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Generalities

Basically it consists the demodulation a transcription of the band it bases 2B of the domain from the high frequency of carrier c to the low B. The following drawings explain what is said. That is, like it was said in the previous chapter


vo(t) =  vo (1 +  cos mt)  =


        = Vc ( cos mt cos ct + cos ct)  =


       =  Vc { cos (ct) + (/2) [ cos (c + m)t + cos (c - m) ] }   
 MAC


vo(t)  =  (Vc/ 2) [ cos (c + m)t + cos (c - m) ] 


 DBL


vo(t)  =  (Vc/ 2) cos (c - m) 





 BLU




The criterions of the demodulation of amplitude are, basically, three: first, to go the modulation by an element non-lineal (rectilinear segment, quadratic, etc.). Second, to mix it with a new local carrier, in such a way that in both cases a harmonic content will take place and, surely, a band bases B on low frequencies that then one will be able to obtain a filter low-pass. Third, reinjecting the carrier when it lacks and then to treat her classically.




Double lateral band and carrier (MAC)

Generalities

We repeat their characteristic equation


vo(t) =  vo (1 +  cos mt)  =


        = Vc ( cos mt cos ct + cos ct)  =


       =  Vc { cos (ct) + (/2) [ cos (c + m)t + cos (c - m) ] } 

Obtaining with quadratic element


Subsequently this system is drawn. Polarizing a no-lineal device, like it can be a diode among 0,6 to 0,7 [V], an area will exist that is practically a quadratic transfer


vsal  =  K  vo +  A vo2 + ... =  A Vc2 ( cos mt cos ct + Vc cos ct)2 + ...


vm´  =  A Vc2  cos mt 





Without being common for applications of low RF, yes on the other hand it is used in microwaves.

Obtaining with element of segment rectilinear


This obtaining is the most common. The output is rectified and filtered, according to the circuit that we use, so much to get the signal useful modulating vm´ of AF on an input resistance to the amplifier following RAMP, like for a continuous in the automatic control of gain CAG of the receiver and that we call VCAG.





The following graphs express the ideal voltages in each point.





Indeed, for the fundamental (harmonic n = 1) it is


vm´  =  vsal(n=1)  =  vot  =


       =  Vc { cos (ct) + (/2) [ cos (c + m)t + cos (c - m) ] } t  =


       =  Vc { sen (ct) /c + (/2) [sen (c + m)t /(c+m) + sen (c - m) /(c-m) ] }   ~


       ~  Vc /c { sen (ct) + (/2) [sen (c + m)t + sen (c - m) ] }  =


       =  Vc  (1 +  cos mt)  sen (ct) /c

vsal(n=0)  =  Vc  (1 +  cos mt)


Truly this demodulator not prevents to have  100 [%] of modulation in the theory —not of this way in the practice for the curve of the rectifier. When the work point Q rotate by the modulation, like they show the graphs (that have been idealized as straight line), a cutting of the picks takes place. We obtain the condition


Imed  ~  Vc / R1  =   Vc / (R1//RAMP//R3)

and of here


    1 / [1 + R1 (1/RAMP + 1/R3)]  =  RCONTINUA / RALTERNA




To design the syntony of the filter simple precedent, receiving an intermediate frequency reception FI, it is important to know the input impedance to the circuit demodulator Zent. With this end we analyze it when the rectifier of half wave possesses a conduction angle  (in the chapter of  sources without stabilized it called ) and a static resistance to the point of dynamic work RREC (that truly varies with the amplitude of the modulation) and that we can consider average, as well as a resistance reflected by the transformer that, being reducer, it will design it to him preferably of worthless magnitude (this resistance is the simplification of the total series RS in the chapter of sources without stabilizing). Its magnitude can approach theoretically as


RREC  R1 (tg  - ) / 



then without modulation (is to say for small ) we can find the current average that it enters to the rectifier supposing that in their cathode a continuous voltage it exists practically of magnitude peak Vc

Imed  ~  (2/) 0  (vo - Vc)/RREC  ct  =  Vc (sen - sen cos) / RREC  ~


       ~  Vc ( -  cos) / RREC  =  Vc (1 - cos) / RREC 

approach made for  < 30 [º] that are the practical cases. This allows then to outline


Zent  =  Rent  =  Vc / Imed  =  RREC / (1 - cos) =  R1 (tg  - ) / (1 - cos) 




expression that is simplified for high detection efficiencies  and relationship R1/RREC bigger than some 10 times, if we plant simply that we don't have energy losses practically in the diode and we equal this power that it enters to the system with the continuous that obtains in null modulation (it lowers)


Pent  =  (0,707 Vc)2 / Rent  ~   ( Vc)2 / R1

then


Rent  ~  R1 / 2 2

An useful parameter of the demodulator is its detection efficiency . We define it as the voltage continuous average that we obtain to respect the magnitude pick of the carrier without modulating


    =  Vmed / Vc

for that that if we keep in mind the previous expressions


Vmed  =  Imed R1  =  VcR1 (1 - cos) / RREC 


R1 / RREC     /(tg  - )

It is


    =  R1 (1 - cos) / RREC  =  (1 - cos) / (tg  - )  = RREC / Rent

Truly these equations are very theoretical and distant of the practice. An efficient solution will be to consult the empiric curves of Shade, some of them drawn in the chapter of sources without stabilizing.


We can want to know what we see to the output of the rectifier, that is to say the output impedance Zsal and the voltage available vsal —for the useful band and not the RF. With this end we outline again


Imed  =  Vc (sen - sen cos) / RREC  ~  Vc (sen - ) / RREC  =


        =  (Vc sen  / RREC )  - (Vc  / RREC ) 


Imed  =  Vmed / R1  ~  Vc / R1



that we will be able to equal and to obtain


Vc sen  / RREC   =  (Vc / R1) + (Vc  / RREC)

and now working the equation gets


vsal  =  Vc sen  /    =  Imed  (R1 + Rsal)


Rsal  =  RREC/

The condenser of filter C1 is critical. It should complete three conditions, that is: first, it should be the sufficiently big as to filter the RF and that we could simplify with to the following expression


1 / cC1 <<  R1
and the sufficiently small as for not filtering the useful band, or to take advantage of it so that it produces the court frequency in the high frequencies of the band bases having present the resistance of equivalent output Rsal of the rectifier


1 / BC1  =  (R1//RAMP//R3) + Rsal
being the third requirement that, due to the alineality of the system that is discharged without producing a diagonal cutting to the useful signal


1 / BC1 >>  R1




As for the capacitor of it couples C2, if we observe that we go out with a voltage in R1 of worthless resistance, this can be designed for example as so that it cuts in low frequencies


1 / mminC2  =  RAMP
and at the C3 as so that it integrates the voltage dedicated to the CAG with the condition


1 / mminC3  >>  R3 // RCAG
keeping in mind that the speed of its tracking in the receiver will be the maximum limit.

Design


Be the data


fc  = ...   fmmax  = ...   fmmin  = ...   Vc  = ...   zmax  = ...   


RAMP  = ...   RCAG  = ...   VCAG  = ...


We adopt a potenciometer in R1 to regulate the gain of the receiver in such a way that their magnitude doesn't affect the precedent equations of design (if the modulation is of AF it should be logarithmic)


RAMP >>  R1  = ...  <<  RCAG 


We can estimate the condenser of filter C1 keeping in mind the carried out design equations but, truly, it will be better their experimentation. We will only approach to their value with the curves of Shade (to see their abacus in the sources chapter without stabilizing)


C1  = ...


Subsequently we find the rest of the components


C2  =  1 / mminRAMP  = ...


R3  =  RCAG (Vc/VCAG  - 1)  = ...


C3  = ...  >>  (R3 // RCAG) / mmin
Double lateral band with suppressed carrier (DBL)

Generalities


We repeat their characteristic equation


vo(t)  =  (Vc/ 2) [ cos (c + m)t + cos (c - m) ]


Here the demodulation philosophy is in reinjecting the carrier. The problem is in that she is never in true phase with the original of the transmitter, because all the oscillators are never perfect. For example, a displacement of a one part in a million, implies a one digit of cycle of phase displacement in a carrier of 1 [MHz].


We will call to this displacement of phases among carriers  = (t), and we will have present that changes to a speed that can be the audible.

Obtaining for the incorporation of asynchronous carrier


Those DBL is excepted with synchronous modulation that, for this case, the modulation contains an exact reference of synchronism .




We can see this way that for this case, calling  to the displacement of phases among carriers and obtaining a previous adjustment in the receiver (to simplify the calculations) to obtain the same carrier amplitude Vc

vo(t)  =  (Vc/ 2) [ cos (c + m)t + cos (c - m) ] 


vo(t)´  =  Vc cos (ct + )

it is


vsal  =  vo(t) + vo(t)´  = Vc [  cos mt  cos ct + cos (ct + ) ]  =


       =  Vc´ (1 + ´ cos mt)


Vc´ =  Vc cos (ct + )  =  Vc()  =  Vc(t)

 ´   =  cos ct / cos (ct + )  =  ´()  =  ´(t)
where it is distinguished the deficiency of the system mainly in the amplitude of the carrier like Vc(), since their phase displacement (ct + )  it won't affect in a later demodulation of MAC.

Obtaining for product


The operative is the following one. The same as in all asynchronous demodulation, this system continues suffering of the inconvenience of the quality of the transception


vo(t)  =  (Vc/ 2) [ cos (c + m)t + cos (c - m) ] 


vo(t)´  =  cos (ct + )


  =  (t)



and therefore


vsal  =  vo(t) vo(t)´  = Vc [  cos mt  cos ct . cos (ct + ) ]  =


       =  Vc´ [ cos (2ct + ) + cos mt ]


Vc´ =  (Vc cos  ) / 2  =  Vc()  =  Vc(t)
Unique lateral band (BLU)

Generalities


We repeat their characteristic equation


vo(t)  =  (Vc/ 2) cos (c - m) 

Here the demodulation approach is the same as in DBL for the injection of the carrier. The problem is in that she is never in true phase with the original of the transmitter, because all the oscillators are never perfect. For example, a displacement of a one part in a million, implies a one digit of cycle of phase displacement in a carrier of 1 [MHz].


We will call to this displacement of phases among carriers  = (t), and we will have present that changes to a speed that can be the audible.

Obtaining for the incorporation of asynchronous carrier

Obtaining for lineal characteristic


Here we added to the modulated signal a local carrier. It has as all these demodulations the problem of the phase displacement among carriers.

To simplify our analyses we consider that synchronism exists and then the local carrier is permanently in phase with that of the transmitter. This way, the behavior equations are


vo(t)  =  (Vc/ 2) cos (c - m)t


vo(t)´  = Vccos (ct + )      Vc cos ct

being


vsal  =  vo(t)´ + vo(t)  =  Vsal cos (ct + ) 

Vsal  = [ (Vc/ 2)2 + Vc2 + 2(Vc/ 2)Vc cos mt ]1/2  = Vc [ 1 + (2/4) +  cos mt ]1/2
what tells us that for small modulation indexes we can obtain the sign useful modulating with a simple demodulator of MAC


  <<  1


vsal  =  vo(t)´ + vo(t)  =  Vsal cos (ct + ) 

Vsal  ~ Vc ( 1 +  cos mt )


vm´  =  Vc cos mt





The figure following sample a balanced figure of this demodulator type that eliminates the carrier, and easily it can be implemented taking advantage of the investment of the secondary of a transformer.


vsal1  =  vo´ + vo  =  Vc ( 1 +  cos mt ) cos (ct + ) 

vsal2  =  vo´ - vo  =  Vc ( 1 -  cos mt ) cos (ct + ) 

vm1´  =  Vc ( 1 +  cos mt )


vm1´  =  Vc ( 1 -  cos mt )


vm´  =  vm1´ - vm1´  =  2Vc cos mt 




Obtaining for quadratic characteristic


The method here is the following. We added the sign modulated with a local carrier making go their result by an element of quadratic transfer.




Calling  to the phase displacement among carriers obtains


vo(t)  =  (Vc/ 2) cos (c - m)t


vo(t)´  = Vccos (ct + )

it is


vsal  =  A (vo(t) + vo(t)´) + B (vo(t) + vo(t)´)2 + C (vo(t) + vo(t)´)2 + ...   


          B (vo + vo´)2  = vo2 + 2 vo vo(t)´ + vo´2      


          (VcB/ 2) { cos [(2c - m)t + ] + cos ( - mt) }


vm´  =  ´Vc cos ( - mt) 


´   =  B/ 2

where the deficiency of the system is appreciated in the phase ( - mt) of the audible frequency.


This transfer can be obtained, for example, starting from the implementation with a JFET


vgs  =  vo + vo´ - VGS

vsal  =   idR  ~  IDSSR (1 + vgs/VP)2  =  IDSSR [1 + (2 vgs/VP) + (vgs/VP)2   


          IDSSR (vo + vo´ - VGS)2 / VP2     B (vo + vo´)2

B  =  IDSSR / VP2



Obtaining for product


Similar to the previous system, here the BLU multiplies with a local carrier. Their equations are the following 


vo(t)  =  (Vc/ 2) cos (c - m)t


vo(t)´  = cos (ct + )


vsal  =  vo(t) vo(t)´  = (Vc/ 4) { cos [(2c - m)t + ] + cos ( + mt)   }


vm´  =  ´Vc cos ( + mt) 


´   =  / 4





This demodulation usually implements with the commutation of an active dispositive that makes the times of switch. In the following figure the effect is shown. The analysis will always be the same one, where now the carrier will have harmonic odd due to the square signal of the commutation, taking place for each one of them (mainly to the fundamental for its great amplitude) the demodulation for product.




Obtaining for the incorporation of synchronous carrier


When we have a sample of the phase of the original modulating of the transmitter, then the demodulation calls herself synchronous, and it no longer suffers of the problems of quality in the transception. The variation of the phase displacement is it annuls


    (t)
and all the made analyses are equally valid.

Pulses

Generalities


The digital demodulations is practically the same ones that those studied for the analogical. As we work with pulses of frequency m with period Tm and duration kTm, then the spectrum of the useful band B will be, practically, of 3m at 5m as the efficiency is wanted.

Obtaining of coded pulses (PCM)


Already demodulated the band base of transmission, receives us PCM that obtains the signal finally useful vm again. The following outline, as possible, processes this and where one will have exact reference of the phase of the carrier


  =  0




Obtaining of PAM


A simple filters low-pass it will be enough to obtain the sign useful vm. But the pre-emphasis given by the filter F() now it will be reverted as 1/F().
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