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Fig. 1 Scheme of self-homodyne coherent system'”

, where CW represents continue wave, 1O represents local oscillator,

DP-IQM represents dual-polarization 1Q modulator, PC represents polarization controller, SDM represents space

division multiplexing, and PDM represents polarization division multiplexing. (a) PDM based self-homodyne

coherent system; (b) SDM based self~-homodyne system; (c) bidirectional SDM based self-homodyne coherent system

K, —AS TTLA Gl i LR ILE s k. 1D — A4
AN [R) 22 53 0% 4 43 A 2015 (DF B 306 B 371 14 380k
BRSO — DL T (MMD IS 83 — kR
AR A (SOA) 5 4) — A~ H G AR 25 (PD) L5
T L U8 2% AN BT 1k I A VRS 1 i U5t s o) e B 2 B 1Y)
PR 25 5) IR H 28 (TEC) , T4l
il U e bR o LR I R TR L R RV AR T
F b A 5 0E S R H A A R O R RS
FEAE 5 5 AN T35 2 0 K 081 1 R 0 T i .
I, — 4N R 2R 0 [ 2 P K DFB OG5 5t ol LIS 2
=00 B8 B TTLA, KRR BEAR T A, [R] i 3kt e T
TECs b i EL 38 5 4 A1 I 90 2 45 45 i s 5 A fif
A 1 — 2B AR Tl R HLRY DhRES .

[] B, BARL 9 [ U 1 28 25 A0 1 20 0 45 5O
S A i ) E R 58 4 DG E L AT AE A R I B B
ST G O K R R B b 58 T A
B FAH AL 7 g b2 DR . PR, [RIUR B 2240 T
Rk TE A A AR A5 %A B (LOFO) R 5 3 B L A 37 142

7 AMEE D) e TR AT B R K 1T A . BB 5 M K b [ IR DSP
M BEIRFITRE . HLAh B P AR R AR R W A
FZATHAG 8 0] LU E— 25 B AR DSP i T #E . #L
B 25 (ADC) DI AE 2 A T i v & R 42 i
H% (ASIC) DI #E 9 T Bk U . AH L TAE G AH TR
rh A R A S SR A RT3 D B 3 Al R L TRDIR R 2
I H AT LG ADC 34 £ 55 59 T /F 3 R AL 2=
PrpRS X FEAFTREAZTEHTHEET
LOFO, 15X LOFO # 2 5B 0 Ik R 28 3 5 R 25
TEH BR A 8] 5 e s 51 A &6 S0 19 15 5 A BEAR AN . TE
Bl 2(a) BT R i S MM T R G h, ADC SR A 2 /D
TEEEGES ISR E 2 519 LOFO, LIk % (5
BEL, WATHTA . A HE 1T OGRS 00 00 A H Al
M Rk T A2 B3k £2. 5 GHz Ry M 5
B RIL , A6 AN i AR HR 06 00 3 1 0, &2 A T
ROETHE IR 5 GHz W8S A 50k R A7 T A
BEME S o, DAE AT 5 Se AL B, 3k A5 7 48 i
T R G R U R 2R ADC RIS i 1 R 25

1206002-3



H49% £ 12 #H1/2022 &£ 6 A/ EHHL

FIARZE RO R . mAELE 2 () Prx
(9 [ I 11 2 22 A0 R GE L R R OR AR I 4% 22 I 4

R IR oA 8 2o 45 5 ] B A A BR K e 17 CFTR)
e T B A i) R B S B 3

4.5

(a) Classical Coherent with LOFO (b) Coherent BiDi without LOFO © 1*BaudRate
s . ) —=—1.05*BaudRate
ADC sampling rate 2 Baudrate+2*LOFO ADC sampling rate > Baudrate B35 |2 e haudnice
! i 25 -1.25*BaudRate
Lo 2
s
OFO n_o 5 J/./'
Ne 8 " b=w = A—o—h
0.5 |
P [— o 1 2 3 a4 s
Baudrate/2+LOFO 0 Baudrate/2 O LOFO (GHz)

& 2

2B 2240 AR A B 22 0T R ADC REE# SRR,

(OB AR M E AT RGP R EHFERE

F RS s (D) TEA IR A B 19 R IR A F 2 T RGP REHFHE 5 A B 5 (o) 86 GBaud DP-16QAM
AW 5 1 BOL S AT 5 AR B 1 OE R

Fig. 2 Needed ADC sampling rate of classic intradyne coherent and self-homodyne coherent systems" .

(a) Received

electrical spectra of Nyquist pulse shaping signal for classical coherent system with LOFO; (b) received electrical

spectra of Nyquist pulse shaping signal for self-homodyne coherent system without LOFO; (c¢) received optical

power (ROP) penalty of 86 GBaud DP-16QAM Nyquist signal versus LOFO
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Fig. 3 A silicon photonic adaptive polarization controller™™ /.

(a) Structure schematic; (b) schematic polarization

manipulation principle; (c¢) microphotograph of silicon photonic adaptive polarization controller; (d) polarization

state of output light of silicon photonic adaptive polarization controller; (e) waveforms of diving signal and feedback

optical signal after detection
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Fig. 4 MZI-based adaptive polarization controller™’

where the left and right images are the description of SOP in Jones and Stokes domains,

. (a) Flow of the state of polarization (SOP) rotation and control,

respectively;

(b) microphotograph of silicon-based adaptive polarization controller; (c¢) polarization stabilization result under a

polarization rotation speed of about 300 rad/s; (d) scrambled SOP trace; (e) SOP trace locked by MZI-based

adaptive polarization controller

4 AH R A B R A8 MR e R HLAE 2R Ak T

RS

FEH 22T 2K v, AR RS 5 10 4% e
JE DT HC R, 648 0 A 7 W R IR Jm A% AT DL 52 42
TH B » DT 5 45 5% F AR AR 19 3R ¥4 K4k 98 DFB %
JEA LR BT RE I HLJC T A AWK 2 RO A T 5%
P, & 7 2 25 00 T 4040 00 35 0 o 2 iy 4 gl 2 D
it %) 5 AR 5 A B F . R s o AR A
FXM T I (20 R 2 BB 2F X 45 ok
Vi A 5 (0 A0 X ZE BF (RTD) IR 5 # i, 78
LR il £ B L A T2 AN 58 95 45 R Tkt A
SUAREYT 55 38U 5y o [R)IF  SG LR 4 S5 5800 A A 3R 5
JEE SO T FL S [ 56 2F X6 945 5% A% Ak 14 o 1o 9 A — 3
X 2 T BOM 28 [R5 T8 N AT 3 G b A7 78 A 25 K /N
AR X i Bl B0 25 AR X SiE B 35 Bl B0 R A A A
Vi) 15 T8 — BOME 4R 42 4 1 2 BO6 4R, MO eF K ik
F| 53.7 km B, f K0 H AU B EE B L A] Gk F)
214 ns s 1 XF T8 58 09 BOG LR X, O K A
02y 53 km B, R 7E TRLAR A58 P AZ 3 23~45 °C
{18 ek 2 e 2l H: e K 3 25 HE ) E 1 38 3l A R 3 #)
2.4 nst T

AHXTHE B AE2S 43 A F 20T RGP 5] A —A>
2 ) R S B AR M L A R ROk

e B ASAEAR LR A o (o) — OB N 4R it 72 i
B —JT RS ST 1 Y BE AL R R
W)y = D) e &0 ~ iid N0, 22T )

b= —oo

(3)
e, TG R BRI 20 M A7 W 7S G RN, AR
ST ) 23 A i i ) B o A, B (E S 0L
2 5WOCARRTE Ay CREERT R [ R T, BLIE L. i
X IERT ©, BN ¢ () Al LARR K
() =¢ @) — ¢t —7,)s $(t) ~ N0,2nAvr),
(4)
PRSI, A X S A EORT A0 M S IR AR 0
2N WOCAS LR T G R i 2 B R A . B S R
78 THEEHAY 400 Gbit/s Fil 800 Gbit/s R4 F A
P A 3 17 L APF 5 5 3] 1) A X 2 EsF S80AF 7 Ml s 4%
iR GE R 0 L 45 0 SR ¢ 5 S A Ak T K
Il 3 ' 11 o 0 T B, 2 T 3 = T 8 <A X 2
B k10 em HOAR R FAH 7 W& &2 53k o, X F
400 Gbit/s 16QAM, 800 Gbit/s 16QAM., 400 Gbit/s
64QAM Al 800 Gbit/s 64QAM %5 i Hl#& X, 2 dB
(14 56 Tl FEAR M X IO 11 7T 25 2 O 28 0 K 2k 9 43k
2.5 MHz.2.0 MHz,900 kHz 1 700 kHz'*', Zhou
SO AE PR AR W R IS AR WK i M
S B SORE 07 I S B G AF R L COSNROAR A R 5

1206002-6



02 04 06 08 1
Mismatch length (m)

e ____ounid

g &

Linewidth (kHz)

02 04 06 08 1
Mismatch length (m)

495 F 1281/2022 £ 6 A/HEHNA

01 02 03 04 05
Mismatch length (m)

2000
15

1500

o

Linewidth (kHz)
g

01 02 03 04 05
Mismatch length (m)

5 ARIPEGFER S ERE T, WA T ZET R PRG3R BER 506 T 0K B R 5 A8 % 1E I 19 e BD (Y

KR

(a) 4100 Gbit/s 16QAM; (b) 800 Gbit/s 16QAM; (c) 400 Gbit/s 64QAM; (d) 800 Gbit/s 64QAM

Fig. 5 Bit error rate (BER) versus laser linewidth and mismatch length for self~-homodyne system under different
modulation formats and baudrates™ . (a) 400 Gbit/s 16QAM; (b) 800 Gbit/s 16QAM; (c) 400 Gbit/s 64QAM;
(d) 800 Gbit/s 64QAM
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Fig. 7 Schematic of PDM self-homodyne transmission system

PR APC B ) i 4k B AL ER AN < Rk
FECRTR AT G K 2 4% 35 30 i) B AT 7 R — R
2 v ) B 6T ) 2 iy i 8 1T ) A iR T % s JL T A ]
AN mmEHNES T RxE J=
[S.C]" Fm . H S HESIRMETE ., C b3k
BT . e g SOP @ik n] LH — 4 — 1
2} 2 BRUT R B 41 3k Ol

M (w) =expljB(w) JU(w) =

u, U,
exp[jb’(w)]( ) (1D
Uy u,

B Cw) F7n I IE A i IR 25 A9 AR ZE 3R . 5 SOP
A5 T8 565U (w) RN G LR WA 3 T E iy SOP Jig
FRFEWE sy wuy 43 0 3275 JE 3 FEL I 1) R

XT EAT AR L T J, ¥ e g D O AT B
6 14 B BIL O I B 5% . 2 S5 i APC R ERAMEE, T 7
@ s, HOSOP Ak LR R R S, =
Uarc (w Ui (w5 /ﬂ\: t U apc Al U; g3 il &N

[29]

APC G A 55 B 09 BT 4 FE . 4 APC o 470k
) SOP 5 PMOC ¥ ¥ %l X 55 i), 47 S, = J, Al
U pe (w,) U (wy) =T AR Bl APC 55
21 (1 D I 30 S0 AH AR L SRS T AR R AL .
J5 s BAT G T PBS R H A 4k A i 2 N AR S
JEA LO.Jf i SHCD #2bl4 . 5tk Eat, 76T
A0, TATG J . 1 58 APC kb B2 O 21 % & 1 it
B I i 5% o SR I 28 2o 4% i Js 2038 T AT 6 dE L
WeE 7 i@ T s, H SOP # kT LLR R A
S, =U{ (w)Upec(w ) J . B AT T80 I
KRR B, AT SOP 76 35 Wi 1 fg 17 H¢ Fa
&L B
U! (w DU hpe (w,) = [Upe (w DU (w )] T

(U pre (w U (w,)] " =1, (12)
R HES ], W — A APC REf% R I 52 B X 4T R0
TATE DR e 52 R L 1A 2l PBS 1 b
a3 A3 205 56 R LOIFRA T AZZM T

1206002-9



H49% £ 12 #H1/2022 &£ 6 A/ EHHL

2K
5.1 B4 BiDiBEFEZHTRERS

WRHE 1R T3, Wl LS g n 18] 8 Ca) T 7 14 1 43
BiDi HZE2ZHM T#(E R4, H T M=, X245
B EATEANR A7 6 PMOC A B L 30 17 2%
AR S IR 38 o 79 A i 41 42 1 2 (PCO BB AT 4391
IO A 2 SPF i R 426 WA o, S B X 5 I PR S . DGR
B R — AP R (PS) SR AR 48 52 PR 4 4 b 1)

SOP ML (4 # P A T 5 km (945 fE 54
£F(SSMPF) , PS I #L3h i 3 K 15 rad/s]. FAHEH] —
A~ APC S AMz SOP WY BEHLIL 3. 78 XU 1% i v
AT E Bk PS FIOG LT 8k %, B2 G E 8
#EA APC, fESLHIE, BATY6I0 5% THER 1Y SOP
P {8, 0F i APC #MEE 3 i % i 19 B 5) Xf
FRME, TAT060 SOP 15 Ligk APC T #h B2 % £F 4 #%

e 8y o 52 BRI AL P Al e i

> [offiine psP
|

16QAM
Mapping

Upsampling |

RRCFilter |
_; i APC: adaptive polarization

{ PS: polarization scrambler

| ODL: optical delay line
(@) { OBPF: optical band-pass filter

107

H[-8—wio notch filter] ‘ ECL
—A—w/ notch filter H —=-DFB.

BER

10° A/—‘\A/‘_‘/A 10

w ._’__,4'/./.__/‘ i 1? H\'_‘\./.

Notch Filter §: & e
Resampling g: {
Clock Recovery $ haok
5 1
© Tn-1h
RRC Filter
4 e am e i
ok T %
ECL/DFB T/2RD-CMA o P80
i E> Rotation A ‘
o] Rx. - “ s 3
Decision s .
———— () In-Phase
10!
B2B i
Az -1[+2km
km 10 = Skm
102
=== .=l
1 -
10° bz |

104 10“'

104 104

8 10 12 14 1 115 12 125 13 135

(e) Upstream Laser Power (dBm) ® Laser Power (dBm)

Bl 8 s> BiDi HE2ZM T EH L1 RS %E S 45D,

0 10 20 30 40 50 0 02 04 0.6 0.8
(g) Polarization Rotation Rate (rad/s) h) AX (nm)

(a) SEH0 R GE I B LA Kk B9 B A4 W DL B 9 A 1 0 A

(b) APC Ll ; (c)RD-CMA J5 ,10 MHz DFB #2882 iy 2 8 5 (D S 45 3 B ie % J5 . 10 MHz DFB %48 421K
B R B R () /TCFE I 48 i BER Bl B A7 06T A8 4k s (D ] ECL 5 DFB #0606 IR T 17 4% % i MR X L
(@) I FAT T K 22 08, 4 I 8 % %7 BER B8 ; (h) I K 2% %) BER B9 521
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Fig. 9 MIMO-free bidirectional transmission of SDM self-homodyne system

Bo) " (a) Architecture diagram, where C1—C4

present polarization maintaining circulator, APC presents adaptive polarization controller, PMC presents

polarization maintaining coupler, and SMF presents single mode fiber; (b) schematic of proposed APC, where PSR

presents polarization splitter and rotator, PS presents phase shifter, and DC presents directional coupler;

(¢) polarization crosstalk ratio (PCR) versus RSOP speed; (d) MIMO weight versus tap; (e) experimental result

of SOP trace of locked LO at different RSOP speeds; ({) average PCR versus wavelength separation (AA=21,—2A,);

(g) pre-FEC BER versus launch power
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Abstract

Significance Big data services have yielded explosive growth of capacity in short-reach optical networks. The
intensity modulation direct-detection (IMDD) systems with simple schemes and power-efficient digital signal
processing (DSP) are typically preferred in short-reach scenes. However, they are unable to satisfy the demand for
continually increasing interface speed. The Ethernet interface data rate is approaching 800 Gbit/s and 1.6 Thit/s.
Hence, the conventional IMDD will suffer from serious technical challenges, including dispersion-induced power
fading, rapidly increasing cost, and limited sensitivity.

As an alternative, coherent technology can provide high spectral efficiency, high sensitivity, and good tolerance
to the chromatic and polarization-mode dispersion. However, for short-reach application, this technology is
considered overly costly and power-consuming. These drawbacks originate from two main challenges. On one hand,
power-consuming DSP is required for solving various impairments on the received signal in traditional coherent
schemes. Moreover, with the fading of the Moore’s law, the node gain brought by new footprints of application
specific integrated circuits (ASICs) tends to be marginal. Using only advanced DSP in the development of coherent
technology for short-reach high-speed interconnections is quite difficult. On the other hand, traditional coherent
technology is associated with complex hardware structures, especially the adoption of narrow-linewidth, frequency-
stable, and tunable lasers, such as external cavity laser and integrable tunable laser assembly (ILTA).
Consequently, coherent technology is still inapplicable to short-reach networks.

Apart from conventional IMDD and coherent technology, many self-coherent schemes have been proposed with
certain tolerance to laser linewidths and less implementation complexity (than that of the conventional systems).
The Kramers-Kronig receiver ( KKR) and Stokes vector receiver are two typical schemes, each receiving
considerable attention. In terms of the product of analog to digital converter ADC bandwidth and number of ADCs,
these schemes are more expensive while achieving the same capacity as that of the conventional coherent technology.
The self-homodyne coherent ( SHC) scheme has been proposed as another “coherent-lite” scheme, including
polarization division multiplexing and space division multiplexing as the categories. The key feature of this scheme is
that the signal lights transmit simultaneously along with their pilots in links. At receiver, coherent detection will be
conduced though the remotely delivered pilot to achieve optical domain phase recovery of signal. Thus, the cost and
the power consumption are reduced, and the use of low-cost and uncooled distributed feedback (DFB) laser and baud-
rate-sampling receivers is realized. The advantages of the coherent technology are therefore inherited and the
scheme is simplified, and hence this technology is considered one of the most promising technologies for future short-
reach optical networks. Despite the excellent characteristics of SHC schemes, many key implementational issues
must be solved prior to deployment.

Progress In space division systems, the relative time delay will induce a unique phase noise and degrade the system
performance, which may prevent use of the low-cost DFB laser in the SHC scheme. Fortunately, the derivative of
such phase noise is a colored frequency modulation noise. Utilizing this characteristic, we proposed and demonstrated
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an in-service high-precision and large-dynamic-range estimation method of relative time delay (RTD), contributing
to the realization of the SHC technique. Besides, the random birefringence in the optical fiber will lead to changes in
the state of polarization (SOP) during delivery of the pilot and signal. Another implementational issue is that
automatic compensations of such randomly changed SOP is required for real fiber links. By leveraging our in-house-
developed adaptive polarization controller (APC), we solved both problems of polarization demultiplexing in
polarization division multiplexed (PDM) SHC systems and pilot SOP locking in space division multiplexed (SDM) SHC
systems. The APC technique allows further simplification of the DSP algorithms. Utilizing only one APC device and
its symmetry property, we also demonstrated the first multi-input and multi-output ( MIMO )-free SDM-SHC
transmission and PDM-SHC transmission in bidirectional (BiDi) scenes. The APC technique paves the way for low-
cost, power-efficient, high-speed BiDi optical interconnections. We present an overview of the progress that our
group has realized for SHC systems, including the APC techniques, the in-service RTD estimation techniques, and
the simplest BiDi SHC transmission architectures based on APC techniques.

Conclusions and Prospects The SHC scheme capable of optical-domain equalization, high spectrum efficiency, and
compatibility with current ASIC architecture has been demonstrated. This scheme provides a promising method for
future low-cost short-to-medium-reach optical interconnections. Moreover, the SHC technology will generate new
demands from other technical areas, including photonic integration, special optical fibers, and DSP. This technology
will promote and accelerate innovations in multiple fields.

Key words optical communications; self-homodyne; coherent communication; polarization control
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