Structured Electronic Design
Feedback model of Black



Invention of negative feedback

(c) 2019 A.J.M. Montagne 2



Invention of negative feedback

1927: Black: first negative feedback amplifier

(c) 2019 A.).M. Monta

gne



Invention of negative feedback

1927: Black: first negative feedback amplifier

1932: Black: Wave translation system



Invention of negative feedback

1927: Black: first negative feedback amplifier
1932: Black: Wave translation system

1932: Nyquist: Regeneration theory



Invention of negative feedback

1927: Black: first negative feedback amplifier
1932: Black: Wave translation system
1932: Nyquist: Regeneration theory

1945: Bode: Network analysis and Feedback Amplifier Design



Invention of negative feedback

1927: Black: first negative feedback amplifier
1932: Black: Wave translation system
1932: Nyquist: Regeneration theory

1945: Bode: Network analysis and Feedback Amplifier Design



Black's feedback model

(c) 2019 A.J.M. Montagne 8



Black's feedback model

controller

£ E,
H >

feedback network

k [

(c) 2019 A.J.M. Montagne 9



Black's feedback model

controller

b
>

H

feedback network

k [
Equations:
E = Ez — ]fEO,
£ = %EO.

O

(c) 2019 A.J.M. Montagne 10



Black's feedback model

controller

b
>

H

feedback network

k [
Equations:
E = Ez — ]{TEO,
£ = %EO.

O

Input-output transfer:

E,
E;

H

1+ HEk

(c) 2019 A.J.M. Montagne 11



Black's feedback model

controller
Input-output transfer:
E@' E EO

" H > E, _ H

E,  1+HEk
feedback network loop gain: Hk
k [
Equations:

1
EEO.

e

(c) 2019 A.J.M. Montagne 12



Black's feedback model

controller
Input-output transfer:
E@' E EO

" H > E, _ H

E,  1+HEk
feedback network loop gain: Hk
k ldeal gain: Hk — o0
Equations:
E = Ez — ]{TEO,

£ %EO.

(c) 2019 A.J.M. Montagne



Black's feedback model

controller
Input-output transfer:
E@' E EO

" H > E, _ H

E,  1+HEk
feedback network loop gain: Hk
L j— Ideal gain: Hk — o0

: E,\ 1

Equations:

E = Ez — ]{TEO,

£ %EO.

(c) 2019 A.J.M. Montagne 14



Black's feedback model

controller
Input-output transfer:
E@' E EO

" H > E, _ H

E,  1+HEk
feedback network loop gain: Hk
L j— Ideal gain: Hk — o0

: E,\ 1

Equations:
Input-output transfer, rewritten:

1
EEO.

e

(c) 2019 A.J.M. Montagne 15



Black's feedback model

controller
Input-output transfer:
E@' E EO

" H > E, _ H

E,  1+HEk
feedback network loop gain: Hk
L j— Ideal gain: Hk — o0

: E,\ 1

Equations:
Input-output transfer, rewritten:

1 E, _ 1 ( HEk
e = g Lo- E. Kk (1+Hk)

(c) 2019 A.J.M. Montagne 16



Black's feedback model

controller
Input-output transfer:
E@' E EO

" H > E, _ H

E,  1+HEk
feedback network loop gain: Hk
L j— Ideal gain: Hk — o0

: E,\ 1

Equations:
Input-output transfer, rewritten:

1 E, _ 1 ( HEk
e = g Lo- E. Kk (1+Hk)

(c) 2019 A.J.M. Montagne 17



Black's feedback model, assumptions

Lo
>

(c) 2019 A.J.M. Montagne 18



Black's feedback model, assumptions

ldeal subtraction requires infinite CMRR,
© subtraction result does not depend on:

YT

(c) 2019 A.J.M. Montagne 19



Black's feedback model, assumptions

ldeal subtraction requires infinite CMRR,
© subtraction result does not depend on:

YT

Source impedance

(c) 2019 A.J.M. Montagne 20



Black's feedback model, assumptions

ldeal subtraction requires infinite CMRR,
© subtraction result does not depend on:

YT

Source impedance

Input impedance controller

(c) 2019 A.J.M. Montagne 21



Black's feedback model, assumptions

I3 ldeal subtraction requires infinite CMRR,
> subtraction result does not depend on:

Source impedance

Input impedance controller

Output impedance feedback network

(c) 2019 A.J.M. Montagne 22



Black's feedback model, assumptions

b
>

O

ldeal subtraction requires infinite CMRR,
subtraction result does not depend on:

Source impedance
Input impedance controller
Output impedance feedback network

No direct transfer from input to output.

(c) 2019 A.J.M. Montagne 23



Black's feedback model, assumptions

b
>

O

ldeal subtraction requires infinite CMRR,
subtraction result does not depend on:

Source impedance
Input impedance controller
Output impedance feedback network

No direct transfer from input to output.

No reverse transfer in the controller
and in the feedback network.

(c) 2019 A.J.M. Montagne 24



Black's feedback model, assumptions

b
>

O

ldeal subtraction requires infinite CMRR,
subtraction result does not depend on:

Source impedance
Input impedance controller
Output impedance feedback network

No direct transfer from input to output.

No reverse transfer in the controller
and in the feedback network.

The controller gain does not depend on:

(c) 2019 A.J.M. Montagne 25



Black's feedback model, assumptions

b
>

O

ldeal subtraction requires infinite CMRR,
subtraction result does not depend on:

Source impedance
Input impedance controller
Output impedance feedback network

No direct transfer from input to output.

No reverse transfer in the controller
and in the feedback network.

The controller gain does not depend on:

Input impedance feedback network

(c) 2019 A.J.M. Montagne 26



Black's feedback model, assumptions

b
>

O

ldeal subtraction requires infinite CMRR,
subtraction result does not depend on:

Source impedance
Input impedance controller
Output impedance feedback network

No direct transfer from input to output.

No reverse transfer in the controller
and in the feedback network.
The controller gain does not depend on:

Input iImpedance feedback network
Load impedance

(c) 2019 A.J.M. Montagne 27



Black's feedback model, assumptions

b
>

O

ldeal subtraction requires infinite CMRR,
subtraction result does not depend on:

Source impedance
Input impedance controller
Output impedance feedback network

No direct transfer from input to output.

No reverse transfer in the controller
and in the feedback network.
The controller gain does not depend on:

Input iImpedance feedback network
Load impedance

(c) 2019 A.J.M. Montagne 28



Black's feedback model, conclusions

Lo
>

H

controller

k [

feedback network

(c) 2019 A.J.M. Montagne 29



Black's feedback model, conclusions

H

controller

feedback network

k [

E
>

O

Loop gain not simply the product of

the controller gain (H) and the gain of the

feedback network (k)

(c) 2019 A.J.M. Montagne 30



Black's feedback model, conclusions

H

controller

feedback network

k [

E
>

O

Loop gain not simply the product of
the controller gain (H) and the gain of the
feedback network (k)

Suited for system-level analysis
(no interaction between blocks)

(c) 2019 A.J.M. Montagne 31



Black's feedback model, conclusions

H

controller

feedback network

k [

E
>

O

Loop gain not simply the product of
the controller gain (H) and the gain of the
feedback network (k)

Suited for system-level analysis
(no interaction between blocks)

Not suited for obtaining design information
on circuit level

(c) 2019 A.J.M. Montagne 32



Black's feedback model, conclusions

H

controller

feedback network

k [

E
>

O

Loop gain not simply the product of
the controller gain (H) and the gain of the
feedback network (k)

Suited for system-level analysis
(no interaction between blocks)

Not suited for obtaining design information
on circuit level

See example 10.1 and 10.2

(c) 2019 A.J.M. Montagne 33



Black's feedback model, conclusions

H

controller

feedback network

k [

E
>

O

Loop gain not simply the product of
the controller gain (H) and the gain of the
feedback network (k)

Suited for system-level analysis
(no interaction between blocks)

Not suited for obtaining design information
on circuit level

See example 10.1 and 10.2

(c) 2019 A.J.M. Montagne 34



