Photodiode Receiver

Andrew Dorsey ENEE417

I.    Introduction
The purpose of this subsection was to pick up and process a signal that was sent via light emitting diode. The main challenge in design and photodiode selection was frequency response. This receiver had to be able to pick up a 1Mhz carrier signal with enough accuracy to retain the pulse with modulation or frequency modulation.

II.   Parts Used

This is a general list of parts used in this subsection. More detailed listings are shown in the circuit layout and simulation sections as well as the parts list in the budget section.
Pacific Silicon Sensor Inc.  PS3.6-5  High Speed P-I-N Photodiode

THS4631 Operational Amplifier

LM7171 Operational Amplifier

Various Resistors for biasing and feedback resistances

.1uF Capacitors for AC coupling
III. Circuit Breakdown


A ) Photodiode: 



The purpose of a photodiode is to transfer light energy into current. The current 



produced by a photodiode is usually on the range of µA or less. Below shows the 


responsivity curve based on the frequency of the light. The LED sending the signal is infrared with a frequency of 820 nm, right around the peak of this curve. For more photodiode information see the Appendix: Data Sheets.
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Figure 1: Responsivity curve of led based on light frequency (Pacific Silicon Sensor Inc.)
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B) Transimpedance Amplfier:
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The first part of the photodiode receiver is a transimpedance amplifier. The purpose of this is to take the small current (µA) supplied by the photodiode and amplify the impedance of this signal. This gives the signal a voltage that is useful for further processing and decoding. It is simply an operational amplifier with a feedback resistance and a feedback capacitance. The operational amplifier used was the Texas Instruments THS4631 wide-band FET input operational amplifier. A FET input op amp was necessary because it can operate with a low input current bias, usually in the nA range. A BJT input op amp requires an input current in the mA range.

C) Voltage Amplifier: 
The third part of this circuit is a simple operational amplifier voltage amplifier. It simply consists of an input resistor and a feedback resistor going in between the negative input of the op amp and the output. The operational amplifier chosen was the LM7171 which has a gain bandwidth of 200Mhz so the overall bandwidth of this circuit is not limited at all by this amplifier. 
IV. Circuit Design and Simulation

Overall specifications for both groups were as follows:


1) Operates on no more than two 9 volt batteries


2) Must be able to pick up a carrier signal no less than 1Mhz

A) PWM Group:

This circuit was designed to operate with about .5µA of current from the photodiode. This operation occurred when the PWM LED driver circuit was approximately 2 feet away from the photodiode. The resulting signal swing was supposed to be 1-2 volt peak to peak but no greater that 2 volts. This specification was supplied by the PWM group. 
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Figure 3: Schematic for PWM photodiode receiver
The simulated photodiode was simply a .5 V pkpk ac signal with a 1MOhm resistor which shown below is equivalent to .5 µA pkpk ac.
                       Ohms Law:
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The transimpedance amplifiers feedback values were chosen as follows. 

Capacitance: Modified from manufacturers recommended .7pF to improve frequency response

Resistance: Good balance of bandwidth and workable voltage. This group required around 1.5 V, the calculated output of this stage will be 160mV.

The gain of the voltage amplifier was chosen to be 10 so the resulting output voltage will be 1.5V pkpk. I will show these ohms law calculations below based on ohms law. I chose 22kOhm and 220kOhm to try to minimize impedance matching problems between the two circuits while still preserving the bandwidth of the LM7171.

Voltage Calculations:
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Simulation Results
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Figure 4: Simulation Results for PWM Photodiode Receiver
b) FM Group

The circuit for the FM group was designed to have as much output voltage swing as possible. This is because the higher the output voltage going to the phase lock loop chip for FM decoding, the easier it is to lock on to this outputs frequency. This eventually results in better sound quality. The other specification for the FM decoder input was that it needed to be centered at 4.5 V. To maximize voltage output, the transmitter and the receiver would be places closer for this situation, therefore I simulated this circuit with a input current of 2 µA. This occurs when the transmitter and the receiver are approximately 6” away from each other. 
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Figure 5: Schematic for FM Photodiode Receiver
The differences for this circuit compared to PWM are as follows

1) The input current was changed to 2 µA

2) Av of the voltage amplifier was increased 

3) A bias was added after the AC coupling

See calculations below

Voltage Gain:
Op Amp Equation
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Voltage Output Bias:
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Output Voltage:
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Because the voltage output swing is much higher (>9V) I needed to add another coupling capacitor between the output of the transimpedance amplifier and the input of the voltage amplifier. This would avoid clipping, centering the voltage around 0V with an amplitude around 10V. 
Simulation Results:
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Figure 6: Simulation Results for FM Photodiode Receiver

V. Ciruit Fabrication

a) Printed Circuit Board Designs:
Figure 7: Transimpedance Amplifier


Figure 8: Voltage Amplifier
Surface Mount Package (To Scale)


DIP Package (To Scale)
.8”  x   .85”





1.125” x   1.145”
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b) Photos of finished circuits

Transimpedance Amplifier: coming soon
Voltage Amplifier:

PWM





FM
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Figure 9: a) Top view of PWM circuit board. b) Top view of FM circuit board. c) Bottom view showing PCB layout for PWM circuit. d) Bottom view showing PCB layout for FM circuit.
VI.
Final Data


a) Frequency Response:
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Figure 10: a) Frequency response of THS4631 transimpedance

amplifier. Top trace, phase. Bottom trace, amplitude.  

b) Frequency response of LM7171 voltage amplifier with

Av=15. Top trace, amplitude. Bottom trace, phase.

b) Transmission Data
As a reference here is the output of the transimpeadance amplifier with no signal transmission
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Figure 11: No input to photodiode
1) PWM group:

Output of the Transimpeadance Amplifier stage I with PWM transmission. 

Note that because of the frequency response of the photodiode receiver, the original square wave signal becomes a sine wave. This however does not affect the audio output because the width of the signal is retained
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Figure 12: a) 100Hz sine wave audio input.  b) 1kHz sine wave audio input. c) 10kHz sine wave audio input. d) 20kHz sine wave audio input.
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Output of the voltage amplifier stage II with PWM transmission:
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Figure 13: a) 100Hz sine wave audio input.  b) 1kHz sine wave audio input. c) 10kHz sine wave audio input. d) 20kHz sine wave audio input.



2) FM group

Output of the Transimpeadance Amplifier stage I with FM transmission:
Note that because of the frequency response of the photodiode receiver, the original square wave signal becomes a sine wave. This however does not affect the audio output because the frequency modulation of the signal is retained





Figure 14: a) 100Hz sine wave audio input.  b) 1kHz sine wave audio input. c) 10kHz sine wave audio input. d) 20kHz sine wave audio input.



In figure 14, and the following figures 15 and 16, notice the blurs at the edges. The oscilloscope is triggering at the center and because the frequency is modulating at the edges we can notice blurring.
Output of the voltage amplifier stage II with FM transmission before it is AC coupled and the 4.5V bias is placed on it:



Figure 15: a) 100Hz sine wave audio input.  b) 1kHz sine wave audio input. c) 10kHz sine wave audio input. d) 20kHz sine wave audio input.



Output of the voltage amplifier stage II with FM transmission after it is AC coupled and the 4.5V bias is placed on it:




Figure 16: a) 100Hz sine wave audio input.  b) 1kHz sine wave audio input. c) 10kHz sine wave audio input. d) 20kHz sine wave audio input.



Appendix A: Data Sheet Links

Pacific Silicon Sensor Inc.  PS3.6-5 Photodiode

http://www.pacific-sensor.com/pdf/series-5.pdf
Texas Instruments THS4631 Operational Amplifier:

http://www.ti.com/lit/gpn/ths4631
National Semiconductor LM7171
http://www.national.com/ds/LM/LM7171.pdf
Figure 2: Basic Photodiode Transimpedance Amplifier (Texas Instruments Inc.)
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