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Chap. 17
The Transistor in the commutation

The TBJ in continuous

The TBJ with pulses

Times of ignition and off

Product gain for wide of band

_________________________________________________________________________________

The TBJ in continuous


Let us suppose to have a circuit like that of the figure





The following characteristics show their straight line of their operation when the TBJ is small and it commutes it to him of the cut A to the saturation B. When using bigger power will change the magnitudes, slopes and constants of the curves a little





The behavior equations are the following in the saturation


VBES  =  VBCS + VCES  ~  0,7


VCES  ~  0,1


VBCS  ~  0,6


IBS  ~  ( V1 - VBES ) / RB      IBSmin

ICS  =  ( VCC - VCES ) / RC~   VCC / RC  ~   IBSmin



and where it can be observed that the TBJ in this state can be simplified to a simple diode (junctures base-emitter and base-collector in derivation), where it becomes independent the collector of its base and the  it is no longer more amplifier.

The TBJ with pulses

Times of ignition and off


When the frequency of the pulses becomes big, that is to say of some KiloHertz in TBJ of power and newly after dozens of KiloHertz in those of low power, the capacitances characteristic of the junctures base-emitterr and base-collector impede a correct pursuit of the sign. For that reason we study the ignition here and off of the transistor.

We will generalize the situation arming an experimental circuit as that of the previous figure and we will call times of ignition and of to


enc  =  r  +  s

time of ignition

apa  =  a  +  c

time of off

r


time of delay

s


time of ascent

a


time of storage

c


time of fall




We can have idea, and we stress this: only an esteem of these magnitudes, if we make certain simplifications. For example if we consider


— the idealization of the entrance curve as it is shown in the figure (rb´e ~ h11emed)


— that the parameters Cbe, Cbc and  they don't change with the polarization point


— rejecting the Cce

in their defect, the dispositive will be experienced.




But if we accept them, then, during the time of delay  r the equations are completed


vbe(t)  =  - V2 + ( V1+V2 ) ( 1 - e-t/0r )  <  0,6


ic(t)  =  0


ib(t)  =  ( vg(t) - vbe(t) ) / RB  =  ( V1+V2 ) e-t/r0r / RB  


Centr  =  Cbe + Cbc

0r  =  RBCentr  




what will allow to be defined


vbe(r)  =   0,6


r  =  0r  ln [ ( V1+V2 ) / ( V1- 0,6 ) ]    0r  ln ( 1+ V2/V1 )


During the time of ascent s  these other equations are completed (with to the help of the pattern )


vbe(t-r)  =  vb´e(t-r) + 0,6  =  ( V1 - 0,6 ) ( 1 - e-(t-s)/0s ) / ( 1+ RB/h11emed ) + 0,6 >  0,6

ic(t-r)  =   vb´e(t-r) / h11emed  =   ( V1 - 0,6 ) ( 1 - e-(t-s)/0s ) / ( RB + h11emed ) >  0


ib(t-r)  =  [vg(t-r) - vbe(t-r)]/RB = (V1 - 0,6) {1 - [(1 - e-(t-s)/0s) / (1+ RB/h11emed)] } / RB

Cents  =  Cbe + Cbc ( 1 + RC/h11emed )


0s  =  RB//h11emed Cents  




what will allow to be defined


ic(t2-r)  =  ic(s)  =   ( V1 - 0,6 ) ( 1 - e-s)/0s ) / ( RB + h11emed ) =  0,9 ICS

s  =  0s  ln { 1 + [ 0,9 IBSS (RB+h11emed) / (0,6-V1) ] }-1    0s  ln (1-VCCRB/ V1RC)-1

Now, during the time of storage a

vbe(t-t3)  =  vb´e(t-t3)+ 0,6  = 


            =  VBES - [(V2+0,6)(1+ RB/h11emed)-1+VBES - 0,6)] [1 - e-(t-t3)/0a]  >  0,6


ic(t-t3)  =  ICS >  0


ib(t-t3)  =  [ vg(t-t3)-vbe(t-t3) ] / RB  =


          =  { [(V2+0,6)(1+RB/h11emed)-1+VBES-0,6)] [1-e-(t-t3)/0a] - VBES - V2 } / RB

Centa  =    Cbe + Cbc

0a  =  RB//h11emed Centa



allowing us to define


vbe(t4-t3)  =  vbe(a)  =  VBES - [(V2+0,6)(1+ RB/h11emed)-1+VBES - 0,6)] [1 - e-a/0a]  ~


             ~  0,6 + ICS h11emed/ 


a  = 0a ln {[IBSS+(V2+0,6)/(RB+h11emed)] / [ICS h11emed/ +(V2+0,6)/(RB+h11emed)]}  

       0a ln [ ( V1 + V2  / ( V2 + VCCRB/ RC ) ]


Lastly, during the time of fall c they are (with to the help of the pattern )


vbe(t-t4)  =  vb´e(t-t4)+ 0,6  =


            =  vbe(t4) - [(V2+0,6)(1+ RB/h11emed)-1+ vbe(t4) - 0,6] [1 - e-(t-t4)/0c]  >  0,6


ib(t-t4)  =  ( vg(t-t4) - vbe(t-t4) ) / RB  =


          =  { [(V2+0,6)(1+ RB/h11emed)-1+ vbe(t4) - 0,6] [1 - e-(t-t4)/0c] -V2 -vbe(t4) } / RB

ic(t-t4)  =   [vbe(t-t4) - 0,6] / h11emed  =


          = {vbe(t4)-0,6-[(V2+0,6)(1+ RB/h11emed)-1+vbe(t4)-0,6] [1-e-(t-t4)/0c]}/h11emed > 0


Centc  =  Cbe + Cbc (1+ RC/h11emed)


0c  =  RB//h11emed Centc



what will allow us to obtain finally (with IBSSRB  V2)


ic(t5-t4)  =  ic(c)  =


            =  {vbe(t4)-0,6-[(V2+0,6)(1+ RB/h11emed)-1+vbe(t4)-0,6] [1-e-c/0c]}/h11emed =


            =  0,1 ICS

c  = 0c ln [ 0,1 + IBSS(V2+0,6)(1+ RB/h11emed)-1]-1    0c ln (VCCRB/RCV2)

Product gain for wide of band


Having present that commutation means square waves and with it a certain spectral content, another analysis of the TBJ is sometimes preferred, that is: their response in frequency. This is made their product gain for wide of band PGB that is considered it in practically constant. The equations that they manifest these studies are the following in the common emitter


Z EN  =  1 / [ h11emed-1 + s (Cbe+Cbc) ]  =  1 / (Cbe+Cbc) (s + )  ~  1 / Cbe (s + )


  =  1 / h11emed (Cbe+Cbc)  ~  1 / h11emed Cbe



and in common base


Z EN  =  1 / [ (1+) h11emed-1 + s Cbe]  =  1 / Cbe (s + )


  =  (1+) / h11emed Cbe  ~   / h11emed Cbe 




and being


  =   / (1+)  ~  1

it is finally (it calls transition frequency from the TBJ to )


PGB  =    =     =     ~  
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