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1. (10%) In the following circuit, the transistor Tr. operates with V1=0.5 V, p,CoxW/2L=0.2
mA/V?, and no channel length modulation effect should be considered.
Please properly choose (a) (5%) Rp and (b) (5%) Ra to let the mid-band voltage gain become
—4 as Vpgq being 2 V
Vpp=5V

2. (15%) For a common-source MOSFET amplifier, the transistor Tr. has Vi = 1V,
pnCoxW/L== 0.2 mA/V 2, Cg= 3 pF, Cg= 2.5 pF and V4= 20 V, and no channel length
modulation effect should be considered. Both of coupling capacitors (C; and Cy) are large
enough to be short circuits at high frequency
(a) (5%) What is the 3dB bandwidth if R=0
(b) (5%) Find the 3dB bandwidth if R;=10 kQ.

(¢) (5%) What kind of roles are played by C; and C,?
VDD=12V
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3. (25%) A MOS differential amplifier with £1-V supplies and 1 mW maximum quiescent
power dissipation to provide the differential voltage gain A4 of which being 10 V/V .
(@) (5%)What is the required V,, to support the input differential signal vi4 (=vesi- ves2)
being 0.25 V.
(b) (5%)What’s the transconductance of Q; and Q,?
(¢) (5%)Please explain the role of Rp and the limitation to choose its value?
(d) (5%)Assume k', = 500 pA/V?, to specify the required aspect ratio (W/L) as neglecting

the Early effect
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() (5%)Please summarize the effects of Rss happened to differential voltage gain Aq and
common-mode voltage gain Acm.
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4. Fig. P4 shows two applications of op amp. Assuming the op amps used in Fig. P4 are ideal, please answer
the following questions:

(1) Find the /o and Ro indicated in Fig. P4(a). (5%)
(2) If the op amp used in Fig. P4(b) has offset voltage (Vos) of 4 mV, input bias current (/g) of 1 LA, and
input offset current (/os) of 0.1 A, find the largest dc offset voltage at the output. (10%)
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Fig. P4
5.  Fig. P5 shows a feedback amplifier, where transistors M1, M,, and M3 are biased at saturation region
with a bias current of 0.2 mA and an overdrive voltage of 0.4 V. Meanwhile, each current source is
implemented using single transistor so that contributes an output resistance. Assume that |Va|= 20 V
for all transistors, please find the close-loop gain (vo/vi). (20%)
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6. The CMOS logic gate shown in Fig. P6 drives a load capacitance of 10 fF, where the input waveforms are
periodic with a cycle time of 1 ns. Please determine the dynamic power dissipation when the logic gate
drives the load capacitance with ignoring the short circuit current. (8%)
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7. The CMOS inverter shown in Fig. P7 is fabricated using the following parameters: Vrun =|Vup| =05V,
21pCox = taCox = 100 pA/V?, please find the output voltage of Vv. (7%)




