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Nonenergic feedback stage:

Voltage follower: A = +1, B, C, D as CS stage (noninverting)
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Nonenergic feedback stage:

Voltage follower: A = +1, B, C, D as CS stage (noninverting)
Input series feedback (voltage comparison)
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Nonenergic feedback stage:

Voltage follower: A = +1, B, C, D as CS stage (noninverting)
Input series feedback (voltage comparison)
Output parallel (shunt) feedback (voltage sensing)
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Nonenergic feedback stage:

Voltage follower: A = +1, B, C, D as CS stage (noninverting)
Input series feedback (voltage comparison)
Output parallel (shunt) feedback (voltage sensing)

Poll:
Q: The input impedance of the CD stage
Is larger than that of the CS stage

1: True
2: False
3: Depends on the load impedance
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Nonenergic feedback stage:

Voltage follower: A = +1, B, C, D as CS stage (noninverting)

Input series feedback (voltage comparison)
Output parallel (shunt) feedback (voltage sensing)

Poll: Poll:

Q: The input impedance of the CD stage Q: The output impedance of the CD stage
s larger than that of the CS stage is smaller than that of the CS stage
1: True 1: True
2: False 2: False

3: Depends on the load impedance 3: Depends on the source impedance
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Nonenergic feedback stage:

Voltage follower: A = +1, B, C, D as CS stage (noninverting)

Input series feedback (voltage comparison)
Output parallel (shunt) feedback (voltage sensing)

Poll: Poll:

Q: The input impedance of the CD stage Q: The output impedance of the CD stage
Is larger than that of the CS stage is smaller than that of the CS stage
1: True 1: True
2: False 2: False

3: Depends on the load impedance 3: Depends on the source impedance
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Behavioral modifications w.r.t. CS stage are a result of negative feedback:
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Behavioral modifications w.r.t. CS stage are a result of negative feedback:

Nonenergic feedback:
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Behavioral modifications w.r.t. CS stage are a result of negative feedback:

Nonenergic feedback:

The equivalent input noise sources of the CD stage equal those of the CS stage
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Behavioral modifications w.r.t. CS stage are a result of negative feedback:

Nonenergic feedback:
The equivalent input noise sources of the CD stage equal those of the CS stage

The drive capability, energy storage and power efficiency equal those of the CS stage
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Behavioral modifications w.r.t. CS stage are a result of negative feedback:

Nonenergic feedback:
The equivalent input noise sources of the CD stage equal those of the CS stage

The drive capability, energy storage and power efficiency equal those of the CS stage

The 'amount of feedback' is expressed by the loop gain
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Behavioral modifications w.r.t. CS stage are a result of negative feedback:

Nonenergic feedback:
The equivalent input noise sources of the CD stage equal those of the CS stage

The drive capability, energy storage and power efficiency equal those of the CS stage

The 'amount of feedback' is expressed by the loop gain

If terminated with a relatively low impedance or shorted, the output shunt feedback is
not effective (low loop gain) and the input impedance approximates that of the CS stage
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Behavioral modifications w.r.t. CS stage are a result of negative feedback:

Nonenergic feedback:
The equivalent input noise sources of the CD stage equal those of the CS stage

The drive capability, energy storage and power efficiency equal those of the CS stage

The 'amount of feedback' is expressed by the loop gain

If terminated with a relatively low impedance or shorted, the output shunt feedback is
not effective (low loop gain) and the input impedance approximates that of the CS stage

If driven from a high impedance or if the input is left open, the input series comparison is
not effective (low loop gain) and the output impedance approximates that of the CS stage
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Behavioral modifications w.r.t. CS stage are a result of negative feedback:

Nonenergic feedback:
The equivalent input noise sources of the CD stage equal those of the CS stage

The drive capability, energy storage and power efficiency equal those of the CS stage

The 'amount of feedback' is expressed by the loop gain

If terminated with a relatively low impedance or shorted, the output shunt feedback is
not effective (low loop gain) and the input impedance approximates that of the CS stage

If driven from a high impedance or if the input is left open, the input series comparison is
not effective (low loop gain) and the output impedance approximates that of the CS stage
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CD stage: ideal gain and asymptotic gain
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controller

___________________________________________________________________
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Vs <> Cgd

ldeal gain:

___________________________________________________________________
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CD stage: ideal gain and asymptotic gain

controller

___________________________________________________________________

ldeal gain:

Gain if controller is
replaced with a nullor:

+ i
Vs<> Cgd mm=m |

___________________________________________________________________
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CD stage: ideal gain and asymptotic gain

controller
RS , T TS TTTT T :
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Vs<> Cgd mmmm | Cgs mmm= Vg l l = 1| |iRy Comm=Vy
— i — Csb i +
i ImUgs ImbUbs ;

ldeal gain:

Gain if controller is
replaced with a nullor:

8

(c) 2020 A.J.M. Montagne 24



CD stage: ideal gain and asymptotic gain

controller
RS , T TS TTTT T :
+ + - L
Vs<> Cgd mmmm | Cgs mmm Vg l l = 1o| |IRe]| | Co== Vi
— i — Csh i +
i ImUgs ImbUbs ;
ldeal gain: Asymptotic gain:

Gain if controller is
replaced with a nullor:

8
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CD stage: ideal gain and asymptotic gain

controller
Ry e
+ ; + 5 - L
Vs<> Cgd mm= | Cgs mmm Ugs l l = 7o| |iRe]| | Com= Vi
— | — Csh : +
' Im7Ugs 9mbUbs
ldeal gain: Asymptotic gain:
Gain if controller is Gain if controller is loop gain reference is replaced with a nullor:
replaced with a nullor:
Ve _
Vs
R
+
w (D
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CD stage: ideal gain and asymptotic gain

controller
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CD stage: ideal gain and asymptotic gain
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CD stage: loop gain

controller
+ - L
Cys m= Vgs l l —_— T Ryl | Co==Vy
C
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CD stage: loop gain
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Loop gain:

controller
+ - L
Cgs === VUgs l l = 7o| [ Re| | Co== Vi
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___________________________________________________________________
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Loop gain:
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CD stage: loop gain

controller
+ - L
Cgs === Vgs l l = 7o| || | Com== Vi
— Csbh ! +
dm7Ugs ImbUbs
ng
l@ = To| | | | Ci=m == K
I Csb - ! +

dmbUbs
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Loop gain:

L:gm%

CD stage: loop gain

controller
+ - L
Cgs === Vgs l l = 7o| || | Com== Vi
C |
— OmUgs ImbUbs sb | T
ng
l@ = To| | | | Ci=m == K
Csb - ! +
Ic dmbUbs "
f
L
dmb
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CD stage: loop gain

controller
Ry e e
1+ ; + 5 - L
Vs<> Cgd mmmm | Cgs mmm Uy l l = 7| | Re| | Corm==Vy
—_ i — Csbh i +
' dm7Ugs ImbUbs
Loop gain: Cod AL
’ v l@ l = To| | f| | Cem= 1, = I
_gm[_c Ic Trnb Vb Csbh — " +
r
1

Simplified diagram:
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CD stage: loop gain

controller
Ry e e
+ g + s - 4L
Vs<> Cgd mmmm | Cgs mmtm Vg l l = 1| [ Re| | Com= Vi
—_ i — Csbh i +
' dm7Ugs ImbUbs
Loop gain: Cod AL
’ v l = To| | fie| [ Cem= 1, == R
— L CS —_ ?
dm I, Ic Grmb Vb b " +
f
T = L Rs
. o . dmb
Simplified diagram:
(1) " (2)
ng —
ICT@ R)| | C)m== Cgs == V;
+

= 1 1 1
W_R_g—'__—l_gmb
/
= Cy + cgp
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CD stage: loop gain

controller
Ry e e
1+ + - L
Vs<> Cgd == Cgs == Ugs l l = 70| |iRe] | Com= Vi
—_ — Csp +
dm7Ugs 9mbUbs
Loop gain: Cod AL
’ v l = To| | fie| [ Cem= 1, == R
_gm[_c I, Trnb Vb Csb —_ " +
f
T = L Rs
. o . dmb
Simplified diagram: " o
Loop gain drops if: ng" _

= 1 1 1
W_R_g—'__—l_gmb
/
= Cy + cgp
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CD stage: loop gain

controller
R
1+ ; + 5 - L
Vs<> Cgd == | Cgs == Vg l l = 7| || | Com==V)
—_ | — Csh i +
' dm7Ugs ImbUbs
Loop gain: Cod AL
’ v l@ l = To| | f| | Cem= 1, = I
— -t CS —_ ?
9m I, Ic Grmb Vb b " +
f
T = L Rs
. o . dmb
Simplified diagram: " o
Loop gain drops if: ng" _
Load resistance decreases ICT@ R, O — Cgs == Vi
+
~ m =t tom
= Co+ csp
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CD stage: loop gain

controller
R

1+ ; + 5 - L
Vs<> Cgd == | Cgs == Vg l l = 7To| [{Re| | Com= Vi

—_ | — Csh i +

' dm7Ugs ImbUbs

Loop gain: Cod AL

’ v l@ = To| | f| | Cem= 1, = I

— -t CS —_— ?
9m I, Ic Grmb Vb b " +
f
T = L Rs
dmb
Simplified diagram: " o
1
Loop gain drops if: ng" _
Load resistance decreases ICT@ R, O — Cgs == Vi
Load capacitance increases +
~ m =t tom
¢ = Co+csp
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CD stage: loop gain

controller
R

1+ ; + 5 - L
Vs<> Cgd == | Cgs == Vg l l = 7| || | Com==V)

—_ | — Csh i +

' dm7Ugs ImbUbs

Loop gain: Cod AL

’ v l@ = To| | L] | Cem= o == L

— -t CS —_
9m I, Ic Grmb Vb b " +
f
T = L Rs
dmb
Simplified diagram: " o
1
Loop gain drops if: ng" _

Load resistance decreases ICT@ R, O — Cgs == Vi

Load capacitance increases +

Source resistance increases 1 ) ) )

B, R, + -+ gmb
= Co+ csp

(c) 2020 A.J.M. Montagne 39



1 i
Vs<> Cyd mmm | Cgs mmmm g l l N
B i Csh

CD stage: loop gain

controller

|
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Loop gain:

L:gm%

Simplified diagram:
Loop gain drops if:

Load resistance decreases
Load capacitance increases
Source resistance increases

ng
l@ = To| | fe| [Ce=m= == L
Csb - '+
Ic 9mbUbs "
f
T = L Rs
dmb
(1) II (2) Poll:
Cyd — How many poles?
ICT@ Ry | == Cgs mm Vi 111
+ 2:2
- . 1 1 1 3: 3
B, R, + -+ gmb
= Co+ csp

Poll:

How many zeros?

1:1
2: 2
3: 3
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CD stage: loop gain

controller

|
[ ] [ R R ettt |

Loop gain:

L:gm%

Simplified diagram:
Loop gain drops if:

Load resistance decreases
Load capacitance increases
Source resistance increases

ng
l@ = To| | fe| [Ce=m= == L
Csb - '+
Ic 9mbUbs "
f
T = L Rs
dmb
(1) II (2) Poll:
Cyd — How many poles?
ICT@ Ry | == Cgs mm Vi 111
+ 212
- . 1 1 1 3: 3
B, R, + -+ gmb
= Co+ csp

Poll:

How many zeros?

1:1
2: 2
3: 3
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CD stage: bandwidth and stability

Loop gain: R
(1) (2)
ng" —
IT@ rRl]loZ= .=
_|_
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CD stage: bandwidth and stability

Loop gain: Ry
(1) " (2)
Cqd —
ICT@ R)| | C)== Cgs == Vi
_|_
Cgd K Cgs
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CD stage: bandwidth and stability

Loop gain: Ry
(1) " (2)
Cqd —
ICT@ R)| | C)== Cgs == Vi
_|_
Cgd K Cgs

Cgd K Cé
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CD stage: bandwidth and stability

Loop gain: Ry
(1) " (2)
Cqd —
ICT@ R)| | C)== Cgs == Vi
_|_
Cgd K Cgs
Cgd K Cé

LDC — _ngZ
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CD stage: bandwidth and stability

Loop gain: Ry
(1) " (2)
Cqd —_
ICT@ R)| | C)== Cqs mmm V;
_|_
Cgd K Cgs
Cgd K Cé
LDC’ — _ngz LDCmaX — :
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CD stage: bandwidth and stability

Loop gain: Ry

(1)
ICT@ R)| | C)== Cgs == Vi

Cgd K Cgs

Cgd K Cé

LDC’ — _ngz LDCmaX — :
Two poles
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CD stage: bandwidth and stability

Loop gain: Ry
(1) " (2)
Cqd —
ICT@ R)| | C)== Cgs == Vi
_|_
Cgd K Cgs
Cgd K Cé
LDC’ — _ngz LDCmaX — _n—ll—l—l
v}
Two poles

Bandwidth follows from LP product (dominant poles only)
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CD stage: bandwidth and stability

Loop gain: Ry
(1) " (2)
Cqd —
ICT@ R)| | C)== Cgs == Vi
_|_
Cgd K Cgs
Cgd K Cé
LDC’ — _ngz LDCmaX — _n—ll—l—l
v}
Two poles

Bandwidth follows from LP product (dominant poles only)
Two dominant poles: peaking or instability possible
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CD stage: bandwidth and stability

Loop gain: Ry
(1) " (2)
Cqd —
ICT@ R)| | C)== Cgs == Vi
_|_
Cgd K Cgs
Cgd K Cé
LDC’ — _ngz LDCmaX — _n—ll—l—l
v}
Two poles

Bandwidth follows from LP product (dominant poles only)

Two dominant poles: peaking or instability possible
cqa €Stabishes a phantom zero
frequency can be changed (reduced) with external capacitor
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CD stage: bandwidth and stability

Loop gain: Ry
(1) " (2)
Cqd —
ICT@ R)| | C)== Cgs == Vi
_|_
Cgd K Cgs
Cgd K Cé
LDC’ — _ngz LDCmaX — _n—ll—l—l
v}
Two poles

Bandwidth follows from LP product (dominant poles only)

Two dominant poles: peaking or instability possible
cqqa €Stabishes a phantom zero
frequency can be changed (reduced) with external capacitor
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CD stage: SLICAP example

Phantom zero compensation of a

capacitively loaded CS stage

AN
—— Ul
R1 D CMOS18N
[ W={W} L={L} ID={ID}
vVl 4 RS + L@‘
value=0 +
dc=0 out
dcvar=0 —_— -
noise=0 ) C2 +
A4 {C_phz}
Vv —L
C1
lib SLiCAP.lib {C_ell}
A4

Im [HZz]

1.00

0.75

0.50

0.25

0.00

—0.25

—-0.50

-0.75

-1.00
-1.00 -0.75 -0.50 -0.25 0.00 0.25

CD stage

xlpoles galin, Cp
+poles gain, C p
- poles gain, C p

o030 3
N N N

.. 2.0e-15

Re [Hz]

0.75 1.00

1e9
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