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Nyquist OTDM signal: u(1)=)>_g,4,(1)

FTAXAFOTDMIESEF AT AMO/NNIILALESE
BEASE THRBRHETACEIZKY ., FOD2FR K
WS =nTODT—Rg, ZHH AT EE
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or
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Back-to-back

D. O. Otuya et al., OFC 2015, M3G.2.

After 150 km transmission
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2. QAM

2-1 QAM (Quadrature Amplitude Modulation) {&5iX &(X? 2.2 U/ )2Yk
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® o | or .o 0 " R ZERIIREL T, BER = 104<HF BE,/NERT . /DB ERFSEER
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0%1 0%1 1%1 1%1 o) - iN—kL—D E L] FEC:(;-;;?;;;H_EE? Correction
0010 0110 | 1110 1010 (Shannon-Hartley Theorem) - .-:1*. oy e L
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3 Gsymbol/s, 2048 QAM (33 Gbit/s) signal
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w/ Nyquist raised cos. filter (a = 0.2) QAM Sianal . . . . ' ' e I
and 2 GHz pilot tone 2 2 GHz 9 16 QAM (4 bits) data is encrypted by using 64 base sets (I + Q = 6 bits) v
w/ frequency-domain pre-equalization (FDE) % 'YW«
Arbitrary N £ [ Quadrature (Q)
v > f 4
savetorm S>— ‘“eom 32 levels| (2 bit data, 3 bitbasis) —1cryPted datalevel
12 Geamplels, 12 bit) P e (I, Q)= (11001, 01010)
(12 Gsample/s, 12 bit) Pol Mux Optical Filter - A A LY
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. [S4i,Frequency ] EDFA p¢ Y \ oA R e a Fa
v Stabilized Fiber |5 Q0 I"1q Mod. —D =l 00 _ _
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'r“"e‘"‘dt“: 4 kHz 010 from (1,Q), we obtain (11, 01).
[ \x2
50 or 75 km SLA o _ ENOB=7 bitat2 GHz Back-to-back
Att Prec Pre-amp 90" Optical Hybrid l X EVM=1.00
\ O 5_4 ¥ E N— 90 B-PD|—e—>[AD] o o e e, ,9.,.,,,‘.,.'._,; DR -In phase (l)
h —> —'HWI——>:3: Digital Signal S °-‘:-?"'§-'-“7."‘:'-"-5-"“;{-" 32 levels (2 bit data, 3 bit basis)
y Raman Pump ’ 90 HBE-PO— :3: Processor B S S R ’
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- Polarization
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B-PD: Balanced Photo-Detector (Tunable fiber laser) Synthesizer : 16 QAM dat_a 5h|’°l:|d9d In
BPF: Band Pass Filter =2 GHz T 000> quantum noise of light | | -
LPF: Low Pass Filter . ks e 004 i i i j
BARBFIANE (B—FrvRI) : (SBage sGe:)_t)——b g0}
66 Gbit/s After 150 km transmission to=bhi eiuqqqn
= = 15.3 bit/s/Hz 32 x 32 (= 1024) QAM encrypted data
3.6 GHz x 1.2 S. Beppu et al, Opt. Express 23, 4960 (2015). ( ) P M. Nakazawa et al., Opt. Express, 22 (2014) 4098.
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e MCF Made by stack-and-
: ! _ draw method
| - Ch.1|— Combiner <—
' I
|
| i"*Ch.2 —a
| | Input pulse
' . 1 us (Spatial resolution -
: | jl:“_T‘ of OTDR is 100 m) | Core pitch
| | #Ch.7[—T%¢ — lime Cladding diameter | 217 um
L | H
# of cores o e 36 (3 modes/core) 7.channel OTDR Fiber length 2.9 km
: .0 um (Inner
Core pitch | 37 6 um iOuter) 31.6 um 34 um
Claddin e + “Dd.
. 9 1220 um 231 pm 306 um s T T T T T " o —
diameter : Ne——— —r g 3 .
2F1 " 0.20 dB/km 9 *° —,,
Loss 0.285 dB/km ~0.3 dB/km 0.242~0.308 dB/km $ 32 b5 2
59 P, 3 15 .
Aeff 85 pm?2 75 pm? 74~77 um? (LP,,) §= g =" =2, L K gy —
O b4 :
@ _ (Here, K is neglected since = s
Crosstalk - 57 dB/km -49 dB,km -39 dBlkm o o 1 it 2 25 1 | it is a very small quantity.) ﬁn R —
K hi et al J. Sak hi et al Fiber length [km] Fiber length [km]
‘(JN ISCéEr al:t,:luurtl:l kla:.r aa . Y. Sasaki et al. (I;IIC?I' asg:; itlc:n : - Original backscattered signals Mode coupling ratio
Reference Optoquest, OFS), &:#Ituza), ECOC2015, Optoquest), OFC2015, (Optical pulse was coupled into Core 1)
ECOC2013, Th.1.C.6. Th3C.2. M. Nakazawa et al., Opt. Express, 20, 12530 (2012).
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