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Figure 4.11. Experimental results of the PD-VCSEL-PD device operating at 2.5 MHz. (a) the upper trace is the 

sinusoidal signal sent to the EOM and the lower trace shows the optical output of the VCSEL. (b) the output versus 

input presentation. 

Another suggestion for improving the PD-PD-VCSEL circuit is to connect the VCSEL in 

parallel to one of the photodiodes which were connected in series and tested for electrical switching 

previously. 

 

Figure 4.12. Schematic of the circuit of the PD-PD device with the VCSEL connected in parallel, along with the 

experimental setup for testing the device. 

The actual circuit was constructed and tested in a setup presented in Figure 4.12. Although 

the electrical switching signal was detected from node n in Figure 4.12 in the previous 

configuration, the VCSEL connected in series to PD1 did not emit a significant amount of 

emission, which was mainly because of small biasing voltage. One might think that the VCSEL 
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could be connected in parallel to PD2 instead of PD1, but the direction of the photocurrent 

produced by PD2 was not right for the VCSEL. 

To obtain high enough optical power, a laser needs a large enough bias voltage and driving 

current. In order to make the VCSEL emit at a higher optical power, another power supply was 

used to bias the VCSEL separately and use the photocurrent exiting node n in Figure 4.12 as a 

modulating current for the VCSEL. The experimental setup for this case is presented in Figure 

4.13. The VCSEL was biased using an Agilent E3610A DC power supply at a voltage of 1.6 V. A 

resistor R=100 Ω was connected in series with the VCSEL to regulate the current flowing through 

it.  

       

Figure 4.13. Circuit configuration of the PD-PD device modulating a separately biased VCSEL with the 

experimental setup for this experiment. 

In order to make sure that the modulated photocurrent flowing into the VCSEL’s circuit 

from node n has the right bistable signal shape, first the voltage across the resistor R was measured 

in the circuit of Figure 4.13, with the results indicated in Figure 4.14 (a) and (b). 
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Figure 4.14. Electrical current flowing to the circuit consisting of a VCSEL and a load resistor connected to PD-PD 

circuit. In each case the upper trace shows the modulating signal sent to the EOM and the lower trace is the current 

flowing to the VCSEL-R circuit (a) at 200 kHz, and (b) at 500 kHz. 

The results shown in Figure 4.14 show good bistable behavior of the two photodiodes 

biased at 2 V, however, due to the parasitic effects of the long wires of the test circuit, the switching 

signal looks noisy. This problem will be fixed in the future by having the two circuits (PD-PD and 

VCSEL-R) on the same board with the shortest possible wire lengths.  

After putting the two circuits shown in Figure 4.13 on the same board, biasing them with 

two separate power supplies, and reducing the length of the connecting wires, the optical output 

of the VCSEL was monitored with a photodetector connected to a scope. Because of the low signal 

amplitude of the photocurrent produced by the PD-PD circuit, the optical signal emitted by the 

VCSEL has a very low amplitude, which was almost impossible to detect as shown in Figure 4.15. 
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Figure 4.15. Input modulating signal to EOM (upper trace) and optical output signal (lower trace) of the VCSEL in 

circuit configuration of Figure 4.13. 

In order to acquire a better signal from the VCSEL, the EDFA in the setup shown in Figure 

4.13 is removed from driving PD2 and used to amplify the output emission of the VCSEL. 

Additionally, the resistor connected to VCSEL was removed to avoid the dissipation of the 

photocurrent produced by the two photodiodes. The new setup is shown in Figure 4.16. 

     

Figure 4.16. Experimental setup for the PD-PD-VCSEL bistable device. In this new setup the resistor connected in 

series to the VCSEL is removed, and the output of the VCSEL is amplified by the EDFA. 

The result of the amplification of the optical output power of the VCSEL is presented in 

Figure 4.17 at 5.4 MHz. As can be seen, although the amplitude of the optical signal is still low, 

signs of bistability could be observed. The optical signal shown in Figure 4.17 (a), indicated by 
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the lower trace, has a peak-to-peak voltage of 6.9 mV, which is relatively low to be detectable by 

a photodetector. 

 

Figure 4.17. (a) Input sinusoidal signal (upper trace) sent to EOM and output optical signal of the VCSEL (lower 

trace), (b) hysteresis loop of the input versus output of the PD-PD-VCSEL switching device which is shown larger 

in the inset. 
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 Conclusions 

Optical and electrical bistable quantizers with different circuit structures were designed 

and constructed in this work using two identical VCSELs and two identical PDs connected to a 

VCSEL. Both devices were built using commercial components which work at 1550 nm. In this 

chapter first the summary and results of the bistable quantizers are presented, then suggestions for 

the future work are discussed. 

5.1 Summary of the VCSEL-VCSEL Electrical Bistable Quantizer 

An electrical bistable switch was initially constructed using two identical 850 nm Finisar 

VCSELs to evaluate the bistable and switching capacities of the component. This idea was initially 

proposed to see if any improvements in the switching speed of the coupled self-electro-optic effect 

devices with multi-quantum-well structures could be achieved. The commercial Finisar VCSELs 

have a capacitance of 55 pF at 1 MHz, which is much smaller than the large capacitance of the C-

SOA device (380 pF) of reference [7]. Therefore, we expect a higher switching speed with the 

coupled VCSELs.  

The circuit for testing the VCSEL-VCSEL device contains two identical VCSELs 

connected in series with a reverse bias voltage, along with two potentiometers for regulating the 

biasing current through the VCSEL and the modulating voltage on the top VCSEL. Then the 
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voltage across the bottom VCSEL was measured with a scope. At a fixed biasing voltage and 

modulation signal amplitude, one can achieve quantization by tuning the potentiometers.  

Electrical bistability up to 1.4 MHz was achieved with the VCSEL-VCSEL device, which 

is higher than any hybrid bistable quantizer constructed in [8]. This could be due to the smaller 

capacitance of the VCSEL compared to SOAs and BJTs or could be because of better circuit 

design. 

In addition, discussions on the layer structure of the VCSELs were presented to better 

understand the limiting factors in achieving smaller overall capacitance of the component, and 

designing an equivalent circuit of the structure. This study was further used to simulate the 

behavior of the coupled VCSELs device. The simulation provided very good information on the 

proper circuit configuration for achieving a good bistable quantized output signal. Also, the 

simulation was a good tool to find the capacitance, inductance and resistances appropriate for 

GigaHertz range operation. Based on this method it was shown that capacitances in femtoFarad 

range and inductance of nanoHenry range would provide quantization in the GigaHertz range. 

5.2 Summary of the PD-PD and PD-PD/VCSEL Electrical and Optical Quantizer 

As suggested by authors of [8], it is possible to make electrical quantizers utilizing two 

identical p-i-n photodiodes. Using this idea, a new bistable quantizer is made using two Eudyna 

photodiodes. Prior to building the circuit, the two components were tested and measured for their 

responsivity and modulation capacities. The circuit of the PD-PD device was constructed, with an 

optical link consisting of a tunable laser, an electro-optic modulator, an EDFA, a SOA, and a 30/70 

coupler was set. The two optical amplifiers were used for controlling the amount of light emitted 
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on the two photodiodes. By controlling the biasing voltage and tuning the optical power input to 

the two PDs, electrical quantization was achieved at several frequencies up to 8 MHz, which was 

higher than the 1 MHz limit of previous works [8]. According to the simulations done in PSpice 

based on the equivalent circuit of Eudyna p-i-n photodiodes with 0.9 pF capacitance and 100 Ω 

shunt resistance, by reducing the series resistance of the circuit, which corresponds to the PD’s 

lead resistance and wires, better quantization is achieved at higher frequencies. Taking advantage 

of this solution, the wires in the circuit containing the two PDs were shortened which indeed 

resulted in better and faster switching. 

A new idea was proposed for converting the electrical quantized signal to optical signal by 

using the electrical signal out of the PD-PD device for modulating a biased VCSEL. A separate 

circuit for biasing a Raycan 1550 nm fiber pigtailed VCSEL was built, and the optical emission 

was tested. Then, an electrical connection from between the two PDs to the VCSEL circuit was 

made for sending the modulated photocurrent to the VCSEL. By tuning the photocurrent and 

VCSEL’s biasing voltage, an optical bistable signal was achieved. 

5.3 Recommendations for Future Work 

Quantization and switching up to 8 MHz was achieved in this work.  However, in order to 

be able to compete with fast growing technology, switching speeds of nanosecond range are 

desirable, corresponding to GigaHertz range operation of the quantizer device.  

According to our simulations of the PD-PD and VCSEL-VCSEL devices, based on their 

electrical equivalent circuits, for achieving GigaHertz range operation, capacitance of 
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picoFaradrange is required. This will be achievable by decreasing the p-i-n structure’s junction 

capacitance, or overall size of the component.
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 Specification Sheet for the Raycan VCSEL 
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Appendix B 

 Specification Sheet for the Eudyna Photodiode 

 

 



73 

 



74 

 



75 

 


