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Generalities


Basically, these oscillators work with alineal dipositives. We can classify them in two types, that is: those that work without feedback (with negative resistance) of those that yes he are (astable multivibrator).


The first ones that possess an area of negative resistance, are par excellence two: the diode tunnel and the transistor uni-junction (conventional TUJ or programmable TUP); the first one is stable to the voltage and the second to the current in their critical areas; that is to say, they should be excited, respectively, with voltage generators and of current.





It is necessary to explain in these dipositives that it is not that they have a true "negative" resistance, but rather to the being polarized in this area they take energy of the source and they only offer there this characteristic, that is to say dynamically.

Type TUJ


Truly, already forgotten this dispositive with the years and highly overcome by the digital benefits, it doesn't stop to be historically instructive.  For such a reason we won't deepen in their study, but we will only comment some general characteristics to design it if the occasion determines it. It will still be of easy and efficient use in applications of simple phase regulators and in timers of high period.


The following implementation is classic. A typical resistance of 390 []  has been omitted in series with the second base to compensate the offset of temperature, but that to practical ends it doesn't affect for anything its use and it hinders our studies. For any TUJ their characteristics are approximately the same ones and they are


  ~  0,6

attenuation factor among bases RB1/RBB

VV  ~ 1,5 [V]

barrier voltage

IV   1 [mA]

barrier current

IP   1 [A]

current of the shot pick

VBB   10 [V]

voltage among bases

RBB   10 [K]

resistance among bases RB1+RB2

Vp  =  0,6 +  VCC  
voltage of the shot pick



and the equations of time of operation like timer (TARR starts up) or oscillator (T0) we find them outlining the load and discharge from C0 to the tensions VP and VV (the discharge ~C0Rx is omitted to be worthless)


TARR  =  1 / R0C0 ln (1 - VP/VCC)-1  ~  1 / R0C0 ln (VCC - 1,5)/(0,4 VCC -0,6)


T0  =  1 / R0C0 ln (VCC - VV)/[VCC (1-)-0,6]  ~  1 / R0C0 ln (VCC - 1,5)/(0,4 VCC -0,6)





A programmable variant of the  of this circuit is with the device denominated transistor programmable unijunction or TUP. This is not more than kind of a controlled rectificator of silicon RCS (or unidirectional thyristor) but of anodic gate, and almost perfectly replaceable with TBJ PNP-NPN'S couple like it is shown. The following circuit offers the same properties that the previous one but with the possibility of programming him the 

  =  R1/(R1+R2)
factor of programmable attenuation


Vp  =  0,6 +  VCC 
voltage of the shot pick




For the design of these dispositive, and without going into explanatory details, it will polarize the straight line of operation in such a way that cuts the area of negative slope; in their defect: or it won't shoot for not arriving to VP, or it will have a behavior monostable TARR. The following oscillation graphs explain how the work point travels for the characteristics of the device, without never ending up resting in the polarization point.




Design


Be the data (circuit with TUJ)


f0  = ...   VCC  = ...


On one hand we respect for not modifying the theoretical data

Rx  = ...    1 [K]  
(Rx can be an inductor, a transformer of pulses, or to be in series with the base-emitter juncture of a TBJ)

We determine the voltage shot pick


Vp  =  0,6 +  VCC  ~  0,6 + 0,6 VCC  = ...

and then we calculate the resistance in such a way that shoots the TUJ but that it is not very big and make to the circuit monostable


(VCC - VV)/IV ~  103(VCC - 1,5)  <  R0  = ...  <   (VCC - VP)/IP ~  106(VCC - VP)

for then to determine the condenser (it is convenient that it is of the biggest possible voltage and of mark of grateful production to avoid faulty losses)


C0  =  T0 / R0 ln (VCC - VV)/[VCC (1-)-0,6]  ~  T0 / R0 ln (VCC - 1,5)/[0,4VCC-0,6]  = ...

where VCC  6 [V] practically it is C0 ~ T0 / R0
Type multivibrator


It studies it to him and it designs in the multivibrators chapter.

Type harmonic-relaxation


Basically, these oscillators work with lineal and alineal dipositives. Being a mixed of both, infinite ways exist of implementing them.


We will see the denominated type for atoblocking. The following one is a typical configuration and only one of the possible ones.





When being given alimentation VBB, the CB leaves loading until polarizing the TBJ in direct and that it will drive without being saturated (because VBB and RB are not designed for this). This transitory one in the collector will make that the syntonized circuit captures its harmonica 0, and the circuit is in the following analogy


n  =  N0 / N1

m  =  N0 / N2




If to simplify the equations we make


C0  >> CB / n2

R0  = RL m2  << RB n2

1/n  <<  
they will be approximately


Z  =  vec / ic  =  (1/C0)  s / [ (s+0)2 + 02 ]


0   =  2 R0C0

0   =  1 / [ (R0C0C0)-2 - (0)-2 ]1/2
and like it is applied an excitement step


ic  =   ( VBB - VBE ) / RB      [  ( VBB - VBE ) / RB ]  / s


vec  =  Z ic  =  [  ( VBB - VBE ) / RBC0 ] / [ (s+0)2 + 02 ]      


         [  ( VBB - VBE ) / RBC00 ] e-t/o . sen0t  =  v0p e-t/o . sen0t

expression that shows that for not having undesirable oscillations (that is to say a under-damping exit) it should be


R0C0 / L0    >  0,25


If we still summarize more the expressions


RB  >>  1 / 0CB
it will be possible to analyze the waves in their entirety. This way, the drawings show that CB cannot lose its load and to maintain a damping in the base circuit because the diode base-emitter impedes it to him; this way the TBJ is cut (but observe you that same vec exists), and the condenser doesn't already continue more the variations of the sine wave, but rather losing its negative potential will try to arrive to that of the source VBB. Concluding, for the idealized drawn wave forms (approximate) to the magnitude


T0  <<  TB
t corresponds him


vB  =  -Vx + ( VBB+Vx ) ( 1 - e-t/RBCB )




Converters and Inverters

Generalities


We call convertors to those circuits that convert a magnitude of DC to another magnitude of DC (generally higher, and they usually consist on an inverter and their corresponding rectification-filtrate), and inverters to those other circuits that transform it to AC (oscillators of power).


In these circuits that we study transformers they are used with magnetic nucleus that they offer behaviors astables. It takes advantage their saturation to cancel the magnetic inductance and with it their transformers properties. With the purpose of introducing us in the topic we abbreviate (sees you the inductors chapter and transformers of great value)


L  =  efN2S / lFe  =  (2 BSAT/HSAT) N2S / lFe

The losses for Foucault and hysteresis become considerable when working with waves squared by the great spectrum of their harmonic content. Consequently typical frequencies of operation are usually used


— ferrite of 1 at 20 [KHz]


— iron of 50 at 100 [Hz]

also, in a general way, the efficiency in the best cases is of the 90%


   =   PSAL(en la carga RL) / PENT(a la entrada del transformador)  ~  0,9


On the other hand, if is interested in knowing the effective resistance of these losses that we denominate R0, we can outline if we call VSAL to the effective voltage in the load


PR0  ~   VSAL2 / R0

PSAL  =   VSAL2 / n2 RL
of where


PSAL  =   PSAL +  PR0

PR0  =   PSAL (-1 - 1)


R0  =  n2 RL / (-1 - 1)  ~  9 n2 RL


For the inverters, it is enough many times the use of a condenser in parallel with the load in such a way that the square sign is a sine wave —they will filter harmonic. Other more sophisticated filters can also be used, as they are it those of filter impedance , syntonized, etc. For these applications, clearing should be, the equations are no longer those that are presented.


If what we want is to manufacture a converter, then it will be enough to rectify and to filter with a condenser CL the exit. For it will be enough the condition (f0 are the oscillation frequency)


RL CL   >>   1 / f0
or to make a filter as it has been analyzed in the chapter of power supply without stabilizing. To find in these cases an esteem of the resistance that reflects a filter RLef, we equal the power that surrenders to the rectificador-filter with that of the load (we call «n» to the primary relationship of spires to secondary of the exit transformer)


f0 . 01/2f0  (VCC2/n2RLef)t  ~  VCC2/n2RL
of where


RLef  ~  RL / 2

Inverter of a TBJ and a transformer


When lighting the circuit their transitory one it will produce the saturation of the TBJ instantly (or a polarization will be added so that this happens) being


n1  =  N1/N2

n2  =  N1/N3

n12RB  >>    n22RL   (for not dissipating useless power in the base circuit)





There will be then in the ignition a continuous voltage VCC applied on L0 that it will make have a lineal flow  in the time and that, when arriving to the saturation SAT the ef it will get lost eliminating at L0. This results since in the cut of the TBJ in this instant properties transformers they won't exist. Immediately then the current of the primary one begins to diminish (the magnetic field is discharged) and it is regenerated L0 when existing ef again, maintaining in this way cut the TBJ. Once discharged the inductance, that is to say when their current is annulled, other transitory due to the distributed component it gives beginning to the oscillation again.


Analyzing the circuit, when the TBJ saturates we have


vL0  =  VCC 


vce  =  VCC - vL0  =  0


vbe  =  VBES  ~  0,6 [V]


ic  =  ICS =  VCC [ (n22RL)-1 + t/L0 ]


  =  (1/N1) 0tvL0t  =  VCC t / N1

vL  =  vL0 / n2  =  VCC / n2
for the one which when reaching the saturation, then


T1  =  N1 SAT / VCC 


Subsequently, during the cut of the TBJ


vL0  =  - V e-t/  =  - (VCC T1 / ) e-t/ 


  =  L0 / n22RL

vce  =  VCC - vL0  =  VCC  [1 + (T1 / ) e-t/ ]


vbe  =  vL0 / n1  =  - (VCC T1 / n1) e-t/ 


ic  =  0


  =  - vL0 L0 / n22RL  =  VCC T1 e-t/ 


vL  =  vL0 / n2  =  (VCC T1 / n2) e-t/ 

and if we consider that it is discharged in approximately 3

T2    3 

For the admissibility of the TBJ, of the previous equations we obtain


ICmax  =  VCC [ (n22RL)-1 + T1/L0 ]


VCEmax  =  VCC  [1 + (T1 / )]


-VBEmax  =  VCC T1 / n1

PCEmax  =  (T1 +T2)-1 0T1  VCES ICSt    VCC VCES [ (n22RL)-1 + T1/2L0 ]

and finally in the load


PLmax  ~  (T1 +T2)-1 0T1  (VCC2/n22RL)t ~  VCC2 / 2 n22 RL
Inverterr of two TBJ and a transformer


It is, in fact this circuit, a double version of the previous one where while a TBJ saturates the other one it goes to the cut, in such a way that the power on the load increases to twice as much. This way, for oneself useful power, the transistors are fewer demanded. In the drawing it is insinuated a possible additional polarization that should be used for if the circuit doesn't start up: the points rise «x» of the bases and they are connected to the resisters.








In the saturation hemicile they are completed for each TBJ


vL0  =  VCC 


vce  =  VCC - vL0  =  0


vbe  =  VBES  ~  0,6 [V]


ic  =  ICS =  VCC [ (n22RL)-1 + t/L0 ]


  =  - SAT +  (1/N1) 0tvL0t  =  - SAT +  VCC t / N1

vL  =  vL0 / n2  =  VCC / n2
for that that once passed T1 then the over-voltage of the cut will make the other TBJ drive and it will be the symmetry.


For the admissibility of the TBJ, of the previous equations we obtain


ICmax  =  VCC [ (n22RL)-1 + T1/L0 ]


VCEmax  =  2 VCC

-VBEmax  =  VCC/ n1

PCEmax  =  (T1 +T2)-1 0T1  VCES ICSt    VCC VCES [ (n22RL)-1 + T1/2L0 ] / 2

and finally in the load


PLmax  ~  2. (T1 +T2)-1 0T1  (VCC2/n22RL)t ~  VCC2 / n22 R

Design


Be the data


RL  = ...   f0 = ...   VLmax  = ...  (maximum voltage in the load)

We adopt a power supply keeping in mind that it is convenient, to respect the ecuations that are worthless the collector-emitter voltages of saturations (that TBJ of a lot of power stops it usually arrives to the volt). This way, then, it is suggested


VCC  = ...  >>  0,25 [V]


We choose a lamination (or ferrite recipient, reason why will change the design), what will determine us (sees you the design in the inductors chapter and transformers of great value)


S  = ...    0,00013 RL

A  = ...


lFe  = ...


BSAT  = ...


N1  =  VCC / 4 f0 S BSAT  = ...


N3  =  N1 VLmax / VCC  = ...


HSAT    N3 VLmax / lFe RL  = ...


L0  =  2 N12 S BSAT / lFe HSAT = ...

where the experimentation of L0 is suggested after the armed one to obtain its correct value.


Subsequently, if we estimate a magnitude


N2  = ...

they are


n1  =  N1 / N2  = ...


n2  =  N1 / N3  = ...


RLef  =  RL // R0/n22  ~  0,9 RL  = ...


We obtain the admissibility of each TBJ


ICmax  =  VCC [ (n22RLef)-1 + 1/2f0L0 ]  = ...


VCEmax  =  2 VCC  = ...


-VBEmax  =  VCC/ n1  = ...


PCEmax    VCC /8f0L0  = ...

and of the manual


VCES  = ...  ( 0,1 [V]) <<  VCC

ICADM  = ...  <  ICmax  


VBES  = ...  ( 0,7 [V])


apag  = ...   <<  1/2f0

enc  = ...  <<  1/2f0

  = ...


TJADM  = ...


PCEADM  = ...  <  PCEmax  

what will allow to find the thermal dissipator


surface  = ...


position  = ...


thickness  = ...


Subsequently we calculate


RB  =   ( VCC/n1 - VBES ) / ICmax  =  ...

Inversor de dos TBJ y dos transformadores


This implementation is used for further powers (up to 500 [W]), since it consists on a great exit transformer that is commuted in this case by the circuit oscillator. This oscillator can be carried out with any other astable that determines the court-saturation of the TBJ. This way, the exit transformer doesn't determine the frequency but rather it only transmits the energy; it doesn't happen the same thing with that of the bases, since it will be saturated and it will offer the work cycle consequently —it recommends it to him of ferrite, while to that of iron exit.





If we observe the circuit with detail, we will see that it is not another thing that an investor like the one studied precedently of two TBJ and a transformer. For this reason the graphics and equations are the same ones, with the following exception


n1  =  N1 / N2

n2  =  N0 / N3
_________________________________________________________________________________
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