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Problem I: (24 pts, 3 ptseach, %, TR ET)
(2} Why both of the inputs of an ideal op amp are “virtual short”? ( )]
®

(1)Draw a non-inverting amplifier by using an ideal op amp and two resistors

( )

(2) What happens to the output of the non-inverting amplifier if the “+ «« inputs of the ideal op amp
are swapped? ( }

(c) For a differential amplifier, please specify TWO conditions such that the small-signal model can be
approximated by its half circuits.

( e 4 X
{d) For the following circuits, when its operation temperature increases from 27°C to 100 ol
(1) Will V; increase or decrease or unchange? Assume both of 1 mA current sources are ideal,

( ) 4
(2) Calculate the change of (Vi-V2) from 27°C to 100 °C if k=1.38¢-23 Joule/K. and q=1.6e-19 coul.
Assunie Q; is 8 times larger than Q. > { )
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(¢} For a MOSFET and a BJT, both of them have the same DC bias current, What's the ratio of fl'ﬁ’l if
mMOS

Vas — Vry = 0.3V for MOSFET and both of them are operated at 27°C? ( )

Problem 2: (26 pts) For a 2-stage CMOS+BIT differential amplifier, please calculate the design parameters.
Note that NMOS has ;an'ox—i‘W-— =16mA/V? and Vyy = 0.5V. For BIT, their Vi = 25mV. Please neglect

channel-length modulation and Early effect. Assume Vi, is biased at 1.2-V DC.,

(a) (6 pts) In order for the CMOS differential pair to operate in saturation region, what is the maximum
allowable R;? In this case, you can assuree [ of BJT is infinite.

ARG




B 424 Hye#Ae 102 &4 5m L0423

#8: EF20D)
kT

| Mk 424
# 3 Ha2% 2 R’

(b) (12 pts) Now, for the load, R; = R, = 2k and Ry = R, = 1k{). Assume B of BJT s finite, derive the
overall small-signal gain in terms of B. Then, draw small-signal gain with respect to B from 1 to 200. Find
out what is the minimum B required to establish larger than 100 DC gain.

(c) (8 pts) Let’s assume R, has some deviation to 1.1 k€, estimate the input offset voltage if =100, (If

_ means that you need to apply a small voltage at the input such that the differential output is zero).

Problem 3: (25 pts) Consider the following circuit.

(a) Determine DC level of Vout, (10%)
(b} Estimate voltage gain Vyu/Vi,. (15%)
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Problem 4: (25 pts) Consider the following circuit. Fec=+15V, —Voe=—15V, Viiode,on= 0.7V. Draw Vou(t)
under the given ¥, and RES signal (25%). .
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