Lab 3: Passive Filters ( &I iE R EIE )

m Filter types
B Frequency Response: Bode Diagram

EE 2245 ¢ + B ¥ 5% 1 EF o FELETS



Signals: Time Domain ( f53E ) vs.
Freguency Domain ( #8135

B The spectrum ( 385 ) of a time-domain signal can be
obtained by Fourier analysis

B Filters of various types can keep or attenuate signals at
different frequency ranges

B What are passive and active filters?

| Fourier 4 Which part would you
like to keep?

analysis
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Filter Types: First, a Low-Pass Filter ( {&#&#

RS )

B The frequency response of a low-pass filter as shown attenuates

high-frequency components of the signal
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Cont’d: Frequency Responses of Other

Types of Filters

High-pass filter

Band-pass filter

Band-reject filter
M1 B AR frequency
response - LU Sci@ &4 o] A
LRCRZ (Efilter

Band-Pass filter

N

\passband

® (rad/séc)
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High-Pass filter
o(j®)
v (jo) / passhhand
o (rad/sec)
Band-Reject filter
passband
o(i®)
v(jo)

o (rad/sec)
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Low-Pass and High-Pass Filters

Low-Pass High-Pass

1
Vols)  sc 1 Vo(s) R RCs
vis) r, 1 RCs+l vis) ., 1 RCs+l
sC sC

| #ttimpedancel# B3R 38 H 7R [ B9 38 K B X |
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Band-Pass Filters

3 RCs
LCs? +RCs +1
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vi(s)  LRCs? +Ls+R
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Band-Reject Filters

L
T
w S S
.
@vi(t) L %vo(t) @vi(t) . R§ Vo(t)
c = _
2 1 2., -
v * Tic Vols) _ ° 1+|_c :
VI(S) 52_|_RS_|_L]&: VI(S) 82+—CS+E
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What is the Frequency Response of a
Circuit/System?

B Given a sinusoidal input to a system (for example, a circuit), the
steady-state output ( icfF & BRAEIREHL ) is modified by
the gain and phase of system’s frequency response

B Frequency response of a system can be represented by Bode
diagram, and used in filtering problems (this lab) and control
system problems (K="=l % 4%)

Vi (t)= A-sin (a)t) _ _ Vo,ss(t):NH(jw]'Sin(a)t‘FéH(jw))
> H(jo)=|H(jo)-eHHle) -

System
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Example: a Low-Pass Filter

B Hereis a RC circuit: v; = sin(t%
V(S 1 1
Vi (S) s+1 s°+1 W
1 1 a bs+c | _1*
Vols)= s+1 241 s+l s2+1 @Vizsm(t) P

0.5 -0.55+0.5 = =
= +

s+l 5% +1
V,(t)=0.5e" —0.5cost+0.5sint

Vo.ss(t)=0.707sin (t — 45°)

ooV
=0.5¢ "+ Sint———cost _
2 (/2 J2 0.707 and -45° are the magnitude
and phase of the frequency

— O,5e_t +0.707 sin(t — 450) response at o = 1 rad/sec
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Cont’d: Obtain the Phase from Waveforms

10
+
(\/ v=sin(t) 1E==V,
T = 1 — 2 =2n form=1rad/sec
f  o2n
At=—2 T —0.785 sec
360°

o . 150 = T — 0 = 45° (_|_ or — ?)
Time (second)

-45° means v, .(t) lags v;(t)
by 0.785 sec.
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Cont’d : Verify |H(jo)| and ZH(jo) at ® = 1 rad/sec

) 5
, +
1 -
H(J(})Xm:l = m =(0.707e 4
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Example: a High-Pass Filter

B Inputv; = sin(t)

Vo(s) _ s vy ()= S 17 C=1F
Vi(S) s+1 0 s+1 g% 412 I I
+
m AR - BUNBEBE1TRE
{\, v R =1Q V,

v, (t)=0.5(sin t + cost)—0.5e™ _

=0.707sin (t + 45°)-0.5¢™" = =
/ AN

Steady-state part Transient part

0.707 and +45° are the magnitude and phase of the frequency
response at ® = 1 rad/sec
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BB N A -- The Steady-
State Output V_ .. Leads by 45°

Cont’d

=45°)

0.785 sec. (
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Second
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Summary : Establish System’s Frequency

Response
Vi (t) ) H (S) Vo gt)

System

B 5F— - BRAHEBZRGAERTINH(S)E : =R G -FFr/~EE - &
AARGISERAZE - BB EMEEEGHLZENEMURMER - KKE
|H(jo)| & £H(jw)

B 5" ENERZARTINHG)EE : Bls = jofC AH(s) (why? Z1RA
HEEEFNZAIESIRSE)

H(joo) = [H(joo) -e¥He)
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Frequency Response Represented by the
Bode Diagram

B Bode diagram contains gain and
phase plots with frequency
represented by logarithmic scale

B By replacing s = jo to get

frequency-domain representation R=10
B Example: a low-pass filter —\WW\
+
VAI\S 1 6/ V; C=1F ——= Vo
H(S): O( ) — _
vi(s) RCs +1 —= —
- where T =RC =1sec
Ts+1
. : V, (o 1
s = jo = H(jo)= oli®) _

V; (joo) B JoT+1
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Cont’'d: Magnitude of a LPF

H(jo) = Vo(io)| 1 J\?\XIQ
vi(jo)l Jo2T241 +
m Unit of magnitude: Decibel 6/ Vi C=l F___ Yo
Ll e =
20L0g;0H (jo) P — 20 dB/decade
H(jo) ,=1=0dB ™ /
N -20}
| 1 aB _ |
H(jo) .~ =E=o.707 =-3dB -
_40t
H -(D = O = _OOdB ) :
‘ (J X(DZOO 5100'2 10° 10°

o (radian/sec)
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Cont’d: Phase of a LPF

H(jm):VO(!-(D): - 1
Vi(joo JoT +1
N 1
AH(ja))—Lj(DTJrl— tan (0T )

ZH(j0)=—tan™*(0T )=0°
1 4
ZH (] ?j = —tan (1) = —45°

ZH (Joo) = —tan_l(oo) =-90°
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Example: A High-Pass Filter

C :I |1F -3-dB frequency (1/(RC) = 1 rad/sec)
i o

—_— —_— -30r

H(S_):vo(s): sRC _: : .
vi(s) SRC+1 s+1

1
®
W
<

=20k

N

20 dB/dec.

B Magnitude: 107 0 0 10 10°
: ® o (radian/sec)
o) =—=
o +1

H(jo) =O=—oodB;‘H(j%j‘ =0.707 = -3dB;|H (joo )| =1 = 0dB;
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Cont’d: Phase of a HPF

C=1F 150
|
N _ 80r @-3dB frequency °
& = 45°
@ v, R=1Q § V, g 60
_ o I
N 40

H(J(D): VO(.j(D) . JCO 20r
Vi(j(O) Jo+1 (S T
B Phase: 0 10 10 10 10

_ 1 o (radian/sec)
/ZH (jw) =90°—-tan "o

4H(j0)z90°;4H(jT£j=450;4H(joo)=00
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Bode Diagram: 2nd-Order Systems

B HBRRCAKMN—IEELR - RLRCEAKMNERE S olER - MNZA11RE
Flg9band-pass K band-reject filters

Band-Pass Band-Reject
— 000 W ,
L C + R
@ vi(t) R § Vo(D) (\/ vi(t) = v, (t)
_ c ==
BS 52 + i
Vol8) L Vo(S) _ LC
VI(S) 32+Bs+i Vi(s) 32+Bs+i
C LC
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2"d_Order Low-Pass Filter

m ME - E2—E_FE#Iow-pass filter - EEEEERIfrequency responseid &
Bt EEfEband-pass K band-reject filtersZfrequency responses

1
H(s)= Vo(S) _ LC AN m
Vi(s) 32 _|_RS_|_1 R
L LC L *
i 0 B vi(t) @ C ——v,(t)
5% + 2£ 0,5 + O “n = JLC ~
| Rep(lac)e S = jo iy — iy —
H(jo)=— n_ = L
(joo)2 + 28y, (jo)+ oaﬁ (ooﬁ — ©° )+ J2E®,®
1

2
{1—‘*’2] )
®q ®q
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Cont’d: Magnitudes for Different Damping
Ratios &

B Magnitude: \H(jo))(: 1 H(jmxmzozl

®° i ® ? : 1
)= okons, =2

20 - H(J(Dx _ =0
resonant peaks << J|\"¢°0% | =60
1 for small & AN o015 NN
0l — Ol en H ".}, . y/- B . . SN I NN SO S | -
| A\ )

P 0 ’ A ; L 3
S TR -40 dB/decade
%mlo N e DS | (note: —[Elow-pass filter
9 0dB @ w=0 U § F3-20 dB/dec.)
8 —20 |- I

I
@
o

| T\ ,

0.1 0.2 03 04 0506 08 1.0 2 3 4 5 6 8 10

o/®
n
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Cont’d: Phases for Different Damping
Ratios &

B The transfer function: ®

= /H(jo)=—tan™

m Note: 0-180°
0 g - ‘
m LH(JQ))'(D:O =0°: e NN v Al N
B /H(jw)|,-, = -180 =
= 80
. ) T
B Note:zH(jo,) = -90°for ~\
all &£ values 10
—160
—180 : ;
0.1 0.2 03 04 0506 08 10 2 3 4 5 6 8 10

/o,
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Bode Diagrams for Band-Pass, Band-
Reject, and Low-Pass Filters

B RE&RR=1Q,L=1H,C=1F, tc&It=#EfiltersiiBode diagrams

Band-Pass Band-Reject

@ vi(t) R § Vo(D) <\/ vi(t) L Vo(t)

O
I
I

L
vi(t) @ C Z v, (t) Low-Pass
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Cont'd:f85%R=1Q,L=1H,C=1F

m 18 .E' . low-pass, band-passKband-reject filtersZE B 2AR5E (o,
1/JLC ) MiERZEZ ) ?

Band-Pass:

R 0

dB

. R l H - H H :::::; ; ; ;;;;;; E :
Vi) 2 R L —Band-pass | i N
---Band-reject i
L —--Low-pass | i i

VO(S): LC _80 — 1 : .....:goa SRR - I EH ,
6] LR 102 10 10° 10 10

RTINS Frequency (radian/sec)
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Band-Pass Filter: the Effect of Adjusting

the Value of R

B letL=1H,C=1F m

B [n this case, the damping

ratio reduces when the <>
resistor value decreases N vi(t)

Rs
Vo(s): L
Vi(s) 52+Bs+i
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Cont’d: Frequency Responses for
Different Values of R

B Damping ratiofR{E{FE% passband HSRREE - IEIKAVSREL (
o] D58 5 15 14 It 35 PR R 0V 58 2R A1 51 48 4B =00 EL it SR RGN 5% )

2—R=10hm | i 1o
R=01ohm| 1. i

DD oiiiiiff Pl l h Pt A

m ,t \ PPN
T -20F i NN
P AR T PO PN

10° 10" 10° 10" 10

Frequency (radian/sec)
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Band-Reject Filter: the Effect of
Adjusting the Value of R

m f{EEL=1H,C=1F /V\/
B [n this case, the damping R *
ratio reduces when the L
resistor value decreases @ vi(t) Vo(t)
C ___
> 1

LC
g_E c _ 1
2L " JLe
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Cont’d: Frequency Responses for
Different Values of R

B Damping ratiofBREEFJRKIVREL - o]l BEFEMRAAE
HYSAZRA SR M EE fﬂ?&ﬂ’]ﬁﬁ"

20‘—R 1ohm
----R Olohm

_60 : : aaaaaa.o : : a:a::al
10" 10 10
Frequency (radian/sec)
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