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Generalities


Basically, these oscillators work with lineal dipositives.


Let us suppose a transfer logically anyone that has, poles due to their inertia. For example the following one


T  =  vsal / vent  =  K / ( s + 0 )


0  =  0  + j 0
where it will be known that this it is a theoretical example, since in the practice the complex poles are always given conjugated. This has been chosen to simplify the equations.


To the same one it is applied a temporary step of amplitude V (transitory of polarization for example). consequently, it is their exit


vent  =  V    V / s


vsal  =  KV ( 1 - e - 0t ) / 0  =


       =  KV {0[1+(e-0t/sen1)sen(0t+1) + j0[(e-0t/sen2)sen(0t+2)-1] } / (02+02)


1  =  arc tg (-0/0)


2  =  arc tg (0/0)

being able to happen three cases


I )
0  >  0




stable exit

II )
0  <  0




unstable exit


III )
0  =  0



vsal  =  ( KV/0 ) [sen(0t+/2)-1] 
oscillatory or unstable exit to 0
where conceptually we express these results in the following graphs for a transfer of conjugated poles.





Of this analysis we can define to an ideal harmonic oscillator saying that it is that system that doesn't possess transitory attenuation in none of their poles (inertias). The name of this oscillator type resides in that in the vsal spectrum in permanent régime, "only" the harmonic 0 has been captured and it becomes present to the exit. The purity of the same one resides in the selectivity of the syntonies that /they prevent to capture other harmonic. The following drawing represents what we are saying.





Another way to understand the operation of a harmonic oscillator, perhaps more didactic, it is considering a feedback transfer where G wins what H loses and it injects in phase its own change, all this to the frequency 0 and not to another  —to remember that as much G as H change module and phase with the frequency. This way, the behavior equations will be


T  =  vsal / vent  =  vsal / (vi + vreal)  =  (vsal / vi) / [1 + (vreal / vsal) =  G / ( 1 + GH )

that for the conditions of harmonic oscillation


G(0) H(0)  =  -1 + j 0


T(0)  
and then the high transfer of closed loop will go increased the amplitudd of 0 until being limited by the own alineality of the electronic components when they end up being limited by its feeding supply. This determines an important practical consideration, and that it consists in that the suitable critical point sees that it is theoretical, and that in the practice it should make sure


G(0) H(0)  ~>  1 

for a correct operation, and more pure of the sine wave; this will be the more close it is of the critical point.

Type phase displacement


It is shown a typical implementation subsequently. Their behavior equations are


H  =  vreal / vsal  =  1 / [ 1 - 5(R0C0)-2 + j [(R0C0)-3 - 6(R0C0)-1]


G  =  vsal / vreal  ~  - gm RC//RL



that it will determine an oscillation for pure real G in


0  =  (0R0C0)-3 - 6(0R0C0)-1     0  ~  0,408 / R0C0
being finally


H(0)  ~  0,035


G(0)  =  -1 / H(0)  =  - 29


In a more general way we will be able to have with the abacus


Rsal  =  RC//RL

0  =  1 / R0C0 [ 3 + 2/ + 1/2 + (Rsal/R0)(2 + 2/) ]


G(0)  =  8 + 12/ + 7/2 + 2/3 + (Rsal/R0)(9+11/+4/2) + (Rsal/R0)2(2 + 2/)2



Design


The following data are had


RL = ...   f0  = ...

we choose a TBJ and of the manual or their experimentation we find


VCE  = ...   IC  = ...     = ...   h21e  = ...   h11e  = ...   gm  =   h21e / h11e  = ...


Keeping in mind that explained in the polarization chapter adopts


VRE  = ...    1 [V]


IRN  = ...   <<  IC / 
originating


RC  =  VCE  / IC  = ...


RE  ~  VRE  / IC  = ...


VCC  =  2 VCE  + VRE  = ...


RB  =  [ ( VCC/2 ) - 0,6 ) ]  / IC  = ...


R0  =  1 / ( h11e-1 + RB-1 )  = ...

and we will be able to verify (we work with gain modules to simplify the nomenclatures)


G(0)  ~  gm RL//RC  = ...   >  29 + 24/[R0/(RL-1+RC-1)] + {2/[R0/(RL-1+RC-1)]2}


We calculate the oscillation capacitor and we verify that it doesn't alter the made calculations


C0  =  1 / 0R0 {6 + 4/[R0/(RL-1+RC-1)}  = ...  <<  1 / 0RC//RL
and those of coupling and disacoupling


RC//RL   >>   1 / 0 CC          CC  = ...   >>  1 / 0RC//RL

h11e   >>   (1+h21e) . 1 / 0 CE          CE  = ...   >>  gm / 0
last expression that if it gives us a very big CE, it will be necessary to avoid it conforming to with another minor and that it diminishes the gain, or to change circuit. The result truly should not be alarming, because any condenser at most will diminish the amplitude of the exit voltage but it won't affect in great way to the oscillation. Some designers usually place even a small resistance in series with the emitter without disacoupling capacitor dedicating this end to improve the quality of the wave although it worsens the amplitude of the oscillation.

Type bridge of Wien


With the implementation of any circuit amplifier that completes the conditions of an AOV, that is: high gain, low outpunt resistance and high of differential input, we will be able to, on one hand feedback negatively to control their total gain, and for another positively so that it is unstable. The high differential gain will make that with the transitory of supply of polarization outburst it takes to the amplifier to the cut or saturation, depending logically on its polarity, and it will be there to be this an unstable circuit.


The process changes favorably toward where we want, that is to say as harmonic oscillator, if we get that this unstability is to a single frequency 0 and we place in the one on the way to the positive feedback a filter pass-tone. In the practice the implementation is used that is shown, where this filter is a pass-band and for it many times the oscillation is squared and of smaller amplitude that the supply —is to say that it is not neither to the cut neither the saturation.





The name of this circuit like "bridge" comes for the fact that the differential entrance to the AOV, for which doesn't circulate courrent and neither it possesses voltage, it shows to the implementation like a circuit bridge in balance.


The behavior equations are


H  =  vreal / vsal  =  1 / [ 1 + Ra/Rb + Cb/Ca + j (RaCa - 1/RbCb) ]


G  =  vsal / vreal  =  - ( 1 + R2/R1 )

that it will determine an oscillation for pure real G in


0  =  0RaCa - 1/0RbCb     0  =  ( RaRbCaCb )-1/2
being finally


H(0)  =  1 / ( 1 + Ra/Rb + Cb/Ca )


G(0)  =  -1 / H(0)  =  -( 1 + ( 1 + Ra/Rb + Cb/Ca ) )

or


R2/R1  =  Ra/Rb + Cb/Ca


This circuit made its fame years ago because it was used to vary its frequency sine wave by means of a potentiometer in R2. This, implemented by the drain-source of a JFET that presents a lineal resistance in low sign amplitudes, it was feedback in the dispositive through a sample of continuous of the exit amplitude. This has already been in the history, because with the modern digital synthesizers they are overcome this annoying and not very reliable application thoroughly.

Design


The following data are had


RL = ...   f0  = ...

we choose an AOV and we adopt


± 9 [V]        ± VCC = ...      ± 18 [V]


Ca  = Cb  = ...


R2  = ...

of where we obtain


Ra  = Rb  =  1 / 0Ca  = ...


R1  =  R2 / 2  = ...

Type Colpitts


We could say that  responds to a filter with capacitives inpt-output.


The behavior equations are (a short circuit of C3 could be made that is of it couples and for it the equations are the same ones with C3 )


H  =  vreal / i0  =  1 / [ - 2R0C1C2 + j (C1+C2+C1C2/C3 -2C1C2L0) ]


0  =  0(C1+C2+C1C2/C3 -02C1C2L0)    0  =  (L0 C1//C2//C3)-1/2


H(0)  =  - L0 / R0(C1+C2)


G(0)  =  -1 / H(0)  = R0(C1+C2+C1C2/C3) / L0  ~  gmR0Q02




In this implementation the RE can be changed by a choke of RF; the result will be better because it will provide to the oscillator bigger exit voltage and a better syntony selectivity because it increases the Q0. Another common variant is to replace the inductor for a crystal at 0 (saving the polarization logically) so that the frequency is very much more stable.


A simpler way and didactics regarding the principle of operation of the Colpitts, we will have it if we consider all ideal and without the one it couples C3. The C1 syntonize at L0 and it produces an inductive current for the coil in backwardness ninety degrees, that again will be ahead whit the voltage on C2. The inconvenience of this focus is that the magnitude of the attenuations is not appreciated


0  ~  (L0C1)-1/2


0L0  >>  1 / 0C2           vsalp   >>  vrealp  ~  0


C1  <<  C2

g11e-1  >>  1 / 0C2           iC2p   >>  ibp  ~  0




Design


They are had the following fact (parasitics capacitances not considered)


f0  = ...


We begin adopting a transistor and with an elected polarization we obtain


VCE  = ...


IC  = ...


  = ...


y11e  = ...  (~ h11e-1)


y21e  = ...  (~ gm = h11e/h21e)


y22e  = ...  (~ h22e)

and we polarize it


RE  =  VCE / IC  = ... (the biggest thing possible because it is in parallel with the inductor)


VCC  =  2 VCE  = ...


RB  =    ( VCC - 0,6 - VCE ) / IC  = ...


We choose an inductor with the Q0 (we speak logically of the Q0ef) bigger possible (that can replace it for a crystal and a crash of RF in derivation)


L0 = ...


R0 = ...

what will allow us to have idea of the half value of the syntony capacitor


RE // g22e  <<  1 / 0(C1+C22e)


C1  =  2 C1med  ~  2 / 02L0 = ...   <<  (g22e+RE-1)/0  -  C22e

We calculate and we verify that the characteristics of the circuit don't alter the theoretical equations (this in the practice can be omitted, since the same circuit will surely oscillate)


0L0  >>  1 / 0C3           C3  = ...   >>  1 / 02L0

The condenser that it lacks C2 can be keeping in mind experimentally that it is related practically with C1med in the same times that the gain of tension of the TBJ; that is to say, some ten times, or with the requirement (we reject the effect Miller)


g11e-1  >>  1 / 0(C2+C11e)           C2  = ...   >>  g11e/0  - C11e
and that, like it was said, if one chooses a very big value it will diminish the gain and therefore also the amplitude of the output signal —increased their purity.


Although the circuit will oscillate without inconveniences, we verify the oscillation condition


R0 (C1/2 + C22e + C2 + C11e) / L0  = ...   <   y21e
Type Hartley

We could say that  responds to a filter with inductive input-output. It will also be it although these are coupled.


The behavior equations are


H  =  vreal / i0  =


    =L2C02{R1(2L2C0-1)+j[R12C0+L1[2(L1+L2)C0-1]]}/{[2(L1+L2)C0-1]2+(R1C0)2}


0  =  [R12C0+L1[2(L1+L2)C0-1]]     0  =  [(L1+L2)-1(C-1-R12/L1)]-1/2


H(0)= -L2R1(L1-R12C0)(L12+L2R12C0) / [(R12C0/L1)2 + R12C0(1-R12C0/L1)/(L1+L2)]


G(0)  =  -1 / H(0)  =


          = [(R12C0/L1)2 + R12C0(1-R12C0/L1)/(L1+L2)] / L2R1(L1-R12C0)(L12+L2R12C0)





A simpler way and didactics regarding the principle of operation of the Hartley, we will have it if we consider all ideal. The L1 syntonize with C0 and it produces an courrent capacitive for the condenser in advance ninety degrees that again will be late with the on L2. The inconvenience of this focus is that the magnitude of the attenuations is not appreciated


0  ~  (L0C1)-1/2


0L2  <<  1 / 0C0           vsalp   >>  vrealp  ~  0


L1  >>  L2



Variant with piezoelectric crystal


With the name of piezoelectric crystal it is known in Electronic to a dipole that presents the characteristics of the figure, being able to or not to possess overtones, and that it is characterized to have high stability of their equivalent electric components and to be highly reactive. This way their equations are


Cp  >>  Cs

Q  =  Ls / Rs  (varios miles, tanto la sintonía serie s como paralelo p)


Z  =  Lp // (Rs + Ls + Cs-1)  =  Cp-1 [(s/)2-1 + j Q-1] / {Q-1 - j [(p/)2-1]}


s  =  (LsCs)-1/2

p  =  [ L (Cp-1+Cs-1)-1 ]-1/2




This way, with the crystal used in the one on the way to oscillation and replacing for example to the inductor in the Colpitts or the capacitor in the Hartley, an oscillator of high perfomance can be gotten, where the final Q of the whole oscillator will be given by the stable and high of the crystal.

Type syntonized input-output


It responds to a transfer simply G in feedback with H. for example implemented with the bidirectional property of a TBJ, it usually uses in the converters of frequency. Their general equations of operation are the following


GH  =  (io/vi) (ireal/vi)  =  (io/vo) (ireal/vi)  =  Y2 (-Y1)  =


       =  - R1-1 [1 + j2Q1(-1)/1]  .  R2-1 [1 + j2Q2(-2)/2]   =


       =  - (1/R1R2) { 1 - 4Q1Q2(/1-1)(/2-1) + j 2 [Q1(/1-1) + Q2(/2-1)] }


Q1  =  1L1/R1  =  1/1C1R1

Q2  =  2L2/R2  =  1/2C2R2

1  =  (L1C1)-1/2

2  =  (L2C2)-1/2



and designing to simplify


o  =  1  =  2

R0  =  R1  =  R2
it is


GH  =  - (1/R02) { 1 - 4Q1Q2(/0-1)2 + j 2 [(Q1+ Q2)(/0-1)] }


G(0)H(0)  =  - (1/R02) 


H(0)  =  -Y1  =  - 1/R0

G(0)  =  Y2  =  1 1/H(0)  =  1/R0
_________________________________________________________________________________
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