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Generating FM & PM Waves 

 
Basically, there are two ways of generating FM waves: indirect and direct. We first 

describe the narrowband FM generator that is utilized in the indirect FM generation 

of wideband angle modulation signals. 

 

NBFM & NBPM Generation 
 
For NBFM and NBPM signals, we have shown earlier that because  |𝒌𝒇𝐚(𝐭)| ≪ 𝟏 

And |𝒌𝒑𝐦(𝐭)| ≪ 𝟏 , respectively, the modulated signals can be approximated by 

𝛗𝐍𝐁𝐅𝐌(𝐭) = 𝑨[𝐜𝐨𝐬(𝐰𝐜𝐭) − 𝒌𝒇𝐚(𝐭) 𝐬𝐢𝐧(𝐰𝐜𝐭)] 

𝛗𝐍𝐁𝐏𝐌(𝐭) = 𝑨[𝐜𝐨𝐬(𝐰𝐜𝐭) − 𝒌𝒑𝐦(𝐭) 𝐬𝐢𝐧(𝐰𝐜𝐭)] 

 

Both approximations are linear and are similar to the expression of the AM wave. 

 

 
Figure: Generation NBPM 

 
Figure: Generation NBFM 
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Indirect Method of Armstrong (WBFM & WBPM Generation) 
 

In Armstrong's indirect method, NBFM is generated as shown in Figure below. 

The NBFM is then converted to WBFM by using additional frequency multipliers. 

This forms the basis of the Armstrong indirect frequency modulator. First, 

generate an NBFM approximately. Then multiply the NBFM frequency and limit its 

amplitude variation. Generally, we require to increase ∆𝒇 by a very large factor  𝒏. 

This increases the carrier frequency also by 𝒏. Such a large increase in the carrier 

frequency may not be needed. In this case we can apply frequency mixing to shift 

down the carrier frequency to the desired value. 

 

 
 

This scheme has an advantage of frequency stability, but it suffers from inherent 

noise caused by excessive multiplication and distortion at lower modulating 

frequencies, where 
∆𝒇

𝑩
 is not small enough. 

 

Direct Generation 

 
In a voltage-controlled oscillator (VCO), the frequency is controlled by an 

external voltage. The oscillation frequency varies linearly with the control voltage. 

We can generate an FM wave by using the modulating signal 𝑚(𝑡) as a control 

signal. One can construct a VCO using an operational amplifier and a hysteretic 

comparator (such as a Schmitt trigger circuit). Another way of accomplishing the 

same goal is to vary one of the reactive parameters ( C or L) of the resonant circuit of 

an oscillator. A reverse-biased semiconductor diode acts as a capacitor whose 

capacitance varies with the bias voltage. The capacitance of these diodes, known 
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under several trade names (e.g., Varicap, Varactor, Voltacap), can be approximated 

as a linear function of the bias voltage m(t) over a limited range. 

 
 

DEMODULATION OF FM SIGNALS 
 
To demodulate angle modulated signals, we need a device whose output is a function 

of its input frequency. This device is called the frequency discriminator. 

𝝋𝑭𝑴(𝒕) = 𝑨 𝒄𝒐𝒔(𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝
𝒕

−∞

) 

𝝋𝑭𝑴(𝒕)̇ =
𝒅

𝒅𝒕
[𝝋𝑭𝑴(𝒕)] 

𝝋𝑭𝑴(𝒕)̇ =
𝒅

𝒅𝒕
[𝑨 𝒄𝒐𝒔(𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝

𝒕

−∞

)] 

𝝋𝑭𝑴(𝒕)̇ = 𝑨(𝒘𝒄 + 𝒌𝒇𝒎(𝒕)) 𝐬𝐢𝐧(𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝
𝒕

−∞

) − 𝝅) 

 

Both the amplitude and the frequency of the signal 𝝋𝑭𝑴(𝒕)̇  are modulated, the 

envelope being 𝑨(𝒘𝒄 + 𝒌𝒇𝒎(𝒕)). Because  ∆𝒘 = 𝒌𝒇𝒎𝒑 < 𝒘𝒄, 

we have 𝒘𝒄 + 𝒌𝒇𝒎(𝒕) > 𝟎  for all 𝒕 , and 𝑚(𝑡)  can be obtained by envelope 

detection of 𝝋𝑭𝑴(𝒕)̇ . 
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The amplitude A of the incoming FM carrier must be constant. If the amplitude 𝐴 

were not constant, but a function of time, there would be an additional term 

containing 
𝒅𝑨

𝒅𝒕
 on the right-hand side of equation above. Even if this term were 

neglected, the envelope of 𝝋𝑭𝑴(𝒕) would be 𝑨(𝒕)[𝒘𝒄 + 𝒌𝒇𝒎(𝒕)], and the envelope-

detector output would be proportional to 𝑚(𝑡)𝐴(𝑡), still leading to distortions. Hence, 

it is essential to maintain A constant. Several factors, such as channel noise and 

fading, cause A to vary. This variation in A should be suppressed via the bandpass 

limiter before the signal is applied to the FM detector. 

𝝋𝑭𝑴(𝒕) = 𝑨(𝒕) 𝒄𝒐𝒔(𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝
𝒕

−∞

) 

𝝋𝑭𝑴(𝒕)̇ =
𝒅

𝒅𝒕
[𝝋𝑭𝑴(𝒕)] 

𝝋𝑭𝑴(𝒕)̇ =
𝒅

𝒅𝒕
[𝑨(𝒕) 𝒄𝒐𝒔(𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝

𝒕

−∞
)] 

 

𝝋𝑭𝑴(𝒕)̇ = 𝑨(𝒕)(𝒘𝒄 + 𝒌𝒇𝒎(𝒕)) 𝐬𝐢𝐧(𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝
𝒕

−∞
) − 𝝅)+

𝒅𝑨(𝒕)

𝒅𝒕
 𝒄𝒐𝒔(𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝

𝒕

−∞
) 

 

Bandpass Limiter 
 
The amplitude variations of an angle-modulated carrier can be eliminated by what is 

known as a bandpass limiter, which consists of a hard limiter followed by a 

bandpass filter. The input-output characteristic of a hard limiter is shown in figure 

below. Observe that the bandpass limiter output to a sinusoid will be a square wave 

of unit amplitude regardless of the incoming sinusoidal amplitude. Thus an angle-

modulated sinusoidal input 𝒗𝒊(𝒕) = 𝑨(𝒕) 𝒄𝒐𝒔 𝜽(𝒕)  results in a constant amplitude, 

angle modulated square wave 𝒗𝒐(𝒕). 

𝒗𝒊(𝒕) = 𝑨(𝒕) 𝒄𝒐𝒔 𝜽(𝒕) 

𝜽(𝒕) = 𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝
𝒕

−∞

 

The output  𝒗𝒐(𝒕) of the hard limiter is + 1 𝑜𝑟 −  1 , depending on whether 𝒗𝒊(𝒕) =

𝑨(𝒕) 𝒄𝒐𝒔 𝜽(𝒕)  is positive or negative. Because 𝑨(𝒕) ≥ 0 ,  𝒗𝒐(𝒕)  can be expressed 

as a function of 𝜃 : 

 𝒗𝒐(𝒕) = {
+𝟏                𝒄𝒐𝒔 𝜽 > 0 
−𝟏                𝒄𝒐𝒔 𝜽 < 0

 

Hence,  𝒗𝒐as a function of 𝜃 is a periodic square wave function with period 2𝜋 figure 

below, which can be expanded by a Fourier series . 

𝒗𝒐(𝜃) =
𝟒

𝝅
(𝒄𝒐𝒔 𝜽(𝒕) −

𝟏

𝟑
𝒄𝒐𝒔 𝟑𝜽(𝒕) +

𝟏

𝟓
𝒄𝒐𝒔 𝟓𝜽(𝒕) + ⋯ ) 

neglected 
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At any instant 𝑡, 𝜽(𝒕) = 𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝
𝒕

−∞
 . Hence, the output 𝒗𝒐 as a function 

of time is given by 

𝒗𝒐(𝜃(𝑡)) = 𝒗𝒐 ( 𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝
𝒕

−∞

) 

𝒗𝒐(𝜃) =
𝟒

𝝅
(𝒄𝒐𝒔 [ 𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝

𝒕

−∞

] −
𝟏

𝟑
𝒄𝒐𝒔 𝟑 [ 𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝

𝒕

−∞

]

+
𝟏

𝟓
𝒄𝒐𝒔 𝟓 [ 𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝

𝒕

−∞

] + ⋯ ) 

 

The output, therefore, has the original FM wave plus frequency-multiplied FM waves 

with multiplication factors of 3, 5, 7, . . . . We can pass the output of the hard limiter 

through a bandpass filter with a center frequency  𝒘𝒄 and a bandwidth 𝐵𝐹𝑀. The filter 

output 𝒆𝒐(𝒕) is the desired angle-modulated carrier with a constant amplitude. 

𝒆𝒐(𝒕) =
𝟒

𝝅
𝒄𝒐𝒔 [ 𝒘𝒄𝒕 + 𝒌𝒇 ∫ 𝒎(∝)𝒅 ∝

𝒕

−∞

] 

 

 
 


