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Abstract: Efficient GHz Silicon detectors in unmodified CMOS processes are attractive for dense 
optical interconnection to electronics. Using blue short pulses we demonstrate 50ps rise time 
lateral P-I-N detectors in a commercial silicon-on-sapphire CMOS process. 
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The ability to fabricate efficient GHz photodetectors in production line CMOS processes, without process 
modifications, would simplify the use of optics in computing systems. Research in CMOS detectors for optical 
interconnects largely assumes incident wavelengths near 850 nm. The long absorption depth (>10µm) of silicon at 
850 nm is unfavorable for the sub-micron depletion widths available in CMOS, creating a steep efficiency-speed 
tradeoff [1]. We propose and demonstrate the use of 425 nm incident wavelength to circumvent this tradeoff. 

The CMOS photodetectors studied here are multi-fingered lateral p-i-n structures with 6.2 µm finger spacing as 
shown in Fig. 1. The calculated capacitance of a 400 square-µm photodetector is 3 fF. The photodetectors and 
adjoining circuitry were fabricated in commercial 0.5 µm silicon-on-sapphire CMOS with 100 nm active silicon 
thickness. The measured responsivity of the photodetectors is 0.06 A/W at 425 nm, and <0.001 A/W at 850 nm.  
 

Fig. 1. (a) Schematic cross-section of a two finger lateral P-I-N photodetector; (b) A top-view CCD picture of one such detector on-chip.  

To characterize photodetector speed at 425 nm we integrated the detectors with 850 nm electro-absorption 
modulators by solder-bonding and performed an optical pump-probe measurement. Fig. 2(a) shows the experimental 
setup. The 425 nm pump beam was generated by frequency doubling an 850 nm 100 fs pulse-width modelocked 
Ti:Sapphire laser in a 1 mm thick BBO crystal. Remaining unconverted 850 nm light was used as the probe. A 
dichroic beam-splitter separated the two wavelengths. The arrival time at the chip of the probe pulse relative to the 
pump was varied using a corner-cube reflector on a computer controlled delay stage. Standard lock-in techniques 
were used by chopping the pump. Using a polarizing beam-splitter and a quarter wave plate, reflected probe light 
from the modulator was deflected to a fiber-coupled photodetector and measured on a lock-in amplifier.  

As shown in Fig. 2(b) the 425 nm pump pulse on the silicon photodetector raises the voltage on the modulator 
until sufficient pull-down current from the modulator can sweep out the charge. Since the absorption strength of the 
modulator changes with the voltage across it, we can measure the instantaneous voltage produced by the silicon 
photodetector, by measuring the intensity of the reflected modulator probe beam on the lock-in amplifier. 

Fig. 3 is a plot of the reading from the lock-in as a function of relative delay between pump and probe. At ~0 ps 
the pump pulse arrives. As the voltage on the modulator rises, its absorption decrease leading to a rise in the lock-in 
signal. Sweeping the arrival time of the probe with respect to the pump maps the voltage rise at the CMOS 
photodetector with sub-picosecond resolution. The total signal swing in Fig. 3 corresponds to a ~1V rise in the 
modulator voltage. The measured rise time is 50 ps, which is the expected transit-time through the 6.2 µm finger 
spacing of this detector.  
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Fig. 2. (a) Experimental set-up for the two-wavelength pump-probe measurement; (b) A schematic of the detector and modulator connection. 

 

 

Fig. 3. Lock-in amplifier reading of reflected probe intensity vs. probe delay relative to pump. This signal represents the voltage change on the 
modulator caused by the photocurrent in the CMOS photodetector. The rise time of this signal measures the speed of the photodetector. 

We have shown a transit-time limited response of 50 ps from an on-chip CMOS photodetector. We also expect 
that much narrower finger spacing could be achieved, allowing for even faster photodetection. For comparison, 
electrical edge rates in this CMOS process are >100 ps. Optical interconnect and clocking applications require fast, 
efficient photodetectors with minimum capacitance [2]. We have achieved these requirements in silicon CMOS at 
425 nm. 
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