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When do we use an OTA or an Op Amp ?

* An Operational Transconductance Amplifier isavoltage control
current source VCCS. It hasideally an infinite bandwidth, input
Impedance and output impedance.

 An OTA can be used for open-loop continuous-time applications or
for closed-loop applications when the load impedance is high, i.e.,
OTA-C or Switched-Capacitor Circuits.

* An Operational Amplifier isaVCVS hasideally infinite gain-
bandwidth product and input impedance and zero output impedance.

* Op Amps are used in closed loops unless they are used as
comparators. They can handle low impedance loads such as speakers
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Av = Vout/(ViT-Vi’)
|deal characteristics:

* Infinite voltage gain and GBW
e Zero output impedance

* Infinite Input Impedance
e Infinite common-moder g ection ratio

Always use the Op Amp in closed loop for amplification
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Basic Building Blocks

* The Op Amp
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Fundamental Operators
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Particular Cases
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low to Make a Genera Summer?

Z, Z.
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Now if welet Z,=7,, Z,=Z,and Z.=Z_, one can equate (1) & (2)

_Vl_VZ_VO:_V3_V4_V5
Z, Z, Zr Z Z. Zs
VO = éV:l_- éV2 + éV3+ éV4 + &V5

Z, 0t Zy, fZy 07, Ze

Reader: What are, in general, the conditions for the above equation to hold?
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Additional Feedback Properties

V., V V. (s Example
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/\/'V’r;at ISthe common-mode gain voltage ? N

What isthe differential gain voltage ?

What isthe common-modergection ratio (CMRR)?
/\ T

Do we need a fully differential op amp to havea good CMRR ?

How about using single ended op ampsyielding a
fully differential Output ?

Analog and Mixed-Signal Center, TAMU



Symmetrical Circuits

OperAmp.ppt
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Symmetrical Circuit
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Application of Superposition
ip=1"1+1"1 4 Nowsince Vg=V'g
ipg=ig+itpy  i'j=-i" . j=123
ig=i'g+i"gp sij=0 , j=123

So we can simplify the analysis to half circuit for equal (common) inputs.
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Symmetrical Input (common-mode) For antisymmetrical inputs

Superposition can be applied, thus, the voltages between any pair of terminals

on the axisof symmetry is:
Wj:VU+Vu

However,symmetry conditionsyield:
VlIJ - Vnij

Therefore, theequivalent haf circuit becomes

<
n
100 eN o

Antisymmetrical I nput (Differential-mode)
Analog and Mixed-Signal Circuits



An example of a Symmetric Circuit
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What arethedifferential gain, and the common mode gain ?

Analog and Mixed-Signal Center
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VG = 05(Vy + V)
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Vo V2
Basic principle of FB architecturewith only CM feedforward path.
_ Vi(8) * Vo(9)
Ve(s) =+ 5 2

isinserted betweennode" C"and areference node. Notethat a V(s) voltageis controlled
by thecommon - modevalueof thefeedback voltagesV,(s) and V5 (s). Assuming that
theinput of each amplifier are virtually shorted it allowsthe output voltages Vg1(s) and
Vo2(s) to befully balanced around a constant voltageVcopmr (= 0) applied to the reference
node. They are given asfollows:

VO]_(S) - V]_(S) _2\/2 (S) -

- Vo2(9).



Example# 1.

R2

(a) ~WN— (b)

R1
_[\/W\ >—V01
ViR va—W
\/W:]—“'VCMR
R2

R1 Vi
\/W\ + - 12

A —

R2
An inverting FB amplifier with (a) CM feedforward, and (b) CM feedback

In principle, both circuits realize the same differenti al and common - mode transfer
functions. However, the new FB inverting amplifier in Fig. (a) can berealized more
samply, i.e, with only ordinary opamps, than the conventional approach shown in
Fig. (b). Its stability isalsoimproved because a CM feedback is not required.

Analog and Mixed-Signal Center



Examples. #2 (b)
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Fig. (a) A second-order single ended prototypefilter. (b) adifferential filter architecture,
(c) amodified differential filter architecture, (d) a fully balanced filter architecture.

Theeffectivedesign plan under the proposed architectureis summarized in thefollowingexample:

(A) A single-ended version of abandpassfilter shownin Fig.(a)

IS designed.

(B) A differentia but not balanced version of thesystem showninFig.(b) iscreated.
Itis achieved by ssmple duplication of thecircuit shownin Fig.(a).
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Do Real Op Amp Have Infinite Bandwidth?

A
A(s) @ Ao _Top  GB

1+%vp S+wp  S+wy

Why do Op Amp have a dominant pole?
-- Stability Consideration
--1.e. LM741 Op Amp

Ao=2 10V wy=2p 57/

GB=2p 106%

How does this frequency dependence affect the Op Amp circuit
performance?

. Y/
Let’s consider the voltage follower? R >

Vl
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in +A S+ GB deC
GB
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Problem: Design an Inverter Amplifier of Voltage Gain
of -2 to Operate from DC to 1 MHz.

» f

Vo
A Vi,
2
608
oct
W3dB
" GB
3dB =
Ry
GB| = 3wqg = 3MHz
Re_,

R, Re
V. o—A"A\NA —

N
+ V

The commercial Op Amp must have a GB
of at least SMHz, say LF353.

Reader:

If an Op Amp has GB=1MHz, what isthe
w,qg fOr again of |3, for both inverting
and non-inverting amplifiers?



GB Effectson Basic Building Blocks

* Inverter Integrator Z L H(jw)
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Exercises

Determine the transfer function of the following integrators assuming

A(S) @ﬁ , Identical op amps. Also obtain the quality factors (Q,’s

for each one.




First-Order Filters R
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Ry 1+ SR Gy R,

One-Pole/One-LHP-Zero  H(s) = -

C A AN
Ry 1+ 156, i
2
VI O /\/\/\/ -
R + _OV
- (0]
One-Pole/One-RHP-Zero H(s) = 1- RCs ;r
1+ RCs
C R
HF A—
VA |
V.
oL \ oL C
r / R
L y v

L 0

Exercise--
Design afirst-order filter with one pole at 1KHz and a RHP zero at 2KHz.
Plot magnitude and phase vs.w.



COMPARATIVE VIEW OF INTEGRATORS

I mplementation Remarks
C” * Non-ideal op amp effects
R i.e, A, GB
Vi N\*Fl>;_o « Frequency limitations

= Tc=RC W0:i< GB, i.e.,WOE@
- Tc 30

MOSFET-C, Tc =  Need of buffered op amp

K(Ver - Ve2)

e Limited MOSFET’s gate voltage

* Increased tunability
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|« Noloading effect
— |« Still GB effects
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» No parasitic capacitance effects

Need linear components
Excellent frequency response

MOSFET OTA tuning
range of several octaves

BiCMOS OTA wider tuning range

OTA-C ) Te= Im Suffer parasitic capacitance effects



I mplementation
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Remarks

» Allows use of simple transconductors.

» Useslocal feedback to reduce effect
of parasitics.

» Open possibilities for new filter
implementations.

» Time constant is set by a capacitor
ratio and the clock frequency.

» GB effects can be severe at high
frequencies.
» Switches feed through effects.

e LV not suitable to turn on switches.

Analog and Mixed-Signal Center



Conclusions

« OTA and Op Amp have different properties and different applications

« Amplifiers non-idealities can degrade performance drastically and limit their
applications.

o Fully symmetrical circuits are very useful and can be implemented using
single-ended amplifiers providing they are properly connected

Analog and Mixed-Signal Center



