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Previous theory of the TBJ


Once polarized the transistor, we can understand their behavior with the hybrid parameters. In continuous and common emitter is (h21E = )


VBE  =  h11E IB + h12E VCE

IC     =  h21E IB + h22E VCE



and dynamically


VBE  =  h11e IB + h12e VCE

IC     =  h21e IB + h22e VCE
where


h11e   =  VBEIB

h12e   =  VBEVCE 
~  0


h21e   =  ICIB
~  

h22e   =  ICVCE
or with a simpler terminology


vbe  =  h11e ib + h12e vce
    ~  h11e ib

ic    =  h21e ib + h22e vce     ~  h21e ib

It will be useful also to keep in mind the transconductance of the dispositive

gm  =  ic / vbe  ~  h21e /  h11e    


We know that these parameters vary with respect to the polarization point, temperature and frequency. Inside a certain area, like sample the figure, we will be able to consider them almost constant.





To measure the parameters of alternating of the simplified transistor, that is to say rejecting h12e and h22e, we can appeal to the following circuit, where will have a short-circuit in the collector if we design


h22e-1   >>   RC  = ...      100 []

and we measure with an oscilloscope for the polarization wanted without deformation (to remember that when exciting with voltage the sign it will be small, because the lineality is only with the current)


VCE  = ...


IC  =  ( VCC - VCE ) / RC  = ...


vR0p  = ...


vcep  = ...


vbep  = ...




being with it


h11e  =  vbep / ibp  =  R0  vbep / vR0p  = ...


h21e  =  icp / ibp  =  R0  vcep / RC  vR0p  = ...


gm  =  icp / vbep  = ...

Previous theory of the JFET


Once polarized the JFET one has that


ID  =  Gm VGS + Gds VDS



and taking increments


ID  =  gm VGS + gds VDS

gm  =  IDVGS

gds-1  =  rds  =  VDSID
or with another more comfortable nomenclature


id  =  gm vgs + gds vds
and if we maintain constant ID we find the amplification factor 

0  =  gm vgs + gds vds

  =  - vds / vgs = gm rds

As in general rds it is big and worthless in front of the resistances in the drain below the 10 [K], it is preferred to use the simplification


id  ~  gm vgs 


A practical circuit for the mensuration of the transconductance gm is the following one, where it is considered to the connected drain to earth for alternating


rds   >>   RD  = ...      100 []




and we measure with an oscilloscope


VDS  = ...


ID  =  ( VCC - VDS ) / RD  = ...


vdsp  = ...


vgsp  = ...

being with it


gm  =  idp / vgsp  =  RD  vdsp / RC  vgsp  = ...

General characteristics of operation


The methodology that will use responds to the following circuit




Bipolar transistor of juncture TBJ

Common emitter


Zent  =  vent / ient  =  vbe / ib  =  h11e

Av  =  vsal / vent  =  - ic ZC / ib h11e =  - gm ZC 


Ai  =  isal / ient  =  - ( vsal / ZC ) / ( vent / Zent )  =  - Av Zent / ZC  =  h21e

Zsal  =  vx / ix  =  ZC 

Common base


Zent  =  vent / ient  =  veb / ie  =  ib h11e / ( ib + ib h21e )  =  h11e / ( 1 + h21e ) ~ gm-1

Av  =  vsal / vent  =  ic ZC / ib h11e =  gm ZC 


Ai  =  isal / ient  =  - Av Zent / ZC  =  h21e / ( 1 + h21e )  ~  1


Zsal  =  vx / ix  =  ZC 

Common collector


Zent  =  vent / ient  = [ibh11e + (ib + ib h21e) ZC] / ib = h11e + (1 + h21e) ZC ~ h11e+ h21e ZC

Av  =  vsal / vent  =  ie ZC / ib Zent  =  [1 + h11e / (1 + h21e) ZC ]-1     1


Ai  =  isal / ient  =  - Av Zent / ZC  =  1 + h21e  ~  h21e  


Zsal  =  vx / ix  =  ZC //  [ ib (h11e + Zg ) / ie ]  ~  ZC //  [ ( h11e + Zg ) / h21e ]

Transistor of effect of juncture field JFET


The considerations are similar that for the TBJ but with rgs = h11e = .

Common source


Zent  =  vent / ient  =  

Av  =  vsal / vent  =  - gm ZC

Ai  =  isal / ient  =  (no entra corriente)


Zsal  =  vx / ix  =  ZC
Common gate


Zent  =  vent / ient  =  gm-1

Av  =  vsal / vent  =  gm ZC

Ai  =  isal / ient  =  1


Zsal  =  vx / ix  =  ZC
Common drain


Zent  =  vent / ient  =  

Av  =  vsal / vent    1


Ai  =  isal / ient  =  (no entra corriente)


Zsal  =  vx / ix  =  ZC //  gm-1
Design common emitter


Interested only in dynamic signs, the big capacitances of the circuit will maintain their voltages and they are equivalent to generators of ideal voltage with a value similar to the one that it have in their polarization.


The same as like it has been made previously we find


Av = vL/vg = - ic (RC//RL) / ig [Rg+(h11e//RB//RS)] = - gm (RC//RL) / [1+Rg/(h11e//RB//RS)]


Ai = iL/ig = - ic[(RC//RL)/RL]/ ib[h11e/(h11e//RB//RS)] = - h21e/ (1+RL/RC)[1+h11e/(RB//RS)]


Zent  =  vg/ig = ig [Rg+(h11e//RB//RS)]/ig = Rg+(h11e//RB//RS)


Zsal  =  vsal/isal = RC//(vsal/ic) = RC




If the following data are had


Avmin  = ...   Rg  = ...   RL = ...   fmin  = ...

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


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


Keeping in mind that seen in the polarization chapter adopts


VRE  = ...    1 [V]


1    SI  = ...    20

originating


RC  =  VCE  / IC  = ...


RE  ~  VRE  / IC  = ...


VCC  =  2 VCE  + VRE  = ...


RB  =  ( SI  - 1 ) RE VCC / [ 0,6 + VRE + ( SI - 1 ) RE IC -1 ]  = ...


RS  =  { [ ( SI - 1 ) RE ]-1 - RB-1 }-1  = ...

and we verify the gain


gm (RC//RL) / [1+Rg/(h11e//RB//RS)]  = ...      Avmin

So that the capacitances of it coupled they don't present comparable voltage in front of the resistance that you go in their terminals, it is


RL   >>   1 / min CC          CC  = ...   >>  1 / min RL

h11e//RB//RS   >>   1 / min CB          CB  = ...   >>  1 / min h11e//RB//RS
and that of disacoupled


h11e   >>   (1+h21e) . 1 / min CE
that it will usually give us a very big CE. To avoid it we analyze the transfer of the collector circuit better with the help of the power half to min, that is to say ~ 3 [dB]


vc /vb  =  ic(RC//RL) / [ibh11e+ (ic+ib)ZE] ~ 0,707 gm(RC//RL)

of where then


CE  = ...   >   ( h21e2 + 2h21eh11e/RE )1/2 / h11emin
Design common base


If we call using Thevenin


RT  =  Rg // RE

vT  =  vg RE / ( RE + Rg )

the same as like we have made previously we can find


Av = vL/vg = ic (RC//RL) / vT [1+(Rg/RE)] ~ gm (RC//RL) / [1+Rg/(RE//gm)]


Zent  =  vg/ig = Rg+[RE//(veb/ie)] ~ Rg+ (RE//gm)


Ai = iL/ig = Av Zent / RL = (1+RL/RC) (1+ 1/REgm )


Zsal  =  vsal/isal = RC//(vsal/ic) = RC




If the following data are had


Avmin  = ...   Rg  = ...   RL = ...   fmin  = ...

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, we adopt


VRE  = ...    1 [V]


1    SI  = ...    20

originating


RC  =  VCE  / IC  = ...


RE  ~  VRE  / IC  = ...


VCC  =  2 VCE  + VRE  = ...


RB  =  ( SI  - 1 ) RE VCC / [ 0,6 + VRE + ( SI - 1 ) RE IC -1 ]  = ...


RS  =  { [ ( SI - 1 ) RE ]-1 - RB-1 }-1  = ...

and we verify the gain


gm (RC//RL) / [1+Rg/(RE//gm)]  = ...      Avmin

So that the capacitances of it coupled they don't present comparable voltage in front of the resistance among their terminals it is


RL   >>   1 / min CC          CC  = ...   >>  1 / min RL
and that of desacoupled


h11e   >>   1 / min CB         CB  = ...   >>  1 / min h11e
and in a similar way we reason with the condenser of the emitter


RE // gm   >>   1 / min CE
but that it will usually give us a very big CE. To avoid it we analyze the transfer better from the collector circuit to base with the power half to wmin, that is to say ~ 3 [dB]


vc /vent  =  ic(RC//RL) / [ibh11e+ (ic+ib)ZE] ~ 0,707 gm(RC//RL)

of where then


CE  = ...   >   1 / min gm
Design common collector


If we call using Thevenin


RT  =  Rg // RB  // RS

vT  =  vg ( RB  // RS ) / ( Rg + RB  // RS )

the same as like it has been made previously we find


Av = vL/vg = ie (RE//RL) / vT [ (Rg+RB //RS) / (RB //RS) ] ~

                 ~ [h21e RE//RL/(h11e+h21eRE//RL)] . {(1+Rg/RB //RS) [1+RT/(h11e+h21eRE//RL)]}-1 ~ 1


Zent  =  vg/ig = Rg+RB//RS//[(ibh11e+ieRE//RL)/ib] ~ Rg+ RB//RS//(h11e+h21eRE//RL)


Ai = iL/ig = Av Zent / RL  h21e 


Zsal  =  vsal/isal = RE//[ib(h11e+RT)/ie] ~ RE//[(h11e+Rg//RB//RS)/h21e]





If the following data are had


Rent  = ...   Rg  = ...   RL = ...   fmin  = ...

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


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


Keeping in mind that seen in the polarization chapter adopts


VRE  =   VCE  = ...    1 [V]


1    SI  = ...    20

originating


RE  ~  VRE  / IC  = ...


VCC  =  2 VCE  = ...


RB  =  ( SI  - 1 ) RE VCC / [ 0,6 + VRE + ( SI - 1 ) RE IC -1 ]  = ...


RS  =  { [ ( SI - 1 ) RE ]-1 - RB-1 }-1  = ...

and we verify the input resistance


Rg+ RB//RS//(h11e+h21eRE//RL)  = ...      Rent

So that the capacitances of it couples they don't present comparable voltage in front of the resistance in their terminals, it is


RL   >>   1 / min CE          CE  = ...   >>  1 / min RL

Rent  >>   1 / min CB          CB  = ...   >>  1 / min [Rg+ RB//RS//(h11e+h21eRE//RL)]

Design common drain

Generally used to adapt impedances, that is to say with the purpose of not loading to the excitatory generator, the following circuit will be the one proposed. Let us find their main ones then characteristic


Zent  =  vg / ig  =  Rg + RG

Zsal  =  vsal / isal  =  RE // ( vsg/id )  =  RE // gm




If then we have the following data


Rent  = ...   Rsal  = ... Rg  = ...   RL = ...   fmin  = ...

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


VP  = ...   IDSS  = ...   IG0  = ... 


If we keep in mind that Rsal = gm-1 in this configuration, and that


gm  =  IDVGS  ~  2 IDSS  ( 1 + VGS / VP ) / VP
we make


0  >  VGS  = ...  VP (VP 2 IDSSRsal ) ] - 1   = ...


ID  =  IDSS  ( 1 + VGS / VP )2  = ...


VDS  = ...     VP

VCC  =  VDS - VGS  = ...


RS  =  - VGS / ID  = ...


Rent     RG  = ...   <<   - VGS / IG0

We design the capacitors of it coupled so that to the minimum frequency they have worthless reactance


RL   >>   1 / min CS          CS  = ...   >>  1 / min RL

RG  >>   1 / min CG          CG  = ...   >>  1 / min RG
Adds with AOV

Commonly to this circuit it denominates it to him mixer. In the following figure we see a possible implementation, where it is observed that it is not more than an amplifier inverter of «n» entrances, and that it possesses a filter of high frequencies in their feedback circuit.


Their behavior equations are


R1  =  Rg1 + R1n

Rent n  =  R1n

Avn  =  Z2 / R1  


vL  =  ( vg1 + vg2 + ... vgn ) Avn  =  - ( vg1 + vg2 + ... vgn )  ( R2 // sC-1 ) / R1



Design


Be the data


Rg1  = ...    Rg2  = ...    Rgn  = ...    


fmax  = ...   Av0  = ... (minimum gain in the band pass)


We choose an AOV and of the manual or their experimentation we obtain


VCC  = ...   IB  = ...  (con JFET IB = 0)

therefore


R2  = ...   <<   VCC / 2 IB

R1n  =   ( R2 / Av0 ) - Rgn  = ...  


R3  ~   R2 //  ( R1 / n )  =  R2 //  [ ( R2 / Av0 ) / n ]  = ...  (con JFET R3 = 0)


If we design the capacitor so that it produces the power half to the minimum specified frequency


Av (max)  =  0,707 Av0  =  R2 / R1 [ 1 + ( max C R2 )2 ]1/2   C  =  1 / maxR2   = ... 


As for any AOV the maximum advisable power is of the order of 0,25 [W], we prevent


0,25  >  VCC2 / RL   RL   = ...     1 [K]

_________________________________________________________________________________
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