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Motivation — Jitter in Data Converters
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 Quantization Noise and SNR:

ENOB = SNRap=1.76 dB
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« ENOB: Effective Number of Bits
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fsig- Analog input frequency, Hz

Anatol Khilo et al., "Photonic ADC: overcoming the bottleneck of electronic jitter,"
Opt. Express 20, 4454-4469 (2012)
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Motivation — Phase Noise in Electronic and Photonic Oscillators

 Electronic Oscillators
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Phase Noise (dBc/Hz)

Comparison of the phase noise of electronic/photonic oscillators,
normalized to 10-GHz carrier frequency
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M. Bahmanian and J. C. Scheytt, "A 2-20-GHz Ultralow Phase Noise Signal Source Using a
Microwave Oscillator Locked to a Mode-Locked Laser," in IEEE Transactions on Microwave
Theory and Techniques, vol. 69, no. 3, pp. 1635-1645, March 2021
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Motivation — Phase Noise in Electronic and Photonic Oscillators

* Photonic Oscillators
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Phase Noise (dBc/Hz)

Comparison of the phase noise of electronic/photonic oscillators,
normalized to 10-GHz carrier frequency
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Microwave Oscillator Locked to a Mode-Locked Laser," in IEEE Transactions on Microwave
Theory and Techniques, vol. 69, no. 3, pp. 1635-1645, March 2021

www.meteracom.de

12 March 2024 | Maxim Weizel | Photonically Assisted Sampling Circuits | 7/29



Motivation — Phase Noise in Electronic and Photonic Oscillators

Comparison of the phase noise of electronic/photonic oscillators,
normalized to 10-GHz carrier frequency
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Microwave Oscillator Locked to a Mode-Locked Laser," in IEEE Transactions on Microwave
Theory and Techniques, vol. 69, no. 3, pp. 1635-1645, March 2021

W\ M
E— pirdairgatesaabengyl T
FIETERHEOITI www.meteracom.de 12 March 2024 | Maxim Weizel | Photonically Assisted Sampling Circuits | 8/29



Outline

» Selected Architectures
« MZM-based Sampling
« MZM-based Sampling - Time Interleaved
« MZM-based Sampling - Frequency Interleaved
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MZM-based Sampling
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H. F. Taylor, M. J. Taylor, P. W. Bauer; Electro-optic analog-to-digital conversion using channel waveguide modulators. Appl. Phys. Lett. 1 May 1978; 32 (9): 559-561.

M. Weizel, F. X. Kaertner, J. Witzens and J. C. Scheytt, “Photonic analog-to-digital-converters—Comparison of a MZM-sampler with an optoelectronic switched-emitter-follower
sampler,” in Proc. 21st ITGSymp. Photon. Netw., 2020, pp. 119-124.
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MZM-based Sampling > Time Interleaved

Silicon Chip

\ . ADC

RE in J A o

Ly | e
% O

Mode-locked ~

laser =
=
L
0

[T
__\I"‘ A‘ s IA A Oooo

Lo | < ﬂ\jzbf—\ — W itors
< ‘T N Y 000
™~ L~ MZM

Q
dulat S ]
moauiator 0000
q Y “AHAbC
[ >

»
>

Anatol Khilo et al., "Photonic ADC: overcoming the bottleneck of electronic jitter," Opt. Express 20, 4454-4469 (2012)

A. H. Nejadmalayeri et al., "A 16-fs aperture-jitter photonic ADC: 7.0 ENOB at 40 GHz," CLEO: 2011 - Laser Science to Photonic
Applications, Baltimore, MD, USA, 2011, pp. 1-2,
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MZM-based Sampling > Time Interleaved

Silicon Chip
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Holzwarth, C. W. et al. “High speed analog-to-digital conversion with silicon photonics.” Silicon Photonics
IV. Ed. Joel A. Kubby & Graham T. Reed. San Jose, CA, USA: SPIE, 2009. 72200B-15.
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MZM-based Sampling 2> Frequency Interleaved
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A. Zazzi et al., "Optically Enabled ADCs and Application to Optical Communications," in IEEE Open Journal of the Solid-State Circuits Society, vol. 1, pp. 209-221, 2021, doi:
10.1109/0JSSCS.2021.3110943.
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MZM-based Sampling 2> Frequency Interleaved
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MZM-based Sampling 2> Frequency Interleaved
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\ D.Fangetal., “Opti?l Arbitrary Waveform Measurement (OAWM) Using Silicon Photonic Slicing Filters," in Journal of Lightwave Technology, vol. 40, no. 6, pp. 1705-1717, 15 March15, 2022
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+ Selected Architectures

» Optically Clocked Electronic Sampling
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Optically Clocked Electronic Sampling
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Optically Clocked Electronic Sampling
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Maxim Weizel, J. Christoph Scheytt, Franz X. Kartner, and Jeremy Witzens, "Optically clocked switched-emitter-follower THA in a photonic SiGe
BiCMOS technology," Opt. Express 29, 16312-16322 (2021)
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Optically Clocked Electronic Sampling
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Optically Clocked Electronic Sampling — Our Recent Activities

2 x Time-Interleaved Track and Hold
70 GHz 3dB bandwidth

120 GS/s operation
« 35 GHz TIA + Frequency Multiplier

IHP SG25H5 EPIC technology
* fi/ fmnax Of 220GHz/280GHz

Currently in fabrication

Silicon Photonic Chip
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Outline

+ Selected Architectures

» Photonically Referenced Oscillator / Optoelectronic PLL (OE-PLL)
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Photonically Referenced Oscillator / Optoelectronic PLL (OE-PLL)
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M. Bahmanian and J. C. Scheytt, "A 2—20-GHz Ultralow Phase Noise Signal Source Using a Microwave Oscillator
Locked to a Mode-Locked Laser," in IEEE Transactions on Microwave Theory and Techniques, vol. 69, no. 3, pp.
1635-1645, March 2021, doi: 10.1109/TMTT.2020.3047647.
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Photonically Referenced Oscillator / Optoelectronic PLL (OE-PLL)
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Photonically Referenced Oscillator / Optoelectronic PLL (OE-PLL)
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Conclusion

« High-Speed ADCs are crucial for various applications
» Telecom, Radar, Metrology

 Traditional electr. ADCs face limitations in achieving high-speed and high
resolution simultaneously

« Photonically Assisted Sampling Outperforms Electronic Sampling at high
analog input bandwidths

« Best application region: >10 GHz and >5 Bit resolution
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Conclusion

High-Speed ADCs are crucial for various applications
» Telecom, Radar, Metrology

Traditional electr. ADCs face limitations in achieving high-speed and high
resolution simultaneously

Photonically Assisted Sampling Outperforms Electronic Sampling at high
analog input bandwidths

« Best application region: >10 GHz and >5 Bit resolution

Photonically Assisted ADCs have the potential to shift the performance limits

of data converters towards yet unprecedented accuracies
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