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EE3311 B05 - Class Exercise 4
James McGinley
The goal of class exercise 4 was to discover the basic operations and the hardware test of an analog PLL (DIP package) LM565CN.  This PLL chip is used at relatively low free running frequencies up to 500 kHz.  The normal application for the LM565CN is to coherently demodulate voice signals at low data rates.

In order to test the PLL to ensure of its proper operation we created the circuit show in Figure 1.

[image: image1.emf]
Figure 1:  Test circuit using the LM565CN PLL chip

It is important to note that the VCO primary output is that of a square signal (not a sinusoidal signal), which can be seen at pin 4.  The square signal should not affect the overall results because it has a desired fundamental frequency with several harmonics which are filtered out by the low pass filter.

As seen in Figure 1, the PLL loop is closed by connecting the output of the VCO (pin 4) and the input to the phase detector (pin 5) of the PLL chip together.  
The RC low pass filter for the LM565CN is made by using the internal resistor R1 (3.6 kΩ), which is between pins 7 and 10, and an external capacitor C1 (0.1 μF) between the same pins.  Using a C1 value of 0.1 μF gives us a low pass filter with the cutoff frequency (f3dB) governed by (1) as 442 Hz.
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(1)
Using the circuit in Figure 1 we measured the free running frequency of this chip by connecting an oscilloscope probe to pin 9.  The output was a non-distorted triangular wave with its frequency equal to that of the free running frequency of the PLL.  The free running frequency of this chip is given by the RC circuit for the VCO free running frequency, which can be seen in Figure 1 and (2).  This RC circuit uses a fixed capacitor of 2.2 nF and a variable resistor.
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(2)
Varying the resistor we were able to determine that the maximum possible free running frequency for this circuit to be 361.0 kHz while the minimum possible free running frequency was 5.9 kHz.  At the highest and lowest free running frequencies this circuit did not exhibit any distortion.

The next measurement we took was that of the hold-in (locking) bandwidth.  To enable us to measure this we connected a function generator to the circuit input and viewed this input signal on the oscilloscope.  The input signal used was that of a sinusoidal wave of at a frequency of 100 kHz and amplitude of 1 V peak-to-peak.  The free running frequency of the PLL was also adjusted by changing the variable resistor to attain a free running frequency of 100 kHz.

 We used the two channels of the oscilloscope to view both the input signal and the output of the VCO.  Using the oscilloscope in this manner, it is apparent that there is a relative phase shift of 180 degrees between the two signals.  This is due to a 90 degree phase shift caused by the VCO as well as the negative integration of the VCO.  This can be seen by viewing the real VCO output at either pin 4 or 5 and the input signal from the function generator.  The input signal is at a maximum at the falling edge of the square wave VCO output.  This shows that the VCO signal is leading the input signal by 90 degrees as predicted by theory.
To measure the hold-in bandwidth of the PLL we made sure that the PLL had already locked to the input signal by setting the input signal frequency to 100 kHz and then we slowly rotated the frequency knob of the function generator to increase the input frequency.  We continued to increase the input frequency until the exact moment that the PLL no longer followed the input signal, which allowed us to experimentally find the upper critical frequency for the hold-in bandwidth (
[image: image4.wmf]+
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To find the lower critical frequency for the hold-in bandwidth (
[image: image5.wmf]-
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) we returned the input frequency to 100 kHz and slowly reduced the input frequency to the point at which the PLL no longer followed the input signal.  Using this process we found 
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 to be equal to 162 kHz and 
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 to be equal to 23 kHz.  The total lock range (BL) is given by (3).
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(3)
Using (3) we found the total lock range of the LM565CN to be 139 kHz.

The third measurement that we were to attain was the of the pull-in (capture) bandwidth.  The pull-in bandwidth is the range of frequencies in which the PLL will lock with the input signal if it is currently unsynchronized.  This was done while the free running frequency of the PLL was 100 kHz.  To measure the lower pull-in frequency (
[image: image9.wmf]-
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) we started with an input frequency of 25 kHz and then slowly increased the input frequency until the PLL locked with the input signal.  The frequency at which the two signals become synchronized is the lower pull-in frequency.
Similarly, to find the upper pull-in frequency (
[image: image10.wmf]+
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) we started with an input frequency of 200 kHz and then slowly decreased the input frequency until the PLL had again locked with the input signal.  The frequency at which the two signals become synchronized is the upper pull-in frequency.

From the described procedure we found the lower pull-in frequency to be 97 kHz while the upper pull-in frequency was 105 kHz.  The total capture range (BC) is given by (4).
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(4)
Using (4) we found the total capture range of the LM565CN to be 8 kHz.
In order to determine the ratio of the capture bandwidth to the lock bandwidth we used (5), which results in a value of 0.0576.
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(5)
From this result we can conclude that the real PLL is essentially a nonlinear circuit unlike the linear model studied in class so far.  In reality the linear model can only be used to determine the pull-in range of the PLL.  

The loop gain (K) of the PLL is determined by both the detector gain factor (Kd) and the VCO gain factor (Ko).  The loop gain can be determined by (6).
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(6)

National Semiconductor reports that the loop gain of the LM565CN PLL is given by (7) where VC is the total supply voltage to the circuit.
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(7)

The physical meaning of the loop gain is that is approximately the inverse of the loop acquisition time (τ) as shown in (8).
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(8)

The last part of this exercise involved the examination of the PLL as a frequency-to-voltage converter.  We returned the input signal frequency to 100 kHz and connected one of the oscilloscope probes to pin 7 of the PLL and the other to the input signal from the function generator.  In the present configuration it is easy to see that the PLL works as a frequency-to-voltage converter.  The VCO control voltage is directly proportional to the varied input frequency.
For six input frequencies, which were all within the hold-in bandwidth, we measured the corresponding VCO control voltages at pin 7 vs. ground.  We accomplished this by using the cursor function of the oscilloscope and a voltage scale of 500 mV/div.  The results can be seen in Table 1 and in Figure 2.

Table 1: PLL as a frequency-to-voltage converter (hold-in range)

	Input Frequency [kHz]
	VCO control voltage [V]

	50
	5.28

	75
	4.82

	100
	4.46

	125
	4.06

	150
	3.64

	Gain =ΔV/Δf: 0.0164
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Figure 2: Frequency of the input signal vs. the VCO control voltage
From Figure 2 it is clear that the voltage response of the PLL is a linear function of the input frequency.  Also, the average gain (V/Hz) of the PLL used as a frequency-to-voltage converter is 54.243 V/Hz. 
From this class exercise we have explored the basic operation of the LM565CN analog PLL.  We have also experimentally derived the free running frequency, locking bandwidth, and capture bandwidth of the LM565CN PLL as well as the average gain of the PLL when used as a frequency-to-voltage converter.  
1

_1194164742.unknown

_1194165545.unknown

_1194166032.unknown

_1194167415.unknown

_1194165873.unknown

_1194165338.unknown

_1194165370.unknown

_1194165419.unknown

_1194165026.unknown

_1194163631.unknown

_1194163704.unknown

_1194161811.unknown

