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I. Executive Summary


The objective of this experiment was to design an active-filter network to detect a frequency response to the number one when pressed on a touch-tone telephone keypad. The filter specifications allowed any digit within one space of the assigned number to also be detected. The filters used in the design were second order Sallen-Key filters found in the appendix. The filters were designed to detect both the high tone frequency 1209 Hz and the low tone frequency 697 Hz. If both frequencies were detected simultaneously, then the circuit would light an LED. Another specification of the design included conversion from alternating current to direct current to drive simple combinational logic. The simple logic took the outputs of the high and low frequency filters and drove them through an and gate. When both outputs were high (the individual frequencies were detected), a small LED would light to signify the detection of the digit one on the key pad. Signal conditioning was used in multiple places in the circuit. A buffer amplifier conditioned the input voltage from the telephone so that the telephone circuit would not interfere with the rest of the active-filter network. Multiple potentiometers were placed in the circuit to vary the resistance on some of the feedback resistors of the filters.  This not only helped remove the induced oscillation of the operational amplifiers but also conditioned the voltage levels needed in the rest of the circuit. Other potentiometers helped in the conversion from ac to dc voltage. Diodes were used to convert the detected telephone frequencies from ac to dc. Careful consideration of the telephone input and the filter outputs were made when designing the circuit that converted ac to dc.  The overall output of the circuit detected the digits one and four when pressed on the touch-tone telephone keypad which was well within the range of the original specifications. 

II. Creating the Bandpass Filters

The specifications for our circuit required detection of the number one when it was pressed on the touch-tone keypad.  The tone was made up of two frequencies, low frequency 697 Hz and high frequency 1209 Hz.  In order to detect each of these, we used two separate fourth-order Salen-Key bandpass filters.  The transfer functions for each filter are listed below:

For 697 Hz: 1.4296e5 s/(s4 + 454.96 s3 + 3.8461e7 s2 + 8.715e9 s + 3.6693e14)

For 1209 Hz:4.3013e5 s/(s4 + 789.17 s3 + 1.1572e8 s2 + 4.54e10 s + 3.3217e15)

Each of the fourth-order filters were made up of two second-order bandpass filters.  We used Matlab to find the transfer functions for each.  From these equations, we could solve for the resistor and capacitor values.  The capacitors we used were rated at 0.1 uF, but we used the actual measured value in our calculations.  We substituted these values into our m-file to get the resistor values.  We then used Rvalue, a function to give us standard Radio Shack resistor values.  All calculations, frequency, capacitor, and resistor values for each filter are found in the appendix.

We then implemented the two filters in PSpice Schematics using our calculated values.  To create a fourth-order filter, two of the second-order filters were wired in series.  The output graphs from the simulations for each filter revealed that the calculated values (using standard resistors) were close to expected values.  All schematics and output plots are in the appendix.

III. The AC to DC Conversion and Output Logic


In this stage, the filter can detect the appropriate digit from our phone.  The only problem left was finding a way to bring that information to the LED. The signal had to be converted the AC signal from the filter into a DC value.  Finally, the output logic turned on the LED.


In order to make the conversion, each filter went into this circuit consisting of a diode, capacitor and a 5.1v zener diode.  This construction allowed the waveform from the filter to produce the peak-to-peak voltage as a DC output.  This value changed with every digit pressed.  Most importantly, digit one was higher in voltage, peaking around 4.7v.  Unfortunately, digital logic will catch anything that is 2.5v and above as logical one.  A correction in our output was needed.


The output logic took the DC signals from the converter and brought them to the LED.  The problem was making sure that only digit one would output a logical one.  The best solution was using a comparator for each filter.  The signal from the filter was placed on the negative side and a voltage divider with a potentiometer on the positive side.  By varying the potentiometer, the signal was able to reach a value just below 4.7v.  Any voltage that came from the filter, which was below this range, will be given a logical zero as an output.  Finally, the LED had to be certain to light when both comparators outputted a logical one.  Both comparator outputs were placed into an AND gate, and the output was connected to an LED.


By using the AC to DC conversion our circuit was able to acquire a DC signal from the filters that were used to determine the digit being pressed on the phone.  The output logic allowed the LED as the signal for digit one
IV. Debugging
The filter implementation originally had several problems.  The first problem was the inability for the 697Hz Band Pass Filter to filter the correct frequency range.  At first it was believed that this was due to the standard resistor value.  After re-simulating the circuit with the resistor values, it was determined that theoretically they made no difference.  Then we tested our capacitors to see if they were similar in value. However, their values fluctuated from 0.96 to 0.101(F.  We then chose new capacitors and recalculated our standard resistor values for the value of the new capacitors used.  We then tested our filter out using the frequency sweep function for the frequency generators in conjunction with the Fast Fourier Transform function (FFT) of the oscilloscopes.  The filter worked correctly; however, we discovered that the filter had its own oscillation at 600Hz.  To solve this, we put a 100(F capacitor across the power supply.  However, this did not eliminate the oscillation.  We solved this problem by placing the capacitor across the power supply and having the phone signal go through a buffer amplifier.  This layout can be seen in the schematic for the filter circuit, located in the appendix.  However, this capacitor did not alleviate the problem with our op-amps being saturated.  It was discovered that one op-amp was still oscillating, which caused our circuit to saturate.  We solved this problem by using a potentiometer to cause the gain on the wave to go to zero therefore “killing” the oscillating signal. This eliminated the oscillation of the circuit completely but did not greatly improve the saturation problem.  So we repeated the previous step for the other op-amp in the 697Hz Filter.  However, instead of killing the signal we just reduced the gain until the op-amp was no longer saturated.  Then we proceeded to build the AC-DC circuit and quickly discovered that it would not work due to the fact that the diodes needed a pull up resistor in series with it so that current would go through it.  Otherwise, it would not work.  We tried bypassing this step by using a comparator; however, having an oscillating voltage into the comparator gave us an oscillating output and therefore did not work.  We then proceeded to use a comparator for our logic.  We could not understand why the output from the comparator was always five volts.  We then realized that all our signals had a gain greater than 2.5 volts and therefore would become logical ‘5’ volts after the comparator.  We solved this by constructing a voltage divider that used a potentiometer so that our comparing voltage is variable.  We measured our input dc voltage and adjusted our comparing voltage so as to discriminate against all voltages below the magnitude of the desired signal.  Once this was accomplished we input the signals into the 74LS08 IC and tested the circuit.  We verified its operation by pressing all the digits and confirming that the LED coming from the ‘and’ gate output lit only for digit one.
V. Appendix

A. M-file To Calculate Resistor Values

B. Pspice Code For Testing High And Low Frequency Values

C. Pspice Graph Testing The 673 Hz Filter

D. Pspice Graph Testing The 722 Hz Filter

E. Pspice Graph Testing The 1167 Hz Filter

F. Pspice Graph Testing The 1252 Hz Filter

G. Pspice Graph Testing The Entire Low Frequency Filter 697 Hz

H. Pspice Graph Testing The Entire High Frequency Filter 1209 Hz

I. 1209 and 697 Hz Frequency Filter Circuit Schematic 

J. AC To DC Converter Schematic 

K. Output logic Schematic
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