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(a) (5%)Please give an equation to express current flow in a semiconductor material. You should
explain all the terms you give. : 4

(b) (5%)Please write down the equation for current-voltage (I-V) relation of a pn diode and also
draw a schematic of I-V relation. You should define the reversed and forward bias regimes.

(c) (10%)Please -explain the basic operation principles of MOS and BIT, also write down and
explain their small signal circuit models. '

Figure 1 Figure2

(2) (20%)As shown in figure 1, a diode serially connected with a resistor R and a capacitor C is served
as a rectifier circuit. The voltage source Vs is a time-varying voltage source and the output voltage

is placed across R.

(a) (5%)Please state the operational principle of this circuit and also plot the large signal equivalent
circuit model for this circuit.

(b) (10%)If V&=V, * sin(2x - f - t), please draw the schematic diagram of the output waveform
within a period of time. V,, f, and t are source amplitude, frequency, and time. If removing the
capacitance, what is the difference in output waveform? Please explain all the plots in details.

(c) (5%)If the diode has turn-on voltage of V, and series resistance of Ry, use the large signal
model to estimate the values of R and C to get output rectified DC voltage within 10%
variation. _

(3) (25%)In figure 2, a BJT common-emitter circuit is used for ampliﬁer. BJT has common-base
forward short-circuit gain 0F=0.98. R;, Ry, Ry, and Rg are 100, 10, 2, and 1KQ respectively.

Vcc=12V.
(a) (10%)Determine the operation point of BIT (i.e. Ic and Vcg) if ideal BJT is used. And also

find the AC gain. ,

(b) (5%)The linearity of amplifier is quite important to amplifier.operation. If the BJT is not
ideal, what are the major factors leading to the nonlinearity as large input signal is
coupled? :

(c) (5%)What are the purposes of C; and C; in the circuit?

(d) (5%)Draw the equivalent circuit model of circuit at low-frequency and high-frequency

regimes.
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(a) (5%)Please draw the cross section of CMOS circuit in IC fabrication.
(b) (10%)Figure 3 plots a CMOS logic circuit with two inputs ports, A and B,
C. What is the logical function of this circuit? Please verify it by truth tabl
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and one output port,
e.
(5)(20%)As shown in figure 4, a current mirror is formed b
drain current with drain-source voltage (ip
R=40kQ and Vpp=12V.
(a)(5%) Please explain how the current mirror functions.

(b)(10%) Use ip-Vpg relation to find the ip of the output transistor. Give all the details in your
calculation.

(c)(5%) If the mirrored current should be scaled up to a ratio of r (right ip transistor / left ip

transistor = r), how to scale up the geometrical structure of such two MOS transistors? Explain
that.

y two identical MOS transistors, where the
-Vps) at different Vgg levels is also shown in figure.




