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Surrounding Applications

Cell phone

Interferer

~

N
T
=
o
&

Application: Cellphone
Centerfrequency: 200 MHz
Bandwidth: 200 KHz

900 MHz
900.2 MHz

Adjacent
inferference

Filter
Frequency
Response

Use a filtertforemove
interference
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Surrounding Applications

ADSL Splitter
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ADSL Frequencies
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Surrounding Applications

Heart Rate

0.0 0.5 1.0 15 2.0 2.5
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Surrounding Applications

Automotive Applications

Current Sense Amplifiers

Applications:

H-Bridge Motor Control
Solenoid Current Sense
PWM Control Loops
Hydraulic Controls
Lamp Monitoring
Glow Plug Control
Load Monitoring
HEV/EV Battery Management Systems
12V / 24V Battery Monitoring
Hiah Voltaae Data Acauisition

Current Common Mode ‘ ResponsaTime | Vog Max ’ PSRR Min ’ Max Temperature
PartNumber | Direction Voltage (V) () ) (d8) Range Comments
w177 Bidiectional 251065 10 150 100 ~40°C10125°C  Butfered Output; Simple input Fiering
IT1389 Bidiectional 51080 25 750 £ —55C10150°C  High Spesd AC Moritor
176100 Uridiectional 4.1 to48 20 300 o ~40°C10125°C  Buffered Dulput with 5 Gain Setings
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Mathematical background
: :

Fourier Series

2 a+T
ap = 7/;, f(t)dt (1)

2 a+T
an = ?/ f(t) cos(kwt)dt, k>1 (2)

a

2 a+T
an= 2 / £(t) sin(kwt), k=1 @
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Mathematical background
:

Hierarchy of Filters

: Logic And
Active FF
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Four types of filters

"ldeal Filters" Frequency domain

pass band _

w w
=] [=}
2| 2
= stop band s
fe FREQUENCY

(A) Lowpass
w w
[=} =}
2 2
E E
=z =z
o [0}
a a |
= =

L f,  FREQUENCY fi T FREQUENCY
(C) Bandpass (D) Notch (Bandreject)
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Four types of filters

"Realistic Filters™ Frequency domain

lowpass

FREQUENCY

e[7
g /\
FREQUENCY
bandpass
8
g / 1IN

MAGNITUDE

MAGNITUDE

highpass

\

FREQUENCY

bandstop

A

N

FREQUENCY
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Four types of filters
:
Key Filter Parameters
ATT TRANSITION
e s -——— ~ ——|] BAND
PASSBAND , /'\ m {1\ F\
RIPPLE MAX T T Ly] U
3dB POINT - — — e S e e
STOPBAND
ATTENUATION
AMIN
1
v
FREQUENCY
“——————— PASS BAND —
STOP BAND
Fe Fs
CUTOFF STOPBAND

FREQUENCY FREQUENCY
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Realization with passive Elements

General form

T(s) = M(S) _ bmS™ + by g™ 4+ bys + by
D(s) ans"+ap_18" 1+ +a1s+ ap

_ N(s) _ bys + by
T(s) = D(s) ajs+ ag

First Order

Conditions

» a; and b; are real numbers.

» a; could be positive, negative, and zero.

» b; could be positive.
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Realization with passive Elements

Examples

A\ 3(s)

» U1(s)

<—— stable region

EEC 242

unstable region —>
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Realization with passive Elements

Examples
s+3 s+1
T.(s) = K,—— T = K|
a(s) as_._l b(s) bS+4
Jjw Jw
——x—— e t
-3 ¢ 4 Sl g
() (b) ()
EEC 242
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Low Pass Filter

Examples

» Find the transfer function.

» compute magnitude, phase, pole, and zero , assume
R =12k and C = 100nf.
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Low Pass Filter

[T(S)]

Magnitude

Transfer Function LPF

o = 20log1o| T(S)| ShY

£ 1 : k

2rRc ~ 2x3.14 x 12k x 100n . —
= 132.6Hz T
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Low Pass Filter

< O(w)

1 0
om 1 10
05 10 .
20 .
o .
50 .
o5 o ® e
.
.
0
a4 50 e
L o,
sint sin sin- 5
leading Iagging
)
80
50
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High Pass Filter
:

Examples

VI@ R

My
&

» Find the transfer function.
» compute magnitude, phase, pole, and zero , assume
R =12kQ and C = 100nf.
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High Pass Filter
: :

[T(S)]

Magnitude

a = 20l0g10| T(S)| . y
0.6
f _ 1 04 o
¢~ 27Rc i -
1 0 2 4 6 8 10 12 :
1.2 r 0

T 2x314x12k x100n -
— 132.6Hz o

0.6
F -15
0.4

02 F -20

0 -25
01 1 10
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High Pass Filter
: :

Excr 1:

Design a 15! order HPF with

next specifications: . C T
» |T(0)] =0.3. v, @ RE Vo
> |T(o0)| = 1. - |
» there are a zero @
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Bandpass Filter

Example

» Find the transfer function.
» compute magnitude,

phase.

EEC 242

The BPF cct.:

L
MM

=0
+

vi® Ry,

http://Drshiple-courses.weebly.com/ 21
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Bandpass Filter
:

cont.

The BPF cct.:

N\
R 080 I \

T R+SL+ 4 - / -\
1 VARN

SL+ oo 0 purely real o=

H(S)

17300
17300
17300

37200
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Bandpass Filter
:

Band Pass Filter

» Therefore at the resonant frequency the impedance seen by the source
is purely resistive.

> This implies that at resonance the inductor/capacitor combination acts
as a short circuit.

» The current flowing in the system is in phase with the source voltage.

EEC 242 http://Drshiple-courses.weebly.com/ 23
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Bandpass Filter
:

Max. and Min. Frequencies

B R
 R+SL+ 4
SCR
~ S2LC+ SCR+1
__ St
s2+ 8+ L
Rw
| T(jw)| = £

H(S)

V(g — w22 + (48)?

The BPF cct.:

17300
17300
17300

()] = = =

V2 - ko4
wlL 1

EEC 242 http://Drshiplefcourses.weebl:‘v_-.c.lvm7__ n - e 24
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Bandpass Filter
: :

Max. and Min. Frequencies

1.0
increasing R
30.6-
R R\2 1 o
“r=ort (ﬂ) tIc o
1E+2 1E+3 1E+4 1E+5 1E+6

R R 2 1 o) (radfsec)
wp =—57 + — | +5+=

2L 2L
R Highmczﬂi
Band width = g = T

Quality factor = Q = -2

Low"Q
EEC 242 http://Drshiplefcour!s_.'éebl:v c K l l
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Band rejection Filter (BRF)

Example

The BRF cct.:

» Find the transfer function.

» compute magnitude, AN\N +
phase. R

Vi \/.:J

EEC 242 http://Drshiple-courses.weebly.com/ 26
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Band rejection Filter (BRF)
:

cont.

The BRF cct.:

SL+ g ,
R+ SL+ & oo \\/

H(S) =

1 0.00
SL+ So purely real *":

1
VLC

wo =

EEC 242 http://Drshiple-courses.weebly.com/ 27
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Band rejection Filter (BRF)
:

Max. and Min. Frequencies

_ SL+4
 R+SL+ 4
S?LC +1

H(S)

~ S2LC+ SCR+1
S+
sy siy L

1 wz)z

[ T(w)l =

The BRF cct.:

ARRRRSgNcS8BREEIRECESBREERATRR
mmmmmmmmmmmmmmmmmmmmmmmmmm

[T = —5 =

2
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Band rejection Filter (BRF)
:

Max. and Min. Frequencies

Band width = g =

Quality factor = Q = %
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All Pass Filter
:
Example

» Find the transfer function.

» compute magnitude,
phase.

EEC 242
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All Pass Filter
:
cont.
The APF cct.:
Ry 1
Va=Vigg =5
2R, 2

Ve — SCR

SCR + 1 , +>
1 SCR A
Ve=Va~Ve= (3~ s0m17)
1
We = =~
_1-SCR
H(S) =35 %1 scR

“:U
9]

EEC 242 http://Drshiple-courses.weebly.com/




Introduction Passive Filters Characteristics Bilinear Transfer Function Exercises
0000 000 000
[e]e] 000 000
00000
0000
ooe
:
All Pass Filter

Max. and Min. Frequencies

00 T

1000

T
10 100
-200 \

-40.0 \
-60.0

| T(jw)| = > for all w e \

6 =—2tan' e N

wc -1400 \

-160.0
\

-180.0

-200.0
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Appendix

Example 3.1:

By using voltage divider:
1
Vo = Vi— x SC
R+ e
Vo 1 B 1
Vi 1+SRc 1+jwRe
To find the pole of TF
(Dnum = 0):
1 1
T(S)| = = —
TS (1)2 + (wRc)2 V2
1
w
I?E024ﬁc

To find the zero of TF
(Num = 0):

Zero = oo

To find the magnitude of
TF:

1

IT(S) =
S
VAR b=k

To find the phase of TF:

IT(S) =

http://Drshipl

. (wF?C)

(1)? + (wRc)?

use we

tan® ()



Appendix

Example 3.3:
By using voltage divider:

Vo=V x SC
R+ <
Vo SRC _  jwRc
Vi 1+ SRc 1+ jwRc
To find the pole of TF
(Dnum = 0):
1 1
T(S)| = =—
ITE3) (12 + (wRe)2 V2
1
We — R_C

EEC 242 http://Drshiple—

To find the magnitude of

TF:

B (wRc)? "
IT(S)| = 2T R S0
T(S) = — e
IT(S)] (o

To find the phase of TF:

71' wRc
(w) = & —tan—1 (L2
() = 5 —tan~' (1)
T 1 w
=_—-—tan"'(—)
courses.weeb?‘com/ We 34




Appendix

Example 3.4:
To realize |T(0)| = 0.3:

a pure capacitor will not meet this condition we

need to add shunt resistor, the exapectid cct.:

c1

|||—<

Back to GEEITED,

Vo — V. SCH1R2—|—R2
°" "'ScRiR: + (Ri + Rz)
(4)
A
T(S)|w=0 = 5
T(S)oo= g

To find the pole of TF (Dnum =
0):

1
SCR1R2+H2:0:>Q):T’?1
(6)

From 4 and 6 assume ¢ = 1uf

o R =1KQand R; = 429Q

EEC 242 http://Drshiple-courses.weebly.com/
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