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1. {(40%) The circuit in Fig. 1-1 is a fully differential op amp with V.= (Fi| =1 V, 1,Cox= 200 HA/V,
1pCox = 100 WA/V?, |Vl = 100V, (WiL) = (WILY = (WIL)y = (WIL)s= (WIL)y= (WiL)s = (WiL)s =
(WiL)ho=2, and (W/L)s= (WIL)e = (WiL); = 4.

(1) (8%) Find the input common-mode range (ICMR).
(2) (8%) Find the output swing.
Note that the op amp can also be presented as the simplified model in Fig, 1-2.
(3) (8%) Find the transconductance Gy,
(4) (8%) Find the output resistance R,.
(5) (8% Find the differential-mode voltage gain 4, = v,/v.
[Hint: channel length modulation can be neglected in the de analysis]
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2. (20%) Consider the circuit in Fig. 2 with vy = 2 + 0.01xcos(100¢) V and output saturation levels L, = 5
Vand L_=-5V.
(1) (10%) Given that R; =20 kQ, Ry = 30 k2, R; =40 kQ and R, = 10 k<, find the output voltage v
(including the dc and the ac components). :
(2) (10%) Given that R; = 20 kC, R; =30 kQ, R; =10 kL and R, = 40 k<, find the output voltage vo
(including the de and the ac components),
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3. (20%) Consider the logic-circuits in Fig. 3-1 and 3-2.
(1) {10%) The circuit in Fig, 3-1 is a dynamic logic gate, which is in the precharge phase when ¢ =0
and in the evaluation phase when ¢ = ¥pp. Please express the logic function Y.
(2) (5%) The one in Fig. 3-2 is a CMOS logic circuit. Express the logic function Y.
(3) (5% For the circuit in Fig. 3-2, the aspect ratios of the MOSFETSs are provided. If we want to
have the worst-case ipy, identical to the worst-case #z;5, what is the required ratio of 14,Coy :
HpCox?
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4, (20%) The circuit in Fig, 4 is a 4-bit DRAM where Cs;-Cs, are used as the memory cells and Cpj-Cpz
are the dummy cells. When @ = Vpp, the circuit is in the precharge phase. By selecting the associated
word line with a high voltage of Vpp, the READ and WRITE operations can be performed when ¢ =0
V. Note that Vpp is 5 V and the threshold voltage of the MOSFETs is 1 V. Assume that capacitors in
the cells are identical, and the equivalent capacitance of each one of the bit lines is 100 times as large
as the cell capacitors.

{1) (5%) If one would like to WRITE logic “1” into cell 1, what is the voltage across Cgy?
(2) (5%) If one would like to WIITE logic “1” into cell 3, what is the voltage across Cs;?
(3) (5%) If logic “1” is stored in cell 1, what is the voltage ai B for READ operation?
(4) (5% If logic “1” is stored in cell 3, what is the voliage at B for READ operation?

[Hint: Neglect the sense amplifier} 3y
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