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NOI dung

Gidi thiéu

Loc tich cwc (Active Filters) va loc thu dong Passive
Filters

Cac loai mach loc

Pac tinh cua cac mach loc

Loc thédng thap (Low-Pass Filter)

Loc théng cao (High-Pass Filter)

Loc théng dai (Band-Pass Filter)

Loc triét/chan dai (Band-Stop Filter)

Summary



Gioi thiéu

Mach loc (Bo loc) la cac mach cho nhirng tin hiéu trong mot

dai tan s nao do di qua va loai bé nhirng tin hiéu ngoai dai

tan so nay.

Pac tinh nay ctia mach loc goi la lwa chon tan sé“frequency
selectivity”.

Mach loc thu déng (Passive filters): dwoc hinh thanh tw

nhung phan t& thu dong ( resistors, capacitors, inductors) nén

sé& khéng khuéch dai tin hiéu.

Mach loc tich cwe (Active filters): str dung cac phan tr c6 kha
nang khuéch dai (transistors, op-amps) két hop v&i cac phan
ter thu dong.

Mach loc tich cwe dwoc st dung nhiéu trong Iinh vue théng
tin, x ly tin hiéu, dién t&r y sinh, giai tri,...



Uu diém ctla bd loc tich cuwc so
vo'l bo loc thu dong

Mach loc tich cwe c6 thé dworc thiét ké dé dat
do lgi mong muodn, trong khi loc thu dong
thwdng lam giam tin hiéu.

Giai quyét dwoc bai toan tai do Opamp cb tré
khang vao cao va tré khang ra nho/

Opamp da dang vé chiing loai va gia thanh
—> giup cho thiéet ke, thwc hién mach loc tich
cwc don gian va hiéu qua.



BO loc tich cwc (Active Filter)

Phan loai theo chuwrc nang loc:

Loct
Loct
Loct

hdng thap (Low-Pass Filter)
nong cao (High-Pass Filter)

ndng dai (Band-Pass Filter)

_oc triét/chan dai (Band-Stop Filter)

Méi loai duoc thiét ké dwa trén Opamp hay
transistor két hop voi cac linh kién thu dong

R,L,C.



Mot so thuat ngr
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oc thdng thap (Low-Pass Filter)
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Loc thdng thap bac 1
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Loc thdng thap bac 1
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H(jo) =
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Loc thdng thap bac 1
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Loc thdng thap bac 1
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Loc thdng thap bac 1
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Loc théng thap bac 2

Vi—Vy =sCV, -I-V1 Vs

R R Vi R
\i: SCR+2)V1—\£ (1) N l\/\() il L|v\(> ll -
R R R V. & C = 2 ’ C= 4 v
VimVo _ sCV, ; :

R ' = -
V1 = (SCR+1)\/O ...(2) |

V. SCR + 2 \
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(1) & (2) = ( R j( Ve R 1
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H(S)E\£= 2 . Hﬂjl> Hs)= 2 (3 ) L
V. (SCR) +,§§%B|e_c]fr;|hics, FETEL 2021 > +SCR * (CR)2



Loc théng thap bac 2

0dB

-3dB

_______________________
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Loc thong cao (High-Pass Filter)

Cho nhirng tan soé I&n
hon tan so f, di qua. (f,
goi la tan so cat).

Ly twdng thi dap rng bi
gidam dot ngdt tai tan so
cat. 5
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Loc thong cao bac 1
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Loc thong cao bac 1
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Loc thong cao bac 1
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Loc thong cao bac 1
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Loc thOng cao bac 2
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Loc thOng cao bac 2
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Loc bac 1 va 2 (15t & 2" Order Filter)
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Loc thng dai (Band-Pass Filter)

Cho nhirng tan so
trong dai t (f ) dén
(f,) di qua.

f, vaf,la cac tan so
cat dwdi va trén
m——

1

0.707

Ideal response

Actual response




Loc théng dai

Bang théng, Dai thong
(Bandwidth, BW)

V. (normalized to 1)

| BW=1f_,-1,

Tan sb trung tam (Center
frequency)

fo = \/ fcl fcz

Hé sb pham chét, Quality
factor (Q) la ti sO cua ts
trung tam va bang théng

fO

Analog Electronics, FETEL 2021 Q — BW

0.707




Loc chan/triét dai

Cho qua nhirng thanh
phan tan s6 nho hon f,
(f.) valon hon f_, (f,)

Gain (dB)
A

-+ Thucté
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Pac trwng dap wwng cua bd loc

Pac trwng nay dwoc
phan biét dwa trén
dang dap wng cua tirng
bo loc

D6 phang trong ving
passband

Do suy giam ngoai
vung passband

Ba loai loc co ban:

1. Butterworth
2. Bessel

Chebyshev

3. Chebyshev Analog Electronics, FETEL 2021



Pac trwng dap wng cua bd loc

Butterworth , .
Dap ung bién do rat phang trong vung passband
Suy giam -20 dB trén moi decade (tren moi bac loc)

Thwdng dung khi can phai co dd loi gibng nhau trong ving
passband.

Chebyshev
Co vot 16 (overshoot) hay gon song (ripples) trong vung passband.
Toc d6 suy glam nhiéu hon —20 dB/decade.

V@i cung yeu cau vé toc do suy gidm, thiét ké cltia loc Chebyshev
thwdng can it cwc va mach dién don gian hon Butterworth.

Bessel ]

Co dap wng pha tuyén tinh

Thich hop dé loc tin hiéu séng vudng. (< Tai sao? - xem nhw
Bai tap)



Pac trwng dap wwng cua bd loc

Damping Factor
Sé quyét dinh loai

Frequency-

dap tng cua bo loc "o selective ; |
la Butterworth, Vour
Chebyshev, hay e SR
Bessel. |

R e
DF =2-—2
- R Negative feedback network
2
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Pac trwng dap wwng cua bd loc

Tan so cat, f,

. Tan sob cat sé dwoc quyet

dinh béi gia tri ciia R va C  CRABGERE
trong mach “frequency- e
selective RC network”. V, o—AAA—e

- V@i bo loc don cwc/mot
cuc (first-order), tan sb
cat la: L

¢ _ 1
° 27RC

- Cong thire tren dung cho
cé loc thédng thap va théng
cao.

Analog Electronics, FETEL 2021



Pac trwng dap wng cua bd loc

Roll-off rate, toc d6 suy gidm
Tdc dd suy gidm cang nhanh khi cé cang nhiéu cuwc
Mbi bd RC trong mach loc thé hién mét cuc
Ghép ndi tiép cac bo loc sé lam tang sb cuc.

Mbi cuwc sé lam cho dap ng bién dé giam —20
dB/decade

|
RC
circuit

|
RC
circuit

I
RC
circuit




Pac trwng dap wng cua bd loc

Gain (normalized to 1)
A

0dB
3dB ———-F———————==——=—= Response of a

single-pole RC filter

le——Passband

—20 dB
Transition
region

~40 dB
~——BW——>

| D6 suy giam phu
region A N A
O ol L o we thudcvao so cuc

Gain (normalized to 1)
A

0dB

—20dB +

—40 dB A

AnalOg-E=+ actrobr

&
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Loc théng thap (Low-Pass Filter)

Mach loc don cwc (Single-Pole Filter)

Gain (dB)

ne poie
R
Vm o WV I T
i

—20 dB/decade

-20




Loc théng thap (Low-Pass Filter)

Mach loc Sallen-Key
Bac hal, second-order (two-pole) filter
Suy giam -40dB / decade f

Two-pole low-pass circuit

1
* 27R,R,C,C,

R, l Ry | A V&i R,=Rz=R
Vin o—WWW——WA—s vaC,=Cgz=C
Cg—=—— | 29— Vou
= 1
f. =
27RC

Quyét/dirit dang daparngda Buttérwarty, Chebyshey. ..
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Bang cac hé s6 cua cac mach loc

Butterworth
o35

Do c6 dap (rng phang nhéat trong so cac bé loc nén loc Butterworth dwoc sty
dung rong rai nhat >Se€ la b loc dwgc dé cap t¢i trong mén hoc nay

ROLL-OFF 1ST STAGE 2ND STAGE 3RD STAGE

ORDER DB/DECADE  POLES DF R{/R, POLES DF Ry/R; POLES DF Rs/R¢

1 —20 1 Optional

2 —40 2 1.414 0.586

3 —60 2 1.00 1 1 1.00 1

4 —80 2 1.848 0.152 2 0.765 1.235

5 —100 2 1.00 1 2 1.618 0.382 1 0.618 1.382

6 —120 2 1.932 0.068 2 1.414 0.586 2 0.518 1.482

Analog Electronics, FETEL 2021



Vi du

Tim tan s6 cat va dinh R1 dé dap ng mach
loc la Butterworth

1.0kQ  1.0kQ _




e

| 1

= = = 7.96 kH
27RC  27(1.0 kQ)(0.02 wF) ‘

Je

c
If ROLL-OFF 1ST STAGE

110.02 uF ORDER DB/DECADE  POLES DF R/R;

B

10kQ  1.0kQ _|Cs v 1 —20 1 Optional
Toz UF 4 ™\
ik 2 —40 2 1.414 ( 0.586 3
3 —60 ) 1.00 N—"

Gia tri dién tro
chuan Ia?

R; = 0.586R, = 0.586(1.0k{)) = 586 (2
Analog Electronics, FETEL 2021



Standard Resistor Values (£5%)

1.0 10 100 1.0K 10K 100K 1.0OM
1.1 11 110 11K 11K 110K L.IM
1.2 12 120 1.2K 12K 120K 1.2M
1.3 13 130 1.3K 13K 130K 1.3M
1.5 15 150 1.5K 15K 150K 1.5M
1.6 16 160 1.6K 16K 160K 1.6M
1.8 18 180 1.8K 18K 180K 1.8M
2.0 20 200 2.0K 20K 200K 2.0M
2.2 22 220 2.2K 22K 220K 2.2M
2.4 24 240 2.4K 24K 240K 2.4M
2.7 27 270 27K 27K 270K 2.M
3.0 30 300 3.0K 30K 300K 3.0M
3.3 33 330 3.3K 33K 330K 3.3M
3.6 36 360 3.6K 36K 360K 3.6M
3.9 39 390 3.9K 39K 390K 3.9M
43 43 430 43K 43K 430K 43M
4.7 47 470 4.7K 47K 470K 47M
5.1 51 510 5.1K 51K 510K 5.1M
5.6 56 560 5.6K 56K 560K 5.6M
6.2 62 620 6.2K 62K 620K 6.2M
6.8 68 680 6.8K 68K 680K 6.8M
7.5 75 750 7.5K 75K 750K 7.5M
8.2 82 820 8.2K 82K 820K 82M
9.1 91 910 9.1K 91K 910K 9.IM
Standard Capacitor Values (£10%)
10pF 100pF  1000pF  .010uF  .10uF 1.0uF 10uF
12pF 120pF  1200pF  012uF  .12uF 1.2uF
15pF 150pF  1500pF  015uF  .15uF 1.5uF
18pF 180pF  1800pF  .018uF  .I8uF 1.8uF
22pF 220pF 2200pF  .022pF 22uF 2.2pF 22uF
27pF 270pF  2700pF  .027uF  27uF  2.7uF
33pF 330pF  3300pF  .033uF  .33uF  3.3uF  33uF
39pF 390pF  3900pF  .039uF  .39uF  3.9uF
47pF 470pF 4700pF  .047uF A7TuF 4.7uF 47uF
56pF 560pF 5600pF  .056uF S6pF 5.6uF
68pF 680pF 6800pF  .068uF .68uF 6.8uF
82pF 820pF 8200pF  .082uF .82uF 8.2uF




Cascaded Low-Pass Filters

Bac 3

Bac 4 i
I




Thiét ké loc bac 4: Tim C dé f.la 2680 Hz , tat ca R trong mach RC c¢6 gia tri 1.8 k.
DPé c6 dap rng Butterworth, hay tim gia tri cac dién tré hoi tiép.



ROLL-OFF IST STAGE 2ND STAGE 3RD STAGE
ORDER DB/DECADE  POLES DF Ry/R, POLES DF RyRy POLES DF Rs/Rg
V. 1 —20 1 Optional
i 2 —40 2 1414 0.586

3 =60 2 1.00 1 1 1.00 1
4 —80 2 1.848 0.152 2 0.765 1.235
5 =100 2 1.00 1 2 1.618 0.382 1 0.618 1.382
6 —120 2 1,932 0.068 2 1.414 0.586 0.518 1.482

27RC

1 1
2wRf.  2mw(1.8 kQ)(2680 Hz)

Ca1 = Cp = Cqo = Cpy = 0.033 uF

= 0.033 uF

Pé don gian, cho: R, = R, = 1.8 k()
Tang 1: DF = 1848 and R,/R, = 0.152,
R, = 0.152R, = 0.152(1800 Q) = 274 Q

41 Analog ElectronicRy = 1.235R, = 1.235(1800 (}) = 2.22 k()




Loc thong cao tich cwc

Gain (normalized to 1)
A
0 dB !
P¢ déc phu
~20dB . thudc so cuc
I
|
—40 dB — :
|
|
—-60 dB I | |l | —>f
0.001f. 0.01f. 0.17; b - 10 f. 100 f..

Idealized high-pass filter responses
Analog Electronics, FETEL 2021



Loc thong cao tich cuwc 1 cwe (bac 1)

Gain (dB) (normalized to 1 or 0 dB)
F 3

At

(a) (b)

Tan sO cat: 1: 1 Rl




Loc thong cao tich cwc bac 2

Cau hinh mach loc Sallen-Key

second-order (two-pole) filter
roll-off -40dB per decade

f 1 Two-pole high-pass circuit
c R,
2 \/ RaRgCACe Wy
CA CB
v, o BN
Rp

f =

C

27MRC



Loc thdng cao tich cwc bac cao

Cascaded HPF — Six pole

cascade 3 Sallen-Key two-pole stages
roll-off -120 dB per decade




Vi du

Two-pole high-pass circuit

Cy Cp

Vin O I {

Thiét ké loc Sallen-Key high-pass filter c6 dap
wng Butterworth bac 2, tan s6 cat 10 kHz.

out

ROLL.OFF 1ST STAGE 2ND STAGE 3RD STAGE

ORDER DB/DECADE POLES DF  RyR, POLES DF RyR, POLES DF  RyRg

1 -20 1 Optional

2 —40 2 1.414 0.586

3 -60 2 1.00 1 1 1.00 1

4 —80 2 1.848 0.152 2 0765 1235

5 ~100 2 1.00 1 2 1618 0382 1 0618 1382

6 ~120 2 1.932 0.068 2 1414 0586 2 0518 1482

Analog Electronics, FETEL 2021



Vi du

I I —————

Two-pole high-pass circuit

Thiét ké loc Sallen-Key high-pass filter cé dap

R - A 2 K&
Av tng Butterworth bac 2, tan s6 cat 10 kHz.
| 'I4 TB ROLL-OFF IST STAGE 2ND STAGE 3RD STAGE
Vi, 0 1 | ORDER  DB/DECADE POLES DF  RyR, POLES DF RyR, POLES DF  RRg
1 —20 1 Optional
Ry 2 40 2 1414 0586
3 —60 2 1.00 1 | 1.00 1
= 4 -0 2 1848 0152 2 0765 1235
5 —100 2 1.00 1 2 1.618 0.382 1 0.618 1.382
—120 2 1.932 0.068 2 1.414 0.586 2 0.518 1.482
R = RA = RB = RZ = 3.3k iy y
f. = 1/27RC.
cC=C _GC L 1 = 0.0048 uF
AT EB T O00R, 2m(G3kQ)(10KHy)
Butterworthresponse  C»  damping factor > 1414 R|/R, = 0.586.
R, = 0.586R, = 0.586(3.3k(}) = 1.93 k()
Néuchon  R; = 3.3k(},
Analog Electror R, 3.3k()
R, = = = 5.63kQ)
=> R 0.586  0.586



Bo loc thdng dai

Ry Cur A
W |
’_l R4 Rg,
Ry, —\WA—e—\W\—
__C32 p—o V'
- % %&
Two-pole high-pass f Two-pole low-pass %R
£ 1
cl
21 \/ RuRe.C i Chy
1 Céch 1: ndi tiép high-pass va‘lowjpass
fc2 — Cach 2: Dung nhiéu dudng hoi tiep
27[\/RA2 RBZCAZCBZ

Analog Electronics, FE1ng_ 20 fcl fcz



Bo loc thdng dai

Multiple-Feedback BPF lcll
(DUng nhiéu dwdng hoi tiép) |
I(\:/Iach low-pass gdm R, C W
R 2
1 ‘ o M4 l b
Mach high-pass gom R, & ]
va C,. .
Puworng hoi tiep gom C, J%R“
Tan so trung tam: Néu chon C, = C, = C

1
f = 1 R, +R;
272' \/ (Rl // R3 )R%ng(;.actronics, FETELfZ%Zl_ 2 7z'C \/ R1R2 R3



Bo loc thdng dai

Phwong phap thyc hién bo loc: chon C, =
C,=C, cégc gié tri dién tro R dwoc tinh dug
vao yéu cau vé f,, BW, va A,(do lgi I&én nhat
tai f,):

Q=f,/BW
R, = 2 R, = & Ry = 2 2
27f CA, af,C 278 . C(2Q° - A)

Maximum gain, A, dat dwoc tai tan so trung
tam f,

AO = RZ /2R1 Analog Electronics, FETEL 2021



Vi du

Tim f,, Ay, BW cua mach loc bén dudi:

C
[|
110.01 uF
R,
MA——3

R, C, J 180 k()

V., o—A\N\—e H \
68K 10,01 uF — oV,

Analog Electronics, FETEL 2021



C
[]
110.01 pF
R,

T

180 k)

68K 1 0,01 uF v

out

| Ry + Ry 1 68 k() + 2.7k
fy = = = 736 Hz
270C\ R{R-R;  2m(0.01 uF) V (68 kQ)(180 k(2.7 kQ)
R> 180 k()
AO = —_— = — 1.32

2R,  2(68kQ)
O = mfyCR, = (736 Hz)(0.01 uF)(180 kQ) = 4.16
_ N Dot

0 416

52 Analog Electronics, FETEL 2021

BW




Bai tap thiét ké

band-pass [—| Amplifier Rectifier

>
ASK signal filter

from RFID tag

P

Low-pass

filter — | Comparator
f.=145kHz

Digital date
—

to processor

Mot bo doc RFID cé so dd nhw trong hinh, loc théng dai c6 so doé nhw hinh duwdi.

C,

I

|

910 pF %2
. ®
ASK Signal i 2 3.6 k)
from RFID O—W\'—'—l -
ag 1.3k 910 pF OP27 To amplifier
Ry +

53  Analog Electronics, FETEL 2021

Hay tim f,, Q, BW



91|(|)pF R,
R Cy ‘ 3.6 k) !
ASK Signal L | N
f;;m AT 910 pF | OP27 To amplifier
Ry +
1.0 kQ
1 Ry + Ry | 1.3k + 1.0kQO
fo = = = 123 kHz
21C N R{R>R; 27(910 pF) V (1.3 k)(3.6 k{2)(1.0 k()

Q = 7fhCR, = m(123 kHz)(910 pF)(3.6 k{)) = 1.26

7o 123 kHz
= — = = 97.2 kHz
0 1.26

BW
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