ELE 539 Analog Integrated Circuit Design Fall 2009

Only solve three of the four problems stated!
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Device Physics

An n-well CMOS process features a p-substrate doping concentrations of
Na=1.0x10"m". Furthermore, we know that £4,=3.6x10"! As/Vm and n;=2.0x10"%m™
at T=300K

a) Determine the n-channel Fermi potential ¢r, at room temperature.

b) The n-channel flat-band voltage is approximately Vrp,=0.7 V. Calculate the gate
oxide thickness tg, such that Vi,=0.8 V.

¢) How much does the threshold voltage Vi, of an n-channel device change if its
source is 2V above the substrate potential? To find your answer, use the t,x value
listed in the BSIM parameters on page 3.

Common Drain Amplifier
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All transistors have the same W/L ratio of 100/4 and their physical parameters are:
p=4x107 m% Vs, Cox=2.5x107 F/m?, ¢;=0.4 V, Vio=0.7 V, v=0.6 V?and 2=0.02 V",
Assume that Vy, is generated by an ideal ac voltage source.

a) Find the de component of the output voltage Vo if all transistor substrates are
connected to -2.5V.

b) Find an expression and a numerical value for the output resistance roy.

¢) Derive an expression for the voltage transfer function A=V y/'Vin and find the
numerical value for the given transistor parameters.
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a) Sketch the small signal linear equivalent circuit for this amplifier under the
assumption that both devices are operated in saturation.

b) Derive an expression for the de veltage gain Av=V,,/Vi, (assume Ving=Voug=0).
Your final gain expression should contain only physical device parameters and
pertinent bias voltages. No numerical value is required.

¢) Determine the 3 dB corner frequency (in Hz) if the circuit drives a capacitive load
of Ci=500fF. Use (W/L);=6, (W/L),=2 and A;=h,=0.02V",

3) Differential Load
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a) Sketch the ac equivalent circuit for the differential load stage depicted above.

b) Assume that the two branches are operated under common-mode conditions,
where iol=i02. Find the two equivalent output resistors roiem = V o1/l o1 @a0d ¥ goem=
v 02/1 g, respectively, Only provide symbolic expressions, no numerical values!

¢) Find the two equivalent output resistors under differential-mode conditions,
where iol=-i02. Again, no numerical values are required.
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