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    Chapter V: Angle Modulation 
            Lecture 24

Generation of Wideband FM Signals

Indirect Method for Wideband FM Generation:
Consider the following block diagram
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A narrowband FM signal can be generated easily using the block diagram of the narrowband FM modulator that was described in a previous lecture. The narrowband FM modulator generates a narrowband FM signal using simple components such as an integrator (an OpAmp), oscillators, multipliers, and adders. The generated narrowband FM signal can be converted to a wideband FM signal by simply passing it through a non–linear device with power P. Both the carrier frequency and the frequency deviation (f of the narrowband signal are increased by a factor P. Sometimes, the desired increase in the carrier frequency and the desired increase in (f  are different. In this case, we increase (f to the desired value and use a frequency shifter (multiplication by a sinusoid followed by a BPF) to change the carrier frequency to the desired value. 
Example 1:  A narrowband FM modulator is modulating a message signal m(t) with bandwidth 5 kHz and is producing an FM signal with the following specifications


fc1 = 300 kHz,


(f1 = 35 Hz.

We would like to use this signal to generate a wideband FM signal with the following specifications


fc2 = 135 MHz,


(f2 = 77 kHz.

Show the block diagram of several systems that will perform this function and specify the characteristics of each system
Solution:   We see that the ratio of the carrier frequencies is
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and the ratio of the frequency variations is 
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Therefore, we should feed the narrowband FM signal into a single (or multiple) non–linear device with a non–linearity order of   (f2/(f1 = 2200. If we do this, the carrier frequency of narrowband FM signal will also increase by a factor of 2200, which is higher than what is required. This can easily be corrected by frequency shifting. If we feed the narrowband FM signal into a non–linear device of order  fc2/fc1, we will get the correct carrier frequency but the wrong value for (f. There is not a way of correcting the value of (f  for this signal without affecting the carrier frequency.

System 1:
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In this system, we are using a single non–linear device with an order of 2200 or multiple devices with a combined order of 2200. It is clear that the output of the non–linear device has the correct  (f  but an incorrect carrier frequency which is corrected using a the frequency shifter with an oscillator that has a frequency equal to the difference between the frequency of its input signal and the desired carrier frequency. We could also have used an oscillator with a frequency that is the sum of the frequencies of the input signal and the desired carrier frequency. This system is characterized by having a frequency shifter with an oscillator frequency that is relatively large.  
System 2:  
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In this system, we are using two non–linear devices (or two sets of non–linear devices) with orders 44 and 50  (44*50 = 2200). There are other possibilities for the factorizing 2200 such as 2*1100,  4*550, 8*275, 10*220, … . Depending on the available components, one of these factorizations may be better than the others. In fact, in this case, we could have used the same factorization but put 50 first followed by 44. We want the output signal of the overall system to be as shown in the block diagram above, so we have to insure that the input to the non–linear device with order 50 has the correct carrier frequency such that its output has a carrier frequency of 135 MHz. This is done by dividing the desired output carrier frequency by the non–linearity order of 50, which gives 2.7 Mhz. This allows us to figure out the frequency of the required oscillator which will be in this case either 13.2–2.7 = 10.5 MHz  or   13.2+2.7 = 15.9 MHz. We are generally free to choose which ever we like unless the available components dictate the use of one of them and not the other. Comparing this system with System 1 shows that the frequency of the oscillator that is required here is significantly lower (10.5 MHz compared to 525 MHz), which is generally an advantage.  
Notes are provided by Dr. Wajih Abu-Al-Saud (Modified by Dr. Ali Muqaibel)
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