2011 Analog IC:  Final Examination (120%)

3 An rs':mpliﬁer with feedback capacitor Cry,
~ open-loop gain —A, and equivalent circuit as
shown in Fig. 1. Find Z, gfd Zzzusing Miller
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@ Assume there is a resistor with thermal noise =
4K TR (5%)

(a) Draw two equivalent circuits of the resistor

effect. (5%) =7 TR J with noise voltage source and noise current
il ; 4 ;
o 3 R ke source, respectively. (2.5%)
c -
& \J A “1 (b) Sketch frequency response of the noise
~ -]

Fig.]

2. A common source amplifier with C loading is
shown in Fig. 2. (assume 7, = o, |A,| >>1) (5%)
(a) Use Miller effect to find the equivalent C;,
at node X and C,; at node V. (2.5%)
(b) Find the corelated input pole w;, and output

pole @yt (2.5%)
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Fig. 2

3. A differential pair with capacitance loading is
shown in Fig. 3 (§%)
- (a) Find the node of dominant pole and express
it in terms of rox and Cy . (2.5%)
(b) Find the node of second pole and express it
in terms of gny, rox and Cy . (2.5%)
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power spectral density (PSD v.s. f). (2.5%)

SIRY @F AR-C low-pass filter is shown in Fig. 5. The

resistor’s thermal noise = 4KTR. Derive the

total noise power at output node. (5%)
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6. A common source follower is shown in Fig. 6.
The thermal noise and flicker noise of M, are
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(a) Derive the input referred noise ¥, due to

thermal noise. (5%)

(b) Derive the input referred noise 7, due to
flicker noise. (5%)
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7. Explain the definitions and purposes of the

owing terminologies. (10%)

V"\.
9 \/faﬂ
<+ P\@ Common mode feedback. (2%)

-
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) kJ(b) Noise power spectrum density. (2%)
(c) Flicker noise in MOS device. (2%)
(d) Slewing in an Op Amp. (2%)

(e) Phase margin. (2%)
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8. A general block diagram of feedback system 1s  11. A common-source amplifier with resistive

shown in Fig. 8. Assume H(s) = Ao/[1+(s/wp)], feedback as shown in Fig. 11 is biased with g,
answer the following definitions of terminology. and ry; of M. (10%)
(10%) (a) Find the feedback factor. (2%)
(a) Loop gain. (2%) @ Find the open-loop gain with loading effect.
(b) Closed loop gain. (2%) (4%)
@ State the oscillation condition. (2%) ¢c) Find the closed-loop gain Vou/Vin. (4%)

(Barkhausen’s Criteria) . - X($)

(d) Explain bandwidth modification of closed- (\( ga LY 18
loop system compared to open-loop. (2%) Ay

(e) Explain gain degeneration of closed-loop g iH) Al gl? Eﬁm
system compared to open-loop. (2%) (lL; ¥
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e 12. A unity-gain voltage buffer implemented by

G(s) telescopic Op Amp is shown in Fig. 12. Find the

\\A(9)

i maximum output voltage swing. (5%)
9. A common-source amplifier with capacitive i
feedback as shown in Fig. 9 is biased at I; with M7 E 3 s o |
gm1 and r,; of M. Find the loop gain. (5%) 105 il
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0. An impedance boosting circuit is as shown in 13. Sketch the Bode- Pl(}ij f’aﬁ‘lphtud/ & phase) of a
Fig. 10 with gn» and ry; of M,, find the Ry in

term of I'ox, Zmx and A. (5%)
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2-pole Op Amp and state the conditions to get a

phase margin as 45°. (5%) G i
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@. A fully-differential amplifier is shown in Fig. 14.
Add necessary biases and the common-mode
feedback circuit on it, sketch the complete

circuit. (5%)
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Fig. 14

15. Find slew rate of the following Op Amps. (5%)
(a) Differential pair with capacitive feedback.

(2.5%)
(b) 2-stage OP Amp with capacitor Cc. (2.5%)
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Fig. 15(b)

‘ o Assume n = 8, Vx = Vy, Ip; = Ipy = Ips, Vpe3 =
- 0.75V, AVEe(Qi - Q2) = VrIn(n), dV1/dT =

Vg g = 0\77

LA ket —NE = oenst

oE o @ A bandgap voltage reference is shown in Fig. 16.

3/4

Fig. 16

17. Answer the following questions with TRUE or

FALSE: (10%)
(a) Thermal noise and flicker noise of MOS

device are white noise. (1%)
(b) The Miller compensation of 2-stage OP
AMP is to make the dominant pole located

at output node. (1%)

(c) Miller compensation will result ‘In a
pole-splitting effect which moves dominant
pole to lower-frequency and 2" pole to
higher-frequency. (1%)

(d) The additional zero of Miller compensation
can be moved away by adding a shunting
resistor with compensation C. (1%)

(e) Larger phase margin is better for step
response. (90° PM is better than 60%). (1%)

(f) CMRR is defined by the ratio between
Apm/Acv and it will degrade at high
frequency. (1%)

(g) Usually the noise types in a circuit are from
device and environmental noise. (1%)

(h) Most of the noise sources in circuits are
correlated. (1%)

(i) The linear response happened only when
Op Amp enter the slewing condition. (1%)
(j) Port impedance in feedback system will be

decreased by shunt connection and
increased by series connection. (1%)
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(f) For nMOS at saturation region, Cgs > Cap.
(1%)

(g) The voltage gain of pMOS source follower
is improved by separated well design,
because there is no body effect. (1%)

(h) The main free carrier in channel of

, | MOSRET is from source/drain. (1%)

baasmg voltage. (1%) e 1)\ The ?utput resistance of MOSFET at

OS in advanced technology, tBS — \ saturation region is proportional to bias

"ﬁiﬂ voltage is decreased wﬁh tﬁﬂn current Ip. (1%)

gate oxide (1%) '&v: E (U FEAT" " current  source i usually
e transcanductance gn of MOSFET 1s implemented by the positive temperature
rtional to bias current I at fixed Wil coefﬁcierSc of Vgg. (1%) ,,;/ .
dnmensmn (1%) .. Mﬁ* i KVU (AN /- i L g
A ’oy/ : e Y 3 - )
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» For current-voltage feedback (2)
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? For current-current feedback (H) » For voltage-voltage feedback (G)
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