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Abstract: We present in this paper Quad Detectors that are suitable for beam steering 
and high-speed data communication. The quad detector with the smallest active area 
shows the dark current of 4.3 nA with the junction capacitance of 123.5 fF, this 
indicates that the device would have a bandwidth that is suitable for 25Gb/s data rate 
communication. The responsivity is >0.9 A/W over O-band to C-band. 

1. Introduction 

In long and ultra-long distance wireless optical links, photodetectors are used for beam 
tracking, data communication, wavefront detection and laser interferometry space antenna 
[5]. Quad detectors have been used as a position-sensitive detector for beam tracking in 
different free space optical communication systems [1,2]. A separate detector would be used 
for data communication. In recent years, there are publications that demonstrate the 
simultaneous beam steering and data communication with the same quad-detector [3,4]. In 
this work, we describe the combination of beam steering and data communication on one 
device with the use of heterostructure PIN photodiode.  

2. Quad Detector Design and Characterization 

Detectors with various active area size and quadrant gap are designed and fabricated to 
investigate the trade-off between the requirement of large detector size for the easiness of 
beam steering and the requirement of a small detector size to achieve high bandwidth and 
sensitivity. Fig. 1 (a), shows a schematic of the quad-photodiode, the quadrants are separated 
with different gap size which is indicated by the cross in the middle. Each quadrant is 
connected to a TIA (transimpedance amplifier) for current readout. Fig. 1 (b) shows the 
measured leakage current of the smallest design till reverse bias 10V. The quadrant in this 
run indicates a leakage current of 4.3 nA at a reverse bias 5V. Fig. 3 shows the result of CV 
(capacitance-voltage) measurements. Each quadrant has the capacitance around 125 fF. 
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Fig. 1 (a), Top, Schematic of a large-area quad photoreceiver.  (b), bottom left, leakage 
current measurement result of 4 quadrants under different reverse bias voltage (c), 
bottom right, CV measurement shows capacitance of each quadrant around 123.5 fF 

3. Conclusions and Future Work 

We demonstrate the results of quad-detector designs. The design variations we have covered 
both the need for beam steering and the need for data communication. The design space 
should cover the device that has the potential for simultaneous beam steering and data 
communication. Further evaluation and development will be required for device packaging 
and module integration. The system-level testing will be performed to find an optimum 
design for the dual function quad detector. Devices will be packaged in the future and 
assembled with receiver electronics to measure RF response and noise bandwidth 
performance. 

[1] T. Jono, Y. Takayama, K. Ohinata, N. Kura, Y. Koyama, K. Arai, K. Shiratama, Z. Sodnik, A. Bird and B. 
Demelenne ‘Demonstrations of ARTEMIS-OICETS Inter-Satellite Laser Communications, 24th AIAA 
International Communications Satellite Systems Conference AIAA 2006-5461 Jun. 2006. 

[2] E. Ciaramella, Y. Arimoto, G. Contestabile, M. Presi, A. D’Errico, V. Guarino, and M. Matsumoto, 1.28 
terabit/s (32x40 Gbit/s) WDM transmission system for free space optical communications, IEEE Jou. 
ON Sel. Areas In Com., VOL. 27, NO. 9, DEC. 2009 

[3] Xinkun.F,Lei.Z, Yansong.S, Simultaneous Detection Technology of Tracking and Communication 
Based on Four-Quadrant Detector. Chinese Jou. of Lasers 44(9):0906009 · Sep. 2017 

[4] Mike S. Ferraro, Rita Mahon, William S. Rabinovich, Wade T. Freeman, James L. Murphy, Peter G. 
Goetz, Harris R. Burris, Christopher I. Moore, Linda M. Thomas, William R. Clark, William D. 
Waters, InGaAs avalanche photodiode arrays for simultaneous communications and tracking, Proc. 
of SPIE Vol. 8162, 81620D 

[5] Abhay Joshi, Shubhashish Datta, Jim Rue, Jeffrey Livas, Robert Silverberg, Felipe Guzman 
Cervantes, Ultra-low noise large-area InGaAs quad photoreceiver with low crosstalk for laser 
interferometry space antenna, Proc. SPIE 8453, High Energy, Optical, and Infrared Detectors for 
Astronomy V, 84532G (25 September 2012) 

(a) 

 (b)  (c) 

https://www.researchgate.net/journal/0258-7025_Chinese_Journal_of_Lasers
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/Mike.Ferraro-76184
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/Rita.Mahon-7667
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/William.Rabinovich-24323
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/Wade.Freeman-9765
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/James.Murphy-61287
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/Peter.Goetz-18282
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/Peter.Goetz-18282
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/notfound?author=Harris_Burris
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/Christopher.Moore-27914
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/Linda.Wasiczko-Thomas-32928
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/William.Clark-93804
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/William.Waters-49965
https://www-spiedigitallibrary-org.dianus.libr.tue.nl/profile/William.Waters-49965

