-

2014 Analog IC: Final Examination (110%) 1/4
. A common gate amplifier is shown in Fig. 1 3. Atwo-stage Op Amp in Fig. 3 has A,; = 10, Awr
with Cp = 10fF, Cs = 10fF, C, = 501F, gms = 0, = 100. The output referred noise of Al = 5x102
r, = o, g, = ImA/V, Rs = 20kQ, and Rp = V*/Hz and A2 = 10x10™2 V¥/Hz. (5%)
i~ \/‘G&\OOkQ (5%) (a) Find the total output referred noise of
&(‘!‘; L :
A \) Find the input and output impedances. amplifier A. (2.5%)
~ (2 5%) (b) Find the “best” total input referred noise by
(b) Find the correlated input pole i, and rearrangement of Al and A2 to get the
output pole woy. (2.5%) | same total gain A = 1000. (2.5%)
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s \‘{-S X x&@ S M 4 __[_ 4. A R-C low-pass filter is shown in Fig. 4. The
ey 5 resistor’s thermal noise = 4kTR. Derive the total

)
cﬁ\/K%-b Vin e l 4 4 06 p noise power at output node. (5%) ),

{,@\ = 7 = \U %i 1 %U ?\
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2. A cascode amplifier \is ghown in Fig. 2 with w2 —W\’_I—
Cappn) = CGS[nl] = 201F, C DB[n] = (_;L \C C Vh,out Xﬁ&
- P P PR et

‘Rs=20k _and Rp = 100kQ. (5%) % e
% --:.(a)' Find the equivalent Ciy at node Aand Cowat 5 A common source amplifier is shown in Fig. 5.
FICR g - node Vou . (2.5%) The thermal noise and flicker noise of M, are
R AL ) Fmd the correlated input pole i, and - 9 e G
R N s = e 0
ou&put pole Oout- (2.5%) b LG 00 s gD o®
- oy % &
A\ g 20 (a) Derive the input referred noise ¥, due to
g~ thetmalneise: (2:5%)
X X G o 2 5%

N (b) Derive the input referred noise ¥, due to
XN flicker noise. (2.5%)
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6. A differential pair is shown in F1g. 6 with Cg

SO0tF, Cp. = =
L = S0LF, g = 0, Foin) = 100k, gy = Add the necessary biases and common-mode

1 — — 0 . .
MA/V, [Vgsm| = 0.8V, [Vinmyl = 0.5V. (10%) feedback circuit on it, sketch the complete
(a) Find the minimum input DC bias voltage circuit. (§%)

with V(Iss) = 0.2V. (2.5%)
(b) Find the voltage gain Vou/Vin. (2. 5%)
*6)\F1nd the frequency of the dominant pole.

8. A fully-differential amplifier is shown in Fig. 8.

1

(j .5%)
(d) Find the frequency of the second pole. e N2 M,_lj Vour

2.5%) @ |
SS

9. An impedance boosting circuit 1s shown 1n Fig.
9 with Zmb[n] = = (), Yoln] = 100kC2, Emn] = ImA/V,
and A = 100. Find the output 1mpedance@
and voltage gain Vu/Vin. (§%) #

=/ \\& Fig. 6

7. A general block diagram of feedback system 1s \‘} -]
shown 1n Fig. 7. Assume A(s) = Ao/[1+(s/mo)] @V ’f
answer the following definitions of termmolgy
(10%)

(a) State the oscillation condition. (2%)
(Barkhausen’s Criteria)

e

0. A
(b) Derive the equation of closed loop gain. ] common-source amplifier with resistive\

feedback as shown in Fig. 10 with g = 0, 7o[n)

(2ot )

(c) Explayy the bandwidth modification of LUDES2 Enon ™ Vot ipl s S e A T,
b J and Rp; = Rpa = 100k€2. (10%)
B closed- loop system compared to open-loop.
E 7 (2.[y) (a) Find the feedback factor. (2%)
P (b) Find the open-loop gain with loading effect
_3.;; ik (d) | -JISt down 4 types of feedback structures. (4%)
R | | 0

(c) Find the closed-loop gain Vou/Vin. (4%)
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11. A differential-to-single-ended Op Amp 1s shown 14 Find slew rate of the following Op Amps. (3%)

in Fig. 11 with |Vgsm)| = 0.8V, [Vinm| = 0.5V, and (a) Differential pair with capacitive feedback.
Vpp = 3.3V. (§%) (2.5%)
(a) Find the Vbl and the corresponding (b) 2-stage OP Amp with capacitor Cc. (2.5%)

maximum output swing in 11(a). (2.5%)
(b) As a unity-gain buffer in 11(b), find the

avallable maxmmm output range. (2.5%)
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*{ 12. A closed- -loop amplifier is showrgl\m Fig. 1}\ with j\\ :*\\ ¢ (D) 1ss D I S\\
R1 = 600K and R2 = 100 KQ. (5%) \Bﬁ % e Fig. 14(b)

(a) With the gain of Op Amp = oo, find the
15. A 2-pole Op Amp with dc gain = 100dB, fi1 =

le6Hz and fpz = 1e8Hz. (10%)
(a) Sketch the Bode-Plot (amplitude & phase)
and estimate the phase margin. (2.5%)

(b) Do the frequency compensation and state
the conditions to get a phase margin as 45°.
(2.5%)

(c) Explain the Miller compensation and the
corresponding movement of pole positions.
(2.5%)

(d) Explain the side-effect of Miller
compensation and propose one solution to
cancel 1t out. (2.5%)

16. Answer the following questions with TRUE or
FALSE: (10%)
(a) Thermal noise and flicker noise of MOS
device are white noise. (1%)
(b) Larger phase margin is better for step
response. (90° PM is better than 60°). (1%)
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(c) CMRR is defined by the ratio between
Apm/Acm and it will degrade at high
frequency. (1%)

(d) Right half plane zero will degrade the
stability due to its negative phase shift.
(1%)

(e) The linear response happened only when
Op Amp enter the slewing condition. (1%)

(f) Annealing is for crystal lattice reforming
after oxidation. (1%)

Reference Material

» For current-voltage feedback (Z)

Zyy |1

2

Hpo Vo

S

4/4

(g) The main free carrier in channel of
MOSFET 1s from body. (1%)

(h) The threshold voltage of nMOS is
increased by n+ channel implantation. (1%)

(i) The depletion width of p/n ratio (W,/W,) in
diode 1s correlated to doping concentration
(N4/Np) as Wy/W, = N4/Np. (1%)

() The transconductance g, of MOSFET is
proportional to ¥, at known constant

by e

(”\\ \&‘\

biasing current. (1%)

> For voltage-current feedback (Y)

=YV, + 1)V,
Iz = Ylel +Y22V2

> For voltage-voltage feedback (G)

l‘l 622 |2

+
612'2 GZ‘I v'l Vz

I, = G|1V1 +Gy,1,
V, = G.‘ZlVl 7. Gzzjz
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