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1.  The function of the circuit in Fig. 1 is: (A) an 8-T SRAM; (B) a Domino buffer; (C) an
oscillator with 2 reset control line; (D) a clocked SR flip-flop; (E) none of the above.
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Refer to Fig. 2, assume that the electron and hole mobilities of the device are 450 {cm?/V -
s) and 150 (cm?/V - ), respectively. Assume that the NMOS width = 80 nm and NMOS
length = 40 nm in the basic CMOS inverter, if the worst-case gate delay is equal to that of

)

the basic inverter, which of the following are true?

(A) The width and length of QP1 should be 240 nm and 40 nm, respectively;
(B) The width and length of QP! should be 160 nm and 40 nm, respectively;
(C) The width and length of QN3 should be 160 nm and 40 nm, respectively;
(D) The width and length of QN1 should be 80 nm and 40 nm, respectively;
(E) None of the above.
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Refer to Fig. 3. for a triangular/square waveform generator, which of the following are true?
(A) The resistor, R, is connected to the noninverting input of the OP-AMP; (B) The bistable
circuit is of the inverting type; (C) A square waveform can be measured at the point Vx; (D)
The positive slope of the triangular waveform is equal to Lp/(RC); (E) None of the above.

{VTH, Lp
Vout
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V S
Vi mn VY
y > \ ‘
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OP-AMP |

‘ Fig. 3

When comparing the devices of 130 nm CMOS technology with the devices of 350 nm
CMOS technology, a 130 nm device usually has: (A) a thinner oxide layer; (B) a lower
channel doping concentration; (C) a smaller unit-gain frequency; (D) a smaller effective
mobility; (E) none of the above.

Select the correct statement(s):

(A) Current mirror is an ideal circuit source;

(B) The larger the slew rate, the better the design;

(C) The larger the stage number of a ring oscillator, the higher the frequency it oscillates at;
(D) The lower the ambient temperature, the better the circuit performs;

(E) None of the above.

Select the correct statement(s):

(A) The light-emitting dicdes are usually forward-biased;

(B) The photodiodes are usually reversely-biased;

(C) Varactors are usually made of reverse-biased pn junctions;

(D) Schottky-barrier diodes (SBD) operate faster than pn-junction diodes because SBD have
heavily doped ohmic contacts;

(E) None of the above.

Pick the correct statement(s):

(A) Permittivity of free space is 8.85 x 107'* J/cm;

(B) Boltzmann constant is 8.62 x 107° Kg/s;

(C) Magnitude of electron charge is 1.602 x 107%° C;
(D) 1 Watl is equal to 1600 Joule/sec;

(E) None of the above.
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10.
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Assume that the thermal voltage is 0.026V, given n; = 1.5x10%°/cm?®, for a silicon pn
junction with N = 10*8/cm?®, Np = 10'7/cm®, junction area = 80um?, and the
reverse-biased voltage Vg= 1V; Which of the following are true?

(A) The built-in voltage is about 877mV;

(B) The width of the depletion region of an open-circuited junction is 0.16 pm;

(C) The depletion capacitance at Vr= 1V is larger than 100 pF;

(D) The depletion capacitance at Vg= 1V is smaller than 0.1 pF;

(E) None of the above.

For a NMOS transistor, its threshold voltage will as temperature increases

(A) increase (B) decrease (C) remain unchanged (D) all of the above are possible.

For a MOS differential pair in Fig. 4, node X can become virtual ground if

(A) all transistors are matched (B) input are fully differential (C) My are in saturation region
(D) all of the above.

For a given feedback system, when we increase the feedback factor, what will we get?
(A) higher close-loop gain (B) faster response (C) large linear input range (D) more stable

close-loop gain.

For a MOS circuit with dual power supplies, Vg (>0) and Vg (<0), what should the
p-substrate be connected to?
(A) Vga (B) Vi (C) GND(=0V) (D) all of the above are possible

For a MOSFET current source, we can cascode a MOS shown in Fig. 5 to get
(A) higher current output (B) higher output impedance (C) smaller temperature variation (D)
all of the above
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For a common-emitter amplifier circuit shown in Fig. 6 what’s the maximum gain we can

obtain? Please use Vg sa=0 for this question
(A) Veo/ V1 (B) Ve *g/kT (C) Ve/(I*R), L. is the collector current of Q;(D) none of the above

Vee
R

vout

Fig. 6

For a common-drain circuit, its low-frequency gain can be
(A) larger than unity (B) smaller than unity (C) 10 (D) all of the above are possible

pts) A T A3t HAE » HAHAAR
(20pts )Given the transfer function of a filter, T(S) = 3/ (283 + 482 4 4S5+ 2) answer the

following questions:
(6 pts) List all the pole(s) and zero(s) in the unit of rad/s.
(6 pts) Draw the pole-zero pattern of the filter. Is this a high-pass filter or a low-pass filter
(or neither)?
(4 pts) Calculate the magnitude function of the filter, |TGu)]
(4 pts) Calculate the wzgp.

2. (20 pts) The circuit in Fig. 7 contains a two-stage BJT CE amplifier with its bias circuit. Note

that f=100 for all BJTs, in which Qp to Q have the same I;. Q3 has scale current Ig3(=31; )
and Q4 has scale current I;4(=5I;). To simplify calculation, you can neglect base-width
modulation and can assume C; to C; is quite large. Note that all BJTs are in forward-active

region. Please use V1=25 mV and V; is an AC voltage source only.

(a) (5 pts) Please calculate Ry so that I;3+14=8 mA.
(b) (7 pts) Draw the small-signal model for this two-stage amplifier.
(c) (8 pts) Now, Rp1=Rei=Rps= Rex=2KQ Calculate Vou/V;.
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