Active Filter Design Made Easy With
WEBENCH® Active Filter Designer

Custom Active Filter Designs Including Spice Simulation
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WEBENCH® Active Filter Designer:

Active Filter Designs Within Minutes!

1. Select a Filter Type

2. Design Frequency response

3. Analyze with SPICE
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Accessing Filter Designer ti.com/webenchfilters
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WEBENCH® Filter Designer
Active Filter Designs Within Minutes!

WEBENCH?® Filter Designer

Rapidly Design Active Filters
to Meet Your Specifications

WEBENCH® Designer {MyDesigns S e I eCt yo u r

lﬁl_||—| / filter type

- @ Lowpass

" Highpass

Active filters are vital in modern electronics; every data acquisition system needs them for bandwidth limiting signals before analog-to- Bandpass
digital converters as anti-aliasing filters, or after digital-to-analog converters as anti-imaging filters. Instrumentation relies on them for "/ Bandstop

accurate signal measurements. Active filters are used for cutoff frequencies that range from sub-1Hz to 10MHz, where passive filter
designs would require prohibitively large component values and sizes. Their design and verification can be tedious and time-
consuming.

The WEBENCH Filter Designer lets you design, optimize, and simulate complete multi-stage aclive filter solutions within minutes. m
Create optimized filter designs using a selection of T operational amplifiers and passive components from TI's vendor partners. N : ;t t I ) H

SELECT from low-pass, high-pass, band-pass, and band-stop filter types. Specify performance constraints for attenuation, group delay,
and step response. Choose from avariety offilter responses such as Chebyshev, Butterworth, Bessel, transitional Gaussian to 6dB,
transitional Gaussian to 12dB, linear phase 0.05% linear phase 0.005%. Determine the filter response best suited for your design by o WEBENCH Help Page
optimizing for pulse response, seftling time, lowest cost, pass-band ripple, and stop-band attenuation

DESIGN your filter using Sallen-Key or Multiple Feedback topologies, select the best operational amplifiers for your design by evaluating
gain bandwidth vs. currentvs. cost and other parameters. Specify your resistor/capacitor tolerances between ideal, 0.5%, 1%, 2%, 5%,
10% and 20% values (E192, E96, E48, E24 E12, and E6). Experiment with user defined capacitor seed values. Optimize your filter
topologies for sensitivity, lowest cost, and smallest footprint

ANALYZE your design by running SPICE electrical simulation with closed-loop frequency response, step response, and sine-wave
Response analysis options.

Step by Step:
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NEW Filter Designer Requirements page

FILTER DESIGNER REQUIREMENTS

3A/UP HotSwap Simple Switcher Filters Clocks Interface Load Switch DDR Power Sequencers Amp

Filter Type

(») Lowpass (_) Highpass (_) Bandpass (_) Bandstop

Specification Graph
(+) Search Filter @ () Specify Filter @ (2)
Gain(A) () dB () VIV 0.00
-3dB Frequency (f3dB) * 1000 Hz A | ———
| 3dB
* This frequency is used as fp for Chebyshev calculations. @1 [, - :
A |
Max Passband Ripple (Rp) @ 1 dB E |
= |
Stopband Frequency (fs) 5000 Hz =) Asb I
= I
Stopband Attenuation (Asb) -45 dB | | | =mmecccccatcaa : .....
I
[
I

Additional Specs (Optional) | Frequency f3dB fs

Supply Voltage
) [| Advanced View () Start Filter Design
(+) Dual Supply () Single Supply +/-5 |v
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Changes to specifications

- Gain units 2 VIV | | Gain = 20 V/V

Speciicsy -3 dB =5 kHz
(=) Search Filter () Specify Filter i
Gain(A) () dB (s) VIV 20
-3dB Frequency (f3dB) * 5000 Hz
* This frequency is used as fp for Chebyshev calculations. @ fs = 25 kHz
Max Passband Ripple (Rp) &) 1
Stopband Frequency (fs) 25000 Hz
Stopband Attenuation (Asb) -45 dB
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NEW Visualizer page

FILTER DESIGNER VISUALIZER

(#) Gain (dB)(_) Gain (VIV) (») Phase (deg)(_) Phase (Rad) Group Delay (usec Step Response (V.
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0.001Hz 1.000Hz 1.000KHZ 1.000MHz 0.001HZ 1.000Hz 1.000KHZ 1.000MHz 0.001HZ 1.000Hz 1.000KHzZ 1.000MHz 0.00e-16  59%-4  1.19%e3 1793 2393
Frequency Frequency Frequency Time
Solutions
Solutions: (8 found )
Select Filter Response Color Order Ne. of Max Q | Asb (dB)

Stages
Bessel Red 5 3 0.920 29.26

Choose 0.5 LinearPhase 0.5 o 2 um | am
d B Butterworth Blue 4 2 1310 35.91

Transitional Gaussian to 6dB Green 4 2 1.320 -271.59
( :h e byS h ev Linear Phase 0.5° Magenta 4 2 1.340 28.78
Transitional Gaussian to 12dB Teal 5 & 1.520 -32.571

I I Ite r —y 1dB Chebyshev Black 3 2 2.018 27.84
\ 0.5dB Chebyshev Gray 4 7 2.941 43.99
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Filter Design Summary page

Note Min

OpAmp GBWP

values

FILTER DESIGNER DESI ARY [
WEBENCH® Optimizer ~ > Schematic "~
Stage: 1 Stage: 2
o Second Order Topology: Gain: 4472 viv Second Order Topology Gain: 4472 viv
Cutoff Frequency:  2.985 KHz a 0705 Cutoff Frequency:  5.456 KHz Q294
Smallest
Footprint Win OpAmp GEWP:  941.102 KHz Min Op&mp CBWP: 6781 MHz
™ R
e 1 i i 2 )
Op-Amp c2 c2
TLCOBICP I I}
N I !
Single device 2700nF 2200nF
Dual Supply: +/5V 50.000v 50,000V
—
Filter Topology
Topology:
pology: Sallen Kev |- R2
CapSeedValue: 1e + O e
| u £.490K0N ¥ 523.0000h
Res Tolerance: | £961%) | v m | e oem ]
10000007 A1 A 10.0000F
Cap Tolerance: 16.200K0hm sofhooy - p m p 2.210K0hm 50.000V
TLCOB1CP . TLCOB1CP
= 10.000MHz = 10.000MHz
Current Design: #4337 an WI —
FilterType Lowpass daa
FilterOrder 4. R3 R4 R3 R4
" 10MHz A
StophandAfisnustion | -45.0 48 %m 2860K0NM Wm 2 880K0Nm
DualSupply 50V L L
PassbandFrequency 5000.0 Hz
StopbandFrequency | 26000.0 Hz Bill of Materials Bill of Materials
Part « | Manufacturer | Part Number ‘ Price ‘ Value| Footprin| Top Vu| Edit Part & | Manufacturer | Part Number | Pnoe| Value ‘ Foc-lpnn| Top Vil Edit
Hame: | Lowpass, Salen Key, Cheby 05 T $0.45 WA NA A1 T 50.45 NA WA
exas . exas .
Sels AHlernate Sels Alternate P:
Hotes: Instruments TLCOSCP (Single . | o rannel-s0 45 Instruments TLCOMCP (Single d. | o channet50.45
c1 Kemet CO603C103I5RACTU $0.01 10.000r 4.680000 = c1 Kemet COB03CH03JSRACTU $0.01 10.000r 4.680000 =
cz MuRata GRM188ECIH2T2JA... $0.02 2.700nF 4.630000 = cz AVX D4025A221JAT2A 50.01| 22000F 3.0mm* |«
(= Tz |
R VishayDale CRCWO40216K2FKED S0.01 162000 30mm' | . R1 | VishayDale CRCWO04022K21FKED 5001 2210K( 30mm* .
R2  VishayDsle | CRCWOM026KASFKED $0.01) B.490K( 30mmt | . Rz | VishayDsle  CRCWIMO25Z3RFKED $0.01) 523,000 30mme | o
Product Folder View My Orders R3 Vishay-Dale CRCVID4022KAIFKED S0.01 2430K( 30mm* | - R3 Vishay-Dale CRCWO4022KA9FKED S0.01 2450K( 30mm* .
é Share this design R4 VishayDale | CRCWVIOM02BKSEFKED S0.01 B.BEOK( 30mmt | - R4 VishayDale  CRCWIMO2BKGGFKED S0.01) BEEOKI 3OmmE | .
[ "W Copy this Design
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Filter Design adjust gain values

FILTER DESIGNER DESIGN SUMMARY

Stage: 1 Stage: 2
Second Order Topology: [ Sallen Key | - l Gain: |40 VIV Second Order Topology: [ Sallen Key | - l Gain: 2
Cuteff Frequency: 2,985 KHz Q: 0705 Cuteff Frequency: 5.156 KHz Q294
Win OpAmp GBWP: 2,104 MHz Win OpAmp GBWP:  3.032 MHz

0\ t

Change Change
Gain =10 Gain=2
Update Update

Note Min OpAmp GBWP = T Note Min OpAmp GBWP =
2.104 MHz ok 3.032 MHz

o Note OpAmp GBWP =
e 4.0 MHz
AL_Z::O/;:m 22.600K0hm v iﬁzsu’r-ﬁUMENTs




Electrical Simulation
Click to Run Sim

My DesignsiPro, >cts

Select Sim Type

| BAS | @fkrh | 33 | 5130 | Pycckmii fskik | Portugués | Deutsch

= o0 el 3

Closed Loop Frequency Response,
Sine Wave Response,
Step Response

Welcome jefi.perry@ti.com +|

Visualizer Schematic  Sim Print

Export
FILTER DESIGNER SIMULATION

W Hew

Share Design

3
5455 | Sjm Types [\ Simulation List | Summary ‘Z
Step 1 Sglg =t (G~ Closed Loop Frea Respol | v
Step 2

| Interactive Waveform
Sine Wave Response

p——— 06 @ FIT IiKIStepResponse ]
ez

20
et
T I )
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o
= 40
=
s
ro_aranE 1 voul e
o E
]
£
i b 8
-100
Design Version : I Show Latest Design Version | Past simulation simId=4 20
Active eSim Past Simulations
el
simld= 4 Closed Loop Freq Response : 2014-11-06 23:18 Status = Success gain 1e2
| Messages | ‘ eSim Report | | Download .cir file

STAGE 1 ALL

1e3

Streaming Waveforms

Waveform Controls | R==dy. Zeom-in: Click and drag dovnvard: Zoom-out: Click and drag u

100
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-200
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-400
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Everything old is new

* Is live today

» Big changes in Filter Type (page 1)
 Bigger changes in Visualizer (page

2)

Filter Type

(s) Lowpass (U Highpass

(U Bandpass

(_ Bandstop

Specification
(U Specify Filter @)

0.00

(2) Search Filter @)
Gain(A) (+) 4B () VIV
-3dB Frequency (3dB) * 1000 Hz

* This frequency is used as fp for Chebyshev calculations. @

Max Passband Ripple (Rp) @) 1 dB
Stopband Frequency (fs) 5000 Hz
Stopband Attenuation (Ash) -45 dB

>

Magnitude

Graph

Frequency f3dB fs

Supply Voltage

[_] Advanced View @

(=) Dual Supply () Single Supply [ +-5 | v
(+) Gain (dB) () Gain (VIV} (=) Phase (deg) () Phase (Rad) Group Delay (usec) Step Response (V)
« ti.com/filterdesigner . b
. d . 1
20 1000
100
-40 08
&0 &0
e -80 H 20
a 2
= 100 & 20
-120 50
-140 0.2
-100
-160
140 = o
-180 -
-200 -180 o 0.2
0.004Hz 0.400Hz 10.000Hz 4.000KHz100 000KH: 0.001Hz 0.100Hz 10.000Hz 4.000KHz100 000KH: 0.001Hz 1.000Hz 1.000KHz 0.00e-16 4.00e-3 8.00e-3 1.20e-2
Frequency Frequency Frequency Time. i
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http://ti.com/filterdesigner

Hands-on Exercise

Design Problem:

Goals:

Customer would like a bandstop filter at
1000kHz with the following constraints:

Type: Bandstop

Center Frequency: 1kHz
Gain: 1

Passband Bandwith: 1kHz
Stopband Attenuation: -45 dB
Stopband Bandwidth: 100Hz

Dual Supply: +/- 5V

Filter transfer function: Linear phase .05deg, 6th order

Generate a filter

What is the output ripple of a 1V input sine
wave at 1kHz?

How can this be improved?

13 TEXAS
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Hands On Problems

» Go to hands on problem set for Signal Chain
» Work the problems from the following:
» Active Filter Designer

— 10kHz Low Pass Filter

— Optimize Low Pass Filter

— Anti-aliasing filter

12
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Active Filter Design Made Easy With
WEBENCH® Active Filter Designer

Custom Active Filter Designs Including Spice Simulation
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Common Filter Applications

Band limiting filterina |
noise reduction application |

Analog Filter

13 TEXAS
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Common Filter Applications

Mixed-Signal Filter Applications

Anti-alias Filter

Anti-imaging or reconstruction

filter
Digital-to- D
Analog Filter :> DSP $ Analog Analog Filter Vot
Vin € =0
3 A.) RAW SIGNAL
Em I\Iynltlicf Qnmpling HED I?rr;:t c H{ = sin o{mfifs) = Sintn-tr:l -[fgg}fg}_ H .";‘:l;:l D
o f * - A * 1st image
© . - - I fs-f1  2nd image fNyqulal
S s+ requancy
< f1 f2 f3 f4 |
- I 1=t image
= f. B.) AQUIRED SIGNAL I e
E- _ﬂ NyguHst Sambpling | s 4 . P N >t
o f » _ Anti-aliasing 1 ts 2ts 3fs fs
° [=H Y sample
"U 1 | freq
c
< i1 {2
I$ TEXAS
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Filter Types

Lowpass, Highpass, Bandpass, and Bandstop Filters

A lowpass filter the bandwidth is equal to DC to f,

A highpass filter has a single stop-band DC to f,, and pass-band f >f

A bandpass filter has one pass-band, between two cutoff frequencies f, and
f,>f,, and two stop-bands O<f<f  and f >f, The bandwidth = f -f_

A bandstop (band-reject) filter is one with a stop-band f, <f<f, and two pass-
bands O<f<f and f >f,

Adopted from: Introduction to Filter Theory — by David E. Johnson
16
i3 TExas
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~ilter Types

1-kHz Lowpass filter gain vs. frequency

20—
1 [Cow-Pass Filter
0] o
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~ilter Types

1-kHz highpass filter gain vs. frequency

20— i — T T
1 [High-Pass Filter |
fc cutoff
0]
; frequency _;;HF'/-_
] "
o ] | Stop-band // Pass-band |
= 20 /
£ -20 #
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-40
] J
] e
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Fllter

Types

1-kHz bandpass filter gain vs. frequency

10 4| Band-Pass Filter |
_ ———— fl cutoff fh cutoff
0— | Pass-band| | frequency frequency
. T bandwidth
i | BW = fh-fl
-10 | Stop-band
g \
£ 20 / \
3 § / \ The required level of
30 : // N attenuation is specified
] / _| at the stop-band BW
40 ] Stop-b_and >, \ﬁk‘/
. bandwidth / Ideal brick wall \\.
/ r n |
50 a e ~
100 316 1k 3k 10k
Frequency (Hz)
e e e e e e e e e e e e e e
i3 Texas
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~ilter Types

1-kHz bandstop, or band-reject filter gain vs. frequency

20
| Band-Stop Filter |

“bandwidth

0] | Pass-band | BW = fh-fi Pass-band |
i —
| fl cutoff th cutoff
o -20 frequency frequency
=] -
C —
FB i
-40
-60
Stop-band |
-80 —
100 1k 10k
Frequency (Hz)
i3 TExas
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Filter Order

Gain vs. frequency behavior for different lowpass filter orders

20 — —— T T T TTTTI [ ‘me|
Pass-band Stop-band 3] e
] | T— 1
) ‘ _i, ™~ |
] § T g @ AN
- 8 -6 H\ ‘\\
] S \ R\ \\

20 —] \ -0 F\\ \
o NN ] ! \\\ \
g N 42 !
= ] \\ 250.00 538.61 1.16k 2.50k
© ] \ Frequency (Hz)

-a0 — \ b

. ~40dB/d
] Filter Order \ \ \[ ec]
- . >nd \ [ -80dB/dec \
) 4th AN
——— 6th \ N
. ——— 8th «—f-120dB7dec] | N\
NEEEE -T60dB/dec \ AN
] sl [T | N
-80 T T T T TTT] 1
10 100 1k 10k 100k iMm
Frequency (Hz)
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Filter Order

2nd-order lowpass, highpass and bandpass gain vs. frequency slopes

+1 slope -1 slope
(20dB/dec) o (-20dB/dec)

.-n“"'# / Mo,

ol e,

o

+2 slope -2 slope
(40dB/dec) (-40dB/dec) \
!

100 1k 10k

Frequency (Hz)
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Why Active Filters?

A comparison of a 1kHz passive and active 2"d-order, lowpass filter

[ 1kHz Passive LP |

Source
Impedance

Load
Impedance

RS1 1k L1 225m
VCV1
1 - AN AN

C1 220n

>
r

1

[ 1kHz Active LP |

o

vei ()

C2 47n
| |
L[
R1 2.72k R2 19.8k
ANA ANAc '\
;

C1 10n

i

% +I Vpas
RL1 1k X
1 L

1I0P1

+

Vact

% RL2 1k

Inductor size, weight and cost for low
frequency filters may be prohibitive

Inductor magnetic coupling considerations

Active filter size is small and low in cost

R and C values are easily scaled in active
filters

INSTRUMENTS

20 T T T TIII0 T TTTTTT TTTTTT
R R R
1 [ Gainvs. Frequenc .
R l q v] [Passive and Active |
0] ~\ | reponses are identical |
20 2N
= 9 N
(] N
= i N
£ -40
S i
&)
-60—
E \\\
80; Vact | N\
=] Vpas
T T
4 il
-100 a
10 100 1k 10k 100k iMm
Frequency (Hz)
(o] S=ng TTTT TTTT
T L L I
™\ [ Phase vs. Frequenc
-45
=
s \
L -90
8
=
o
[—— vact |
-135 | ——— vpas |
N
\\\~~~~
-180
10 100 1k 10k 100k iMm
Frequency (Hz)
23
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Popular Active Filter Topologies

Sallen-Key, VCVS
Non-inverting amplifier topology

2nd-order Active filter topologies used by WEBENCH
Active Filter Designer

Infinite Gain, Multiple-Feedback
Inverting amplifier topology

5

Component type for each filter topology

]

Vo

1

INSTRUMENTS

Pass Z1 Z2 Z3 Z4 Z5 Pass Z1 Z2 Z3 Z4 Z5
Low R1 R2 C3 C4 na Low R1 Cc2 R3 R4 C5
High C1 C2 R3 R4 na High C1l R2 C3 C4 R5
Band R1 R2 C3 Cc4 R5
24
i3 Texas



Filter Responses

Response Considerations

« Amplitude vs. frequency
* Phase vs. frequency

» Step and impulse response characteristics

25
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Filter Reponses

Common active lowpass filters - amplitude vs. frequency

Gain (dB)

20 —

-20 ]

-40 —

-60 —]

-80 —
100 1k

{M

Bessel

Butterworth

Chebyshev (2dB)

Gaussian

Linear Phase (0.5deq)

N

N

1] 1kHz, 4th-order low-pass
1| responses, Av = +5V/V

N\

\

Frequency (Hz)

10k

100k
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Filter Reponses

Phase [deg]

Common active lowpass filte

rs — other responses

0 15 |
% \Q\ Phase vs. frequency " O\ Impulse response
\\\\ TTTTT T T -
\\ \ e Bessel = Butterworth
180 \ Butterworth 2 500.0m Chebshev (2dB)
\ ———— Chebyshev (2dB) 3 \ ———— Gaussian
— (Gaussian = | inear phase (0.5deg)
\ | inear phase (0.5deg)
-270 NN 0.0-
\;:k\m \/
M
e Mony
-360 o -500.0m " T
100 1k 10k 100k 0.0 500.0u 1.0m 1.5m 2.0m 2.5m
Frequency (Hz) Time (s)
14003
- Bessel
— Butterworth
1200 — Chebychev 0.5 d&
— Chebychev 1 dB
Group Delay T v to 2
— (Gaussian to & dB
> 800 — Linear Phase 0.05°
% —— Linear Phass 0.5°
O 00
=3
2 400
8]
200-
0_
LI | T 1 il LI |
1e0 121 1e2 1e3 124 1e5 125
Frequency 27
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Specify Filter Requirements

Select
Filter

Program g
Frequencies

\ Filter Type
() Lowpass () Highpass (s) Bandpass

() Bandstop

Specification

Graph

(») Search Filter &) () Specify Filter &)
Gain(A) (») dB () VV 0.00
Center Frequency (fo) 1000 Hz
-3dB Bandwidth (BW3dB) * 100 Hz
* This frequency is used as BWp for Chebyshev calculations. @.
Max Passband Ripple (Rp) @ 1 dB
Stopband Bandwidth (BWs) Hz

Stopband Attenuation (Asb) -45 dB

Additional Specs (Optional) ‘

€O
o]
=
=
@
L}
=

Freguency

Supply Voltage
(=) Dual Supply () Single Supply +-5 | v

Click to
Continue

28
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View / Select Filter Response

FILTER DESIGNER VISUALIZER

Performance
Graphs

(=) Gain (dB) (_) Gain (V/V) (s) Phase (deg) () Phase (Rad) Group Delay (usec) Step Response (V)
20 180 1200 1.2
0 140
20 1000 1
100
40 08
60 800
60 by @
- 80 g 20 3 4 06
5 i > 600 £
100 £ 20 g Eoo0a
120 ¢
) 60 400
40 0.2
100
-160 200 0
80 40
200 80 0 02
0.001Hz 1.000Hz 1.000KHz 0.001Hz 1.000Hz 1.000KHZ 0.001Hz 1.000Hz 1.000KHz 0.00e16  400e3  8.00e3  1.20e2
Frequency Frequency Frequency Time
Solutions
Solutions: (8 found )
Select Filter Response Coler Order No. of Max Q Asb (dB)
Stages
’--m Bessel Red 5 3 0.920 49.26
w Linear Phase 0.05° 4 2 1.070 6.1
Butterworth Blue 4 ? 1.30 55.91
Se | eCt F | | t er Transitional Gaussian to 6dB  Green 4 2 1.320 4759
. . Linear Phase 0.5° Magenta 4 2 1.340 48.78
Ap p ro XI I I l atl O n m Transitional Gaussian to 128 Teal 5 3 1.520 52.56
m 1dB Chebyshev Black 3 2 2.018 A7.84
0.5dB Chebyshev Gray 4 2 2.941 63.99
—

29
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Design Summary: Modify your Design

Optimizer
Dial

My Designs/Proje

Topology and

Component

Specifications

Current
Design and
Design

Notes

e[ e 5[ = |3

| Portugués | Deutsch  Welcome bonn!

Share

or Copy

Design

Back  MNew Visualizer Sim Sim Expor Print Share Design
FILTER DESIGNER DESIGN SUMMARY
WEBENCH® Optimizer Schematic
Stage: 1 Stage: 2
Lowest f @ Second Order Topology: Sallenkey | v | Gain: 1 VIV Second Order Topology: Sallen Key | v | Gain: 1 VIV
’ Cutoff Frequency 1 KHz a 0540 Cutoff Frequency 1 KHz a 1310
Smallest
malest - ®, Sensitivity Min OpAmp GBWF 54 KHz Min OpAmp GEWF 131 KHz
S — B T
OpAmp c2 c2
LMCE572BIM /  ESTRTTTIE It I}
o, T | |
Dual device 12.000nF 82.000nF
Dual Supply: +/-5V 26 000V 26 000V
Filter Topology Specification Vee Vee
Topology: Sallen Kev \ v
CapSeedValue 1e8
Res Tolerance: | E96(1%) |+
= R P R e
Cap Tolerance |_E24(5%) |~ 16.900KOhm o1 7.870KOhm o1
10.000nF Al 10.000nF A1
— 12 400KOhm 50000V - 4220KOhm 50,000V -
Current Design: #4795
FiterType| Lowpass = LMC8572B M = LMCB8572BIM
FilterOrder 4 220.000mWHz 220.000mMHz
Gain| 1.0VN A A
StopbandAttenuation -45.0 dB Vee Vee
DualSupply +-5.0V
PassbandFrequency 10000 Hz
StopbandfFrequency 5000.0 Hz
Bill of Materials Bill of Materials
Name: Lowpass, Sallen Key, Part a | Manuf Part Number \ Price| Value| Footprin] Top Vi Edit Part & | Manufacturer | Part Number Plice‘ Vlue| Footprin" TopVi<‘ Edit
Notes: M| Texas LMCE5726IM (Dual d... $O5S MR| WA L LMCE5728IM (Dual ... bopod Ml Ml
Instruments Per Channel:$0.28
€1 | emet CO603C103J5RACTU | IO | CERI) c o Kemet CO603C103J5RACTU $001 100001 45800000 =
m €2 | A 06033C123JAT2A $0.06 12.000n 46800001 = 2 AV 12063A822JAT2A $0.14 82.0001 10920000 [ elect Alternate Part
R1 | visnay-Dale CRCW040212KAFKED i Ri  Vishay-Dale CRCW04024K22FKED $0.01 4220k 30mm* -
tnnal sz 00020 mms -

Afichaw Dala
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Electrical Simulation Closed Loop Frequency Response,

Sine Wave Response,
Step Response

| BAS | @fkrh | 33 | 5130 | Pycckmii fskik | Portugués | Deutsch

7 m [ ]
=) 9 N\l @ || *
Back New  Visualizer Schematic Sim Export Print  Share Design
/ FILTER DESIGNER SIMULATION

Simulation List Summary ‘Z

Step 1 Sglect Simul Mo Tyns

Click to Run Sim Select Sim Type

My DesignsiPro, >cts

Welcome jefi.perry@ti.com +|

5455 | Sim Types

Step 2 Interactive Waveform Streaming Waveforms
I Sine Wave Response

TR TR Ready. Zoom-in: Click and drag dovnvard: Zeem-cut: Click and drag u
p—— 0.6 @ FIT Iih(lstep Response ]
ot

20

100

vest

I- I-
L

a
-20 100
%)
@
o o
i) =40 % -200
< =
srane e <
VOut_ITAGE_1 VOut
m_az E 60 .. -300
@ E
£ 7]
i oy 8 w @ 400
[u]
=
o
-100 -500
Design Version : I Show Latest Design Version | Past simulation simId=4 I 120 -600
Active eSim Past Simulations
el 1e3 1e5 1e?
simld= 4 Closed Loop Freq Response : 2014-11-06 23:18 Status = Success gain a2 Ted 1e6 1e8  phase
[ Messages | | eSim Report | [ Download .cir file Frequency (Hz)

STAGE 1 ALL
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Hands-on Exercise

Design Problem:

Goals:

Design a low pass filter with fast falling after
the cut-off frequency.

Filter

Low pass

Gain =20 VIV

-3db = 5000 Hz

Stop band frequency = 25000
Hz

Stop band attenuation = - 45 dB
Chebyshev —
allowable ripple <= 0.5 dB

Optimize the amplifier bandwidths to be as

low as possible.

13 TEXAS
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Filter Designer Landing Page
(http://ti.com/filterdesigner )

Wip TEXAS INSTRUMENTS ~ fenmine - Search

Products Applications & designs Tools & software Support & training Sample & buy About TI

Tl Home » WEBENCH= Design Center » WEBENCH®= Filter Designer

WEBENCH?® Filter Designer

Active Filter Designs Within Minutes!

WEBENCH® Filter Designer -, — = |

Rapidly Design Active Filters 5 > i
to Meet Your Specifications

—-_— =

Active filters are vital in medern electronics; every data acquisition system needs them for bandwidth limiting signals
before analog-to-digital converters as anti-aliasing filters, or after digital-to-analog converters as anti-imaging filters.
Instrumentation relies on them for accurate signal measurements. Active filters are used for cutoff frequencies that
range from sub-1Hz to 10MHz, where passive filter designs would require prohibitively large component values and
sizes. Their design and verification can be tedious and time-consuming.

The WEBEMNCH Filter Designer lets you design, optimize, and simulate complete multi-stage active filter solutions withi
minutes., Create optimized filter designs using a selection of Tl operational amplifiers and passive components from
Tl's vendor partners.

SELECT from low-pass, high-pass, band-pass, and band-stop filter types. Specify performance constraints for
attenuation, group delay, and step response. Choose from a variety of filter responses such as Chebyshev,
Butterworth, Bessel, transitional Gaussian to 8dB, transitional Gaussian to 12dB, linear phase 0.05°, linear phase
0.005°. Determine the filter response best suited for vour design bv ootimizine for oulse resoonse. settling time. lowest

WEBENCH= Designer Myvesigns

Filters Interface § Reference

Filter Type

[C] Lowpass
Highpass
Bandpass
Bandstop

Start Design

€ weBENCH Help Page

Start Design

33
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Optimizer Knob

Use knob to
optimize

WEBENCHE Optimizer

Lowest BOM Cost

Best
Best Pul
F‘.:s cuun:: Stopband
F Attenuation

d |

Group Delay Filter Order Attenuation
(10.258] [ 4 ][ -59.99 |

1 - Best Pulse Response @
2 - Lowest Settling Time

3 - Default Setting - Lowest Cost

4 - Lowest passband ripple

5 - Best Stopband Attenuation

35
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Modify Constraints

Change Inputs

Filter Type: Lowpass

Attenuation

Cutoff Frequency(fc):

Gain{Ao): 1.00 W

\») Search Filter Response

| Pick Filter Responj

Stopband

Stopband Attenuation{Ash):

Stopband Frequency(fs):

400000

H3

Supply Voltage

(») Dual Supply () Single Supply

Supply Voltage: +5 | v

Change inputs
and click
“Recalculate”

36
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Refine Results

Refine Results
Filter Order: 4 T
(==) /& ——— n
Max : 1.13 244
{}‘:} '&I‘ 1 1 1 1 1 1 1 1 1
Attenuation: -69.69dB -59.99dB
{‘==} 1 1 1 1 1 1 1 1 1 ‘Ij‘
Passhand Ripple: 0dB 0.56dB
{}‘:} é‘ 1 1 1 1 1 1 1 1 1
GroupDelay: 5.795u%ec 10.258u%ec "
» o0 1 0 o ¢ 5 1 o0 ¢ Use sliders to
(<=) i, refine results
SettlingTime: 14.4uSec H2.8uSec
{{=} 1 1 1 1 1 1 1 1 1 ‘i
Step Response 0.42% 12.92%
Ul'le.rshmt: {"::} 1 1 1 1 1 1 1 1 1 ‘Ii

37
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View/Optimize Filter

Opt

Response Solutions

FIL IEM ARULAIIEG | VISUALILER

Chart

Filter

mization Response
Solutions

WEBENCH® Optimizer

Change Inputs

Refine Results

Best Puise /-
Response

1 - Best Pulse Response
2 - Lowest Settling Time

4 - Lowest passband ripple

Lowest BOM Cost

3 - Default Setting - Lowest Cost

Filter Type: Lowpass

Attenuation
Best Cutoff Frequencyfc): 80000 Hz
Stopband '
Attenuation || SOPDAN Attenuation(Asb): 60 B
Stopband Frequency(fs): 400000 Hz
Gain(Ao): 1.00 4 0.00 ae

(] Enter Flatness Specs
[] Enter Group Delay Specs

[] Enter Step Response Specs

Filter Order: 4

<9 A& — Al

Max Q: 1.13

Gl l0o0000003

Attenuation: -69.69d8

) —

Passband Ripple: 0dB

Py
10.258uSec
52.8uSec

GroupDelay: 5.795uSec
(=)
SettlingTime: 14.4uSec
(==)

Step Response 0.42%

———————\

T et 0 v 0 v

7
244
-59.99d8

0.56dB

12.92%

j _Best Stopband Attenuation

van arting Solutons. Thars,
X Axis: Y Axis: Bubble Size: Folutions: (7 found ) | | View Phase(Rad) Chart ] View Gain{V/V/) Chart
[ Group Del \ A I Attenuatic \ v I Filter Ord¢ \ v ] Select Filter Response Color | Order | MaxQ | Att(dB) | Passband| Group Group Settling Step
=9 Ripple Delay Delay Time | Respons Gain (dB) Phase (deg)
- ° (dB) (usec) Flatness (usec) | Oversh 100 380
T (usec) (0]
o B/ \ 0 300
( ) Chebyshev 4 2435  59.99 0.499 10258 5419 52500 1292 100 o
25 Butterworth Red 5 1.62 69.69 32664 6895 0.457 41200 1207 £ 200 ? 150
£ N B H
(QJ Gaussian_6d8 Green 5 2.26 63.56 0.569 5.852 0168 20999 178 300 120
N
54
§ A Linear_Phase 005  Purple 3 169 53.27 0.456 5795 0.027 16700 042 00 60
£ \
g5
H . / Linear_Phase_05 Black 6 22 66.29 0327 6.068 0.249 22398 1.05 500 o
56 = 1 0.001Hz 10Hz 100KHz 1GHz 0001Hz 10Kz 100KHz 1GHz
Gaussian_12d8 Blue 3 244 64.95 0.367 5.386 0148 21.899 084 Frequency Frequency
7
Bessel Magenta | 7 143 5137 0.467 5.369 2.7e-5 14.400 049 eSS Step Response (V)
8
12 12
9 \
) 1
70 = 3 x 0.8
Performance ;
& 7 8 9 10 1 g g o0a
¢ 4 ®
Group Delay 0.2
Graphs 2 :
P n
QO Group Delay vs. Attenuation vs. Filter Order
0.001Hz 1Hz 1KHz 1MHz 1GHZ 0.00216 B.00e5 15024
Click and drag to zoom Frequency Time
Site Map | About"Cookies™ | See OurDisclaimer | Privacy/Security Statement | ContactUs/Feadback | RSSFeed | DRE TETME B CONGNONS OTUZE | DUDSCIIDE 5 OUF NEWSIEHEr
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Optimization Graph

Advanced Charting
X Axis: Y Axis: Bubble Sire:

. Group Del | - I Attenuatic | - Filter Orde | -
Modity [croun ool I |
(=]

AXiS \ Attenuation
Parameters N

Filter Order - 1|
PassbandRip... \__/
Max: J/_-— N
i u
g 54
g
56 o
-58
-60 O

400 500 600 Foo 200 900
Group Delay

) Group Delay vs. Attenuation ws. Filter Order

Reset Plot Click and drag to zoom
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Charts

Charts

[] View Phase(Rad) Chart

] view Gain{V/V) Chart

Gain (dB) Phase (deg)
100 360
o 300
-100 240
P 2
& _2p0 B 480
E
m
-300 120
-400 B0
-500 0
0.001Hz 410Hz 100KHz 1GH=z 0.001Hz 10Hz 100KHz 1GH=z
Frequency Frequency
Group Delay (usec) Step Response (W)
12 1.2
10 1 Y
? a E‘ 0.8
5 5 =1 0.6
- E 04
g a ®
0.2
2 o
a -0.2
0.001Hz 1Hz 1KHz 1MHz 1GHz 0.00e-16 8.00e-5 -1.60e-4
Frequency Time

Site Terms & Conditicns of Use

Subscribe to ocur newsletter
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Select a Filter Response

Solutions: (7 found )

Filter Response Att (dB)

Passband
Ripple
(dB)

Click "Select’ to start
design with the filter
response and order in
that row

41
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Design Summary: Filter Topology Configuration
Filter Stage Filter Stage

Update
per stage

My Designs/Projects

Schematic

BOM

| HASE | EiFPx | mE@hr

«|c FN e B

| 8ER 0] | Pycckuit Azuik | Portugués | De’ isch

Weicome khang.nguyen@ti.com

Back  New Visualizer Sim Print  Share Design
FILTER DESIGNER DESIGN SUMMARY =
WEBENCH® Optimizer scnemgflic y 4 [-]
stage: 1 Stage: 2
Lowest
o eest @ Second Order Topology: Salenkey | v ] Gain [1 Second Order Topgfbay: Sallen Key Gain: [4
Cutoff Frequency:  940HZ o 059 cutorr Frgffiency:  1.665 KHz a 132
Smallest Sensitivity
Footprint Win OpAMp GBWP:  55.460 KHZ nin Opigffo GBWP:  219.780 Khz
=] =] [“pdate | [“Upaate |
Op-Amp
Dual Supply: +-5V/
Filter Topology Specification
Topology: sallen Key |~
CapSeedValue: 1ee
Res Tolerance: | E192(0.5%) |+ g
Cap Tolerance: E6(20%) | ¥ 17.8 KOhm 5.62 KOhm
10.6 KOhm IEUDV 162 KOhm
Tweak Design —
zesponse: [ Transitional Gaussian o 608 | =
order:
Bill of Materials Bill of Materials
Current Design: #9583
Part « Part Number |_price] value] rootprint] Top vie| Edit Part + | Manufacturer | Part Number |_price] vaie] Footprint] Top vie] E
Name: Lowpass, Sallen Key, Gaussian to 6 dB
a1 Texas OPA1T7GP $1.00 WA WA a1 Texas OPA177GP $100 WA WA
Notes: Instruments instruments
= MuRata GRM216R71H103KAOID ~ $0.01) 10.00nF  13.0 a c1 MuRata GRM216R71H103KA01D 5001 10.000F 130 =
= Taa B e e I e B c2 | MuRata GRMZ1BR7TIE104KAQIL| 5001 0A0uF 430 | o
- P v [ ——— ) Ty R R P E v P —— R =) P B p
Your Compiete Design R vismayDsle | CROWOsoSITKSFKEA | 8001 1780kG 130 m Re  visheyDale | CROWOBOSSKeZFKEA | 001 Seza 130 @
Product Folder View My Orders
[ ]
-7 share this desian
[} Copy this Design
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Update Gain/Topology per stage

Click to
update\
Stage: 1
Second Order Topologh [ Sallen Key |v] Gain: 1
Cutoff Frequency: 2 059

Min OpAmp GBWF:  55.46

43
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Filter Stage Schematic:
View Component Values

Hover over

component to
view its properties

R2
VAVAV
R1 576 Ohm
VAVAV.
174 Ohm

C1
— .00 nF
5000 |

'\.\ Cap 33.0 nF

PartMumber GRMO33RE60J333KEND
Manufacture MuRata

VDT .30V
Budget_Price 50.01

Click to edit this component
OTNRZ

Vee

13 TEXAS
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Filter Stage: Bill of Materials

Select
Alternate Part

~.

Part a | Manufacturer Part Humber Price| Walue Fo-otpn'\nt‘ Edit

Al Texas OPAZ2TAID §4.50 NIA NIA e
Instrument

c1 Yageo America  CCOS05KRX7TROBB102 $0.01  1.00nF 130 | Select Alternate Part I

C2 Yageo America | CCO205KRXTROBB2232 §0.01 2.20nF 13.0 Select Alternate Part

R1 Vishay-Dale CRCVWVO2051K13FKEA 50.01 1.13KD 13.0 Select Alternate Part

R2 Vizhay-Dale CRCWODED53K24AFKEA $0.04 | 3.24K0 13.0 Select Alternate Part

45
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Select Alternate Part

Select Alternate Part

/

FILTER ARCHITECT ALTERNATE PARTS

Alternate Parts - Charts

/

Summary information for selected Component C1:

Filter by Manufacturer. SelectAl  |¥ Manuf Part Number / Cap ESR vDC Price Qty Avail Foot Print
Update X Axis Update Y Axis / ® L) v
cap | '} [ Footprint (mm2) ‘ . ] [: Yageo America CCO805KRX7ROBB10 in ] 50 50.01 >10 13
40
LIMITS ‘ / c
36 Upperbound 1.4n
Lowerbound 900p
32
Target in
E / Select an alternate part for Component C1:
g ” Edit Maj Part Number Cap ESR vDC Price Qty Avail Foot Print Height Power Dit
H G} {Ohm) W)
g 20 O I Yageo America CCOB05KRXTROBE102 n [ 50 $0.01 =10 13 24 0
T uRata GRM216R71E102KA01D in o $0.01 o 13 21 0
. o080 MuRata GRM1555C1H102JA01D in o so01 >0 8 045 0
.8 o] MuRata GRMO33R7T1C102KA01D in ] 16 $0.01 0 [} 0.3 0
8 ol /
Kemet C0B03C102J5GACTU n 1] $0.01 =10 10 045 ]
4 Kemet C0603C102J5RACTU in o $0.01 >10 10 045 0
0 MuRata GRM1885CTH102JA01D n 0 $0.01 =10 10 045 0
0 2e10 410 Ge10 8e10 fed 12ed MuRata GRM188RT2A102KAOTD n 0 100 $0.01 =10 10 0.45 0
Cap
MuRata GRM155R60J102KA01D in 0 6.3 $0.01 0 ] 045 0
Alternate parts displayed= 66
MuRata GRM155R61A102KA01D in o 10 $0.01 o 8 045 0
Reset All Cancel
. [ ] [v Cancel Reset All
46
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Design Summary: Modify your Design
L= Lo BNy | L3

My Designs/Proje

Optimizer
Dial

| Portugués | Deutsch

Welcome bonn

Back  New \Visualizer Sim Sim Expor Print Share Design
FILTER DESIGNER DESIGN SUMMARY =
WEBENCH® Optimizer Schematic -
Stage: 1 Stage: 2
Lowest f @ Second Order Topology: Sallenkey | v | Gain: 1 VIV Second Order Topology: Sallen Key | v | Gain: 1 VIV
’ Cutoff Frequency: 1 KHz Q0540 Cutoff Frequency: 1 KHz a 1310
Smallest
malest - ®, Sensitivity Min OpAmp GBWF 54 KHz Min OpAmp GEWF 131 KHz
Topology and
c . - — v B IS
. p . OpAmp c2 c2
Specifications P — I I
o, T I I
Dual device 12.000nF 82.000nF
Dual Supply: +/.5 25,000V 25,000V
Filter Topology Specification Vee Vee
CapSeedValue 108
Tweak Res Tolerance: :
- R1 + R1 +
Cap Tolerance 16.900KOhm 1 7.870KOhm c1
Desi g n 10.000nF Al 10.000nF A1
— 12 400KOhm 50,000V - 4.220K0hm 50,000V —
Current Design: #4795
FitterType | Lowpass = LMC8572B M — LMCB8572BIM
Current FitarGrder 4 220.000mMHz 220.000mMHz
Gain 1.0 VWV —t —_—
Des I n an d StopbandAttenuation -45.0 dB Vee Vee
g DualSupply +-5.0V
. PassbandFrequency 1000.0 Hz
Des | g n StopbandFrequency 50000 Hz
Bill of Materials Bill of Materials
N 0 t es Name: Lowpass, Sallen Key, Part a | Manuf Part Number \ Price| Value| Footprin] Top Vi Edit Part & | Manufacturer | Part Number Plice‘ Vlue| Footprin" Top w‘ Edit
Notes: M| Texas LMCE5726IM (Dual d... $O5S MR| WA L LMCE5728IM (Dual ... bopod Ml Ml
Instruments Per Channel:$0.28
S h ar e 1 Kemet CO603C103J5RACTU $0.01 10.000n 46800000 = e e TR TR $0.01 10.000m 45800000 =
m © X UB033CIZ3IATZA $0.06] 12.000n] 46800001 - c2 AVX 12063A822JAT2A $0.414 82000n 10920000 m = |RELRlCaZ
C R1 | visnay-Dale CRCW040212KAFKED i Ri  Vishay-Dale CRCW04024K22FKED $0.01 4220k 30mm* -
O r O py Your Complete n €01 18000k 20 mme = =

Afichaw Dala

Design
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Optimization Knob

WEEBENCH®E® Optimizer

Lowest
BOM Cost

Use knob to

Smallest optimize -
Footprint the _dESign
C WEBENCHE Optimizer Help WI" bE
Philosophy of the WEBENCH Optimizer Dial i up{lﬂtﬂ{l
1 - Smallest Footprint: If gain = 1, select Sallen-Key with R tolerance at E96 and C f%

|tolerance at EG; if G # 1, select MFB with same tolerances.

j 2 - Lowest Cost: If gain = 1, select Sallen-Key with R and C tolerances at EG (20%); if G
# 1, select MFB with EG tolerances.
3 - Balanced Solution: Select MFB with R tolerance at E96, C tolerance at EG.

|4 - Best Accuracy: Select Sallen-Key with R and C tolerances at E96.
5 - Lowest Sensitivity: Select MFB with R and C tolerances at E96.

i -
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Filter Topology Specification

: Select

Op L Alternative

Cap seed ——————————— Amplifier
g_nd LM318NMWC ﬁ‘u‘ Select Alternate  Lggll

tolerances Double Supply: +/-5V
\ Filter Topology Specification

: [ Sallen Key | » ]&_
CapSeed : 1e-8 \

Select Topology
E192(0.5%) |+« ] for all stages

EapTDIerﬂnce:| EG(20%) |~r|

Res Tolerance:

o
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Tweak Design

Tweak Design 1

Filter Response: [ Chebyshey | -]

Filter Order:

Click to update
design with new
response and order

50
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Notate and Share

Current Design: #926

Hame: Lowpass, Sallen Key, Chebyshev 0.2 dB

Hotes:

Save Name & Notes E m

Your Complete Design

Product Folder View My Orders

L . .
ﬂ Share this design

D—:‘] Copy this Design

1)

Design ID

/Share Design

51
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Electrical Simulation

My Designs/Projects

| &S | BfFPX | BEPR | 330 | Pycckmi A3bik | Portugués | Deutsch

Welcome khang.nguyen@ticom + ()

FILTER DESIGNER DESIGN SUMMARY

H®
Lowest
BOM Cost @
Smallest
Footprit B—

Op-Amp

oparrTee /\ JETEEYTES

Dual Supply: +-5V

Filter Topology

Topology: Sallenkey | v
CapSeedValue: 1e8

Res Tolerance: | E192(0.5%) |
‘

Cap Tolerance:

Tweak Design

Response: | Transitional Gaussian to 6B | v

Order:
Eoo—

Current Design: #9583

10.5 KOhm

Stage: 1
Second Order Topology. Sallen Key Gain: [1
Cutoff Frequency:  940Hz a 059
Min OpAmp GBWP:  55.460 KHZ

B [

c2
1|

0.015 uF

17.8 KOhm

Bill of Materials

Second Order Topology.

Cutoff Frequency:  1.665 KHz

Min OpAmp GBWP:  219.780 KHZ

B

5.62 KOhm

1.62 KOhm

Bill of Materials

Part » Part Number ‘ Pnce‘ Vame‘ Footpnml Toleel Edit Part | Manufacturer | Part Number ‘ Pnce‘ Value‘ Footpnml Top\he‘ |
Name: Lowpass, Sallen Key, Gaussian to 6 dB
A Texas OPA1776R $1.00 WA HA ey At Texas 0PA177GR $100 WA HA
MNotes: Instruments Instruments
c1 MuRata GRM216R71H103KA01D  S0.01 10.00nF 3.0 - c1 MuRata GRMZ16R71H103KAQID  S0.01 10.00nF 3.0 =
B m c2 Yageo America | CCO805KRX7R9BB153 $0.01 15.00nF  13.0 = c2 MuRata GRM21BRTAE104KADIL  S0.01 0.40uF 3.0 =
R1 Vishay-Dale CRCWOB0510KSFKEA $0.01 10.50KC 130 o Select Alternate Part R1 Vishay-Dale CRCW0B051K62FKEA $0.01 16260 130 o
Your Compiete Design R2 Vishay-Dale CRCWO80517KEFKEA 5001 1780KE 3.0 = R2 Vishay-Dale CRCWO8055K62FKEA 5001 5EKQ 130 =

Product Folder View My Orders

[ ]
Share this design

[T} Cony this Design

——— Click to Simulate
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Electrical Simulation
Click to Run Sim

My DesignsiPro, >cts

Select Sim Type

| BAS | @fkrh | 33 | 510 | Pycckmii fskik | Portugués | Deutsch

= o\ e | 3

Closed Loop Frequency Response,

Response

W Hew

Visualizer Schematic

Sim Export Print  Share Design

FILTER DESIGNER SIMULATION

Sine Wave Response, Step

Welcome jefi.perry@ti.com +|

5455 | Sim Types
Step 1 Sglect Simuls

Step 2

Simulation

List Summary ‘ Z

I Sine Wave Response

— 0.6 @ FIT Iih(lstep Response ]
vas

vest

I- I-
L

out_tTAE 1

m_nz

b

Design Version : I Show Latest Design Version | Past simulation simId=4

Active eSim Past

Simulations

Start New Simulation |

simld= 4 Closed Loop Freq Response : 2014-11-06 23:18 Status = Success

| Messages H

eSim Report

| [ Download .cir file

STAGE 1 ALL

i

comssEN
‘500000

Interactive Waveform Streaming Waveforms

Waveform Controls | Resdy. Zeomein: Click and drag dovmviard; Zoom-out:

Click and drag u

20 100
[ 1)
-20 . -1oo
)
@
— o
D a0 o 200
= (1)
< pot
e <
g 60 . -0
= E
£ o
@ .80 @ 400
o 8
=
o
-100 -500
-120 -600
-140 -700
1e1 1e3 1e5 1e7
gain 1e2 1ed 1e6 1e8 phase

Frequency (Hz)
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Electrical Simulation

Waveform List

Simulation Results

FILTER DESIGNER SIMULATION

5455 | Sim Ty|
Step 1 Select

Step 2 Stz

a—— 0

es | Simulation List ‘ Summary

imulation Type

[ Closed Loop Freq Respoi |+ ]

7t New Simulation

S ] [miShcse incy | EOTT | | |

Interactive Waveform Strea

Waveform Controls Ready. Zeomn-

20

Design Version

Active eSim

Show Latest Design Version

Past Simulations

Start New Si

simld= 4 Clos

nulation

STAGE 1

Download .cir file

Past simulation simId=4

4 (dB)

oPpssE?

Gain sim:

)
500000057

-100

-120

140
1el 1e3
gain 1e2 1ed

aveforms

\ Click and drag dovnvard; Zeem-sut: Click and drag

100

-100

-200

4 (degrees)

-400

Phase sim:

-600

-700
1e5 1e?
1e6 1e8 phase

Frequency (Hz)
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Electrical Simulation

FILTER DESIGNER SIMU

LATION

5455| Sim Types | Simulation List ‘ Summary

Step 1 Select Simulation Type

[ Closed Loop Freg Respo | ']

sh—— 06

[ Fm | [ show pins | |

Review Past Simulations

Interactive Waveform

Waveform Controls | =eady. Zoom-in: Click and drag downvard: Zoom-out: Click and drag

Streaming Waveforms

20 100
vaat et
I I o :
=20 . -10o
ca_st %)
[o]
—~ o
D 40 o -200
ves_81 Voo_s2 — @
\-r =
- RZ_#1 rond R2_32 voul . <
7] e ¥ + ] i + E ©0 L 300
pest AM_$1, A_52 W ‘g
+ vitgn P - = 7]
Py NZ OPAGSENZY
&) o] 50000042] 3 -80 g =400
) = 4 vis_sz _‘cﬂ
L o
-100 -500
Design Version : s test Design Version | Past simulation simId=4 120 -600
Active eSim Past Simulations
Closed Loop Freq Response Simulation Quantity : 4 -140 =700
1el 1e3 1e5 1e7?
simId v | Start Time ‘ Status gain 1e2 1ed 1e6 168  phase
Success Frequency (Hz)
3 2014-11-06 23:17 Success
2| 2014-11-06 23:15 Success
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