bién bac mot.
FBG c6 bang thong phan xa 3dB 14 0,2nm. Phd quang hoc sau FBG duoc trinh bay trong Hinh 3 dudi dang
hinh 3(ii). Sau dé, cac dai bién thir nhat s& dugc truyén quang duong 50km qua Standard Single Mode Fiber
(SSMF) t6i BS sau khi duoc ting cong suat boi EDFA. Tai BS, tin hiéu triét tiéu song mang quang duoc
phat hién boi bo thu quang 1a may do quang tdc d6 cao v6i bang thong 3dB 1a 50GHz. Bo loc ¢6 bang thong
quang 0,4nm TOF duoc sir dung dé triét tiéu nhidu Amplified Spontaneous Emission (ASE). Sau do, tin
hiéu quang dugc chuyén dbi thanh tin hiéu dién bang bo chuyén doi quang-dién (O/E) c6 bang thong 3 dB
& tan s6 40GHz. Cac tin hiéu dién duoc khuéch dai boi bo khuéch dai dién bang hep (EA) c6 bang thong
10GHz. Cudi cung, tin hi€u LO dién 40GHz va bo tron dugc st dung dé chuyén ddi xuéng tin hi€u séng
mm dién dé thu duoc tin hiéu bang tan co sé. Dit liéu nhan dugc duge xir 1y va phuc hoi ngoai tuyén b?mg
chuong trinh Matlab duéi dang bo thu OFDM. B6 kiém tra ty 1¢ 15i bit Bit error rate (BER) duoc sir dung
dé do tin hiéu sau khi chuyén doi.

Hinh 4(a-c) trinh bay so d6 chom sao ciia tin hiéu nhan dugc & cac khoang cach Okm, 30km va 50km.
So sanh tai Okm, so dd chom sao ca tin hiéu nhan duoc & 30km va 50km cho théy d6 méo pha nhoé do hiéu
{mg diéu ché phi tuyén cia DML va tan sic, nhung thé hién ctia so d6 chom sao van dat yéu cau.
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Hinh 4: So dd chom sao cua tin hiéu nhan duge
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Hinh 5: Phd dién cua tin hieu OFDM

Hinh 5(a) va 5(b) lan lugt trinh bay phd dién cia tin hiéu OFDM tai Okm va 50km. Thé hién ciia
phé dién cua hinh 5(b) sau 50km thay dbi rat it so voi hinh 5(a) nén van dat yéu cau.

Duc‘rng cong thé hién ti 1& 15i bit tai Okm, 20km, 30km va SOkm c6 trong hinh 6. Muc giam cong
sudt chu yéu gy ra boi hiéu tmg diéu ché phi tuyen d6 nhiéu tan s6 cia DML va tan sac c6 gia tri nhé hon
2 dBm & miic BER la 10”2 sau quang duong truyen 50 km. Do d6 anh hudng cua tan sic soi quang va hiéu
g diu ché phi tuyén cia DML 14 nho va c6 thé bo qua.
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Hinh 6: Duong cong thé hién ti 1¢ 18i bit
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4 KETLUAN

Chung 61 da nghién cru mot hé thdng tao tin hiéu OFDM ROF. FBG duoc sir dung vi bang thong cua bo
diéu ché quang giam va giup klen tric cua hé thong ROF don gian hon. Muc giam cong suat chi yéu gay
ra boi hiéu ung diéu ché phi tuyen d6 nhidu tan sé cia DML va tan sic co gia tri nhd hon 2 dBm ¢ muc
BER 1 10 sau quang duong truyén 50 km. Két qua mo phong cho thiy anh hudng cia tan sic va hiéu ing
diéu ché phi tuyén ciia DML 1a nh6 va c6 thé bo qua. Hé thdng nay sir dung DML chi phi thap dé tao tin
hiéu séng mm mang tin hiéu OFDM. DAy 1a hé thong thuc té co thé duoc ap dung cho cac mang truy cap
bang thong rong trong tuong lai
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A NOVEL ROF SYSTEM EMPLOYING DML AND FBG TO GENERTATE 3.5Gb/s
OFDM SIGNALS

NGUYEN HOANG VIET
Faculty of Electronics Technology, Industrial University of Ho Chi Minh City
Corresponding author: nguyenhoangviet@iuh.edu.vn

Abstract. We have investigated a novel system using a Direct modulation laser (DML) to generate
Orthogonal Frequency Division Multiplexing (OFDM) signal for Radio Over Fiber (ROF) system. This
40GHz mm-wave signal has been generated by a DML driven by 3.5Gb/s electrical OFDM signal carried
by 20GHz RF signal. This novel system employs a direct modulation laser and a Fiber Bragg Grating which
is a practical system for future broadband access network.

Keywords. DML, FBG, OFDM.
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