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¥Compensaci—n 



Respuesta din‡mica

¥AmpliÞcadores con GBP constante

¥Ancho de banda

¥Usar "  del sin inversi—n para ambas 
conÞguraciones

¥fB= " !f # para cada etapa (con o sin 
inversi—n)

¥ganancia d.c depende de la conÞguraci—n 



¥Ancho de banda de n etapas

Respuesta din‡mica

n = numero de etapas

"  = factor de retroalimentaci—n de cada una de 
las n etapas sin inversi—n

fBW = ancho de banda del ampliÞcador

f BW = ! f !

!
21/n ! 1



Respuesta din‡mica

v(t) = Vm (1 ! exp! t/ ! )

Vm ! ! " SR =
SR

2" f B

f !
SR

2! Vm

Vm !
SR
2! f

full-power bandwidth = fmax para Vm igual al P.S. 

Escal—n

Senosiodal



Estabilidad
| T |dB = | a |dB ! | 1/ ! |dB

! T = ! a ! ! 1/ !

Niquist: la estabilidad del ampliÞcador con 
retroalimentaci—n puede determinarse de la T

GM = ! | T(jf 180! ) |

! m = 180 + ! T(jf 0dB )



¥Capitulo 6: AmpliÞcadores con GBP 
constante

polos de frecuencia alta

polo dominante

f!

a0

gain (dB)

f(Hz)

1/" ! 1+R2/R1

fB
fb

T

incondicionalmente
estable con $ m=90¡



Capitulo 8: tanto el opamp como la red de 
retroalimentaci—n pueden tener polos que reducen $ m  

ROC = ! a ! ! 1/ !

Gr‡Þcamente el margen de fase puede calcularse de:

! = ! T ! " 4.5 # ROC
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Diferenciador

!

!

vi

C R

vOUT
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a(f)

|T|

polo adicional en 10 4 para " M=45o

fx

polo adicion en f<10 4 para " M>45

fp2fz fx2



!

!

vin

RS C R

! ni =
RS + 1/sC

R + RS + 1/sC

=
sCRS + 1

sC(R + RS) + 1

Polo de! se mueve def 0 = 1/ 2" RC a 1/ 2" C(R+ RS).
Se introduce un cero en 1/ 2" RSC.
Para que el movimiento del polo sea insigniÞcante, es-

coja RS << R .



!

!

A

B

R1 R2

CL

vOUT

!

!

Cf

R2R1

Compensaci—n feedback-lead

Carga capacitiva

Z2 =
R2

sCf R2 + 1

! =
R1

R1 + Z2

1/ ! =
1
! 0

!
1 + jf /f z

1 + jf /f p

f p =
1

2" Cf R2

f z =
1

2" Cf (R1 " R2)

= f p

!
1 +

R2

R1

"

Para maximizar la # aportada, escoja

f x =
#

f pf z = f p

$

1 +
R2

R1



fx
fp

fz

1/! !

a(jf)

0dB

Debido a la simetria,

| a(jfx) |=
!

1 +
R2

R1

Con esta ecuación determine fx y en-
tonces escoja

Cf =
1

2! fpR2
=

"
1 + R2

R1

2! R2fx



!

!

R2

Cf

Cn

R1

!
!

vOUT

vIN

Capacitancia de entrada paras’tica Cn

Z1 =
R1 ! 1/sC n

R1 + 1 /sC n
=

R1

sCn R1 + 1

Z2 =
R2 ! 1/sC f

R2 + 1 /sC f
=

R2

sCf R2 + 1

! =
Z1

Z1 + Z2

1
!

=
!

1 +
R2

R1

"
1 + jf /f z

1 + jf /f p

f p = 1 / 2" R2Cf

f z = 1 / 2" (R1 " R2)(Cn + Cf ) a(jf p) ! f p =
f p

! !
= f !

Paraf = !

R1 " 1/sC n # 1/sC n

R2 " 1/sC f # 1/sC f

1/ ! ! # 1 + Cn/C f

para a÷nadir un polo ena,
1

2" R2Cf
= ! ! f # =

f #

1 + Cn/C f

(Stray input capacitance)

Cf se a–ade para 
compensar



Compensation Techniques

Basics

Compensation by pole-addition

Compensation by pole-shifting

Pole-zero compensation

10

(dominant pole compensation)

(shunt-capacitance compensation)

(move Þrst pole to lower frequency and 
cancelation of second pole)



Reducing T

!

!

R1 R2

RC

A

B

Assuming r d = ! and r O = 0 , FrancoÕs ! becomes

1

!
= 1 +

R2

R1 | |RC
= 1 +

R2

R1
+

R2

RC

We need to move 1
! to a( f 2) , where f 2 is the frequency of the second

pole. Since the phase is 135 " at this frequency, this would yield a
phase margin " m = 45 " .

13

RC reduce la T no afecta la Aideal



Notice that this is equivalent to increasing the closed-loop gain. The
problem with this is that then the d.c. gain is increased and therefore
the e ! ect of the o ! sets is greater. To reduce this problem, use the
following input-lag circuit:

!

!

R1 R2

RC

A

B

CC

tt



Z1 = R1 !
!

RC +
1

sCC

"
= R1

1 + sCC RC

1 + sCC (RC + R1)

! =
Z1

R2 + Z1
= R1

1 + sCC RC

R2 + sCC (RC + R1)R2 + R1 + sCC RC R1

=
R1

R1 + R2

1 + sCC RC

1 + sCC (RC R2 + R1R2 + RC R1)/ (R1 + R2)

=
R1

R1 + R2

1 + sCC RC

1 + sCC (R1 ! R2 + RC )

1/ ! =
!

1 +
R2

R1

"
"

1 + jf /f p

1 + jf /f z

f p =
1

2" CC RC

f z =
1

2" CC (R1 ! R2 + RC )

1/ ! ! =
!

1 +
R2

R1

"
"

f p

f z

=
!

1 +
R2

R1

"
"

!
1 +

R1 ! R2

RC

"



¥ Þnd f x from a(jf ) and the desired! m

¥ use magnitude ofa(jf x ) to Þnd RC

¥ selectCC so that f p is at least one decade belowf x

1/! "

a(jf)

1/! !

fxfp
=fx/10

fz


