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Bipolar transistor of junction (TBJ)
Theory


Polarizing to the bases-emitter diode in direct and collector-bases on inverse, we have the model approximated for continuous. The static gains of current in common emitter and common bases are defined respectively 


   =   h21E   =   hFE   =   IC / IB  ~   h21e   =   hfe  (>> 1 para TBJ comunes)


   =   h21B   =   hFB   =   IC / IE  ~   h21b   =   hfb  (~< 1 para TBJ comunes)





La corriente entre collector y base  ICB es de fuga, y sigue aproximadamente la ley


The current between collector and bases ICB it is of loss, and it follows approximately the law


ICB=   ICB0 (1 - eVCB/VT)   ~   ICB0
where


VT   =   0,000172 . ( T + 273 )


ICB=   ICB0(25ºC) . 2 T/10
with T the temperature jump respect to the atmosphere 25 [ºC]. From this it is then


T=   T - 25


ICB / T   =   ICB / T   ~   0,07. ICB0(25ºC) . 2 T/10
On the other hand, the dependency of the bases-emitter voltage respect to the temperature, to current of constant bases, we know that it is 


VBE / T   ~   - 0,002 [V/ºC]

The existing relation between the previous current of collector and gains will be determined now 


IC=   
ICE+   ICB=    IE   +   ICB

IC=   
ICE+   ICB=    IBE   +   ICB=    ( IBE + ICB )   +   ICB   ~    ( IBE + ICB )


=   
 / ( 1 -   )


=   
 / ( 1 +   )


Next let us study the behavior of the collector current respect to the temperature and the voltages


IC=   (IC/ICB) ICB+   (IC/VBE) VBE+   (IC/VCC) VCC+



+   (IC/VBB) VBB+   (IC/VEE) VEE



of where they are deduced of the previous expressions


ICB=   0,07. ICB0(25ºC) . 2 T/10 T


VBE=   - 0,002 T


VBB- VEE=   IB (RBB + REE)   +   VBE+   IC REE

IC=   [ VBB- VEE  -  VBE+   IB (RBB + REE) ] / [ RE + (RBB + REE) -1 ]


SI   =   (IC/ICB)  ~   (RBB + REE) / [ REE + RBB -1 ]


SV   =   (IC/VBE)  =   (IC/VEE)  =  - (IC/VBB)  =   - 1 / ( RE + RBB -1 )


(IC/VCC)  =   0

being


IC=   [ 0,07. 2 T/10 (RBB + REE) ( REE + RBB -1 )-1 ICB0(25ºC) +  



+   0,002 ( REE + RBB -1 )-1 ] T  +  ( RE + RBB -1 )-1 (VBB- VEE)

Design


Be the data


IC= ...
VCE= ...  T  = ...  ICmax= ...  RC  = ...





From manual or the experimentation according to the graphs they are obtained 


= ...
ICB0(25ºC)= ...  VBE  = ...  ( ~ 0,6 [V] para TBJ de baja potencia)




and they are determined analyzing this circuit


RBB=   RB RS

VBB=   VCCRS (RB+RS)-1=   VCCRBBRB

VBB=   VCCRBBRS=   0


VEE=   0


REE=   RE

RCC=   RC
and if to simplify calculations we do


RE>>   RBB / 
us it gives


SI   =   1 + RBB / RE

SV   =   - 1 / RE

ICmax=   ( SI . 0,07. 2 T/10 ICB0(25ºC) - SV . 0,002 ) . T

and if now we suppose by simplicity


ICmax>>   SV . 0,002 . T

are


RE   = ...   >>   0,002 . T / ICmax

RE [ ( ICmax / 0,07. 2 T/10 ICB0(25ºC) . T ) - 1 ] = ... >  RBB= ...  <<   RE  = ...


being able to take a IC smaller than ICmax if it is desired. 


Next, as it is understood that


VBB   =   IB RBB+  VBE+  IE RE  ~  [ ( IC -1ICB0(25ºC)) RBB+  VBE+  IE RE = ...


VCC   =   IC RC+  VCE+  IE RE  ~   IC ( RC+ RE )  + VCE  = ...

they are finally


RB   =   RBB VCC / VBB   = ...


RS   =   RB RBB / RB - RBB   = ...

Fast design

This design is based on which the variation of the IC depends solely on the variation of the ICB.  For this reason one will be to prevent it circulates to the base of the transistor and is amplified. Two criteria exist here: to diminish RS or to enlarge the RE.  Therefore, we will make reasons both; 

that is to say, that we will do that IS>> IB and that VRE > 1 [V] —since for IC of the order of miliamperes are resistance RE > 500 [] that they are generally sufficient in all thermal stabilization.





Be the data


IC= ...
VCE= ...  RC  = ...


From manual or the experimentation they are obtained


= ...

what will allow to adopt with it


IS= ...
>>  IC -1

VRE  = ...  >  1 [V]

and to calculate


VCC   =   IC RC+  VCE+  VRE  = ...


RE   =   VRE / IC= ...


RS   =   ( 0,6 + VRE ) / IS= ...


RB   =   ( VCC - 0,6 - VRE ) / IS= ...

Unipolar transistor of junction (JFET)
Theory


We raised the equivalent circuit for an inverse polarization between gate and drain, being IG the current of lost of the diode that is


IG=   IG0 (1 - eVGs/VT)   ~   IG0  =  IG0(25ºC) . 2 T/10




If now we cleared


VGS   =   VT . ln (1+IG/IG0)   ~   0,7. VT

VGS / T   ~   0,00012 [V/ºC]

On the other hand, we know that ID it depends on VGS according to the following equations 


ID   ~   IDSS [ 2 VDS ( 1 + VGS / VP ) / VP  -  ( VGS / VP )2 ]
con VDS < VP

ID   ~   IDSS ( 1 + VGS / VP )2




con VDS > VP

ID   =   IG + IS   ~   IS   





siempre
being VP the denominated voltage of PINCH-OFF or "strangulation of the channel" defined in the curves of exit of the transistor, whose module agrees numerically with the voltage of cut in the curves of input  of the transistor. 


We can then find the variation of the current in the drain 


ID=   (ID/VDD) VDD+   (ID/VSS) VSS+   (ID/VGG) VGG+



+   (ID/iG) IG+   (ID/VGS) VGS



of where


VGG - VSS   =   - IG RGG + VGS + ID RSS

ID   =   ( VGG - VSS - VGS + IG RGG ) / RSS

ID/VGG   =   - ID/VSS   =   1 / RSS

ID/T   =   (ID/VGS) (VGS/T) + (ID/IG) (IG/T)  =



=   ( -1/RSS) ( 0,00012 ) + ( 0,7.IG0(25ºC) . 2 T/10 ) ( RGG / RSS )

and finally


ID=   { [ ( 0,7.IG0(25ºC) . 2 T/10 RGG - 0,00012 ) ] T  +  VGG - VSS } / RSS 

Design


Be the data


ID= ...
VDS= ...  T  = ...  IDmax= ...  RD  = ...





From manual or the experimentation according to the graphs they are obtained 


IDSS= ...
IGB0(25ºC)= ...  VP  = ...  




and therefore


RS=   VP [ 1 - ( ID / IDSS)-1/2 ] / ID= ...


RG= ...   <   [ ( RS IDmaxT) + 0,00012 ] / 0,7.IG0(25ºC) . 2 T/10

VDD=   ID ( RD + RS ) + VDS= ...
Operational Amplifier of Voltage (AOV)

Theory


Thus it is called by its multiple possibilities of analogical operations, differential to TBJ or JFET can be implemented with entrance, as also all manufacturer respects the following properties: 


Power supply (2.VCC) between 18 y 36 [V]


Resistance of input differential (RD) greater than 100 [K]


Resistance of input of common way (RC) greater than 1 [M]


Resistance of output of common way (RO) minor of 200 []


Gain differential with output in common way (A0) greater than 1000 [veces]


We can nowadays suppose the following values:  RD = RC = , RO = 0 (null by the future feedback) and A0 = . This last one will give, using it like linear amplifier, exits limited in the power supply VCC and therefore voltages practically null differentials to input  his.


On the other hand, the bad complementariness of the transistors brings problems. We know that voltage-current the direct characteristic of a diode can be considered like the one of a generator of voltage ; for that reason, the different transistors have a voltage differential of offset VOS of some millivolts. For the TBJ inconvenient other is added; the currents of polarization to the bases are different (I1B e I2B) and they produce with the external resistance also unequal voltages that are added VOS; we will call to its difference IOS and typical the polarizing IB. 


One adds to these problems other two that the manufacturer of the component specifies. They are they it variation of VOS with respect to temperature T and to the voltage of feeding V.


If we added all these defects in a typical implementation 


RC   =   V1 / IB

V1   =   VO . (R1 // RC) / [ R2 + (R1 RC) ]




also


V1   =   VOS - ( IB - IOS ) R3
and therefore


V1   =   (VOS - IB R2 ) / ( 1 + R2 / R1 )

arriving finally at the following general expression for all offset


VO   =   VOS ( 1 + R2 / R1 )  +  IOS R3  ( 1 + R2 / R1 )  +  IB [ R2  -  R3  ( 1 + R2 / R1 ) ]  +



+  [ T T  +  T VCC ]  ( 1 + R2 / R1 )

that it is simplified for the AOV with JFET


VO   =   ( VOS +  T T  +  T VCC ) ( 1 + R2 / R1 )

and for the one of TBJ that is designed with R3 = R1 // R2

VO   =   ( VOS +  IOS R3 +  T T  +  T VCC ) ( 1 + R2 / R1 ) 


If we wanted to experience the values VOS and IOS we can use this general expression with the aid of the circuits that are




In order to annul the total effect of the offset, we can experimentally connect a pre-set to null voltage of output. This can be made as much in the inverter terminal as in the not-inverter. One advises in these cases, to project the resistives components in such a way that they do not load to the original circuit. 

Diseño


Be the data (with A = R2/R1 the amplification or atenuation inverter)


VOS  = ...   IOS  = ...  IB  = ...  VCC  = ...  A  = ...
PAOVmax= ...  (normally 0,25 [W])





With the previous considerations we found


R3  = ...   >>   VCC / ( 2 IB  - IOS )


R1  =  ( 1 + 1 / A ) R3   = ...


R2  =  A R1   = ...


RL  = ...   >>  VCC2 / PAOVmax

RN  = ...   >>  R3
and with a margin of 50 % in the calculations


VRB  =  1,5 . ( 2 RN / R3 ) . (VOS - IB R3 )  = ... 


VRB2 / 0,25  <   RB  = ...   <<   RN

2 RA  =   ( 2 VCC - VRB ) / ( VRB / RB )      RA  =   RB [ ( VCC / VRB ) - 0,5 ]  = ... 
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