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Cascode Op Amps



Simple Single Stage Cascode Op Amp



Example: Single-Stage, Cascode Op Amp
Performance



Two-Stage Op Amp with a Cascoded
First-Stage



Two-Stage Op Amp with a Cascode
Second-Stage



A Balanced, Two-Stage Op Amp
using a Cascode Output Stage



Design Relationships for Balanced,
Cascode Output Stage Op Amp.



Design of Balanced, Cascoded
Output Stage Op Amp



Design of Balanced, Cascoded
Output Stage Op Amp (cont)



Design of Balanced, Cascoded
Output Stage Op Amp (cont)



Design of Balanced, Cascoded
Output Stage Op Amp (cont)



Technological Implications of the
Cascode Configuration



Input Common Mode Range for Two
Types of Differential Amplifier Loads



The Folded Cascode Op Amp



Small-Signal Analysis of the Folded
Cascode Op Amp



Frequency Response of the Folded
Cascode Op Amp



Example: Folded Cascode, CMOS
Op Amp



PSRR of the Folded Cascode Op Amp



Frequency Response of the PSRR- of the
Folded Cascode Op Amp



Design Approach for the Folded-
Cascode Op Amp



Example: Design of a Folded-Cascode
Op Amp



Example: Design of a Folded-Cascode
Op Amp (cont)



Example: Design of a Folded-Cascode
Op Amp (cont)



Comments on Folded Cascode Op Amps



Enhanced-Gain, Folded Cascode
Op Amps



What are the Enhancement Amplifiers?



Frequency Response of the Enhanced
Gain Cascode Op Amps



Frequency Response of the Enhanced
Gain Cascode Op Amps (cont)



Buffered Op Amps



Buffered Op Amps

• Illustrate the method of lowering the output
resistance of simple op amps

– Open-loop MOSFET buffered op amps

– Closed-loop MOSFET buffered op amps (shunt
negative feedback)

– BJT output op amps

• Show examples



What is a Buffered Op Amp?

• A buffered op amp is an op amp with a low value
of output resistance, Ro.

• The result is a voltage-controlled, voltage-source
amplifier.
– Requirements are generally the same as for the

output amplifier:

• Low output resistance

• Large output signal swing

• Low distortion

• High efficiency

10 1000oR   



The Source Follower as a Buffer



Two-Stage Op Amp with Follower



Source-Follower, Push-Pull Output
Op Amp



Compensation of Op Amps with
Output Amplifiers



Crossover-Inverter, Buffer Stage Op Amp



Crossover-Inverter, Buffer Stage Op Amp
- Continued



Low Output Resistance Op Amp



Low Output Resistance Op Amp -
Continued



Low Output Resistance Op Amp -
Continued



Low Output Resistance Op Amp –
Complete Schematic



Simpler Implementation of Negative Feedback
to Achieve Low Output Resistance



Example - Low Output Resistance Using
Shunt Negative Feedback Buffer



BJTs Available in CMOS Technology



Two-Stage Op Amp with a Class-A BJT
Output Buffer Stage



Example - Designing the Class-A,
Buffered Op Amp



Example - Designing the Class-A,
Buffered Op Amp



Summary



High Frequency Op Amps



HIGH SPEED/FREQUENCY OP AMPS

• Increase the GB of operational amplifiers

– Extending the GB of conventional op amps

• Cascading of Amplifiers

– Voltage amplifiers

– Voltage amplifiers using current feedback



INCREASING THE GB OF OP AMPS



What is the Limit of Gain-Bandwidth?



Higher Poles



Increasing the GB of a Two-Stage
Op Amp



Example - Increasing the GB of the
Two-Stage Op Amp Design



Example - Increasing the GB of the
Two-Stage Op Amp Design



Example - Increasing the GB of the
Folded Cascode Op Amp



Example - Increasing the GB of the
Folded Cascode Op Amp (cont)



Example - Increasing the GB of the
Folded Cascode Op Amp (cont)



Example - Increasing the GB of the
Folded Cascode Op Amp (cont)



Example - Increasing the GB of the
Folded Cascode Op Amp (cont)



Elimination of Higher-Order Poles



CASCADED AMPLIFIERS USING
CURRENT FEEDBACK AMPLIFIERS



Bandwidth Advantage of a Current
Feedback Amplifier



Bandwidth Advantage of a Current
Feedback Amplifier (continued)



A Wide-Swing, Cascode Current Mirror
as a High Frequency Amplifier



Example - Design of a High GB Voltage
Amplifier using Current Feedback



Example - Design of a High GB Voltage
Amplifier using Current Feedback



Example - Design of a High GB Voltage
Amplifier using Current Feedback



Current Feedback Amplifier



Differential Implementation of the Current
Feedback Amplifier


