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Generalties

Effect Miller


This effect is applied networks amplifiers and voltage inverters to voltage. We can see the following thing here


Av  =  vsal / vent  <  0


ii  =  Yi vent

if  =  ( vent - vsal ) Yf

if  / ii  =  ( vent - vsal ) Yf / Yi vent  =  ( 1 - Av ) Yf / Yi

Yent  =  ient / vent  =  ( if  + ii ) / ii Zi  =  Yi + Yf ( 1 - Av )




and like it is in general


Av>> 1

it is


Yent  ~  Yi - Yf Av 

and in a similar way we can demonstrate


Ysal  ~  Yo
Model of the TBJ in RF


It is common two types of models of the transistor in radiofrecuency, that is: the  (or also denominated Giacoletto) and that of admitance parameters. The first one expresses it next, where the Cb´ is the sum of the capacitances among B´E and B´C amplified by the effect Miller. This model possesses parameters that will change with the frequency and the polarization, and the makers of devices have not made it frequent use in their data, surely for the difficult of the same one; for what we will try to replace it for the second model in this chapter. Their basic equations are


Cb´  =  Cb´e + Cb´c ( 1 + Av )  ~  Cb´e + Cb´c.vec/vb´e

gm = ICVBE   [IBE0 (1 - eVBE/VT)]VBE  =  IBE0 eVBE/VT / VT  =  IC/VT  ~ 20 IC




The admitance pattern is more general, and it adapts meetly for the amplifications of low sign. Their system of equations is the following one


ib  =  y11e vbe  +  y12e vce

ic  =  y21e vbe  +  y22e vce



and their parameters usually specify according to the frequency and the polarization.


For the frequencies and magnitudes that we will work we will be able to simplify this model in the following way (the same as with the hybrid pattern)


y12e  ~  0


y22e    0

being with it the TBJ a dispositive of unidirectional transmitance.

Factors of over-value and reactivity


Given a polynomial of second degree in the way


P(s)  =  s2 + s a + b  =  ( s2+s  n + n2 )  =  ( s +  ) ( s + * )  =  Pe
we define in him


  =  b1/2 / a


over-value factor (of current or voltage)


  =  1 / 2 


coefficient of damping

fn  =  2  / n


natural frequency of the polynomial system




Subsequently take the simple example of passive components; for example an inductance in series with a resistance and let us find their total apparent power


Z  =  R + sL    R + jL
impedance

S  =  P + j R


apparent power = active + reactive
and let us define a factor of merit reactive that we will denominate factor of quality

Q  =  R / P


factor of merit reactive
that for us it will beL/R.

We will see the relationship that exists among these factors  and Q in a syntony circuit subsequently; or, said in a more appropriate way, in a transfer of second order of conjugated poles.

Passages of meshes series to parallel


An impedance series Zs = Rs ± jXs can behave, in certain range of frequencies where the Q stays constant, similarly to another parallel Zp = Rp // jXp and opposedly. If the dipole is inductive its equivalences are the following ones


Yp  =  Gp + ( sLp )-1  =  ( Rs + sLs )-1

Rp  =  Rs ( 1 + Q2 )


Lp  =  Ls ( 1 + Q-2 )


Q  =  Qs  =  Qp  =  Ls/Rs  =  Rp/Lp
and in a same way for the capacitive


Yp  =  Gp +  sCp   =  [ Rs + ( sCs )-1 ]-1

Rp  =  Rs ( 1 + Q2 )


Cp  =  Cs [ ( 1 + Q-2 ) ]-1

Q  =  Qs  =  Qp  =  Cp/Rp  = 1 /CsRs
and generalizing has finally to remember with easiness


Q    4


Rp  =  Rs Q2

Lp  =  Ls 


Cp  =  Cs 




Filter impedance


The typical resonant circuit that has just shown in the previous figure presents a Q > 10 with easiness in frequencies above the 100 [KHz]. In its band pass the following equations are completed


Z  =  ( Rs + sLs ) // ( sC )-1  ~  R // sL ) //  ( sC )-1  =  C-1. s / ( s2+s 0/ + 02 )  =


    =  C-1. s / ( s +  ) ( s + * )    R / [ 1 + j Q0 ( /0 - 0/ ) ]  ~


    ~  R / [ 1 + j 2 (  - 0 )/B ) ]


0 =  ( L C )-1/2

Q0 =    =  0L / R  (in resonance the facotres coincides)


a  =  a + ja  =  ( 0 / 2Q0 ) [ 1 + j ( 4Q02 - 1 )1/2 ]  ~  ( B / 2 ) ( 1 + j 2Q0 )


B  =  0 / Q0  (wide of band to power half)




Response of width and phase of a transfer


The spectral characteristic of the module and the phase of a transfer that it doesn't distort should be in the band pass B plain for the first one, and a crescent or in declive straight line for second. To see this we take an example like the following one


T ()  =  Te j 

T =  K  

constant

 =  +  

straight line with constant angle  

to which we apply him two tones to their entrance


v1  =  v1p  e j 1t

v2  =  v2p  e j 2t

vent  =   v1 +  v2



being then to their exit


vsal  =   T vent  =  K v1p  e j [ 1(t+) +  ] +  K v2p  e j [ 2(t+) +  ]
where observe that the amplitudes of the signs have changed proportionally the same as their angles. This last it is equal to say that their temporary retard  is constant


  =  =  
Amplifier of simple syntony


Their behavior equations are the same ones that we have done with the filter impedance inside the area of the band pass B


Av  =  vsal / vent  =  y21e Z  ~  y21e R / [ 1 + j 2 (  - 0 )/B ) ]  =  Av e j 

Av    Av(0)  =  y21e R



approximately constant

  =  - arc tg [2(  - 0 )/B]  ~  - 2(  - 0 )/B

straight line

Q0 =  0L / Rs  =  0CR  =  R / 0L  =  0 / B    4


a  ~  ( B / 2 ) ( 1 + j 2Q0 )





Llamamos producto ganancia por ancho de banda PGB al área definida por la ganancia a potencia mitad y el ancho de banda pasante


PGB  =  Av B     Av(0) B  =  y21e/ C

Design


Be the data (underisables capacitances without considering)


Av = ...   fmax  = ...   fmin  = ...   f0  = ...   


We begin adopting a transistor and with an elected polarization we obtain


VCE  = ...


IC  = ...


  = ...


y11e  = ...


y21e  = ...


y12e  = ...


y22e  = ...

and we polarize it


VRE  = ...     1 [V]


RE  =  VRE / IC  = ...


VCC  =  VCE +  VRE  = ...


RB  =    ( VCC - VRE - 0,6 ) / IC  = ...


Of the precedent data we obtain


Q0 =  f0 / ( fmax - fmin )  = ...


C22e  =  b22e / 0  = ...

and if we adopt


L  = ...

we will be able to find


Rs  =  ( 0L )2 [ ( Q00L )-1 - g22e ]  = ...


C  =  ( 02L )-1 - C22e  = ...

and to verify


y21e Q00L  = ...  >  Av

Of the chapter of oscillators we verify the possible undesirable oscillation


y21e [ g22e + ( RsQ02 )-1 ]-1 . y12e ( g11e + RB-1 )-1  = ...   <  1


So that the emitter is to earth potential


y11e-1  >>  1 / 0CE           CE  = ...   >>  y11e/ 0 

or any experimental of 0,1 [F] it will be enough.

Amplifier multi-stages of same simple syntony


Placing in having cascade «n» stages of simple syntony syntonized to the same frequency takes place


— bigger gain


— decrease of the band width


— increase of the selectivity (flanks Av more abrupt)


— increase of the product gain for wide of band





Let us observe these properties. The gain increase considering an effective gain Avef

Avef   =  Avef e j ef

Avef =  Avn    ( gm R )n


ef  =  n   =  - n . 2(  - 0 )/B


with respect to the decrease of the band width


Avef(max;min)  =  0,707 ( gm R )n  =  ( gm R ) / { 1 + [ 2( max - 0 )/B ]2 }n

max ; min  =  0 { 1 ±  [ ( 21/n - 1 )1/2 / 2Q0 ] }


Bef  =  max - min  =  B ( 21/n - 1 )1/2
and the third property is deduced from the concept of the increase of the effective merit


Q0ef  =  0 /  Bef  =  Q0 / ( 21/n - 1 )1/2
while the fourth


PGBef  =  Avef(0) Bef  =  ( gm R )n-1 ( 21/n - 1 )1/2 PGB

Design


Be the data (underisables capacitances without considering)


Av = VL / Vg  = ...   fmax  = ...   fmin  = ...   f0  = ...   CL  = ...   Zg  = ...   n  = ...


We begin adopting a transistor and with an elected polarization we obtain


VCE  = ...


IC  = ...


  = ...


y11e  = ...


y21e  = ...


y12e  = ...


y22e  = ...

and we polarize it


VCC  =  VCE = ...


RB  =    ( VCC - 0,6 ) / IC  = ...


Of the precedent data we obtain


B  =  ( max - min ) / ( 21/n - 1 )1/2  = ...


Q0 =  0 / B  = ...

and if we adopt


L1  = ...


R1  = ...

to simplify the calculations


RL  =  g11e-1  = ...   

where of having been RL a fact, then the polarization could have been changed or to place a resistance in series or derivation to this.


Subsequently we can find the such relationship of spires that satisfies the Q0 that we need if we make


Q0  =  [ R1(0L1/ R1)2 //  g22e-1  //  g11e-1(N1/N2)2 ] / 0L1
of where


N1 / N2  =  { g11e / [ ( Q00L1 )-1 - R1(0L1 )-2 - g22e ]-1 }1/2  = ...

and that it allows us to verify the previously made adoption (same diameter of wires is supposed between primary and secondary)


g11e-1  = ...   >>  R2  =  R1 (N2/N1)2

We express the individual gains now


Rent  =  R1(0L1/ R1)2 //  g11e-1(N1/N2)2  =  [ R1(0L1)2 + g11e(N2/N1)2 ]-1  = ...


A1  =  Rent / ( Rg + Rent )  = ...


A2  =  
A4  =  
A6  =  N2/N1  = ...


A3  =  
A5  =  
y21e Q00L1  = ...

should complete the fact


A1 A2 A3 A4 A4 A5 A6  = ...   > Av

According to what is explained in the chapter of oscillators, it is considered the stability of each amplifier


A3y12e /  { [ Rg-1 +  R1(0L1)2 ] (N1/N2)2  +  g11e }  = ...   <   1  
estabilidad de Q1

A5y12eQ00L1(N2/N1)2  = ...   <   1




estabilidad de Q2

To estimate the values means of the syntonies (has those distributed in the inductor is presented, in the cables, etc.) we calculate


C1  =  (02L1)-1 - C22e - CL(N2/N1)2  = ...


C2  =  (02L1)-1 - C22e - (C11e+C22eA4)(N2/N1)2  = ...


C3  =  (02L1)-1 - Cg - (C11e+C22eA2)(N2/N1)2  = ...

and that of disacoupled


CB  = ...   >>  y11e / 0 
or any experimental of 0,1 [F] it will be enough.
Amplifier multi-stages of simple syntonies, for maximum plain


The advantages of this implementation in front of the previous one (the circuit is the same one) they are the following 


— perfect spectral plain of the gain


— bigger selectivity

and their disadvantage


— not so much gain


In synthesis, this method consists on to implement the same circuit but to syntonize those «n» stages in different frequencies 0i (i  a, b, c, ...) to factors of appropriate merits Q0i.





When one works in a short band s this plain characteristic it is obtained if the poles of the total transfer are located symmetrically in the perimeter of a circumference


   =    / n


Q0ef  =  0 / Bef    10 

(short band)


0  =  ( max min )1/2  ~  ( max - min ) / 2





When we speak of wide band the method it will be another


Q0ef  =  0 / Bef  <  10 

(wide band)


0  =  ( max min )1/2    ( max - min ) / 2


If we want to calculate some of these cases, they are offered for it abacous for any Q0ef, where





n = 2

n = 3



___________________________________________





Q0a ~ Q0b
Q0a ~ Q0b






Q0c = Q0ef


___________________________________________



0a

0 

0 




0b

0 / 

0 / 




0c

—

0


Design


Be the data (underisables capacitances without considering)


fmax  = ...   fmin  = ...   f0  = ...   CL  = ...   Zg  = ...   n  = 2


We begin adopting a transistor and with an elected polarization we obtain


VCE  = ...


IC  = ...


  = ...


y11e  = ...


y21e  = ...


y12e  = ...


y22e  = ...

and we polarize it


VCC  =  VCE = ...


RB  =    ( VCC - 0,6 ) / IC  = ...


Of the precedent data we obtain


Bef  =  ( max - min )  = ...


0  ( max + min ) /2  = ...


Q0ef =  0 / Bef   = ...

and of the abacus


  = ...   


Q0a  = ...

what determines


Q0b  = 
Q0a  = ...


0a    =   0    = ...  


0b    =   0 /    = ...  


If we adopt


L1  = ...


R1  = ...

as


Q0a  =  [ Rg // R1(0L1/ R1)2 //  g11e-1(N1/N2)2 ] / 0aL1

Q0b  =  [ R1(0L1/ R1)2 //  g22e-1  //  RL(N1/N2)2 ] / 0L1
they are


N1 / N2  =  { g11e / [ ( Q0a0aL1 )-1 - R1(0aL1 )-2 - Rg-1 ]-1 }1/2  = ...


RL  =  (N1/N2)2 / [ ( Q0b0bL1 )-1 - R1(0bL1 )-2 - g22e ]  = ...


According to what is explained in the chapter of oscillators, it is considered the stability of each amplifier


AG  = y21e /  [ R1(0L1)2 +  g22e  +  RL-1(N2/N1)2 ]  = ...  

AH  = y12e /  { [ Rg-1 +  R1(0L1)2 ] (N2/N1)2  +  g11e }  = ...

AG AH  = ...   <   1 

To estimate the values means of the syntonies (has those distributed in the inductor is presented, in the cables, etc.) we calculate


C1  =  (0b2L1)-1 - C22e - CL(N2/N1)2  = ...


C2  =  (0a2L1)-1 - Cg  = ...

and being for effect Miller that the capacity in base will vary along the spectrum, it will be advisable to become independent of her with the condition


(N2/N1)2 [ C11e+C22e . y21eQ0b0bL1 ] = ...   <<   C2

El de desacople


CB  = ...   >>  y11e / 0 
or any experimental of  0,1 [F] it will be enough.
Amplifier multi-stages of simple syntonies, for same undulation


The advantage of this answer type in front of that of maximum plain is


— bigger selectivity

and the disadvantages


— undulation in the gain


— without straight line in the phase


For any Q0ef this characteristic is achieved minimizing, in oneself quantity, all the widths of individual band Bi. Subsequently it is expressed the diagram of poles and answer for the case of short band.





We define the undulation factor here of the gain


FO [dB]  =  20 log  Avefmax / A0
that it will allow by means of the square to find this factor  

Bi  =  Bi (max horiz) . 
or


i  =  i (max horiz) . 



FO
 (n = 2)
 (n = 3)
 (n = 4)




___________________________




0
1
1
1





0,01
0,953
0,846
0,731





0,03
0,92
0,786
0,662





0,05
0,898
0,75
0,623





0,07
0,88
0,725
0,597





0,1
0,859
0,696
0,567





0,2
0,806
0,631
0,505





0,3
0,767
0,588
0,467





0,4
0,736
0,556
0,439





0,5
0,709
0,524
0,416


Amplifier of double syntony, for maximum plain


We will find the equations of behavior of a doubly syntonized transformer


Av  =  vsal / vent  =  H . s / ( s4 + s3 A + s2 B + s C + D )  =


      =  H . s / [ ( s + a ) ( s + a* ) ( s + b ) ( s + b* ) ] 


Qp =  pLp/Rp  =  1/pCpRp

Qs =  sLs/Rs  =  1/sCsRs

p =  (LpCp)-1/2

s =  (LsCs)-1/2

H  =  psgm / (k-1-k)(CpCs)1/2

A  =  (1-k2)-1 [ (p/Qp) + (s/Qs) ]


B  =  (1-k2)-1 [ p2 + s2 + ( ps / QpQs ) ]


C  =  (1-k2)-1 ps [ (p/Qp) + (s/Qs) ]


D  =  (1-k2)-1 p2s2



and if we call


a  =  a + ja

b  =  a + jb



we arrive to


A  =  4 a

B  =  6 a2 + a2 + b2

C  =  4 a3 + 2 a ( a2 + b2 )


D  =  a4 + a2 ( a2 + b2 ) + a2b2

If we simplify all this based on the conditions


0  =  p  =  s

Q0  =  Qp  =  Qs

(this implies short band  Q0ef   0)

it is


a2 + b2  =  B - 6 a2  ~  202(1-k2)-1

a2b2  =  D - a4 - a2 ( a2 + b2 )  ~  02(1-k2)-1

a ; b  =  ±  0 [ (1±k) (1-k2)-1 ]1/2  =  ±  0 (1±k)-1/2 

and that for the simplification


k  <  0,1

it is


a ; b  ~  ±  0 ( 1 ± 0,5k )

and deducing geometrically is


k  =  1 / Q0

(coefficient of critical coupling for maximum plain)


Bef  ~  1,41 k 0
Design


Be the data (underisables capacitances without considering)


fmax  = ...   fmin  = ...   ZL  = ...   Zg  = ...   


(fmax fmin)1/2 / (fmax+fmin)  = ...    >  10   (condition of short band)





We begin adopting a transistor and with an elected polarization we obtain


VCE  = ...


IC  = ...


  = ...


y11e  = ...


y21e  = ...


y12e  = ...


y22e  = ...

and we polarize it


VCC  =  VCE = ...


RB  =    ( VCC - 0,6 ) / IC  = ...


Of the precedent data we obtain


0  ( max + min ) / 2  = ...


Bef  =  ( max - min )  = ...


Q0 =  1,41 0 / Bef   = ...


k =  1 / Q0 = ...


If we adopt


L1  = ...


L2  = ...

being


Q0  =  { [ (0L1)2/ R1]  //  g22e-1 } / 0L1

Q0  =  { [ (0L2)2/ R2]  //  RL } / 0L2
they are


R1  =  (0L1)2 [ (Q00L1)-1 - g22e ]  = ...

R1  =  (0L2)2 [ (Q00L2)-1 - RL-1 ]  = ...

To estimate the values means of the syntonies (has those distributed in the inductor is presented, in the cables, etc.) we calculate


Ca  =  (02L1)-1 - C22e  = ...


Cb  =  (02L2)-1 - CL  = ...


The one of it couples


1/0CB  <<   y11e + RB-1CB  = ... 
or any experimental of  0,1 [F] it will be enough.


According to what is explained in the chapter of oscillators, it is considered the stability of the amplifier


AG  = y21e /  [ R1(0L1)2 +  g22e ]  = ...  

AH  = y12e /  { [ Rg-1 +  RB-1 +  g11e }  = ...

AG AH  = ...   <   1 
_________________________________________________________________________________
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