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Generalities

Efficiency of a stage


Considering to an amplifier like energy distributor, we observe the following thing


PENT
power surrendered by the power supply

PEXC
excitatory power (worthless magnitude)

PSAL
output power on the useful load
PDIS
power dissipated by the amplifier (their exit component/s)

PENT  ~  PSAL + PDIS



and we denominate their efficiency to the relationship


   =   PSAL / PENT  

of where it is also deduced


PDIS   =  PENT - PSAL  =  PSAL ( -1 - 1 )

Lineality of the amplification


To study the behavior here of the exit transistors with parameters of low sign doesn't make sense. It will be made with those of continuous.


It is also important to the transistors to excite them with courrent and not with voltage, since their lineality is solely correct with the first one.


To improve all lineality of the amplifications there is that feed-back negatively. The percentage of harmonic distortion D decreases practically in the factor 1+GH.

Maximum dissipated power


When a TBJ possesses an operation straight line like sample the figure, the power among collector-emitter goes changing measure that the work point moves, and there will be a maximum that we want to find. Their behavior equations are the following ones


IC  =  ( V - VCE ) / R


PCE  =  IC VCE  =  V VCE / R  -  VCE2 / R


PCE VCE  =  V / R  -  2 VCE / R


[ PCE VCE ] PCEmax  =  0    PCEmax  =  V2 / 4 R




Amplifier without coupled (class A)


Although this is not a practical circuit due to their bad efficiency, yes it will be didactic for our studies. Subsequently we express their behavior equations


PSALmax  =  PLmax  =  ( 0,707 vLp )2 / RL  =  ( 0,707 VCC/2)2 / RL  =  VCC2 / 8 RL

PENTmax  =  VCC ICmed  =  VCC ( VCC / 2 RL )  =  VCC2 / 2 RL

   =   PSALmax  / PENTmax  =  0,25


PDISmax  =  PCEmax  =  PSALmax  ( -1 - 1 )  =  3 PSALmax  =  0,375 VCC2 / RL



Amplifier with inductive coupled (class A)


The circuit is the following, where the effect of over-voltage of the inductance magnetic that will improve the efficiency of the stage. This way they are the equations


PSALmax  =  PLmax  =  ( 0,707 VCC )2 / n2RL  =  VCC2 / 2n2RL

PENTmax  =  VCC ICmed  =  VCC [ ( 2VCC / n2RL ) / 2 ] =  VCC2 / n2RL

   =   PSALmax  / PENTmax  =  0,5


PDISmax  =  PCEmax  =  PSALmax  ( -1 - 1 )  =  PSALmax  =  VCC2 / 2n2RL



In the practice a small resistance is usually put in the emitter RE with two ends: first, so that the voltage in the base excites for current (REN ~  RE) and not for voltage to avoid deformations the sign (the  is only lineal in the TBJ), and second to stabilize the work point since the transistor will be hot.




Design


Be the data


RL = ...   PLmax  = ... (power for a single tone)   fmax  = ...   fmin  = ...


We adopt a convenient source


VCC = ...

what implies


n  =  N1 / N2  =  ( VCC2 / 2 RL PLmax )1/2  = ...

and then we determine the winding of the transformer according to that seen in their respective chapter


R1  = ...   <<   n2 RL 


R2  = ...   <<   RL 


Ø1  = ...   >   0,00065 [ ( ICC2 + ICef2 )1/2 ]1/2  ~  0,0001 ( PLmax / n2 RL )1/2

Ø2  = ...   >   0,00065 ( n ICef )1/2  ~  0,00077 ( PLmax / n RL )1/2
we choose an inductance that verifies the generating effect of current and guarantee 2VCC (we call L to the magnetic inductance of the primary L1)


min L   >>  n2 RL         L  = ...    >>  n2 RL / min
and to verify their magnitude the equations and abacous they could be used that were presented in the respective chapter


HQ  =  N1 IC / lFe

B  =  VCC / S N1 

L  =  N12 S ef / lFe  =  N12 S  /  [ ( lFe/ef ) + ( lA/A ) ]

or appealing to the empiric mensurations.


We find the data next to choose the TBJ


IC  =  VCC / n2 RL  = ...


VCE  ~  VCC / 2  = ...


ICmax  =   2 IC  = ...


VCEmax  =   2 VCC  = ...


PCEmax  =   VCC2 / 2n2RL  = ...

and we obtain of the same one


TJADM  = ...  


PCEADM  = ...  


JC  =   ( TJADM - 25 ) / PCEADM  = ...


~ ...  

and for the dissipator


surface  = ...


position  = ...


thickness  = ...


Subsequently we choose a small feedback in the emitter that doesn't affect the calculations


RE  = ...   <<   n2 RL 


PREmax  =   ( ICC2 + ICef2 ) RE  ~  1,5 IC RE  = ...

and we finish polarizing


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

Amplifier with coupled capacitive (class B)


The circuit following typical class B complementary symmetry is denominated. The cpupled capacitive to the load is carried out through the condenser of the negative source of power supply (not indicated in the drawing).





For the ideal system we have the following equations for an unique tone of sine wave


PSALmax  =  PLmax  =  ( 0,707 VCC )2 / RL  =  VCC2 / 2RL

PENTmax  =  2 VCC ICmed  =  2 VCC ( iLp /  )  =  2 VCC ( VCC /  RL )  =  2 VCC2 /  RL )


   =   PSALmax  / PENTmax  =    / 4  ~  0,78


PDISmax  =  2 PCEmax  =  PSALmax  ( -1 - 1 )  ~ 0,28 PSALmax  =  0,14 VCC2 / RL
modifying for a square sign as it was seen previously in class A


PCEmax  =   VCC2 / 4 RL

PDISmax  =  2 PCEmax  =  0,5 VCC2 / RL

The following circuit perfects to the previous one to be more elaborated. This circuit if it didn't have at R2 it has a distortion for not polarizing the bases, and that it is denominated crusade distortion —previously view in the previous implementation. Added this, the asymmetry of the complementary couple's excitement possesses a deficiency in the positive signs on the load; for it is designed it a source of extra power that this behavior increases, and whose responsible it is the capacitor C1 denominated bootstrap (because it produces feedback: "to throw of the cord of the boots to put on shoes"). The diode impedes the discharge of C1 if its positive plate rises in voltage VCC it has more than enough. If this reforzador is not, it would be necessary to design a R1 very small and it would polarize in class A at Q3 being inefficient the system


R1  <<  VCC / IB1max  ~  1 RL




A fourth transistor Q0 has been connected. This will improve the stabilization of the landslides of the polarization in class B of the exit couple when powers are managed in the load superiors at 5 [W]. This is because they are, before sign, hot. This way their currents of losses collector-base will affect to the base of Q0 increasing their current IC0 and it will avoid that the first one enters to the complementary couple's bases. For this reason it will be advised, although not necessary, that Q0 are coupled thermally to the dissipator of the complementary ones, this way their own one ICB00 will be added to the effect and it will regulate the work point in class B.


It is also usual to connect small resisters in the exit couple's emitters. For further powers it is connected in Darlington the complementary couple, but with NPN in their exits for the economic cost, reason why it is denominated to the system of quasi-complementary symmetry. There are many variants with the connections of resisters and diodes. The following one belongs only one to them, where the proyect approaches for RE and RB can be consulted in the chapter of polarization of dispositives.


  ~  A B




The final circuit that we will design is presented next. We have eliminated the double source for their substitution the condenser C2. The transistor Q4 provides the necessary negative feedback and it serves from preamplifier to Q3, and its adjustment of polarization R5 polarizes to the complete circuit. The condenser C3 is optional since it will eliminate oscillations and undesirable interferences.





The behavior equations are for the polarization (to remember that to practical ends the voltages base-emitterr varies between 0,6 and 0,75 [V] and they approach all in 0,6 [V])


R1  =  R11 + R12

IR12  =  IC3  =  IB1 + ( 2 . 0,6 / R2 )  = it is constant for the bootstrap

VC1  =  IC3  R12 + 0,6

for the excitement to full positive load


IC3min  =  0


IB1max  =  IR12  


IC1max  =  IB1max / 1 =  IR12 / 1
to full load negative


IC3max  =  IR12 + IB2max

IB2max  =  IC2max / 2  =  vLmax / 2 RL  =  [ ( VCC / 2 ) - 0,6 ) ] / 2 RL 


IC2max  =  IB2max / 2 =  [ ( VCC / 2 ) - 0,6 ) ] / RL
and for the sign


Av  =  vL / vb4  ~  1 + R3 / R6

Rent  ~  R5
Design


Be tha data


RL = ...   PLmax  = ... (power for a single tone)   fmax  = ...   fmin  = ...   Av  = ...


We calculate a convenient alimentation having present the double source and the possible affection of the voltage base-emitter


PSALmax  =  PLmax  =  [ ( VCC - 0,6 ) / 2 ]2 / 2RL    VCC  =  ( 8 PLmax RL )1/2 + 0,6  = ...


Subsequently we obtain the exit couple's data in the worst case


PCE1max  =   ( VCC / 2 )2 / 4 RL  =  VCC2 / 16 RL  = ...


IC1max  =   VCC / 2 RL  = ...


VCE1max  =   VCC  = ...

and of the manual polarizing them practically to the cut with VCE1 = VCC / 2


IC1  = ...


1~ ...  


TJADM1  = ...  


PCEADM1  = ...  


JC1  =   ( TJADM1 - 25 ) / PCEADM1  = ...

and for the dissipator of each one


surface  = ...


position  = ...


thickness  = ...


We calculate


IB1max  =  [ ( VCC / 2 ) - 0,6 ) ] / 1 RL  = ...


We adopt the important current of the system


IC3  = ...   >   IB2max  =  IB1max  

originating


R2  =  2 . 0,6 / ( IC3 - IB1 )  =  1,2 / [ IC3 - ( IC1 / 1 ) ]  = ...


R12  =  ( VBE1max - VBE1 ) / ( IC3 - IB1max )    0,15 [V] / ( IC3 -  IB1max )  = ...


PR12  ~  IC32  R12  = ...


R11  =  R1 - R12  =  { [ ( VCC / 2 ) - 0,6 ) ] / IC3 } - R12  = ...


PR11    VCC2 / 8 R11  = ...  (R11 it is practically in parallel with RL)


For the calculation of the limits of Q3 it suits to remember that their operation line is not in fact that of a straight line. Consequently we determine their demand


IC3max  =  IR12 + IB2max  =  [ ( IC1 / 1 ) + ( 2 . 0,6 / R2 ) ] + IB1max  = ...


VCE3max  =  VCC  = ...


PCE3max  ~   ( VCE3max / 2 ) ( IC3max / 2 )   = ...

and like it is


VCE3 = ( VCC / 2 ) - 0,6  = ...

then the transistor is chosen and it is


3  = ...

being able to need a small dissipator in some cases.


For not altering the made calculations it is chosen


IC4  = ...   <<   IC1
and for the approach seen in the polarization chapter we adopt


VR3  = ...     1 [V]


IR5 = ...   ~  IC4
what will determine finally


R3  =  VR3 / IC4  = ... 


R4  =  VR4 / IR4  ~  0,6 / IC4  = ... 

R5  =  VR5 / IR5  = [ 0,6 +  VR3 + ( VCC/2 ) ] / IR5  = ...  (to choose it bigger to be an adjustment)


R6  =  R3 / ( Av - 1 )  = ...


R7  ~  ( VCC - IR5 R5 ) / IR5 = ...


The condenser bootstrap will possess the following voltage


VC1  =  IC3  R12 + 0,6  = ...

and their discharge that we will avoid it will be totally on a circuit alineality that it will go changing in each hemicicle. We can approach it considering that to the minimum frequency (of the worst case) it will have a great constant of time


C1 [ R11 // ( R12 + h11E1 ) ]  >>  1 / fmin   
    positive hemicilce in the load

C1 [ R11 // ( R12 + R2 ) ]  >>  1 / fmin 

    negative hemicilce in the load
reason why it is better to experience their magnitude and to avoid big equations that are not very necessary.


As C2 it is the biggest and expensive in the condensers, we calculate it so that it produces the power half (the resistance of output of the amplifier is worthless to be of exit in common collectors and feedback to be negatively)


C2    = ...      1 / min RL

VC2  =  VCC / 2  = ...


The capacitor C3 will be optional and experimental, being able to choose of 0,1 [mF]. As for C4, this will always be a short circuit in front of the series R3-R6 of feedback


C4    = ...    >>  1 / min ( R3 + R6 )

Differential variant


The implementation shows a coupled without condenser and with transistors working in class B operating in anti-parallel way. The behavior equations are the following ones for a single tone


PSALmax  =  PLmax  =  ( 0,707. 2VCC )2 / RL  =  2 VCC2 / RL

PENTmax  =  2 VCC . 2 ICmed  = 2VCC (  2 iLp / )  = 2 VCC ( 4VCC / RL) = 8VCC2 /  RL

   =   PSALmax  / PENTmax  =    / 4  ~  0,78


PDISmax  =  4 PCEmax  =  PSALmax  ( -1 - 1 )  ~ 0,07 PSALmax  =  0,14 VCC2 / RL



and where it can be compared with respect to the ordinary complementary symmetry that for the same source the power in the load multiplies for four


PSALmax (4 TBJ) / PSALmax (2 TBJ)  =  4

and that for same load power the transistors are demanded in half


PCEmax (4 TBJ) / PCEmax (2 TBJ)  =  0,5

Amplifier with the integrated circuit 2002


This integrated circuit allows until approximate 10 [W] on the load. It summarizes the explanations that we have made. The negative feedback is made to the terminal 2 and, in this case, it is already predetermined by the maker's design. The differential entrance is JFET reason why the same losses of C2 they polarize it, although in this circuit it has become physical with R3. The advised magnitudes are


R1  =  2,2 []

C1  =  1 [mF]

VCC  =  12 [V]


R2  =  220 []

C2  =  10 [F]

Usar disipador térmico


R3  =  1 [M]

C3  =  470 [F]

4 []    RL    8 []


R4  =  1 []

C4  =  100 [nF]




Speakers and acoustic boxes


A magnetic speaker (non piezoelectric) it presents, approximately, the characteristics that are shown when being experienced to the air —without box. The frequency of auto-resonance 0 can be measured with the enclosed circuit detecting maximum amplitude with a simple tester on the speaker.





It is common to listen to say that a speaker has an impedance of certain magnitude. This means that it has measured it to him inside the band in passing. In the practice, this value is more or less constant and it has denominated it to him here for Zn that, for a quick calculation, it can approach it with regard to the value of continuous (that is to say measured with the ohmeter of a simple tester)


Zn  ~  1,5 R


Something similar we have with regard to the power that the transducer tolerates. The specification of her measures it to him with a tone of sine wave (when not, lately in these decades and making bad use of the honesty, it measures it to him in an instantaneous one transitory) inside the spectrum of plane and typical power of 1 [KHz]. It is also necessary to highlight that although the power here truly is apparent, but it approaches it to active.


With the purpose of taking advantage of the back wave fronts in the emission, to match the pick of auto-resonance and to protect of it interprets it to the speaker, the acoustic cabinets or baffles are used.





Subsequently we attach some design equations for fans (wooden box)


V = n m h  ~  [ 4360 A / f02 ( A1/2 + 2,25 l ) ] + 0,4 e d2
volume of the box: V 


0,5 d2    A = a b    0,86 d2



area of the window: A 

d  ~  ( D2 - R2 )1/2    a    1,1 d



effective diameter of the cone: d




where the diameter «d» it represents the section to make in the box and that it will be similar to the useful section of the wave, that is to say that this diameter will be smaller than that of the speaker's front


With regard to the aesthetics and external practice, it is generally accustomed to be adopted


m  =  3 h / 4


n  =  h / 2

Design


Be the data


f0  = ...   D  = ...   R  = ...   e  = ...


Considering the equations for a wooden box


d  ~  ( D2 - R2 )1/2  = ...


d      a  = ...    1,1 d



0,25 d2 / a      b = ...     0,86 d2 / a 


m = ...  >  a


h  =  4 m / 3  = ...


n  =  h / 2  = ...


l  =  0,44 { [ 4360 a b / f02 ( m n h - 0,4 d2 e ) ] - ( a b )1/2 }  = ...

Acoustic filters


The acoustic spectrum can be divided in three bands (very approximately)


— low frequencies (until 400 [Hz])


— medium frequencies (from 400 until 4000 [Hz])


— high frequencies (from 4000 [Hz] in more)

and in general the technology of the reproductive electro-acoustic determines an accessible cost with a limited spectrum range, and they are designed completing these bands. Their respective names are


— woofer (low frequencies)


— squawker (medium frequencies)


— tweeter (high frequencies)


We will always consider in our studies to these speakers with an impedance that is pure resistiva, being quite valid this approach in the practice.


Firstly we present a design without control of medium frequencies (squawker)


Tw  =  vw / v L  =  Rw / ( Rw + X )  =  0 / ( s + 0 ) ;   0  =  Rw / L ;  Tw(0)  ~  0,707


TT  =  vT / v L  =  RT / ( RT + X )  =  s / ( s + 0 ) ;   0  =  1 / RTC ;  TT(0)  ~  0,707


PTOTAL  =  TT(0)2TW(0)2  =  1




and now with a reproducer of medium frequencies


Tw  =  0 / ( s + 01 ) ;   01  =  Rw / Lw ;  TW(01)  ~  0,707


TT  =  s / ( s + 02 ) ;   02  =  1 / RTCT ;  TT(02)  ~  0,707


TS  =    s / ( s2+s  n + n2 )  =    s / ( s+01 ) ( s+02 )




where


  =  RS / LS

n   =  ( LS CS )-1/2

  =    / n

01   =  (  / 2 ) . { [ 1 - [ ( 4 LS / RS2CS) ]1/2 }


02   =  (  / 2 ) . { [ 1 + [ ( 4 LS / RS2CS) ]1/2 }

that for the design conjugated poles will be avoided and with it undesirable syntonies


RS2CS  >  4 LS
Design


Be the data for a design of two filters


f0  = ...   PLmax  = ...   Rw  = ...   RT  = ...


We calculate for the equations seen


C  =  1 / RT0  = ... 


L  =  Rw / 0  = ... 


We find the effective maximum current for the woofer

Iefwmax  =  ( PLmax / Rw )1/2  = ...

what will determine a minimum diameter of the inductor. If we adopt a current density for him of 3 [A/mm2]


Ø  = ...      0,00065 Iefwmax1/2  = ...

being able to manufacture the reel according to that explained in the inductores chapter.
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