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NoOi dung chwong 6

0 DPap trng tan so6 cla hé thong LTIC
0 Biéu do Bode

Q Thiét ké bo loc twong tw

a BO loc Butterworth

a B6 loc Chebyshev

0 Cac phép bién dbi tan soé

Q Mach loc dung Op-amp




DAP NG TAN SO CUA HE LTIC




Pap rng cua hé thong véi tin hiéu ham mi pharc

 Xét hé thong cé dap trng xung la h(t), tin hiéu vao la ham md
phirc f (1) = e va diéu kién dau bang 0, dap rng cla HT la:

y(t) = h(t) * f(t) = j h(zr)e¥'"dr = e j h(zr)e ¥dr
Do H(s)= jh(f)e‘”df (ham truyén cla hé thong)

= y(t)=H(s)e’ (v&i H(s) 1a bién dbi Laplace cla h(t))

Q Néu hé thong 6n dinh va ROC chira truc do, thay s= jo
y(t) = H(jw)e!* (v&i H(jw) 1a bién ddi Fourier clia h(t))




Pap rng cua hé LTIC khi tin hiéu vao hinh sin
0 Xét tin hidu vao hinh sin: f (t) = cos(at) = Refe'™ |
= Tin higu ra la: y(t) = Re{H (jw)e’ |
A Biéu dién H(jw) dwoidang: H(jw) = ‘H(ja))‘ejéH(j”)
= y(t) = Re{jH (ja))‘ejéH(j”)ej”t}
_ Re{jH (ja))\ej(“’”‘H”‘”))}
=|H(jo)|cos(at + LZH(jw))
dVay: f(t)=cos(at) = Y()= ‘H (] a))‘ cos(at + ZH (jw))

d Téng quat:
f(t)=cos(at+6) = y(t)=|H(jo)cos(at + 0+ LH(jw))
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& Pap trng tan so cua hé LTIC

d Béi voi hé LTIC, khi tin hiéu vao la tin hiéu hinh sin thi tin
hiéu ra cung tan so va&i tin hiéu vao, bién dé dwoc khuéch dai
voi do loi ‘H (] a))‘ va pha thay déi mét lwong ZH (jw).

Q H(jw) dwoc goi la dap (rng tan so cha hé thong.

> ‘H (ja))‘ la dap ng bién do, cho biét ti 1& gitra bién dd cua
tin hiéu ra va tin hiéu vao (d6 loi cia hé thong) theo tan sb

> /H(jw) la dap rng pha, cho biét dé Iéch pha gitra tin
hiéu ra va tin hiéu vao theo tan sb

Q Cha y: H(Jw)=H(s)
Pé rut gon, doi khi ta viet H(w) thay cho H(jw)

S=jw




Vidl_]
S+5

0 Cho hé thong cé ham truyen la: H(s) = -
S+

Tinh dap &ng cta HT khi tin hiéu vao 1a: y(t) = 3cos(2t — 30°)
_Jo+5
jo+1

2 2 2 2
\/a) + 35 _\/2 + 35 94

QGiai: H(jo)=H(9)|_,,

H(Jo)| = =
:w‘ ‘ Vo +17 27 +12

Z/H(jo)=tan™'(2)-tan"'(2) = tan"'(2)— tan ' (2) = —41.63’

= y(t)=2.4x3cos(2t - 30" —41.63")
= y(t)=7.2cos(2t —71.63")




Bai tap

S+3

0 Cho hé LTIC c6 ham truyén: H(s) = —
S +258+5

Q Tinh dap &¥ng cda hé thong khi tin hiéu vao la

a. Scos(4t) b. 2sin(t +30°) c. 2e!




BIEU PO BODE
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Biéu d6 Bode

Q Biéu dé6 Bode: 1a d6 thi biéu dién dap wng tan sé cua hé
thong. Biéu d6 Bode gdom 2 thanh phan:

> Biéu do Bode vé bién dé: 1a dé thi biéu dién mdi quan
hé gilra logarith clia dap ng bién do L(w) theo tan sé w

L(w) =201gH (jo)| [dB]
> Biéu do Bode vé pha: la db thi biéu dién mbi quan hé

gitra dap &ng pha /H( jw) theo téan sé o .

Ca hai d6 thj trén déu dwoc vé trong hé toa dd vudng goc VO
truc hoanh o dwoc chia theo thang logarith co sé 10.
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Vidu

300(s + 2)

Q Biéu do Bode clia hé thong: H(s) = —
S +10s+100

Bode Diagram
40 I I Co T

L E S

Magnitude (dB)

Phase (deq)

Frequency (rad/sec)
T ——S—S——
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Vé biéu d6 Bode

V& biéu do Bode rat can thiét khi thiét ké cac bd loc cling nhuw
khi phan tich va thiét ké cac hé thong tw dong.

3 V& biéu dé Bode clia cac khau co ban

[ Cdng biéu d6 sé dwoc biéu d6 Bode clia hé thong
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Cac khau co’ ban

a0 Khau khuéch dai: H(s)=K

Q Khau tich phan: H(s) = é

0 Khau vi phan: H(s)=s

0 Khau quan tinh bac 1: H(S) = :
1+s/w,

0 Khau sém phabac 1: H(s)=1+S/w,

1

Q Khau bac 2: H(s) = :
1+28s/w, +(S/w,)
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Biéu d6 Bode khau khuéch dai

0 Khau khuéch dai: H(s) =K
0 Dap tng tan so: H(jw)=K

0 Dap ng bién do: 20 log‘H (] a))‘ =20log K (dB)

= Biéu do Bode bién d¢ 1a dwdng thang nam ngang cé tung do
bang 20logK (dB).

0 Dap rng pha: ZH(Jw) =0 (deg)

— Biéu d6 Bode pha la dwérng nam ngang co tung dd bang 0°.
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Biéu dé Bode cta khau khuéch dai

Magnitude (dB)

Phase (deg)

TN
o

Bode Diagram
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Frequency (rad/s)
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Biéu d Bode khau tich phan

Q Khau tich phan: H(s) = l

L . . |
0 DPap tng tan sb: H(jw)=—
jw

0 Dap ng bién d6:  20log/H (jw)| = —20logew (dB)

— Biéu d6 Bode bién dd 1a dwdng thang co dd doc —20dB/dec.

0 Dap &ng pha: /ZH(jw)=-90 (deg)

— Biéu dd Bode pha la dw&ng nam ngang co tung dé bang —90°.
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Biéu dé Bode cuia khau tich phan

Bode Diagram

40 1
i% 20 N
o A R l C I . l l
S0 T~ =
S T~ _20dBiec
=20 - .
40! iwl
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Frequency (rad/s)
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Biéu dé Bode khau vi phan

Q Khau vi phan: H(s)==¢
0 DPap trng tan so: H(jo)= o

0 Dap ing bien d6:  20logH (jw) = 20logw (dB)

— Biéu d6 Bode bién dd la dwdng thang co dd doc +20dB/dec.

0 Dap trng pha: ZH(Jw) =+90 (deg)

— Biéu dd Bode pha la dw&ng nam ngang co tung dé bang +900°.

19




Biéu dé Bode cuia khau vi phan

Magnitude (dB)

Phase (deg)

Bode Diagram
40 . T

Frequency (rad/s)
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Biéu dé Bode khau quan tinh bac 1

0 Khau quén tinh bac nhat:

1 . 1
H(S) = = H(jw) =
9 1+s/m, (Jo) 1+ Jo/w,
Q Dap wng bién do: >
201og|H (jw)| = —201og \/ 1+ [ﬂ) (dB) = Puwong cong
a)n

% V& bang dwdng tiém can:

> o<, : 20 log‘H(ja))‘ =—20 log\f: 0 (dB)
— Pwdng thdng nam ngang tung dd bang 0
> 0>, ZOIOg‘H (ja))‘ ~ —2010g£ (dB)
a)n
= Pudng thang co dd doc —20dB/dec
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Biéu dé Bode khau quan tinh bac 1

Q Dap wng pha:

/H(jw)=—tan™ (ﬂj (deg) = Puwong cong

Wy

% V& bang dwdng tiém can:

> 0<0.1o,: ZH(jw) =0’
— Pudng thang nam ngang tung dd bang 0
> ©>100, : ZH(jw) = -90°

— Puwdng thang nam ngang tung do —90°
> 0.10, <o<100,:

— Xap xi bang dworng thang cé dé doc —45%/dec
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Biéu dé Bode cuia khau quan tinh bac 1

Bode Diagram

S -
| |

 _20dB/dec

eeeeeeeeeeee /

Magnitude (dB)
N
o

Phase (deg)

Frequency (rad/s)
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Biéu dé Bode khau sém pha bac 1

0 Khau s&m pha bac nhat:

H(S)=1+S/w, = H(jo)=1+ jo/wo,

Q Dap wng bién do: >
20 log‘H (] a))‘ =20log \/1 + [ﬂj (dB) = Buwong cong
a)n

% V& bang dwdng tiém can:
> o<, : 20log/H (jw)|=20log~/1=0 (dB)
— Pwong thang nam ngang tung dé bang 0

> 0>0,: 20logH(jw)| ~ 20log— (dB)
)

n

= Pudng thang c6 dd doc +20dB/dec
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Biéu dé Bode khau sém pha bac 1

Q Dap wng pha:

/H(jow) =tan™ (ﬂj (deg) = Pwong cong

W

% V& bang dwdng tiém can:

> 0<0.1o,: ZH(jw) =0’
— Pudng thang nam ngang tung dd bang 0
> ©>100, : ZH(jw) = 90°

— Puwdng thang nam ngang tung do +90°
> 0.10, <o<100,:

— Xap xi bang dwdrng thang cé dé doc +45°%dec
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Biéu d6 Bode ctiia khau sém pha 1

Bode Diagram

T

0

\

==~ . 20dB/dec

Magnitude (dB)

Phase (deg)

Frequency (rad/s)
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Biéu d6 Bode khau bac 2

A Khau dao déng bac 2:
1
1+2&5 /0, +(s/w,)

1

H(s) =

(0< & <)

= H(Jw) =

1+ 28w/ o, +(ja)/a)m)2

W

5 2
20logH (jo)| = —2010g\/(1 —w—zj +4E7 —

Lo (2c§a)/a)n)
/H(Jw)=—tan 1—(w/wn)2

C()

2

n

— (dB)
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Biéu db Bode cuia khau bac 2

20

Magnitude (dB)

Bode Diagram

Frequency (rad/s)
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Dap (rng tan so6 cua hé thong

0 Xét hé LTIC c6 ham truyén H(s) c6 thé phan tich thanh tich
cua cac ham truyén co ban nhw sau:

H(S):HHk(S) = H(jo)=][H(jo)

Q Dap wng bién do:
I

H(o)=]]H(io)| = 20logH (jo)|= Y 20logH,(jo)

k=1

|
a bap tng pha: ZH(Jw) = ZLHk(ja))
k=1

— Biéu d6 Bode cua hé LTIC bang tong biéu do Bode cla cac
khau co ban

— Vé biéu do Bode cac khau co ban, sau dé cong biéu do
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Vé biéu db Bode ciia hé théng — Vi du 1

H(s) = 20S(s+100) ~ H(s) = _100s(s/100+1)

(S+2)(s+10) C(S/2+1)(s/10+1)

Bode Diagram

N7 T A
_ R _____~20dB/dec
S annr
~ 40 - L N m L —
) : : : ‘
£ Biéu do6 chinh xac
> 30 A N N
=

20 | L | A R | L | L1

0.1 1 2 10 100 1000
Frequency (rad/s)
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Vé biéu db Bode ciia hé théng — Vi du 1

20s(s + 100) H () = 100S(s/100+ 1)

H(S) = =
(S+2)(s+10) (s/2+1)(s/10+1)

Frequency (rad/s)
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Vé biéu b Bode ciia hé théng - Vi du 2

10(S +100) 10(s/100 +1)

S =g 2sr100) = HO=

40

[(S/10)> +2x0.1x(S/10) +1)

)

g o JSe g - |
8 —40dB/dec | T
= 0 e —— e —— e — - -t — R ﬁ
€ | . .. N\ Biéuds chinh xac
Fa TN

40 T 20dBidec S~
1 10 100 1000

Frequency (rad/s)
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Vé biéu b Bode ciia hé théng - Vi du 2

10(s + 100) 10S(s/100 + 1)

H _ —
) (S +25+100) (S [(S/10)* +2x0.1x(s/10) +1)

Frequency (rad/s)
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& Vé biéu do Bode gan diung bang dwéng tiém can

Gia str ham truyén cla hé thong co6 dang:
H(s) = Ks“H,(s)H,(S)H,(9)...
(>0 néu hé thong c6 khau vi phan ly tuwéng
a<0 néu hé thong co6 khau tich phan ly twong)

0 Budc 1: Xac dinh tat ca céac tan s6 gay va sap xep theo thi
twtang dan o, <o, < wy...

0 Budc 2: Biéu do Bode gan dung qua diém A co6 toa do:

(C() — 6()0

L(w) =201gK + a x201g o,

o, 1a t.s6 théa man o, < o,. Néu o, > 1thi co thé chon o, =1.
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& Vé bieu do Bode gan ding bang dwdng tiém can

0 Buwdc 3: Qua diém A, vé dwdng thang co dd doc:
+(— 20 dB/dec x a) néu H(s) cd o khau tich phén ly tuéng
%(+ 20 dB/dec x @) néu H(s) c6 a khdu vi phén ly tuwéng
Puwdng thang nay kéo dai dén tan sb gay ké tiép.

0 Buwdéc 4: Tai tan s6 gay o, , d6 doc clia dwdng tiém can dwoc
cOng thém moét lwvong:
+(—20dB/dec x [3) néu Hs) la 5 khdu quan tinh béc 1
+(+20dB/dec x ) néu Hys) la B khdu soém pha béac 1
+(-40dB/dec x ) néu H(s) la 5 khdu dao dong béc 2
+(+40dB/dec x ) néu Hys) la p.khdu sém pha bac 2
Puwdng thang nay kéo dai dén tan so gay ké tiép.

0 Buwoc 5: Lap lai bwdce 4 cho dén khi vé xong dwérng tiém can
tai tan s6 gay cudi cung.
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Bai tap

0 Vé biéu do Bode clia hé thdng c6 ham truyén dudi day

a.H(s) = S(S+20)
(s+10)(s+200)
. (s+1)
.H(s) =
S(s+5)(s+20)
¢ H(s) = (S-I;IO)(S+ 50)
s (s+200)
d.H(s) = 10°(s+2)(s+ 502)
(s+10)(s+200)
e H (s 10°s(s+ 50)

" (5+100)(S? +10s+100)
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Bai tap (tt)

0 Vé biéu do Bode clia hé thdng c6 ham truyén dudi day

10(s+10)(s+ 30)
S(s+400)

f.H(S) =

400(s + 1)(s + 20)

9-H(s)= (s +50)°
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THIET KE BO LOC TWONG TV
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Thiét ke bo loc twong tw

3 BO loc thwe té va cac yéu cau thiét ké
3 Sy phu thudc cia dap &ng tan sb theo cwc va zero
3 Thiét ké bd loc bang cach bd tri cac cuc va zero
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Bo loc thwce té va cac yéu cau thi

et ke
H(jm) + H(jm)
Gp
Lo Wpass Highpass
filter filter
G, _
: : ) >
() Q) an () 0 mp
_Passband |p | Stopband ~ Stopband | | Passband
t+ [H(jm) t+ H(jo)
Gp Gp ...................................
Bandstop
Bandpass filter
- filter
G G N
> 0 - : ©
Ssl M “p2 | w 0 Mpr O OF '|pz
Stopband Passband ) Stopband ! Passband Stopband Passhand
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Sw phu thudc cua dap rng tan so theo cwc va zero

0 Xét hé thong v&i ham truyén H(s)
P(s) (S Z)(S—-27,)..(S—Z,)

H(S)=——=
Q(S) (Q_ 1)(5 /12) (S ﬂ')

0 Dap ng tan sob: thay s=jo

LI
"dd,..d,

ZH(Jo)=¢,+ ¢, +...+ ¢,
—0.-0,—..— 0

n

H(jo) =
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Anh hwéng cia cwe den dap tpng dap rng tan so

0 Cuc phirc —o =+ jo, lam tang dap &ng bién do quanh tan s6 w,

Im

tIHGo)l

t ZH(jo)
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Anh hwéng cia zero den dap trng dap rng tan so

0 Zero phirc —o + jo lam gidam dap tng bién dd quanh tan s6 o,

|H(o)l
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Thiét ké bd loc bang cach bo tri cac cwc va zero

0 Bo loc thdng thap:

n=1]
d _.djo
_n 0 Re —
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Thiét ke bd loc bang cach bo tri cac cuc va zero

a B6 loc thdng cao

{ Im s-plane ¢ Im
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Thiét ke bd loc bang cach bo tri cac cuc va zero

Q B6 loc thong dai

{ Im
/X’.
X "j(l)o
b

1 Re
/X’-
>‘$ T —10
X
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Thiét ke bd loc bang cach bo tri cac cuc va zero

Q B6 loc chan dai

“,a..{}jmﬂ
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Thiét ke dya vao bo loc mau

3 BO loc mau (Prototype Filter) 1a bd loc thong thap cé tan sb
cat w=1.

d St dung cac phép bién ddi tan s6 dé bién dbi bd loc mau
thanh bé loc théng thap, thdng cao, théng dai, chan dai co tan
so cat bat ky.
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Thiét ké dwa vao bé loc mau

,JH(o))

B loc mau

y[Hjw)] y[Hjw)] y[Hjo)] 4 Hjo)|

®
>

e

Ve Ve Ocp Ocp Ocp O

Loc théng thap Loc théng cao Loc théng dai Loc chan dai
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BO LOC BUTTERWORTH
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Bo loc Butterworth

0 Dap trng bién dd cua bd loc thdng thap Butterworth bac n:

1

0 Tan sO w, goi la tan so cat, tan s6 —3dB hodc tan s6 1/2 coéng

H(jo) =

suét vi tai tn sé nay, bién dé bang bang1/+/2 hay bing —-3dB

— cOng suat suy giam 1/2
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B6 loc Butterworth chuan héa

0 Khi thiét ké, ngwoi ta dung bo loc chuan hoa (w=1):

_ 1
H(jo)|=——;
\/1 + @
Q DPap wng bién d6 cua bb loc Butterworth chuan hoa:
H(jo)
| S
DLFOT froereeeesmeemrmn e
0 1 w—
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Cac cwc cua bo loc Butterworth chuan hoa

Q Bién ddi biéu thc bién do bo loc Butterworth, ta dworc:

__ 2 |
H(jo)H(-jo)=|H(jo)| =—
1+ w
. __ 1
Q Thay |o=Sta dwoc: H(S)H (-S) =

a Cac cyc cla H(s)H (-9) la:
SZn _ _(j)Zn _ ej(2k—1)7ze(j7z/2)2n _ ej;r(2k+n—1)

j—7z(2k+n—1)
= § =e’" (k =1,2,...,.2n)
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Vi tri cwc cua bo loc Butterworth

>

nle

L Im

H(S) l.x""J:""'*. ﬁ(—S)

0 Caccuccia H(S)H(-s): S =e?"

n chan

L Im

1) o

X X

j—7Z(2k+n—1)
(k=1,2,...,2n)

0 Cuc cta H(S) bén trai mat phang phic = k=1,2,...,n
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Ham truyén cua bd loc Butterworth chuan héa

0 Biéu thirc ham truyén bo loc Butterworth thdng thap chuan héa:

[ (s) = 1 _ 1
(S=5)(5=$)(S=%).(S=5,)  By(9)

Trong dé cac cwc cua bo loc la:
|7
—(2k+n-1)
Sk = ezn (k — 1,2,..., n)

a Pathrc B,(S)=(S—5)(S—-S,)(S—S;)...(S—S,,) goi la

da thwc Butterworth
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Vi du ham truyen bé loc Butterworth bac 4

Q Cac cuwc cua bd loc Butterworth . 4 Im
théng thap bac 4 chuan héa: %
s =el’"’® = 03827 + j0.9239 S m%
s, =el7"/% = _0.9239 + j0.3827 ————— Re
s, = e?"/% = _0.9239 - j0.3827 BN/
s, =el''"% = _0.3827 — j0.9239 S, 1
H(s) = . — . .
(s+0.3827— j0.9239)(s+0.9239— j0.3827)(S—0.9239— j0.3827)(S+0.3827+ j0.9239)
= F(9)=— L
(" +0.7554s+1)(s” +1.8478s+1)
= H(9)= 1

 s' 4261315 +3.414252 +2.61635+ 1

56




Pa thirc Butterworth chuan héa

n Normalised Denominator Polynomials in Factored Form
1 | (1+s)

2 | (1+1.414s+s%)

3 | (1+s)(1+s+s?)

4 | (1+0.765s+s%)(1+1.848s+s?)

5 | (1+s)(1+0.618s+s°)(1+1.618s+s")

6 | (1+0.518s+s%)(1+1.414s+5?)(1+1.9325+5?)

7 | (1+s)(1+0.4455+s7)(1+1.247s+s%)(1+1.802s5+s%)

8 | (1+0.390s+s%)(1+1.111s+s°)(1+1.663s+s°)(1+1.962s+s7)

9 | (1+s)(1+0.347s+s?)(1+s+s%)(1+1.5325+5%)(1+1.879s+5?)

10 | (1+0.313s+s%)(1+0.908s+s°)(1+1.414s+s°)(1+1.7825+5%)(1+1.9755+s7)
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Bd loc thong thap Butterworth vé&i tan so6 cat w,

Q Ham truyén bd loc Butterworth théng thap vai tan so cat ae
dwoc suy tr ham truyén bd loc Butterworth chuan héa bang

cach thay sS=9 .
H(s)=H (ij
D¢

Q Vi du: B6 loc Butterworth chuan héa bac 2:

__ ]
H(S) =
(%) s® +1.414s+1

— B6 loc Butterworth bac 2 v&i tan sb cat = 10

—( S 1 100
H(s)=H| —|= > =—
10 (s/10)" +1.414(s/10)+1 s" +14.14s+100
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Thiét ke bd loc Butterworth thong thap

0 Yéu cau: Thiét ké bd loc thdng thap Butterworth thda man:

> Tan so dai théng 0<w<w,,

Po loi dai thong khdng bé hon Gp [dB]
» Tan s0 dai chan @ > wq

D6 lgi dai chan khong Ion hon G, [dB]

- H(jm)

Lowpass
filter

() )]
Passhand | P

Stopband

oy
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Tinh toan bac va tan so cat bd loc Butterworth

0 Nhac lai; Do loi bo loc Butterworth:
__ |
H(jo)| = —
1+ (/o)

— D6 loi bd loc Butterworth (don vi dB) tai tan sé bat ky:

G(w) = —lOlgll +(@/ o )2n] (dB)

0 Theo yéu cau thiét ke, tai tan so @, va o ta cd

G(w,) =-101g|l + (a)p /wc)zn_ > G,

G(ws) = -101g|l + (05 / ¢ )" | < G,

60




Tinh toan bac va tan so6 cat b loc Butterworth (tt)

( G,/10 2N
w)z —1 o, 10"G/10 1
=) = || 2T G0
[&)2 G, /10 —1] a)p 10 " —1
Wc

— Can chon béc va tan so cat bod loc Butterworth thda man dong
thdi cac diéu kién sau:
N 1g[(10—Gs“0 — 1) /10 =" - 1)}
N 21g(wg/ @)

@y

(lo—Gp/IO _ 1)1/(2n)

Wc 2

a)S
(IO—GS/IO . 1)1/(2n)

W <
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Cac bwérc thiét ké bo loc Butterworth

0O Bwéce 1: Xac dinh cac yéu cau ky thuat cta bd loc:
> Tan sb déi thong 0<w<e,, 0 loi dai thong G, [dB]
» Tan sb dai chan w >, dO loi dai chan Gs 0 [dB

5/10

1g[(1o—Gs“° —1) /10" =" - 1)}

Q Bwoc 2: Tinhbaccuabdloc n>
2lg(w, / @)

0 Bwée 3: Xac dinh tan sO w-théa man dong thoi:
) W

(IO—GS/IO . 1)1/(2n)

W 2 P

= va o <
(10 Gp/lo _1)1/(2“)

0 Bwéc 4: Xac dinh ﬁ(s) bang céch tra bang hodc cdng thirc
O slide 54

Q Bwoce 5: Tinh H(S) = H(S/ a)C)
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Vi du thiét ké bd loc théng thap Butterworth

0 T.ké bd loc thédng thap Butterworth thda man cac yéu cau sau:
» DO loi dai thong (0<w<10 rad/sec) khong nhé hon —2dB
> DO loi dai chan (w >20 rad/sec) khéng I&n hon — 20dB
Q Giai:
0 Budc 1: T yéu cau thiét ké, suy ra:
w, =10(rad /sec) G, =-2(dB)
@, = 20(rad / sec) G, =-20(dB)

A Buwdc 2: Tinh bac bo loc:

[(10_63/10 1) /(107810 _ 1)] ) 1g[(102“° _1) /102010 — 1)] a-
21g(ay | @) 21g(20/10) |

n> 18

— Chon [N =4
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Vi du thiét ké bo loc théng thap Butterworth

0 Bwére 3: Xac dinh tan s6 o

- o, 10
< a)C 2 (IO—GP/IO . 1)1/(2”) — (102/10 . 1)1/(2><4) - 1069
@ 20
Ka)c S (IO—GS/IO S_ 1)1/(2“) - (1020/10 . 1)1/(2)(4) = 1126

0 Bwérc 4: Xac dinh H (S) bang cach tra bang
H(s) = 2 : 2
(s +0.765s+1)(s” +1.848s+1)




Vi du thiét ké bo loc théng thap Butterworth
0 Bwdée 5: Xac dinh H(S)

H(s)=H(s/wc)
1

[(11) +0.765(:7) + 1[5 )2 +1.848(5) +1]

14641

= |H(s)=—; >
(S” +8.415s+121)(s” +20.328s+121)
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Vi du thiét ké bo loc théng thap Butterworth

Magnitude (dB)

Bode diagram

Frequency (rad/sec)
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Bai tap thiét ké bo loc thong thap Butterworth

0 T.ké bd loc thédng thap Butterworth thda man cac yéu cau sau:
> DO lgi dai thong (0<f <150 Hz) khéng nhé hon —3dB
> D06 loi dai chan (f > 250 Hz) khéng Ién hon — 20dB
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BO LOC CHEBYSHEV
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& BoO loc Chebeshev

0 Dap trng bién dd cua bd loc thdng thap Chebychev bac n:

. |
H(jo)|= ——
JHEC )
0 Dap tng bién dd cua bd loc Chebychev bac n chuan hoa:
— . |
H(jo) = ———
\/1 +&°Cl(w)

Q Ham truyén bd loc Chebyshev véi tan so cat o co thé suy ra
t ham truyén bé loc chuan hoa:

H(s)= H ()
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Da thirc Chebeshev

d Dap wng bién dd cua bb loc Chebychev bac n chuan hoa:
|
\/1 +&°Cl(w)

(C. () = cos(n cos”’ a)),

H(jo) =

a)‘<1

VoI < 1
C (o) = cosh(n cosh™ a)), a)‘ > 1
A Pa thirc C(w) thda cac tinh chat:
C,(w)=2wC, (w)-C, ,(®);n 22

Cow)=1wv C/(w)=0w = C,(w)=20" -1
Twong ty ta tinh dwoc bang C (o).
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Pa thiorc Chebyshev

n C (o)

0 1

1l w

2 2w?-1

3 4w3 - 3w

4 8wt —8uw?+1

5 16w® — 20w3 + 5w

6 32w® — 48w% +18w2 -1

7 64w’ — 1120% + 56w3 — Tw

8 128w® — 256w® + 160w?* — 32w2 + 1

9 256w’ — 576w’ + 432w5 — 120w3 + 9w
10 512w'% — 1280w® + 1120w® — 400w? + 5002 — 1
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Biéu db Bode bién dd bo loc Chebyshev chuin héa

H(jo)

Pass-band
-+ ey

1

d D6 gon r (=D6 Igi Ién nhat / B loi nhd nhat) trong dai thong:
r=101g(1+&*) (dB)

Q Chu y khi thiet ké: —r < G, (Butterworth) (dB)
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Thiét ké bd loc Chebyshev chuan héa

) Xdc dinh € va bac(n) cua bo loc Chebyshev thoa yéu cau thiét ké:

« Xdcdinhe: (1), =10log,,(1+€*)<r =g <107 —1]

design
“Poloitaitansé : G = —101log,,[1 +£2Cj(mi)]
"D loitaitinsd o —10log  [1+£°C (29)]< G, <0

10-C:/10 _ e
:>c05h[nc05h"($" )JE ——
P 10 — 1
| 10-C:/10 _ L2
1 cosh™ 70
cosh” (a)ﬁfa)p) 10 —

\/10—(}5!1{} 1
cosh[ncosh™ (@ /®,)]

= n 2

=€ 2
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Cwc cua bo loc Chebyshev chuan hoéa

A Cac cue cla bod loc Chebychev bac n chuan héa duwoc xac dinh
nhw sau:

s, = —sin 2k =Dz sinh x + jcos (k=D cosh x
2n 2n
k=1,2,3,....n
1 1 #(5) |
X = —sinh‘l[—J N
n E AN

a = sinh x:b = cosh x |77
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& Ham truyen cta bo loc Chebyshev chuan héa

= H(s) = %y
(5—8)(5-5,)..(S-5,)

= |H(s)= AL _IK”
C(s) s'+a_S" +..+as+a,

Q K, dwoc chon dé do loi cwe dai trong dai théng bang 1

a, (nlé)

K,=1 &,

1+ é&?

d Pé thuan lgi cho viéc thiét ké, ngudi ta tinh san cac cuc cia bd
loc Chebyshev hoac cac da thic twong (rng voi cac do gon
thwong gap nhw 0.5dB, 1dB, 2dB, 3dB,...

(n chan)

75




Cac hé s6 ciia mau s6 ham truyen bé loc Chebyshev

Chebyehev Filter Coefticients of the Denominator Polynominal

C

n

n

=] O0 QN i Q3 B

=] & N & L ba =

ﬂ'II]'

2.8627752
1.5162026
0.7156938
0.3790506
0.1789234
0.0947626
0.0447309

1.9652267
1.1025103
0.4913067
0.2756276
0.1228267
0.0689069
0.0307066

-I-EI}

n—1

z—lS

a,

1.4256245
1.5348954
1.0254553
0.7525181
0.4323669
0.2820722

1.0977343

1.2384002
0.7426194
0.5805342
0.3070808
0.2136712

+a,

i

a,

1.2529130
1.7168662
1.3095747
1.1718613
0.7556511

0.9883412
1.4539248
0.9743961
0.9393461
0.5486192

s"TT 4 t+as+a,

ﬂ3 ﬂ4 ﬂ5 ﬂﬁ
0.5 dB ripple
r=0.5dB
1.1973856
1.9373675 1.1724909
1.5897630 2.1718446 1.1591761
1.6479029 1.8694079 2.4126510 1.1512176
1 dB ripple
r=1dB
0.9528114
1.6888160 0.9368201
1.2021409 1.9308256 0.9282510
1.3575440 1.4287930 2.1760778 0.9231228
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Cac hé s6 ciia mau s6 ham truyen bé loc Chebyshev

Chebyc;hev Filter Coefficients of the Denominator Polynominal
C =s"+a, s""'+a, ,s" +...+a,s+a,

n n—I 1—2

I

=] © 0N & O B —

=] & QN B O b

t::'lf'[]'

1.3075603
0.8230604
0.3268901
0.2057651
0.0817225
0.0514413
0.0204228

1.0023773
0.7079478
0.2505943
0.1769869
0.0626391
0.0442467
0.0156621

a,

0.8038164
1.0221903
0.5167981
0.4593491
0.2102706
0.1660920

0.6448996
0.9283480
0.4047679
0.4079421
0.1634299
0.1461530

a,

0.7378216
1.2564819
0.6934770
0.7714618
0.3825056

0.5972404
1.1691176
0.5488626
6990977

0.3000167

as;

0.7162150
1.4995433
0.8670149
1.1444390

0.5815799
1.4149874
6906098

1.0518448

a,

2 dB ripple
r=2dB

0.7064606

1.7458587 0.7012257
1.0392203 1.9935272

3 dB ripple
r =3dB

0.5744296

1.6628481 0.5706979
0.8314411 1.9115507

(s

g

0.6978929

0.5684201
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Cac cwc cua bo loc Chebyshev

Chebyshev Filter Poles Locations

1

r =0.5dB

—2.8628
~0.7128 + ;1.0040

—0.6265
—0.3132 £ ;1.0219

—~0.1754 4 §1.0163
—0.4233 + j0.4209

~0.3623
—0.1120 + j1.0116
~0.2931 + j0.6252

~0.0777 + j1.0085
-0.2121 + j0.7382

r=1dB
—1.9652
—0.5480 + j0.8951

—0.4942
—0.2471 + j0.9660

—0.1395 + 70.9834
—0.3369 + ;0.4073

~0.2895
~0.0895 + j0.9901
-0.2342 + j0.6119

—0.0622 + j0.9934
~0.1699 + j0.7272
~0.2321 4+ j0.2662

r=2dB
~1.3076
~0.4019 + j0.8133

~0.3689
~0.1845 + j0.9231

—0.1049 + ;0.9580
—0.2532 + j0.3968

-0.2183
—0.0675 £ j0.9735
~0.1766 £ 70.6016

~0.0470 + j0.9817
~0.1283 + j0.7187
~0.1753 + 50.2630

r =3dB
~1.0024
~0.3224 + §0.7772

—0.2086
-(.1493 £ 30.9038

—0.0852 £ ;j0.9465
—0.2056 + j0.3920

~0.1775
—0.0549 + ;j0.9659
~0.1436 + ;0.5970

—0.0382 + j0.9764
~0.1044 + j0.7148
—0.1427 + j0.2616
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Cac cwc bo loc Chebyshev

Chebyshev Filter Poles Locations

n r=0.5dB r=1dB r=2dB
7 -0.2562 —0.2054 ~0.1553
—~0.0570 + j1.0064  —0.0457 + j0.9953  —0.0346 + j0.9866
~0.1597 + j0.8071  —0.1281 + j0.7982  —0.0969 + j0.7912
~0.2308 + j0.4479  —0.1851 + j0.4420  —0.1400 £ j0.4391
8 —0.04364 j1.0050  —0.0350 + j0.9965  —0.0265 + §0.9898
~0.1242 + j0.8520  —0.0997 + j0.8447  —0.0754 + j0.8391
_0.1850 & j0.5693  —0.1492 + j0.5644  —0.1129 =+ j0.5607
—0.2193 + j0.1999  —0.1760 + j0.1982  —0.1332 + ;0.1969
9 —0.1984 —0.1593 ~0.1206
~0.0345 + j1.0040  —0.0277 + j0.9972  —0.0209 = ;0.9919
—0.0992 + j0.8829  —0.0797 + j0.8769  —0.0603 + j0.8723
—0.1520 + j0.6553  —0.1221 + j0.6509  —0.0924 + j0.6474
—0.1864 + j0.3487  —0.1497 + j0.3463  —0.1134 + j0.3445
10 —0.0279 + j1.0033  —0.0224 4 §0.9978  —0.0170 x j0.9935
—0.0810 & j0.9051  —0.1013 4 j0.7143  —0.0767 + 0.7113
~0.1261 + j0.7183  —0.0650 £+ j0.9001  —0.0493 + j0.8962
~0.1580 + j0.4612  —0.1277 + j0.4586  —0.0067 + j0.4567
~0.1761 + j0.1589  —0.1415+ j0.1580  —0.1072 + j0.1574

r =3dB

—0.1265

~0.0281 = §0.9827
~0.0789 = j0.7881
—0.1140 + j0.4373

~0.0216 + j0.9868
~0.0614 + j0.8365
—0.0920 + 50.5590
—0.1085 + j0.1962

—0.0983

~0.0171 + j0.9896
—0.0491 + j0.8702
—0.0753 + j0.6459
—0.0923 + j0.3437

~0.0138 + j0.9915
~0.0401 + j0.8945
—0.0625 = j0.7099
—0.0788 + j0.4558
—0.0873 + j0.1570
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Cac bwérc thiét ké bé loc Chebyshev

0O Bwéce 1: Xac dinh cac yéu cau ky thuat cta bd loc:
> Tan s6 dai thong 0<w<aw,, d6 gon r [dB]
» Tan sb dai chan w >, dO loi dai chan Gs [dB]

Q Bwdc 2: Tinh bac cua bb loc

i 10-Gs/10 _1 1/2
n> = cosh™ s
cosh (wg/ w,) 10077 —1

Q Bwdorc 3: Xac dinh gia tri €

\/1 0~ Cs/10 _1
cosh[ncosh ™ (e, / @p)]

< e<+10710 _1
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Cac bwérc thiét ké bé loc Chebyshev

0 Bwéce 4: Xac dinh mau so bd loc Chebyshev:
Tinh: Fyeggn = 101g(1+ &7)
> Neu lyegqn = 0.5dB, 1dB, 2dB hoéc 3dB — tra bang C/ (s)
> Néu Tyeqq, khac nhirng gid tri & trén — tinh C ()
Ch(s)=(s-5)(s—5))..(S— %)

Trong do:

S, =—sin (2k =Dz sinh X + | cos (2k =z
2n 2n

Vai X = lsinh_l (lj
N <

coshx (k=1,n)
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Cac bwdéc thiet ke b loc Chebyshev

0 Bwéce 5: Xac dinh bd loc Chebyshev chuan hoa:

Q Bwéc 6: Tinh H(S) = H(S/a)p)
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Vi du thiét ké bo loc thong thap Chebyshev

0 T.ké bd loc thédng thap Chebyshev thda man cac yéu cau sau:
» DO gon trong dai thong (0<w<10 rad/sec) < 2dB
> DO loi dai chan (w >20 rad/sec) khéng I&n hon — 20dB

Q Giai:

0 Buwérc 1: T yéu cau thiet ke, suy ra:@, = 10(rad / sec)
wg =20(rad /sec), r =2 (dB), G, = -20(dB)

Q Bwore 2: Tinh bac bb loc:

i 10-Gs/10 _ 1)
n= = cosh™ s
cosh (@, / w,) 10077 -1

I
%)

1/2

1 B 1020/10 _1

= h(20/10) cosh EIOMO 1 =247 = Chon [N
COS —
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Vi du thiét ké bo loc thong thap Chebyshev

Q Bwdérc 3: Xac dinh gia tri €

—Gg/10 _
\/10 . 1 353\/10”10—1
cosh[ncosh™ (w5 / w,)]
20/10
_ V102710 _y e <1070

cosh[3cosh™(20/10)]

= 0.382<£<0.765

Chon | =0.765
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&) Vi du thiét ké bo loc théng thap Chebyshev

0 Buwdre 4: Xac dinh mau sb bd loc Chebyshev

lgesgn = 101g(1+ &%) =101g(1 +0.765%) = 2dB

— tra bang C/ (S) (xem bang tra & slide 81)

C/(s)=s"+0.7378s* +1.02225 + 0.3269

0 Bwére 5: Xac dinh bd loc Chebyshev chuan hoa:

K, =38, =0.3269 (doné)

— 0.3269

S 3 2
s® +0.73785% +1.02225 + 0.3269
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Vi du thiét ké bo loc thong thap Chebyshev
0 Bwdée 5: Xac dinh H(S)
H(s) = H ()
_ 0.3269

(£)° +0.7378(5)% +1.0222(5) + 0.3269

326.9
S’ +7.378s* +102.22s+326.9

= |H(s) =
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Vi du thiét ké bo loc thong thap Chebyshev

Magnitude (dB)

Bode diagram
10 x —

Frequency (rad/sec)
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Bai tap thiét ké bo loc thong thap Chebyshev

0 T.ké bd loc thédng thap Chebyshev thda man cac yéu cau sau:
> D06 gon dai thong (0<f <150 Hz) khéng Ién hon 3dB
> D0 lgi dai chan (f > 250 Hz) khong Ién hon — 20dB
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CAC PHEP BIEN BOI TAN SO
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Phép bién ddi tin sé dé thiét ké loc théng cao

Hyp(J @) | Hp(jo) |
} High-pass Filter } Prototype Filter

SV

0 Cdc bwdrc thiét ké bé loc thong cao (High-pass Filter)
> Thiét ké bd loc thdng thap mau Hp(S) (xem hinh & trén)
> Thwe hién phép bién dbi tan s6 dé dwoc bd loc théng cao

Hup(s) = Hp(T(s)| o T(s):”—;




& Vi du thiét ke bod loc théng cao

3 T.ké bd loc théng cao Chebyshev thda man cac yéu cau sau:
» DO gon rtrong dai thong (@ =200 rad/sec) < 2dB
> Do loi dai chan (w <100 rad/sec) nhé hon — 20dB
Q Giai:
[ Cac théng so cua bd loc thdng cao theo yéu cau thiét ké la:
@, =200(rad /sec), r <2(dB),
o, =100(rad /sec), Gg=-20(dB)

3 Suy ra cac thédng sb cia bd loc mau Chebyshev thdong thap la:
Dy =1 r <2 (dB),

g = —> =2 G, =-20(dB)
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Vi du thiét ke bd loc théng cao (tt)

4 Tinh bac bd loc Chebyshev :
i 10-Cs/10 _1 172
n> = cosh™ 5
cosh  (@g, / @py) 100" —1

i 1020710 _1\"?
= b2/ cosh( 070 J =2.47 — Chon [N=3
COS —
d Tinh e:
~G./10
\/10 1 Sgg\/lor/lo _1
cosh[ncosh ™ (w, / @p)]
\/1020/10 1

<& <1021 ]
cosh[3cosh™ (2/1)]

= 0.382<6<0.765 Chon |¢=0.765 =|lgesign = 20B
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& Vi du thiét ke bd loc théng cao (tt)
d Ham truyén b loc Chebyshev chuan hoa:
Tra bang mau s6 bd loc Chebyshev (véi n=3,r=2), ta dwoc
C/(s)=s+0.7378s* +1.02225+0.3269
= K,=a,=0.3269 (donle)
— 0.3269

= [H(S) = 3 ;
S” +0.7378s" +1.0222s+ 0.3269

0 Ham truyén b loc Chebyshev mau: do @y, =1 nén

0.3269
S’ +0.7378s” +1.0222s+ 0.3269

Hp(s) =H(s) =
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Vi du thiét ke bd loc théng cao (tt)

3 Ham truyén bo loc thdng cao Chebyshev:

St dung phép bién doi tan s6 T(S) = @p _ 200
S S
Hup(S) = Hp(T(9))
0.3269

(220 +0.7378(220 +1.0222(22 )+ 0.3269

<

~

S3

S’ +625.39s” +90728.385+12.24 x 10°

= |Hpp(s) =




Phép bién déi tAn sé dé thiét ké loc théng dai

[Hep( )| [Hp(jo) |
Band-pass Filter

A A

Prototype Filter

: { Wp Dpo — vy Wy - Wp1 Dp
a)sl(a)pz o a)pl) , ) (a)pz o a)pl)

0 Thiét ké bd loc mau cé thdng sd nhw hinh trén, sau d6 thuc
hién bién déi tan s6 dé dwoc bd loc théng dai:

2
S" +® @,

Hep(S) = Hp(T(9)|  voi [T(s) =

SV
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&) Thiét ké bé loc théng dai — Vi du 1

0 T.ké bd loc thédng dai Chebyshev thda man cac yéu cau sau:
» DO gon rtrong dai thong (1000<w<2000 rad/sec) < 1dB
> DO loi dai chan (w <450 hoac w >4000 rad/sec < — 20dB
Q Giai:
0 Cac thdng so cua bd loc thdng dai theo yéu cau thiét ké 1a:
@y =1000(rad /sec), wp, =2000(rad /sec), r <1(dB),
wg = 450(rad /sec), oy, =4000(rad /sec), Gg = -20 (dB)

0 Suy ra cac thdng sb cua bd loc mau Chebyshev théng thap Ia:
( 2 2 )

Wy Dy — @ Wy — W @D
Lz S =2 PP U min{3.99,3.5}=3.5
\a)sl(a)pz - a)pl) a)sz(a)pz - a)pl))

@ =1, 1 <1(dB), G, =-20(dB)

C()sz min-
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Thiét ké bd loc théng di — Vi du 1 (tt)
Q Tinh bac bd loc Chebyshev:

i 10-8s/10 _ 1\
n= = cosh™ 70
cosh  (@g, / @py,) 10077 —1
1/2
1 B 1020/10 1
= T GS/D cosh (101/10 1 =19 =Chon|n=2
COS : —
Q Tinhe:
~G¢/10
\/10 1 Sgg\/lor/lo _1
cosh[ncosh ™ (w, / @p)]
\/1020/10 1

<e<~10710 _1

cosh[2 cosh™(3.5/1)]

= 0423<£<0509  Chon |€=0.509| = |lgesign = 1dB
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&) Thiét ké bé loc théng dai — Vi du 1 (tt)

0 Ham truyén bd loc Chebyshev chuan hoa:
Tra bang mau s6 bd loc Chebyshev (v&i n=2,r=1), ta dwoc
Cl(s)=s*+1.0977s+1.1025

1.1025 ,
Kn — aO — = 09826 (dO N Chén)
J1+22  1+0.5088
- [f9-— 0.9826
2 +1.0977s+1.1025

0 Ham truyeén bo loc Chebyshev mau: do @, =1 nén

0.9826
s* +1.0977s+1.1025

Hp(s)=H(s) =
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Thiét ké bo loc théng dai — Vi du 1 (tt)

0 Ham truyén bé loc théng dai Chebyshev:
S dung phép bién dbi tan so:

- §7+2.10°

(@p—-wp)s  1000s

0.9826
(52210 F 4 1,0977(52210° )+ 11025

1000s 1000s

= Hgp(s)=Hp(T(9)) =

0.826x10° s>

= Hgp(S) =

s* £1097.7® +5.1x10°s* +2.2x10°s+4 x10"
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Thiét ké bd loc théng dai — Vi du 2

0 T.ké bd loc thédng dai Butterworth thda man cac yéu cau sau:
> DO loi dai thong (1000<w<2000 rad/sec) > -2.4dB
> D0 loi dai chan (w <450 hoadc @>4000 rad/sec) < — 20dB
Q Giai:
Qd Trwdece tién, thiét ké bd loc Butterworth mau cé cac théng so:

w,, =1(rad/sec)

( 2 2
a)pla)pz — Wy Dey — a)pla)pz

\a)sl(a)pz — a)pl) , a)s2(a)p2 — a)pl))
(1000 x 2000 — 450% 4000>—1000 x 2000

— mMin- , =35
" 450(2000 — 1000) * 4000(2000 — 1000) }

a)spz min-

G, =-2.4(dB), G, = —20 (dB)

) —
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Thiét ké bd loc théng di — Vi du 2 (tt)

 Chon bac bb loc:

~Gg/10 ~Gp/10 20/10 24/10
- lgl10 1)/(10 D] _ lglao™ ~1y /(10 D) _ 904
2g(wg, / @,,) 21g(3.5/1)

= Chon [N =2

d Chon tan sb cat:

e 0 1

) @e = (10‘GP/10 p_ 1)1/(2n) - (102.4/10 _ 1)1/(2><2) =1.078
Ws 3.5
L “e = (1076510 _pyl/en - (102710 _ 1)1 =1.109

— Chon |o. =1.109
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Thiét ké bd loc théng di — Vi du 2 (tt)

d Ham truyén bd loc mau:

— 1
H(S) = —
(S +1.414s+1)
1 1.23
— HP(S): 5 — >
S S s° +1.569s+1.23
+1.414 +1)
1.109 1.109

Q Bién ddi tan so:
S +0,0, s +1000%2000  s® +2.10°

(0,-@,)S (2000 -1000)s 10%s

T(s) =
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Thiét ké bd loc théng di — Vi du 2 (tt)

d Ham truyén bo loc thdng dai Butterworth can thiét ké:

H BP(S) = H P(T(S))

1.23
- Hee(®) = 210 > 10.10°
>0 h1s69 ST 4123
10°s 10°s
3 Kéet luan:
H(9) = 1.12312x10°s’
°F s* +1569s® +5.2312x10°S? +3.1384x10°s+ 4 x10"
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Phép bién ddi tin sé dé thiét ké loc chan dai

Hg<(] @) [ Hp(Jo) |
} Band-stop Filter }

Prototype Filter

® 0
.| Wg (C‘)pz o a)pl) ) (C‘)pz - a)pl)
W g,= Min SRR
a)pla)pz — Qg WDsp — a)pla)pz

0 Thiét ké bd loc mau cé thdng sd nhw hinh trén, sau d6 thuc
hién bién dbi tan s6 dé dwoc bd loc chan dai:

Hgs(8)=Hp(T(9)| voi [T(s)=
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Vi du thiét ké bé loc théng chan dai
3 T.ké bd loc chan dai Butterworth thda man céac yéu cau sau:
> D0 lgi trong dai chan (100<w<150 rad/sec) < — 20dB
> D0 loi dai thong (@ <60 hoac w>260 rad/sec) >-2.2dB
d Giai:
d Théng s6 bd loc Butterworth mau:

Oy = 1,
a)sl(a)pz — a)pl) a9 (a)p2 — a)pl)

W ¢, = MIN: >
L a)pla)pz — Wy WDgp — a)pla)pz )

. { 100(260 —60)  150(260 — 60) }
1n = . =3.57
60 x 260 —100° 150> — 60 x 260

G, = -2.2(dB), G, = —20(dB)




Vi du thiét ké bd loc chan dai
[ Tinh bac bd loc Butterworth:

n

) 1g[(102/1° — 1) /(102210 _1)]

2lg(wg, / @py)

Q Tinh tan s6 o,

(
Q,

\

= Chon

-1.97
21g(3.57/1)

cp-

Dpp 1

op = (10-C+/10 _1y1/zn) - (1022110 _)1i22)

o 3.57

WDep < (10—65/10 NI - (102010 _ 1)1/

0 = 1.1096

= Chon

=1.1096

=1.1317

I
&
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&) Vi du thiét ké bé loc théng dai

Q Ham truyén bé loc Butterworth chuan hoéa:
Tra bang da thirc Butterworth (v&i n=2), ta dwoc

— 1
S"+1.414s+1

0 Ham truyén b loc Butterworth mau: do @, =1.096 nén

1
(5)=H(;35)=
P e (1096) +1414(1096) 1
1.2312
= [He(9)= <2 +1.5692s5+1.2312
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&) Vi du thiét ké bé loc chén dai

3 Ham truyén bé loc chan dai Butterworth
S dung phép bién dbi tan so:

T(g) = (@p—@p)S (260 60)S 2005
S +ww, S +260x60 S +15600
1.2312
:> — —
Mes(S) = He(1(S) (L2005 F 4 1.5692(2005 )4 12312
S°+15600 ' S°+15600 '

3 Két luan: Ham truyén bo loc chan dai can thiét ké 1a

(s* +15600)>
st +254.95 +63690.95% +2.433 x10°

Hpgs(S) =
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THU'C HIEN MACH LOC DUNG OP-AMP
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Mach dien theo mo hinh Sallen-Key

Zy

— |
v, 21 e

.Vout
L

Z.Z,

H(S) =
2,2, + (L, +2Z,+2;)Z,

A Thwc hién mach loc theo mé hinh Sall’en-Key it ton OP-
AMP hon so véi cach thwe hién hé thong tong quat dung
OP-AMP da hoc & chwong 5.
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Mach loc théng thap bac 2 diing OP-AMP

C,
N
||
R1 RZ
V'_\ c, = =" rVout
2
W
H(s) = -
9 S’ +2fm S+ o’
a)n — 1 é: — (Rl + RZ)C2
JRRCC, 2JRR,.C,C,
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Mach loc thong cao bac 2 dung OP-AMP

R,
\ VA

C
— = |
Vi R, % / Vout

2

S
H(s) =
9 S’ +2fm S+ o’
a)n — 1 é:: (C1+C2)R
\/Rl R,C,C, 2\/ RR,CC,
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Thiét ké bd loc dung OP-AMP — Vi du 1

3 T.ké bd loc théng thap Butterworth thda man cac yéu cau sau:
> D0 loi dai thong (@ < 2nx103 rad/sec) > — 3dB
> D06 loi dai chan (@ > 3.6nx103 rad/sec) <—-20dB

d Giai:

d Théng s6 bd loc can thiét ké:

w, =27 X 10°
ws =3.67 x10’°
G, =-3(dB),
G, =-20(dB)

113




Thiet ké mach loc dung Op-amp — Vi du 1
[ Tinh bac bd loc Butterworth:

. lg[(lo—GS/IO . 1) /(lo—Gp/lO . 1)]
- 21g(w,/ @)

20/10 3/10
= lg[(10 — 1)3/(10 _ 12] =3913 — Chon IN=4
21g[(3.67 x107) /(27 x107)]
Q Tinh tan s6 o,
- o, 1
O, = (lo-ep/lo B 1)1/(2n) = (103/10 B 1)1/(2><4) = 6287
p
@ 3.67x10°
\ 0, < (10—63/10 B 1)1/(2n) = (1020/10 _ 1)1/(2><4) = 6368

= Chon |@, = 6300
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Thiet ké mach loc dung Op-amp — Vi du 1

3 Ham truyén bo loc Butterworth chuan hoa:
Tra bang da thirc Butterworth (v&i n=4), ta dwoc

1
(S* +0.765365+ 1)(S> +1.8477s + 1)

= H(s) =

3 Ham truyén bd loc Butterworth can thiét ké

B 1
LP 6300 I:(WSOO)Z + 076536(W500)+ 1] I:(Ts()())z + 18477(?800)"‘ 1]

63002 x 6300?
(s> +4821.395+ 6300%)(s” +11640.51s+ 6300%)

= HLP(S) —
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Thiet ké mach loc dung Op-amp — Vi du 1

d Thwe hién bd loc dung OP-AMP, phén tich H, 5(s) dw&i dang:

vOI 3

-

.

HLP(S) = Hl(S)Hz(S)

6300°
HI(S) — 2 2
(s* +4821.395+ 6300%)
6300>
Hz(s) —

(s* +11640.51S+ 6300%)

Ta sé thuwe hién b6 loc dung mach dién moé hinh Sallen-Key
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Thiet ké mach loc dung Op-amp — Vi du 1

H (s)= — 6300° 1
(s +4821.395 +6300°)
w, =6300:7 = 4821.39 = ().3826
2x6300
®, =1/JRR,C,C, =6300 = C, = |
no #2212 = l m};l(Rlecz)
R +R,)C, 2x0.3826
r= BHRIC 63826 = (R +R,)C, = 2
2. /R R,CC, 6300

< (R +R,)C,=12146X107";C, =10nF = R, + R, =12.146x10’

R =5.6kQ = R, = 6.5kQ

= C, =1/ (5.6 x6.5%10°%x10" ><63003)= 6.9%10°% = 69nF
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Thiét ké mach loc dung Op-amp - Vi du 1

Ho(s)= 6300° |

i (s~ +11640.51s+6300°)
@, =6300:¢ = 11634051 _ 9533

2x6300
1
w =1/ R R,C,C, =6300 = C, =—;
= HVRRGE - O[(RR,C)
2,/RR,C,C, o 6300

& (R +R,)C,=29328%107;C, =10nF = R, + R, = 29.328x10°
R, =20kQ = R, =9.3kQ

= C, = lf(20><9.3><l[]ﬁ><10‘3><63U[]3)=l.35><10‘3 =13.5nF
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Thiet ké mach loc dung Op-amp — Vi du 1

Mach thwc hién H(s) = H,(s).H,(9)

69nF

13.5nF

Vin
Vout
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Mot so cong thirc can nhé

" +e”
2

cosh™(X) = ln(x +/ X — 1)

cosh(X) =

X — X

— e
2

sinh(x) = =

sinh ™ (x) = 1n(x+ VX + 1)
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