Amplifier Transfer function

V,(s) _ K(S+ 2,)(st2,))(s+z3) 0 U Us+z,) jzeros
Vi(s) (s+p)(s+py)(s+py) 0 U Hs+p,)  poles

Ay(s) =

s? + 1012
s? + 104s + 1012

Ay(io) = [Ay(®)

* UA(Jw) and Ay/(s) = =20

Describe amplifier freguency response

Low pass, high pass, band pass, band reject, all pass

Amplitude Amplitude  Amplitude Amplitude Amplitude
A A A A
A A — A A A
> + »f > f
fH fL fL fH fL fH ’f —>f
Low Pass High Pass Band Pass Band Reject All Pass

Bode Plot - magnitude (dB) and phase of transfer function versus freq.
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L ow Pass Amplifier

Magnitude response

Ayl (dB)
A
low frequency asymptqte
20 log A, ~ou high frequency
: / asymptote
: -20 dB/decade
:
|
(0|:| w (log scale)
_ x B v
Ay(s) = A, sTo AV(Jw)‘ = —
w + (JOH
A W A W W
‘Av(jw)‘ ‘ ’ ‘Ao" |Av(j00)‘ ‘ ‘ ‘ 0 H|

W« Wy 2 oo»(m / 2 )
Wy

Explain how to evaluate the magnitude response, the mid-band gain, the upper 3dB fre-

qguency or upper cut-off frequency and the bandwidth of the low pass amplifier.
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Phase response of low-pass amplifier

W
_ . H
Table 2 Inverse Tangent Ay(w) = Ay jor o
) an _1(00/ Wy) A
) 0 -1
0.01wy 0.057° HAy(Jw) =0 o HA,—tan (
0.1wy 5.70 1+)o
H
WH 45°
10004 84.3"
10000y 89.4°

©
@)

Phase (degrees)
AN
U1

o

|
103 102 1071 1 10 102 10°

Normalized Frequency (w/wy)
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Example: Sketch the bode diagram for the transfer function

100 _ 10
s+10 1+s/10

10

A (S) =
W J12 + 02/ 102

= |A(w)| =

|Av] (dB)
A

low frequency asymptqte
~5 high frequency
1 asymptote

-20 dB/decade

20

w (log scale)

o = o o B Bm B O EE B

=

Phase (degrees)

1072 1071 1 10 102 103 104
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Response of high-pass amplifier

A,
S . A ](L) AO(JL) W
Ay(s) = A e .‘A(jw)‘Z‘ o = - L
V (0] S+ W V . W« W
L jw+ oy /w2+wﬁ A
W» W)
A jw _
0A(jw) = O—— = DAO+9OO—tan 1(—‘*1)
JO+ & WL

Provides uniform gain for all frequencies above w, .
Explain - Bode plot, 3 dB frequency (w, )and bandwidth o of HPA,

IAVI (dB) |
Alow frequency , high frequency asymptote
20 log A, asymptote = 2%

N

BW

20 dB/decade:
» w (log scale)

W
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Phase (degrees)

Lecture5

1074 101 1 10 102
Normalized Frequency (w/wy)

103



Response of band-pass amplifier

Wy

Low Pass Amplifier A, (s) = A+ —y
A W A
‘ 2 H‘ and DAV(J(D) = [ 9 = DAO_tan _1(£)

. W W
./ooz+ooﬁ| 1+]— H
Wy

Ay(0)| =

S

Response of high-pass amplifier A, (s) = A, * T
L
. A jw _ A Jw B
A0 = |22 | and DA (jw) = D—2— = DA, +90°—tan 1(2)
jo+ oy jo+w W,
Ayl (dB) [Avl (dB)
low -
Aogsy:nessjsg): . high frequency asymptote Alow frequency asymptoge |
\ [ 20 log A, 20|log A, X high frequency
1 I asymptote
: > : -20 dB/decade
20 dB/decade: :
(:)L > Wy

w (log scale) w (log®scale)
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OF

= ° - I - 1Fi = ° S
Low pass A (s) = A, St high-pass amplifier A, (s) = A, st
Response of band-pass amplifier
S0 S
A (S) = A o = A e .
V o] o]
(s+ 0 )(s+ ) (s+ )= +1)
Wy
For midband range of frequencies W < W< W, ‘Av(j oo)| =A,.
. A jw Ao uy, A
A0 = |— wc:l)(j‘(t = et - 2
J(w + ) (W + W) [1+ﬂj(l+&j
2 2
W Wy
A jw _ _
OAy(jw) = O o/ .(q_' = DAO+900—tan 1(2) —tan 1(2)
(jo+tw)(wt+w,) W Wy
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Example: Determine the characteristics of
an amplifier with a transfer function of

—2x10"s

| |
Ay(s) = (s+ 100)(s + 5000) m

Gain (dB)

Ajlww, _ 400(50000)s Frequency (Hz)

Ay (Jw)| = =
| v(l )| (jw+o)(w+w,) (s+ 100)(s+ 50000)
_ 0. _ . ¢ - 100 _ .+ 50000 _
‘AO‘ = 20+ log(400) = 52.0dB; f, = o - 159Hz; f, = e 7.96kH z
Bandwidth = f, —f = 7.94kHz
: Aojw% 0 -1/ W -1/ W
OAy(jw) = O . = 0A,+90 —tan (—) —tan (—)
(Jo+w )(jw+ w,) W W
N~ ond -1 W) -1/ W
HAy(Jw) = —90" —tan (100> tan (5—()000)
Example, @ = 0= DA, (jw) = —90°; ® = 100= DA (jw) = -135°

w

50, 000 = DA, (jw) = —225° @ = o= OA(jw) = —270°
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Narrow Band or High-Q Bandpass Amplifier (Read) _

10 =

4w

Voltage Gain
ol
I

[ I
09 10 11
Radian Frequency

W f f
_ o __'o _To _ Q
Q= op - T -f, _ BW Ay(s) = A,° Poles - complex

o 0 ~1f 1 Wy
OAy(jw) = OA,+90 —tan (5 . Zj
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Band-Rejection Amplifier (Read)
10 =

Voltage Gain
ol
|

09 10 11
Radian Frequency

Ay (s +ooé) _ _
Ay(s) = . Write expressions for mag. & phase?
2 Wo 2
(s + S—E?— + ‘*’o)
2
W
|A0 . 1—((}0—0) A

Wy
. w
DA, (jw) = OA, + 900 tan 1(1 D——E—Q—)Q—Ej
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The All-Pass Function (Read)

(s—wp)
(s+wg)

Ay(s) = A, |Av(jw)‘ = ‘A

ol -

W

DAy (jw) = —2tan _1(00—0).
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	Table 2: Inverse Tangent

