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Input ! ! V| Linear Vo(t) =V, cos(ot + ¢, )

Vi(a))zviej¢i Circuit Vo(w):V0€j¢0

> Outpu

H(s) or H(w)
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= 3J|(magnitude) = 01S(gain) :
‘H(Cl))‘ZVO/Vi

= P &H(phase):

¢H :¢o_¢i

Korea University of Technology and Education




A ) ) ) S O 00

=l SE 4 H() =V (0)/Vs(w) E Hbtotct

= O

| Thevenin
eanivalent
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ZIE (Filter)
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— — :ideal response P : passband S : stopband
1. < EF 2H (low—pass filter), 2. 29 £} 2H(high—pass filter),
3. e = ZE(band-pass filter), 4. LHE M H ZH (band-reject filter)
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X I Z2H (Low—-Pass Filter; LPF)
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RC Tow- }sts filter. The circuit

preserves lower frequencies while

attenuating the frequencies above

the cutoff frequency wy = 1/RC.

The voltages V; and V,, are the

filter input and output voltages, 1

: 1 1
respectively. V. (@) = J“’C ——V- H(o)=— "~
o (@) = Vi (o) JwRC (@) = H(o) 1+ joRC
R
T — o+
1 1
e vt
v, c J1+(@RC)?  (1+(w/w,)

-®
/H () = ¢(») = —tan*(wRC) = —tan " (0/®,)

@, =1/RC : Xt&t F=1}=+(cutoff frequency, break frequency or corner frequency)
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Bode Plot
= 3J|(Magnitude):

w—0 = |H(w)|—>1(e,V, >V, 1[joC—>wasw—>0 = capacitor:open-circuit)

0=0n, = |H(a))|:1/\/§
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w—>o = |H(w)| >0(e,V, >0 - 1ljoC~0asw—w = capacitor:short-circuit)

—C,’—lé,F (Phase) 0—>0= ¢(w) >0, 0=0, = o)=-45,0 >0 = @gw)—>-90

= QA& (Decibel): (dB)

V(.J =20log,, VO

IldB

! = 20log,,|H (w)| = 20log,, . —10log,,

J1+ (0l o,)? 1+(0/ w,)?

®—0 = 20l0g,,|H (w)| =-10l0g,,1=0

[H (@)=

o=, = 20log,y|H (w)| =-10log,, 2 ~ -3

w — o = 20l0g,,|H ()| ~ —10log,,
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= LPFQ SH2 XE FM2 A D C Ol AZTENS BSIAZ2ZM
HOHH = Ch
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‘H(w)‘/\ Magnitude (dl;) ())‘ )i 77777777
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DVAS I ZH (High—-Pass Filter; HPF)
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RC high-pass filter. The circuit V, (@) = —V,(o) =ja_)ivi () = H(w)= j a.)RC
preserves higher frequencies while R+ e L+ JeRC 1+ JaRC
attenuating the frequencies below RC ol o
the cutoff frequency wg = 1/RC. H(w)|= i az ROP = o, /° X
+ (o +(o/ w,
N
+0 71 o ZH (w) = ¢() = tan(wRC /0)—tan *(wRC) = 90° — tan *(w/ , )
V,r' 0
k w, =1/ RC
e O P O —
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Bode Plot
= 37

w—0= H(®) —>0,0=0, = H(w)=1/v/2,0 > = H(w) >1

A ) ) ) S O 00

®—>0= H(w)—>0 (ie,V, >0 1/joC— 0 asw—>0 = capacitor:open - circuit)
0=w0, = H(a))=1/\/§
o —> o = H(w)—>0(i.e,V, >V, ~1/joC—0asw— o = capacitor:short -circuit)

PN

®—>0= ¢g(w) > 90" ,0=0, = §w)=45",0 > 0 = g(w) >0
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- DEDM HENAE ASE SUAIZICH (@50 =1/RC)

= HPFOl SH2 [E =040 AT COl AZE)S HSHAIA2Z M
510 I Ch.

H(®)|4
1 o
0.5_//
0" 102 10! 10° 100 10?2 10° @/, (log scale)

s
90°

7

45°
102 10t 10° 100 10?2 10° 4, @, (logscale)

Korea University of Technology and Education

(HHE S} 2 E (Band—-Pass Filter; BPF)
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R joRC
V (w) = V. (w) = V. (w
(@)= R+1/jaoC + jolL (@) 1+ joRC + (jw)*LC (@)
V, () joRC Let JRCw
H(w) = =— — = :
V(o) 1+ joRC+(jo)’LC 1+ jo!/o Y1+ jolo,)
Copyright @ The MoGraw-Hill Companias, Inc. Parmission raquired for raproduction or display. 1 1 _ RC& l _ LC
RLC bandpass filter. The circuit PRI PR
i3 . . . L H L*H
preserves frequencies within a
band. @ low cutoff frequency
C T w,, - high cutoff frequency
+ 0—) T 0+ Ao =, — o, : 9% Z(bandwidth)
o, =\Jo o, : S8 F1==(center frequency)
V:' R Vo RC
H@)|= r
J1+ (@ 0 ) 1+ (0! 0,)?

ZH (o) = #(w) =90° —tan *(w/w,,) —tan *(o/w, )
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Bode Plot
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s FI|: v>0= |H@)|->0(e.,V, >0 - joL—wasw—>o = inductor:open-circuit)

n A 050= ¢(0) 590, 0=0, = Hw)=0 050 = #o)—>-90°

= (S S 202 S4
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= AL Ly

N

00 102 10 10° 100 102 10° w/w. (109
#(w)
90

0

N,

-90
= 2 101 100 1 2 3 - (log
0 10 10 10 10 104 10° @/ w¢ scale)

Korea University of Technology and Education

Copyright © The McGraw-Hill Companies, Inc.
Permission required for reproduction or display.
Magnitude response of second-order bandpass filter
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(a)
1
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1 1 1L . S SS st G
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