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—. 10%
In a forward-biased pr junction show that the ratio of the current component due to hole

injection across the junction to the component due to electron injection is given by

L _Dy L N,

I, D, L N,
Evaluation this ration for the case Ny = 1018/cm3, Np= 10]6/cm3, L, =5 pm, L, =10 pm,

D, = 10 cm®/s, D, = 20 cm?/s, and hence find I, and I, for the case in which the diode is
conducting a forward current / = 1 mA.

=. 20%
A short-base diode is one where the widths of the p and n regions are much smaller than
L, and I, respectively. As a result, the excess minority-carrier distribution in each
region is a straight line rather than the exponentials shown in Fig. 1.
1. For the short-base diode, sketch a figure corresponding to Fig. 1, and assume, as in
Fig. 1, that Ny >> Np. (5%)
2. Show that if the widths of the p and n regions are denoted W), and W, then

D _
]=Aqi’l,2 P + Dn (eV/V, _1)
W,-x)N, (W,-x,)N,
and
17, -xY 1w
0, ~5—(—T")1,, =5 D" 1,, for W,>>x,. (5%)

3. Also, assuming Q = O, I = I,, show that

T
c,=g
d VT
where
2
Lo %)

P

1
TT:E

4. If a designer wishes to limit C;to 8 pF at / = 1 mA, what should W, be? Assume D,
=10 cm?/s. (5%)
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Figure 2 shows a MOS amplifier. The MOSFET is biased at Ip = 1.06 mA and has g, =
0.725 mA/V and r, = 47 kQ. The midband analysis showed that V,/V;=-3.3 V/V and R;,
= 2.33 MQ. Select appropriate values for the two capacitors so that the low-frequency
response is dominated by a pole at 10 Hz with the other pole at least a decade lower.
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1. Sketch a CMOS realization for the function Y = 4+ B(C + D). (10%)

2. Sketch a pseudo-NMOS realization of the exclusive-OR function ¥ = 4B+ 4B.

%,

o

7N,

(10%)

20%
For the circuit of the figure 3, the op amplifier has open-loop gain 4z = 10* V/V,
differential input resistance R,y = 100 k<, and incremental output resistance r, = 1kQ.
Please use the feedback method to find
1. the voltage gain V,/V. (5%)
2. the input resistance R;, (5%) and
3. the output resistance R,. (5%)
4. What is the configuration of the feedback amplifier? (5%)

Figure 3

10%
The active biquard filter as shown contains passive elements and ideal operational

amplifiers, as shown in figure 4. Please derive the transfer functions of Vo(s)/Vi(s)-

Rs

Ry

Ry

v, = AN

Figure 4





