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NGHIEN CUU BQ THU DPSK SU DUNG GIAO THOA KE MICHELSON
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Tin hi¢u diéu ché khoa dich pha vi sai DPSK (differential phase shift keying) c¢6 vai trd quan trong
trong hé thong thong tin quang thé hé tiép theo. Trong bai bao nay, chiing t6i tién hanh khao sat bo
thu DPSK sir dung giao thoa ké Michelson MCI (Michelson interferometer). MCI c4u thanh tir
Faraday quay guong FRM (Faraday rotator mirrors) & giam anh hudng ciia phan cyc. FRM hoat
dong nhu mot guong lién hgp pha dé tao ra mot bo tré pha 90°. B thu DPSK st dung MCI duoc
so sanh v&i bd thu DPSK thong thuong Kylia st dung b giao thoa Mach-Zehnder Kylia-MZI
(Mach-Zehnder interferometer) voi cac thong s ti 1¢ 16i bit BER (bit error rate), sy bién dong
phan cyc cia tin hidu va su thay ddi cta budce song tin hiéu. Cac két qua thi nghiém cho thiy, bo
thu DPSK st dung MCI ¢6 wu diém hon vé do nhay thu, tin hiéu thu dugc it bi anh hudng cua
phén cyc, cling nhu it phu thudc vao budc song cua tin hiéu.

T khéa: Thong tin quang soi; bé thu DPSK; bién dong phin cuc; giao thoa ké Michelson;

Faraday quay guong

DAT VAN BE

Ngay nay, dién thoai thong minh, may tinh
bang 13 nhitng thiét bi dau cudi tr& nén thong
dung, nhiing nhu cau vé truyén tin dung
luong 16n nhu hdi nghi truc tuyén,... ting 1én
dang ké. Hon nita nhitng cong nghé trong
tuong lai gan nhu 5G, IoT,... ciing cAn dén
mang thong tin dung luong cao. Dé dap tng
nhu cdu nay thi théng tin quang soi 1a mot
giai phap dang duoc sir dung [1], [2]. Trong
thap ky 1990, bd khuéch dai toan quang
EDFA (Erbium doped fiber amplifiers) ciing
nhu hé théng ghép kénh phan chia theo budc
song WDM (wavelength division
multiplexing) dwoc dwa vao sir dung thi diéu
ché cuong do-tach séng truc tiép IM-DD
(intensity modulation - direct detection) cho
tin hi€u OOK (on-off keying) dugc sir dung
rong rdi. Tuy nhién, IM-DD s& bi han ché vé
tbc d6 va so luong kénh trong hé thong
WDM. Do viy, nhing ky thuat diéu ché
quang tién tién nhu diéu ché khoa dich pha vi
sai DPSK (differential phase shift keying)
dang dugc nghién ciru va ing dung rong rai
trong hé thong thong tin quang vi nhimng wu
diém vuot trdi so vé6i tin hiéu OOK vé do
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nhay thu. So voi tin hi€u OOK thi tin hi¢u
DPSK s¢€ it bi anh hudng badi hiéu tng phi
tuyén, tan sic budc song, tan sic mode phan
cuc hon nén sé& thich hop véi hé thong dudong
truc trong tuong lai [3]-[5].

Pé tach song tin hiéu DPSK, mot bd thu
DPSK dugc str dung dé chuyén ddi tir tin hiéu
pha sang tin hiéu bién d9. Cho dén nay, bo
thu DPSK tién hanh bang phwong thirc tach
anh sang thu dugc rdi cho chung giao thoa
v6i nhau. Tuy nhién, phuong phéap nay khong
6n dinh bai phan cuc cua anh sang bi dao
dong do tinh ludng chiét suat ciia soi quang
[6]. Khi 4nh sang truyén trong soi quang,
trang thai phan cuc cia anh sang s€ bi thay
d6i. Hon nita, khi sgi quang bi tac dong thi
trang thai phan cuc cling s€ bi dao dong theo
thoi gian. Dé gilt dugc trang thai phan cuc
cua anh sang trong sgi quang thi phai dung
soi quang duy tri trang thai phan cuc PMF
(polarization maintaining fiber). Tuy nhién
soi nay c6 chi phi rat cao. Pong thoi nhimng
thiét bi st dung trong hé thdng bit budc ciing
phai duy tri duogc trang thai phan cuc ctia anh
sang. Do vay bd thu DPSK ¢ ciu tric soi
quang khé dugc trién khai. Faraday quay
guong FRM (Faraday rotator mirrors) 1a mot
thiét bi hdu nhu khéng phu thudc vao bién
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dong phan cuc cua tin hiéu nén duogc nhiéu
nha nghién ciru quan tdm. FRM hoat dong
nhu mot guong lién hgp pha bang viéc tao ra
mot bd cham pha 90°.

Trong bai bao nay, nhom tac gia da khao sat
thuc nghi€ém bo thu DPSK sir dung giao thoa
Michelson MCI (Michelson interferometer)
v6i FRM. B thu quang nay st dung uu diém
ciia FRM d6 1a han ché anh hudng phan cuc
cua tin hiéu quang. Mot tin hi¢u 10 Gb/s
NRZ-DPSK dugc tién hanh thi nghiém dé so
sdnh b thu DPSK st dung MCI véi b thu
DPSK thong dung Kylia st dung bd giao thoa
Mach-Zehnder Kylia-MZI (Mach-Zehnder
interferometer) voi tham s6 mau mat, ti 1é 16i
bit BER (bit error rate). So vdi bo thu Kylia-
MZI, tin hiéu DPSK cuta bd thu sir dung MCI
tai BER=10" duoc cdi thién 2,0 dB. Tai bd
thu DPSK st dung MCI, thiét hai cong suat
tai BER=10" chi nho hon 0,3 dB khi thay dbi
tde do bién dong phan cuc. Hon nira, bo thu
DPSK str dung MCI khong phy thudc nhiéu
vao budc song cua tin hi¢u trong bang C.

CO SO LY THUYET BO GIAO THOA KE
MICHELSON

Nguyén ly hoat dong cia MCI voi FRM duoc
mo ta trong Hinh 1(a). Tin hi€u anh sang tu
ngudn quang LD (laser diode) duoc chia ra
lam 2 thanh phan sau khi di qua b tach/ghép.
Hai thanh phan nay lan luot di dén FRMI,
FRM2.

Hoat dong cua FRM duoc mod ta trén Hinh
1(b). FRM duoc tao nén boi phan tir guong,
thiu kinh va Faraday quay cach tir dé quay
phan cuc 45°. Anh sang vao sau khi di qua
thiu kinh, Faraday quay cach tir thi phan cuc
cua no6 s€ bi quay di mot goc 45° Sau d6, anh
sang dugc phan xa tai guong, roi tiép tuc
quay ngugc lai va di qua Faraday quay cach
ti. Khi d6, phan cuc cia anh sang phan xa
tiép tuc bi quay mot goc 45° nhu trén Hinh
1(b). Nhu véy, tai mot diém bét ki thi phan
cuc cua anh sang vao va anh sang phan xa
truc giao voi nhau. Do d06, trang thai phan cuc
clia tia phan xa s& khong phy thudc vao chiét
suét clia soi quang.
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Sau khi 2 thanh phan anh sang 1an lugt duoc
phan xa tai FRM1, FRM2, ching dugc hgp
lai tai bd tach/ghép va giao thoa véi ’nhau. Gia
su khoang cach tir by tach/ghép dén FRMI,
FRM2 lan luot 1a L, L, thi 2 thanh phén tin
hiéu anh sang e (t), e,(t) s& duoc thé hién
theo cong thic:

& (D) =Aexpli(ot+g)] @

e,(t) = A, expli(wt+¢,)] )
voi A, A lan luot 1a bién do cta 2 thanh
phan tin higu 4nh sang € (t), e,(t). Tai bd
tach song quang PD (photodetector), bién do
cua tin hi€u anh sang ty 1€ voi binh phuong
cuong do tur truong. Gia st cuong do anh

sang sau khi giao thoa la |e(t)|2 thi ta c6:
e[ =[e.® +e,®f

= A +A +2AA cos(¢ — ¢,)
= A+ Bcos(Ag) ®))

(A=A +A, B=2AA, Ap=¢—¢,)
Theo cong thuc (3) thi cudng d6 anh sang sau
khi giao thoa |e(t)| s bién déi theo hiu sé
pha ctia 2 phan tin hi¢u anh sing Ag. Trong
truong hop 2 tin hi€u anh sang c6 cung budce
song thi by giao thoa ndy dugc goi la bo tach
song homodyne, dugc Gmg dung dé thu tin
hi¢u DPSK.

Faraday quay guwong
FRMA1

B
tach/ghép

Photodetector

Faraday quay guwong
FRM2
(a)

Faraday quay
cach tl

H Guong

Théu kinh : gg°

Anh sang vao Anh S4ng
phén xa

(b)

Hinh 1. Nguyén Iy hoat déng ciia (a) bé giao thoa ké

Michelson MCI va (b) Faraday quay guong FRM
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CAU HINH THI NGHIEM KET QUA THI NGHIEM VA THAO LUAN
e KylialMZI
Auto A B t
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________________

X
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Hinh 2. Cdu hinh thi nghiém ciia bg thu DPSK (a)
s dung MCI va (b) su dung MZI. Auto PC
(polarization controller): B¢ dieu chinh phdn cuc
tw dong, ODL (optical delay line): B¢ tré quang,
PS (phase shift): Bo dich pha, FRM (Faraday
rotator mirror): Faraday quay guwong.

Ciu hinh thi nghiém cta bd thu DPSK st
dung MCI dugc thé hién trén Hinh 2(a). M6t
tin hiéu quang 10 Gb/s NRZ-DPSK dugc tao
ra bang mot nguodn laser diode tai budc song
1551,3 nm dua vao bd diéu ché DPSK. Sau
khi di qua bd diéu chinh phan cyc ty dong
Auto PC (polarization controller) va bd cau
xoay, tin hiéu 10 Gb/s NRZ-DPSK nay dugc
cho qua bo tach/ghép 3 dB dé chia ra thanh 2
nhanh. Hai tin hi€u nay dugc phan xa tai
FRM1, FRM2 va sau do6 giao thoa v6i nhau
tai b tach/ghép 3 dB. Mdt nhanh s€ dugc dat
b tré quang ODL (optical delay line) dé diéu
chinh tré 1 bit. Khi giao thoa, thong tin pha s&
dugc bién d6i thanh thong tin bién do. Mot
nhanh con lai s€ dit thém bd dich pha PS
(phase shift) dé dong bo pha ciia FRM bang
cach diéu chinh dién 4p cua bo PS. Tin hiéu
giao thoa duoc 14y ra tir bd cau xoay va dugc
dua vao phan tich bang cac may do miu mit,
BER. Hinh 2(b) md ta ciu hinh thi nghiém
cua b thu DPSK sur dung MZI. Tuong tu nhu
bd thu DPSK sir dung MCI, sau khi di qua bd
Auto PC, tin hiéu 10 Gb/s NRZ-DPSK duoc
cho qua bd tach/ghép 3 dB dé chia ra thanh 2
nhanh. Mot nhénh s& duoc dit by ODL dé
diéu chinh tré 1 bit, nhanh con lai s& dat thém
bd PS. Hai tin hi¢u sau do giao thoa vdi nhau
tai by tach/ghép 3 dB va dugc dua vao cac
méy do miu mat, BER.

Hinh 3. Mdu mat ciia tin hiéu 10 Gb/s NRZ-DPSK
voi (a) bo thu Kylia-MZI va (b) bo thu s dung
MCI (50 ps/div.)

Hinh 3(a), (b) lan luot thé hién miu mat cia
tin hiéu 10 Gb/s NRZ-DPSK khi str dung bd
thu Kylia-MZI va b6 thu sir dung MCI. Két
qua cho thiy, miu mét cta tin hiéu DPSK khi
st dung MCI m¢ to, 6 nét hon bd thu Kylia-
MZI. Nguyén nhan la do d¢ rong xung cua bit
“1” va “0” cta chudi bit ngau nhién khong
dong déu, do d6 diém giao cua ching s& bi
léch di. Hon nita, trong b thu Kylia-MZI, bd
tré 1 bit hoat dong khong chinh x4c nén ciing
dan dén d9 sai léch do rong xung giira bit “1”
va “0”.
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Hinh 4. Dac tinh BER cua tin hiéu 10 Gb/s NRZ-
DPSK voi bg thu DPSK s dung MCI va bo thu
Kylia-MZI
Hinh 4 1a két qua do BER cua tin hiéu 10
Gb/s NRZ-DPSK khi st dung bd thu Kylia-
MZI, va bd thu st dung MCI. So véi bd thu
Kylia-MZI, tin hiéu DPSK cua bd thu s
dung MCI tai BER=10" dugc cai thién 2,0
dB. C6 dugc két qua nay la do bo tré 1 bit
trong bo thu st dung MCI duogc thiét lap
chinh xac hon. Nhu vdy bo thu DPSK su
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dung MCI ¢6 uu diém hon vé do nhay thu so
vai bo thu Kylia-MZI.

Kylia-MZ|

Kylia-MZI|

Kylia-MZI

(c) scan8

Hinh 5. Mau mdt cua tin hiéu 10Gb/s NRZ-DPSK
vdi bo thzg DPSK;zZ’ dung MCI va b¢ thu Kylia-
MZI voi toc do bien dong phdn cuc (a) scanl, (b)
scan 4, (c) scan8 (50 ps/div.)

Pé khao sat bo thu DPSK sir dung MCI khi
6 su bién dong phan cuc cua tin hiéu, Auto
PC duoc dit trude MCI d tién hanh do mau
mat, BER. O ddy, Auto PC c6 téc do bién
dong 1a 8 mirc v6i mirc cang cao thi toc do
bién dong phan cuc cang nhanh. Hinh 5(a),
(b), (c) 14n luot so sanh mAu mit cua tin hiéu
10 Gb/s NRZ-DPSK dbi v6i may thu Kylia-
MZI va may thu st dung MCI trong truong
hop tbc do bién dong phan cuc 13 scanl (mirc
1), scan4 (mirc 4), scan8 (muc 8). Két qua
cho thdy b thu DPSK sir dung MCI déu cho
miu mét rd nét trong tat ca toc do bién dong
phan cuc. Nguoc lai khong thé quan sat duoc
mAu mét cia tin hiéu DPSK véi bd thu Kylia-
MZI trong moi toc do bién dong phan cuc. Co
thé néi rang bo thu DPSK sir dung MCI khong

phu thudc vao tdc do bién dong phan cuc.

Nghién ctru nay ciing tién hanh khao sat dic
tinh BER cua tin hiéu 10 Gb/s NRZ-DPSK
dbi v6i ca may thu Kylia-MZI va may thu sir
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dung MCI trong truong hop xét dén téc do
bién d6i phan cuc. Tuy nhién, may thu Kylia-
MZI khoéng do dugc BER ddi véi moi tde do
bién dong phan cyc. Hinh 6 mé ta dic tinh
BER cua tin hi¢u 10 Gb/s NRZ-DPSK véi bd
thu DPSK sir dung MCI trong céc trudong hop
tdc d6 bién dong phan cuc 1a scan0 (khong co
su bién dong cua phan cuc tin hiéu), scanl,
scan4, scan8. Két qua cho théy thiét hai cong
suét tai BER=10" trong tit ca cac truong hop
khi thay dbi téc d6 bién dong phan cuc so voi
khong co su bién dbi phan cuc (scan0) déu
nho hon 0,3 dB. Tir két qua trén ta c6 thé két
luan 1a bo thu DPSK st dung MCI phu thude
rat it vao phan cyc cua tin hi¢u.
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Hinh 6. Dac tinh BER cuia tin hiéu 10Gb/s NRZ-
DPSK v6i bo thu DPSK sur dung MCI khi thay doi
toc do bien dong phan cuc
Pé khao sat dic tinh budc song cua b thu
DPSK sir dung MCI, ching to6i da thay doi
budc song cua tin hiéu 10 Gb/s NRZ-DPSK
trong dai budc séng bang C (1530 nm ~ 1565
nm) rdi sau d6 xét dac tinh BER, miu mit cua
tin hiéu. Hinh 7 md ta dac tinh BER cua tin
hiéu 10 Gb/s NRZ-DPSK v6i truong hop
budc song cua tin hiéu A = 1530, 1535, 1540,
1545, 1550, 1555, 1560, 1565 nm (dai budc
song bang C voi khoang cach bude song 1a 5
nm). Ta thay khi budc séng cia tin hiéu thay
d6i trong bang C, thiét hai cong suit cua tin
hiéu tai BER=10" chi thay ddi trong khoang

0,5 dB.
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Hinh 7. Dac tinh BER cua tin hiéu 10 Gb/s NRZ-
DPSK voi bo thu DPSK sur dung MCI khi thay doi
buoc song cua tin hiéu

(9) 1560 nm (h) 1565 nm
Hinh 8. Mdu mdt cia tin hiéu 10 Gb/s NRZ-DPSK
voi b thu DPSK swr dung MCI trong trircong hop
buoc song cua tin hiéu (a) 1530 nm, (b) 1535 nm,
(c) 1540 nm, (d) 1545 nm, (e) 1550 nm, (f) 1555
nm, (g) 1560 nm, (h) 1565 nm (50 ps/div.)

Mau mat cua tin hi¢u 10 Gb/s NRZ-DPSK
mg véi cac budc song trén duge mo ta 1an
luot trong Hinh 8(a), (b), (¢), (d), (e), (), (2),
(h). Hinh phia trén trong mdi mau mit hién
thi tin hiéu dién, trong khi d6 hinh phia dudi
hién thi tin hiéu quang. Cic mau mét cta tin
hiéu déu mé to, rd nét, khong c6 sy khac biét
16n. Bé c¢6 duoc két qua nay 1a do sai sé goc
phén xa cia FRM nhé ¢& +1°. C6 thé néi ring
bd thu DPSK sit dung MCI véi FRM phu
thudc khong dang ké vao budc song cua tin
hiéu trong bang C.

KET LUAN

B6 thu DPSK sir dung MCI véi FRM duoc
tién hanh khéo sat thuc nghiém. B¢ giao thoa
MCI nay tan dung wu diém cua FRM d6 la
hoat dong nhur mot guwong lién hop pha dé
giam anh hudng ctia phan cuc. B§ thu DPSK
nay dugc so sanh vai b thu Kylia-MZ1 ddi
v6i tin hiéu 10 Gb/s NRZ-DPSK. Két qua thi
nghiém thu dugc cho thdy bo thu DPSK sir
dung MCI c6 nhiing vu diém vuot troi vé do
nhay thu, sy on dinh dbi voi bién ddi phan
cuc cua tin hiéu. Hon nira, bo thu DPSK st
dung MCI khéng phu thudc nhiéu vao tan sd
clia tin hiéu tai bang C. Nhiing két qua ciia
nghién ciru nay 1a tién dé dé khao sat ciia bo
thu DPSK str dung MCI v6i FRM duédi anh
huéng clia tham s6 tan sic mode phan cuc.
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SUMMARY

INVESTIGATION OF DPSK RECEIVER SYSTEM BY USING MICHELSON
INTERFEROMETER WITH FARADAY ROTATING MIRROR

Quang Nguyen-The"", Nguyen Hong Kiem®, Kouhei Shimazaki?, Naoto Kishi?
!Le Quy Don Technical University; " Email: quangnt@mta.edu.vn
%The University of Electro-Communications, Tokyo, Japan

DPSK (differential phase shift keying) have become an important modulation format because of
suitability for next-generation optical fiber communication systems. In this paper, we report the
demonstration of a DPSK receiver based on Michelson interferometer (MCI). The MCI configured
with Faraday rotator mirror to confirm the reduction in polarization sensitivity. The Faraday
rotator mirror serves as a phase conjugate mirror by creating a phase delay of 90 degrees. The
performances of the DPSK receiver using MCI and a conventional DPSK receiver Kylia using
Mach-Zehnder interferometer (MZI) are compared in terms of signal of bit error rate (BER),
polarization fluctuation. According to the experimental results, the DPSK receiver using MCI
achieved low distortion, polarization-insensitive as well as wavelength-shift-free operation.
Keywords: Optical fiber communication; DPSK receiver system; polarization fluctuation;
Michelson interferometer; Faraday rotator mirror
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