University of California, Berkeley Fall 2003
EECS 105 Prof. A. Niknejad

Midterm Exam (closed book)
Thursday, September 25, 2003

Helpful hints appear at the end of the exam.

1. (20 points) The step response of the series LCR circuit is shown below.
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(a) Is the damping factor ¢ greater than or less than unity?
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(b) Qualitatively, describe the effect of decreasing the capacitance of the circuit.
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(c) If it is desired to obtain a critically damped response. find the value of the series

ist R if \/L/C = 50Q.
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(d) If the circuit is now driven with a sinusoidal voltage source of frequency w # wy.

find an expression for the power dissipation in the resistor R?
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2. (20 points) For the resistor shown below
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The sheet resistances of the region are RY = 10kQ)/sq, RE = 50kQ/sq, RY = 30kQ/sq.



(a) Calculate the resistance of the structure
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(b) At what voltage level does Ohm’s law begin to fail, assuming tRat the carriers
saturate when the electric field approaches 10*V /cm?
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The doping has a uniform concentration of 10%cm™3. The thickness of the diffu

3. (20 points)A diffusion resistor is fabricated by doping Si with a group three element.
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region is unknown but the measured resistance of a long rectangular resistor with

L =100u and W = 5u is 3kQ2. (a) Estimate the free carrier electron and hole
densities.
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(b) Calculate the thickness of the diffusion region (be careful with units of cm!).
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(¢) The same sample is now heated to extend the diffusion region. It is known that

the diffusion region grows uniformly by 5y, so the device now has a length of

L =110y, a width W = 154, and a thickness that increases by 5. Calculate the

resistance of the diffusion resistor.
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4. (20 points) Given the Bode plot shown below
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(a) write the transfer function.
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(b) Draw the phase response assuming all poles and zero occur in the left half plane
(in the provided graph).
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5. (20 points) Given the circuit shown below
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(a) Calculate the impedance transfer function. Identify the poles and zeros assuming
that woL/R = 10.
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(b) The denominator for the transfer function is a second order function. What
Q of the denominator of the transfer function?
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(c) What happens at frequency w = VLC? Explain qualitatively the operation of the
circuit at this frequency.
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