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1. Show that the output resistance of a MOSFET in saturation, when (Vp-Vpsa)/l >> Egy, iS
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approximately given by:
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A simple single-stage CMOS analog amplifier is shown below. For the devices, V,=700mV
and V,=-700mV. Assume that the (W/L) ratios are effective values, post-fabrication, and
that this is an n+ gate technology.

a. Estimate the DC input bias voltage V,y necessary to establish a DC output voltage, V,,
of 2.5V. [Hint: The Vp dependence is in AL.]

b. Calculate the small-signal gain of the amplifier at the bias point of part (a). Use the
expression in problem 1 above for the device output resistance.
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The ratio (Isw/lp) at hot-carrier induced breakdown usually falls within the range of 0.05 to
0.2. For this problem, assume that it is equal to 0.05 and is device independent. A 1um
CMOS technology has the following device and process parameters: t,=20nm, x=0.3um,
=0, Vy{,=700mV.

a. Derive an expression for the hot-carrier induced breakdown voltage, Vgp, of the nMOS
devices as a function of Lt and Vg’.

b. Plot (or sketch) log(Vep) as a function of log(Leg) for Leg=0.1pm to 100um for Vg'=2V.

Use the following parameters for an nMOSFET: t,=20nm, x=0.3um, a=0, V;,=700mV,
Ls~=1um. Based on device degradation results, it is recommended that this nMOS device
should not be operated with E,>2x10°V/cm.

a. What is the ratio of ly/lp at this value of E,,? Determine the recommended maximum
supply voltage Vpp. Assume Vg=3V and that this value of Vg produces the maximum
Isub-

b. What is the breakdown voltage of the device with V=3V, assuming that the device
breaks down at E,;=4x10°V/cm?

March 19, 2007



