CL= 500pF; RL=32 Ω
Vout = 3Vpp (3 V swing peak to peak)

Av > 90 dB

fu > 1 MHz

PM > 60 deg.

GM > 15 dB

Slew Rate > 1 V/s

PSRR > 70 dB @ 1 KHz

CMRR > 50 dB @ 100 Hz

Input referred noise 
< 60 nV/rtHz @ 1KHz

< 30 nV/rtHz @ 100KHz

Total Harmonic Distortion

THD < 0.2% @ 1KHz

THD < 0.5% @ 10KHz

Settling time

Ts < 1s to 0.1% of final value for +/- 1V step with rise and fall

times of 10nS.
Circuit schematic

Gain stage


The gain stage of the amplifier is chosen to be the folded cascode fully differential amplifier with pmos loads. The differential folded cascade voltage amplifier was chosen as it provides a larger voltage swing than its single-ended counterpart. In contrast to a two-stage amplifier, the cascade will provide good speed response at the cost of higher noise. However, proper transistor sizing can be employed to minimize the noise of the folded cascode and increase the gain to meet the requirements specified.
[image: image1.emf]
Table 1 Op-amp comparison table
[image: image2.emf]
Figure 1Gain stage for fully differential folded cascode
Gain = gm1{[(gm3 + gmb3)ro3(ro1 ||ro5)]||[(gm7 + gmb7 )ro7ro9]}  


Eqn 1 

CMFB

As the specification calls for a high gain circuit, the circuit will require a Common Mode Feedback(CMFB) circuit  to overcome variations in device properties and mismatches. Notes Razavi 316
[image: image3.emf]
Figure 2Folded Cascode with CMFB circuit
The choice of the CMFB takes the Channel length modulation into account. Unlike other CMFB circuits, it gives a more accurate Common Mode level while not limiting the voltage swing and minimizes the capacitance seen at the output due to large transistor sizes as can be seen in CMFB using transistors in triode. 
Output stage

In order to reduce the output impedance a class AB output stage is employed.

[image: image4.emf]
Figure 3 Class AB output stage and biasing circuit

Biasing circuit

[image: image5.emf]
Loads
The loads of the circuit are as specified in the design specification; CL= 500pF; RL=32 Ω.
Voltage reference circuit

The voltage reference circuit used is that of the bandgap voltage reference.
[image: image6.emf]
Figure 4 BandGap Vref

Current reference circuit

The current reference used is the IPTAT current reference.
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Sources of the proposed circuit

Reference papers, textbooks, lecture notes and others …
