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When do we use an OTA or an Op Amp ?

• An Operational Transconductance Amplifier is a voltage control 
current source VCCS. It has ideally 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 is a VCVS has ideally 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



Vi-

Vi+
Vout

Ideal characteristics:

• Infinite voltage gain and GBW
• Zero output impedance
• Infinite Input Impedance
• Infinite common-mode rejection ratio

Av = Vout/(Vi+ -Vi-)

Always use the Op Amp in closed loop for amplification

Analog and Mixed-Signal  Center, TAMU



• The Op Amp

• BUFFER
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Fundamental Operators
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Particular Cases

• If Z1 =R1, ZF = RF
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How to Make a General Summer?
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Now if we let Z2=Z3, Z1=Z4 and Z5=ZF, one can equate (1) & (2)
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Reader: What are, in general, the conditions for the above equation to hold?
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General Summer
(Applications)

Integrator Mixed-Operations
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Additional Feedback Properties
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What is the common-mode gain voltage ?

What is the differential gain voltage ?

What is the common-mode rejection ratio  (CMRR)?

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

How about using single ended op amps yielding a 
fully differential Output ?

Analog and Mixed-Signal  Center, TAMU



Symmetrical Circuits
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An example of a Symmetric Circuit

What are the differential gain, and the common mode gain ?

Analog and Mixed-Signal Center
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Example # 1:

2R
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Examples:  #2
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Gain-Bandwidth Product
and 

Closed Loop Gain
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Do Real Op Amp Have Infinite Bandwidth?
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Problem:   Design an Inverter Amplifier of Voltage Gain 
of -2 to Operate from DC to 1 MHz.
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Reader:
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GB Effects on Basic Building Blocks
• Inverter Integrator
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Exercises
Determine the transfer function of the following integrators assuming

, identical op amps. Also obtain the quality factors (QI’s 

for each one. 
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First-Order Filters
Low-Pass

High-Pass
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One-Pole/One-LHP-Zero

One-Pole/One-RHP-Zero
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Exercise--
Design a first-order filter with one pole at 1KHz and a RHP zero at 2KHz. 
Plot magnitude and phase vs.   . ω



COMPARATIVE VIEW OF INTEGRATORS

Implementation Remarks
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INTEGRATORS

Implementation Remarks
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• Allows use of simple transconductors.

• Uses local feedback to reduce effect
of parasitics.

• Open possibilities for new filter
implementations.
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• GB effects can be severe at high
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Conclusions

• OTA and Op Amp have different properties and different applications

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

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

Analog and Mixed-Signal Center


