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Final Project: Operational Amplifier 

 

Design Rationale 

I tried several topologies throughout the design of my operational amplifier. I tried implementing 

a telescopic structure as well as a folded cascode version. While these topologies provided great 

bandwidth and phase margin, I struggled to reach the target DC gain of 60 dB. It seemed to be 

difficult to bias these circuits as there was not much headroom to work with. After many 

attempts and different implementations, I arrived at a basic topology which is a two-stage design, 

consisting of a differential pair followed by another single ended gain stage. The benefits of the 

topology that I chose are that there is an overall gain multiplication of the two stages, so each 

stage is only required to have a gain of 31. Additionally, the output stage does not need any 

cascodes, which thus allows for a larger output range. Similarly, the input stage does not need 

any cascodes, which yields a better common-mode input range. For bias generation of current, I 

chose to implement the supply independent current source that we learned in lecture, with a 

diode connected NMOS instead of a BJT. I also implemented a compensation resistor in series 

with the normal compensation capacitor between the first and second stages, which provided 

better phase margin by moving the zero to partially compensate for the second pole, and this also 

improved bandwidth. This basic amplifier topology is inspired from my original project 1 design, 

which came from “MOS Operational Amplifier Design—A Tutorial Overview” which is 

referenced below [1]. This paper was also useful for bandwidth compensation. 

 

 

 

 

 

 

 

 

 

 



Hand Analysis 

DC Gain: 

The total gain of the amplifier is the gain of the two individual stages multiplied together. 
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Opamp Unity Gain-Bandwidth Product: 

There are two main poles in this circuit. 
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Phase Margin: 
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Slew Rate: 
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Input Common Mode Range: 
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Common Mode Rejection Ratio: 
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Circuit and Circuit Test Benches 

The following circuits were used to determine the intrinsic parameters of the nmos and pmos 

transistors. The parameters shown below the three circuits are extracted from the measured 

currents in the test structures. 

 

 

 

 

 

 

 

 

 

 



Main Opamp with DC Operating Point 

 

 

 

Simulation Result DC Sweep 

 

 

 

 



Simulation Result AC Response 

 

 

Transient Response 

Settling Time (+) : 

 



Settling Time (-) : 

 

 

Slew Rate (+) : 

 

 



Slew Rate (–) : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Summary Tables 

Device Sizes  
 

Transistor Width Length  Resistor Size (ohm)  

M1 1250u 0.1u  R1 7.85  

M2 1250u 0.1u  R2 300  

M3 250u 0.1u      

M4 250u 0.1u  Capacitor Size  

M5 1000u 0.1u  Cc 7.2p  

M6 1000u 0.1u  CL 1p  

M7 1000u 0.1u      

M8 25u 0.1u  Parasitic Capacitances  

M10 10u 0.4u  C1 2.2p  

M11 10u 0.4u  C2 2p  

M12 30u 0.4u        

 

 

 

 

 

 

 



  

Comparison of Results 

    % Difference 

DC Gain 
Hand Analysis 53.6 dB 

0.100 = 10.0% 
Simulation 59.8 dB 

UGBW 
Hand Analysis 3.1 GHz 

0.069 = 69% 
Simulation 10.0 GHz 

Phase Margin 
Hand Analysis 75.6 deg 

0.154 = 5.4% 
Simulation 65.5 deg 

SR+ 
Hand Analysis 5.50E-09 

0.527 = 52.7% 
Simulation 3.60E-09 

SR- 
Hand Analysis 1.85E+10 

0.61 = 61% 
Simulation 7.20E+09 

ICMR 
Hand Analysis 0.32V 

0.030 = 3.0% 
Simulation 0.33V 

CMRR 
Hand Analysis 47 dB 

0.022 = 2.2% 
Simulation 46 dB 

 

 

Specification/Performance Table 
 

Parameter Description Desired Achieved Unit  

Power Supply(CL) 0.8-1.6 1.6 V 
 

Ground Supply(Vss) 0 0 V 
 

Output Load (CL) 1 1 pF 
 

Opamp DC Gain (Av0) 60 59.8 dB 
 

Opamp Unity Gain-Bandwidth Product (UGBW)  10 10 GHz  

Phase Margin (ϕ) > 65 68 Degree  

Positive Settling Time (0.01% of 1V input step) < 5 2.21 ns  

Negative Settling Time (0.01% of 1V input step) < 5 0.347 ns  

Supply Current Consumption (IDD) - 109.5 mA 
 

Power Consumption (VDD*IDD) - 175.1 mW 
 

Positive Slew Rate (SR+) > 1 3.6 V/ns  

Negative Slew Rate (SR-) > 1 7.2 V/ns  

Input Common-Mode Range (ICMR) > 0.8 0.33 V  

Input Common-Mode Range (ICMR) (Av0 > 50 dB) > 0.8 0.98 V 
 

Common Mode Rejection Ratio @ DC (CMRR) > 60 46 dB  

 

 



Discussion of Results 

Overall, the hand analysis and simulation results for the gain compared well with each other with 

the exception of the bandwidth and slew rate. All of the other calculations were within 10% of 

the simulation values, which is reasonable given that many of the equations are based on the 

simplified square law model. Additionally, the intrinsic parameters of the MOS devices used in 

the hand analysis do not account for many of the nonidealities that the device models do. The 

bandwidth was likely off due to a high sensitivity to the compensation resistor placed in series 

with the compensation capacitor. In the end, I had to rely on the simulator for the optimum sizing 

of the resistor for maximum phase margin. For the slew rate, the large variance was likely due to 

poor behavior near the extremes of the operating range. This complicated behavior was difficult 

to calculate and the simplified equations I was using in the analysis did not model those effects. 

Overall, the design seemed to be successful as it met almost every specification except for the 

ICMR, which was a result of Vdsat being high on many of the devices which led to headroom 

issues. I believe the design could easily meet this spec if the gain, bandwidth, or phase margin 

requirements were lowered, but I found it difficult to meet the ICMR > 0.8V desired spec while 

simultaneously still meeting these three other parameters. 
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