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Agenda

e Feedback amplifier examples
e Fully differential circuits

e Common-mode feedback introduction



Non-Inverting Amplifier Example ELEN-474
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Key points: T6)

If you want to amplify your signal:B(s) must be an attenuator (voltage divider!!)
The error is determined by the overall loop gain: T(s)=A(s)B(S)
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A(s) isamplifier response only
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Inverting Amplifier Example ELEN-474
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ELEN-474
Inverting Amplifier: consider the non-zero output impedance!!
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ELEN-474
Inverting Amplifier: consider the non-zero output impedance!!
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IDEAL GAIN
EI‘I’OI’E——OE — : “"’-*Determined by the OPAMP open-loop gain
AV22 i.-.:.A\V ........ ’ ; "
........................................... *+= Determined by the OPAMP output impedance
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Common-Mode Feedback
Techniques for Analog Circuits
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Basic Operational Transconductance Amplifier Topologies

SINGLE-ENDED
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Fully-Differential Circuits

In general: V01 — VOl _VOZ + VOl +V02 — VOd +V0C
vinl vol 2 2 2
O—- +> O
O—t O _
vin2 Vo2 V,, = Vo2 ~ Vo1 + Vor T Voo = —VLO'+VOC
2 2 2
» Hence
Vod | |Add Ade || Vid
Voc Acd Acc | Vic
Differential-mode output Common-mode output
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VOd Age =24 Ay =-0C Ao =0
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Fully-Differential Filters: Effects of current source inpedance and mismatches

vinl

vol

O A very important parameter: CMRR = Add
Adc

O

vo2 Vio +Vjy

w/ vy, =V, -V, and v, =

Solving the circuit:
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M2 V02 — gmlngZZ _(1+ Ys jvid _[ Ys jvic
21B i+ Yo +Ys 2gml Om

Y, is the admittance associated with the current source 21B



Fully-Differential Filters: Non-idealities

\oltage gain: Note the effects of the
mismatches, especially in A, and A4
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Fully-Differential Circuits

V01_V02 _ Zf

Ze > ldeal voltage gain A, = =
L] Vinz = Vim Zl
vinl 2, vol
O— - +> O > Ideally even-order distortions are cancelled
o—m— O > 1deally common-mode signals are rejected
vin2 4, Ze V02
——

»What sets the output common-mode of these circuits?
»Function of the amplifier output resistance

ZF
| ]
. a Common-mode offsets can impact the
vinl 2, vol
O—l - +> O performance of the following stages
» Can exceed the common-mode input
O—mm— < O—mm—| — _ g
vinz  Z Z; V02 T range of preceeding stages
|
|

 With finite A, can accumulate in a

multi-stage amplifier circuit



Fully-Differential Amplifiers: COMMON-MODE DC offset

el P

IB+AIB v v IB+AIB
Vo1 Vo2
Vi _‘ i_ \F.
Zy M1 M1

v'If AIB is positive transistors M3 eventually will be
biased in triode region (small resistance)

v'dc gain reduces drastically

v'Linear range is further minimized

v'THD increases

v"The common-mode output impedance is the
parallel of the equivalent output resistance (M1 and
M3) and the parasitic capacitors.

v'For large dc gain, the output impedance at nodes

v01 and v02 are further increased and AIB produces
a dc offset = R, AIB.

out
Large common-mode offsets!

v'"How this issue can be fixed?



Fully-Differential Amplifiers: Characterization

| v vCommon-mode current offset of 0.01 mA
18— . .
| :d_z-ﬁw-@j?- | per side is added on purpose

) Tail current is 0.5 mA while the current
sources on top are 0.26 mA!
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3 Al Amplifiers: Characterization
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v Offset current is integrated, and output
state when the current sources on top
become equal to 0.25 mA! |

-v'Differential input voltage is set at 0

T
s A.1us
o U(R94:2) « U(I3:-)

A.2us

T
8.3us 8. 4us

T T T T T
A.5us B.6us B.7us A.8us 8.9us 1.8us

Time



Fully-Differential Amplifiers: Common-mode Feedback
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Fully-Differential Amplifiers: Common-mode Feedback

V.G =100 WANL

- VIf the current offset is 10 pA, then the
- offset voltage needed for compensationis -
SO0

R ExpeCted DC dutputs after settlihg are
1000m\. . .

- v'If necessary to reduce this 100mV offset
- further, thenuse a largerG,.,, =~ =~
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What IS a common mode feed- back
correction circuit ?

2
=
{;‘.

| A common mode feed-back circuit is a
#& circuit sensing the common-mode voltage,
comparing it with a proper reference, and
feeding back the correcting common-mode
signal (both nodes of the fully-differential
circuit) with the purpose to cancel the
output common-mode current component, .
and to fix the dc outputs to the desired level. g==




Fully-Differential Filters: CMFB Principle

Zg
—
vinl %4, vol
O—mm—- +> O
O—1 T O
vin2 4, V02

» A common-mode feedback loop must be used:
Circuit must operate on the common-mode
signals only!

»BASIC IDEA: CMFB is a circuit with very
small impedance for the common-mode signals
but transparent for the differential signals.

»Use a common-mode detector (eliminates the
effect of differential signals and detect common-
mode signals)

» Analyze the common-mode feedback loop:
Large transconductance gain and enough phase
margin

» Minimum power consumption



Next Time

e Common-Mode Feedback Technigues
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