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density n; = 10'° ¢cm.

100 PA/VZ, 11,Cox =

1. A PN junction has the following doping levels: Ny =

(a) Determine the electron and hole densities in both side of the PN Jjunction.
(b) Determine the junction’s built-in potential (V). Use Vr=25 mV and n(10)=2.3 [5%]

5%10 cm- andND =2x10'7 ¢m™

where N and Np are the acceptor and donor density, respectively. Assume the 1n§r1n51c

[5%0]

D

.

2. All transistors shown in the current-mi elow have the same value of £, and 4 is the
emitter area of the transistor. J
(a) If base current is neglected is gqual to 2mA, determine the value of Lopy. [5%]
(b) Taking base currents into account, derive Iepy in terms of Jrer.  [5%]
Q,Y /2
SAg
3. Assuming the same (equilibrium) overdrive voltage for all of the MOS transistors and a

power dissipation of 2 mW, design the differential pair shown below to provide a gain of 48.
What are the (W/L) sizes of all the MOS?,  Assume 4, = (1/8) V', 1, = (1/12) V!, ttnCox =
50 HA/VZ, and Vpp=2V.

[15%]
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4. Anon-inverting amplifier is shown below.
(a) If the op-amp is ideal, find the voltage gain of the amplifier (4y = Vou/Vin).  [5%]

(b)If the op-amp is not ideal with open-loop gain of 4, and the amplifier is designed for a
nominal voltage gain of 10, determine the required minimum value of 4, for a gain error
of 1%. Assume (1 +x)'=1-x. [5%]
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5. (a) Calculate the transfer function, H(s) = Vou(s)/ Vin(s) of the circuit if 4o = co. [10%]

(b) What choice of component/valu¢
]

=Ls %

6. The circuit shown below can deliver a well-defined current to laser diode, D;, where resistor

Ry measures the current ﬂowi‘ngthli‘it\é D, and amplifier 4; subtracts the resulting voltage
drop from Vi,. Assume Ry 18 Ly R

1t and amplifier 4, is ideal.
(a) Determine the open-loop gain, loop gain and the closed-loop gain. [10%]
(b) Compute the open-loop and closed-loop output impedances. [5%]
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7. The two-stage amplifier shown below incorporates capacitive coupling both at the input and -
between the stages. Assume the transistors have = 100 and Va = co. Also, the bias current
of the two transistors are Ic; = 1.25 mA and I; = 1 mA, respectively. .
(a) Assume the two capacitors are large enough for the frequency interested. Use hybrid-n

model to draw the small signal equivalent model of the amplifier. Use V=25 mV for
the calculation of small signalg 7S, [5%]

(b) Following (a), determine the vo i the amplifier. [5%)]
(c) Determine the low-frequency 71 fthe circuit. [5%]
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8._All the diodes in.the circuit are id al."}i,._:B,lTG:ﬁre logic input, and OUT is logic output. The

logic 0 voltage is within 0~1V and the logic 1 is 4~5V.

(a) Assume R; = 5-R,, what is the logic function of QUT? [5%]
(b) What problem would happen if R; = R;,?  [5%)]




