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1ce de coupure

Fréquence de début de la bande d’arrét 4 kHz
Atténuation minimale dans la bande
d’arrét
Contrainte Amplitude aussi plate que

possible

'

o Filtre de Butterworth
e Xl = fl/fO = kHZ/l kHz =4
Passe bas normalisé :

201og,o(T)
A

~3dB

—45dB




e Sélection de I'ordre du filtre en utilisant les abaques

AMPLITUDE (dB)
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AMPLITUDE

e Sélection de I'ordre du filtre en utilisant les abaques
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— On utilise un filtre d’ordre 4 . 2 x Filtre d'ordre 2
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=1
2mple 0 Racines du polyndéme en utilisant les tables

REAL  IMAGINARY] 3dB PEAKING  PEAKING H
ORDER SECTION| PART PART Fo o Q FREQUENCY FREQUENCY  LEVEL Ordre 2 - 4 racines
2 1 0.7071 07071 10000 | 14142 | 07071 1.0000
] 1 05000 0 8680 10000 | 10000 | 1.0000 07071 12493
2 1.0000 1.0000 1.0000 :
s1 = 0.9239 + 0.3827
e s =
[ 1 09239 0027 TOO0 10478 | 05412 07195 >
2 03827 09239 10000 (07684 13068 400 a0m - .
51 = 0.9239 — 0.3827:
5 1 08090 05878 10000 | 16180 | 06180 0.8568
2 0.3090 09511 10000 | 06180 | 16182 08998 46183 ,
3 1.0000 1.0000 1.0000 89 = 0.3827 + 0.9239:
3 1 09658 02588 10000 | 19319 | 05176 06758 oo ;
2 07071 0.7071 1.0000 1.4142 0.7071 1.0000 Sg = 03827 — 09239?
3 02568 09653 10000 | 05176 | 19319 09306 60210
7 1 0.9010 04339 10000 | 18019 | 05550 07449
2 0623 07818 10000 | 12470 | 08013 04717 02204
3 02225 09743 10000 | 04450 | 22471 09432 72630
4 1.0000 10000 1.0000
8 1 0.9808 01987 10000 | 19616 | 04098 06615
2 08315 05556 10000 | 16629 | 0BO13 0.8295
3 D556 08315 10000 | 11112 | 089000 06185 06876
1 0.1851 09808 10000 | 03902 | 2668 09612 83423
9 1 0.9397 03420 10000 1.6794 0.5321 0.7026
2 07660 06428 10000 | 15320 | 08527 0.9172
3 05000 08680 10000 | 10000 | 10000 07071 1.2433
4 01737 09648 10000 | 03474 | 28785 09634 93165
5 1.0000 10000 1.0000
10 1 09677 01584 10000 | 19754 | 05062 0.6549
2 0.8910 0.4540 1.0000 1.7820 0.5512 0.7564
3 07071 07071 10000 | 14142 | 07071 1.0000
[ 04540 08910 10000 | 09080 | 17013 07667 18407
5 D.1564 09877 10000 | 03128 31970 08752 10.2023

e Polyndme du passe-bhas normalise

Hppn(S) = H il - Q%BV Q%BNZ
S (S-sa)S-8) \sregerigioz )\ S2+ EENAS L Oy,
Qppn1 = |s1] Qppna2 = |s2]
Dans I'exemple :
P QpeN1 QppN,2
QPBNJ = *T QPBN:l = *T
Qppn1 = Qpn2 =1 rl r2

QPBN.] = 1.3065
Qppn2 = 0541196

o Transformation de la fonction de transfert du PBN vers la fonction de transfert reelle

Pour une section unique :

HPB‘V(;S) Q%R\ S = S/wok 5 (S) (UQQ[’B \')2
’ 52 + ”FB\' S = QQPBN k2 52+ '_QCSEN‘J s+ (QI Bz\wﬂ)z

PBN

D%
s24 —”53 s+ 0%,
Dans I'exemple :

fpa = fpp2=1kHz Qpp =woflpeny Q@ =QpraN

Qpp.1 = 1.3065
Qpp2 = 0.541196
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MAX274.asc

Exemple : Structure Biquad (MAX274)

CONNECT RY/RX*
FCTO: (k)

V4 13/52

o Egalisation des parametres

On suppose que

Ri+5kQ =R,
FC = GND
N LOWPASS OUTPUT
Hop
HoLP |
0.707 HoLe

GAIN(V/V)

)

Fp Fc

(-. centralelille
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Donc, pour le section 1

[4 LTspice XVII - MAX274.asc
File Edit Hierarchy View Simulate Tools Window Help

PEEPALRAARIEERE $B2RERASS LRI XDIOD Aa op

% nax274. asc K MAX2T4. asc

4, MAX274.a5c E=ScH "X

995K acdec 1000 0.1k 100K

b opamp.sub

Bndpassoutpu

Pour le courbe au-déssus de -3dB a 1kHz

[4 LTspice XVII - MAX274.asc - b4
File View PlotSettings Simulation Tools Window Help
PEHDXIAQARIEGEHH 2O H S 2
B 1ax274 asc A MAX2TH. asc
[E=REC

V(lowpassoutput)

2.200dB+
0.99991KHz

2 dec 1000 0.1K 100K
b opamp.sub

Bndpassoutpu

x=1000.000Hz y = 2.331d8, 8.622°
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il est au-déssus de -45dB a 4kHz

[4 LTspice XVII - MAX274.asc
File View PlotSettings Simulation Tools Window Help

PEEHDXIHAQARIEDGEHBH s R2OH S 2

¥ Max274.asc L MAX2T4. asc

V(lowpassoutput)

23.727dB

5.2120°
3.99988KHz 3.99990KHZ 3.99992KHz 3.99994KHz 3.99996KHzZ 3.99998KHz 4.00000KHz 4.00002KHz 4.00004KHZ 4.00006KHz 4.00008KHZ 4.00010KHz 4.00012KHz

¢ doc 1000 0.1K 100K

A opamp.sub

$
i
1

x=4.000KHz y = -23.706B, 5.215°
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Pour la section 2

19 LTspice XVl - MAX274.25c -8 x
File Edit Hierarchy View Simulate Tools Window Help
PEEHPFLRAQARIKERTE $DEALSS LD 3 XDINOD An op

« MAX274.3sc Bd MAX2T4. asc

V(lowpassoutput)

+, MAX274.asc

9K acdac 1000 0.1K 100K

oo
x=994.839Hz y = -4.918dB, 7.706°

Le courbe est au-dessous de -3dB a 1kHz

[4 LTspice XVII - MAX274.asc - b4
File View PlotSettings Simulation Tools Window Help

BE T F N QQRR(BRIDEBE 3 BEn o5 >

« uAxz74 asc b MAX2T4. asc

Vl(iowpassoutput) 6.39270°

6.39268
6.39266°
6.39264°
6.39262

6.39260°
6.39258°
6.39256°
6.39254°
6.39252

6.39250°
6.39248°
6.39246

£ T T T Y 6.30244°
0.99999993KHz 0.99999995KHz 0.99999999KHz 1.00000003KHz 1.00000007KHz

« = (&R

2 dec 1000 0.1K 100K
b opamp.sub

Bndpassoutpu

x=1.000KHz y = -5.325d8, 6.393"
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il est aussi au-déssus de -45dB a 4kHz

[4 LTspice XVII - MAX274.asc - b4
File View PlotSettings Simulation Tools Window Help

PEFEPFIRAKRBAERY s B2OH ST 2

« uAxz74 asc b MAX2T4. asc

[ MAX274.a5¢ o =l

-24.46701dB- V(lowpassoutput)

-24.46704dB
-24.46707dB
-24.46710dB
-24.46713dB
-24.46716dB
-24.46719dB
24.46722dB—————————————
-24.46725dB
-24.46728dB
-24.46731dB-
-24.46734dB-
-24.46737dB
-24.46740dB-
24.46743dB
-24.46746dB

T T T T
3.9999998KHzZ 3.9999999KHzZ 4.0000000KHZ 4.0000001KHZ

6.38965
6.38964°
6.38963
6.38062°
6.38961°
6.38960°
6.38950
-6.38958"
6.38957°
6.38956°
6.38955
6.38054°
6.38953°
6.38952
6.38951°
6.38950°

T
4.0000002KHZ

¢ dec 1000 0.1K 100K
b opamp.sub

X =4.000KHz y = -24.467dB, 6.390°
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MAX274 _2.asc

Deux section en semble

[ LTspice XVIl - MAX274_2.asc
File Edit Hierarchy View Simulate Tools Window Help

PEEHDAFINRAARIB] EBH $2EMH OSB3 ¥vDIOD Aa op

1 nax274_2.asc K NAX274_2.3sc

V(lowpassoutput2)

100KHz

4, MAX274_2.asc

— =
x=997.403Hz vy = -3.059dB, 33.882°

On peut voir que le courbe est presque a 3dB a 1kHz

I UTspice XVII - MAX274 2.35¢ -8 x

File View PlotSettings Simulation Tools Window Help

BEETF0QARRIBLERE s bon OF 5

B MAX274 2. a5¢ 4 MAR274 2. asc

1 MAX274 2.25¢ o %"

-
" 2.84505°
32.84496'

‘732 84487°
1-32.84478°

-32.84469°

‘Laz 84460°
‘kaz 84451°

5

T T T T T T
0.99999995KHz  0.99999996KHz  0.99999997KHz  0.99999998KHz  0.99999999KHz  1.00000000KHz  1.00000001KHz 1.00000002KHz

T 32.8441
1.00000003KHz  1.00000004KHz  1.00000005KHz

x=1000.000Hz y = -2.994dB, 32.845°
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il est au-dessous de -45dB a 4kHz

[4 LTspice XVII - MAX274_2.asc = X
File View PlotSettings Simulation Tools Window Help

PEEHDXIAQARIEDGEHH 2O H S 2

1 1ax274 2. a5 4 NAX274_2. asc

1 MAX274 2,25 o o= )

-32.74789°
32 74782°
32.74775°
32 74768
[32.74761“
} 32.74754°
32.74747°
32.74740°
32.74733°
32.74726
32.74719°
32.74712°

“°—— 1374705
3.999988KHz 3.999990KHz 3.999992KHz 3.999994KHz 3.999996KHz. 3.999998KHz. 4.000000KHz 4.000002KHz 4.000004KHz 4.000006KHz 4.000008KHz 4.000010KHz 4.000012KHz. 4.000014KHz

X =4.000KHz vy = -48.173dB, 32.748°
O EREHNFEERNNE O H @ ®n €C = « X 8 B @ ADED i

@
|

En comparant la figure et celle de ButterWorth

V(lowpassoutput2)

100KHz

AMPLITUDE

.-
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il est un filtre Butterworth avec la fréquence coupure de 1kHz, un bande d’arrét de 4kHz et son
atténuation minimale de 45dB. Donc, cela répond bien au cahier des charges.

10
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Q2
Type de filtre Passe-bande
Fréquence centrale 10 kHz
Bande passante (BP) B =1 kllz
Bande d’atténuation (BA) B = 3 kilz
Atténuation minimale dans la BA 10 dB
Contrainte Amplitude la plus plate possible dans la BP
Wo 1 CVg ¢ 1
= = —y/— wo = 27 fo =
“=%B 2VG e LW
2x1
Donc, O = x 0Xﬂ.=10
2xmx]

Avec les expression données dans le cours ou dans la fiche technique du
composant MAX27/, on détermine les valeurs des résistances. Avec la
fréquence centrale:

1
Ry = ——— » 200 k0

T Jol

D’ou:

Si on fire Ry /Rx =5 (FC=GND), le facteur de qualité Q) fize la valeur
de Rg .

-

R
Ry = Q\/Bz(]ﬁ +5 AO)R;

~ 400

Pour finir, si on souhaite un gain statique IX = 1, on détermine Iy :

R
Ry = =2 ~ 400 k)
K

11
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[4 LTspice XVII - MAX274.asc - b4
File Edit Hierarchy View Simulate Tools Window Help
PMEEHTFHRAKKRIEDEBE I 2EH S8 P33 ¥DVOD Aa op

L NAX274.a5c ¥ NAX2T4. rav

V(bandpassoutput)

4, MAX274.asc

§
x=10052KHz y = 758.824mdB, -77.471°
[4 LTspice XVII - MAX274.raw - b4
File View PlotSettings Simulation Tools Window Help
PMEETFNRAKRELEBE 2O H LS 2
« uaxz74. asc b MAX2T4. rav
£ MAX274.raw =

V(bandpassoutput)

X=7.960KHz y = -13.341d8, 79.233°

12
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fo=10kHz

[ LTspice XViI - MAX274.raw

- o X
File View PlotSettings Simulation Tools Window Help
e E T RQAR BRI EBT s 2o # oSS 5}
« MAX274. asc Hd MAX274. Tav

V(bandpassoutput)

+—t ,é‘—y—‘v-nwsa”
9.9970KHz 9.9975KHz 9.9980KHz 9.9985KHz 9.9990KHz 9.9995KHz 10.0000KHz 10.0005KHz 10.0010KHz 10.0015KHz 10.0020KHz 10.0025KHz 10.0030KHz
i = @R

x=10.000kHz y = 346.676mdB, -79.151°

Le courbe est -10.583dB a 8.5kHz

[4 LTspice XVII - MAX274.raw

= X
File View PlotSettings Simulation Tools Window Help
PEHDXIHAQARIEGEHH 2O H S )

« uAx274 asc b MAX2T4. rav

ZMAX274.raw.

V(bandpassoutput)

} -79.2180°
| -79.2182°
--79.2184°

T T T T T T T
8.49988KHz 8.49990KHz 8.49992KHz 8.49994KHz 8.49996KHZ 8.49998KHz 8.50000KHz 8.50002KHZ 8.50004KHz 8.50006KHZ 8.50008KHz

x=8.500KHz y=-10.583dB, 79.219°

13
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Le courbe est -9.519dB a 11.5kHz

[4 LTspice XVII - MAX274.raw

- X
File View PlotSettings Simulation Tools Window Help
PEFEPLIRAKRBAERY 2N ST 2
« MAXZ74.asc 1l MAX2T4.Taw
2 MAX274.raw F=rreE
V(bandpassoutput)
[ 702100
[z
79.2102°
1-79.2108°
--79.2106°
|--79.2108°
o200
79.2202°
-79.2204°
‘*-79 2206°
11.4995KHz. 11.4996KHz 11.4997KHz. 11.4998KHz 11.4999KHz 11.5000KHz. 11.5001KHz 11.5002KHz. 11.5003KHz. 11.5004KHz 11.5005KHz.
e S lEls
x=11.500KHz y = -9.519dB, -79.220°
Le courbe est -10dB a 11.602kHz
I UTspice X1l - MAY74.raw C s x
File View PlotSettings Simulation Tools Window Help
MEEDALRQARIEUEEE s o8 2]
+ WAX274. asc B
12 MAX274.raw =5

V(bandpassoutput)

79.2188
£-79.2190°

-79.2194°
}—779 2196°
-79.2202°

--79.2206°

|
} -79.2204°
|

.007dB. -79.2208°
11.60201KHz  11.60208KHz  11.60215KHz  11.60222KHz  11.60220KHz  11.60236KHz  11.60243KHz  11.60250KHz  11.60257KHz  11.60264KHz  11.60271KHz _ 11.60278KHz 11.60285KHz

x=11.602KHz y = -10.000dB, -79.219°

Donc, B’=3kHz

14
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Le courbe est -2.847dB a 9.5kHz

[ LTspice XViI - MAX274.raw

—=m X
Fle View PlotSettings Simulation Tools Window Help
MEEALRQARIEUEER s s )
« MAX274. asc I MAX274. Tav
15 MAX274.raw E=REE
V(bandpassoutput)
1--79.2130
1--79.2132°
1--79.2134°
1--79.2136°
7921380
-79.2140°
79.2142°
79.2144°
1--79.2146
2 880d8 -79.2150
9.4994KHz 9.4995KHz 9.4996KHz 9.4997KHz 9.4998KHz 9.4999KHz 9.5000KHz 9.5001KHz 9.5002KHz 9.5003KHz 9.5004KHz 9.5005KHzZ
« IR
x=9.500KHz y = -2.847dB, -79.214°
Le courbe est -2.852dB a 10.5kHz
[4 LTspice XVII - MAX274.raw - b4
fle View PlotSettings Simulation Tools Window Help
PMEETFNRAKRELEBE 2O H LS D)
L atzre.ave B WR2TE v
132 MAX274.raw =REn )

|
} -79.2138°
‘—-79.2140”

F-79.2142°

“°-+— 792156
10.49992KHz. 10.49994KHz. 10.49996KHz. 10.49998KHz. 10.50000KHz. 10.50002KHz 10.50004KHz. 10.50006KHz. 10.50008KHz.

= =]’

X =10.500KHz y = -2.852d8, -79.215°

Donc, B=1kHz

Donc, il est un filtre Butterworth avec la fréquence de coupure de 10kHz, un bande passante de
1kHz, un dande d’attéuation de 3kHz et son atténuation minimale de 10dB. Donc il répond bien

au cahier des charges.

15
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Q3

On prendra R = 10 k2.

Co~ 31,8 nF et Cy =792 pF

Donc, R3=(R*C2)/(2*C1)=2007KQ

C3=C1 R2=R1=R

[4 LTspice XV - Draft1.asc - b4
File Edit Hierarchy View Simulate Tools Window Help
MEEHPALRAAARIEERE $2ERASS LRI XDIOD An op

4 Draftl.asc §¥ Draftl.asc

B =8 X
V(n002)

A Draftt.asc =REE %"

.ac dec 1000 0.1K 100K

x=9.974KHz y = 0.000dB, -60.000°

16
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On peut obtenir f,=9.930kHz

[ LTspice XV - Draft1.asc
Ele View PlotSettings Simulation Tools Window Help

PEETFIRAQARBI ST s 2o # oSS

=
« Draftl.asc ¥ Draftl.asc

9.912KHz 9.915KHz 9.918KHz

9.921KHz 9.924KHz 9.927KHz 9.930KHz 9.933KHz 9.936KHz 9.939KHz 9.942KHz Q,BJéKHz 9.948KHz
+ = B[R
a
Tzo2e
i §R1
10k [31.8 10K
.ac dec 1000 0.1K 100K
Xx=9.930KHz y = 529.412:dB, -60.799"
(8.565kHz,-10dB)
[4 LTspice XV - Draft1.asc - p 4
File View PlotSettings Simulation Tools Window Help
SHT 40 RARRIBICERE e s S5 3
 Draftl.asc k¥ Draftl.asc
132 Draftt.asc E=REEn )
V(n002)

-9.99984dB.
-9.99987dB.

-9.99990dB.

-9.99996dB

-68.0198°
-9.99999dB.

e §8.0200
1--68.0202°
‘f»ss.ozm‘

--68.0206°

i i i T T T T 08°
8.5651072KHz 8.5651080KHz 8.5651088KHz 8.5651096KHz 8.5651104KHz 8.5651112KHz 8.5651120KHz 8.5651128KHz 8.5651136KHz

x*

1--68.02
8.5651144KHz

ac dec 1000 0.1K 100K

x=8.565KHz y = -10.000dB, -68.020°

17
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(11.509kHz,-10dB)

[ LTspice XV - Draft1.asc
Ele View PlotSettings Simulation Tools Window Help

PEEH DA RAQARBI ST s 2ok oSS 5}

« Draftl.asc ¥ Draftl.asc

-9.9990dB
-9.9995dB

-68.0194°
-10.0000dB. . 68.0196°

68.0198°
68.0200

-68.0192°

-10.0005dB.
-10.0010dB-
-10.0015dB. 68.0202
-10.0020dB. 68.0204°
-10.0025dB.

-68.0206°
-10.0030dB. 1--68.0208°

68.0210
1--68.0212

045dB- ————  —— ———————————————————————————————————————————————————————-68.0214°
11.50924KHz  11.50928KHz  11.50932KHz  11.50936KHz  11.50940KHz  11.50944KHz  11.50948KHz  11.50952KHz  11.50956KHz  11.50960KHz  11.50964KHz  11.50968KHz

-10.0035B-
-10.0040dB-
-10.0

ac dec 1000 0.1K 100K

x=11.509KHz y = -10.000dB, -68.020°

Donc, B’=3.056kHz=3kHz

18
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(9.451kHz,-3dB)

[ LTspice XV - Draft1.asc - a x
Ele View PlotSettings Simulation Tools Window Help

PEETFIRAQARBI ST s 2o # oSS

« Draftl.asc ¥ Draftl.asc

9.451202KHz  9.451204KHz  9.451206KHz  9.451208KHz  0.451210KHz  9.451212KHz  9.451214KHz  9.451216KHz  9.451218KHz  9.451220KHz  9.451222KHz  9.451224KHz

+ = B[R
ac dec 1000 0.1K 100K
x=9.451KHz y =-3.000dB, -68.014°
(10.430kHz,-3dB)
[4 LTspice XV - Draft1.asc - b4
File View PlotSettings Simulation Tools Window Help
PMEETFNRAKKRELEBE 20 H LS )
 Draftl.asc k¥ Draftl.asc
{2 Draft1.asc =)

V(n002)

-2.9975dB

-2.9980dB-

-2.9985dB

-2.9990dB

2.9995dB

3.0000dB

3.0005dB

3.0010dB

3.0015dB
-3.0020dB

-3.0025dB T T
10.43007KHz 10.43010KHZ 10.43013KHz 10.43016KHZ

T T T u T
10.43019KHZ 10.43022KHz 10.43025KHz 10.43028KHz 10.43031KHZ 10.43034KHz 10.43037KHz

ac dec 1000 0.1K 100K

x=10430KHz y = -3.000dB, -68.014°

Donc, B=0.979kHz=1kHz

Donc, c’est un filtre passe-bande Butterworth avec lafréquence de coupure de 10kHz,

bande passante de 1kHz, bande d’atténuation de 3kHz, et atténuation minimale de 10dB.

Donc il répond bien au cahier des charges.
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