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72d b:20>f_log(212)
=T fs-falYSiEE o EEPNIZ B (KBS R ESPREITE-72dBLAR.
BADCHERAERA—E/0db , M12bit ADCEENEZIAYERN
55/3-72db , BEREINTFANGESATINADCEHE , WEER
E)-72dbLAT. PREA , BLESRERRNGZ Afs-fa=1.9kHz , RREST
72dB,

Alllum




SRR E A

RN

fEAltium DesignerERMEERET , 1®FEWEBENCH-
>WEBENCH Design Center->WEBENCH Filter Designer,

EIZHTFFIENEERE. 7 “FILTER DESIGNER VISUALIZER”
BEORMNIERENTSEH,
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.*) Lowpass

Click to design with defanlt specifications.

) Highpass
_) Bandpass
Attenmation
Cutoff Frequency (fel: 100 Hr
Gain (Aol : 1 ¥iy¥ 0.00 4B
\#) Search Filter Response ._J) Pick Filter Response
Stopband -3:dB
Stopband Attenuation (Ashl: -7 dE 0dB
Stopband Frequency (fs): 1900 Hxz
Supply ¥oltage Azh

.*) Jual Supply ) Single Supply
Supply ¥oltage: +f-5 | -

[#] Enter Passband Ripple (AAmax) Specs

Passhand Ripple

Fasshand Ripple Specification (M Amax): 0.5
Magnitude Flatness Lower Test Freguency (£1F): o
Magnitude Flatness Higher Test Frequency (£2F): 100

Hz

Hzx

| Enter Group Delay Flatmessz Specs

|| Enter Step Respomnze Specs
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Gain (JEE#HEMm, Ao) : 1.
Cutoff Frequency (#RIEMZ, fc) : 100Hz.

Stopband Frequency (PHHFHZ, fs) : 1900Hz.
Stopband Attenuation (FHH 3k, Asb) : -72dB.
Supply Voltage: +/-12V. ZFHEF, G H T XN N4 dh 28

FEHRENter Flatness SpecsEIEIAISEIFIE.
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th¥Passband RippleFEH. EZEOR , & FHIZESE

Flatness Specification GE#IR, AAmax) :0.5dB.

Magnitude Flatness Lower Test Frequency (P38 SHZE, f1F)
H OHZo

Magnitude Flatness Higher Test Frequency CGP3HETEEZ&IESZE, f1F)
: 100Hz

BB “Start Filter Design” $%2%H.
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FILTER DESIGNER(BETA) VISUALIZER

VWEBENCH®& Optimizer Change Inputs Refine Results
Lowest BOM Cost Filter Type: Lowpass Filter Order: 3 4
<=) & A
Attenuation = .
B ] Max Q: 0.58 1.706
. - Best Cutoff Frequency(fc): 100 Hj 0
. Stopband T . oo lal (=) L
SR Attenuation [|[S2M(AC) 1.00 ‘ 0.00 Attenuation: -94.48dB 73.43d8
1 G
(=) SearchFilter Response () Pick Filter Response (=) Al
Passband Ripple: 0.01dB 0.57dB
= =l Stopband Zanl0 o n o oo do)
- Stopband Attenuation{Asb): 72 d =
S IDL = (LEREEEr AT GroupDelay: 3183.258uSec 5891.452uSec
[3497-4q [ 3 ][ -78.72 ] Stopband Frequency(fs): 1900 H (<=} — ‘_
1-Best Pulse Respgnse = S 2 SptilingTime: 11776.580y Sec o 32361.383uSec
AZ \ = \ .
R Lo\..rest ttiing mj—jjﬂ{,b /| Enter Flatness SpecQ 'LRJ_L], | ,—_j;{q:{lgl_',& (=)
3 —Defau\l ng - Step Response 0.39% 8.9
R Flatness A
Advanced Charting i
X Axis: ¥ Axis: Bubble Size: lutions: (7 found ) I | | View Phase{Rad) Chart [v] View Gain{V/V) Chart
Group Del | - I Attenuatic \ A I Filter Orde¢ | v ] Felect Filter Response Color Order | Max Q Att (dB) Flatness | Passband Group Group Settl .
- (dB) Ripple Delay Delay Tinj Gain (dB) Phase (deg)
o (dB) {usec) Flatness (us 180
74 (usec) 0
120
T8 . Butterworth Green 3 1 -T6.72 3.010 0.016 3497 468 314.369 21548 -0 .
o 20 |
78 0.5dB Chebyshev 3 1.706 -79.61 0.499 0.499 5891452 | 2827.031 32361 § -
. 120 2
-80 @
- Linear Phase 0.5% Black 3 0.95 1343 3010 0.574 3183.258 142.889 13882 180 = 60
g 82 P s rl \
g 4 =n I % }. R\ Transitional Gaussian to 12d8 = Red 4 0.58 89.54 3.010 0.393 3373834 50.338 13539 -200 -120 X
3 84 =
g Bessel Blue 4 0.81 8817 3.061 0.446 3390318 0.118 11776 240 180
< -86 =T 0.00Hz 1 00Hz 1 EIIJKH 0 I]EIH1 1.00Hz 1 00KHzZ
88 Transitional Gaussian to 6dB 4 1.32 -94.43 3.009 0.380 3676.760 91.477 14893 67“§ Eﬁi Mcy
90 Linear Phase 0.05° Magenta 107, 9500 3.010 0.437 3618.738 20582 14908 Group De‘av(usec] step Response W)
5 RHEE
82 6000 12
94 5000 1 e
86 #4000 o 08 |
- ] —_— E os
2 ao00 = % .I
3000 3400 3800 4200 4600 5000 5400 5800 6240 g | E 0.4 |
5 2000 < |
Group Delay 02
1000 |
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LR BTHuAG, AT CAERE IR0 o okr i SR e A 2 [R1E 4L

2RI KB, TR R THE IR RE B B

3R TR, T AESNRBFX AT REEREHATIRIE, Bl
e BT BBIAERSE .

ARTT RATAMLITEL, Refrile Ty RIER . [ ZRANN HESH R
=4EF, ERAARRRNSEE] DIE PR R PR

SRAFIETT R, RETHE ST RIFESH.

6277 RYEREM ZeXTLL, WA R HEREATIOR, HEEE.
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- IR

TR HIEIFE RSN RIS |, EREBessel ,

ButterworthfllChebychev, #E3EiR :
BesseifiB =FIERIEHHIRERIELLIER ;
ChebychevillEREERIE LLEE , (BEIBTEARXK ;
mButterworthfUFRMARBRIIAE.
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i
PHRIGTRERAY “iEaemhg” | MBIBSSE | =HiBiE=ER
-3dBRYELLESRERIT /I 100Hz,

BEEMK , ME=MEREESLLINE FNES , NERTLL

aIl=EGH

2% ( Chebychev ) TIERIRIR , SREBRHZE (

Butterworth ) FiEEZ=RER,
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fESolutionSRER , LS 7 LM ENERYG S | #E#EButterworthBY

isiRee—17. BREZ{TERAMEAY %

Solutions: LT found )

Select Filter Response Color Order Max 0 | Attt (4dB) i
- :I . | Butterworth GCreen 3 i —T6_ T2
- :l . | . 5dBE Cheby shew 2 1. 706 —79_61
o :l .| Linear Phase 0.5" Black 3 0. 95 —73_43
|* :l v Transitional Gaussian to Read 4 0. 58 T |
a )] w | Bessel Blue = 0. 81 —88_ 17
|4 :l . Transitional Gaussian to 4 1 2oz g4 48
o :l .| Linear Phase 0. 05" Magenta 4 i_O7 —93_ 00

Copyright © 2009 Altium- Limited



SRR E A

i

HIRFILTER DESIGNER DESIGN SUMMARY o

FILTER DESIGNER(EETA) DESIGN SUMMARY

WEBENCH® Optimizer Schematic
Stage: 1 Stage: 2
Boﬁ'i‘gzz: /- @ First Order Topology: Real Pole  Gain: |q Second Order Topology:  SallenKey  Gain: |1
small Cutoff Frequency:  100HZ Q 05 Cutoff Frequency:  100Hz Qo1
mallest
FDOtDjI-Tt l/{ 5 ‘-iiﬂsm\m Min OpAmp GBWP:  5.000 KHz Min OpAmp GBWP:  10.000 KHz
It o] S
= : —1
c2
Il
. Vee
Filter Topology Specification T

Simulations are not available for this device.

To simulate, please select another device. \
Topology Sallenkey | v -

CapSeedValue: 1e-T ‘/\R;\,
11.0 Kohm
Res Tolerance: | E192(0.5%) | v 15.8 KOhm At gerCm M
. 4,87 KOhm )
Cap Tolerance: 1 +/ 00 MHz 0 MHz
FiRRRInES =—100nF

250V 5 JEEE

Tweak Design

4 Vee
Vea
|esponse: | Butterworth |v =
Order: Bill of Materials Bill of Materials
w Pan.|r‘.1anufacturer ‘Partnumber | Pnce| Value‘Foniprmt‘TopV\e‘ Edit Part a | Manufacturer | Part Number | Pnce| Value|Fompnnt|TopV\e‘ Edit
N=SNualzl=l ) |,R A Texas TLOS2CM $0.24 WA HA A Texas TLOS2CM $0.24 WA HA
LY/ Eﬁ = Instruments Instruments
urrent Design: #13.
C1 MuRata GRM21BR7T1E104KA01L $0.01  0.10uF 130 = c1 MuRata GRM21BR71E104KAD1L $0.01  0.10uF 13.0 =
Hame: Lowpass, Sallen Key, Butterworth [=1=1 A
R Vishay-Dale crewosfD s |9 530KC 130 g €2 | MuRata GRM155CS0J4T4KETD | $0.01| 047uF| 7.5 .
Hotes:
R Vishay-Dale CRCWOS054KSTFKEA 5001 437kQ| 130 o
W E R2 Vishay-Dale CRCWO0S0511KOFKEA $0.01 11.00KG. 13.0 =

Copyright © 2009 Altium Limited A't’um




A IR A BTt

N SIEu
12t . LRI THRISURIERE. 4 SHBPCBHEIRZE

HITIAL ;
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3ERIMNEIE , AILAEIEMFBELEEE Sallen-keyH! ;

ARBIERERIBUEN , TR ERNEFIERERAYEE ;

SERIEFRIEE , BPifmsEaLMEN ;

62EHErR , AILAPZERIEEPRRM | BERIHUCREE,
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gt i 72

EEE ST

ZERIR (MFB) BiEREE RIS , HQE., #1EINREwamtt
PERNERERE , EFHNE—EMNS , RIETFRABNIE , I8aikE

ANGEYF ;

Sallen-KeyBYiEi RS2 FHIE RS , BT HESmAMER. 182
BE5iEiRzEBERFTETX . Fﬁuimﬁ*%r" this. BELAIEESAIYIT

B RIBUREBIR.

1

HFiZigiHgmigE1 | FiLliziESallen-KeyE

— .
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BasF “Select Alternate” %5 , sTHEESIER “simulation”
B "IEEiR" BssEAZishE

I
Solutions: (646 found ) [ | Show All OpAmps

Edit Part Humber 1k Price(USS|Footprint{m...| Simulation |Chann...| VccMin(V)

| |
OPA244NAI250 0.60 22.5 AV | 1 2.6
TLO72QDREP 0.10 0.0 2 10
TLOG4CHSR 0.18 0.0 4 4

ESREITRER , BE “"Sim Export” #5250 , EFSHNHF
HTEAIltium Designerfi#fT{HE.
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(IR RYHEESR |, 1T Altium Designer , WEBENCHIBHESS
HABEIEFZIAItium DesignerdA,

BB “Export” $%§H,
B “Download File” 3258,
FIAHEIERE , IEEFREFEXHIRER.
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{EAltium DesignerEEREERET , 1EFEWEBENCH->Open

WEBENCH Design,

IERERIA REXHRBRIT&IT.

5

l'

fEAltium DesignerEERHERET , 1®FWEBENCH-
>WEBENCH Simulation Engine->Run WEBENCH Simulation

Engine , AltiumFREIEIT{HE.
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- UL H
{HELLESR

=] L= webench_design_2170925_40_adl4_sim.sdf *
0.000 0.000 *GainViv
-10.00
-10.00
-20.00
g 30.00 o
=3 o
e = -20.00
= ~40.00 =
=9 =1
g i
®, -50.00 i, -30.00
o =] 5
g . 2
= -60.00 <
=z E -40.00
5 -70.00 L
T
-30.00
-50.00
-90.00
-100.0 -50.00
100.0m 1.000 10.00 100.0 1.000k 10.00k 100.0k
frequency ()
0.000 50.00
-50.00
-100.0 0.000
-150.0 -25.00
= =
a =
-200.0 = -50.00
T
-250.0
-300.0 ~100.0
~350.0 ~125.0
-400.0 ~150.0

100.0m 1.000 10.00 100.0 1.000k 10.00k 100.0k
frequency ()
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-- 18 JRUTE 7%
IRER T SRR
it FMFBZ5H)3E U GBP & /N N 100xGainxfc,
Xt Sallen-key 4514
i*: (1) 3HQ<=10, iZMGBPELJ3100xGainxfc ; fmQIERY Sallen-
key4SfI=EHEGBPRIEHY :
(2) HQ>1H , BMGBPELA100xGainxQ3 xfc ;

FERREE

SlewRate > (2axVourr-Px fc)
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HRSX=HENREAAE , S—1THERS—EES.
AFERZANERA , AJLHEEREFEREI20kHz, X, HFEG
19.9kHzH120kHzZ [ARIESEERiREEI0 - 100Hz[E, X
¥, IZEETEA19.9K , BBE T BRIIER.
{EFWEBENCHEFI&ITE , — 1 AkiE R LIBEEE
B FeAiJHIHALE,
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Step 1: Select Simulation Type [ Step Response | v ]

Step 2. tart Hew Simulatio

p— 08 |

. R2? 51
VS5ignal WOut
W
I_F_| R1 51 14.7 Kiohm 1 51 \ |E|
WALV
T 27 e w f IER_IDERL
0 MMHz
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— BrirgiRia RIS RN AR S50 R

Charts
Gain (dB)
20 180
o = 160
70 140
A0 120
B0 100
80 20
&0
= -100 u
m m 40
& _1z0 o

20

-140
o

-160
=20

-180
-40
=200 &0
-220 .20
-240 =100

0.00Hz 0.10Hz 10.00Hz 1.00KHz 100.00KH=z
Frequency

Charts
Phase (deq)
|
0.00Hz 0.10Hz 10.00Hz 1.00KHz 100.00KHz
Frequency

Copyright © 2009 Altium- Limited



T SR A T] A AP YE IR A B T

fRIEEROERREN AL, ZEOEEREEA10kHZ | EEZRNE
0.024V/uS , —/1NEBEHIUA741 57 B IX Le sk,

BATIREEHGRE , HIIEIFEOPA277 , HIRmmEEiRA

1MHz , [EEZ/50.8/uS , KiFRBE{N/320uV,

-5i—|[|§—||_|[Tl+5

V15 V25

VFL
(

5
T
R111.25k  R211.25k >

— W AR A
C2100n ——

1 T 5
é
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iZ B8 IR B RIFRIES AT E.
MERTELIER , £19kHzZ = RIS 7 -80dB, B2 |, i
e EH | WEEMEELAHDEIEE D TEE | X2
Sallen-KeyBYiEiReRI5B RIS SNRIBINER.
XERTFBHAECT. CERMZFHEEGRA , midmiEZREER
iETER, / R1IXANN =R, HAp : Ry AEiARmdiEin. MERELIE
7, I8aSRLRISTETE - 47dB , Bhi@EZER -
- 47 = 20log(Ro/11.25k)

1SZIRO 508X , FFEEFEEBipolansh{EF RS <.

]|
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- fifE DR S L G AT T 1
fESallen-Key REIMRCIERRE. IRSMMRSIE RCEBIFTALIRE
RIFASERSAR | (BRAKIEIN T SRR | 388
SR T HINNAGHERS

5 i—||_|}_—+l—|[|[7_l+5 _ VFL

V15 V25
AA - VF1
%rorﬂcc—

fCS 160n 1 VF2
i

RLI1L2k  R211.25

: m——w—T
VGL
2100

N [
NS
)
w
2
=
=
e}
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- fifE DR S L G AT T 1
ECIAHIEEIRIRENEH | IRSENRNSE. ERIREEEMAR
EERY T A S AR A TR S S EIEN | (BRHR T EIFAYIE

R, .

| VF1: With Amp in Feedback Path |

-SF—-IIIhT——III[THS

v15 V25

-5 160,00 —|
UL OPA277

_\\ VF1 =
R1 11.25k R2 11.25k ( ; i
e |
il 5T
u +5 < 200,00 —|

21000 —
L) vel

C1200n 51

U2 OPA134

= —
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- T B I B A T A
EREFRIESRE , T2 :
BAEEEECPURNLIEGRENEEEEIR L.
HiX , RESENARRSAETRERERGERIGERILERENZT , 7
RIFRIDHISFs/2RIRRS , {BREfa-fs2RIENMIRFREAD ?
AR, Efa-fs/2IXFRIRFIGKT |, BElIFLSREE
0-fafh , QB EA— TRz I LASSRRIEARYEER LTIE.

Signal amplitude

SNR =6.02N + 1.76dB ; (for an N-bit ADC
Sine wave input)

Average noise floor (flat)

Quantization Noise
T

Fol2

Frequency

T
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- AR R AT I R AT () 725
FES , ERERTERFIBEMRE S TEIkTs/2 LR , MR
H0-farhfIErs, Al , BECHSLRERZE—S , BH
BRI EIREL AT IAIE N3 dB,

Ideal digital filter response

Oversampling by K times

SNR = 6.02N + 1.76dB + 10 log(Fs/2*BW)

Power

MNoise removed by filter

ittt il |
BV~ — KkF./2 k Fs

Frequency
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Delta-Sigma ADCEERFZ B FIB 7 REFE AT F B iR
FHHi‘RE I Delta-Sigmaifiil , IBFRIRFIERSIRLRYGEHR

'JEE'J\E"?“'@EI'.‘I EEAIRYIER.

: Signal amplitude

' Digital filter response

Power

HF noise removed
by the digital filter

/

1
\‘-——————-“’L;stz k Fg

Frequency
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-~ e A 8 I G )
HFDelta-Sigma ADCEEREMHzERIFEENENHZRIES
HITE R | ELEELLERESE , Delta-Sigma ADCEEH
mE2— 1 RERCIERRS | XPRCERESIgEEESAKXIESRIT
BgitiEE.
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-- TINA-TIF I ACH
ETINA-TI EREERKET , 1®FEAnalysis->AC Analysis->AC

Transfer Characteristic...,

' | Analysis | T&M  Tools TI Utilities Help

3 ERC... | ||;;;; ||1IIIIII:*=; ] |:|’|,E
N Mode... ¥ ; p:
| | HEARSE IRk
_J Select Control Object "
' Set Analysis Parameters...
DC Analysis b
AC Analysis b Calculate nedal veltages
Transient... Table of AC results
Steady State Solver... IAC Transfer Chara :.‘terisl:ic...l
Fourier Analysis |
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-- TINA-TIH HJACH Hr
¥FIFF “AC Transfer Characteristic” ¥hEERME,. FiZ5KHA ,

BITT™EZESE:

1 AC Transfer Charactenstic I,i:h
Start frequency 10 Hz] | [w” DK
End frequency Th [Hz] XK Cancel
Mumber of points 100
_ : ? Help

Sweep type

{~ Linear fe Logarithmic
Criagram

W Amplitude | MNypquist

| Phaze | Group Delay
| Amplitude & Phaze
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-- TINA-TIHF FJACH T
g “OK” $%4H,
(ESZTINEREHIEIRARS,

0.00 R e A

eeeeeeeeeeee

=552 AN EERY flE%ﬁEEE% 1. 2 BJ_J%ZJ:EI’J fleE@%

21_55U=EI’J TIEME@% 2219 IERU RIS Z,
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BT iz pHINESR R Ze BT 21z h YIRS MR 2
EIY 3z p YIRS TR BT 4z pHIIES R
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