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( Outline

AOP assembly

Dynamic behavior
AOP stability
+ AOP compensation
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aa . AOP assembly: connecting first stage to
| ! the second
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“'aa’ AOP assembly: connecting 2" stage to the
v //é output stage
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* Vg is fixed by connecting Ty; gate to the
reference voltage stage or to V,; which
variations are much smaller than those of V,

Dynamic behavior
AOP stability
+ AOP compensation

Homework & Labs
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Mlller' OTA is a two-stage amplifier with high
output impedance
- DC gain

vdd

* Open-Loop Dynamic
Performances
- Slew-Rate (V/s) : SR
- Unity-gain frequency (MHz) : f,
- Cut-off frequency / bandwidth (kHz) : £,

- Gain-Bandwidth product (MHz) : 6BW
for a first order behaviour, GBW=f,
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"M - MOSFET dynamic small-signal model
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iE = —iC +lvE ic =Cp(Vout _Vin)

iE = _CpVout + CpVin + iE

ip = CpV,'-n(l + A)+i}5

out

is =ic +is = CplVpe = Viy ) +is

il 1
ig = CpVout(l + z) +ig

Miller Transformation

C(1+4)=~Cx|4

C(1+l)zC
A
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‘M - Outline

*+ AOP stability
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Voltage follower
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- One stage - One pole
- First stage pole is dominant (Miller Effect)
- A two stage Amplifier should be stable...

- Simulation
- AC simulations : f,, f,and GBW
- Other poles (current source, ...)
- Often, a two stage amplifier is not naturally stable

B M Outline

+ AOP compensation
+ Homework & Labs
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"M\ Dominant pole adjustment

+ Idea: 15t pole shifts down to low frequencies by
adding C; in parallel with C 4,

Ylias13

- Amplifier behaves like I—E
a first order circuit > GBW — -

“simulation aop a 2 stages
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. Close-up view of the Mi i S
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* Increasing C,
- f, and f,; are shifted down accordingly

* Increase of gy,
- silicon cost, power consumption

« Design Tip : higher g,,;, increases stability

%
)’,7\
s/
- S
¢

.
/3 | AN\
A
\= =)

2N /\7’

+ Solution: adding a serial resistance
- 15t and 2" poles doesn't move a lot
- Additional 3rd pole @ higher frequencies
- Zero is changed:
->Zero can be adjusted
- to compensate 2" pole (hot robust enough)

- just after the unity gain frequency (viable
solution)

Close-up view of the Miller effect
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- First simulation with

random C, (5pF)
and R =0
- Choice of a phase margin
- extract f,
-> measure A(f,)

+ Step 2:

- Calculation of C¢= C40.A(f,)
- Zero positionning @ f +20%
- R, calculation
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Zero positioning for stability: 2"¢ method

+ 2nd method:
- Choice of unity-gain frequency:
* Example: from initial f =18MHz >

- Calculation of the
capacitance:

- Zero positionning
-« f,+20%: 12MHz >

10/12/1%



Analog IC Design - Academic year 2015/2016 - Session 5

- Homework & Labs
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Caractérisation dynamique de I’OTA Miller

Tracez le diagramme de Bode du montage et concluez sur la stabilité de ce montage utilisé en
suiveur de tension. Proposez un circuit de compensation pour cet amplificateur puis tracez a
nouveau le diagramme de Bode du montage. En déduire les marges de gain et de phase de cet
amplificateur utilisé en montage suiveur.

Montez I’amplificateur en suiveur de tension puis appliquez un échelon de tension entre 1V et
2V sur ’entrée et observez la sortie. Conclure et expliquez les résultats obtenus.
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