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1. (20%) For an operation in triode region, the NMOS transistor is biased with vps=0.3V,
it conducts 48pA for vgs=2V and 96uA for ves=3V, respectively.

(a) (5%) What is the possible threshold voltage Vyy ?

(b) (5%) This transistor is manufactured by 0.18um process technology and the
related k,' (=u,C.x) is 200A/V?2, what is the aspect ratio (W/L) for it?

(c) (5%) How much current can be expected to flow through it with v;s=2.85V
and vps=0.25V?

(d) (5%) If the device operates at vps=2V, for what value of vgs will the drain-end
of the MOSFET channel just become pinch-off .

2 (20%) As shown in the right-hand-side OP-amp circuit,

(a) (6%) Does it behave like low-pass or high- R,
pass? Please show it by deriving the
i 4 R, C
transfer function. Vi o—MWH
(b) (5%) What’s the high frequency gain ? —o Vo

(c) (5%) What’s the 3-dB frequency?
(d) (5%) At what frequency does the magnitude of =
high frequency gain reduce to unity?

3 (20%) A MOSFET amplifier with active load is biased with V44 =3 V. The transistor
parameters are Vry=0.5V, Vrp=—0.5 V, k’;= 100uA/V?, k’,;= 50uA/V?, and 4, =4,
=0.02V~!. The quiescent values are Vo =15V and ¥, =12 V. O, and Q are
identical.

(a) (5%) Taking the channel length modulation effect into considerations to design the
required W/L ratio of Q;, @», Qsand Q; such that Ip = I.,r = 100 LA.

(b) (5%) Please calculate the output resistances (to; and ro4) of Q) and Q.

(c) (5%) Please calculate the transconductance gmi of Q1.

(d) (5%) Determine the small-signal voltage gain (vo/vi).
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4 (20%) A differential amplifier using a 1k resistor Rss to establish a 1mA dc biased
current. The transistors Q, and Q. are with the properties of k', (W/L) = 4mA/V?,
V~=0.8V. Skip the channel length modulation effect.

(a) (5%) Define the required value of Vowm.

(b) (5%) Define the value of Rp so as to get a differential gain Ay of 10 V/V.
(c) (5%) What’s the drain voltage over Q.

(d) (5%) Determine the common-mode gain AVpi/AVcwm.
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5 (20%) A feedback transresistance amplifier utilizes two identical MOSFETs biased by
an ideal current sources I = 0.4 mA. The MOSFETs are sized to operate at Vo, =
0.2 V and have Vzy=0.5 V and ¥V, = 16 V. The feedback resistance Rr = 10 kQ.
(a) (5%) What’s the dc voltage at the input of Q?
(b) (5%) What are g, and r, of Q; and Q,?
(¢) (5%) Derive the open-loop gain in terms of gm1, To1, 8m2, fo2 and Ry
(d) (5%) Please express the gain-with-feedback (A
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