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Introduction

Introduction

Thank you for downloading "Active Filter Design Specifications and Circuit Diagram."

This document explains how to input "design specifications" when designing an active filter and
creating its circuit diagram using "LtAct" or "ActiveFilter-Design-Schematics," both of which are
currently available from Vector, as well as the "circuit diagram" and its "transfer function"

generated by "LtAct."

Please download the above software from the link below.

This document explains the design specifications and circuit diagrams of low-pass filters.

Regarding how to input design specifications, we will explain two methods: (1) a method that
focuses on the cutoff frequency and filter order, but does not pay much attention to other factors,
and (2) a method that focuses on ensuring an attenuation of atts or more at frequencies Fs or
higher that exceed the cutoff frequency Fe, and lets the software "LtAct" determine the filter

order.

In this book, (1) is explained as "when entering the order" and (2) as "when not entering the

order."

In method (1), the parameter Xs is entered to check the attenuation at frequency Fs, which is Xs

times the cutoff frequency Fc. However, this is not a design specification for the filter.

In method (2), you enter the parameter Xs to design a filter whose attenuation at a frequency Fs
that is Xs times the cutoff frequency Fc is greater than or equal to atts. This is the filter design
specification.And since the attenuation is greater than or equal to atts at frequencies above Fs,

atts is called the minimum attenuation.
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Introduction

If you need more detailed explanations, please refer to the documents included with the released

software, such as "Active Filter Design.pdf" and "LtAct Operation Manual.pdf."

If you want to know the formulas for converting transfer function coefficients into
circuit diagram element values, please refer to the published document "Design and
Synthesis of Active Filters."

Takashi Miura 2025/09/07
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EE  Caution

;¥&  Caution

[LTSpice] #ffiH LT, ILtAct] TIER L7=EEKEZ > I =L — 3 T DHHIC,

[LtAct)] Z2A > A=V L7=7ANVED [OP DT AT —4%] O lasyEEH%] D asy 77 AV
Z 4T [LTSpice] A v A =L LIZT /LA,
5] Z 1% C'¥Users¥miura¥Documents¥LTspiceXVII¥lib¥sym¥OpAmps
IZa =L TL7EEN,

i INAE A D B HEEL, Tasy-original] @ asy &4 T
C:¥Users¥miura¥Documents¥LTspiceXVII¥lib¥sym¥OpAmps
23— L TCIORBIZE L TS ZE0Y,

[LTSpice] DEAEIZHOWTIE, Vector TARHF @ [LTSpice #/EAM) ver.1.2 TR L TV EF
DTHEHRLTTFEV,

Before simulating the circuit diagram created in LtAct using LT Spice,

copy all asy files from the “OP Test Data” folder within the LtAct installation directory
to the LTSpice installation directory,

for example: C:¥Users¥miura¥Documents¥LTspiceXVII¥1lib¥sym¥OpAmps.

If you encounter any issues, copy all files named “asy-original” to
C¥Users¥miura¥Documents¥LTspiceXVII¥lib¥sym¥OpAmps

to restore the original state.

For information on operating LTSpice, please refer to the “LTSpice Operation Guide” ver.1.2

published on Vector.
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HORRI X {7ERI%E  Diagram of the basic circuit block
1RO =R 7 4 )L FFARREFE 1pl

HEARMEIE EIRZERESL  Diagram of the basic circuit block

1ROAO—/RRA T 4 LAEKREE Ip1

1st order low-pass filter basic circuit Ipl

Vss
O
B \‘"\_ "\\\‘
\\;::
R 1 \ 4+ /""‘/’
—AW * s (W

c1 4 ’

l - Ip1.cir

H2—-1 1KROO—=RAT7 4N FZEXER1 Ipl_l cir

Figure 2-1 1st order low-pass filter basic circuit Ip1.cir

Ipl_cir =R

transfer function of 1p1.cir

1/C,R,
1, (,.5) = LR

~s+(I/CR)) ey

TR DEFEO — A7 LV H RSN 5,

Used for various low-pass filters of odd order.
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HORRI X {7ERI%E  Diagram of the basic circuit block

2D —/RAT 4 X FEREEE  LP1

2ROA—INR T 4 JLAEKEFE LP1

2nd order low-pass filter basic circuit LP1

NP =T —2AF T FTF = =7 —/SA7 ¢ L THH S5 AR LP1 TY,
This is the basic circuit LP1 used in Butterworth or Chebyshev low-pass filters.

[ o
S|
I | _i C2 l-—C' Vss
R1 R2 . el
2 Lo vdd
op1 LM324
1 C1
i | LP1
"0 0

M2—3 2%kDu—s_2A7 0 LZEAKERK LP 1 (patl_2.cir)
Figure 2-3 2nd order low-pass filter basic circuit LP1 (Ipatl_2.cir)

L P 1 OfaER%K
Transfer function of LP1

i lecin)
Rl C'1 C2 RZ R3

2 RR,+R,R, +RR, s+( 1 j
C1R1R2R3 Cl C2R2R3

(2—3)

Hz(a)p,s):

N

C;=CC =m-C,Ri=RR,=k-RR;=R, k=1m=9Qf &+ %,
Set C;=C,C,=m-C,Ry =R,R, =k-R,R; =R k=1m=9-Q2 .
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HORRI X {7ERI%E  Diagram of the basic circuit block

2ROA—/SRA T 4 LB EKEK LP2

2nd order low-pass filter basic circuit LP2

2D —/XAT 4 VX FEREIE LP2

NRE—T—2AF 7 IF 2270 —sRA 7 4 )LZ THIHAEN 5 EAEEK LP2 T1,

This is the basic circuit LP2 used in Butterworth or Chebyshev low-pass filters.

A C1
—JRfrI—f;K—-T
’ 2 Icz
Y0

oP1

I—C) Vss

V4 -

L.‘) Vdd

LM324

LP2

M2—4 2%kDOa—R_RA7 0 ZEKER LP 2(pat2_2.cir)

Figure 2-4 Quadratic function low-pass filter basic circuit LP2 (Ipat2_2.cir)

L P 2 OfrERK
Transfer function of LP2

1

Eg(ab,s

" R +R
S2+1 2

) Cl Cz R R,

s+
C1 Rl Rz Cl Cz R1 Rz

(2—4)

C,=mC,C,=C,R=R,R,=kR, k=1m=4-Q} \zi¥ET 2,
Set C,=mC,C,=C,R=R,R,=kR k=1m=4-Q} .
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HORRI X {7ERI%E  Diagram of the basic circuit block
BE 7 4 V¥ ROVKFE T ¢ v % O FEARE K

BE1

BE 74 L2 RUKET 4 IILAAOEKEK BE1

Basic circuits for BE filters and various filters BE1

WF by 7 E I EE e — AT 4V Z TR &N 5 EAEK LP3 T1,

This is the basic circuit LP3 used in inverse Chebyshev or elliptic function low-pass filters.

. . . - . .
Y] 2
-
- -
-
L AL
M4
R4J
-
R -
.
B 4 M 124
-
-

LP3, HP3, BP3, BE1 (et1)

M2—5 2kOE—/SAT7 4 )LEZOMTHH S5 HEARRE (petl_2.cir)

Figure 2-5 Basic circuit used in secondary low-pass filters and others (Ipet1_2.cir)

ZOEKIZILP3, HP3, BP3, BE1l, "/ RA ANV XA, BE7 4 ALXTHEAEND,
This circuit is also used in LP3, HP3, BP3, BE1, highpass, bandpass and BE filters.
etl(LP 3, HP3, BP3, BE 1)DxiEMK
Transfer functions of et1(LP3, HP3, BP3 and BE1)
R
s° +
Cb R,°R,
2 3R,
+ s+ T
C,R,(R +R,) C’R,

(2—5)

Hz(a)p,s):]%

S

R = Ry ~Rys /7 1TE, [LtAct] Dver.3.30Ti% 10K IZFREL TV 5,
R = R41 ~Ry5 are optional. In version 3.30 of "LtAct", it is set to 10K.
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HORRI X {7ERI%E  Diagram of the basic circuit block

BE 7 4 VX2 R OEFE T 4 Vv FH O HAR 0]

BE2

BE 74 L2 RUKRET 4 IILZFAOEKERK BE2

Basic circuits for BE filters and various filters BE2

WF by 7 E I EE e — AT 4V Z TR &N 5 EAEK LP4 T1,

This is the basic circuit LP4 used in inverse Chebyshev or elliptic function low-pass filters.

Ry R pa
I L 4 — — > — @— —
RS
\ i E L
v 0 -
R l R M -
*— — — . — ]
P11 LMI24 o} .
- — ? ] C P2 IM324

o W

LP4, HP4, BP4, BE2 (et2)

2—6 2WOE—/RAT 4 VEZZOMTHA SN S HEAREE (Ipet2_2.cir)

Figure 2-6 Basic circuit used in secondary low-pass filters and others (Ipet2_2.cir)

ZOFEKIZILP4, HP4, BP4, BE2 NA A NV RIAXZ BEZAAZTHHEHINS,

This circuit is also used in LP4, HP4, BP4, BE2, highpass, bandpass and BE filters.
et2(L P4, HP4, BP 4, BE 2)DIniER
Transfer functions of et2(LP4, HP4, BP4 and BE2)

(1Y
ke R TR
_ M b" b
HZ(“’P’S)_ l+kd R, » hkd+kr+4-4kk 1+ kr
65"+ S+————
C,R,(1+kd) C, 'R, (1+kd)

(2—6)

2'Rb

R1=22 c1=2-cb,R2 =28 (p = K&Cb
2 kr

2 )

R3 = (kk —1) - R5

R ERg /T 10K IZJHE S TUr 3,
Rs and Ry are fixed at 10K.
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HEHIEE O A 1777 How to enter design specifications

REHEHRD A S1AE  How to enter design specifications

T4 N OBRGHEREZ AN T HITE, Y7 FUxT [LtAct) ©OU 4> FU EEML 174
I Z OFERERIN 2 L £,

To enter the filter design specifications, click "~ « /L& OFEFHEIRN Select Filter Type" at the
top of the "LtAct" software window.

™ FOFAI IS ORRE R Y- LtAct ver.3.30 <- - Mcact21 - O »
miMF) SO RSESRS MASA-FAAP MIFOERQ TSIREG BTE-HAD TavHM) ALTH)

Dl & &%
KO 4 Ry RERSNET,

The following window will appear.

247 DWMER X

MR ReE) & DERrRETE) 2RI CF =y 7 LET,
Select and check "J&% £ Filtering characteristics" and "#EWr45: Cutoff characteristics".

B E AT LTT A NG ZiGT 5] #F =27 LT [OK| 2 LET,
Check "R¥&# A1 LT7 4 V¥ %i%#t3 % Enter the order and design the filter" and click "OK".
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HEH RO A1 51 How to enter design specifications
NE — T — X « a3 —NRAT 4 )b A4 & —
Butterworth Low-Pass Filter

NFZ—TJ—R - O—/NR 7 4 )LA 32— Butterworth Low-Pass Filter
K #EANT BB When entering the filter order

BEESA-YDOA T b4
o2 n@EE O-AA7 02 EEHIHE H9-79-2

BHTS7 ¢ L2 OKRE m(<=58) ¢

ho A 7RESE Fo [ [IF: v} |LI
EEARSIITIMBREFL LT, Xs = Fs/Fo |-l s feoti

- - — — - — - - - — — — - -

MM4TH mJ 7 4 VX DR m 2 AJ19 5, Enter the filter order m in "Line 1 m".
[24TH Fel 1Zhy MAZJHER Fe 2 AT %, LERGHEBBOBNZZEES D,
Enter the cutoff frequency Fe in "Line 2 Fc¢". Change the frequency unit if necessary.
34TH Xs) I RZ MRS 5EEE Fs & Fc Ot Xs (=Fs/Fe) # AT 5,
Enter the ratio Xs (=Fs / Fc) between the frequencies Fs and Fc for which you want to check the
attenuation in "Line 3 Xs".
MR AR R T 5 5 Fs) 13 TR B2 MR 288 Fs) OfY) T,
"The frequency F's at which the minimum attenuation is reached" should be "The frequency Fs

at which the attenuation is checked."

R 22 TRGEHIRE R T A—=Z kM m &y AT AR Fe © 2 H7210 T,

Note: The only two parameters required for the design here are the filter order m and the cutoff

frequency Fe.

Xs 13H v b A7 E Fe O Xs OB TREEDN EN BWIIR DD EHRT 5720 T, &F

DAL TIEIH Y £/ A, Xsis used to confirm the amount of attenuation at a frequency that is Xs

times the cutoff frequency Fec, and is not a design specification.

m & Fe 2288 LT, Xs zZ 8 L THIER SN D EBEBIIFE—I27 0 £7,

If m and Fc are not changed, the transfer function created will be the same even if Xs is
changed.

RAHARDO A% TOK) 4L, Y7 bv=xT [LtAct) IERFHERRZ 72T 7 4 V& — D5
B AR LT, RERED b — A7 4 VX OJEEESHED 7T 7 LR Fs= Xs*Fp (C31F
LR atts R EAFIRL T, T4 NI —ORFHETE T LET,

After entering the design specifications, click "OK" and the software "LtAct" will calculate the
transfer function of the filter that meets the design specifications. From the transfer function, it
will display a graph of the low-pass filter's frequency characteristics and the attenuation

amount atts at the frequency Fs = Xs * Fp, completing the filter design.

WHE NJ13 58 When entering the filter order
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HEH RO A1 51 How to enter design specifications
NH — T — X e —IXNAT 4 )V A X —
Butterworth Low-Pass Filter

m=6, Fc=1 KHz,Xs=1.5 OH4, Fs=1.5KHz (2FB) T 21.16dB (2720 £7,
When m=6, Fc=1 KHz, and Xs=1.5, the attenuation at Fs=1.5KHz is 21.16dB.

—IMeactz1 oo
7iu7° Low Pass Butterworth IX¥4=6
Fp = 1.0000EHz attp = 3.00103dB Fs = 1.5000EHz atts = 21.16dB

10dB

0dB

-10dB

71751 2t S AU O ISR, VY SR S

-30dB

-40dB

-50dB
100 300

t L, Fe=1KHzXs=1.5 & AJJL T, Fs=1.5KHz O FF 5 60dB L LD 7 4 V& —%
REL LTS AITIE, 7V ZORBEELS TOLERDY £7,
If you input Fe=1 KHz, Xs=1.5 and want to design a filter with an attenuation of 60 dB or more

at Fs=1.5 KHz, you need to increase the order of the filter.

#l21X, m=10, Fe=1 KHz,Xs=1.5 & AJJL T [OK| Z#id§ &, UTDS T 7MNER S CTRE R
1% 35.22dB ITHMLE T2, FLEWEENE D RNV RGN0 F7,

For example, if you enter m=10, Fc=1 KHz, Xs=1.5 and click "OK," the following graph will be
displayed, showing that the attenuation has increased to 35.22 dB, but this is still insufficient.

= Meact2t =R 5
77" Low Pass Butterworth K&(=10
Fp = 1.0000EHz attp = 3.0103dB Fs = 1.5000KHz atts = 35.22dB

10dB

0dB

-10dB

-20dB ‘

-30dB — | 1
-40dB

-50dB

-60dB
100 300 1K X

WHE NJ13 58 When entering the filter order
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S OB ML THER T 2 L OB TRIFZM R T 2B 070 £33, LERREEZ 11T
RKODLTERHY 3, KO [REE AT LR NI A= DA TiEEHNET,

If you continue to increase the order and check, you will eventually find the order that satisfies
the conditions, but there is a way to find the required order in one go. Use the following

parameter input method that does not require you to enter an order.

(74 OFEEN 22V v 7 LET,
Click "7 « /v 2 OFEFEEIR Select Filter Type".

2405 DEWMRR X

W HE AN L CT 4 NS it T D) OF = v 7 %4 LT TOK) 2 LET,
Uncheck "W x AJ1 LT 7 4 V& %3453 5 Enter filter order and design filter" and click "OK".

Wt N1+ 2 HF When entering the filter order
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R EAFLELE When you do not enter the filter order

REHGA-SD AT X
ZAAOESE O-AR7 IR BEFNEE R-D-2
hobA7ETRESORBE Fr [ |kHz -]
REBFICEIIDRERERILY 7L atte 3. 0102999566398 [qp
BREEET SRBHEFsL LT, Xs = Fs/Fp |1 fa
RBE#FICHEITZBER atts |60 4B ﬂ’

MATH Fpl (&4 y M7 BB EE I3 O &K Fp 2 A1+ 2%,
VBT O JEE O AL 2 BT 2,
Enter the cutoff frequency or attenuation band frequency Fp in "Line 1 Fp." Change the
frequency units if necessary.

2478 attp] 2 ETAS LTz Fp lZBIT A= attp(dB) # A4 %,
NP =T —=ZATIEH v b4 7 EAREOWFER attp 1TH 52> U9 3.01dB IZRE SN TWETA,
attp & 6 72 EICEE T 5 & Fp [T O KT £7,
Enter the attenuation attp (dB) for the Fp entered above in "Line 2 attp." In Butterworth, the
cutoff frequency attp is pre-set to 3.01dB, but if you change attp to 6, for example, Fp will
become the frequency in the attenuation band.

[34TH Xs) IZHERZMRT HEEM Fs & Fp Ot Xs (=Fs/Fp) & AT 5,
Enter the ratio Xs (=Fs / Fp) between the frequencies Fs and Fp for which you want to check the
attenuation in "Line 3 Xs".

[417H atts)] (2 Fs I2H 1 2 K= & atts # A17 5,

Enter the minimum attenuation atts at frequency F's in "Line 4 atts."

R ZOREIE. REHIRER/RT A—=2130 v M A7 BT O3 Fp, Fp (2817 %0
=i, B Fs & Fp Okt Xs, B ORI E atts O 4 BIZHEML £,

WY =T =2PUHNDT 4 W Z =BT HMERNT A= T 4 ML £,

Note: In this case, the parameters required for design increase to four: the frequency near the
cutoff frequency Fp, the attenuation at Fp, the ratio Xs of the frequency F's to Fp, and the
minimum attenuation atts.

Filter types other than Butterworth also increase the required parameters to four.

WHaE ANJ1 L72W - When you do not enter the filter order
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NRE =T =27 g N H—DPE, Fp=Fc (7 v A 7EEE) OBLAIIE., attp IZHBIAICFIR S
5 3.01029 DEFIZLTHBEET,
For a Butterworth filter, if Fp=Fc (cutoff frequency), leave attp at 3.01029, which is

automatically displayed.

LRROANE 0K 29 &. V7 bv =7 TLtAct) 2SHERARBROREE F1HA L CE % Fp
DWIE RN attp T, B Fs=Xs*Fp (23T DR atts 2z 2 RlERE DO — 27 1)1
SDREI SN T, TORBEBEME PR RENET,

After entering the above information, click "OK" and the software "LtAct" will calculate the
minimum required order and design a low-pass filter with the minimum order such that the
attenuation at frequency Fp is attp and the attenuation at frequency Fs = Xs * Fp exceeds atts.

The software will then display its frequency characteristics.

ERRONSRT A—=HTIET 4 N F—DOWRENT 18 WITIRE S, AW Fs=Xs*Fp ICB T 2 HERIT
63.39dB> 60dB (272 £7°,
With the above parameters, the filter order is determined to be 18, and the attenuation at the

frequency Fs=Xs*Fp is 63.39dB > 60dB.

=] Mcact21 IE]
737" Low Pass Butterworth  /R#¥=13
Fp = 1.0000EHz attp = 3.0103dB Fs = 1.5000EHz atts = 63.39dB

10dB
0dB
-10dB
~20dB
~50dB -
1 s et IS DI he
~50dB — -
~60dB
~70dB
-80dB
~90dB

100 300 1K 3K

WHaE ANJ1 L72W - When you do not enter the filter order
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T4 —DIEERMEEET S Check the filter transfer function

(WRHAa AT D) ICATILT2XF A —% (m=6, Fc=1KHz, Xs=1.5) M Hatfianizr 1 v —
DIRERE A AT 2121, Y7 v xT TLtAct) OV 4> FU EENS [FR5R - ) %
MLET,

To check the transfer function of the filter calculated from the parameters entered in "Entering
the Order" (m=6, Fc=1KHz, Xs=1.5), click "7~ * 7] Display/Output" at the top of the "LtAct"

software window.

I PO T IS DRE Y- LtAct ver 33D <- - Mcact2] - o x|
rME) LS OREERS  NSA-FANP HISOERO ISORRIG) BRE-EDD JaVEM) ALTH)

D| ®| S| ¢

STEREOFRRICIEIED X

MEEBE O 7 7 A V2T %) 2#F =27 LT 0K 2 LET,
Check "ZERBOMRE T 7 A V& HF73 2% Output transfer function coefficient file" and press
"OK".

T 4 VR —DIGEBB TR TS Check the filter transfer function
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m=6, Fe=1 KHz, Xs=1.5 DFEDEZERBREORE 7 7 A VERIFELET,

Save the coefficient file for the transfer function where m=6, Fc=1 KHz, and Xs=1.5.

::J ZEET T URE X
BETIEHD: |7 LTtest - - BB
& EFEE &5
BL journal.txt 2025/08/12 () 13:02 XT 774)
8L OPExchange.txt 2025/06/08 (B) 14:48 TXT 771)
B OPname.txt 2023/12/26 () 10:03 TXT 774)
B LtActsEE 2023/04/13 (&) 19:16 XT 771)
Tosys 2023/02/12 (B) 12:33 74 74
774 b &(N): = #EO
THANOEED: [ ~ %
4

CEREBORE T 7 A VOAFTZ AT LT TOK) 2L E T,

Enter the name of the transfer function coefficient file and press "OK".

T AN —DIGEE AR T D Check the filter transfer function
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Butterworth Low-Pass Filter

NRE—T —Z «13 —NRAT £ )b AKX —

THFABMT7 7 A NVOREERT Text file association

[LtAct] DM@, (77 AN = [F—=27 7 A NVEFL ] I2L-> T, ltest.txt] @
LIRS Ttxt] DT 7 A NEBFERTEDH LT H12012, YEEFOEERMN T %
1TWET,

From the "LtAct" screen, you can associate the file extension with ".txt" by selecting

"File" -> "Open Data File" so that you can display files with the extension ".txt", such

as "test.txt".

T AT =T CTTXARN T 7 ANPMRIESNTWDL T A NAEZNT, TF AT 7 A
NEHEZ U7 LET,

In Windows Explorer, open the folder containing the text file and right-click on it.

&

EYERY J¢- &HOEE

&

¢ v BB D O

(:

&

O @D

F<

7073 Lh5EE<
My Phone (23215
HE5%
EXUCAVYISEN
EHES...
NADIE-
J0/F1

Copilot [ZE
OneDrive

ATRTIRE

TDMOA T IV % HER

® W
w8 B

Enter

p
Ctrl+Shift+C

Alt+Enter

T 4 NVH —DAIREBHE AR TS Check the filter transfer function
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Butterworth Low-Pass Filter

(77T A6 ) =YV EeBE L E9,

Move the cursor to "Open with."

MKEditor for Windows

s

WZEDITOR.EXE

I

ATIR
Microsoft Store #1832 3

BOT0T5L%ER

MOTwa 7T LB LRL THOTw 7T Ma@R) 27 v 7 LET,

If you would like to use a different program, click "Select another program."

TPTVEZEIRLT txt TP1IVERIK

EBEEDT T

MKEditor for Windows
ERRIIIY!

WE WZEDITOR.EXE

Z0tOA T3y
E Adobe Acrobat

Adobe Photoshop Elements 11

@ CWMC.EXE

DQI Microsoft Visual Studio Version Selector

BICEES —Er

(AEMR) 72 %LV v LET,

T 4 NVH —DAIREBHE AR TS Check the filter transfer function

0 —/NRA7 4 ) K —
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CEEBOREZ#IE T2 Check the transfer function coefficients
(T7An) > I 7=2T77AN0&Ml<) 220 v 7 LTT7 4V Z 28R LT, BEERORE
7 AN [fERtxt) ZIRL T MBS ) 2L ET,
Click "File" — "Open Data File", select a folder, select the transfer function coefficient file "

#d.txt Confirm.txt", and click "Open".

iR txt ONE Contents of "fEd. .txt"

e RERORE, By bATEREE, Q. GBE A
71r)” Low Pass Butterworth ¥#=6
Fp= 1.0000KHz attp=3.0103dB Fs= 1.5000KHz atts= 21.16dB
2 A DI
Pn 2%s*2+Pn 3*s+Pn 4

Hn = ----mmmmmmmmmmmmmmemmmoeeee
s"2+Pn 0*s+Pn_1
2 %k
n Pn O Pn 1 Pn 2 Pn_3 Pn 4
1 3.2524K 39.4784Meg 0 0 39.4784Meg
Fc= 1.0000KHz Fc 71 = 5.7195dB Q= 1.9319 GB ff=193.1852KHz
2 8.8858K 39.4784Meg 0 0 39.4784Meg
Fc= 1.0000KHz Fc 71 >»=- 38.0108dB Q= 0.7071 GB f="70.7107KHz
3 12.1382K 39.4784Meg 0 0 39.4784Meg
Fe= 1.0000KHz Fc 71 >=- 57195dB Q= 0.5176 GB f&=51.7638KHz

3D 2 K m—/AT 4 )V DIREBEB ORI DR TE T,

AT vy 7 ZEREBBORBA LRSI, ROITITTZEDT vy 7 DJ v b A7 J& K Fe,
FelcB 5540, 7y 70 QEELTOP 7 FIZkd b5 GB NGRS TV ET,
You can check the transfer function coefficients of the three second-order low-pass filters.

For each basic block, the transfer function coefficients are recorded, and the next line records the
block's cutoff frequency Fec, the gain at Fec, the block's Q value, and the required GB product of

the op amp.

W T, mEEKIZUITORXNE S5 E 3, Therefore, the transfer function is as follows:

39.4784Meg 39.4784Meg 39.4784Meg
52+3.2524K-s+39.4784Meg s%2+8.8858K's+39.4784Meg s2+12.1382K's+39.4784Meg

H6(wck1 S) =

T 4 NVH —DAIREBHE AR TS Check the filter transfer function
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BRI Z/ER I 5 Create a schematic

(GEEBE ORED B 2R T %121, Y 7 h U7 [LtAct) ® 7 ¢ > KU EEND
For - ) ML ET,
To create a circuit diagram from the transfer function coefficients, click "7~ « Hi7J

Display/Output" at the top of the "LtAct" software window.

ETREROFRICEILEN X

Meg{ 7 7 A NVEH T %) #F =27 LT [OK] Z#LET,
Check "FI#EK 7 7 A /L% 17179 % Export schematic file" and press "OK".

EARBEOZER X

FEARRRKIT LP1 £721X LP2 Z#®IRTE E 9,
The basic circuit diagram can be selected as LP1 or LP2.

B X % ER 9% Create a schematic 25 / 132
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Butterworth Low-Pass Filter

LP1 #F =y 27 LT IBIKXK#R] ML, EAREKK LP1 AR RINET,
Check LP1 and press "[B#[X|f#%# Check Circuit Diagram" to display the basic circuit diagram

LP1.
HEAEBEEOER X
N
T cz
—AN AR -
R1 R2 V=
Y
j— 1 *
0 0

LP2 #F = v 7 LT MEIRXMER) 23L& EAREKEX LP2 NERRENET,
Check LP2 and press "[B[# X7 Check Circuit Diagram" to display the basic circuit diagram

LP2.
EAREEDESR X
1o |
—AM,
1 F —
2 l 2
o

FEARRIEMAZEIRL7Z6, TOK) 2L £,

Once you have selected the basic schematic, press "OK".

K % ERd 5 Create a schematic 26 / 132
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EERXDORTFEZRET D Set the element values of the circuit diagram.

FEAREEE LP1 28841 L ClRIE X 2R3 5,

Select the basic circuit LP1 and create a circuit diagram.

o] BEIERTUTRTF X
RETIEFA(D: |7 LTtest ~| « @k Er
£ EHEE ]
8L journal.txt 2025/09/08 (B) 12:54 TXT 774)
Bz 2025/09/08 (B) 1210 TXT 774)
B OPExchange.txt 2025/06/08 () 14:48 TXT 774)
BL OPname.txt 2023/12/26 (2X) 10:03 XT 774)
B LiActREE S o 2023/04/13 () 19:16 T 774)
SYS 2023/02/12 (B) 12:33 T74 71
I74 I B(N): ILP1_6—but—1KHz-Xs-1p5.asc RE© I
TANOBEM:  [asc ~ el |

FERO 7 7 A VEZ AT LT, TOK] 2L £,

Enter a file name for the schematic and press "OK".

FIT4TI4NAIOFRETTOT I s

AL EEEOANTYTETADALBOT 4 BLEIVES)

3w LLAN)

T

FEEROAT o7 ERELET, T 2T NXv) 2L ET,

Determine the op-amp in the circuit diagram. Click "Yes" here.

2 EEEDE KR X
2RO7 L AEROEHRAE
C11 = J0-9069 -] C2_1 = 27.0000p
RI_1 = [1-0171 [Weg .| R2_1 = 1.0171Meg
E24 YU -AMBORE 2.3769 X

REGOREERDTD | 20 Y- DBTENT 3|
| ROBRWEOBEERD | ok | EVEE |

RIL1Z1KIZZEELEY, R1_1 DHEAMND K] 2#MLET,
Change R1_1 to 1 K. Press the unit "arrow" for R1_1.

EIEX Z1ERKd 2 Create a schematic 27 1 132
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T4 EIEEDE#K X

| =

EEEONE ZWE T 2da - DIETEMT D
RoREo@ER 5 x|
K] #fLET,
Press "K".
45 EIERD E # X

jo-soss T -]
o % ]

EEFOREEHETS 24 —-A OIBETEMNTS
xo#EOBER > x|

1.0171) ZERL T, 1) AL T IOK) L ET, &5 —F TOK] ML £,
Select "1.0171", enter "1", and press "OK". Press "OK" again.

IS5 EIFRDE#K X

0. 435
E82.0578

EESOREEWET S 2a - OBETEMNT S
KowHowER S R

R1_2ZFERICLTIKIZEE L ET, 1682.0578] #iEIRL T 1) ZAHLT [OK] &L %
T, bH— [OK) 2#LET,
Change R1_2 to 1 K in the same way. Select "682.0578", enter "1", and press "OK". Press "OK"

again.

B X % ER 9% Create a schematic 28 / 132
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J1 T EIEEDE K X

0. 4823
12,4336

ETEFEOREEHREBTS 24 Y- OBETEMNTS
RoBHOEER > R

RI3BZFEFICLCIKIZAEE TS L, HHHEHOBRENTETLET,

Similarly, change R1_3 to 1 K, and the element value setting is complete.

TPIT71T 74K TOT T X

FEMANCETOEEOREEHENEL
EEEsfcEEMAEELLUELELE

Lo |

B2 TERL L& LTz,

The circuit diagram is complete.

B X % ER 9% Create a schematic 29 / 132
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HX 7 7 A VOBEES T  Schematic File Association

[LtAct) OHEENG, [TZ7 AN = [F—=2T7 74 VER ] IZE>T, BEBXT 7 A
NEFRRTEDEICTHEDIT, JEEFOBEMN T 24TV E T,
From the "LtAct" screen, associate the extension by selecting "File" -> "Open Data File"

so that you can display the circuit diagram file.

T A7 —F TR T 7 A VBMRAESNTND 7 AV Z ZBWT, BIENT 7 A V%
FH7 Vw7 LET,
In Explorer, open the folder where the schematic file is saved and right-click the

schematic file.

b 0 @D G4 W

YIYERY J¥- &HOEE #F Al
BT B¢ Enter

te JO073LN0EK >
0 My Phone [Z3%(E

& #5% >
Yy BRICAYSEN

) Ei#E%k.. >
NADIE- Ctrl+Shift+C
22 JORT4 Alt+Enter

@& OneDrive b
B ATIRTRE

&) ZOMOATY IV EHESR

(a7 7 An6E ] Ch—Y NV EBEILET,

X % 1ER% 9 % Create a schematic 30 / 132
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(@] MKEditor for Windows
9 SPICE Simulator w/ Schematic Capture
BT SPICE Simulator w/ Schematic Capture
B Microsoft Store &% 93

RDTOYS L%EER

[SPICE Simulator w/ Schematic Capture] Z#/£27 U v 7 L£7,
Left-click on "SPICE Simulator w/ Schematic Capture".

¥R NP K- T, FEXZHERLEJ  Now that we're ready, let's check the circuit

diagram.

ek L72 I X TLP2_6-but-1KHz-Xs-1p5.asc] % [LtSpice] THIWTEWEER D 7T 7 & Heid
LET,
Open the completed circuit diagram "LP2_6-but-1KHz-Xs-1p5.asc" in "LtSpice" and check the

frequency characteristics graph.

X % 1ER% 9 % Create a schematic 31/ 132
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Butterworth Low-Pass Filter

V7 h T [LtAct] OV 4> R BN 77 A40] —

2L ET,

2 — /N2 7 4 v A X —

[F—% 77 A NVERL )

At the top of the "LtAct" software window, click "File" — "7 —# 7 7 A /L ZBA < Open Data

File."

Tl POFAT IV DERETEIEY - LtAct ver.3.30 <- - M

7AMF) DS DBEERS /SA-FANP) M
FIRIERIN) Ctrl+N
BL30

7-5774 VERL(D)

EN&I(P)... Ctrl+P
ERITLEa-(V)
TVI5DEER)...

1 WinMergeU.exe
2 E¥LtAct¥LtAct IR {FRE8S.pdf

L

" IPAVERK X
TPAVOBRD: [T LTtest ~| BB
£E EFEE E3
BL journal.txt 2025/09/08 (§) 13:08 ™T 75
| 4, LP1_6-but-1KHz-Xs-1pS.asc 2025/09/08 (F) 13:08 LTspict
=20 2025/09/08 (B) 1210  TXT 7
BL OPExchange.txt 2025/06/08 (B) 14:48 XT 73
BL OPname.txt 2023/12/26 (X) 10:03 XT 75
BL LAt et 2023/04/13 (#) 19:16 XT 73
774 b &(N): |LP1_6-but-1KHz-Xs-1pS.asc BE4(0)
TNOBEM: [ o ~ %
BT AR T 7 A VEFIRLC, TR 2L ET,
Select the schematic file you want to check and press "Open".
EIEX Z1ERKd 2 Create a schematic 32/ 132
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Butterworth Low-Pass Filter

ET LTspice - [LP1_6-but-1KHz-Xs-1p5.asc] = ] X

4< File Edit Hierarchy View Simulate Tools Window Help -8 x
CACHSSP IITEBRQAQARANB LSO -3 ¥Rn

v vm
+] V2 V3

out

1.02K 1.1K ; 1.13K -
ADA4807-4
AC1 Cil 1 vm

go.gm
SINE(0 1 1K)

.ac oct 50 0.01 100meg

CORERE PO TT N2 EETITE LtAct BH AL

Low Pass. Butterworth order = 6
- Fp-= 1.0000KHz attp = 3.01dB Fs = 1.5000KHz atts = 21.16dB

[FIEEM O RIZRZ 2 T5T) OfBDORAI~—2%227 ) v 7 LET,

Click the green arrow "Run" icon above the circuit diagram.

X % 1ER% 9 % Create a schematic 33 / 132
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& 1Tspice - LP1_6-but-1KHz-Xs-1p5.asc = [m] X

File Edit Hierarchy View Simulate Tools Window Help

CACHSS> I IEBQAAAUR LSO I3 ¥k

« LP1 6-but-1KHz-¥s—1 tB.asc B2 LP1 6—but—1 KHz-Xe—1 tB.raw

=

== =]

- LP1_6-but-1KHz-Xs-1p5.asc ==

out

Z 1.1K o
ADA4807-4 ADA4807-4
vm vm

& 1.13K
ADA4807-4
vm

SINE(O 1 1K) go.m.u. - | ;éﬁlu S go.uu

.ac oct 50 0.01 100meg

LGDIEI%IIJP’JT???{)W“R“T‘JW* LtAct HHALELE
Low Pass  Butteérworth order =6 | | ' :
Fp = 1.0000KHz attp = 3.01dB Fs = 1.5000KHz atts = 21.16dB

E¥ED Tout)] O ET IEZY 7] LET,

Left-click on "out" on the circuit diagram.

X % 1ER% 9 % Create a schematic 34 / 132
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Butterworth Low-Pass Filter

[ I Tspice - LP1_6-but-TKHz-Xs-1p5.asc

File Edit Hierarchy View Simulate Tools Window Help

CACHESP I TERQAQR

0 —/NRA7 4 ) K —

(] X

BLLO:=-3 ko

« LP1 6-but-1KHz=Xs-1 B asc B2 LP1 B—but-1KHz-¥s-1 B.raw

pe

(= e e

V(out)

£ LP1_6-but-1KHz-Xs-1p5.asc
vm

Lz L

vi

1.02K g - 1.1K
ADA4807-4
vm

N
SINE(0 1 1K)
.ac oct 50 0.01 100meg |

L COEBEBG P T AT IR RS N LAt L ELE
. . Low Pass Butterworth  order =6 ' . . . . Lo
Fp = 1.0000KHz attp = 3.01dB Fs = 1.5000KHz atts = 21.16dB

- 113K
ADA4807-4
vm

T 4 NE =D T T RFERESNET,

The filter frequency response graph is displayed.

F¥X Z1ER T 5 Create a schematic
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EARMEK LP2 Z:#IRL TR ZE/ER LT= | selected the basic circuit LP2 and

created the circuit diagram.

AENXEEXORFEEZFET DRI, BRINTEMEAZZE LRV TR T T0K] Z# L TR
AR LE LT,
This time, when setting the element values for the circuit diagram, I created the circuit diagram

by pressing "OK" for all the displayed candidate values without changing them.

;DBZ g c11J_ 2alea c12. L c1_3J_- ‘

_:L12 yu 0.93n 0.94n ‘ 0.98n|
R21 RL2 | R2 2 _R13R23
LA

R11

v)‘ﬂ: . 664. 39.( 554 39 21 5.9.“30333 4SR39, 45%,_.2 vaaois'g 04168.94 2.3 ADMGW"‘

SIN\/E(D 11Ky J752" : %70 470 : %70 91n’

-acoct 50 0.01 100meg :
CoEBEEPITI IAI R E ‘rUjF LtAct 1 H AL FLE

Low Pass Butterworth order =
. Fp= 1.0000KHz attp = 3.01dB Fs.= 1.5000KHz atts = 21.16dB

FEARRE LP1 2N LML, R11 & R2_142E552E2T 1RKICEHELE LR, SRIOEEKERKT
IZR1_1 & R2_1 2 ENEHE K DEIZ/R>TWET,
When we selected the basic circuit LP1, we changed R1_1, R2_1, etc. to 1 K, but in this circuit

diagram, R1_1, R2_1, etc. have values of several hundred K.

REVZA L CJE BRI 2 R L £

Press the arrows to see the frequency response.

B2 1P2_6-but-1KHz-Xs-1p5 rav ‘ = " (5] H X ‘

V(out)

0dB D7 AV #PER L CERT D L, Bk 7 A >0 -1dBREEIZ /72> TWET,

FAE LP2 23K L CEHKKAZER L= Iselected the basic circuit LP2 and created the circuit
diagram. 36 / 132
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Butterworth Low-Pass Filter

R1_1 & R2_ 172 ENEE KDEICR 7272012, OP 7 v AR ATEBRMGE TE RV &
NRE 7 & EbivE T,
This is probably because R1_1 and R2_1 etc. have values of several hundred kilohms, which

means that the necessary input current cannot be supplied to the op amp.

CDOXEIBRAREEITOP 7 7% JFET #fEH Lz OP AR T 5 Efifik LET,
This problem can be solved by changing the op amp to one that uses JFETs.

[LtAct) OEAEFHAELZFT, p214 @ 6-3 TEIREROAXT v T 2T 5| IZHE->TOP 7
7% [ADA4807-4] 775 [TAD8648) 72 EICHEL TR I,
Open the "LtAct" operating manual and follow the instructions on page 214, 6-3 "Replacing the
op-amp on the circuit diagram" to replace the op-amp from "ADA4807-4" to "AD8648" or similar.

OP 7 7% [AD8648] |ZAH 2 & ik 7 A 78 0dB 1272 0 fifik L E L7z,

Replacing the op amp with an AD8648 solved the problem by reducing the passband gain to 0dB.
B (= o [=]

V(out)

'l: LP2_6-but-1KHz-Xs-1p5-AD8648.asc E@

out

"AD8648.
vm

“AD8648  AD8648
239.45039.45K, 5 | ym  168.94K68.94Kc) 3 | um

Toazn oo T0n

Sl @ZP
SINE(O 1 1K)
.ac oct 50-0.01 100meg

CORIEEREPIT1I I8 ;x?r‘er- LtAct pith Ol 3L

Low Pass Butterworth order =
Fp = 1.0000KHz attp = 3.01dB Fs = 1.5000KHz atts = 21.16dB

FAE LP2 23K L CEHKKAZER L= Iselected the basic circuit LP2 and created the circuit
diagram. 37 / 132
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Butterworth Low-Pass Filter

2R ERE25%519 D Design steep attenuation characteristics
Xs(=Fs/Fp) % 1ISEfTT 513 ERERHEITRIRIC/R 0 7 4 VX —OWEITE < 720 £7,

The closer Xs (= Fs/Fp) is to 1, the steeper the attenuation characteristics become, and

the higher the filter order increases.

FHETINGA-YDAT X
ZANROEHE O-A27 A WHFHEE -7 -2

hw b7 HE THESORBE Fe |1 |KHz -
RE#FplcEII2RBERERE U T atte |3- 0102933566338 | gp
MEBENETOMBREFsL LT, %s = Fs/Fp |12 i
BB#FICHIIDMER atts (60] T RAAL

v b A7 EP S Fp=1KHz (25t LT, 1.2KHz TOHEEED 60dB UL ED 7 ¢ V& —%&i3 5,
Design a filter with a cutoff frequency Fp = 1 kHz and an attenuation of 60 dB or more at 1.2
kHz.

=] Mcact21 IE =X

7H” Low Pase Butterworth — /R#Y=38
Fp = 1.0000EHz attp = 3.0103dB F= = 1.2000Hz atte = B0.18dB

10dB
0dB \
-10dB

208 [ n . |
-30dB [~ MY N N I

_4UdB Tttt """""""'::":.:: """" N R :""‘"':\:\"J"I}ﬁ; \';' '\A-\"}":‘T"" """ '*' """" {
L ] \ \ \ I .III -,\.\ L‘“\.\_

_5[]dB f \“\_ v | A | 1 1.\' \ - |

— R \ N N

—_—

-60dB

~70dB
-80dB ‘ | S \

-90dB

100 300 1K 3K

T 4V H —DOWIKIE 38 WITIRE ST, 1.2KHz O R 60.18dB > 60dB & 725,
The filter order is set to 38th order, resulting in a 1.2kHz attenuation of 60.18dB > 60dB.

SRR 259 % Design steep attenuation characteristics
38 / 132



HEH RO A1 51 How to enter design specifications
NRHE—T — X era —NAT 4 )b A X —
Butterworth Low-Pass Filter

R1_17¢ EOEHUEIL 1K 205 5K FRE OEICER E L7z,

The resistance values for R1_1 and others were set to values ranging from approximately 1K to
5K.

122 LP1.38-but-1KHz-Xs-Tp2-ats-60dBrow =

V(out)

= Sl

v Jeaan
750 2

v Troe Tosie Tose Tors Tosa
STNE(0 11K)

‘act 501 100nieg
COBBEU7) FrI1 B IF Lac BEALELE

Low Pass Butterworth arder =
Fp= 1.0000KHz attp = 3.0148 Fs'= 1.3000KHZ atts = 60.18d8

1.2KHz(=Xs * Fp) THE &S 60.2dB > 60dB ICE L TWAH Z LN ERTX 5,
At 1.2 kHz (= Xs x Fp), attenuation reaches 60.2 dB > 60 dB.

B [sTaT=]
V(out)

Ak 7R R AR 5192 Design steep attenuation characteristics
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Butterworth Low-Pass Filter

Xs=1.2 T, Fs=1KHz DFEZEE % 60dB Ll E &9 B55%5t Design to achieve
attenuation of 60 dB or more at Fs = 1 kHz with Xs = 1.2

Xs=Fs/Fp £ V. v b A7 Fp % Fp=Fs/Xs=1KHz/1.2=0.83KHz IZ5% €T 5,
From Xs = Fs/Fp, the cutoff frequency Fp is set to Fp = Xs/Fs =1 kHz/1.2 = 0.83 kHz.

BETA-TD AT X |
7L AOEHE O-AR7 A EEFISE SR -7 -3
ChubATHETERSOREBH 1830 [E -]

RBSFeICE I3 DREERIZY I atte |3.0102939566338 g
CREEEWETARBHEFL LT, Xs = Fs/Fp |10 i

MRE#HFIZHEIIZBER atts |60 gg  iroti

71 b A7 JEEHUT 830Hz, 7 4 VX —DOWHIT 38 KICE S D,

JE %5 996Hz(Fs=Xs*Fp) DI FE &1 60.18dB > 60dB (2725,

The cutoff frequency is set to 830 Hz, and the filter order is determined to be 38th order.
The attenuation at 996 Hz (Fs = Xs x Fp) is 60.18 dB > 60 dB.

S Mcact21 (o] & s

737" Low Pags Butterworth  /RE(=38
Fp =830.0000 Hz attp = 3.0103dE F= =996.0000 Hz atts = 60.18dB

104B
0dB
-104B \
-20dB i ' R \
-30dR l T i [ ‘ [ [\'- L r . I

] * | »i‘ \'. i ‘I".I "-.“‘ I \
-40dB f-f----------------- .:""'-:_1 """""""" ! "'-.:_ """" :‘ql" "l"\ﬂ' "r - -i" "':"*‘_‘“'" """\;‘*-.: """"
-50dB | N ' ! ‘

| N NN T \ NN
-60dB j EEEEER
~70dB
-80dB | N \\
~90dB
100 300 1 3K

Xs=1.2 T, Fs=1KHz O &% 60dB LLE & 3 %% Design to achieve attenuation of 60 dB or
more at Fs =1 kHz with Xs = 1.2 40 / 132
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NRE—T —Z «13 —NRAT £ )b AKX —
Butterworth Low-Pass Filter

996Hz(< 1KHz) Tl &2 60.18dB > 60dB (23T 5 = L R TE 5,
At 996Hz (< 1KHz), attenuation reaches 60.18dB > 60dB.

[=]E]e=2]

V(out)

1: LP1_38-but-830Hz-Xs-1p2-ats-60dB.asc

E=RETE =X

=
SHNE(D 1'1K)
acect 50 12K

COBRER YT 11 (B IF LA FEALELE

Low Pass Butterworth. arder =38 .
Fp =830.0000 Hz 3ttp = 2.01dB Fs =996.0000 Hz atts = 60.18dB

Xs=1.2 T, Fs=1KHz O &% 60dB LLE & 3 %% Design to achieve attenuation of 60 dB or
more at Fs = 1 kHz with Xs = 1.2 41 / 132
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Butterworth Low-Pass Filter

TANLZ—DRBEBRHBTLEDFBEE  Filter order and attenuation for each
frequency
(WEEANT)T D] T NY—=T =R« B—/RAT7 4 L Z—DOREMN 2R, 6K, 10 ROBFE iR
FILTC, BRI EICHREN ED LD ICEMT 20 %2R L TREFR L E L,
In "Entering the Filter Order," we designed Butterworth low-pass filters with orders of 2nd, 6th,

and 10th, and created a table to check how the attenuation changes with frequency.

JHEREORIE S How to measure attenuation
(W a AN D) ODANTTET, B 2. By A7 EE#%E 1KHz, Xs=1.1 L A/ LT
TOK| ZfL £,

Using the "When entering the order" input method, enter the order as 2, the cutoff frequency as

1KHz, and Xs=1.1, then press "OK."

BEHNSA-FOAS X
ZALAOEHE O-HA7 1A EEFEE R -D -2

BHTDT 1A ORE mi<=58) 3

ho bt 7RAES Fo 1 [knz ] oK I
BERERISETIMBREEFL LT, Xs = Fsifc |1 & rotih
A Meact2t [E=H EoR ==

7i7”" Low Pass Butterworth 7X#E=2
Fp = 1.0000KHz attp = 8.0103dB F= = 1.1000KHz atts = 3.92dB

10dB

0dB

L g O

-20dB

-30dB
100 300 1K 3K

7770 EICERENTERN D, Fp=1KHz O FEEIT 3.01dB, Fs=1.1KHz DJHE &I
3.92dB LR TE £9, F=0Hz DER&EIZS 7 716, 0dB & LET,

From the information displayed at the top of the graph, we can see that the attenuation for
Fp=1KHz is 3.01dB, and the attenuation for Fs=1.1KHz is 3.92dB. From the graph, we can
assume that the attenuation for F=0Hz is 0dB.

Fe=Fp &9 % &, I F OB EIT F=0, Fe, 1.1 Fc (Zx L TO0,3,3.92dB Lk L ET,
If Fc=Fp, the attenuation for frequency F can be calculated as 0, 3, and 3.92dB for F=0, Fc, and
1.1 Fe.

T4 NE—DREE R T L O FEE Filter order and attenuation for each frequency
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Butterworth Low-Pass Filter

WIZ, Xs=1.5,2, 10 1T T H&EFHEITVET,
Next, we will design for Xs=1.5, 2, 10.

BEITA-IDAD X

et IA-FD AR X

"SBEHIGA-IDAN

Z0 X912l T, F=1.5Fc, 2Fc, 10 Fc 2%} L CiHEERIT 7.83, 12.30, 40dB &RD LN ET,
In this way, the attenuation is calculated as 7.83, 12.30, and 40 dB for F=1.5 Fe¢, 2 Fc, and 10 Fec.

T4 NE DR L A T L OBEFESR  Filter order and attenuation for each frequency
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Butterworth Low-Pass Filter

FRNG WD 6 & 10 12O THIAKOREA1T> TIHRERREA L L DL E TERMGEOLNET,
Then, by performing a similar design for orders 6 and 10 and summarizing the attenuation

amounts, we obtain the table below.

BB RE 0 Fc 1.1Fc | 1.5Fc 2 Fe dB/oct/order | 10Fc | dB/dec/order
2 0 3 3.92 7.83 12.30 6.15 40 20.00
6 0 6.17 21.16 36.12 6.02 120 20.00
10 0 8.88 35.22 60.12 6.01 200 20.00

71w WA TR E Fe & LT, ¥ OHz, 1.1 Fe, 1.5 Fe, 2 Fe 35 X 0V 10 Fe O #(dB) %
ELE L,
The cutoff frequency was set to Fc, and the attenuation (dB) was measured at frequencies of 0

Hz, 1.1 Fe, 1.5 Fe, 2 Fe, and 10 Fe.

KLY, NI =T =T )V Z —OEFERET, AR Fe DRFILT 4V Z —DIREKIC L 57 3dB
2720 £,
From the table, we can see that the attenuation of a Butterworth filter is 3dB when the

frequency is Fc, regardless of the filter order.

FJEREEDS 2 (512700 T L ITEEEN 6 dB/ R AL, A 10 f5i27e D T & ITEEEEN
20dB/ & T 25 Z &850 £T,
We can also see that every doubling of frequency increases the attenuation by 6 dB/order, and

every ten-fold increase in frequency increases the attenuation by 20 dB/order.

T4 NE—DREE R T L O FEE Filter order and attenuation for each frequency
44 [/ 132



HEH RO A1 51 How to enter design specifications
FobTx 7 1@ —NRNRAT 4K —
Chebyshev low-pass filter

FEY 7 - B—/8XT 4 )LA4 42— Chebyshev low-pass filter
K% A 7T BB When entering the filter order

Ez?ﬂ‘?:f;{ D ANT] X
F4NAOEE N-KRAT7 1A WUt FrEvzT
BHTDET 7R ORB w(<=58) |8

kA7 AES Fo I [kHz ]
ME#HFIZHIIDMERERIEU T I atte j0. 1 48
BERERICSTOMBRHEFsL LT, Xs = Fs/Fe  |1-9 @ etk |

MM4TH mJ 7 4 VX DR m A9 5, Enter the filter order m in "Line 1 m".

[24T7H Fec) 2y M2 7)EBE Fe % AJJ9 %, Enter the cutoff frequency Fc in "Line 2 Fc".

[34TH attp) (B D Y 7 )Vv% AJ17 %, Enter the passband ripple in "3rd line attp".

M4 1TH Xs) IR EZHRT 2EEE Fs & Fe 0t Xs (=Fs/Fe) 2 A19 %,

Enter the ratio Xs (=Fs/Fc) between the frequency Fs and Fc for which you want to check the
attenuation in "Line 4, Xs".

MR R T 2 AW Fs) 13 TR #2288 Fs) O T,

"The frequency F's at which the minimum attenuation is reached" should be "The frequency Fs
at which the attenuation is checked."

HE  Z I CHREHNORER AT A= 3REm &y M4 7 ERE Fe L OMEEE O U 7V attp D
3ME7ZT T,

Note: The only parameters required for design here are the order m, the cutoff frequency Fc, and
the passband ripple attp.

s 1IA v b AT EL Fe O Xs ORI TRERED ENL DWICR DD EMBRT D720 T, &
DAL TIEIH Y £/ A, Xsis used to confirm the amount of attenuation at a frequency that is Xs
times the cutoff frequency Fec, and is not a design specification.

m & FelkEiWattp 2 E LgiTuE, Xs 2288 L THIER SN DIRZEEEIIR—I2722 0 £,

If m, Fc, and attp are not changed, the transfer function created will be the same even if Xs is
changed.

REHERRO A% TOK) 283 &, Y7 bvxT [LtAct) IXERFHERREZ =37 1 V¥ —DI5E
BISZFR LT, BEREN O v — X7 4 W Z OJEEEBERHED 7T 7 L AR Fs= Xs*Fe (Z381F
LR atts RELFR LT, 74 NI —OEGFHE7TET LET,

After entering the design specifications, click "OK" and the software "LtAct" will calculate the
transfer function of the filter that meets the design specifications. From the transfer function, it
will display a graph of the low-pass filter's frequency characteristics and the attenuation

amount atts at the frequency Fs = Xs * Fc, completing the filter design.

WEr & NF13 % When entering the filter order 45 / 132
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Chebyshev low-pass filter

m=6, Fc=1KHz, attp = 0.1dB D354 O J8 i ok,
Frequency characteristics when m=6, Fc=1KHz, attp = 0.1dB.
= Meact21 o[- ]

747" Low Pass Chebyshev  JRE4=6
Fp = 1.0000KHz attp = 0.1000dB Fs = 1.5000KHz atts = 27.82dB

10dB

0dB

-10dB

-20dB |-

-30dB

-40dB

-50dB \
100 300 1K 3K

m=6, Fc=1KHz, attp = 1dB D54 O B EdE,

Frequency characteristics when m=6, Fc=1KHz, attp = 1dB.

= =N e )
747" Low Pass Chebyshev  1RE=6
Fp = 1.0000EHz attp = 1.0000dB Fs = 1.5000EHz atts = 38.27dB

10dB

0dB ~

-10dB

-20dB

-30d —

-40dB

-b0dB

-60dB
100 300

2 — /N2 7 4 v A X —

FxE =774 F =TT attp PRE <25 & @I Y 7B ET D,

In a Chebysheyv filter, as attp increases, ripples appear in the passband.

FzbET 277 4 F—"TE, m & FeNFE—725 attp BRKEWEE, BEEIEMNT D,

In a Chebyshev filter, if m and Fc are the same, the larger attp is, the greater the attenuation.

W#5 % ANJ13 % EF When entering the filter order
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Chebyshev low-pass filter

BRI Z/ER I 5 Create a schematic

(GEEBE ORED B 2R T %121, Y 7 h U7 [LtAct) ® 7 ¢ > KU EEND
For - ) ML ET,
To create a circuit diagram from the transfer function coefficients, click "7~ « Hi7J

Display/Output" at the top of the "LtAct" software window.
FREROFRRILIIET X

‘rr',ipa_.";.‘ (T = A4 M A I

A7 7 ANV E 1T 2F =27 LT TOK) 2 LET,
Check "[AIF&[X] 7 7 A /L% 1 )13 % Export schematic file" and press "OK".

EAREOER X

HARREEXIT LP1 £7213X LP2 &N TE £,
The basic circuit diagram can be selected as LP1 or LP2.

FrEy =7« B=RAT g VEDERRIIZ NS =T —A 0 —/_"27 4L F LREKRIC LP1 %72
[T LP2 ZEHR TE £7,

The basic circuit of the Chebyshev low-pass filter can be selected as either LP1 or LP2, just like
the Butterworth low-pass filter.

B X % ER 9% Create a schematic 47 / 132
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Chebyshev low-pass filter

m=6, Fc=1KHz, attp = 0.1dB

[=1T&@T=]
~ Vieut) B

€ LP1_6-chev-1KHz-Xs-1p5.asc

..... SRrat J_CZ o
RLl 108!( Tlunfﬂ
P - u1
o in ASy '/’V LU
T N 1.08K
(¢ agy -

SINE(O 1 1K’
.ac oct 50 0.01 100meg

COEIEEEIT 1':33'ﬂlr9r.x..ijr LrAct S ALELE Lo L
Low Pass Chebyshev order=6 .
Fp = 1.0000KHz attp = 0. 10dB Fs = 1.5000KHz atts = 27.82dB

m=6, Fc=1KHz, attp = 1dB

= [[@=
. Viout) -

£ LP1_6-chev-1KHz Xs-1p5-attp-1db.asc

: PR o S
;[vgvz ?va .......
L> . .
$1z T )na 1 J_cz_1 RIZ J_c:,_z . {aa 3 _]'_cz 3
1.07K 6.2n—Y 979.37 [33n (‘ 11K 0.18u"
R11] R21 l B _z R3.2 l l =
in N4 -2 l out
107K | 107K 7037 97937 1 1K uK
(\/’Ac:l B Ecyty é ADMW?? : L oA,

o c1 3 L ADMau?q
gssvu o guau j; :
<

COEBBEFITI ISR LA HALELE R
Low Pass Chebyshev order=6
Fp = 1.0000KHz attp = 1.00dB Fs = 1.5000KHz atts = 38.27dB

SINE(I 1 IK&
.ac oct 50 0.01 1llllmeg

1.56KHz D= &1X attp=0.1dB Ti¥ 27.82dB, attp=1dB TiX 38.27dB |2 =& HMNT 5,
The attenuation at 1.5KHz is 27.82dB when attp=0.1dB, and increases to 38.27dB when
attp=1dB.

m=6, Fc=1KHz, attp = 0.1dB 48 / 132



HEHIREO AT )7 How to enter design specifications
FobTx 7 1@ —NRNRAT 4K —
Chebyshev low-pass filter

R#EASD LB When you do not enter the filter order

Fp=1KHz, attp=0.1dB, Xs=1.5 D4, LK Fs=Xs*Fp=1.5KHz |25 (T 2 Jfs &A% 60dB LA E &
D7 4 NE—EFET DHEEIE. REEAN LRWTiEEVET,

When Fp=1KHz, attp=0.1dB, Xs=1.5, and you want to design a filter with an
attenuation of 60dB or more at the frequency Fs=Xs*Fp=1.5KHz, use the method of not

entering the order.

RETA-FOAN X
N2 0EEHE O-SN27 113 WEF$F1E  Chebyshew

hy k47 AER Fe |1 KHz ~|
REHFIEIIDBERERIL 7 atte j0.1] 48
BEEEHETSMBHEFsL LT, Xs = Fs/Fp |1-0 | 0K
RB#HFICEIIDBER atts |60 gg  Hevtil

TOK] ##f4, Press “OK”.

10 k7 4B =272 Xs THRESN D 1.5KHz (231} 5 &7 61.25dB > 60dB (2725 72,
It is a 10th order filter, and the attenuation at 1.5KHz specified by Xs is now 61.25dB > 60dB.

=1 [ ®][=]

7" Low Pass Chebyshey  ¥EZY=10
Fp = 1.0000kHz attp = 0.1000dB Fs= = 1.6000KHz atts = 61.25dB

10dB
0dB

~10d
~20dB . | \\
-30dB [T~ — Pﬂ
B [ I { ------------- S }\ ---------------------------------
-50dB =] 9 A\ e
-60dB | R \\\\ |

-70dB

-80dB : S . \\\\
~90dB

100 300 1K 3K

W% N7 L72\ " F  When you do not enter the filter order
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F b7 .

0 —/NRA7 4 ) K —
Chebyshev low-pass filter

[E]#X  circuit diagram

EZ LP1_10-chev-1KHz-atp-0p1-Xs-1p5-ats-60.asc

d
[
%

V(out)

1: LP1_10-chev-1KHz-atp-Op1-Xs-1p5-ats-60.asc

m vm
E(ll 11K) g ) g . g; . ;l;
_acoct 50 1'100meg

—OOBERP?HT 1T IR LA F B ALILE
Low Pass Chebyshev order = 10
Fp = 1.0000KHz attp = 0.10dB Fs = 1.5000KHz atts = 61.25dB

WHaE ANJ1 L72W - When you do not enter the filter order
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Chebyshev low-pass filter

2R ERE25%519 D Design steep attenuation characteristics
Fr2ET 2T T A NF—FIANY =T =T )V — L0 HEWRHEREN TS DT,
NHE—T—2ZDREEY b/ SVVE Xs = 1.05 ICHRE L TH D,
Since the Chebyshev filter has superior cutoff characteristics compared to the
Butterworth filter, we will set Xs to a smaller value of 1.05 than for the Butterworth

filter.
RETINTA-IDA R

X
7ANAOEE O-AR7 1A WEFSE Chebysheu
hwbad7RABE Fe |1 |KHz -
BBHFICEIIZRERRILY T I atte j0- 1 a8
REEERET SMEEEFL LT, ¥s = Fs/rp |10 2
REBEFICEIIDMER atts 10| g froth |J

=d Mcact21 IE’

7307 Low Pass Chebyshevy  #EZI=31
Fp = 1.0000KHz attp = 0.1000dB Fs = 1.0600KHz atts = 62.45dB

10dB
0dB
-10dB
2048 | :
9008 [ f‘_x f\H “n g “
B P %”4f+*r#ﬂﬂw """ { """"""""""""""
~504B ] N i -
~60dB
~70dB
-80dB
~90dB

100 300 1K 3K

TANE—=OREN 3L WITRESIE Lz, Lo, 20 KEALED T 1 b & —ORAR[RIFE 1T HEK
KRB ST EE A, REEADT D8 OANTIETREE 32 RICHRELET,

The filter order has been determined to be 31st. However, basic circuit diagrams for filters of
order 20 or higher are only available for even orders. Set the order to 32nd using the "Entering

Order" input method.

A7 R 2 3R 5T % Design steep attenuation characteristics
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Chebyshev low-pass filter

R % 32 RIZEREL T, %5t%1T5 Set the degree to 32 and proceed with the
design.

RETNIA-FODAH

T 4 IVHE—DOUWEEH 32 T, JEHEELA 1.06KHz O i 65.18dB > 60dB (2720 3,
The attenuation at 1.05 kHz for a 32nd-order filter is 65.18 dB > 60 dB.

77" Low Pasg Chebyshey  #RE=3Z
Fp = 1.00006Hz attp = 0.1000dB Fs = 1.0500KHz atts = 65.18dB

100 300 1K 3K

WHE 32 WICRRE LT, #&et%1T5  Set the degree to 32 and proceed with the design.
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FobTx 7 1@ —NRNRAT 4K —
Chebyshev low-pass filter

= [slE]=]
V(out)

4: LP2_32-chev-1KHz-Xs-1p05-ats-60dB.asc E@

Gl

o fati|reai Ll g

FaDAd8
aoeK 486K | o 11 fin

g! 2
ave .

* osed
Ri_6(R2 6
N ¥

6

FADA4S
356K 556K |c2_6 |vm
16n

STIE(D 1 1K)
acect 501 2k

COBREU 7 I AABEHY T LA FEALELE

Low Pass Chebyshey order.= 22

Fp= L000OKHz attp ~ 0.10d8 Fs = .1.0S00KHz atts = 63.18d8 . .

1KHz DR REBRETE D,
The attenuation at 1 kHz is too large.

‘;v:_ LP2_32-chev-1KHz-Xs-1p05-ats-60dB.asc E@

V(out)

1KHz DR -32dB 272> TWAD T, A7 7% AD8648 |Z4cHa L £,
Since the attenuation at 1 kHz is -32 dB, we will replace the op-amp with an AD8648.

W& 32 WITFRE LT, Xat%&1T5  Set the degree to 32 and proceed with the design.
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FobTx 7 1@ —NRNRAT 4K —
Chebyshev low-pass filter

1KHz O &2 0dB IZir3& £ Lz,
The attenuation at 1 kHz has approached 0 dB.

B2 1p2 32-chev-1KHz-Xs-1p05-ats-60dB-AD8648.asc =@ x]
V(out)
€ LP2_32-chev-1KHz-Xs-1p05-ats-60dB-AD8648.asc =B [
] y
o-2eu urs
20 G ogees Lt R o A
o > o R RS
s [ y
o8 uLo
e ==
;‘)En
s [ 5y
; 2 A AT A ey Enaictmarss
ﬁ“’]ln ysn @Jﬁn ;50 62n goﬁ]n gljn
BB (7 AR LA LALE
e
1.06KHz DA% 63.56dB > 60dB (272> T % Z L BT £ 7
The attenuation at 1.05 kHz is confirmed to be 63.5 dB > 60 dB.
EZ L2_32-chev-1KHz-Xs-1p05-ats-60dB-AD8648.asc = e

V(out)

W& 32 WITFRE LT, Xat%&1T5  Set the degree to 32 and proceed with the design.
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F b7 13— NRNAT 4 ) A K —

Chebyshev low-pass filter

TANLZ—DRBEBRHBTLEDFBEE  Filter order and attenuation for each
frequency
WEAENTIT D] T, F2by =T« 0—/RAT (T —ORBD 21K, 6K, 10 ROGE
FFLTC, BT LICHBRENR SO X S ITEIbT 202 iR L TREFERLE LT,
In "Entering the Order," we designed Chebyshev low-pass filters with orders of 2nd, 6th, and

10th, and created a table to check how the attenuation changes with frequency.

JHEREORIE S How to measure attenuation

(WHa NI)T 20 ) ODANTIET, W% 2, By MA7EES% 1KHz, attp=0.1dB, Xs=1.1
EAJILT TOK) ##LET,
Using the "When entering the order" input method, enter the order as 2, the cutoff frequency as

1KHz, attp=0.1dB, and Xs=1.1, then press "OK."

BETA-IDAD X
T4 OEE O-AR7 IR EEEE FrEozo
BHTDT 12 ORB m(<=58) [2

Av b+ 7RBE Fo f1 [KHz -]
RB#HFHII3MBERBR T 7L atte [0.1 de 0K
EERERIS ST SRR EFsL LT, ks = Fs/Fo |11l g fevtl
= Meact2! =2 EoR |

737" Low Pass Chebyshevy  #R¥EG=2
Fp = 1.0000Hz attp = 0.1000dB Fs = 1.1000KHz atts = 0.20dB

10dB

0dB

-10dB

-20dB

-30dB

100 300 1K 3K

77 70K RSN #®D S, Fe=1KHz Oz (T 0.1dB, Fs=1.1KHz O &I 0.2dB
LR TE %9, F=0Hz O=E®RIZZ 7 76, 0dB & LET,

From the information displayed at the top of the graph, we can see that the attenuation for
Fc=1KHz is 0.1dB, and the attenuation for Fs=1.1KHz is 0.2dB. From the graph, we can see that
the attenuation for F=0Hz is 0dB.

T4 NE—DREE R T L O FEE Filter order and attenuation for each frequency
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F b7 s a—NRNRAT 4 ) A K —
Chebyshev low-pass filter

JAWH F OEEIL F=0. Fc. 1.1 Fc (2% L7TO0,0.1,0.2dB £k ET,
The attenuation of frequency F is calculated as 0, 0.1, 0.2dB for F=0, Fec, 1.1 Fc.

WIZ, Xs=1.5,2, 10 1T T H&EFHEITVET,
Next, we will design for Xs=1.5, 2, 10.

BETA-TOAT X

RET/ AT DA

REHOA-FD AL

ZonkHzL T, F=1.5Fc, 2Fc, 10 Fe (2% LT 1.09, 3.31, 29.65dB Lk o FE T,
In this way, we get 1.09, 3.31, and 29.65dB for F=1.5 Fc, 2 Fc, and 10 Fc.

T4 NE DR L A T L OBEFESR  Filter order and attenuation for each frequency
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F b7 s a—NRNRAT 4 ) A K —
Chebyshev low-pass filter

Wiz, W% 2. By bA 7 A% 1KHz, attp=1dB & AL T, Xs=1.1,1.5,2 8L 10 D
HEfTET,

Next, enter the order as 2, the cutoff frequency as 1KHz, and attp=1dB, and design Xs=1.1, 1.5,
2, and 10.

et/ \IA-F DA X

RETNTA-FDA T

RETGA-FDAD

FEEHRSA-YDAN X

T4 NE DR L A T L OBEFESR  Filter order and attenuation for each frequency
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Chebyshev low-pass filter

F b7 .

0a—N2AT7 4 )A K —

ZRD, WEH 6 L 10 IOV THEROBRG 217> THERREEZE L DD & TERMGFLNET,

Then, by performing a similar design for orders 6 and 10 and summarizing the attenuation

amounts, we obtain the table below.

F b7 -0 —R7 ¢ )LFDOFEEB)

U 7L 0.1dB D4

BLEE/ RE 0 Fe 1.1Fc 1.5 Fc 2 Fe dB/oct/order | 10Fc | dB/dec/order
2 0 0 0.20 1.09 3.31 1.66 29.65 14.83
6 0 0 3.43 27.82 46.29 7.72 133.64 22.27
10 0 0 16.28 61.25 92.04 9.20 237.64 23.76

Frbv=z7 -m—RA7 4 VZOFERWAB) U 7N 1dB OHA

B 0 Fc 1.1 Fc 1.5 Fc 2 Fc dB/oct/order 10 Fc | dB/dec/order
2 0 1.82 6.20 11.36 5.68 40.11 20.06
6 0 11.58 38.27 56.74 9.46 144.10 24.02
10 0 26.65 71.71 102.50 10.25 248.10 24.81

B O U 7L 0.1dB & 1dB OFEIZOWT, By bA T EEEE Fe & LT, JEFEEN 0Hz,
1.1 Fe, 1.5 Fc, 2 Fc 3 L1010 Fe Oi=E®&AB ZHE L F LT,

For passband ripples of 0.1dB and 1dB, the attenuation (dB) was measured at frequencies of

OHz, 1.1 Fe, 1.5 Fe, 2 Fe, and 10 Fe, with the cutoff frequency set to Fe.

REV, Fob v xT - B —RRAT 4 VE—OFREIL, DT A—ZBELWEE, attp 23K
ELRDIF EWEEDEINT D,
As can be seen from the table, the attenuation of the Chebyshev low-pass filter increases as attp

increases, provided that other parameters are equal.

JEBEHA 2 51070 T LATEEEN 2 ~10dB/ Kk ML £, FREEEN 10 f5Ic 5 T LI
RN 15 ~ 25dB/ &k ML £,
For every doubling of frequency, attenuation increases by 2 to 10 dB / order. For every tenfold

increase in frequency, attenuation increases by 15 to 25 dB / order.

T4 NE—DREE R T L O FEE Filter order and attenuation for each frequency
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WFcbEy =7« @—/NAT7 4 )L Z— Inverse
Chebyshev low-pass filter

FFEST T - O—/XR T 1 )L142— Inverse Chebyshev low-pass filter
K% A 7T BB When entering the filter order

IE'XET!\J)’\_')'U))\}J Fat
ZANADEHE O-/K27 173 BEFISHE  Inv. Cheb
CBHTHT IR ORE w(<=58) s
hu b3 TRER Fo ! e[
RB#FIZHIIDHBRERIL T atte 0.1 a | 9% |
 RERRBISETIMBMEFL LT, Xs = Fs/fe |'-0 g Feetl |
S S _—

MM4TH mJ 7 4 VX DR m 2 AJ19 5, Enter the filter order m in "Line 1 m".

[21TH FeJ 1ZHh v bAT7EPE Fe 2 AJ19 %, Enter the cutoff frequency Fc in "Line 2 Fc".

[34TH attp) (B D Y 7% AJ17 %, Enter the passband ripple in "3rd line attp".

[41TH Xs) ICREBEREOEKEE Fs &0y M4 7 EEE Fe O Xs (=Fs/ Fe) A7 %,
Enter the ratio Xs (=Fs / Fc) between the frequences Fs and Fc for which you want to check the

attenuation in "Line 4 Xs".

Xs THE SN2 Fs 128 W TRRBR RICEET 2 mEZBAENHE SN D,
The transfer function that reaches the minimum attenuation at the frequency Fs specified by Xs

1s calculated.

HE  Z I CTREHORERRT A= 3REm &y N4 7 EERE Fe Lo U 7L attp B X
OSBRI = 22T 2 AW Fs & Fe Okt (Xs=Fs/Fe) @ 4 #2720 £7,

Note: The four parameters required for design here are the order m, the cutoff frequency Fec, the
passband ripple attp, and the ratio (Xs =Fs/Fc) between the frequency Fs at which the minimum

attenuation is reached and Fe.

RAHARDO A% TOK) 4L, Y7 bv=x7 [LtAct) IERFHERRZ 72T 7 4 V& — D5
BB ARE L T, ARZEREN D v — 27 4 L Z DJEEERED 75 7 L JEEE Fs= Xs*Fe 1231
IR atts REEZRRL T, T4V —OREETT LET,

After entering the design specifications and pressing “OK,” the software “LtAct” calculates the
transfer function of a filter that meets the design specifications. It then displays the frequency
response graph of the low-pass filter and the minimum attenuation at the cutoff frequency Fs =

Xs*Fec, completing the filter design.

WF b7 s m—XRA7 ¢ L CIIRAARE LP3 £7213 LP4 28R CT& 5,

The inverse Chebyshev low-pass filter allows selection of either the basic circuit LP3 or LP4.

WEr & NF13 % When entering the filter order 59 / 132
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WFocby 7 - a—/RRA7 4L X— Inverse
Chebyshev low-pass filter

m=6, Fc=1KHz, attp = 0.1dB, Xs=1.5 D4 O F R EHM,

Frequency response for m=6, Fc=1kHz, attp = 0.1dB, Xs=1.5.

= Meact21 =8 =N
742" Low Pass Inv. Cheb IRE{=6
Fp = 1.0000KHz attp = 0.1000dB F= = 1.5000KHz atts = 27.82dB

10dB

0dB

-104B

-20dB

-304B e N

-40dB \

-50dB

100 300 1K 3K

m=6, Fc=1KHz, attp = 1dB, Xs=1.5 D4 O HHM,

Frequency response for m=6, Fc=1kHz, attp = 1dB, Xs=1.5.

= Meact21 [ sl
7417 Low Pass Inv. Cheb /R¥=6
Fp = 1.0000EHz attp = 1.0000dB Fs = 1.5000EHz atts = 38.27dB

10dB

0dB

-10dB

-20dB

-30dB

-40dB

-b0dB

-60dB

WF =70 attp 1TV AT R Ty bATEEER Fe loB T 2EREER DT,
The inverse Chebyshev attp does not represent the ripple but the attenuation at the cutoff

frequency Fe.
WFzbe =77 0 Z =Tk, m, Fe. Xs BE—72 5 attp XK E W, BEESEMNT 5,

In an inverse Chebyshev filter, when m, Fe¢, and Xs are identical, the attenuation increases as attp

becomes larger.
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WFcbEy =7« @—/NAT7 4 )L Z— Inverse
Chebyshev low-pass filter

m=6, Fc=1KHz, attp = 0.1dB, Xs=1.1 D34 O F R EHM,

Frequency response for m=6, Fc=1kHz, attp = 0.1dB, Xs=1.1.

= Mcact21 g’lﬂf
7407 Low Pags Inv. Cheb JR¥(=6
Fp = 1.0000EHz attp = 0.1000dB Fs = 1.1000KHz atts = 3.43dB

10dB

0dB

_1UdB """"""""""" e i | :; o ,':;“ 'L ::k":f'—:"';"; """

-20dB

-30dB

100 300 1K 3K

m=6, Fc=1KHz, attp = 0.1dB, Xs=2 D4 O a1,
Frequency response for m=6, Fc=1kHz, attp = 0.1dB, Xs=2.

=1 Meactz1 [r=-E s
7Hr" Low Pass Inv. Che IREL=6 a
Fp = 1.0000KHz attp = U 1000dB Fe = 2.0000KHz atte = 46.29dB

10dB

0dB

-10dB

-20dB

=30dB prrmnmmeieee g T

-40dB

-504B

-60dB

-70dB

100 300

Xs TIRE SN2 A Fs TRAKBERRICET S Z L MR TE 5,

It can be seen that the minimum attenuation is reached at the frequency Fs determined by Xs.
WFx s =77 4% —"TiE, m, Fe, attp 23 —72 5 Xs BNRE VR, HRENEMNT 2,

In an inverse Chebyshev filter, when m, Fc, and attp are identical, the attenuation increases as

Xs becomes larger.

WEr & NF13 % When entering the filter order 61 / 132



HEHIREO AT )7 How to enter design specifications
WFozby 7 a—XA7 ()LA X — Inverse
Chebyshev low-pass filter

FFEST T - A—/RX T4 )LZDEEE Inverse Chebyshev low-pass filter

circuit diagram

FOREEE LP3 #34R L7284  When selecting the basic circuit LP3

B2 1P3 6-inv-chev-1KHz-Xs-1p5-attp-Op 1 asc

10dB Vtoun I

0dB

F10dB—----

-204B-}....
-30dB

F-40dB—----

-50dB

-60dB
10mHz

L L, R43 1 -~ Rb1 1 Cbi_ 1 Rb2 1 Ch2.1
calve v 5 F -

168K | 730
e

.......

i
IS .
.3C0Ct 500,01 100megy 1 _> 10K

. o ik . R L
Fp = LODOMKHE attp = 0.10d8 F5'= 1.5000KHz atts = 276208 o T

COBEBBERP DT 24 0REHU O tact FhLELE

WO EEKIZ B — 27 B R 545, R3_11Z C1 15p Wi T 5 & v — 2 BIHZ 5,
A peak is observed in the high-frequency range of the selected cutoff region of the basic circuit

LP3. Connecting a 15pF capacitor in parallel with R3_1 eliminates the peak.

B2 LP3 _6-inv-chev-1KHz-Xs-1p5-attp-Op1.raw [=TaTl:=R]
V(out)

10dB

0.1K*
0.0K®

0dB K
K
L10dB - -
Ke

| 20dB-
K
K

L30dB -
-
L40dB-|--- Ke
K
50dB-1--- - 1.0K
1.1K°
L60d8 . i . 1.2K°

10mHz  100mHz Hz 100Hz Hz 1MHz 10MHz

WFzbEv T s m—R7 4L X OEER  Inverse Chebyshev low-pass filter circuit diagram
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WFozby 7 a—XA7 ()LA X — Inverse
Chebyshev low-pass filter

FARMEE LP4 #38%R L7-54  When selecting the basic circuit LP4

BL1p4_6-inv-chev-1KHz-Xs-1p5-attp-Op1.asc =@ |2
10dB- V‘“‘“ 200°
100°
0dB o
-100°

-10dB- 3 + +
\ \ . -200°
L 20d8 1400 /\‘L, |- -300°
. B -400°
-30dB—- f SRR _E / v -500°
( -600°

40dB

| -700°
L 50d8—- i : ‘ i \ i -800°
H P | H i H | | H i ‘\ i -900°
6048 R - N - [ B SO O P il 4000

10KHz 100KHz

.acoct 50 1 100meg

CDEEEIETIT AT ILAREY I tact FHEDLFLE
Low Pass Iny. Cheb order =6 - .
Fp = 100DOKHZ attp = 01008 Fs = 15000KHz atts = 27.82d8 .

WO EIZ e — 7 PR 515, R4_112 C120p 2R T 2 & B — 2 3 D,
A peak is observed in the high-frequency range of the cutoff region. Connecting a 20pF capacitor

in parallel with R4_1 eliminates the peak.

[EZ P4 6-inv-chev-1KHz-Xs-1p5-attp-Op1.raw = | @ | &8
10dB 200°

100°
0dB

0°

COBIEER 77T 2OVRERE I tact F bR LE
Low Pass Tnv. Cheb arder = 6
Fp = LODOOKHZ attp = 0.10dB Fs = 1.5000KHz atts = 27.82d8

FFrb o7 s a—s A7 4 L FDOEFEEK  Inverse Chebyshev low-pass filter circuit diagram
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WFocby 7 a—/RA7 4L Z— Inverse
Chebyshev low-pass filter
R#EASD LB When you do not enter the filter order

FRET/INIA=SY DA X
Farl2ndEE O-M1N27 )43 EETETE  Inv. Cheb

hy kA7 AES Fe I |KHz =]
BABEEFICBIISBERERIZ T atte [0-1 dB
BEESETSRB# EFsL LT, s = Fs/fp | -7 12 Ok
RE#EFsICHITDRER atts [60] gg  feotlh

(-

o

71y N A7 JEE Fp 1KHz, @ilaiko U 70 0.1dB. SR RIS B 5 8% Fs & Fp Ot

(Fs/Fp) Xs=1.5, F/KHE R atts=60dB & LC7 4 L& —% i LET,

The filter is designed with a cutoff frequency Fp of 1KHz, a passband ripple of 0.1dB, a ratio of

the frequency Fs to Fp at which minimum attenuation is reached (Fs/Fp) Xs=1.5, and a

minimum attenuation atts=60dB.

T 4 F =13 10 RIZ7 Y 1.5KHz I8 2 iR =13 61.25dB > 60dB L 720 £,
The filter is 10th order, and the minimum attenuation at 1.5KHz is 61.25dB > 60dB.

& 1KHz t =1 &l =3
Viout)

£ LP4_10-inv-chev-1KHz-Xs-1p5-atts-60.asc e =

BRI O E IR A L7z B — 2 1%, R4_112 C1 30p 24P L CIH L % L.,
The peak occurring in the high-frequency range of the cutoff region was eliminated by

connecting C1 30p in parallel with R4_1.

W% N7 L72\ " F  When you do not enter the filter order
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WFcbEy =7« @—/NAT7 4 )L Z— Inverse
Chebyshev low-pass filter

FIEVIZEFEFIES T TJNDHES Difference between Chebyshev and

Inverse Chebyshev

T 4V H — DWW 6 IR DIRZEBIB DR A& i L E T,
Compare the coefficients of the transfer function when the filter order is 6th.

Coefficients of the transfer function in the Chebyshev case

Fhttt BRI O, Ty M AT EESR. QE. GBE et
7+u)" Low Pass Chebyshev W&#=6

Fp= 1.0000KHz attp=0.1000dB Fs= 1.5000KHz atts= 27.82dB

2 k3

n Pn O Pn 1 Pn 2 Pn_3 Pn 4
1 1.4413K 44.5864Meg 0 0 44.5864Meg

Fe= 1.0627KHz Fc 71 = 18.3171dB Q= 4.6329 GB F5=492.3506KHz
2 3.9376K 27.4917Meg 0 0 27.4917Meg

Fc= 834.4905Hz Fc /s A 1= 24873dB Q= 1.3316 GBF4=111.1183KHz
3 5.3789K 10.3971Meg 0 0 10.3971Meg

Fec= 513.1876 Hz Fc 7' A »=- 4.4448dB Q= 0.5995 GB f&=30.7635KHz

HF = =7 DA OREBHOREK

Coefficients of the transfer function in the case of the inverse Chebyshev function

bttt SRR ORI, Uy P AT RS, QE. GBE bt
7tr)" Low Pass Inv. Cheb ¥&#(=6

Fp= 1.0000KHz attp=0.1000dB Fs= 1.5000KHz atts= 27.82dB

2 k3

n Pn O Pn 1 Pn 2 Pn_3 Pn 4
1 2.3953K 62.6817Meg  0.6584 0 62.6817Meg

Fe= 1.2601KHz Fc 7 A >= 1.0547dB Q= 3.3053 GB fi=416.4878KHz
2 9.4235K 90.2626Meg  0.5081 0 90.2626Meg

Fe= 1.5121KHz Fc %A >=- 6.0914dB Q= 1.0082 GB f%=152.4451KHz
3 229877K 161.1870Meg  0.1216 0 161.1870Meg

Fe= 2.0206KHz Fc 71 >=- 6.2823dB Q= 0.5523 GB f=111.5976KHz

Frb o7 T oy 7OFMES  Difference between Chebyshev and Inverse Chebyshev
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WFcbEy =7« @—/NAT7 4 )L Z— Inverse
Chebyshev low-pass filter

FNFENOEEREE  each transfer function

F b =7 DA  The Chebyshev Case

44.5864Meg 27.4917Meg 10.3971Meg
$2+1.4413K-s+44.5864Meg s2+3.9376K-s+27.4917Meg s2+5.3789K-s+10.3971Meg

H6(wckl S) =

WiF v =7 D%E  The Inverse Chebyshev Case

0.6584's%2+62.6817Meg 0.5081-5%2+90.2626Meg 0.1216's2+161.1870Meg
5242.3953K'5+62.6817Meg s52+9.4235K'5+90.2626Meg s52+22.9877K-s+161.1870Meg

H6(wck7 S) =

__ 62.6817Meg-(10.5039n-s>+1) 90.2626Meg-(5.62913n-s?+1) 161.1870Meg-(0.754403n-s2+1)
$2+42.3953K'5s+62.6817Meg  s2+9.4235K-s+90.2626Meg  s%2+22.9877K-s+161.1870Meg

B ORI TF oty 2 7 W F oo 2 7 TR B RV ET, 1BRED GBEE LT 5 &
WF 2 7 DOIFNEEN/NEL 2o TWADT, BERIIENIARGTE 2 EBVWES,

The coefficients of the transfer function differ significantly between Chebyshev and inverse
Chebyshev. Comparing the first-stage GB product, the inverse Chebyshev yields smaller values,

suggesting more stable operation can be expected.

B P22 DNF—T—A -0 —RAT7 4 LEDEEEHTIE, 35070y 700y b4
7 JEPEAE CAEC L=,

Note: In the transfer function of the P22 Butterworth low-pass filter, the cutoff

frequencies of the three blocks were the same.

39.4784Meg 39.4784Meg 39.4784Meg
52+3.2524K's+39.4784Meg s2+8.8858K's+39.4784Meg s%+12.1382K:s+39.4784Meg

H6(wckls) =

FTRLEEIIC, () F by =T s 0 — AT 4 VA DORERKTIZI3I>OTa vy 7D
B WA T RN R HE T, MHEETHL RS 9,

As shown above, the cutoff frequencies of the three blocks in the (inverse) Chebyshev
low-pass filter transfer function are different values. The elliptic functions also have

different values.

Frb o7 T oy 7OFMES  Difference between Chebyshev and Inverse Chebyshev
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WFcbEy =7« @—/NAT7 4 )L Z— Inverse
Chebyshev low-pass filter

2R ERE25%519 D Design steep attenuation characteristics

WF ooz 7 T4 NE =TT =TT NV — EERRE R RIFE RO T, TRks
ATIFTHHE] OAFFETHREE 32K, Xs = 1.05 IZRE L ET,
Since the inverse Chebyshev filter has equivalent cutoff characteristics to the Chebyshev filter,

set the order to 32nd order and Xs = 1.05 using the input method for “when entering the order.”

BRESIA-FDAS X
ZaNAOEHE O-HKAT7 1A WEF$51E  Inv. Cheb

ZHTBT 72 ORE n(<=58) |32

hwba7 B Fo K |KHz =]
BE#HFICHIIZBEERIL U Il atte j0-1 ae | OK
BRERERICETSMEREFsL LT, ¥s = Fs/Fe |05 g feotl

Fx =7 Ok LFAIC, 1.06KHz O A 65.18dB > 60dB (2720 £77,
As with Chebyshev's case, the attenuation at 1.05 kHz becomes 65.18 dB > 60 dB.

= Mcact21 E &3

707" Low Pase Inv. Cheb  #RZEI=32
Fp = 1.0000EHz attp = 0.1000dB Fg = 1.0500KHz atts = 65.18dB

10dB

0dB
~10dB
~20dB
~30dB | -
1 e }~-~-~55¢~‘
~50dB ==

-60dB |
. Y VaVaVaWa

i Yy

-90dB
100 300 1K 3K

A7 R 2 3R 5T % Design steep attenuation characteristics
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WFcbEy =7« @—/NAT7 4 )L Z— Inverse
Chebyshev low-pass filter

}:\./;LP},:?J— nv-chev-1KHz-atp-0p1-Xs-1p05-ats-60dB.asc ‘?H =l H P ‘
V(out)

£, LP3_32-inv-chev-1KHz-atp-Op1-Xs-1p05-ats-60dB.asc [

1.053KHz TiRIZ &N 60dB IZET 5 Z E R TE £7,
At 1.053 kHz, attenuation reaches 60 dB.

12 1P3_32-inv-chev-1KHz-atp-0p1-Xs-1p05-ats-60dB.asc b
V(out)

A7 R 2 3R 5T % Design steep attenuation characteristics
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WFcbEy =7« @—/NAT7 4 )L Z— Inverse

Chebyshev low-pass filter

TANLZ—DRBEBRHBTLEDFBEE  Filter order and attenuation for each
frequency
(GHa AT 2] T WF2E =T« =27 4 VF—DORENR 2K, 61k, 10 ROBHE%E
REF LT BRI L ICHERN EDO LD ICET 202 MR L TREERLE LT,
In "Entering the Order," we designed Chebyshev low-pass filters with orders of 2nd, 6th, and

10th, and created a table to check how the attenuation changes with frequency.

JHEREORIE S How to measure attenuation

(WHa NI)T 20 ) ODANTIET, W% 2, By MA7EES% 1KHz, attp=0.1dB, Xs=1.1
EAJILT TOK) ##LET,
Using the "When entering the order" input method, enter the order as 2, the cutoff frequency as

1KHz, attp=0.1dB, and Xs=1.1, then press "OK."

BEIIA-FIDAS X
FAIAO@EHE O-MAT7 IR EHFHF I Inu. Cheb

BHTA7 I 20%%E n<=58) 2

ho b3 7ABE Fo [1 [kHz -
REB#FIZHEIIDRBEERITU T I atte j0-1 48 0k |
BENEEISET SMBREFsL LT, Ks = Fs/Fe |1l g Stk
I Meactn =~
737" Low Pass Inv. Cheb JK#I=2
Fp = 1.0000EHz attp = 0.1000dB Fs = 1.1000KHz atts = 0.20dB

10dB

0dB

-10dB

-20dB

-30dB

100 300 1K 3K

77 70K RSN #®D S, Fe=1KHz Oz (T 0.1dB, Fs=1.1KHz O &I 0.2dB
LR TE %9, F=0Hz O=E®RIZZ 7 76, 0dB & LET,

From the information displayed at the top of the graph, we can see that the attenuation for
Fc=1KHz is 0.1dB, and the attenuation for Fs=1.1KHz is 0.2dB. From the graph, we can see that
the attenuation for F=0Hz is 0dB.

T4 NE—DREE R T L O FEE Filter order and attenuation for each frequency
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WFozby 7 a—XA7 ()LA X — Inverse
Chebyshev low-pass filter

JAWH F OEEIL F=0. Fc. 1.1 Fc (2% L7TO0,0.1,0.2dB £k ET,
The attenuation of frequency F is calculated as 0, 0.1, 0.2dB for F=0, Fec, 1.1 Fc.

WIZ, Xs=1.5,2, 10 1T T H&EFHEITVET,
Next, we will design for Xs=1.5, 2, 10.

BRET/INIA-FDAT X

sRET/IOA-F DA X

RET/NIA-FD AN X

ZonkHzL T, F=1.5Fc, 2Fc, 10 Fe (2% LT 1.09, 3.31, 29.65dB Lk o FE T,
In this way, we get 1.09, 3.31, and 29.65dB for F=1.5 Fc, 2 Fc, and 10 Fc.

T4 NE DR L A T L OBEFESR  Filter order and attenuation for each frequency
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WFozby 7 a—XA7 ()LA X — Inverse
Chebyshev low-pass filter

Wiz, W% 2. By bA 7 A% 1KHz, attp=1dB & AL T, Xs=1.1,1.5,2 8L 10 D
HEfTET,

Next, enter the order as 2, the cutoff frequency as 1KHz, and attp=1dB, and design Xs=1.1, 1.5,
2, and 10.

BEHISA-IDAT X

BETA-TDOAN X

BEGSA-IDAT

FET/IA-FDAN

T4 NE DR L A T L OBEFESR  Filter order and attenuation for each frequency
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Chebyshev low-pass filter

WF b7« @—RAT 4 )L H—

Inverse

ZRD, WEH 6 L 10 IOV THEROBRG 217> THERREEZE L DD & TERMGFLNET,

Then, by performing a similar design for orders 6 and 10 and summarizing the attenuation

amounts, we obtain the table below.

WFrxbEyz7 - m—_27 ¢ L EZDOHEEB)

U 72 0.1dB D4

BLRE RE 0 Fc 1.1 Fc 1.5Fc 2 Fe dB/oct/order 10 Fc | dB/dec/order

2 0 0.20 1.09 3.31 1.66 29.65 14.83

6 0 3.43 27.82 46.29 1.72 133.64 22.217

10 0 0 16.28 61.25 92.04 9.20 237.64 23.76

WFobz7-m0—R7 4 VZOFEREMB) Y70 1dB 054

BRI R 0 Fc 1.1 Fc¢ 1.5 Fc 2 Fc dB/oct/order 10 Fc | dB/dec/order

2 0 1 1.82 6.20 11.36 5.68 40.11 20.06

6 0 1 11.58 38.27 56.74 9.46 144.10 24.02

10 0 1 26.65 71.71 102.50 10.25 248.10 24.81

B U 7L 0.1dB & 1dB OFEIZOWT, By bA T EEEE Fe & LT, B 0Hz,
1.1 Fe, 1.5 Fc, 2 Fc 3 L1010 Fe Oi=E®&AB ZHE L F LT,

For passband ripples of 0.1dB and 1dB, the attenuation (dB) was measured at frequencies of

OHz, 1.1 Fe, 1.5 Fe, 2 Fe, and 10 Fe, with the cutoff frequency set to Fe.

RED, WF 227« B—NAT g NF—ORERIT, MOSTA=ZNFE LGS, attp 2

RELRDIF EREREDINT D,

As can be seen from the table, the attenuation of the Chebyshev low-pass filter increases as attp

increases, provided that other parameters are equal.

SRR 2 (22 T ICHEREN 2 ~10dB/ %k BIUET, BN 105285241
B 16 ~25dB/ & BmL £,

For every doubling of frequency, attenuation increases by 2 to 10 dB / order. For every tenfold

increase in frequency, attenuation increases by 15 to 25 dB / order.

BWEEITFzEY 27 - a— XA 7 4 V¥ LRI CETY,

The attenuation is the same as that of a Chebyshev low-pass filter.

T4 NE—DREE R T L O FEE Filter order and attenuation for each frequency
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MWHEE% - v — 27 44 % — Elliptic
Function Low-Pass Filter

A% - 0—/NX 7 1 J)L4 27— Elliptic Function Low-Pass Filter
K% A 7T BB When entering the filter order

RETINIA-IDANA X

ZLADEHR O-ART7 1A BEFISHE Elliptic

BHT DT L2 ORE n(<=58) g

hwkd7EEE Fo 1 kHz |

BB#HFZHEIIDBEENILY 7L atte [o- 1 a | % |

BERREICETHMBRAEFsL LT, §s = Fs/Fc |-l - AL
—d

Fl.ﬁ H -mj L-C7 4’ /1/-5 0)/)"(%( m %7\77-?‘60- Enter th-e filter -order-m in "Line 1 m".

[21TH FeJ 1ZHh v bAT7EPE Fe 2 AJ19 %, Enter the cutoff frequency Fc in "Line 2 Fc".

[34TH attp) (B D Y 7% AJ17 %, Enter the passband ripple in "3rd line attp".

[41TH Xs) ICREBEREOEKEE Fs &0y M4 7 EEE Fe O Xs (=Fs/ Fe) A7 %,
Enter the ratio Xs (=Fs / Fc) between the frequences Fs and Fc for which you want to check the

attenuation in "Line 4 Xs".

Xs THE SN2 Fs 128 W TRRBR RICEET 2 mEZBAENHE SN D,
The transfer function that reaches the minimum attenuation at the frequency Fs specified by Xs

1s calculated.

HE  Z I CTREHORERRT A= 3REm &y N4 7 EERE Fe Lo U 7L attp B X
OSBRI = 22T 2 AW Fs & Fe Okt (Xs=Fs/Fe) @ 4 #2720 £7,

Note: The four parameters required for design here are the order m, the cutoff frequency Fec, the
passband ripple attp, and the ratio (Xs =Fs/Fc) between the frequency Fs at which the minimum

attenuation is reached and Fe.

RAHARDO A% TOK) 4L, Y7 bv=x7 [LtAct) IERFHERRZ 72T 7 4 V& — D5
BB ARE L T, ARZEREN D v — 27 4 L Z DJEEERED 75 7 L JEEE Fs= Xs*Fe 1231
IR atts REEZRRL T, T4V —OREETT LET,

After entering the design specifications and pressing “OK,” the software “LtAct” calculates the
transfer function of a filter that meets the design specifications. It then displays the frequency
response graph of the low-pass filter and the minimum attenuation at the cutoff frequency Fs =

Xs*Fec, completing the filter design.

BB - v —/ A7 ¢ VX TITIRAIE LP3 7213 LP4 2R TX 5,

The inverse Chebyshev low-pass filter allows selection of either the basic circuit LP3 or LP4.

WEr & NF13 % When entering the filter order 73 / 132
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WHBE% - v — X7 4 VA % — Elliptic
Function Low-Pass Filter

m=6, Fc=1KHz, attp = 0.1dB, Xs=1.5 D4 O F R EHM,
Frequency response for m=6, Fc=1kHz, attp = 0.1dB, Xs=1.5.

—— =
737" Low Pass Elliptic  /RZI=6
Fp = 1.0000EHz attp = 0.1000dB Fs = 1.5000EHz atts = G67.77dB

104B
0dB

-10dB

-20dB

~30dB I‘ ™ \ -

0B [T | v ~\j
-50dB ] \ EE——

-60dB

~
-70dB | R \
-80dB

100 300 1K 3K

m=6, Fc=1KHz, attp = 1dB, Xs=1.5 D4 O HHM,

Frequency response for m=6, Fc=1kHz, attp = 1dB, Xs=1.5.

S e
737" Low Pass Elliptic  IRZEI=6
Fp = 1.0000KHz attp = 1.0000dB Fs = 1.5000KHz atts = 68.23dB

10dB
0dB
-10dB

2048 o \
-304B I

B e e S S } x\ o
-50dB B i . J ——
-60dB - | \

7048 A

\
-90dB

100 300 1E 3K

BHBETIITF = B2 =7 LRBRICEIEREIZ Y 7R AEL LT,
Elliptic functions produce ripples in the passband, just like Chebyshev.

FEMBIE 7 4 L& —Tid, m. Fe, Xs NE—725 attp NRE W, BEENEMLET,

In an inverse Chebyshev filter, when m, Fe¢, and Xs are identical, the attenuation increases as attp

becomes larger.

W#5 % ANJ13 % EF When entering the filter order 74 [ 132
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WHBE% - v — X7 4 VA % — Elliptic
Function Low-Pass Filter

m=6, Fc=1KHz, attp = 0.1dB, Xs=1.1 D34 O F R EHM,

Frequency response for m=6, Fc=1kHz, attp = 0.1dB, Xs=1.1.

= ==X
737" Low Pass Elliptic  JXH=6
Fp = 1.0000KHz attp = 0.1000dB Fs = 1.1000EHz atts = 29.69dB

104B

0dB

-10dB

Fx\ P ) ]
OB o ’":":":_"::."_";'_":""""}"' ( """""""" [

-30dB

- UV,

100 300 1K 3K

m=6, Fc=1KHz, attp = 0.1dB, Xs=2 D4 O a1,

Frequency response for m=6, Fc=1kHz, attp = 0.1dB, Xs=2.

= == =R
737" Low Pagss Elliptic  JKH=6
Fp = 1.0000KHz attp = 0.1000dB Fs = 2.0000KHz atts = 76.35dB

0dB

-20dB

-80dB L ]
- N T
-100dB

100 300 1K 3

Xs THE SN D HEE Fs TRIGMREICET 2 2 L BERTE 5,
It can be confirmed that the minimum attenuation is reached at the frequency F's specified by

Xs.

FEMBI% 7 4 VX —Tid, m. Fe. attp B[F—725 Xs BRE WV, BEENENT 5,

For elliptic filters, when m, Fc, and attp are identical, the attenuation increases as Xs increases.
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MABREAEK - v — 27 12 VA % — Elliptic
Function Low-Pass Filter

FEABEH - 0—/1R 74 )LZDOEERK Eliptic function low-pass filter circuit

diagram
FOREEE LP3 #34R L7284  When selecting the basic circuit LP3
2 173 6-elip-1KHz-Xo-1p5-ottp- Oprom =raTa

V(out)

=, LP3_6-&llip-1KHz-Xs-1p5-attp-0p1.asc

m R42 1 Rb1 1 Cb11 Rb2 1 b2 1
Jw [ R Ao
T T A YU A A PYR,

n W 3 =

SINE(D 11K)
ac oct 50 0.01 100meg; .{ 10K
538.92 -

COPEEEU P DT 1T 2L 2RERTUOF Loact i DLELE
Low pass Eliptic order = &
Fp= LODODKHz aitp ~ 0:10dB Fs = 150D0KMz atts = 57.77dB

HEWHIROEIEKIZ B — 27 AR5 5, R3_11Z C1 3p 25T 5 & B — 27 BNHZ 5,
A peak is observed in the high-frequency range of the selected cutoff region of the basic circuit

LP3. Connecting a 15pF capacitor in parallel with R3_1 eliminates the peak.

2 1p3 6-¢ KHz-X sty " = ER =
Vl.uutl.

4 LP3 6-ellip-1KHz-Xs-1pS-attp-0p1.asc

COBERBEL T IT eI 1Y TE vact B DLELE

Low Pass Eliptic order = 6
Fp = LODDOKHz attp = 0.10d8 Fs = 1.5000KHz atts = 57.7708

FEMEA%R - = —/"A 7 4 L2 OEEE  Elliptic function low-pass filter circuit diagram
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FHEE - v — 27 414 % — Elliptic
Function Low-Pass Filter

FARMEE LP4 #38%R L7-54  When selecting the basic circuit LP4
L 1P4_6-ellip-1KHz-Xs-1p5-attp-0p1.raw IEENES

10dB

-30dB—

40dB

-50dB

60dB

-70dB—-

-80dB

100KHz

R O @I B — 7 B 55, R4_112 CL 50p ZWiHBEfi T 5 & ¥ — 27 BMHZx 5,
A peak is observed in the high-frequency range of the cutoff region. Connecting a 50pF capacitor

in parallel with R4_1 eliminates the peak.

L 1Pa_6-ellip-1KHz-Xs-1p5-attp-Op1.raw =@ [=
10dB- — Vieut) . . 360°
0dB 300

240°

-10dB

180°

L20d8 .
-30dB-{- 60°

L40dB | 0°

-50dB- o

: 120°

L60dB |-

-180°

L70d8 _240°

Ls0dB-| H ) LEE RS - SIS 1 I .300°

1Hz 100Hz 10MHz

CoDMEL Py I VRRE I taa FE LS LE
Low Pass Elfiptic arder = 6
P = LODODKHZ attp = 0.10d6 Fs = LSOODKNZ atts = 57.77d8

FEMEA%R » = — "2 7 4 L2 O Elliptic function low-pass filter circuit diagram
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Function Low-Pass Filter

R#EASD LB When you do not enter the filter order

FRETNTA-FDAS

FEHBES - m—/"2 7 1A % — Elliptic

X
ZANA0OEHE O-NA7 IR WEFETE Elliptic
hwbd7RAE# Fe [1 |KHz -
Rig#FrIcBI32RERRILY 7L atte [o-1 dB
BEEEETARMBREFL LT, Xs = Fs/fp |1-7 12 L)
REHFIZHEITZMER atts [s0| g ieotil )

# v b A 7 EEE Fp 1KHz, @@ U 7L 0.1dB. R ERICRIET 5@ Fs & Fp Okt
Xs(Fs/Fp)=1.5, HfKHE R atts=60dB & LCT7 4 A ¥ — %3 LET,

The filter is designed with a cutoff frequency Fp of 1KHz, a passband ripple of 0.1dB, a ratio of

the frequency Fs to Fp at which minimum attenuation is reached Xs(Fs/Fp) =1.5, and a

minimum attenuation atts=60dB.

T4 VE—DOPWEIT TRIZZ2Y . 1.5KHz IZ3 1) 2 Fdfi # X 72.13dB > 60dB & 720 £,

Viout)

(R
g = C1_4Rs_4 o
¥ vl afsa ST
LT Ak B
- . bl Rb1 4 et T
" “T apa4807 ] NN K
/"E-:” Y ) s Nk
Cacy
A8 B i
SINECO 1 1K) - R1_4_>R2.4.- 2.
-.ac oct 50 1100meg 2 - ol - - - -,33.(,-47.“5 lﬂ.l -
¥ s
ORI 72T 57« MR VI F LA FEAILELE
bl AR ol 555 8 . o o . .
Fp = 1.OGOOKHZ 3ttp = -0.10dB- Fs = 1.5000KHz atts = 72.13d6

PRI 1RO —INAT 4 VIR HDHOT, EWHROEIRICY — 27 13 ELEFATLE,

The filter order is 10th order, and the minimum attenuation at 1.5KHz is 72.13dB > 60dB.

Since there is a first-order low-pass filter in the first stage, no peaks occur in the high frequency

range of the cutoff frequency.

W% N7 L72\ " F  When you do not enter the filter order
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MABRAEK - v — 27 s VA &% — Elliptic
Function Low-Pass Filter

2R ERE25%519 D Design steep attenuation characteristics

FEMBE- 7 42— () T2 =77 4 02— 10 HEWFRERERL TWDH DT,
FrbErx7OREEY H/NEVVE Xs = LOLIZHE L THD,
Elliptic filters exhibit superior cutoff characteristics compared to (inverse) Chebyshev filters, so

we set Xs = 1.01, a smaller value than for Chebyshev filters.

A TA-IDAT X
ZANAOEHE O-AR7 1A WHFHE E1liptic

hw k47 BE# Fe [ |KHz ~|
Mg BFelo B3 SRBERRILU T I atte Jo- 1 a8
REEEWET SMESREFL LT, Xs = Fs/Fp |10 i
REHFIZEITZMER atts [50] g vyl

T AN H—DOWHE 14 WITRE S H, 1.01KHz O &2 61.34dB > 60dB 1272 %,
The filter order is set to 14th order, achieving an attenuation of 61.34 dB at 1.01 kHz, exceeding
the 60 dB requirement.

=J Mcact21 IE £

717" Low Pase Elliptic #R#EY=14
Fp = 1.0000EHz attp = 0.1000dB Fs = 1.0100KHz atts = 61.34dB

10dB

0dB

~10dB

~20dB -

-30dB I hlﬁ {-x_
L.

L BRIt RS DS \
-b0dB = *Lt_,_iﬁxj "\1 ] —

o W
-80dB | UV \

-90dB

100 300 1K 3K

SRR 259 % Design steep attenuation characteristics
79 / 132



HEH RO A1 51 How to enter design specifications
MWHEE% - v — 27 44 % — Elliptic

Function Low-Pass Filter

(=@ =]

B2 1pa_14-ellip-1KHz-atp-0.1-Xs-1p01-ats-60dB.asc

V(out)

{ LP4_14-ellip-1KHz-atp-0.1-Xs-1p01-ats-60dB.asc

1.0207KHz TR If60dB TS

SINEQ £1K)
ceazaizi
OB RITy TSR i LA

Low Pass Exiic onter =10
P "1 0000H: ot £ 0.4048 FA =" LB10DKIE aths - 613448

1.021KHz TR ®EA 60dB IZET 5 Z L DR TE D,

At 1.021 kHz, attenuation reaches 60 dB.
=R EERT

‘:\/: LP4_14-ellip-1KHz-atp-0.1-Xs-1p01-ats-60dB.asc

V(out)

A7 R 2 3R 5T % Design steep attenuation characteristics
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MWHEE% - v — 27 44 % — Elliptic
Function Low-Pass Filter

Xs=1.01 T. Fs=1KHz DEZEE % 60dB LIt &9 %%t Design to achieve
attenuation of 60 dB or more at Fs = 1 kHz with Xs = 1.01

Xs=Fs/Fp £ V. v b4 7EE# Fp % Fp=Fs/Xs=1KHz/1.01=0.99KHz |ZZET 5,
From Xs = Fs/Fp, the cutoff frequency Fp is set to Fp = Xs/Fs =1 kHz/1.01 = 0.99 kHz.

BEGA-IDAR X
ZJANAOEE O-AR7 I3 WUFHETE Elliptic
Ny kA7EESR Fe J390] |Hz ~|
BE#relcEI32RBERERILY 7L atte jo-1 dB
RREERETOMBREEFsL LT, ¥s = Fs/Fp |1-0] ~
LEEIES T EY £ 3 S |80 ap eutl |

T4 NE— DRI 14 R, F1 v b AT EEEIE 990Hz T 999.9Hz DO )Y 60dB IZET 5,
The filter has a 14th-order response, with a cutoff frequency of 990 Hz and a 60 dB attenuation
at 999.9 Hz.

=d Mcact21 E’ 2

717" Low Pase Elliptic /REI=14
Fp =990.0000 Hz attp = 0.1000dB F= =999.9000 Hz atts = 61.34dB

10dB

0dB
-10dB
-20dB -
-30dB I~ L
L R ‘ ----------- Ban'
-50dB = H-— -
-60dB

-T0dB | ’/\ /’_\

- | A V

-90dB
100 300 1K 3K

Xs=1.01 C, Fs=1KHz D&% 60dB L L &3 53%5 Design to achieve attenuation of 60 dB
or more at Fs =1 kHz with Xs = 1.01 81/ 132
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WHBE% - v — X7 4 VA % — Elliptic
Function Low-Pass Filter

EEIES

V(out)

rN\

4: LP4_14-ellip-990Hz-atp-0.1-Xs-1p01-ats-60dB.asc

Rl

SINECO 1K)
aeactBOl Bk

OB RiETyF o L RNYIE i ESLILE
oder = 14

Low bass Eaptic ondar =
P} = 530.0000 i st 01048 Fs <955.9000 He '~ G148

1.01KHz TIHEEN 60dB (2T 5 2 L PR TX 5,
At 1.01 kHz, attenuation reaches 60 dB.

;1:\/: LP4_14-€llip-990Hz-atp-0.1-Xs-1p01-ats-60dB.asc

o

V(out)

Xs=1.01 C, Fs=1KHz D&% 60dB L L &3 53%5 Design to achieve attenuation of 60 dB
or more at Fs =1 kHz with Xs = 1.01 82/ 132
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FHEE - v — 27 414 % — Elliptic
Function Low-Pass Filter

Fp=1kHz T Xs=1.03 M&ZE, Fs T 120 dB LILEDEEZERRT %5t
Design achieving attenuation of 120 dB or more at Fs, when Fp = 1 kHz and Xs =
1.03

HETNIA-FDAA

IHE X

T4 NE—DOWEIT 20 Kk £ 720 Fp ¥ 1KHz T, Fs=1.03KHz O & 124.69dB 12T 5,
The filter order is 20th, Fp is 1KHz, and the attenuation at Fs=1.03KHz reaches 124.69dB.

7y Low Pagg Elliptic  #REE=20
Fp = 1.0000Hz attp = 0.1000dB Fs = 1.0300KHz atts = 124.69dB

0dB

-20dB

-40dB

-60dB
!

s — T SR { ----- Fj ...........

-100dB}

-120dB}

-140dB r\\ /’-——

100 300 1K 3K

Fp=1kHz T Xs =103 ®& %, Fs T 120 dB LA Loz +257%5F Design achieving
attenuation of 120 dB or more at Fs, when Fp =1 kHz and Xs = 1.03
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FEHBEE - 0 — 27 4 A F—

Elliptic
Function Low-Pass Filter
B L4 20-ellip-1kHz (= e
V(out)
o "
~~~~~~~~ ;
o S
,,,,,,,, 1
,,,,,,,, i
________ K
________ =y
________ 11!
T
, LP4_20-ellip-1KHz-Xs-1p03-ats-120dB.asc =N R

1.04KHz TIHEEN 120dB I2HETH 2 L R TX 5,

It can be seen that the attenuation reaches 120dB at 1.04KHz.

‘:\/: LP4_20-€llip-1KHz-Xs-1p03-ats-120dB.asc

E=SEER
V(out)

Fp=1kHz T Xs=1.03 & &, Fs T 120 dB LI EDOHEEELEHRT 55
attenuation of 120 dB or more at Fs, when Fp =1 kHz and Xs = 1.03

%5t Design achieving
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WHBE% - v — X7 4 VA % — Elliptic
Function Low-Pass Filter

R&ECHEFIEEELTE V') —XIZ#EET S Al R and C element values are
approximated to the E96 series

[=&]=]

V(out)

‘:V: LP4_20-ellip-1KHz-Xs-1p03-ats-120dB-E96.raw

V(out) ‘ ‘ ‘
| —

O R . N

\

|

N R
\

e
\

\ .
\

RECOETHEEETEI U —XIZUfl3 5 AllR and C element values are approximated to
the E96 series
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FEMHEEH - v — 27 44 % — Ellptic
Function Low-Pass Filter

ETOR & COFEEEZ EI6 v ) =X L TH6H, RILL & C11 2T &M L7z,

After approximating all R and C element values to the E96 series, I fine-tuned only R1_1 and
Ci_1.

H oy AT EREATT O R E96 U — RIS Lo A L 0 b LB L7228,
FET 1.04KHz T 120dB 1T L TWAH Z L NHERTX D,

The frequency characteristics near the cutoff frequency were slightly worse than when the E96
series was not approximated, but it can be confirmed that the attenuation reached 120dB at

1.04KHz.

R& COFETEEZETEI >V —X|ZHElF 5 AllR and C element values are approximated to
the E96 series 86 / 132
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WHBE% - v — X7 4 VA % — Elliptic
Function Low-Pass Filter

1EBE2EBEZRICABRLTCAKHZ DREEEZH®ET S Further adjust the first
and second stages to improve the attenuation at 1KHz

(=@ [==]
V(out)
-
s
P
|
4
|
il
‘\
o |
e
H
£, LP4_20-ellip-1KHz-Xs-1p03-ats-120dB-E96-2.asc =

o L P RS I T
2 TOHASILEROMEESS S XERALE £5E, C1,1=200§19.98nE, R1_1=1.1kE1.13kE, R2_1=29.4KE22kERBULE,

. e A S R1_2=549%560E.R2_2-16.2kk 1 SKEABLE..
LowPans. Blotic order = 20
Fo Loooomi, st = 0408 Fr = LOXOKH: St = 1244548,

2 LP4_20-ellip-1KHz-Xs-1p03-ats-120dB-E96-2.raw =%

1B & 2B ZTICHHFEL C. 1KHz OERE%#ET 2%  Further adjust the first and second
stages to improve the attenuation at 1KHz 87 / 132
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ETOF X/ U H LEPIOEE E96 v U — RUITEE LT,
1B:H» C1_1=20n % 19.98n 12, R1_1=1.1k # 1.13k {2, R2_1=29.4k & 22k [CFH#EE L /=,
2 BtH ™ R1_2=549 % 560 |2, R2_2=16.2k % 19K (ZFHE L 7=,

All capacitor and resistor values were set to the E96 series.

In the first stage, C1_1=20n was adjusted to 19.98n, R1_1=1.1k to 1.13k, and R2_1=29.4k to
22k.

In the second stage, R1_2=549 was adjusted to 560, and R2_2=16.2k to 19K.

TEEORER, 1KHz OB % 0dB IZIE51 5 2 & 2 HkT-,

1.04KHz TR 120dB (2257 5,

As a result of the adjustments, the attenuation at 1KHz was able to approach 0dB.
At 1.04KHz, the attenuation reaches 120dB.

1EER L 2BEHZHICHEEL €, 1KHz OWREZXET S Further adjust the first and second
stages to improve the attenuation at 1KHz 88 / 132
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1B D IREZHICARL T, IKHzDFEZEEXHET S Further adjust the

B P4 20-olip-1KHz-Xs-1p03-ats-120dB-E96-3 1 [= [e@]=]
V(out)

4( LP4_20-ellip-1KHz-Xs-1p03-ats-120dB-E96-3.asc E@

R1_2=5498560k,R2_2=16.2kk1 SKEABLE,
° o B €1_3-20n%15.58nk, Ri_3=d.75kkd.67kE, R2_3=182kk 175SEERBLE,

T EY 2 U — Xl L2 o 7o 58 O FEEERETZ, AENXZITED 2 ENTE T,
The graph below shows the frequency characteristics when not approximating the E96 series,

but this time we were able to get close.

B L4_20-elip-TKHz-Xs-1p03-ats-120d8.1 [=]=]=]
V(out)

1EED 3 BRAZFICHHEL C, 1KHz O E%W#% T 5 Further adjust the first to third
stages to improve the attenuation of 1KHz 89 / 132
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A IO FEBR DO EAE DT,

The operation flow of this experiment.

ETOF ¥ /U LEOEEZ E96 » ) — XTRIE LTz,

1EHIE, C1.1=20n # 19.98n {2, R1_1=1.1k # 1.13k {2, R2_.1=29.4k % 22k
R4_1=9.09k % 9.74k |ZFREE L7,

2 BrHiZ, R1_2=549 % 560 |2, R2_2=16.2k % 19K |[ZF3& L 7=,

3BHIZ., C1_3=20n # 19.99n |2, R1_3=4.75k % 4.67k |Z, R2_3=182k % 175k [ZiH#& L 7=,

All capacitor and resistor values were set to the E96 series.

For the first stage, C1_1=20n was adjusted to 19.98n, R1_1=1.1k to 1.13k, R2_1=29.4k to 22k,
and R4 _1=9.09k to 9.74k.

For the second stage, R1_2=549 to 560, and R2_2=16.2k to 19K.

For the third stage, C1_3=20n to 19.99n, R1_3=4.75k to 4.67k, and R2_3=182k to 175k.

RUR R EREDO R OLEITIE, £ TOREEEL E 2 U — Xl L iE 1 B H o AR
7y 7 OVBEOFEFEEZTIET 52T, REMIERE SN EE L,

In the case of a circuit with steep attenuation characteristics, if all element values are not
approximated to the E series, the design specifications can often be obtained by simply adjusting

the element values of a small number of the first-stage basic circuit blocks.

L, @TOHEFEZ E96 & U —XIZELLEEI L2583, BEEOEARIE T v v 7 OFFHE
Z AR L2 AERRGHERR IS AT £ 2 & ik,

However, if all element values are approximated to the E96 series, it is not possible to approach

the design specifications without adjusting the element values of multiple basic circuit blocks.

1EED 3 BRAZFICHHEL C, 1KHz O E%W#% T 5 Further adjust the first to third
stages to improve the attenuation of 1KHz 90 / 132
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E 2V =Xl 4 285801, E24R°E48 U — X245 L. 2HDOT 1 v 7 OFl%E i
LChREHMERITTMTIT D Z AR VWSS b H D,

When approximating the E series, if you approximate the E24 or E48 series, it may not be
possible to approach the design specifications even if you adjust the element values of many

blocks.

ZOFEBRTIE, B9 ) —RITEEILT, 1BAND 3BHETOEARKT 1y 7 OFFHEH
e U CREHRRIC RN B = & S HikT,

In this experiment, we were able to approximate the E96 series and adjust the element values of

the basic circuit blocks from the first to third stages to come close to the design specifications.

HLH E192 V) =X T 2L, 1BERDOAREIT1IEBERND 2B £ TORKEIK T 1 v 7
DOFAEEFTEE T TR FHIARICE T 2 2 E KD EEbn s,

If we approximate the E192 series, it seems possible to approach the design specifications by
adjusting the element values of the basic circuit blocks in only the first stage or from the first to

second stages.

2% [LtAct #ERIE . pdf] @ [F7EE E vV —XTEET %) it BIEMOFEEL E ~
U — NI L7556 D JEE BRI DO HABIZ OV THEIT L T D,

T 4 NE =D 10 REBZ AT, B24 U — XU 5 L EHMERRIE AT 5 2 e
Hik 72w,

Reference: "# 7% E 'V — X(ZiT{l§ % Approximating Element Values to the E Series" in
the " LtAct #/EfiHE pdf LtAct Operation Manual.pdf' explains the degradation of frequency
characteristics when approximating the element values of a circuit diagram to the E series.

If the filter order is over 10, approximating it to the E24 series will not bring it close to the

design specifications.

1EED 3 BRAZFICHHEL C, 1KHz O E%W#% T 5 Further adjust the first to third
stages to improve the attenuation of 1KHz 91 / 132
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TANLZ—DRBEBRHBTLEDFBEE  Filter order and attenuation for each
frequency
REAEAT D) T, MHBEE - m— "2 7 4 V2 —OWEN 2K, 6Kk, 10 ROGEExEHL
T AR LICHERD EDO LI IR T D02 MR L TREFER L E LT,
In "Enter the Order," we designed elliptic function low-pass filters with orders of 2nd, 6th, and

10th, and created a table to check how the attenuation changes for each frequency.

JHEREORIESE  How to measure attenuation

(WHa NI)T 20 ) ODANTIET, W% 2, By MA7EES% 1KHz, attp=0.1dB, Xs=1.1
EAJILT TOK) ##LET,
Using the "When entering the order" input method, enter the order as 2, the cutoff frequency as

1KHz, attp=0.1dB, and Xs=1.1, then press "OK."

B /TA-IDA N X
JaNAO@EHE O-K2A7 1A BEFISTE Elliptic

BHTEZ2 012 0ORE n(<=58) [2

hw b7 Aik#E Fo 1 [kHz |
MEHFIZHEIISRBERERIEY 7L atte 0.1 g | OK
REREEICETAMBREFsL LT, s = Fs/Fe |- g feotl |
= Mcact21 |i”£r
747" Low Pase Elliptic IR#EI=2
Fp = 1.0000EHz attp = 0.1000dB Fsz = 1.1000KHz atts = 0.56dB

10dB

0dB

[ .

-10dB sspesesgm * SR Eh e

-20dB

-30dB

100 300 1K 3K

77 70K RSN #RD S Fe=1KHz Oz (T 0.1dB, Fs=1.1KHz O #|3 0.56dB
LR TE %9, F=0Hz O=E®RIZZ 7 76, 0dB & LET,

From the information displayed at the top of the graph, we can see that the attenuation for
Fc=1KHz is 0.1dB, and the attenuation for Fs=1.1KHz is 0.56dB. From the graph, we can see
that the attenuation for F=0Hz is 0dB.

T 4V — DRI L RS Z & OsERE Filter order and attenuation for each frequency
92 / 132



HEHIEE O A 1777 How to enter design specifications
FHEE - v — 27 414 % — Elliptic
Function Low-Pass Filter

JAH R F ORE 1L F=0, Fc, 1.1 Fc (%L T0,0.1,0.56dB &Ko b £,
The attenuation of frequency F is calculated as 0, 0.1, 0.56dB for F=0, Fec, 1.1 Fc.

WIZ, Xs=1.5,2, 10 1T T H&EFHEITVET,
Next, we will design for Xs=1.5, 2, 10.

FETNTA-FDAN X

RET/NIA-TDAH X

RETITA-FDAR

ZDXEHITLT, F=1.5Fc, 2Fc, 10 Fc (ZxF LT 3.21, 7.42, 35.67dB RO SHNF T,
In this way, we get 3.21, 7.42, and 35.67dB for F=1.5 Fc, 2 Fc, and 10 Fc.

T 4 —DURSEE LR E T L OJaER  Filter order and attenuation for each frequency
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Function Low-Pass Filter

Wiz, W% 2. By bA 7 A% 1KHz, attp=1dB & AL T, Xs=1.1,1.5,2 8L 10 D
HEfTET,

Next, enter the order as 2, the cutoff frequency as 1KHz, and attp=1dB, and design Xs=1.1, 1.5,
2, and 10.

ZESA-FOA X

RETNIA-FIDAR X

SRESTIA-IDOAN

RET/NIA-5 DA

T 4 —DURSEE LR E T L OJaER  Filter order and attenuation for each frequency
94 / 132



HEH RO A1 51 How to enter design specifications

Function Low-Pass Filter

HEHBEHE - 0 — 2T 4 A F—

Elliptic

ZRD, WEH 6 L 10 IOV THEROBRG 217> THERREEZE L DD & TERMGFLNET,

Then, by performing a similar design for orders 6 and 10 and summarizing the attenuation

amounts, we obtain the table below.

FHBE 7 —/R2 7 4 1 Z O RE(IB)

U 7 0.1dB D4

BLRE/ RE 0 Fc 1.1Fc 1.5Fc 2 Fc dB/oct/order | 10 Fc | dB/dec/order
2 0 0.1 0.56 3.21 7.42 3.71 35.67 17.84
6 0 0.1 29.69 57.77 75.35 12.56 163.75 27.29
10 0 0.1 68.38 115.20 146.17 14.62 291.83 29.18

BB v — 27 4 V2 OWEEWB) U 7R 1dB 055

R R 0 Fc 1.1 Fc 1.5 Fc 2 Fe dB/oct/order 10 Fc | dB/dec/order
2 0 1 4.03 11.19 17.10 8.55 46.13 23.07
6 0 1 40.14 68.23 86.81 14.47 174.21 29.04
10 0 1 78.84 125.66 156.63 15.66 302.28 30.23

B O U 7L 0.1dB & 1dB OFEIZOWT, By bA T EEEE Fe & LT, JEFEEN 0Hz,
1.1 Fe, 1.5 Fc, 2 Fc 3 L1010 Fe Oi=E®&AB ZHE L F LT,

For passband ripples of 0.1dB and 1dB, the attenuation (dB) was measured at frequencies of

OHz, 1.1 Fe, 1.5 Fe, 2 Fe, and 10 Fe, with the cutoff frequency set to Fe.

IV, B - B — 2T 4V E— ORI, MO/RT A—=ZRELWGE, attp ARE L
RHIE EWEEESENT D,
As can be seen from the table, the attenuation of the elliptic function low-pass filter increases as

attp increases, provided that other parameters are equal.

JEBEHE 2 512705 T L AITHEREEN 4 ~16dB/ Kk ML ET, FREEEN 10 510725 T LI
WOZ RN 18 ~30dB/ & HIML £,
Every doubling of frequency increases the attenuation by 4 to 16 dB / order, and every ten-fold

increase in frequency increases the attenuation by 18 to 30 dB / order.

T 4V — DRI L RS Z & OsERE Filter order and attenuation for each frequency
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BEEMOLEE Comparison of damping characteristics
tEE 451 1 Comparative example 1
By NA 7 EBHEE 1KHz & LT, 1.3KHz (230 DD 60dB FRE L7257 4 V& Z8GHS
L6
When designing a filter with a cutoff frequency of 1 kHz and an attenuation of about 60 dB at
1.3 kHz

NZ—J—RT 4 JLEDIHE Butterworth filter case

ReTINIA-HDAR X

3.0102999566398

1
E0

) RE=2T
Fp = 1.0000EHz attp = 3.0103dB Fe = 1.3000KHz atte =

\ ~J
S BN I
u \

\

-80dB
\

100 300 1K 3K

T 4 IVH —DREEIRE o T,

The filter is now odd order.

INH—T— A7 4 )V ¥ D4 Butterworth filter case
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T 4 NVE DREBEERIC IR D DT, 26 ROT7 4 VW E EFKFTDHZ LICT D,
Since the order of the filter is odd, we will design a 26th order filter.

BETA-IDAT X

“ Low Pass Butterworth /RZ¥=26
Fp = 1.0000EHz attp = 3.0103dB Fs = 1.3000KHz atts = 59.25dB

100 300 1K 3K

1.3KHz O =1L 59.25dB & 725,
The attenuation at 1.3KHz is 59.25 dB.

N —T— AT 4 VX D4 Butterworth filter case
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NE—T—2D%5%E.  Butterworth Results

B (e =]
V(out)

£, P2 26-but-1KHz-Xs-1p3-atp-60.asc == Ech <"
. PR .(1711L . - . aas|. . . - . PR - . P P
T Y9.4n : 91.33n : : T c :
TRt R2 11 R1 13 ) | e —N= |
con2 7 i = out "9 —A
| ADA4B07- | ADA4807- | ADA4807-2
167K 167K 172K 175K
ca_nalvm o _alvm c2_13lvm
z £ e
cl,mi
vy
" |9sban |
"l Rra 10| R2 10 U0 eena
DA4B07-4
177 M77% |ca qolvm
T
Jwv [wv. aal a2 [ 3 cia | cs. [
p A T v V| A
0.49a 0.494 0.20 0.19a
RI_2 | R22 uz R1 3 (R2.3° U3 R14 |R24 ua RIS |R2_S us conl | .
4807 - | ADA48O7- | ADA48O7; ADA4BO7- | ADA4807-4
ok 1K | o o [dm Ak 1K (o 5 [ m ihek 198K |, 4 | Im ot L6IK |y 5 [vm

- :acoct 50 10 10k o 5 00 o °
-+ - COBIBRAUPDT TR VI Ltact REALE L
Low Pass ‘Butterworth order = 26
Fp= 1.0000KHz attp = 3.01dB Fs = 13000KHz atts = 59.25dB

(ﬂ T gs.sn g;lﬁn g;aan @3“ gﬁ]n

NE—T—Z « T L VA TIET A NVEZ DRI 26 R ERV

JFEIX 1KHz T 3.15dB, 1.3KHz T 59.4dB L7325,

1KHz OJEF &N 3.0dB 12725720 D1%, A7 7OANERE R11 28Ik ->TA
NEBWMETTHEENEZONDDT, 47 7% JFET © AD8648 (285 L T
B2 R L E T,

The Butterworth filter has a filter order of 26, and the attenuation is 3.15dB at 1IKHz and
59.4dB at 1.3KHz.

The reason why the attenuation at 1KHz is not 3.0dB is thought to be due to the influence of the
input current of the op amp and the input signal being reduced by R1_1, etc., so we will change

the op amp to a JFET AD8648 and check the frequency characteristics.

NRE—T—27 4 )7 DA Butterworth filter case
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FRT T % AD8648 IZE B L7-#E R Results of changing the op-amp to
AD8648

= [=TEE=]
V(out)

€, LP2 26-but-1KHz-Xs-1p3-ats-60-AD8648.asc E=m x|

[ | ADB648
267K |y o [Um 179K |5 5 [vm o LaK

(n 11K) ;;i.sn @6“

.acoct 50 10 10k
COBBEEPITF20L555ETY 7 Leact A LELE

Low Pass ‘Butterworth order = 26-
Fp = 1.0000KHz attp =.3.01dB Fs = 1.3000KHz atts = 59.25d8

2.67K

NRE—T—27 4 )7 DA Butterworth filter case
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NE =T =R « T4 VETET A NVZOWREIT 26 IREZRD |

JE 5 Bt 1KHz C 3.0dB, 1.3KHz T 59.4dB £ 72 %,

The Butterworth filter has a filter order of 26, with attenuation of 3.0 dB at 1 kHz and 59.4 dB
at 1.3 kHz.

0.707946

-1.2K°

i i i ] i
0.988KHz 0.992KHz 0.996KHz 1.000KHz 1.004KHz 1.008KHz

V(out) 0.00107 e

— 0.4K°
— 0.2K°
0.0K®
—-0.2K°
—-0.4K°
—-0.6K°
—-0.8K*°
—-1.0K®
—-1.2K°
—-1.4K°
—-1.6K°
—-1.8K*°
—-2.0K°

-66dB i j i i i i i i i -2.2K°
1.280KHz 1.284KHz 1.288KHz 1.292KHz 1.296KHz 1.300KHz 1.304KHz 1.308KHz 1.312KHz 1.316KHz 1.320KHz

INH—T— A7 4 )V ¥ D4 Butterworth filter case
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%328k Reference Experiment

() F =y =7 MK T 1 V7 —DE LFRKIC, HiEfE% 1KHz T 0.1dB,

1.3KHz TH 60dB & LT W& AT L7ew ] HIETEEFLTH D,

As with the (inverse) Chebyshev and elliptic function filters, we will design it by "not

inputting the order" with an attenuation of 0.1dB at 1KHz and approximately 60dB at

1.3KHz.
FHETINIA-YDAN

ZalkAmi@EE O-H2A7 12

X

EEFEFE A2 -D-23

hw b7 HETHEEORBE Fe |1 [kHz -]
BEHFeICEIIZRBERRIZY T atte j0-1 dE
MEBENET SMBREFsL LT, Xs = Fs/Fp |1-2 i
RBHFCHEIIDEBEER atts |60 dg svutl
=d Mcact21 E’
7Hty" Low Pass Butterworth  /REI=34

Fo = 1.0000KHz attp = 0.1000dE Fs = 1.3000KHz atts = 61.16dB

10dB

0dB \

~10dB

~20dB — _ , \

-30dB ! L .I‘ l ["'1t .ll'. [\"-‘ ]’ I [ )

Ll R e 3"-:_: """" y'""ﬁ""{'“*q'i' ﬂ"\']"“"?""}“""“1\' """" }

. N\ I \ .

- [ I S 4 ‘ S —

o0 1 N R Y g

~60dB |

=70dB

-804B | | \

-90dB

100 300 1K 3K

T ANE—DOREITBARICETEL Y £3,
HEREIT 1KHz T 0.1dB. 1.3KHz T 61.15dB 12725 Z & 3505,

The filter order increases to 34.

We can see that the attenuation 1s 0.1dB at 1KHz and 61.15dB at 1.3KHz.

NRE—T—27 4 )7 DA Butterworth filter case
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BEEBROWER Reference experiment results
F T 7L JFET O AD8648 |[ZAH L7z,
g &1L 1KHz C-0.17dB, 1.05644KHz T 3.0dB. 1.3KHz T 61.38dB (2725 7=,
The op amp was changed to a JFET AD8648.
The attenuation was -0.17dB at 1KHz, 3.0dB at 1.05644KHz, and 61.38dB at 1.3KHz.

B EYEIES
V(out)

. LP2 34-but-1KHz-atp-0p1-Xs-1p3-60db-ADB648.a5c = e )

COBBBUTSS I BERHITI LA H HHLILE

+ Lowpass Buttarworth. omer = 34 0 s S
Fp =, 100DOKHz atto = 0-1048 Fs =, 1.3000K}Hz atts = 61.1508

£ 1P2 34-but-1KHz-atp-0p 1-Xs-1p3-60db-ADB648.asc = R <

V{out) 0.707946

B E(11.05644KHz=3.0dB

NRE—T—27 4 )7 DA Butterworth filter case
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FIEYTT7 742 MDIHE  Inthe case of the Chebyshev filter

BEISA-IDAT X

1.3KHz OE RN 60dB T, 7 4 /L& OUSMBEIIK E 72D L D IC#E LTz,
The attenuation at 1.3 kHz is approximately 60 dB, and the filter was designed to have an even-

numbered order.

74177 Low Pass Chebyshev  /K#=12
Fp = 1.0000Hz attp = 0.1000dB Fs = 1.3000KHz atts = 56.504B

100 300 1K 3K

FxbEv =277 4 FDEE  Inthe case of the Chebyshev filter
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F vz 7 DFER Chebyshev's results

V(out)

i, LP2 12-chev-1KHz-Xs-1p3-atp-60.asc =N B

FrEY1774)L48

I

Vj
> ) b b b
@12;;12 v o . . 3 [Pt ) - .
R1_1|R2_1 5

| ADA4B07-3
vm

con

: 2 vm
. . . . 0.75n - 7.5n 24n 36n . s 20n -
SE(UllK) . . g; . ;g ;l; ;!; . . ;g .
.ac oct 50 10 10k

COEBEEIE P DT IR I LAt LR UL

Low: Pass - Chebyshev order = 12

Fp = 1.0000KHz attp = 0.10dB Fs = 1 3000KH1 atts 56.50dB

FxbTxT - T4 ZTIIREIL 12 ER2D

X 1KHz © 1.3dB, 1.3KHz T 56.2dB & 725,

1KHz OWEEEN 0.1dB 22T TWEHD T, A7 7% JFET 0 AD8648 (T2 5 L CJEIHAURF
PEZ e 2,

The Chebyshev filter has a 12th order,and the attenuation is 1.3dB at 1KHz and 56.2dB at

1.3KHz.
Since the attenuation at 1KHz is different from 0.1dB, change the op amp to a JFET AD8648

and check the frequency characteristics.

Fb =77 4 NZ DA Inthe case of the Chebyshev filter
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FRT T % AD8648 I[ZEFE L7-#E R Results of changing the op-amp to
ADS8648

= (= E]e]
V(out)

&, LP2_12-chev-1KHz-Xs-1p3-ats-60-ADB648.asc =N =R

FIE Y7748

V] vm
+| V2 v3 cL1 L
@11 @11 0.97a

in
Vi
AC1

= gann ;gi.sn gun gssn gmn
SINE(0 1 1K)

-ac oct 50 10 10k
COEREEE? DT T 2UAREET VI Ltace it La L

Low Pass Chebyshev order = 12
Fp = 1.0000KHz attp = 0.10dB Fs = 1.3000KHz atts =56.50dB

| AD8648  ADB648
vm 120K 1.29K|cp 3 [ vm

182K 182K |y 4 | vin

FrEy =7« T4 TEREIT 12 ERD

s iiT 1KHz T -0.488dB, 1.3KHz T 56.2dB &7 %,

The Chebyshev filter has a 12th-order response,with attenuation of -0.488 dB at 1 kHz and 56.2
dB at 1.3 kHz.

EZ LP2_12-chev-1KHz-Xs-1p3-ats-60-AD8648.asc =

V(out) 1.05779

1KHz() 3% E(1 -0.488dB

Fb =77 4 NZ DA Inthe case of the Chebyshev filter
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FFTEST T T4ILADIHEE Inthe case of the inverse Chebyshev filter

RET/NIA-FD AT X

1.3KHz OWE RN 60dB T, 7 4 /L X OWREIMMELIKR & 72 Db L O IC#F LT,
The attenuation at 1.3 kHz is approximately 60 dB, and the filter was designed to have an even-

numbered order.

74177 Low Pass Inv. Cheb /R#E=12
Fp = 1.0000EHz attp = 0.1000dB F= = 1.3000EHz atts = 56.50dB

100 300 1K 3K

HF b7 7 V% DA In the case of the inverse Chebyshev filter
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WF B 7 DFER Reverse Chebyshev's Result

%V_:_:'_; 2-inv-chev-1KHz-Xs-1p3-atp-60.ra ‘EHE”E'
V(out)

£, LP4 12-inv-chev-1KHz-Xs-1p3-atp-60.asc o= G e

HFIPLI)

Lo
“aonsmr-i

o -nu
s

WF b7« T4 NETEHREIL 12K ERY
iz &1 1KHz T 0.5dB. 1.3KHz T 56.2dB £ 72 5%,

The inverse Chebyshev filter has a 12th-order response,

with attenuation of 0.5 dB at 1 kHz and 56.2 dB at 1.3 kHz.

HF b7 7 V% DA In the case of the inverse Chebyshev filter
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FEMRBE% 7 1 LR DIEE In the case of elliptic function filters

BEHGA-YDAR X

T A N Z —DWEDH 10 IWE TIEATBIRE DB AMER FIHE/R DT, TIRT 4 V7 —&iXEH LT,
Since odd-order circuit diagrams can be used for filter orders up to 10th order, a 7th-order filter

was designed.

Fp = 1.0000kHz attp = 0.1000dB Fs = 1.3000KHz atts = 59.33dB

-40dB -
504 T -
_BMB ~
-60de
100 300 1% %

MBI~ 1 L # DA In the case of elliptic function filters
108 / 132



ORI O L Comparison of damping characteristics
gl 1 Comparative example 1

B E% DRE R Results of Elliptic Functions

[= @ ]=]

£ LP4_7-ellip-1KHz-Xs-1p3-atp-60.asc

fe ] e

314K 3.18K I 517K 5.17K
12 b2 2 | 3

€b1 3 “ch2 3

o
SINE(O 1 1K)
.acoct 50 1 100k

COERBEEBPIT 27 M LAt BB LR LiE
Low Pass Elliptic order'=7 t : 3
Fp = 1.0080KHz attp=-0.10dB Fs= 1.3000KHz -atts = 59.39d8

EABE s 74X TR TR ERD
JHiEEIT 1KHz < 0.02dB. 1.3KHz T 59.4dB & 725,

For the elliptic function filter, the order is 7,

with attenuation of 0.02 dB at 1 kHz and 59.4 dB at 1.3 kHz.

FiMHBEE% 7 + V% D4 In the case of elliptic function filters
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EbE:45] 2 Comparative Example 2

Ay bA T Z 1KHz & LT, 1KHz O &% 3dB R E & LT, 1.3KHz (28T D&
60dB F2E L 72D 7 4 VA RGNS D5 G

When designing a filter with a cutoff frequency of 1 kHz, an attenuation of approximately 3 dB
at 1 kHz, and an attenuation of approximately 60 dB at 1.3 kHz

INE—T—2 7 4 )LADIEE Inthe case of the Butterworth filter

g5 1 THAT 7 AD8648 A L= EEE KA T 5,

Use the circuit diagram employing the AD8648 operational amplifier in Comparative Example 1.
BE/TA-IDAS] X |

FJAILROEHE O-1KR7 IR BT R -D -2
BHTET 1)L ORE w(<=58) 28]

ho b3 7ARE Fe [ [kHz = x|
BERNEEICETAMBHEFsL LT, Xs = Fs/fo |12 o fevtl |

~ieaees ==~

7H17" Low Pase Butterworth  #RZ(=26
Fp = 1.0000EHz attp = 3.0103dB F= = 1.3000EHz attz = 59.25dB

10dB
0dB

~10dB
~20dB = _.

~40dB |

-50dB -7-7_-_--7-7-__""’-—-.J \

-60dB
-70dB

-80dB
100 300 1K 3K

BEFE 1Y 1KHz T 3.0dB. 1.3KHz T59.25dB & 725,
The attenuation is 3.0 dB at 1 kHz and 59.25 dB at 1.3 kHz.

INH—T— 27 4 VX7 D4 In the case of the Butterworth filter
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NE—T—Z2D%ER Butterworth's results

= [=TEE=]
V(out)

€, LP2 26-but-1KHz-Xs-1p3-ats-60-AD8648.asc E=m x|

AD8s648
177 - 177% | ca_1ol vm

....... V] vm R
+| V2 v3 Cl_lJ_
@11 gu 0.99u

| ADB648 A K | AD86a8
PR & L P R R e BT X

~7
SINE(O 1-1K)

y.Gn glGn gﬁn gﬂn E g}ln
.acoct 50 10 10k

COBBEEPITF20L555ETY 7 Leact A LELE

Low Pass ‘Butterworth order = 26-
Fp = 1.0000KHz attp =.3.01dB Fs = 1.3000KHz atts = 59.25d8

FT 7% AD86A8 [T LTz,
NE =T =R« TANETET A NVFOREIT 26 R E 72D
JH f:1T 1KHz T 3.0dB, 1.3KHz T 59.4dB & 72 %,

The operational amplifier was changed to the AD8648.
For the Butterworth filter, the filter order becomes 26th order,
with attenuation of 3.0 dB at 1 kHz and 59.4 dB at 1.3 kHz.

RE—T— 27 4 )L X7 DA In the case of the Butterworth filter
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FIEY T T774)L2DIHEE Inthe case of the Chebyshev filter

[BEHGXA-FDOAS X |
ZoAOHEE O-A27 1A WEFISHE FxEvT T

| BHTET7 IR ORHE w(<=58) [12

Chy A TEEER Fo |1 [kHz |
RB#FICHIIZMBEERIT 7L atte |0. 1 g | OK

 RERERICSTARMBHEFsL LT, Xs = Fs/fe |13 g Seutl

= journal.txt IE]

77" Low Page Chebyshev  RE=12
Fp = 1.0000EHz attp = 0.1000dB Fs = 1.3000KHz attz = 56.50dB

.....................................................................................

100 300 1K -
HEE BRI 371 Y DR X
o S S e

PP -3.0141 iB

{E4a8 |-122.32[lﬂ =

2 | w7 |

RS 3dB FREEIC 72 5 1% 1.0234KHz 72D T, 1KHz O 7S 3dB FREIC8 5 X 9
2y NA 7 JEE A 1000/1.0234 = 97THz IR ET D,

1.3KHz TR 60dB I/ 5 K 512, Xs % 1300/977=1.33 IZZEH T 5,

The attenuation reaches approximately 3dB at 1.0234kHz, so the cutoff frequency is set
to 1000/1.0234 = 977Hz to achieve approximately 3dB attenuation at 1kHz.

To achieve approximately 60dB attenuation at 1.3kHz, Xs is changed to 1300/977 = 1.33.

Fb =TT 4 NVZ DA In the case of the Chebyshev filter
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wET/OA-IDAN X

mfr‘ Low Pass Chebyshev /K#A=12
Fp =977.0000 Hz attp = 0.1000dB Fs = 1.2994KHz atts = 80.16dB

100 300 1K 3K

wERRACEII M voRR X | EERRESUSTUOER X

D iy iz o]

-123.166 93.634

JHiE T 1KHz T 7T 3.05dB. 1.3KHz T 60.1dB (272 %,
The attenuation is 3.05 dB at 1 kHz and 60.1 dB at 1.3 kHz.

Fb =TT 4 NVZ DA In the case of the Chebyshev filter
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F vz 7 DFER Chebyshev's result
= [=]a =]

‘‘‘‘ V(out)

4: LP2_12-chev-977Hz-Xs-1p33.asc E@

FIEvzo

ADMem 4 I nmwim 4
132k, 132K|cp 3 [vm 432K . P32 5

y 50 gﬂn ) I gmn gsﬂn

et Tosn
SINE(0 1 1K)

«ac oct 50 10 10k
r.ﬂ)lﬁl?’Elﬂ?'J:r(’jjﬂbﬂnx1le~ LAt i A0LF Uk

Low Pass Chebyshev order =
Fp =977.0000 Hz attp = 0. lﬂdB Fs = 1.2094KHz atts = 60.16dB

T =TT 4 VF —TIIREE 12 K220 |

JHs T 1KHz C 4.7dB, 1.3KHz T 59.9dB & 72 %,

LU, JaEiE)’ 3dB 1272 5 01 0.9912KHz 72 O TlEIEX O Y T,

FxE =TT NE =Ty N AT HAREAE OB DL TR DT,
1KHz TU-72 Y 3dB #3284 % OIENEE T,

FXT T DOANERE RLL 2 EICL > TANEFPERTT2EREZLNLHDT,
A7 7% JFET O AD8648 (Z8H L TR ERrE 2 MR L £ 7,

The Chebyshev filter has a 12th-order response,

with attenuation of 4.7dB at 1kHz and 59.9dB at 1.3kHz.

However, the 3dB attenuation point is 0.9912kHz, which is nearly as designed.
Since Chebyshev filters exhibit steep attenuation changes near the cutoff frequency,

achieving exactly 3dB at 1kHz is difficult.

Considering the potential impact of input signal attenuation due to the op-amp's input

current and components like R1_1,
we will replace the op-amp with a JFET-based AD8648 and verify the frequency

response.

Fb =TT 4 NVZ DA In the case of the Chebyshev filter
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FRT T % AD8648 I[ZEFE L7-#E R Results of changing the op-amp to
ADS8648

B =@ =]
V(out)

ok

o FrEv17

- 48  ADB648
2K |3 2 |vm 132k 1.32K(cp 3| vm

! vm
Q.SH. . . . @4,]. . . glml. - . . ggn.

5.16K 5.16K |cp 4

AV . .o @.75" .
SINE(0 1 1K)

.acoct 50 10 10k
COEBEE T DT I s P LAct A h LELE

Low Pass -Chebyshev order =12
. Fp =977.0000 Hz attp = 0.10dB Fs = 1.2994KHz atts = 60.16dB

Fb =TT 4 NVZ DA In the case of the Chebyshev filter
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BEEEIX, 1KHz T 3.0dB. 1.3KHz T60.0dB (2720 £ L7,
The attenuation levels were 3.0 dB at 1 kHz and 60.0 dB at 1.3 kHz.

0.707946

| 1KHz0) Hize 213 3.0dB

i i i i i i i
0.984KHz 0.988KHz 0.992KHz 0.996KHz 1.000KHz 1.004KHz 1.008KHz 1.012KHz

. Vout) | | | 0001 __230°
| --240°
e i e M S § IO
L oo s ' SR—— -
e
e A S e I M o R
’ ‘ ‘ | 1.3KHz() ¥i3% #14.60.0dB L 2000

-60dB ' : : : : :

| —-300°
310
| 3200
"--330°
| --340°
| |--350°

i i i i i i i i ——-360°
f \ \ f f f f f \
1.160KHz 1.195KHz 1.230KHz 1.265KHz 1.300KHz  1.335KHz  1.370KHz 1.405KHz 1.440KHz 1.475KHz

F BT 7 4% DA In the case of the Chebyshev filter
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FFIETT 7742 DIGE Inthe case of the inverse Chebyshev filter

[EHS5A-5DAS X
FrROHEHE O-AR7 IR BHFISHE  Inv. Cheb
TBHTH7 I3 0ORE m(<=58) [12
ChubATREH Fo 1 xiz =)
RB#F-EIIZBEETIL 7L atte 0.1 dB 0K
 REREEICETAOMBBEFsL LT, Xs = Fs/fo |- iz feotl
=T journal.tut =N E =
717" Low Pass Inv. Cheb  IRZ¥=12
Fp = 1.0000EHz attip = 0.1000dB Fs = 1.3000KHz atts = 56.50dB
10dB
0dB
-10dB \
-20dB AN V‘ <[ P
-30dB e i ﬁ 1 i i
7‘;: """""""""""""""""""""""""""" ‘3\: """ ' """""""" Lk: 1‘
-40dB e — T SR H | 1 1
-50dR EH’""J \“J ‘J B J
-80dR l'ﬁ A A YN
-80dB
100 300 1K 3K

X

AR BT OB

teEmee 1097 |KHz

¥as -3.033 dB

gl 667
"7

=

RS 3dB IS 72 5 D1 1.097KHz 720 ¢, 1KHz OJE RS 3dB FEEIC/2 5 L ) 1S
71y b A7 JE SR 1000/1.097 = 912Hz IZ3E L Cakahd 5,
1.3KHz T2 60dB FREIC/2% K 51T, Xs & 1300/912=1.425 (A H T %,

The attenuation reaches approximately 3dB at 1.097kHz, so the cutoff frequency is set
to 1000/1.097 = 912Hz to achieve approximately 3dB attenuation at 1kHz.

To achieve approximately 60dB attenuation at 1.3kHz, Xs is changed to 1300/912 = 1.425.

HF b7 7 V% DA In the case of the inverse Chebyshev filter
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BEEISA-ID AT X

747" Low Pass Inv. Cheb  JRZEI=12
Fp =912.0000 Hz attp = 0.1000dB Fs = 1.2996KHz atts = 70.63dB

IEERIREICHEI BT M1 VOHER X

|

JHiEEIX 1.013KHz T T 3.0056dB. 1.3KHz T 71dB (272 %,
Attenuation is 3.005 dB at 1.013 kHz and 71 dB at 1.3 kHz.

HF b7 7 V% DA In the case of the inverse Chebyshev filter
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WF B 7 DFER Reverse Chebyshev's Result

B

V(out)

-': LP4_12-inv-chev-912Hz-Xs-1p425.asc E@

i e )

WF B =77 4V H—TIIEIL 12 &RIZ/R 0
=13 1KHz T 2.5dB, 1.3KHz T 66.4dB & 72 %,
AT 1.3KHz T 71dB O PAH7Z 7228, 5dB FEE I ROME T L7z,

The inverse Chebyshev filter has a 12th-order response,

with attenuation of 2.5 dB at 1 kHz and 66.4 dB at 1.3 kHz.

The design prediction was 71 dB at 1.3 kHz, but the actual attenuation was reduced by about 5
dB.

HF b7 7 V% DA In the case of the inverse Chebyshev filter
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FFo 77 4 VZORE BIOFFKE G For Inverse Chebyshev Filters:

An Alternative Design Method

EEEISA-TOAD X
7 NAOEE N-AR7 LA BEFETE  Inv. Cheb

DHTDT 42 ORE n(<=58) B

hy A7 ABE Fo | [KHz =~
CERBFCEIIDEBERERIL T atte E g | OK

EEBERIETORMBR EFsL LT, ¥s = Fs/Fe  |1-3 & Feotl |
~Mesezi o
THY" Low Pass Inv. Cheb  #RZFE=1Z
Fo = 1.0000KHz atip = 3.0000dB Fs = 1.3000KHz atts = 72.80dB

0dB

-20dB

-40dB

-60dB -

-80dB

-100dB

100 300

WF 2T ORTA—=Z NNEED VT attp 1ZATTEND B v b4 TH

BEHITE

THMERERDLET, £LT, Xs 13y AT AEED Xs 5O JEME T RAKIRR &

IZET D7 4 N E—DREFENET,
TR ENT-, BWEEEMNO 75 70 FEOFRIY .
HiE I, 1KHz T 3dB. 1.3KHz T 72.8dB (2725 2 E R0 £,

The ripple attp parameter input field in the inverse Chebyshev filter design represents

the attenuation at the input cutoff frequency. The filter is designed to achieve minimum

attenuation at a frequency equal to Xs times the cutoff frequency.
From the information at the top of the displayed frequency response graph,
it can be seen that the attenuation is 3dB at 1KHz and 72.8dB at 1.3KHz.

HF b7 7 V% DA In the case of the inverse Chebyshev filter
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HFzb=T70O/R BOFKE 51 Reverse Chebyshev Results: An
Alternative Design Method

V(out)

, LP4_12-inv-chev-1KHz-Xs-1p3-atp-3.asc =R

HFIViad

WF =77 4V H—TIRRIEIT 12 RIZ72 Y,

B RIT 1KHz T 3.0dB, 1.3KHz T 72.5dB & 725,

BOREFHED HF R EMEREN T OV E Lz,

T A NE =D E 10 RICTFTH, 1.3KHz ORI 60dB BRENENR TE £ 572,

The inverse Chebyshev filter has a 12th-order design,

with attenuation of 3.0 dB at 1 kHz and 72.5 dB at 1.3 kHz.

A different design method yielded higher performance.

Even reducing the filter order to 10th-order,

attenuation of approximately 60 dB at 1.3 kHz appears achievable.

HF b7 7 V% DA In the case of the inverse Chebyshev filter
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HWFoTxz7 - T4 NVEOBRE ILIZHOREFE For the inverse
Chebyshev filter, another design method

RET/IA-FDAA X

7 42— DB 10 RIZ FITTHI,
I tried lowering the filter order to 10th.

717" Low Pass Inv. Cheb

IREZ=10
Fp = 1.0000EHz attp = 3.0000dB Fe = 1.3000EHz atts = 59.66dB

100 300 1K 3K

WiFx = 7T, AR 10 RIS CORERBEENGOND L O,
In the inverse Chebyshev case, it appears that the required attenuation can be

achieved even when the order is reduced to 10th.

HF b7 7 V% DA In the case of the inverse Chebyshev filter
122 / 132



ORI O L Comparison of damping characteristics
sl 2 Comparative Example 2

FFoberz7DER S bIZHDOFEFE Reverse Chebyshev Results:
Another Design Method

= [s[a]==]
V(out)

4( LP4_10-inv-chev-1KHz-Xs-1p3-atp-3.asc E@

FEFIPS1D

WF 2 =T 7 4 F—TEREIE 10 RIZ72 Y |

s iT 1KHz C 3.0dB.  1.3KHz Tl 62dB 7223, HAKIR &L 59.5dB L7225,

The inverse Chebyshev filter has a 10th-order response,

with attenuation of 3.0 dB at 1 kHz and 62 dB at 1.3 kHz, but the minimum attenuation

1s 59.5 dB.
FZ LP4_10-inv-chev-1KHz-Xs-1p3-atp-3.asc =

V(out) 0.001059

REHREE 59.5dB

IR

il \

HF b7 7 V% DA In the case of the inverse Chebyshev filter
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FEMRBE% 7 1 LR DIEE In the case of elliptic function filters

ZESA-FOAH X
FLAOEHE O-NAT LA BEFISEE Elliptic

BHTHT LR ORE n(<=58) -

ho A 7REE Fo 1 |khz -]
RB#FISHIIDMEERIE T atte fo- 1 a | OK
RERRE|ISTHMERAEFsL LT, ¥s = Fs/fo -0 g Svoth

7 AV —DWEH 10 IR E TIEFBRE DB KDMEH FIHE/R DT, TIRT 4 V2 —ZixEH LT,
Since odd-order circuit diagrams can be used for filter orders up to 10th order, a 7th-order filter

was designed.

S— ==
737" Low Pags Elliptic  #RE=T
Fp = 1.0000Hz attp = 0.1000dB Fs = 1.3000KHz atts = 59.39dB

10dB
0dB

-10dB

~20dB NG \ ——

-30dB f—— |
___________________________________________________________ & VL A
~40dB [ } ‘ \‘h L——

~50dB T

. \
. e

100 300 1K 3K

EEREEICBIT M VDR X

feEmEey 1041 [kHz  ~ |
KA -3.0839 4B n

a8 |-5T".E?32 E

"y

WIS 3dB FLEEIC 72 % Ol 1.041KHz 720G, 1KHz OWEERAS 3dB BEC 425 X 5 10
71 v b A7 JE SR 1000/1.041 = 961Hz IZ3E L Cakahd 5,

1.3KHz T2 60dB FREIC/2% X 51T, Xs & 1300/961=1.353 (A H 4 %,

The attenuation reaches approximately 3dB at 1.041kHz, so the cutoff frequency is set
to 1000/1.041 = 961Hz to achieve approximately 3dB attenuation at 1kHz.

To achieve approximately 60dB attenuation at 1.3kHz, Xs is changed to 1300/961 = 1.353.

FiMHBEE% 7 + V% D4 In the case of elliptic function filters
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"SI SX-IDAS X

737" Low Pase Elliptic #RE=T
Fp =961.0000 Hz attp = 0.10004B

Fs = 1.3002EHz atts = 63.17dB

o N =
OB o T T \\\,\' """""" L__
p

7o N/ \\
-80dB V \

100 300 1K 3K

IEEREEICHIIST1VDERR X | 187E RiREICHIT BT 1 VDR X
o <] E—
\

1% 1.003KHz T T 3.08dB. 1.3KHz T 63dB (2725,
Attenuation is 3.08 dB at 1.003 kHz and 63 dB at 1.3 kHz.

MBI~ 1 L # DA In the case of elliptic function filters
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B E% DRE R Results of Elliptic Functions

V(out)

4: LP4_7-ellip-961Hz-Xs-1p353.asc EI@

FEHBEH

3.08K '3.08K
b2 “cha 2

7 356K 256K
bl 4 - ch2 4 |-

o
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-acoct501010K - - © o 13aK P a5k

COBERBEUPLT (77 LSRG b LA B LI LE
Low Pass Elliptic order'= 7
Fp =961.0000 Hz attp = 0.10dB Fs = 1.3002KHz atts = 63.17dB

BB T ¢V —TIIREIE TRIZRY

i RIT 1KHz T 2.4dB, 1.3KHz T 63.2dB & 725,

1KHz OE &) 3dB 122 5D T, FXF7 7% JFET @ AD8648 (24 H LT, EkEHEE%
MR LET,

The elliptic filter has a 7th-order design,

with attenuation of 2.4 dB at 1 kHz and 63.2 dB at 1.3 kHz.

Since the attenuation at 1 kHz does not reach 3 dB, we will replace the op-amp with a JFET-
based AD8648 and verify the frequency response.

FiMHBEE% 7 + V% D4 In the case of elliptic function filters
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FRT T % AD8648 I[ZEFE L7-#E R Results of changing the op-amp to
ADS8648

, LP4 7-ellip-961Hz-Xs-1p353-AD8E48.asc =N

2.85K
cbl 3

2.85K 256K 2.56K
Ch2 3 cbi -4 -“Chz 4

<7
SINE(O 1 1K)
-.ac oct 50 10-10K

COEIBRUPIT 52 E YT H it B LELE

Low Pass Elliptic order=7
-Fp =961.0006 Hz attp = 0.10dB Fs = 1.3002KHz atts= 63.17dB

FiMHBEE% 7 + V% D4 In the case of elliptic function filters
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J= &l 1KHz T 3.0dB, 1.3KHz T 64.0dB & 725708, HIKJHEEEIL 63.1dB Th 5,
Attenuation is 3.0 dB at 1 kHz and 64.0 dB at 1.3 kHz, but the minimum attenuation is
63.1 dB.
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MBI~ « V% DA In the case of elliptic function filters
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RO FE EH Summary of Results
FERT— 23U n— RLET7 VX0 RO FERT —% ] L TH Y 7,
The experimental data is stored in the folder “Comparison of Damping Characteristics -

Experimental Data” within the downloaded folder.

Ee B 451 1 TAILEADIELE | X | HE=EE 1kKHz (dB) |JBEE 1.3KHz (dB)
. 26 3.00 59.4
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In Comparison Example 1, the attenuation at 1.3 kHz is equivalent for Chebyshev and inverse
Chebyshev filters.

In Comparison Example 2, the attenuation at 1.3 kHz is approximately 12 dB better for the
inverse Chebyshev filter than for the Chebyshev filter.

Even when the order is reduced to 10th order, attenuation of approximately 60 dB is achieved at
1.3 kHz.

To achieve approximately 60 dB attenuation at 1.3 kHz with a cutoff frequency of 1 kHz,

a Butterworth filter requires 26th order, while a Chebyshev filter requires 12th order and an
inverse Chebysheyv filter requires 10th order.

It can be seen that an elliptic function filter achieves the required attenuation with only 7th

order.
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