An operational amplifier design in TSMC 0.18um process
Introduction 

Op-amp is one of fundamental analog building block and its usage is still highly desirable for various applications. The designing of Op-amp is challenging in deep sub-micron technology such as 180nm 90nm and behind since as minimum feature size keeps shrinking and short channel effect limits device characteristics such as Gm, Ro….etc.
Op-amp descriptions

This op-amp consists of three stages: two cascaded differential amplifiers and a common source amplifier as final stage (Figure2-1). 
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Figure2-1
The reason we chose three stages is to keep a larger gain and a low power supply (2V for 180nm process). A biasing circuit (Figure2-2) is used to provide fixed voltage for NMOS device.
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Figure2-2
We applied Beta-multiplier structure for this biasing circuit, the main advantage is reduction of reference current verifying with power supply VDD. 
The open loop gain (Figure2-3) of this Op-amp is roughly given by following equations.
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Figure2-3
Where first and second equation represents first and second differential amplifier gain, last equation is common source amplifier gain. Hand calculation (72db) and simulated (83db) has slight difference since the body Gmbs is ignorant during hand calculation.

The concern with this topology is compensation; we used nested Miller indirect method where capacitor Cc1 is used to push pole located at common source gate region to a higher frequency avoiding pole splitting. Capacitor Cc2 effects unity gain frequency (
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Capacitance value of Cc2 sets to 250fF since we target a unity gain frequency is larger than 250MHZ and phase margin (PM) must be over 70 degree due to stability reason. The load capacitor CL selection is also a concern since unity gain frequency will drop value if we increase CL value. Below simulated figure (Figure2-4) demonstrates frequency response for unity gain frequency and phase margin. 
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Figure2-4
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Another benefit of using two diff-amps is increasing of CMRR (common mode rejection ratio), the simulated (Figure2-5) CMRR is around 89dB.
[image: image10.png]YO (dB)

— CMRR
100

Expressions

80-

I
MO(1L543kHz, 83.448)

60-

40-

20

102

105

freq (Hz)

108





Figure2-5
Specifications obtained

Below sheet tabulates desired specs we achieved.
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Output Swing 0.4V < Vout < 1.8V

Current Consumption (I) <2mA

Unit-Gain frequency (fun) 360MHZ

Slew Rate (SR) 134V/us

CMRR (dB) 89dB
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