American University of Beirut
Department of Electrical and Computer Engineering

EECE 311 - Electronic Circuits Spring 2008 — 2009
Homework 2 Solution

Problem 1.
Problem 1 — Frequency Response [52 pts]

a) [2 pts] A direct-coupled amplifier has a low-frequency gain of 36 dB, poles at 15 KHz, 72
KHz, and 300 KHz, a zero at 105 KHz, and two more zeros at infinity. Express the amplifier
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gain function in the form: ~ A(s) = A,

20log A, =36 dB = Ay, = 63.1

wp1 = 21 X (15K) = 94.25 Krad/s
wp, = 21 X (72K) = 452.39 Krad/s
wp3 = 21 X (300K) = 1884.96 Krad/s
W, = 2w X (105K) = 659.73 Krad/s

(1+5973%)
(1 +9235x) (1 + 75239%) (1 + T88296%)

= A(s) = 63.1 x

b) [8 pts] Sketch the Bode plot for the magnitude of the gain.
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c) Calculate the 3-dB frequency fy for this amplifier using:
i) [2 pts] the dominant pole approximation

Since the pole at 15 KHz is more than 2 octaves below all the other poles, the dominant pole
is the one at 15 KHz = f, = 15 KHz.

ii) [4 pts] the definition of the 3-dB frequency (i.e. find the exact value of fy).

1 \/(”(ﬁ)z)
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By using MATLAB we get: wy = 92.02 Krad/s = fy = 14.645 KHz

|F(w)| =

iii) [2 pts] What is the error (in %) in the value of fy due to the dominant pole
approximation?

|14.645—-15|

The % error is: X 100% = 2.37% (over-estimated in this case by the

dominant pole approximation)

d) Calculate the frequency f; at which the gain of the amplifier becomes unity (or 0 dB) using:
i) [2 pts] the dominant pole approximation

By the dominant pole approximation we can use f; = A4,, X fy = 946.5 KHz

ii) [5 pts] the definition of f.

[y
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By using MATLAB we get: w, = 2498.11 Krad/s = f, = 397.587 KHz

IF(jw)| =1 =63.1x

iii) [5 pts] Comment on the usefulness of the dominant pole approximation in
estimating f..

The dominant pole approximation is not useful in approximating f;, unless there is only one




e) Verify using PSpice the values of f, [5 pts] and f; [5 pts] calculated above. Use

Homework 2 Problem 1

-PARAM pi=3.141593

Vin 1 0 AC 1

Rin101

Eamp 2 0 Laplace {V(1)}={ your gain function here }
Rout 2 0 1

.AC DEC 20 1Hz 1000KHz

.Probe

-.End

and plot dB(v(2)).

Homework 1 Problem 3

.PARALN pi=3.141593

¥in 1 0 AC 1

Rin 1 01

Eamp 2 0 Laplace [¥il)}={{Ll0*{36/200)%(1+(=/(105000%2%pi) )/ (1+(s/(15000%2%pi) ) )# (1+(=/(72000%2%pi) ) )% (1+(s/(300000%2%pi)
Fout 2 01

.40 DEC 20 1Hz 1000FH=z

. Probe

-End
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) [8 pts] Sketch the Bode plot for the phase of the gain.
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g) [4 pts] Verify using PSpice the results of part (f). Change the .AC statement to

-AC DEC 20 1Hz 10MegHz

The phase is obtained by plotting p(v(2)).
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Problem 2 — Common Source Amplifier [20 pts]

The common-source stage shown below must provide a voltage gain of 10 and has a power
budget of 500 pW.

VDD =1.8V

Veiaso—] EQZ

——0 V0

e[

The technology parameters are: k', = 330 pA/VZ, Vi = 0.4V, Va4 =6V,
k', = 120 pA/V?, V= =045V, and [Vap| =5 V.

Assume in the following that for the DC quantities: I, =2k (¥)Vy, .
a) [10 pts] Find the value of (W/L),

Iop =7~ = 0.277 mA
DD

% %
Tor = == 216 KQ, 1, =7 = 181 KQ
|Ayq| = gml(;t;l//roz) = gm1 = 1.015mA/V

But, gy = 5— = Voyy = 0.546 V

ovi
A w
) Vm,l:<—) =5.63
n L n

_—
T2\

b) [10 pts] Find the required value of Vg as if (W/L); is (18/0.18).

1., W 5 .
I = Ekp <T)2 Vovz,m QZ

VOVZ e 0215 V = VOVZ = VDD - VBIAS - |th| = VBIAS = 1135 V




Problem 3 — Miller’s Theorem [28 pts]

Use Miller’s theorem to estimate the input [12 pts] and output [16 pts] poles of the circuit
shown below, in terms of Cg, Rg, Rc, and the small-signal parameters of Q; and Q2 (Om1, Omo,
M1, a2, Tot, & r02)

You may use f=gn I~

Cr is much larger than the internal BJT capacitors, and they can be neglected.

The current source is ideal.

VCC

Rc

Q:

Rs
ve—A——

Vo

The two BJT’s in this circuit are cascaded, so the total
gain is the product of the gain of each BJT stage independently.

The gain of the first stage is —gm1 (Rc // ro1 // Rinz). The input resistance of stage 2 is Ry, =
(B+1)(rextro2), Which is much larger than r,; // Rc and may be neglected.
The gain of the second stage is rqo/(roa*re2), Which is very close to 1, since r, >> 1,
> K = _gml(Rc//rol) x 1
by Miller's theorem we can seperate
Cr in to 2 different capacitors, one on the
side of the input and one on the input.
At the input: C;;,, = Cr(1 — K)
At the output: C,,,; = Cr (1 - %)
The resistance seen by C;, is:
Rein = (Rp//7Tm1)
The resistance seen by C,:: Replace C, by a current source I, having voltage Vy, or use the
equation on page 485 in the textbook:
R o (rn2 + Re//T01)702
Cout — 57 —
Ix (1 + B)Toz + T2 + RC//roi

* the pole at the input is:

1
RCinCiln B (RB//rnl)CF(l + gml(Rc//rol))
* the pole at the output is:

RCoutCout
_ (1 + )1,z + 1oz + Re/ /701

(Tr2 + Re/ /T01)T02Cr (1 + m)




