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Part I. Multiple-choice questions (Single answer).
Only one option is correct for each question in this part.

L.

(2%) Which component is the main contributor to power consumption in a CMOS circuit during
normal operation?

A. Static leakage power

B. Dynamic switching power

C. Short-circuit power only

D. Gate-oxide tunneling power

(2%) If the supply voltage Vjp is reduced by 50%, how does dynamic power change (all other
parameters constant)?

A. Reduced by 50%

B. Reduced by 75%

C. Reduced by 40%

D. Reduced by 25%

(2%) Why is static power consumption ideally very low in CMOS circuits?

A. NMOS and PMOS are never ON

B. There is no DC path between V), and GND in steady state

C. CMOS circuits operate at low frequency

D. CMOS transistors have zero resistance

(2%) Which technique is most effective for reducing both dynamic and static power in CMOS
systems?

A. Increasing transistor width

B. Clock gating only

C. Power gating idle blocks

D. Increasing supply voltage

(2%) Lowering Vpp in a CMOS circuit generally leads to which trade-off?

A. Lower power and higher speed

B. Lower power and increased delay

C. Higher noise margin and lower power

D. No change in circuit behavior

(2%) In a 2-input CMOS NAND gate, how are the NMOS transistors connected?

A. In parallel

B. In series

C. One in series, one in parallel

D. Cross-coupled

(2%) Why are PMOS transistors typically sized wider than NMOS transistors in CMOS logic gates?
A. PMOS has higher mobility

B. NMOS has higher threshold voltage

C. PMOS has lower carrier mobility

D. PMOS must carry leakage current

(2%) Which logic function is most expensive to implement using static CMOS in terms of transistor
count?

A. NAND

B. NOR

C. XOR

D.NOT
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10.
11.
12.
13.
14.

15.

16.

17.

(2%) What does propagation delay of a CMOS logic gate represent?

A. Time for input voltage to change

B. Time for output to reach 50% after an input transition

C. Clock-to-output delay

D. Setup time of a flip-flop

(2%) If the load capacitance of a CMOS gate doubles, the propagation delay will approximately:
A. Remain unchanged

B. Double

C. Be reduced by half

D. Increase logarithmically

(2%) Which design change most effectively reduces propagation delay?

A. Increasing threshold voltage

B. Increasing transistor width

C. Lowering supply voltage

D. Increasing logic depth

(2%) In a multi-stage CMOS logic path, total propagation delay is best approximated as:
A. Maximum delay of any single gate

B. Average delay of all gates

C. Sum of delays of gates on the critical path

D. Delay of the first gate only

(2%) Why do CMOS logic gates generally have larger noise margins than TTL gates?
A. CMOS operates at higher frequency

B. CMOS has lower threshold voltage

C. CMOS has rail-to-rail output swing

D. CMOS uses resistive pull-up networks

(2%) Which parameter directly affects the noise margin of a CMOS logic gate?

A. Load capacitance

B. Output resistance

C. Input threshold voltages

D. Switching frequency

(2%) Which design change most directly improves noise margin in a CMOS inverter?
A. Increasing load capacitance

B. Increasing transistor channel length

C. Balancing PMOS and NMOS strengths

D. Increasing switching frequency

(4%) Given the circuit in Fig. 1, transistors My and Mz have identical process parameters: {nCoy (T) ,

=200 pA/Vz, V=07 V,A=0.01.Rs=1 k), while V| and V3 are DC bias voltages. Assume lo =
400 pA, and both M; and Mz operate in the saturation region. What is the value of Vi?
A 11V

B.4.0V

C.31V

D.20V

(4%) Based on Question 16, what is the minimum value of V2?7

A.51V

B.3.1V

C.2IV

D.44V
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18.

19.

20.

74

22,

(4%) Based on Question 16, which of the following is closest to the value of the small-signal output |
resistance Ro? :

A. 100 MQ
B. 10 MQ2
C.1MQ
D. 100 k2
I Ro C;
N 1+
Vz_l ]Mz P v,
—
Vs o
Vl_l Ml § C]J:— OPA jl'-:_-CZ
R =3 = =
- Fig. 2
Fig. 1

(4%) In the circuit shown in Fig. 2, Rsig =10 kQ, C1=0.1 pF, C2=3 pF, C3=1 pF, and the amplifier
gain is A = —100. Assume the operational amplifier (OPA)’s input resistance is infinite. which of the |
following is closest to the value of the small-signal equivalent capacitance seen at node V?

A. 0.1 pF

B.1pF

C.4pF

D. 100 pF

(4%) Based on Question 19, which of the following is closest to the value of the small-signal
equivalent capacitance at node V2?

A. 0.1 pF

B.1pF

C.4pF

D. 100 pF

(4%) For an NMOS transistor, which of the following statements is correct?

A. The gate capacitance is mainly determined by the channel width W.

B. Reducing the drain current Ip can increase the voltage gain.

C. Increasing the channel width W can increase the voltage gain.

D. The small-signal impedance seen looking into the source terminal is ro.

(4%) In the circuit shown in Fig. 3, the input voltage is Vi= 1.0 V and the output voltage isVo=
0.99 V. What is the magnitude of the voltage gain of the operational amplifier (OPA)? Choose the
closest value.

A. The voltage gain is infinite.

B. The voltage gain is 100.

C. The voltage gain is 10.

D. The voltage gain cannot be determined.
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23. (4%) Regarding a PN diode, which of the following statements is incorrect?
A. As the forward bias voltage increases, the diffusion capacitance increases.
B. The saturation current Is of a PN diode increases as the temperature rises.
C. The saturation current Is is generally a constant and is independent of the junction area.
D. Breakdown phenomena mainly occur in the depletion region.

Part II. Multiple-choice questions (Multiple answers).
Each question is worth points only if all correct answers are selected; otherwise, the question will

receive zero points.

24. (2%) Which techniques can reduce static (leakage) power?
A. Power gating
B. High-threshold voltage transistors i
C. Clock gating |
D. Lowering temperature
25. (2%) Which statements about CMOS power scaling are correct?
A. Dynamic power scales quadratically with Vpp
B. Static power is independent of technology scaling
C. Leakage power becomes dominant in advanced nodes
D. Lowering Vpp, always improves performance
26. (2%) Which statements about static CMOS logic gates are correct? |
A. They provide full rail-to-rail output swing
B. They consume zero power during switching
C. They have good noise margins
D. They use complementary PMOS and NMOS networks
27. (2%) Which techniques improve performance of CMOS logic gates?
A. Increasing transistor width
B. Reducing load capacitance
C. Lowering supply voltage
D. Reducing logic depth
28. (2%) Which issues become more severe as CMOS logic gates scale to advanced technology nodes”
A. Leakage current
B. Process variation
C. Noise margin
D. Interconnect delay
29. (2%) Which factors increase the propagation delay of a CMOS logic gate?
A. Larger load capacitance
B. More transistors in series
C. Higher supply voltage
D. Smaller transistor width
30. (2%) Which statements about CMOS propagation delay are correct?
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A. Delay limits maximum clock frequency ]
B. Delay is independent of temperature
C. Higher temperature increases delay
D. Delay affects setup time constraints :

31. (2%) Which statements about CMOS noise margin are correct?
A. Larger noise margin improves reliability
B. Noise margin depends on load capacitance
C. Noise margin can be obtained from the VTC
D. Noise margin affects tolerance to interference

32. (2%) Which issues become more critical for noise margin in advanced CMOS technologies?
A. Reduced supply voltage
B. Increased process variation
C. Improved output swing
D. Device mismatch

33. (2%) Which statements regarding noise margin and system design are correct?
A. Noise margin affects timing only
B. Noise margin impacts functional correctness
C. Larger noise margin improves tolerance to crosstalk
D. Noise margin is unrelated to reliability

Part ITL. Essay Questions
You must show all calculation and derivation steps for each question. Answers without supporting

work may receive zero points.

34, (9%) The op amp (OPA) in the circuit of Fig. 4 has an open-loop gain of 10° and a single-pole
rolloff with wsgg = 10 rad/s.
(a) Sketch a Bode plot for the loop gain. (3%)
(b) Find the frequency at which |[AB] = 1, and find the corresponding phase margin. (3%)
(¢) Find the closed-loop transfer function, including its zero and poles. (3%0)

Ryg= 100k NOFA
+ Vo
|
v, _
100 kO

Fig. 4
35. (9%) Fig. 5 shows a circuit suitable for op-amp applications. For all transistors § = 100, Vgg =
0.7V, and ry = .
(a) For inputs grounded and output held at 0 V (by negative feedback) find the collector currents of
all transistors. (3%)
(b) Calculate the gain of the amplifier with a load of 10 k(2. (3%)
(c) With loads as in (b) calculate the value of the capacitor Ci required for a 3-dB frequency of |
KHz. (3%) ]
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