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TELECOMMUNICATION ELECTRONICS 

LABORATORY EXERCISE 5 

 

 

Lab 5:  TONE DECODER WITH NE567 
 
 

Goal 
 
Verify the behaviour of a PLL used for coherent AM demodulation, measure the lock-in and 
capture range, and the performance as tone decoder. 
 
Plot the AM demodulator characteristic, and verify cross-demodulation. 
 
Analyze the effects of input noise. 
 
 

Specifications 
 
The lab experience is based on the integrated PLL tone decoder type NE567 or LMC567. 
 
Design the circuit to get a detection range centred on 20 kHz, with bandwidth 10% around the 
central frequency (maximum bandwidth for this device). 
 
Supply voltage: 5 V 
 
The tone is signalled by a LED connected to the 567 output. Select the series resistance for a 
5 mA current. 
 
 

Design 
 
For the design use the graphs and formulae from the NE 567 data sheet. Two data sheets 
are available on the course website, respectively from National Semiconductors (LM567) and 
Philips (NE567). The second one is more detailed, with a few mistakes in some formulae. 
 
 

Most common problems and mistakes  
 
DC coupling at input 
 
Tie the probe to the VCO capacitor to measure the frequency ranges (the probe capacitance 
modifies the frequency range). 
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Measurements 
 
The circuit includes an input biasing network, and the DC component can be removed from 
the signal by an RC highpass cell. The capacitance value must be computed from the input 
equivalent resistance. 
 

The NE567 is an analog circuit, and its behaviour is related with the input signal level. Verify 
on the datasheet the correct level. 

 
The operating frequency range of the tone decoder is very narrow; to carry out the following 
measurements the external generator frequency must be changed of very small amounts. If a 
fine tune command is not available on the generator, you can inject a small variable current at 
the VCO external input (same pin as the loop filter capacitor). 
 
For correct frequency measurements, use the squarewave VCO signal (a probe on the VCO 
capacitor modifies its value).  
 
 

Capture and lock-in range 
 
With closed loop, verify PLL operation (lock to the input signal): apply at input a signal with 
frequency near the mid point of the VCO range. To verify lock connect the two scope 
channels respectively to input and VCO, and synchronize the time base to one of them. Apply 
at the input signal with frequency close to the middle of the previously measured VCO range. 
When the PLL is locked, both signals appear stationary on the screen. 
 
Check the VCO control voltage (Vc) in the lock range (this is only a qualitative check; the 
actual measurements are in the following). 
 
Verify the waveforms on the various VCO pins. 
 
 

Synchronous demodulator 
 
Apply an input signal with frequency corresponding to the central VCO frequency. Change 
signal amplitude to find the tone decoder threshold. Compare measurement results with the 
data sheet. 
 
With an input level corresponding to the beginning of Phase Detector (PD) saturation, change 
signal frequency and identify lock and unlock frequencies (these are the extremes of the 
capture and lock-in ranges). 
 
Repeat the measurements with lower and higher input levels, to bring the PD in linear and 
saturation condition respectively. Compare and discuss results. 
 
With a low-level input (within linearity range of PD and AM demodulator), move input 
frequency (fi) over a range slightly larger than lock range, and measure the synchronous AM 
demodulator output (Va, before the voltage comparator). Plot Va(fi) and discuss the result. 
 
Verify phase relation between Vi and Vo vs input signal frequency (within lock-in range), and 
evaluate the Kd coefficient (V/rad). In this experiment use squarewave input signal, 
measuring the frequency (or the period T) with the frequency meter, and delay (D) between Vi 
and Vo edges with the scope. Phase shift is proportional to D/T. 
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Harmonic lock 
 
Check for harmonic locks (phase lock between harmonics of input signal and of VCO). When 
Vi is a low level sine signal, the PD works in linear range, and harmonic locks can occur for 
VCO harmonics (the VCO signal is a squarewave, with harmonic content), that is for input 
frequencies fi near the VCO resting frequency (For): Fi = K For  (K = 1, 2, 3 …). When Vi is 
squarewave, or a high level sine (which causes saturation in the PD), lock can occur for input 
frequencies which are integer multiples of For: J Fi = K For (con J, K = 1, 2, 3, …).  
 
 

VCO characteristic 
 
In this integrated PLL the loop is closed inside the circuit, so it cannot be “opened” with usual 
n technique (disconnect a wire). The same effect can be obtained forcing a VCO control 
voltage (Vc) on the loop filter output. To remove contribution from PD, connect Vi to GND 
(through a capacitor). 
The best procedure is to measure the equivalent resistance at the filter capacitor, and 
evaluate the current required to shift the Vc voltage over the desired range (about +- 1V). The 
voltage shift is obtained by injecting a current on the node. To avoid possible damage to the 
IC, put a series resistor between the external Vc generator and the control pin, and limit the 
external voltage to the GND-Vcc range. 
 
Draw a first rough plot of Fo(Vc) to identify the actual operating range for Vc,l and compare 
these results with early measurements on lock ranges. Repeat detailed measurements in the 
useful areas of Fo. 
 
Evaluate the Ko coefficient (Hz/V). 
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Demo experience 
 

Visualizing the butterfly characteristic 
 
A generator with frequency modulation 
capability allows to visualize the 
butterfly characteristic of the PLL.  
 
Set the scope for X,Y display; connect 
the modulating signal (triangular wave) 
to the horizontal input X and the 
voltage on the loop filter capacitor (Vc) 
to vertical axis Y.  
 
In the same conditions, it is possible to 
visualize on the scope also the AM 
demodulator characteristic (connect 
the Y vertical channel to the AM output 
filter node, before the threshold 
comparator).  
 
Change the input signal level, and verify corresponding changes in the lock range and capture 
range (the PD should work in linear area, with very low input levels). 
 
Verify saturation when Vi is too high 
(lock-in and capture range do not 
change any more). 
 
Verify the relation between the capture 
range and the cutoff frequency of the 
loop filter. 
 
Verify the relation between input signal 
level and AM detector output, for low 
and high signal levels (these last cause 
saturation). 
 
Change the input signal frequency Fi, 
and observe the harmonic locks 
(centred on odd harmonics of VCO resting frequency For). 
 
Increase the input signal level to bring PD into saturation, and observe the harmonic lock for 
beats of odd harmonics of Vi and Vo. 
 

Response with input noise 
 
For the second part of the demo experiment, use signal+noise generator as Vi, with Fi = For. 
Start with N/S = 0 dB (noise has same power as signal). 
 
Verify operation of the tone decoder by changing the input tone frequency, looking at the 
output (LED). 
Look at Vi on the scope (t-domain); the noise is higher than signal, but this last is still detected 
by the coherent demodulator. 
Find the N/S limit for correct tone detection. 
 


