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GENERALITIES


They are known with this name to four circuits with two active components that, while one of them saturates the other one it cuts himself, and that they are, that is: the Schmitt-Trigger (amplifier with positive feedback), the bistable, the monostable (timer) and the astable (unstable or oscillatory).


Their names have been given because in the electronic history to work with square waves, that is to say with a rich harmonic content or vibrations, they are circuits capable of "multi-vibrating" them.


When a stage excites to the following one, speaking of the TBJ, small accelerating condensers CB is usually incorporated for the flanks. Their design approach is the following —although the best thing will always be to experience it in each opportunity— giving balance to the bridge


RB / sCENT  =  RENT / sCB
then


CB  =  CENRENT  / CENT

vb  =  vRC / ( 1 + RB/RENT )




SCHMITT-TRIGGER

Generalities


As it was said, it consists on an amplifier with great positive feedback in such a way that their exit, obviously, it can only remain in a single state. When it gets excited it it will change forcibly but then when passing the sign it will return immediately to the rest.


It is characterized by not having to their exit oneself road in their changes, calling you to this "unconformity" like hysteresis always making the "good" use that had characterized to the words of the electronics.

With TBJ


The following one is a possible implementation. It must be designed at Q1 cut and Q2 saturated it —is to say in rest. When the second it saturates the equations of the circuit they are


RB  >>  RC

IES2  ~  ICS2  ~  VCC / (RC + RE)


IBS2  ~  ( VCC - 0,6 - IES2 RE ) / RB  =  [ VCCRC - 0,6 (RC + RE) ] / RB (RC + RE)


vsal  =  IES2 RE  ~  VCC / (1 + RC/RE)


V1  =  IES2 RE + 0,6




while when cutting it will be guaranteed himself the saturation of Q1. This way, if we apply Thevenin


k1  =  RS2 / (RS1 + RS2)


k2  =  RE / (RC + RE)


RSS  =  RS1//RS2  =  k1 RS1

REE  =  RC//RE  =  k2 RC

IBS1  =  ( k1VCC - k2VCC - 0,6 ) / (RSS + REE)


ICS1  =  ( VCC - IBS1 RE ) / (RC + RE)


V2  =  IES1 RE + 0,6  =  ( ICS1 + IBS1 ) RE + 0,6

that we can simplify with the adoption


IBS1  =  ICS1 / 

V2  ~  ICS1 RE + 0,6

Design


Be the data


VCC  = ...   RC  = ...   V1  = ...   V2  = ...


We choose a TBJ anyone and of the manual we obtain


 = ...

Subsequently, of the previous equations we find for the saturation of Q2

ICS2  =  ( V1 - 0,6 ) / RE = ...


RE  =  ( VCC / ICS2 ) - RC = ...


IBS2  = ...   >  ICS2 / 

RB  =  [ VCCRC - 0,6 (RC + RE) ] / IBS2 (RC + RE)  = ...  >>  RC
and for the saturation of Q1

IES1  =  ( V2 - 0,6 ) / RE   = ...


IBS1  =  [ IES1 (RC + RE) - VCC ] / RC  = ...  


With the purpose of not increasing the equations, we adopt one pre-set that completes the conditions


IRS2  = ...  >>  IBS1  


RS  ~  VCC / IRS2  = ... 


PRS  =  VCC IRS2  = ...  <  0,25

With AOV


The circuit that continues allows an efficient Schmitt-Trigger. As we see in the following equations, the hysteresis can be designed  V and its half point V0 as positive, zero or negative. If we apply Thevenin we have left to the dividing resistive R1 and R2 a reference that we denominate VREF in series with the parallel resistive R1//R2

VREF  =  VCC (R2 - R1) / (R2 + R1)

being


k  =  R1//R2 / (R3 + R1//R2)


V1  =  k (VCC-VREF) + VREF

V2  =  - k (VCC+VREF) + VREF

V0  =  ( V1 + V2 ) / 2  =  VREF (1 - k)


V  =  V1 - V2  =  2 k VCC



Design


Be the data


± VCC  = ...   V1  = ...  > = < 0     V2  = ...  > = < 0 


We choose an AOV anyone and if for example we adopt


R1  = ...


R4  = ...

we will be able to calculate


k  =  (V1 - V2 ) / 2 VCC  = ...


VREF  =  (V1 - kVCC) / (1 - k)  = ...


V0  =  VREF (1 - k)  = ...


R2  =  R1 (VCC + VREF) / (VCC - VREF)  = ...


R3  =  (R1//R2) (1 - k) / k  = ...

With C-MOS


These multivibrators is already designed. Clever to work with positive source among 5 to 15 [V], they present a characteristic as that of the figure




BISTABLE

Generalities


It is denominated this way to this multivibrator to have two stable states; that is to say that when it is commuted one of the dispositive the state it is retained, being able to be reverted then. It is a double Schmitt-Trigger autogenerated.


It is the fundamental circuit of all the Flip-Flop, and to be excited symmetrically it also denominates it to him as RS for their two entrances: one eats reset (to put it to zero) and another of set (to put it again to one). When it uses it to him with asynchronous excitement it responds to the operation of the Flip-Flop T.


It designs it to him in saturation state to each dispositive. To par excellence be a symmetrical circuit, one cannot know which active element it will go to the conduction first leaving to the other to the cut.

With TBJ


A typical synchronous implementation (as Flip-Flop T) we see it in the following figure. The small condensers in the base resistances are necessary, I don't only with accelerators of flanks, but as the most important thing, that is: to collaborate with the transition with their loads cutting the one that was saturated.




Design


Be the data


VCC  = ...   RC  = ...  T1 = ...   T2  = ...


We choose the transistors and with the fact


ICS  =  VCC / RC  = ...

we obtain of the manual


  = ...

what will determine us


RB  = ...  >   (VCC - 0,6) / ICS 


So that the managing circuit of shot doesn't affect the calculations we design


R0  = ...  >>  RC
and we verify that the one couples it discharges their load in the hemicicle (the sign of having entered ago to commute that is to say for court of the TBJ that is saturated, with the descending flank of the entrance voltage), because if it is very big it can shoot it several times when entering the line of the discharge in the next cycle, and if it is very low it won't shoot it because the distributed capacitancis will absorb the transitory


C0  = ...  <   3 (T2 - T1) / RC
although the best thing is their experimentation, the same as those of the bases CB.

With C-MOS


We will study it as Flip-Flop RS.

MONOSTABLE

Generalities


Having a single stable state, it commutes for a period of time that we denominate T and, consequently, it is simply a circuit timer.

With TBJ


The following implementation responds to a monostable coupled by collector. Here Q1 are cut and Q2 saturated. When it is shot and it is saturated by a moment to the first one the previous load of the base condenser CB it will take to the cut a second until it is discharged and, in fact that time, is that of the monostable.


The behavior equations for this design are, when being in rest


RB  >>  RC

ICS  ~  VCC / RC

IBS  ~  (VCC - 0,6) / RB
and when it cuts Q2

vb2  =  - (VCC - 0,6) + (2VCC - 0,6) (1 + e-t/RBCB)

in the transition


0,6  =  - (VCC - 0,6) + (2VCC - 0,6) (1 + e-T/RBCB)




Design


Be the data


VCC  = ...   RC  = ...  T = ...


We choose the transistors and with the fact


ICS  =  VCC / RC  = ...

we obtain of the manual


  = ...

what will determine us


RB  = ...  >   (VCC - 0,6) / ICS 


We calculate the condenser finally


CB  =  T / RB ln [(2VCC - 0,6) / (VCC - 0,6)]  = ...

With C-MOS


There are already integrated circuits C-MOS dedicated to such an end. The following, discreet, shows a possible timer monostable just by half chip. It will be, logically, more precise if it implemented it to him with C-MOS of the type Schmitt-Trigger changing the NOR for NAND and the polarity of the shot. It has incorporated a previous reset for the capacitor of 100 [nF] and the resister of 1 [M].


When shooting the circuit, that is to say when it is achieved that the exit of the NOR pre-excitatory falls to zero, the condenser will take to the cut to the second NOR maintaining this state until, "seeking" the condenser to arrive to VCC, in the threshold of conduction of this second NOR this will drive and everything will return to the rest. The equation that it manifests then the period is


vx  =  VCC (1 - e-t/R0C0)




of where


0,7 VCC  ~  VCC (1 - e-T/RC)


T  ~  RC

Design


Be


T = ...  <   2000 [seg]   V0  = ...

We simply choose the condenser (for electrolytic to use of grateful mark because the normal losses of a MegaOhm or less) and a source according to the width of the entrance pulse


C0 = ...


15    VCC = ...    V0 / 0,7

and with it (to avoid resisters above the MegaOhm if we don't want to keep in mind the losses of the condenser)


R0 ~  T / C0  = ...  <   20 [M]

With the CI 555


The integrated circuit 555 possess a structure that allows, among other, the simple and efficient implementation of a multivibraor monostable. Subsequently we draw their circuit. In him the logical combinational of the Flip-Flop RS activated by level determines, before the openings of the the AOV, the load of C0. Then it is canceled being discharged to constant current by the TBJ. Their operation equation is the following one


vx  =  VCC (1 - e-t/R0C0)






2 VCC / 3  =  VCC (1 - e-T/RC)


T  ~  1,1 R0C0
Design


Be


T = ...  <   2000 [seg]


We simply choose the condenser (for electrolytic to use of grateful mark because the normal losses of a MegaOhm or less) and a source according to the width of the entrance pulse


C0 = ...


15    VCC = ...    V0 / 0,7

and with it (to avoid resisters above the MegaOhm if we don't want to keep in mind the losses of the condenser)


R0 ~  0,91 T / C0  = ...  <   20 [M]

ASTABLE

Generalities


Being their unstable state, it consists on an oscillator of pulses. It designs it to him with two amplifiers inverters and two nets, usually RC, that will determine a relaxation.

With TBJ


The circuit shows a typical multivibrator astable coupled by collector. The graphs and operation equations are the same ones that the monestable studied previously. This way, for rest


RB  >>  RC

ICS  ~  VCC / RC

IBS  ~  (VCC - 0,6) / RB



and when one of them is cut


vb  =  - (VCC - 0,6) + (2VCC - 0,6) (1 + e-t/RBCB)

and in the transition


0,6  =  - (VCC - 0,6) + (2VCC - 0,6) (1 + e-T/RBCB)

Design


Be tha data


VCC  = ...   RC  = ...  T1 = ...  T2 = ...


We choose the transistors and with the fact


ICS  =  VCC / RC  = ...

we obtain of the manual


  = ...

what will determine us


RB  = ...  >   (VCC - 0,6) / ICS 


We calculate the condensers finally


CB1  =  T1 / RB ln [(2VCC - 0,6) / (VCC - 0,6)]  = ...


CB2  =  (T2-T1) / RB ln [(2VCC - 0,6) / (VCC - 0,6)]  = ...

With AOV


A simple implementation is that of the figure. It consists on a Schmitt-Trigger with reference null VREF. The capacitor is loaded to the voltage of exit of the AOV, that is to say ± VCC, but it commutes when arriving respectively at V1 or V2. Their fundamental equation is the load and discharge of the condenser


vx  =  - V2 + (VCC+V2) (1 + e-t/R0C0)

of where


V1  =  - V2 + (VCC+V2) [1 + e-(T/2)/R0C0]


T  =  2R0C0 ln [(VCC+V2) / (VCC-V1)]  =  2R0C0 ln [(1+k) / (1-k)] 




Design


Be the data


± VCC  = ...    T  = ...


We choose an AOV anyone and we adopt


C0  = ...


R1  = ...


k   = ...   <   1   (it is suggested 0,1)

and we calculate


R2  =  R1 (1 - k) / k  = ...


R0  =  T / 2C0 ln [(1+k) / (1-k)]  = ...

With C-MOS


The same as the circuit with AOV, takes advantage a gate Schmitt-Trigger. Their equation is


vx  ~  0,6VCC + (1 + e-t/R0C0)

of where


0,2VCC   ~   0,6VCC + (1 + e-T/2R0C0)


T  ~  0,4 R0C0



Design


Be the data


T  = ...


We choose a 40106 or 4093 uniting the two entrances and we adopt


C0  = ...

what will allow us to calculate


R0  =  2,5 T / C0  = ...

OCV and FCV with the CI 555


Returning to the integrated circuit 555, this allows us to control their work frequency with the configuration astable; in a similar way we can make with the width of their pulses.

Modulator of frequency (OCV)


The following circuit represents a possible implementation like Controlled Oscillator for Tension (OCV) continuous variable. The diode Zener feeds the TBJ producing a constant IC and with it a ramp in C0 of voltage that it will be discharged generating the cycle to rhythm of the continuous vent quickly. Their period is given for


T  =  [ REC0 / 2 (VZ - 0,6) ] vent



Modulator of the width of the pulse (PCV)


The following circuit represents a possible implementation like Controlled Phase for Voltage (FCV) continuous variable. In a similar way that the previous circuit, the 555 facilitate this operation. If we call T to the width of the pulse in the period T, they are


T  =  0,7 R1C2

T  =  [ REC0 / 2 (VZ - 0,6) ] vent



OCV with the 4046


As all C-MOS, their alimentation will be understood between 5 and 15 [V] for its correct operation. This integrated circuit possesses other properties more than as OCV, but due to its low cost, versatility and efficiency has used it to him in this application. Their basic equation is a straight line


fsal  =  fmin + 2 (f0 - fmin) vent / VCC

f0  =  (fmax + fmin) / 2





For their design the typical curves are attached that the maker offers. A first of rest (zero) in fmin, another of gain at f0 and a third of polarization









Design


Be the data


fmax  = ...   fmin  = ...


We choose a polarization with the abacus of rest

VCC  = ...


R2  = ...


C1  = ...

and then with the third


fmax / fmin  = ...


(R2 / R1)  = ...


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

_________________________________________________________________________________
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