44 % E 12 81/2024 £ 6 B/ ER

K EHRIK

Vit 2 B N e BER ) B AR IR AR AL
AR

Pkt RS, BEMN, e - KER, FE"
Ve DR R AR 55 S TR BE, E K 4000655
PR K S R A 5 % e e BF S BE, TR 400065

FE AR SCERR TE 2 800k OOt 74 B (MPL) ™ Az 594 P9 = B 28 8 2% B (IMD3) Rl A B 28 L. (XMD) L 45 T
AH I 04 Al 2R 1k e BLRE A | 9K 5 35 T2k EURE A rh i XMD Fi IMD3 {5 5 5 L 95115 5405 AH S 0 5 M ke 3 B LA 1 = g 1 4
M pRE, DT DR 1 T8 N AR R P 4 1 Ak ZR B0 TR s S8 6 XMID AL IMD 3 A A2 o 5 B0AT /9 XMD Fil IMD 3 #M 5 7
AH R Tow RGAE S e S8, o 2 22 I e A AR Pufb a8, s M 4y B4 SRR, 7 55 T S -
75 R R i #% 19 MPL A % 5 2 35 45 5 1, 8% 5% P = 28 i XMD R IMD 3 43 50 gl il 7 35 dB A 29 dB B b5 b4k, M £

P AE S T I 55 iR 22 R RN 8. 10 e R T 2. 204,
KA WMEOL T BT ANEL; SRRk HIRKE

FES%ES TNII1.7 XEFRERS A

1 51 5

{5812 52 NS B By NG 0 0710 B 1Y 2
e S P I3 R R TR VN RSP0 N Sk -3 L I S &)
fFaJrm . R EA B — A ok ook 748 R ik
SEIL MR B AL AL B BE  fE R OR M EOLE R R4
v B BN Y SR, B U O P BE I
(MPL) 1 2 G2 2% 14 1 AR 22 M e 1 4 1) 2 ol 6 0 o 45
A B IE A 5 R, & 5 B0k I A 5 R AR AR
i 22 B MPL AL 2 52 2138 I 28 5 (HD) fagy 4 =
By 22 18 2k B (IMD3) ' By 52, 38 2% 52 215 40 1R 2k
(XMD) "I . — Ok U, HD 43 i B B 3 0 4y
A, A] DA A3 A0 D8 I R LR R, 1T IMD3 i
XMD 43tk B 5 FEA0 43 000, X DA 2o B — Y 8 %
Ao H BB

LAk [ AN ST N AR TR 2 TR R M
MPL oy Az 1y e 2 Pk 2 B . i an, o i 48 g Bk 4
AR OB AT IR AR S R iR B
FeAR L B B 5 A B R S SR X S R
FeAR T TR XA A MPL fp = A2 (19 IMD3, ME DL H 4%
FH T 42 XMD 1% 38 {5+ R & 2% 2748 1 0
Y s, A I RN BOR 75 2 R i B &AM S 2 Rk
MPL 77 4 i XMD Fil IMD3 8 g 11 , 4 RE s /£ MPL

DOI: 10.3788/A0S231212

e A SR AR R EEOR . (R, HA 2 TR 5t
B EH MAMER R B AR S S EOAME R R 3
THFE 5 A (DSP) 1 2 BAMEF AR /3 A
T2 4 B e B A R Sk [ 16-17 1R AR
PEAC Y L S T R IMD3 Y [ 38 I R L H %07
L0 B RS AR PR AR g T AT, B 23k
Yot B e A s 4h XMD . SCHR[ 20 ]38 i $2 B4 15 i
BIAE 5 5 e TR A, LB XMD A IMD 3 # [R] A b
£ AR B 5% ED Sk R IME B B AS S IR R IR
T [R] A R R] TR 2B 3N T R G % R E . S
Wk [ 21-22 138 3 78 R G0 TP A4 51 O 24 4 Ol $12 B
FUAMEAE B SR E 8 5% 45 DSP H H T3 B b5 5
[ 2R BN L SR, & A1 0 4% B S N R G =R B
52 M E, SCRik [ 23-24 0] J2 38 o 32 Wi oms 19 4 5 o 4
Bk B G BRI ARG 24 B (BTt i Bk 75
BRMAZZEAGE SN ERSH XS FHA LS HE
2. SCHk[25] 78 DSP okt 2 A5 8 #1756 A %h
£ kBB R AW E I RS S R TT R
o BN A B DRI 5 W T R R . X
Wk (26 1) I 25 45 B9 N T 28 0 4% 25 4b £ XMD Fil
IMD3, H % J5 & 5 B R 46 K 88 1 50 F 1 B AL 1
I

NI, AR SCER X BE AT £ 3% MPL A= A 5 A N

i BHEE: 2023-07-03; 1&E BHHI: 2023-08-20; FABHI: 2023-11-19; MELEHEZBH . 2023-12-07
HEE&WHE.: EHZRHAKRSIES(62001072,62222103)  FH FK H R B 5 4 XA 4 (U22A2018) (KT H AR 3 4
(CSTB2022NSCQ-MSX133,CSTC2021JCYJ-BSHX0206) ; T P i Z Z A5 W o5 BE A 55 H (CXQT21019)

BE1EE . houwg@cqupt.edu.cn

1207001-1


https://dx.doi.org/10.3788/AOS231212
mailto:E-mail:houwg@cqupt.edu.cn
mailto:E-mail:houwg@cqupt.edu.cn

IMDS%D?H%XMD gy TR Y AR et Ok LA A
IR MR 28 EL R b iy XMD FIl IMD3 {5 5 5 2E 0 15
A A A AR Sk I IBCEL A BT A 0 A A BRI B, A
T PR [ 38 N AR U R R Ak R B, xR TR R
48 MU 5 W Je 50 2 80, JO 5 &2 2% W 2 Fn 2 AR A0 Ak i
A HIA] 52 6 XMD Fil IMD3 (1 [] i kb 4y B0 45 SR
T H A TR 8 dBm I 2 5 5 5 1, BE 1% = AR
XMD H1 IMD3 43 5l g% 0 # 1 35 dB #1129 dB L |, 76
ARSI HE (SFDR) T 1 25 22 dB 74 A 51U
WEAE HL (V)2 0.9 V 7 928 200 MHz (1 16 1F 28 34
i (QAM) IE 2 #i 43 2 FH (OFDM) 15 5 i}, 15 5 iy 1%
ZRERE(EVM)MS 1% A T 2.2%.

$ 445 F 1281/2024 F£ 6 B/ HFER

2 AR

AR SCHE A T - 8 R R L 2S (MZMD) 1) 8
R R I MPL £tk 7 S an &l 1 e, o
[ 1Ca) F1 1(b) 4390l iz 7 48 W D 3R 2 IR 4 1 1k
B . BOLR (LD) S A 7% 2256 300k 8 i e
PR H 2% (PCOW AT I, 3 A 240 F 1% 4w B ST 1
MZM -8 i A 1) 58 22 80 S (RF)AE = I
15 5 15 0 T S A5 AR A% 1k (B H o i R oy e R
S AR 2w WIAY ) o S GRS e
M (PD) 52 E 5 0 e . i Jq , xFe i
e 5 W2 B AR 5 E AT BUPE SR AR L FE DSP b 58 X
XMD HI IMD3 () [f] i b2

DSP

@y

0 o,
distorted out
signal

(@ “ “
wle
&)
RF
¥ — ADC
LD PC MZM PD
(b)
Y-y, y) Sou
=y, | yes real(z)*real(y,)<0 .
&& (€ && X
ML imag()fimag(y) 40, =l

SL

NM

N=[n,n, n] :

PR
M=[m ,m, m,] N'N I |

000,

2]
) o

LD: laser diode; PC: polarization controller;
RF: radio frequency; MZM: Mach-Zehnder modulator;
PD: photodetector; ADC: analog-to-digital converter;

DSP: digital signal processing; FFT: fast Fourier transform

FI1 T MZM A5 B2 I8 A MPL A2tk Ab 0 580 (a) I RIFBUR B 5 (b) etk A Bk i 14

Fig. 1

MZM-based linearization scheme for intensity modulation direct detection microwave photonic links (MPLs).

(a) Schematic

diagram of scheme; (b) flow chart of linearization algorithm
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Abstract
Objective Microwave photonic technology has an important potential in future high-speed microwave/millimeter-wave

communication systems due to its large bandwidth, low loss, and immunity to electromagnetic interference. However,
due to the inherent cosine response of the electro-optic modulators, the output signals of the broadband multi-carrier
microwave photonic link (MPL) will suffer from nonlinear distortions, mainly including harmonic distortions (HD), cross-
modulation distortion (XMD), and third-order intermodulation distortion (IMD3). Since HD can be filtered out by a
suitable filter, the XMD and IMD3 are the main factors limiting the system performance. We build a nonlinear distortion
model for in-band third-order IMD3 and out-of-band XMD compensation of a broadband MPL. Despite various optical and
electrical methods are proposed to compensate for the IMD3, few methods can quickly compensate for both XMD and
IMD3 of a broadband MPL spontaneously. Thus, a nonlinear distortion model is presented for compensating the in-band
IMD3 and out-of-band XMD in the wideband MPL. This method does not require priori parameters of the system and

signals, and a complicated training and iterative optimization process, which is more practical.

Methods
differences between the HD signal and the fundamental frequency signal, the HD signal can be easily filtered by a digital

We provide a nonlinear distortion model for a broadband multi-carrier MPL. Firstly, due to large frequency

filter. Then, the XMD and IMD3 signals are extracted, which are the opposite sign to the fundamental frequency signal.
Thus, it is easy to obtain that the cubic power of the XMD and IMD3 signals is also the opposite sign of the fundamental

1207001-8
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frequency signal. Based on the characteristic, a cost function with a closed-form solution can be constructed, where an
optimal linearization coefficient is obtained quickly and adaptively. Finally, this optimal linearization coefficient is

introduced to compensate the XMD and IMD3 simultaneously in the digital domain.

Results and Discussions Simulation experiments are built to verify the performance of XMD and IMD3 suppression.
Figure 2 shows the signal spectra before and after linearization as two-tone signals are received. The XMD and IMD3 are
suppressed by more than 35 dB and 29 dB respectively. The power of the fundamental frequency signal is found to remain
unchanged, but the power of the XMD term increases linearly with the slope change of 2 (Fig. 3). Additionally, after
compensation by the proposed algorithm, all the XMDs are suppressed below the noise and the compensation effect does
not decrease with the increasing input fundamental signal power. As the power of the input fundamental signal increases,
the powers of the fundamental signal and the IMD3 signal of the pre-compensation in-band signal rise linearly with slopes
of 1 and 3 respectively. Meanwhile, the power of the XMD term after linearization increases linearly at a slope of 5. The
spurious-free dynamic range of the compensated system is improved by more than 21.5 dB (Fig. 4). According to the
simulation experiment, after algorithmic compensation, the error vector magnitudes (EVMs) of single-carrier orthogonal
frequency division multiplexed signal (OFDM) and multi-carrier OFDM signals are optimized by 6.1% and 5.9%
respectively (Figs. 6 and 7). As multi-carrier OFDM signals with different V,, are input (Fig. 8), the best compensation
effectis at 1 V, and the EVM is optimized by 7. 2%.

Conclusions A nonlinear distortion model is presented for the XMD and IMD3 generated in a broadband multi-carrier
MPL. Then based on the characteristic that the XMD and IMD3 signals have the opposite sign to that of the fundamental
frequency signals, the out-of-band XMD and the in-band IMD3 can be suppressed. Compared with the traditional XMD
and IMD3 compensation methods, this method does not require priori parameters of the system and signals, and a
complicated training and iterative optimization process. Simulation results show that the XMD and IMD3 are suppressed
by more than 35 dB and 29 dB respectively, and the spurious-free dynamic range is improved by about 22 dB as the multi-
tone signal is transmitted. When a multi-carrier OFDM signal is transmitted, the EVM of the signal is optimized from
8.1% t02.2%.

Key words microwave photonics; digital linearization; third-order intermodulation distortion; cross-modulation distortion
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