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ABSTRACT   

Emerging applications such as light detection and ranging (LiDAR), on-chip interconnect and neuromorphic photonics 
demand higher complexity and integration density in photonic integrated circuits (PICs). Conventional InP PICs, 
although offers seamless integration of actives and passives, cannot meet this demand. In this talk, a InP membrane 
photonics platform will be presented and its recent progress will be reviewed. It features sub-micron waveguides 
together with native amplifiers. Therefore it has potential to achieving active-passive photonic integration with order-of-
magnitude higher density and complexity. 
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1. INTRODUCTION  
Photonic integrated circuits (PICs) have become the key enabler for latest transceiver standards for telecom and datacom, 
as well as high-performance optical sensors [1]. The number of active and passive components increases rapidly as the 
specific application evolves. For instance, the integrated coherent transceiver has reached to nearly 2000 components on 
a single chip [2]. Emerging applications, such as the light detection and ranging (LiDAR) [3], on-chip interconnect [4] 
and neuromorphic computing [5] appreciate fully integrated systems on chip, and have put new challenges to the PIC 
technologies. They require orders of magnitude more parallel channels and an explosion of the number of components, 
for both active and passive components. 

The InP Membrane on Silicon (IMOS) platform [6, 7] is a promising solution to the growing demand of density and 
complexity. It features sub-micron waveguides, allowing for micron-sized bends, resonators and couplers, as well as 
native optical amplifiers without the need of assembly or heterogeneous integration. In this presentation, we will provide 
an overview of recent progress made on this platform. 

2. RECENT PROGRESS ON THE IMOS PLATFORM 
2.1 Native Optical Amplifier  

The optical amplifier building block on the IMOS platform is based on a twin-guide structure [8], where the active 
waveguide layer containing multi-quantum wells (MQWs) and the passive waveguide layer are stacked vertically by 
epitaxial growth. Coupling of light between the two waveguide layers is through adiabatic tapers. The net modal gain of 
over 100 cm-1 generated from 8 MQWs is comparable to that in conventional InP PIC platforms. Based on this building 
block, several lasers, such as distributed feedback (DFB) laser, distributed Bragg reflector (DBR) laser and micro-ring-
based tunable laser, have been demonstrated [7]. Recently the multimode capability of such amplifier have been 
investigated with the assistance of on-chip mode division multiplexers (MDMs) [9]. The gain of both TE0 and TE1 
modes in the amplifier has been examined. Net modal gain of 6 dB and 4 dB have been measured for TE0 and TE1 
modes, respectively [10]. The lower gain for TE1 mode is mainly attributed to the excess loss induced by the MDM 
couplers. This shows strong evidence that the same amplifier can be reused for multiple modes, therefore potentially 
boost the efficiency of such power-hungry devices and reduce the number of amplifiers required for a complex circuit. 
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2.2 Ultrafast Photodiode 

An ultrafast photodiode based on uni-travelling carrier (UTC) configuration has been demonstrated [11]. The device is 
depicted in Figure 1(a). The 3 dB electrical bandwidth exceeds 110 GHz which is the limit of the instrument. The UTC 
photodiode on IMOS platform takes advantage of the double-sided processing [12] to optimize the position of the metal 
electrodes with respect to the waveguide, without significantly increasing the optical loss. Ultralow junction capacitance 
(as low as 5 pF) has been obtained. Such device can find application in high-speed optical interconnect as well as 
terahertz radiation generation for 6G communication and sensing. 

2.3 Microheater  

To enable highly efficient tuning of the phase in the waveguides, which is of high demand in integrated optical phased 
arrays (OPAs), a novel microheater has been proposed and demonstrated on IMOS platform [13]. With only a length of 
13μm, a π phase shift can be achieved with high efficiency (2.26 mW/π) and fast response time (11 μs), thanks to the 
high thermo-optic coefficient of InP and the epitaxially grown conductive layer with low optical loss. The device is 
record small and energy efficient among state-of-the-art non-resonant microheaters. Comparing to resonator-based 
microheaters using a slow light effect, our device offers much wider optical bandwidth (100 nm versus few nm) at 
similar energy efficiency. 

 

 
Figure 1. (a) Scanning electron microscope (SEM) picture of the ultrafast UTC photodiode. (b) SEM picture of the 
microheater. 

 

3. CONCLUSION 
Recent progress at technology level and building block level on the IMOS platform shows that it is a high-potential 
technology solution for the ever-growing demand in PIC complexity and integration density.   

ACKNOWLEDGEMENTS 

The author acknowledges the NWO Zwaartekracht Project “Research Centre for Integrated Nanophotonics” and H2020 
ICT TWILIGHT Project (contract No. 781471) under the Photonics PPP. 

REFERENCES 

[1] S. Arafin and L. A. Coldren, "Advanced InP Photonic Integrated Circuits for Communication and Sensing," 
IEEE Journal of Selected Topics in Quantum Electronics, vol. 24, pp. 1-12, 2018. 

[2] F. Kish, V. Lal, P. Evans, S. W. Corzine, M. Ziari, T. Butrie, M. Reffle, H. S. Tsai, A. Dentai, J. Pleumeekers, 
M. Missey, M. Fisher, S. Murthy, R. Salvatore, P. Samra, S. Demars, N. Kim, A. James, A. Hosseini, P. 
Studenkov, M. Lauermann, R. Going, M. Lu, J. Zhang, J. Tang, J. Bostak, T. Vallaitis, M. Kuntz, D. Pavinski, 
A. Karanicolas, B. Behnia, D. Engel, O. Khayam, N. Modi, M. R. Chitgarha, P. Mertz, W. Ko, R. Maher, J. 

(b)(a)



 
 

 
 

 
 

Osenbach, J. T. Rahn, H. Sun, K. T. Wu, M. Mitchell, and D. Welch, "System-on-Chip Photonic Integrated 
Circuits," IEEE Journal of Selected Topics in Quantum Electronics, vol. 24, pp. 1-20, 2018. 

[3] C. V. Poulton, M. J. Byrd, P. Russo, B. Moss, O. Shatrovoy, M. Khandaker, and M. R. Watts, "Coherent 
LiDAR With an 8,192-Element Optical Phased Array and Driving Laser," IEEE Journal of Selected Topics in 
Quantum Electronics, pp. 1-8, 2022. 

[4] M. Rakowski, C. Meagher, K. Nummy, A. Aboketaf, J. Ayala, Y. Bian, B. Harris, K. Mclean, K. McStay, A. 
Sahin, L. Medina, B. Peng, Z. Sowinski, A. Stricker, T. Houghton, C. Hedges, K. Giewont, A. Jacob, T. 
Letavic, D. Riggs, A. Yu, and J. Pellerin, "45nm CMOS — Silicon Photonics Monolithic Technology (45CLO) 
for Next-Generation, Low Power and High Speed Optical Interconnects," in 2020 Optical Fiber 
Communications Conference and Exhibition (OFC), 2020, pp. 1-3. 

[5] B. Shi, N. Calabretta, and R. Stabile, "Deep Neural Network Through an InP SOA-Based Photonic Integrated 
Cross-Connect," IEEE Journal of Selected Topics in Quantum Electronics, vol. 26, pp. 1-11, 2020. 

[6] Y. Jiao, N. Nishiyama, J. J. G. M. van der Tol, J. P. van Engelen, V. Pogoretskiy, S. Reniers, A. A. Kashi, Y. 
Wang, V. Calzadilla, M. Spiegelberg, Z. Cao, K. Williams, T. Amemiya, and S. Arai, "InP membrane 
integrated photonics research," Semiconductor Science and Technology, vol. 36, p. 013001, 2020. 

[7] Y. Jiao, J. van der Tol, V. Pogoretskii, J. van Engelen, A. A. Kashi, S. Reniers, Y. Wang, X. Zhao, W. Yao, T. 
Liu, F. Pagliano, A. Fiore, X. Zhang, Z. Cao, R. R. Kumar, H. K. Tsang, R. van Veldhoven, T. de Vries, E.-J. 
Geluk, J. Bolk, H. Ambrosius, M. Smit, and K. Williams, "Indium Phosphide Membrane Nanophotonic 
Integrated Circuits on Silicon," physica status solidi (a), vol. 217, p. 1900606, 2020. 

[8] V. Pogoretskiy, J. van Engelen, J. van der Tol, A. Higuera-Rodriguez, M. Smit, and Y. Jiao, "An Integrated 
SOA-building block for an InP-membrane platform," in Advanced Photonics 2017 (IPR, NOMA, Sensors, 
Networks, SPPCom, PS), New Orleans, Louisiana, 2017, p. JW4A.1. 

[9] Y. Wang, Y. Wei, V. Dolores-Calzadilla, K. Williams, M. Smit, D. Dai, and Y. Jiao, "Mode division 
multiplexing on an InP membrane on silicon," Optics Letters, vol. 47, pp. 4004-4007, 2022/08/15 2022. 

[10] Y. Wang, Y. Wei, V. Dolores-Calzadilla, D. Dai, M. Smit, K. Williams, and Y. Jiao, "A dual-mode 2 × 2 
semiconductor optical amplifier on an InP membrane," in Submitted to CLEO 2023. 

[11] J. d. Graaf, X. Zhao, D. Konstantinou, M. v. d. Hout, S. Reniers, L. Shen, S. v. d. Heide, S. Rommel, I. T. 
Monroy, C. Okonkwo, Z. Cao, T. Koonen, K. Williams, and Y. Jiao, "Beyond 110 GHz Uni-Traveling Carrier 
Photodiodes on an InP-Membrane-on-Silicon Platform," IEEE Journal of Selected Topics in Quantum 
Electronics, vol. 28, pp. 1-10, 2022. 

[12] L. Shen, Y. Jiao, A. H. Rodriguez, A. J. M. Mejia, G. C. Roelkens, M. K. Smit, and J. J. G. M. v. d. Tol, 
"Double-sided processing for membrane-based photonic integration," in 18th European Conference on 
Integrated Optics (ECIO 2016), Warsaw, Poland, 2016. 

[13] Y. Wang, V. Dolores-Calzadilla, K. A. Williams, M. K. Smit, and Y. Jiao, "Ultra-Compact and Efficient 
Microheaters on a Submicron-Thick InP Membrane," Journal of Lightwave Technology, pp. 1-11, 2022. 

 


