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Abstract: 

 The operational amplifier is perhaps the most useful integrated device in existence today. We introduced various class AB two 

stage op-amps with high and approximately symmetrical slew rate and very simple architecture are introduced. A combination of 

adaptive loads and current replicating branch with scaled-down transistors is used to implement a push-pull output stage with 

maximum output current several times higher than the bias current. A CMOS class AB two-stage op-amp is proposed by 

modifying the existing power efficient class AB two-stage op-amps for low-power, optimum gain. Two important characteristics 
of CMOS devices are high noise immunity and low static power consumption.  

 

Tool required: Micro wind software. 
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1. Introduction:  

The designing of op-amps puts new challenges in low power 

applications with reduced channel length devices. 

Involvement of Design Automation (DA) tools in analogue 

and mixed signal design is still not matured as it is in the 

digital design domain. Designing of two-stage op-amps is a 
multidimensional-optimization problem. Single-stage op-

amps achieves highly symmetrical slew rate by using 

different efficient schemes. A drawback of a single stage op-

amp is that relatively low open-loop gain. Since the output 

cascading seriously transistors is to increase the output 

resistances (Rout) would limit the maximum output current 

and the slew rate enhancement factor. In the conventional 

class-A two-stage Miller-compensated op-amp is 

characterized by a highly asymmetrical slew rate with large 

positive slew rate and much lower negative slew rate. To 

avoid this limitation many class AB two-stage op-amps have 
been reported. Free class AB op-amp achieves class AB 

operation with additional small hardware. It consists of large 

resistor and small capacitor. This combination operates as 

an open battery that transfers ac variations taking place at 

the gate of pmos to the gate of nmos transistors. The output 

stage operates as a push-pull amplifier. 

 

2. Existing method 

Class AB two-stage op-amps  

 

The conventional op-amp is powered by using a high power 
supply. It provides inconsistent bandwidth and settling time 

over a wide range of closed loop voltage gains. 

Conventional op-amp is not applicable for the scaled down 

technology as it is power hungry and causes high cost for 

fabrication.  In the two stage op-amp circuits’ problem 

arises due to the dominant poles. Because of two dominant 

poles in the two stages op-amp instability can occur due to 

the inadequate phase margin value. This serious problem 

should be taken carefully by the designers otherwise the op-

amp will acts as oscillator instead of an amplifier. 

 
Figure1: Schematic of Conventional class A two stage 
miller op-amp 

There will be zero in the right half plane. In order to cancel 

the right zero an extra resistor is also added to the circuit 

and miller capacitor with a nulling resistance is added which 

control the gain over the RHP will occupy more area for 

larger resistance value. 

 

.
Figure2:schematic of free class AB op-amp. 
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Figure3:schematic of push pulls op-ampwith current 

replication branch. 

 

The current repliction branch does not require additonal 

compensation circuit.It has small dimensions reducimg area 

and stastic power dissipation.In order to achive large output 

currents a non linear adaptive load can be used.This 

modiication is seen in another circuit. 
 

 
Figure4: schematic of class AB two-stage op-amp with 

current replicating branch using an adaptive load. 

 
 By using an adaptive load at the input side in the circuit we 

can achieve class AB operation efficiently. Two different 

alternatives are the adaptive loads manoeuvre the large 

variation of output resistance of transistors between triode 

and saturation regions in quiescent conditions. In both 

schemes a current increase in IA causes transistors to go in 

triode region and to develop large drain-source voltages. 

These changes cause large currents flow in the output 

transistors. 

 

3. Proposed method: 

 
Figure5: Schematic of common gate class AB op-amp. 

 

 

4. Simulation results: 

Two stage CMOS op-amp with SCMC: 

 
Figure6: Timing waveform of SCMC 

 

Two stage CMOS op-amp using SCMC of free class AB op-

amp: 

 
Figure6: Timing waveform of SCMC with free class AB op-

amp. 

 
Two stage CMOS op-amp SCMC of push pulls op-amp with 

current replication branch. 

 
Figure8: Timing waveform of SCMC push pulls op-amp 

with current replication branch. 

 

SCMC of Two stage CMOS op-amp with current replicating 
branch using an adaptive load. 

 
Figure9: Timing waveform of SCMC class AB two-stage 

op-amp with current replicating branch using an adaptive 

load. 

 

SCMC of common gate class AB op-amp: 

 
Figure10: Timing waveform of SCMC common gate class 

AB op-amp. 
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Layout of SCMC with common gate class AB op-amp: 

 
Figure11: Layout of common gate class AB op-amp 

 

Comparison of power dissipation for different circuits: 

Name of the circuit Power dissipation 

Conventional two stage op-

amp 

0.761mw 

Free class AB op-amp 0.907mw 

Push pull op-amp with 
current replication branch 

0.961mw 

Class AB two stage op-amp 

with current replication 

branch and adaptive load 

1.446mw 

Common gate class AB op-

amp 

0.636mw 

Figure12: Tabular form for power dissipation comparison 

 

5. Conclusion 

The different schemes of power-efficient class AB two-

stage op-amps are introduced by using a current replication 

branch and adoptive loads have been experimentally tested. 

They achieve approximately symmetrical and high slew rate 

with very small additional static power dissipation and small 
additional circuitry.  
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