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1. (15%) Please explain the following terminologies:

a) Miller compensation, b) SRAM and DRAM, ¢) TTL logic, d) Transconductance, €) Mass action law

2. (15%) Please answer following questions for the circuit shown in Figure 1.

i. (5 pts) Please derive the transfer function V¢ (5)/Vin(5).
ii. (5 pts) Please represent the V() interms of R, C, and Vi, (2).
iii. (5 pts) Please explain what kind of applications can be applied by the circuit shown in Figure 1.

3. (5% Please derive the differential gain for the circuit shown in Figure 2.

4. (10%) The lattice structure of Germanium is the same as silicon (diamond structure), the atomic weight
of Germanium is 72.59, and the lattice con.stani is 0.564 nm. Find the density (g/cm®) (3%), atomic density
(atoms/em?) (3%), and the spacing between nearest-neighbor atoms in Germanium ©%).

5. (10%) Use the equation (E1) to (E3) to show that an npn transistor operated in saturation region exhibits a collector-
to-emitter voltage, Veggar, given by

Isc., 1+ Brorced
Vi =Veln|(—)——————
CEsat i (IS) 1= ﬁfﬂrced!ﬁ

Use this relationship to evaluate Vegsar for Brorcea = 50, 10,5, and 1 for a transistor with § = 100 and witha

CBJ area 100 times that of the EBJ. Present your results in a table.

i = ISEVBE'WT _ISCEVBCWT (E1)
ig= i'ievssh’r + ;SCeVBdVT (E2)
ﬁ .
EC
ﬁforced = =3 ﬁ (E3)
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6.  (10%) Please find the output resistance .of the double-cascode current mirror shown in Figure 3.

7. (10%) Find the voltages at all nodes and the currents through all branches in the circuit of Figure 4.

Assume |Vgg| = 0.7V and f = oo.
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Figure 3 Figure 4
8.  (15%) Please answer the following questions related to the emitter follower shown in Figure 5.
i (5 pts) Please draw the high-frequency equivalent circuit of the emitter follower shown in Figure 5.

Ry =5k8)
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ii. (10 pts) Please derive the transfer function of the emitter follower shown in Figure 5.
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Figure 5
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9. (10%) Figure 6 shows a discrete-circuit amplifier. The input signal vy, is coupled to the gate through

a very large capacitor (shown as infinite). The transistor source is connected to the ground at signal
frequencies via a very large capacitor (shown as infinite). The output voltage signal that develops at the
grain is coupled to a load resistance via a very large capacitor (shown as infinite). All capacitors behave
as short circuits for signals and as open circuits for DC.

i (2 pts) It the transistor has V, = 1V, and k, = 4 mA/VZ, verify that the bias circuit establishes
Ves = 15V, I = 0.5mA, and V}, = +0.7 V. That is, assume these values, and verify that they are
consistent with the values of the circuit components and the device parameters.

ii. (2pts)Find gy, and 1, if V, = 100 V.

. (2 pts) Draw a complete small-signal equivalent circuit for the amplifier, assuming all capacitors
behave as short circuits as signal frequencies.

iv. (4 pts) Find R, Vgs/Vsig, Vo/Vgs, and v, /Vsig.
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