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GENERATORS OF SAWTOOTH

Generalities


Used to generate electronic sweepings in the screens and monitors of the tubes of cathodic rays, they can be of two types according to the physical principle of deflection: for voltage (electric deflection in oscilographys) or for current (magnetic deflection in yokes).


The circuits consist, essentially, in a transfer of a single pole (inertia of the same one in 1/, being  their constant of time) and consequently, in excitements of the type step, they determine exponential to their exit (useful sweeping) in the way


x  =  X ( 1-e -t/ )  =  X { 1 - [ 1- (t/) + (t/)2/2! + ... ] }  =  X [ (t/) + (t2/22) + (t3/63) + ... ]

that in the first part


x  ~  X (t/) [ 1 - (t/2) ]


As it is of waiting, one will work preferably in the beginning of the exponential one for their lineality. This operability is applied better in the design with a factors that they specify the slope and that next we detail


u(t)  =  x t



speed

ev(t)  =  [ u(0) - u(t) ] / u(0)


relative error of speed

and in our transfer


u  ~  {X (t/) [ 1 - (t/2) ]} t  =  X ( 1 - t/ ) /  


ev  ~  t/
which we will be able to stiller simplify if we are in the beginning of the exponential 


t  <<  2  


x  ~  X t / 

ev  ~  t/  ~  x / X

Generators of voltage

Type of voltage for simple ramp


In this circuit a condenser will simply be loaded and after the period T will discharge it to him by means of a TBJ that will be saturated. The behavior equations are the following


vsal  =  V0 ( 1-e -t/0 ) 


0  =  R0C0

u(t)  =  V0 e -t/0 / 0

ev(T)  =  1-e -T/0  ~  vsal(T) / V0 





The base current will saturate to the dispositive taking it for an on the way to constant current


IBS  =  ( ventmax - 0,6 ) / RB

vsal  ~  vsal(T) - C0-1 0t  ic  t  ~  vsal(T) -  IBS t / C0



Type of voltage for effect bootstrap

The circuit consists on making load the condenser C0 to constant current; or, said otherwise, with a great V0. The following implementation makes work to the TBJ in its active area as amplifier follower (also being able to implement this with an AOV) for what will determine a practically generating voltage in its originator and that it will be opposed at V0. Another form of thinking this is saying that the current for R0 practically won't change, but only in the small magnitudes of the trip that it has the diode base-emitter that, truly, it is worthless.





Their operation equations are the following ones. As for the TBJ switch Q2

ventmax  ~  IBS2 RB + 0,6

and to the operation of the amplifier Q1

Rent1  =  vb1 / ib1  ~  h11e1 + 1 RE

Av1  =  vsal / vb1  ~  1 RE / ( h11e1 + 1 RE )  ~ 1


vsalmax  ~  - 0,6 + ( V0 - 0,6 ) T / 0

0  =  R0C0

V0  =  IB1 R0 + 0,6


On the other hand, if we outline the following equivalent circuit we will be able to find the error of speed


vsal  =  Av1 vb1  =  (Av1V0/0) / s [s + (1 + R0/Rent1 - Av1)/0]   

           [ V0 1RE / (h11e1 + R0) ] ( 1 - e-t/B )


B  =  0 k


k  =  1RE / (h11e1 + R0)  >>  1


u(t)  =  V0 e -t/B / 0

ev(T)  =  1-e -T/B  ~  [ vsal(T) / V0 ] / k




being minimized the error in k times.

Design


Be tha data


T  = ...   ventmax  = ...   vsalmax  = vsal(T) - 0,6  = ...   ev(T)  = ...


Firstly we can choose two TBJ anyone and we obtain of the manual a polarization for Q1

VCE1  = ...   IC1  = ...   1  = ...   h11e1  = ...   IB1  = IC1 / 2  = ... 

and another for Q2 knowing that it is discharged C0 to constant current IC2 from ~vsalmax until being saturated


VCE2  ~  vsalmax  = ...     IC2  = ...   2  = ...   IB2  = IC2 / 2  = ...  


As the maxim exit it is when Q1 almost saturate (the diode allows to lift the potential of its cathode above VCC), then we adopt


VCC  = ...  >  vsalmax  

and we continue calculating


RB  =  (ventmax - 0,6) / IB2  = ...


R0  =  (V0 - 0,6) / (IC2 + IB1)  = ...


V0  =  IB1 R0 + 0,6  = ...


vsal(T)  =  vsalmax+ 0,6  = ...


k  =  [ vsal(T) / V0 ] / ev(T)  = ...


RE  =  k (h11e1 + R0) / 1 = ...


VEE  =  IC1 RE  = ...


C0  ~  T ( V0 - 0,6 ) / R0( vsalmax + 0,6 )  = ...

we verify the quick discharge of C0



 C0 ( vsalmax+ 0,6 ) / IC2  = ...   <<  T

and the slow of the boostrap CB

 CB  = ...   >>   T / (h11e1 + R0)


With regard to the adjustment of lineality R01 and the protection R02 will be optional.

Type of voltage for effect Miller

It has already been spoken of the effect Miller in the chapter of amplifiers of radiofrecuency class A in low level. Here we will take advantage of those concepts like fictitious capacity; or said otherwise that magnify the voltage V0 virtually.


The implementation following sample the answer in frequency of an AOV with negative feedback. Let us suppose that it possesses, internally like it is of waiting, a dominant pole in w1 that diminishes the differential gain of continuous A0

AvD  =  vsal / viD  =  - A0 / (1 + s/1)


Av  =  vsal / vent  =  - A0 / [ (1 + s/0) (1 + s/1) + s A0/0 ]


0  =  1 / 0  = 1 / R0C0



being in low


Av  ~  - A0 / (1 + s A0/0 )

and in high


Av  ~  - A0 / [ (1 + s/1) + s A0/0 ]  =  0 / s (1 + s/A01) 




what determines us an integrative almost perfect, because the Bode begins with a dominant pole of chain closed in 0/A0 —1 are of some few cycles (radians) per second.


Next we draw a typical circuit that we will design. The TBJ is taken charge of producing the discharge and the atenuator of synthesizing for Thevenin the necessary V0 and R0. This way, the behavior equations are


R0   =  R1 // R2 


V0   =  VCC  R2 / ( R1 + R2 )


ventmax  =  IBS RB + 0,6


vsal   =  AvD V0 ( 1 + R0/RentD ) ( 1 - e-T/M )


M  =  AvD C0 R0//RentD  ~  0 k


k  =  AvD  =  A0  >>  1


u(t)  =  V0 e -t/M / M

ev(T)  =  1-e -T/M  ~  [ vsal(T) / V0 ] / k




and conceptually


vsal   ~  C0-1 ot (V0/R0)  t  =  (V0/0) t

Design


Be the data


T  = ...   ventmax  = ...   vsalmax  = ...   ev(T)  = ...


We choose an AOV with entrance to JFET and we obtain of the manual


± VCC  = ...


A0  = ...

and a capacitor of low losses


C0  = ...


Of the precedent formulas we obtain then


V0  =  vsalmax / A0 ev(T)  = ...


R0  =  V0 T / C0 vsalmax  = ...


R1  =  R0 VCC / V0  = ...


R2  = ...     R1R0 / (R1-R0)


We adopt a TBJ with a collector current that discharges quickly to the condenser


IC2  = ...  >>  C0 vsalmax / T

and of the manual we obtain


  = ... 
for that that


RB   ~    ( ventmax - 0,6 - IC2 R0 + V0 ) / IC2   = ...

Current generators

Current type for simple ramp


Calls of simple ramp, to the inductors when they are applied a continuous voltage they load their magnetism in an exponential way


I0  =  V0/R0  (application Norton to the Thevenin)

isal  =  I0 ( 1-e -t/0 ) 


0  =  L0/C0

u(t)  =  I0 e -t/0 / 0

ev(T)  =  1-e -T/0  ~  isal(T) / I0




These behaviors are studied in the chapter of relaxation oscillators when seeing inverterrs and converters. What we will add here is their operation curve that, to be to constant current, they possess the form of the following figure and therefore, when being disconnected, they generate a voltage according to the law of Faraday


V  =  L IC / t  =  LV0 / R0T0

0  ~  1 / (L0C0)1/2



or, for their precise calculation, keeping in mind the properties of the oscillations, we should use Laplace


T(s)  =  vC0 / v    T() e j ()


vent(s)  =  T(s) (V / s)


vent(t)  =  L-1[vent(s)]  =  k1V e -t/ sen ( + )t


0  ~  1 / (L0C0)1/2

  =  k2 L0 / R0
and that we omit their analysis, since besides being complex, it is not very practical because in the experiences it is always very variable their results due to the alineality and little precision of the parameters. It will be enough for the designer to take the worst case considering the protection of the TBJ like


VCEO  >  V0 + V


The following implementation eliminates the overvoltage, since the diode impedes with its conduction that the VCE increases above VCC+ 0,6. On the other hand, in the conduction of the TBJ this rectifier it is in inverse and it doesn't affect to the circuit.





If what we look for is a ramp of magnetic flow , that is to say of direct line of current for the coil, and having in all that the circuit in such a way has been designed that the surges don't affect, then we can observe that it has more than enough the same one the voltage it has the form of a continuous (due to L0) more a ramp (due to R0). The idea then, like sample the circuit that continues, is to synthesize this wave form in low level and to excite to the inductor of power with complementary exit. Calling vL to the voltage on the inductor and iL the current in ramp the one that circulates her, is


iL  =  K t


vL  =  R0 iL + L0 iLt  =  KR0 t  + K L0  = K (R0 t + L0)




Current type for parallel efficiency


Applied for deflection circuits in television yokes, the configuration following sample an ingenious way (there are other forms, I eat that of efficiency series for example) of creating on the inductors a ramp current and hooked with the synchronism pulses. It takes advantage the own oscillation between L0 and C1.




DIGITAL SYNTHESIZER


At the moment the makers of waves are carried out satisfactorily by the digital implementations. The following outline shows a possible basic approach of synthesis. The entrance of frequency will provide exits that are pondered by the amplifiers G selecting the wave form that is wanted; the result will be an exit of frequency 32 times minor that that of the entrance and with 32 resolution levels.




Design

An interesting implementation is the one that is shown next. It has designed it to him so that it makes a sine wave with 16 levels for hemicile, and feasible of to change their frequency or to also sweep very comfortably it, in the whole range of frequency that they allow the integrated circuits.
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