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Abstract The effect of complementary dual Mach-Zehnder modulators (MZM) structure on photonic time-stretched
analog-to-digital converter (PTS-ADC) is studied. The principle that the complementary dual Mach-Zehnder
modulators suppress second-order harmonic generation in PTS-ADC is theoretically proved. The PTS-ADC based on
dual Mach-Zehnder modulators is designed and simulated in the Optisystem software. The recovery radio-frequency
(RF) signal frequency values of PTS-ADC are simulated and compared between dual Mach-Zehnder modulators and
single output Mach-Zehnder modulator as electro-optical modulator under the condition of five different input RF
signals (10, 15, 20, 25, 30 GHz). The simulation results show that dual Mach-Zehnder modulators can effectively
suppress the generation of second-order harmonics and improve the quantization resolution.
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Fig. 1 Architecture of PTS-ADC system
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I Ji G IS 1 Gk w22 PD B4 AR S Rl B DS Y 2 B AT T AL £ AR, B AR AR LA
L) B AR 4 A A I [R] I AT SR AR H Pl IE 1 0 HAE S A A E 5 R,

H A S B FLAE 5 A RE (55 50005 A3, DU 5 5 A 30035, 5 B . MZML 8 il s 15 5 09 3003 ) 1, n
K6 frzn . BTG R AR 2 F e 96 )5 19 v B ik o X RE {5 55 78 MZM b A7 i), i DLR AR R 1945 5 JF 3k
FRUER IE 32455 WS R AT LA L R R LA 1 GHz o503 A, W B, . = B B2 DU B il %
Sr5ILL 2,3,4 GHz 0¥ a) i . FREE 6 (a) Al 6 (h) AT L& B, 28 1AM MZM R il 1915 5 5 5 i
MZM A F , W15 A5 5 1Y 08 E B 38 5 S Bt 43 B 80 BR L 6] A5 5 1 5 0 R = Bl B g s . 7E PTS-

ADC R G, 32 MZM JH il 75 4% fiy bR B0 52 0, 168 % 2 MR A R Goks B i) B 2 R A 2 — R AR R 6 AT DL
0.06

0.04f
0.02f

0
-0.02

Amplltude /arb. units

-0.041

-0.06 L . L
10 15 20 25 30
Time /ns

5 2 1 IEAHIBUS B S

Fig. 5 Modulation signal after two channels subtraction

1206001-5



H = # ot

I59% 108 K0 I 388 ol R BT 0 i 6 R 40 s B B2, TR R S RO AE S S MR HL AR AR T B MZM AT LR
PTS-ADC R G Ab RS BRI R R IR 22
0 0

@ ®)
—20‘ “ -20t
%‘4°| ‘}‘“‘ 1 3 il
z o 4“‘ ‘J” H‘ £ ) H ‘J‘ ‘”
il (f{\‘“\“u ) A “‘" \ "'wu
‘ M 4 ] il w. ~|‘1
~100 -100
0 Frequency /GHz ° 0 Frequency /GHz ! °

K6 JGERSHIGE, (O F4d MZM; (b) B EIX MZM
Fig. 6 Spectra of optical pulse after modulation. (a) Conventional M-Z modulator; (b) complementary dual M-Z modulator
1E PTS-ADC Z 48 ¥ - A 4 AR fil 2 R SR AR SR 4 GHz 19 ADC X B 5 BEAT IR A7 R AE A
. B 4 A8 TE ITAT R AL IS B 5 S e B S b HEAT PR PR S AR R A AN 7 R
0.06

0.04}
.02} )
ol .... s ) s ' - -.'. e
—0.02} L

Amplitude /arb. units

-0.04}

-0.06}
16 17 18 19 20 21 22 23
Time /s

& 7 5?4'%}/ E’]{n J*ﬁ){‘i
Fig. 7 Sampled signal points after splicing

FIJH Matlab 2 Ff % R BE 5 B9 BE #EAT A0 B, Ani& 7 B BOCR AR Bk oh o 59 7 S AR AR I () {5, 2
WS Jk o R T 2R 5 3 L 114 55 T A1 R 0 114 2 0 R O A T LA 1/ 2 A4 JEL Y A I 5% R B, 43 ) SR B4 A 4P
{EL A0 B [ [B] B 13307 B (O R 15 RF 55 19 00%

fi1=Mf,, (23)
Kb £ 0 REFS BRI, £, R FARBUG SR,

FHE AN MZM 2541 PTS-ADC RGXIFH 20 GHz 1Y RF 5 5 #47 RAE ARG (23) AT LK
R E S AN 20.18 GHz, [6] 3R, K45 Bk th MZM 254 1) PTS-ADC R 48R HE 5 015 58008 Ny
20.66 GHz,

R A [7) 1 SR B £t AL J5L R, 43 %4 % R 10,15,25,30 GHz (9 RF 15 5 34T RAE AL 8 o 3T 75
S 2H AU BRZE R A L a2 1 R . SR EL AR X MZM A S v % i ) g8 5 PTS-ADC 2 %0 1 5 AL RS
JEAR AN 8 s . MR 8 AT LI Y ARAS TAE 48 % MZM 454, R FH T AN MZM 4549 %65 56 bk vh #4798 51
PTS-ADC Z Gt iHs B 34945 80 T B g4 5 . (HJ2 325 ui i ADC St fb RS B2 52, Y RE {5 5 0058 KT, 72 AH
o7 JEL 0 PR R B SR L 3 23 % PTS-ADC Eﬂa**r“L ot M) o ot ARONE B ) it v (L B AT S 1 i 2 e A

# 1 PTS-ADC RGRKJEE 5 W AR L
Table 1 Comparison of signal frequency after sampling in PTS-ADC system
fm: /GHZ fd\ml—MZM /GHZ fs,ng1<»—MzM /GHZ
10 10.21 8.73
15 15.87 16.46
20 20.18 20.66
25 26.54 27.53
30 29.08 28.94

1206001-6



5

§12-

50| S

g

> 8

g

E 6f

2

8 4+ ° o

= .

22 °
G 1 1 1 1 ,

10 15 20 25 30
Frequency /GHz

B8 PTS-ADC FGuH K 12w Fl
Fig. 8 Accuracy improvement of the PTS-ADC system
:|: N
45 e

X H AN MZM 258 %) PTS-ADC 2GR Ese s m, BLie#E S T PTS-ADC J& B DL K 5 b £ XY

MZM 06 Z B i = A i b B . i B L 43 B 5 SR R RE {5 %5 (10,15,20,25,30 GHz)
PEATRAE L F R A AN X MZM F B Y MZM PR S HO6 8 i 28 B . PTS-ADC R 48 R FEIR A3 19 RE 15
SRR, P EATREY], AN MZM G848 A ZOM & B i B ny 7 A R E T PTS-ADC £ 48 19 R AR RS
LN T PTS-ADC 9 R G PERE .

[1]

(2]

(3]

(4]

(6]

7]

(8]

(9]

[10]

[11]

[12]

2 % X #

Walden R H. Analog-to-digital converter survey and analysis[J]. IEEE Journal on Selected Areas in Communications,
1999, 17(4): 539-550.

Bracken ] A, Xu C Q. All-optical wavelength conversions based on MgO-doped LiNbO; QPM waveguides using an
EDFA as a pump source[J]. IEEE Photonics Technology Letters, 2003, 15(7): 954-956.

Kiértner F X, Holzwarth C W, Kim J, et al/. Photonic analog-to-digital conversion with electronic-photonic integrated
circuits[C]. SPIE, 2008, 6898: 689806.

Khilo A, Sorace C M, Birge J R, et al. Accurate photonic analog-to-digital conversion[C]. General Assembly and
Scientific Symposium, 2011: 12329975.

Khilo A, Spector S J, Grein M E, et al. Photonic ADC: Overcoming the bottleneck of electronic jitter [J]. Optics
Express, 2012, 20(4): 4454-4469.

Takahashi K, Matsui H, Nagashima T, et a/. Resolution upgrade toward 6-bit optical quantization using power-to-
wavelength conversion for photonic analog-to-digital conversion[J]. Optics Letters, 2013, 38(22): 4864-4867.

Scotti F, Laghezza F, Serafino G, et al. In-field experiments of the first photonics-based software-defined coherent
radar[]J]. Journal of Lightwave Technology, 2014, 32(20): 3365-3372.

Esman D J, Wiberg A O J, Alic N, et al. Highly linear broadband photonic-assisted Q-band ADC [J]. Journal of
Lightwave Technology, 2015, 33(11): 2256-2262.

Zhang Hualin. Study on photo-assisted microwave frequency measurement method with improved real-time performance
[J]. Chinese ] Lasers, 2015, 42(12): 1208008.

SRARR . — Tk SN B DTG A B G AR e D RS L0 . P EDBOG, 2015, 42(12) 1 1208008.

Qian Aquan, Zou Weiwen, Wu Guiling, es al. Design and implementation of multi-channel photonic time-stretch
analog-to-digital converter[J]. Chinese J Lasers, 2015, 42(5): 0505001.

BRBTA, A8 T30, RAR, . b FoEAMBERERRENZEEARIT S LRI, P EBOG, 2015, 42(5):
0505001.

Xu Yaran. Research on photonic time-stretch ADCs and their parallel multichannel characteristics [D]. Chengdu:
University of Electronic Science and Technology of China, 2015.

TRALAK . I [ L Ao 2O BB e s S AT 20l il R PR SE (D] . AR - i PR A%, 2015,

Cui Y, Xu K, Dai Y, et al. Suppression of second-order harmonic distortion in ROF links utilizing dual-output MZM
and balanced detection[C]. International Topical Meeting on Microwave Photonics, 2013: 103-106.

1206001-7



H = e ot

[13]

[14]

[15]

[16]

Tao Shixing, Deng Xiangyang, Li Jianzhong, et al. Real-time measurement of light beat-frequency signal with
bandwidth of 56.978 GHz[J]. Acta Optica Sinica, 2017, 37(3): 0306004.

B i, XSm B, A rh, AF. SN 56.978 GHz JedrMife 7 SCmE ik [T, Je2f2#4ik, 2017, 37(3): 0306004,
LiuSY, Tam H Y, Demokan M S. Low-cost microlens array for long-period grating fabrication [J]. Electronics
Letters, 1999, 35(1): 79-81.

Liu Yunlong. Characteristics of multi-channel hybrid optical/electronic analog-to-digital converter system [D].
Chengdu: University of Electronic Science and Technology of China, 2013.

Xz Je. IR ERE L 2 BB R HENF T (D] AR B TR R A, 2013,

Han Y, Jalali B. Photonic time-stretched analog-to-digital converter: Fundamental concepts and practical considerations

[J]. Journal of Lightwave Technology, 2003, 21(12): 3085-3103.

1206001-8



