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NOi dung

 Phan loai mach loc theo linh kién. v, Ve
— Thu doéng (RLC) °T
— Tich cuc (RC & OpAmp) )
* Phan loai mach loc theo dap &rng tan so

C

— Mach loc théng thap. i

— Mach loc thong cao. RN Ny |
— Mach loc thong dai. c\t — Vour
— Mach loc chan dai. -

— Mach loc toan dai (dich pha tuyén tinh).
* Thiét ké mach loc Butterword.
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Phan loai mach loc (ly twong)
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Tiéu chuan toi wu

 Daithdng phang cuc dai = Butterworth

« Khoang dich chuyén dai thong-dai chan nhé
- Tschebyscheff

* Pha tuyén tinh = Bessel

Ag

1+ as + bs?)
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Thiét ké bd loc Butterworth

Cne Decade Cine Octave
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capacitor values should be on the order of magnitude of (10/f) uF
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Po6 doc bo loc ghép lién tang

1st Order First-order Roll-off
Filter . stage » 20dB/decade
2nd Order Second-order Roll-off
Filker —™ stage 40dB/decade
3rd Order First-order Second-order Roll-off
Filter I stage - stage > 60dB/decade
4th Order Second-order Second-order Roll-off
Filter I stage I stage 80dB/decade
Sth Order First-order Second-order Second-order Roll-off
Filter I stage I stage I stage 100dB/decade
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Thiét ké b6 loc Butterworth (tt)
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Thiét ké b6 loc Butterworth (tt)

n Mormalised Denominator Polynomials in Factored Form
1 | (1+8)

] jor L2
2 | (1+1.414s5+5% {_’}*{,r_,_;) — |

2n? L
3 | (1+8)(1+s+57) =+ XooprEeTE

L8 R

4 | (1+0.7655+s%)(1+1.848s+5%) —4 F
*

5 | (1+5)(1+0.6185+5")(1+1.6185+59) y

6 | (1+0.5185+s%)(1+1.41d5+5%)(1+1.9325+59) K

7| (1+8)(1+0.4455+5%)(1+1.2475+5")(1+1.802s+s")

8 | (1+0.390s5+57)(1+1.1115+57)(1+1.6635+57)(1+1.9625+5%)

g | (1+s)(1+0.3475+5")(1+5+5°)(1+1.5325+5")(1+1.8795+5")

10 | (1+0.3135+5%)(1+0.9085+5°)(1+1.4145+5°)(1+1.7825+5%)(1+1.9755+5")
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[52 — 25c08 (
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Thong thap bac 1

= 2
R, S

Ry Ry

1 + a -5

T+ wR,Cys 1T+ weR,C,8
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Thong thap bac 2

C,

* Ham truyén dua vé chuan hoa tir w,
JI|I:IIH'EI
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Thong thap bac 2

1+ mEG1(HE + R, + Héﬁﬂ)s + w2 C,C,R,R,82
1
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Loc théng cao

* Thay s boi 1/s
* Thay R boi C va nguoc lai
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Loc thong dai

* Thay s boi L (5 - 1')
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* NGi tiép loc théong thap vai loc thong cao
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Loc théng dai bac 2

R
WV, \ AD&ES
o= "1+ AQ-s + g2
G-RCwq-s
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1+ H1+H3Emm5 H HHE Wm< S
_ Ry TR _ R B = —|
'm = 22C \/H1HEH3 ~ Am = 3R, R,C
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* Thay s boi

A / y
|A] [dB] y |A| [dB]
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BO loc chan dai
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Mach loc chan dai cau doi T

_f j_ k(1 + 82
e | %Fﬂz v 1+ 2(2 —k)s + 82

R R > c
A P l % |
I R/2
= I""'I'-.—l
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'm = Z1RC %2‘3
R, '
G =1 +H—1
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Mach loc chan dai Wien-Robison

" Fé - 1f_ﬂﬂ + 82

R, =
“ TR,
RE
R4 fm = 57RC |
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Mach loc toan dai

I,_I[1 - as + bs?

I,—I[1 +as + bs?
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Mach loc thong thap thu ddng

Fesistor, R

U’\N\/

Capacitor, C
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Mach loc thdng thap tich cuc

. MNon-invertin Low P . .
Low Pass Filter : ing ow Pass
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ST high )
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1
R (1 + as)(1 + o8] ... (1 + aps)
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Mach loc thdng thap tich cuc (tt)

e Sallen & Key 2
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Sallen & Key 3 cs

R1 ; R2 R3 i
&
AAA ———AN, AN — BB
l 2 l Yout
Win C1 3
l“_ R4 R4
3 M=1+ R—
RS
M
R1-R3-R3-C1-Ca-C3
[3 [ 1 1 1 1-M 1 ]2 [03-R3+R1-C3+R2-C3+ Cl-R1+(1-M)-[R1+R2)-CzJ 1 J
s + + + + + 5+ 5 +
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B6 loc thong thap bac 3

e Cauer

Vie = W * rﬂ_ﬁnl' e Vour

 The filter becomes a Butterworth filter with
cutoff frequency w_ =1 when (for example) C,=4/3
farad, R,=1 ohm, L,=3/2 henry and L,=1/2 henry.
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Mach loc thong cao thu dong
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Mach loc thong cao tich cuc
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Mach loc thong cao tich cuc (tt)
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Mach loc thong dai

High Pass Filter Stage

thu dong

Low Pass Filter Stage
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R. C. C1=15nF R2 = 10KQ
|
AN | 2 AVAVAY 0
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Mach loc thong dai tich cuc
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BS loc bién trang thai bac 2

As* + @,(B - D)s + Ew’ a. A 1/RC

1, Wy 2
54+ — 5 + W

Q
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To transform a low-pass filter to high-pass, we first scale it to
a cut-off frequency of 1 rad/s if it is not already at 1 rad/s. This
allows a simple frequency rotation about 1 rad/s of s = 1/s
All s become Cs, all C's become s, and all values reciprocate.

The cut-off frequency does not change.

Example 4.7, Design & third-order, high-pass Butterworth
hilter to operate from a 600-£) source to a 600-0) load witha ¥ 1= 1= 'j"’a

cut-off frequency of 500 Hz
1 1/2 00 0,.2653

G0 I T R
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To transform a low-pass filter to a bandpass filter we must first scale the lovw-pass filter o that the cut-off
frl:r_]u:m::.-' 15 equal to the bandwidth of the normalized bandpass filter. The normalized center frequency af the
bandpass filter is wy= 1 rad/s. Then we apply the transformation s = s + 1/s For an inductor

{
1
Z = [stransformsto Z = Li 5 + —}
\ 5

For a capacitor

{
Y = Cs transformsto ¥ = Cis ~ l}
\ 5;

The first step is then to determine the Q of the bandpass filter where

0=t
B Er
[ f, 1s the center frequency in Hz and B is the 3-dB bandwidth in Hz). Now we scale the low-pass filter to a

cut-off frequency of 1/Q rad/s, then series tune every inductor, L, with a capacitor of value 1/L and parallel

tune every capacitor, C, with an inductor of value 1/C

Nguyén Thanh Tuan 37
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Example 4.8. Design a bandpass hlter centered at 100 kHz having a 3-dB bandwidth of 10 kHz starting with
a third-order Butterworth low-pass filter. The source and load resistors are each to be 600 {1
The Q required 15

100 kH |
Q= ——X =10, or— = 0.1
10 kHz Q
1 2 1 20 1420
A T l LI l- . T, H . . .
'ﬂ-#) 1—I- ‘T i j*ﬂ: v, wJ- 1110 mJ— 1o 4 )vﬂ
S . 1 1 |
1 o1 B00L) 19,1 mH ‘||3?-5 pF
ey, l . DEEE—L W I] j_ -
¥ 10 ——= 10 1 jpﬂ Vil JuF Eﬁﬁ EIIIE-EE Eﬁﬁ GO0 jvu
n Tt m
. T Il T ]
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