EE140: Lab 5, Project Week 2
VGA and ADC Op-amps
Due: Week 12, 2016
Introduction
For this lab, you will be developing the background and circuits that you will need to get your final project to work.  You should do this with your project group.  The results should go into your powerpoint design document, and will be presented to your TA next week at the beginning of lab.
Objective
The goal is to design and simulate a PMOS input folded cascode for your VGA, and an NMOS input folded cascode for your ADC comparator.  The figures below show the topology and bias generation circuitry of simple PMOS and NMOS input folded cascodes.  These are provided for reference only.  You can copy them directly if you like, or use other sources, or design your own from scratch.  In any case, you might want to start with relatively small devices with long channels (e.g. W/L = 5um/0.5um) to keep the devices in quadratic mode where they are easier to analyze. 
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Figure 6.28 and 4.9(a) from the textbook.
Section 4.2.5.2 in the book has several examples of circuitry to generate the bias voltages on the gates of M11 and M1A.  The simplest is shown in the figure on the right above.  (You are not interested in “VIN” and “VOUT” – you just want the two gate voltages VG3 and VG4).  You can do better for both M1A and M3A (e.g. 4.11(b), 4.12(b), or the circuit used in class), but this is a simple place to start.  The reference current source IIN can come from your supply-independent reference circuit, but initially you can use a resistor or an ideal source.  The bias of M5 also needs to be generated from a diode connected FET and a reference current source.
An NMOS input folded cascode from Freescale [1] is shown in the figure below.  Note that this amplifier as drawn is a differential output op-amp.  You want to change that by tying the gates of M13 and M14 to their drains to form a current mirror, as in M3 and M3A in the PMOS-input amplifier above.  Later, you may want to change both mirrors to a high-swing cascode bias, which is in the book and we will discuss in class.
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Figure 3 from reference [1] NMOS-input folded cascode.  Note the bias currents shown are probably not where you should start.  Choose a bias that gives Vov>100mV.
Analysis
Start with a fixed VDDA of 3V.  For each amplifier

· Set the input common mode to VDDA/2, and make sure that the DC operating point (bias voltages, currents, and overdrive voltages) make sense to you.  Specifically, make sure that all of the devices are in saturation with Vov > 100mV.

· Estimate the gm and ro of the devices in the signal path, and the expected DC gain.  Compare to DC simulation.

· Estimate the open loop low frequency gain, and the pole and unity gain frequency assuming a large load capacitor (e.g. 1pF should be larger than any other capacitance in your circuit).  Compare to simulation.

Debugging

It’s a good idea to build things in pieces and test as you go.  You could start with the bias network, building up the circuit one leg at a time and verifying that you get the expected gate bias voltages, and then adding in the transistors in the signal path.  Or you could build the signal path first, with ideal sources to set biases, and verify that it operates the way that you expect before adding in the bias network.
“Test as you go” means “do a hand analysis to estimate bias point voltages and currents, small-signal model parameters, gain, BW, etc., and then check with simulation to make sure that is what your circuit is doing”.  If SPICE and hand analysis don’t match, stop!  Go back and figure out if your analysis is wrong, or you built the circuit wrong, or what.  A DC plot of Vout vs. V+ will tell you gain and output swing (take a derivative and see how close you can get to the rails before the gain drops off).  That same plot with several different values for V- will give you an idea of what your input common mode range is, and how gain and swing vary with input common mode.  Estimate phase margin, and then put the amplifier in unity gain feedback and see if the response to a step input looks like you expect.
[1] Lacerda, Pietri, Olmos, “A Differential Switched-Capacitor Amplifier with Programmable Gain and Output Offset Voltage”, SBCCI 2006.

