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« Closed book, closed notes

o One pocket calculator permitted (no PDAs, laptops, cell phones, or other electronic devices)

a

Show derivations to get partial credit in case of numerical errors

Cross out incorrect attempts (no partial credit for ambiguous derivations)

Write results into boxes

Take off hats or caps and leave backpacks and electronic devices in isle

You may assume that all operational amplifiers are ideal

Use only positive values (> 0) for all passive components (resistors, capacitors, inductors)

Verify that an assistant receives your completed exam!



1. In the circuit below, v, (f = 0) = 52V, Dcrivcancxpn:a;sion for vo(t), t > 0. Use Ry = 25k}, R; = 75k

and C; ~ 8.3 uF.
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. Capacitor C; = 688 mF is used to power a model airplane modeled by resistor Ry = 387(). Initially the
capacitor is charged to v, = 7 V. Calculate the fraction r of the initial energy remaining on the capacitor and
the voltage v, across the capacitor after ip_has decreased to 75 percent of its initial value. After what time T
is this condition reached?
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' &d\pﬁedﬁmmwengeapad G = 24fF.
: " clpck rations) per image. The activi tor,

ie. percentage of gate outputs changing in each clock o= 24%, maximum operating frequency
s depends on the supply voltage V,,, and is
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compressed image. Calculate the operating frequency f, and supply voltage Vi, , for the existing chip
such that the CNETEY per compressed imageis £,.
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4. In the circuit below, switch §; closes when v, increases above 0.7 x V. It then remains closed until o, has
dropped to 0.3 x V;, at which pomt it opens and stays open until o, > 0.7 x V;. Find the value of C; such
that the switch opens every 6.2 us in steady state.

Use Ry ~ 79Kk0), Ry = 2.8kNand V, = 32 V.
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5. In this problem we dcsiggljﬁmp_dggconvcrm” (Buck converter) to efficiently convert the input voltage
Ve 60V to a lower value v, = 20V) Such circuits are employed in the familiar “power bricks” used
to power laptops and gadgets from the grid. In the diagram below the switch is controlled by a periodic

waveform. It is clgsed for a period Ty, followed by a period T; = T ~ T; during which it is open, with
T = Ty + Tp ¢ 24 ps. Jhe diode D) acts like a “valve™: current passes for v > 0V; for zg < 0V the diode
behaves like an OpRR circuit,

Assume that the circuit operates in “steady state”, i_e. the voltage and current waveforms in the circuit repeat
with period T. To simplify the analysis, assume that the output voltage o, is constant and equal to the design

value specified above. This leads to minimal errors when the ripple is small. In practice we would verify the
circuit with SPICE to check if all assumptions are valid and we have not made design errors.

a) Find T and 75.
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b) Find the minimum value of L; that results in Ai; = 34mA.
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6. The supply current flowing into digital circuits consists of large spikes with magnitude Iy m.. at the begin-
ning of each clock cycle of duration T = 1/ f.. The circuit below shows a simplified model of this behavior,
consisting of current source I that models the current spikes, and resistor R that models the constant part
of the supply current flowing into the circuit. Also included in the model are the power supply Vg and the
winng inductance L.

Parameter: Vgg = 1.2V, L} = 38nH, Ry = 980, I pon = 3.9A, fz = 3GHz.
a) Calculate the minimum value of ¥ in steady state.

UL min = -3 ok

b) (15 points) For the digital circuit to operate properly, it is necessary that o min > 0.9 Vg at all imes. Pro-
pose a circuit modification that accomplishes this goal. You are only allowed to add circuit components
(only capacitors and inductors are available). Use the minimum number of components required to meet
the specification and use the minimum required value for all components. Specify all component values.
Suggestion: to simplify the analysis, you may assume that vy = Vg at the start of each dock cycle. In
practical situations, the error from this approximation is usually negligible. Of course you would verify
this using e.g. a circuit simulator.
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