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Generalities


Basically it consists on taking the band bases 2B (short band) of the high frequency of carrier c to the B of the lows. The following drawings they explain what is said. Then, like it was explained


vo(t) = Vc cos (ct +  sen mt ) ~ Vc { cos (ct) + (/2) [cos (c + m)t - cos (c - m)] } 





The methods to obtain this demodulation are basically two, that is: one, in transcribing the sign of M (interpreted as MF) in MAC it stops then to demodulate it classically; the other, with a tracking of phases —phase look loop LFF.


For the first method it is made go the signal of M by a slope of first order (20 [dB] per decade), either positive or negative, in such a way that the variations of frequency are translated to voltages. It is also accustomed to be used slopes of more order that, although they achieve the discrimination equally, they don't reproduce the modulating correctly.





The second way, something more complex, it detects the phase of the M and it retro-feeds her through a OCV; the result will be that in permanent state, that is to say when the system is hooked, both frequencies wi and wo are same and, therefore, the vm´ is a reflection of what happened in the modulator with vm —the OCV it would reproduce it.


On the other hand, due to the sophistications of the processes of signals that they exist today in day, and also as satisfying to the best intentions in the historical beginning of the broadcasting to transmit acoustic fidelities (forgotten fact since to make screech the hearings as in MAC), this transception type is logically more immune to the atmospheric interferences that those of modulation of amplitude.

Demodulation of Frequency (MF)

Generalities

We repeat the characteristic equations of the modulation of frequency


vm(t) = Vm cos mt


vo(t)  =  vo cos (ct + )


  =  ct +   =  it  =  ct +  sen mt 


  =  c / m (índice de MF)

c = k1 Vm

i =   t  = c + c cos mt 


it  =  k2 m  =  2t2
and we remember


— wide band (B    5  being B ~ 2c) 


— short band (B  <<  /2  being B ~ 2m) 

Demodulation in high frequency

Demodulation for conversion to MAC

Obtaining for simple slope


This discriminator can be made with a simple filter outside of syntony to the carrier frequency, either in excess or defect. Although the slope of the filter is not exactly 20 [dB/DEC], the result is, for many cases like for example AF vowel, very efficient.





Another inconvenience of this demodulation consists in that it doesn't avoid the atmospheric interferences, since all interference of amplitude in the carrier will be translated to the output.

Design


Be the data


RL  = ...    fmmax  = ...   fmmin  = ...   fc  = ...   fc  = ...  (for broadcasting 75 [KHz])

We estimate a capacitor of filter of the demodulator of MAC (to see their theoretical conditions in the chapter of demodulation of amplitude)


C1  = ...   ~  1 / mmaxRL

and we choose a syntony that allows the band base of MF that is 2B (we think that the more we come closer to the syntony with the carrier, more will be his amplitude for the detector, but the deformation will also increase)


c   ~ <   B + 1/(C2L2)1/2

Q2  = ...  ~ < c / 2B  

for that that if we choose the inductor according to the band width that we need (we remember that the detector reflects a resistance of ~RL/2, and also that the inductor will surely possess a factor of merit much more to the total that we are calling Q2)


L2  =  RL / 2cQ2  = ...

we obtain the estimate (we remember the existence of distributed capacities)


C2  =  1 / L2 (c - B)  ~  1 / L2c  = ...

Obtaining for double slope (Travis)


The circuit consists on a double discriminator of simple slope in anti-series.




With a transformer of low coupling (k << 1), the primary is syntonized in parallel and the secondary in series. It is syntonized to the carier frequency the primary allowing to pass the width of band of the modulation


c  =  1 / (L1C1)1/2

Q1  ~   c / 2B




and the secondary ones syntonized for above and below the carrier, they guarantee a lineality in the demodulation that doesn't make it that of simple slope. But it follows the problem of the immunity with the interferences of amplitude.


01  =  1 / (L0C01)1/2  <  c - B


02  =  1 / (L0C02)1/2  >  c + B

Obtaining with discriminator of relationship


Being a variant of the discriminator Foster-Seely, we will show that this discriminator attenuates the problems of atmospheric interferences of amplitude. Their configurations and design are in very varied ways, and here we show only the circuit perhaps more classic and more didactic.





The transformer is of low coupling (k << 1), designed in such a way that allows a double syntony among the coils; for example of maximum plain among v2 and the current of collector ic that it is proportional to the MF.


To simplify we will design an electric separation in the way


R3  >>  R4
then, inside the band pass it will be (to go to the chapter of radiofrecuencies amplifiers and that of demodulación of amplitude)


Z0  = v2 / ic  = H0 . s / ( s4 + s3 A + s2 B + s C + D )


Z0(c)  ~  - j kQ0 / c[(C1 + Cce) C2]1/2

c  =  1 / [(L1(C1 + C22e)]1/2  =  1 / (L2C2)1/2

Q0  =  [ R1(cL1/R1)2//g22e ] / cL1  =  cL2 / [ R2 + (R4/2)/(cC2R4/2)2 ]

expression that it says that the voltage pick of v2 that we call V2 will be constant with the frequency like it is shown next (Io it is the value pick of the current of MF in the collector)


v2  =  Z0 ic  ~  kQ0Io / c[(C1 + Cce) C2]1/2  =  V2 e - j/2
but not so much that of the primary


vo  =  { IoR1(cL1/R1)2 / { 1 + [ 2Q0(1 - /c)2 ]2 }1/2 }  e -j arc tg 2Q0(1 - /c)
and like we work in short band


c  ~         2Q0(1 - /c)  <<  /2

it is


vo  ~  [ Io(cL1)2/R1 ]  e -j 2Q0(1 - /c)  =  [ Io(cL1)2/R1 ]  e j 2Q0(/c - 1)

This way the voltages to rectify are


v1 + v2  =  { { [2IoQ0(cL1)2/R1](/c - 1) + V2 }2 +  [Io(cL1)2/R1]2 }1/2


v1 - v2  =  v2 - v1  =  { { [2IoQ0(cL1)2/R1](1 - /c)+ V2 }2 +  [Io(cL1)2/R1]2 }1/2

that they express the transcription of the MF to kind of a MAC, and where the intersection is the amplitude of the carrier


Vc  =  { [Io(cL1)2/R1]2 + V22 }1/2




Como C3 es inevitable en el acople de continua, surgió la necesidad de dar retorno a la continua de las rectificaciones a través del choque de RF por medio de L3

1 / cC3  <<   cL3
consequently, we will say that to the output of each secondary we have


v1 + v2  =  ± Vc (1 +  cos mt)


v1 - v2  =  ± Vc (1 -  cos mt)




that we can deduce in


va  =  Vc (1 +  cos mt)


vb  =  Vc (1 -  cos mt)

and finally


vm´  =  va - v3  =  va - (va + vb)/2  =  Vc cos mt


This discriminator has the advantage in front of the previous ones in that it allows to limit the atmospheric noises of the propagation that arrive modifying the amplitude of the MF. The variant here, denominated by the balanced disposition, it is of relationship. The condenser C6 makes constant a voltages on R3 proportional to the sum of va+ vb, in such a way that is


vC6  =  (va + vb) 2R3 / (2R3 + 2R6)  =  (va + vb) / (1 + R6/R3)




and, although the undesirable interferences appear, these are translated on R3 and don't on C6. Indeed, to limit the annoying noises and to allow to pass the useful band it will be enough to design


R4  <<  R6  <<  R3

2R3C6  >  1 / fmmin

Being a broadcasting transmission, we hope the band useful modulating has a pre-emphasis; therefore it is necessary to put as additional to the output of the discriminator an inverse filter or of-emphasis that the ecualized in the spectrum. The circuit, simple, consists on a simple low-pass of a resistance and a condenser of constant of time of approximate 50 [seg].

Design


Be tha data


fmmax  = ...   fmmin  = ...   fc  = ...   ± fc  = ...  (broadcasting ± 75 [KHz])


We choose a TBJ and we polarize it obtaining of the manual (to see the chapters of polarization of dispositives and of radiofrecuencies amplification in class A)


C22e  = ...


g22e  = ...


Adoptamos  (véanse los capítulos de inductores de pequeño valor y de transformadores de pequeño valor)


L1  = ...


R1  = ...


L2  = ...


R2  = ...


L3  = ...

what will allow us to calculate with the help of the precedent comments (to keep in mind the capacitances distributed in the connections)


C1  =  (1 / cL1) - C22e  = ...


C2  =  1 / cL1  = ...


Q0  =  1 / cL1[ g22e + (R1 / cL1) ]  = ...     10


R4  =  2 /  (cC2)2 [(cL2/Q0) - R2]  = ... 


C3  = ...   >>  1 / cL3

R3  = ...  >>  R4
and for the design of the transformer we adopt according to the previous abacus and for not varying the equations


k  =  1 / Q0  = ...


The filter anti-noise will be able to be (any electrolytic one bigger than 100 [F] it will be enough)


C6  =  ...   >   1 / 2R3fmmin
Obtaining for tracking of phases


We will take advantage of a Phase Look Loop LFF to demodulate in frequency. Many ways exist of implementing it, so much in low, high or ultra-high frequencies. We will see only a case of the lows here.


All LFF is based on a detector of phases between the carrier instantaneous wi and that of the oscillator local wo of constant transfer Kd [V/rad], that will excite to a filter transfer low-pass F working as integrative and that it will obtain a continuous average for the control feedback to the transfer OCV as Ko [rad/Vseg].


This way their basic equations of behavior are (we suppose a filter of a single pole for simplicity and ordinary use, because this can extend to other characteristics)


Kd  =  vd /   =  vd / ( - o)


F  =  vm´ / vd  =  Kf / (1 + s)


Ko  =  o / vm´




what will determine a transfer in the way


T  =  vm´ / i  =  (1 / Ko) / [ s (1 / KfKoF) + 1 ]  =  (1 / Ko) / [ s2 / n2 + s (1 / n2) + 1 ]


n  =  ( KfKo /  )1/2

T(n)  =  - j  ( Kf / Ko )1/2


T(0)  =  1 / Ko

  =  1 / 2n   (coeficient of damping)



where it can be noticed that the complex variable «s» it is the frequency modulating m like speed of the frequency of carrier i, that is to say, it is the acceleration of the carrier.


For stationary state, that is to say of continuous (m = 0), the total transfer is simplified the inverse of the feedback transfer; this is, at 1/Ko.


So that this system enters in operation it should can "to capture" the frequency of the carrier, for what is denominated capture range Rc to the environment of the central frequency of the local oscillator that will capture the wi sustaining the phenomenon. Also there will be another maintenance range Rm of which the oscillator won't be been able to leave and that it is he characteristic of its design.


A way to get a detector of phases is with a simple sampling. This is an useful implementation for high frequencies. The output of the circuit that is shown is


vo  =  Vc cos ct


vm´  =  (1/2) 0  vo  ct  =  (Vc/2) sen 
where it is observed that for low  the output is lineal


Kd  =  vm´/   ~  Vc/2



Another practical way and where  can arrive up to 180 [º], although to smaller frequencies, we can make it with a gate OR-Exclusive as sample the drawing. Their equations are the following


vm´  =  2 (1/2) 0  vo  ct  =  (VCC/)  

Kd  =  vm´/   =  VCC/




For applications of until some few MegaHertz it is feasible the use of the OCV of the integrated circuit 4046 already explained in the multivibrators chapter. As the use technique here is digital, it accompanies to the chip a gate OR-Exclusive dedicated to be used as detecting of phases. For this case the behavior equations are the following ones (in the drawing the numbers of the terminals of the integrated circuit are accompanied)


Kf  =  VCC / 

Ko  =  2(fcmax - fcmin) / VCC

  =  R0C0

Rm  =  2(fcmax - fcmin)  =  2 c

Rc  =  (2 Rm / )1/2  =  2 (c / )1/2



Design


Be the data


fmmax  = ...   fc  = ...   ± fc  = ... Vc  = ...   (maximum amplitude or pick of the input vo)




We choose a polarization with the abacus of rest (here f0 are our carrier fc)


VCC  = ...     1,4 Vc  (there is guarantee of excitement of gates with 70% of VCC)

R2  = ...


C1  = ...


Kf  =  VCC /   = ...


Ko  =  c / VCC  = ...

and then with the third (here fmax/fmin is the fomax/fomin of the OCV )


fomax/fomin  = ...  > (fc + fc) / (fc - fc)


(R2 / R1)  = ...


Rm  =  omax - omin  = ...


R1  =  R2 / (R2 / R1)  = ...


If we adopt a damping and a filter capacitor for example


  = ...   <  1  (típico 0,7)


C0  = ...

it will determine


  =  1 / 4 2 KfK0  =  ...     1 / mmax

R0  =  1 / C0  = ...


Verificamos finalmente que el LFF logre capturar la MF


Rc  =  (2 Rm / )1/2  = ...  >   2 (c / )1/2 

Obtaining for conversion to MP


The following outline shows the operation. The filter is syntonized outside of the carrier frequency and then the detector of phases, of the type for product for example, obtains a voltage proportional average to this difference. Truly any other filter can be used provided that it produces the displacement of phases, but what happens with the syntony series is that it presents the advantages of the amplification of the voltage and that of a good slope to have conjugated poles.


Their behavior equations are the following ones


T  =  vm´/ vo  = M [ 1 + j / Q(x - 1/x) ]  =  T e j 

M  =  x2 / [ 1 + 1/Q(1 + x-2) ]


x  =  /o

o  =  (LC)1/2  =  RQ/L  =  1/QRC   > ~  c

  =  arc tg [1/Q(1 + x-2)]




where is for i  ~ o

  ~  arc tg x/Q  ~  x/Q

for what the detection of phases is


 x  =  1/Q


   =  (1/Qo)  c

vm´  =  Kd F   =  (Kd F/Qo)  c
Demodulation of Phase (MP)

Generalities


We repeat the characteristic equations of the phase modulation


vm(t) = Vm cos mt


vo(t)  =  vo cos (ct + )


  =  ct +   =  it  =  ct +  sen mt 


 =   sen mt 


t  =   m sen mt  = k3 Vmm sen mt 


 = k3 Vm  =  c / m (index of MP)


i =   t  = c + c cos mt

and where we can appreciate that we will have in consequence a MF


i =   t  = c - m  sen mt

and we also remember


— wide band (B    5 being B ~ 2c) 


— short band (B  <<  /2 being B ~ 2m) 

Obtaining


We have explained that when being modulated it derives to the sign useful vm and then it transmits it to him as MF. Now, to demodulate it, we use anyone of the demodulators of MF explained previously and we put an integrative one to their output




Design


Be the data (to see their design equations in the chapter of active networks as filters of frequency and displacements of phases)


Be the data


Rg  = ...   fmmin  = ...   





With the purpose of simplifying the equations we make


R1  =  Rg + Ra

Of the transfer impedances


Z1  =  R12C1 (s + 2/R1C1)


Z2  =  (1/C2) / (s + 1/R2C2)

we express the gain and we obtain the design conditions


vsal / vg  =  - Z2 / Z1  =  - max2 / (s + max)


max  =  1 / R2C2

R1  =  R2 / 2

C1  =  4 C2
and we adopt


R1  = ...    Rg

max  = ...    mmin / 5

what will allow us to calculate


Ra  =  R1 - Rg  = ...


R2  =  2 R1  = ...


C2  =  1 / maxR2  = ...


C1  =  4 C2  = ...

_________________________________________________________________________________
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