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v" Bode plot for 2"d order LPF
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v' 13.5 Frequency Response of Op Amp Circuits



Bode Plot

e Please remember that
» Zeros cause the slope to increase by 20 dB/decade.
* Poles cause the slope to decrease by 20 dB/decade.

* The magnitude drop of 1/+/2 results in 3dB drop.



Example 13.3-1

* Find the asymptotic magnitude Bode plot of
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Example 13.3-2

* Determine the values of C; and C,.
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Example 13.3-3 3

* Determine C; and C,. § 20 kQ _:
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Low Pass Filter?

e Consider the following H(w):
1 4000 4000
H(w) =

1l 0\ 40+ jw)(100+] T 2 4+140jw + 4000
(1+j2)(14)s=)  (40+jw)(100+jw)  (jw) jo

e Can you draw asymptotic magnitude Bode plot?

* Can you cut more sharply with corner freq w, = 40? Make denominator
as perfect square expression. Then, the slope becomes -40dB/dec :
1 1600 1600

W)= (1+J'4%)(1+J'%) " (40+j0)(40+j0)  (jw)Z +80jw +1600

=» What if we cannot factorize the denominator clearly as shown above?
Like when the discriminant D < 0.



Recall for the Approximation
for 1st Order Denominator

* For the factorizable denominator,

{(ﬁ) +2L8 4 1} >(1+j2)(1+/2)

e Or by multiplying 1600 as,
(w)? +80jw + 1600 = (jw + 40) (jw + 40)

* We applied the approximation for the magnitude as

" {1 w < 40

‘1_"]4 1+ = L w>40

40 w < 40

jw + 40| = Vo +1600_{w "> 40

e Can we do the same when the denominator is not factorizable?



Applying for D <0

 When D <0,
(jw)? +60jw + 1600 = (jw + 30 — jv/'700) (jw + 30 + j/700)

e Using the same logic as before,

‘

2 —
iw + 30 — jV/700] = \/(w —V700)° + 900 = 3" @ —=v790 < 30
| —V700  w—~700 > 30

.

. . 2 30 w+ V700 < 30
w + 30 +jvV700 =\/u)+\/700 + 900 = ;
|] J | ( ) (w++v700  w++v700> 30

* |tis still complex to draw plot in dB = There is no reason for using this
approximation.




Approximation for D <0

We can directly apply the approximation for 2" order expression
without factorizing it as follows.

First, obtaining magnitude as

|(jw)? + 60jw + 1600| =]1600 - w? + 60jw | = /(1600 - ?)2 + 602
* Then, we apply more rough approximation as

1600 w < 40
w* w > 40

e We can use it for D < 0 to draw Bode Plot.

(1600 - w2)2 + (60w)2= {



Example 13.3-4

* Draw the asymptotic magnitude Bode plot for the following network
function when { < 1 and dc gain = 1.
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Example 13.3-4
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Example 13.3-5

* Find the asymptotic magnitude Bode plot of

5(1 + 0.1jw)

H(o) :ja,(l +0.5j) [1 +0.6 (JSCS) L (;)1



Example 13.3-6

* Design the circuit to specify the following specification
* The low-frequency gain is 0.1.
* The high-frequency gain is 1.
e Corner frequencies lie in the range of 100 Hz to 2000 Hz.

Ug
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Example 13.3-7 = iB
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i_’ ecade
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* Referring the table, design a circuit S0
that has the asymptotic magnitude S
Bode plot shown. N
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Table 13.3-2
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Table 13.3-2

R, C R,
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O -
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Table 13.3-2

Hw) =- kjo)
oA

where k= CiR>
1

1= 1R,
B 1
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Resonant Circuits

* Consider the following situation

-

i(t) = A cos (o1) T) v(t) = B cos (ot +6)

)
NS

RLC
circuit

Z

V. A/

I

A, A o, rad/s | B,V 0

0.002 200 6.6 48°
0.002 220 8.4 337
0.002 250 16.0 0°
0.002 270 9.3 |-21°
0.002 300 7.4 |-43°

* ©>0:inductive reactance, 6 < 0 : capacitive reactance

«0=0
Purely resistive
Magnitude of Z is max

w making this condition is the resonant frequency w,,.
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Parallel ; '
Resonant Circuit 0 (1) "

* Equivalentimpedance:

* The reactance becomes zero when
|

o€~ —=0 ) O =

 The impedance can be rewritten as:
k

7 = C
1+jQ(2—@) k =R, Q:R\/;, and gy =
on 0

1
VLC
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Key parameters of the Resonant Circuit

e Recall that

* k:Impedance when w = w,, = k is the max value of the impedance.

* Q: Quality factor

IZI, ohms
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Bandwidth of the Resonant Circuit

* There are two frequencies w, and w, such that

()| = = Zo0)] = =

7

where w; < wyand w, > w,
* Then BW can be defined as BW = w, — w;.

* We can derive w, or w, with
k k

) N
: ez 3
V214 0%(w/w - wofo) — wy o

* Among the four possible two solutions, picking two positive solutions,

P 2
On Mo\~ 5 N Mo\~ 4
! = —— R — r ! = — _ Dn
OF 5 + \/(2 ) +wy and 5 - \/(2 ) + wyj

W
BW:CUQ—(U]:—

Q

* Then,



Example 13.4-1

* Determine the relationship between
parameters k, Q, and w, and
the element values R, L, and C.

i(t) = B cos (wt +6)

—_—

(*) v(f) = A cos (o)

)
A

Q



|Z(w)|, ohms

Example 13.4-2 ..«

30K

(2.2491 K, 3.9989 K)

(2.3322 K, 2.8220 K)

* Determine k, Q, and w,.

20K —
(21720 K, 2.81.78 K}

1.OK

2.0 Kh 3.0 Kh
Frequency
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Example 13.4-3

* Design a parallel resonant circuit that has k =4000 Q, Q = 14, and w, =
14,130 rad/s.



Table 13.4-1

—"G Wm— E
U(f) = IC) ’ . b3
Y= k " L= k >
0} 0 . 0] 0
teofa, o teefa, o)
Wo = 1 o = :
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— — :R —
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L RC
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Frequency Response of Op-Amp Circuits

* The gain of an op amp is not infinite; rather, it is finite and decreases
with frequency. We can write as:

Ay

Alw) = 1 + jo/m

* Normally, the dc gain A, > 10* and w, < 100 rad/s.

S| A"
(_2— + + V.(w)
vV o—-0 V. (o) = -Alw) V.(w)
e Vo (o) Vol@) o) g ° |
Vz((t))




Example 13.5-1

* R =10kQ, R, =90kQ, A, = 10°, and w, = 10 rad/s.

* Find the Bode plot for A(w) and
the network function of V_/V..
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