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Meil P. Albaugh TI- Tucson 6 July 2005
Edited by John Bishop 24 January 2007
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7. WEBENCH?® Designer Tools [/ Fl
WEBENCH® Designer Tools &7 :

o Power (single supply)

. LED (enter LED)

. Sensor AFE & Sensor Interface
) Active Filters | Amplifiers

. EasyPLL

. All WEBENCH Tools
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7.1.1 3\ “WEBENCH® Power Designer”
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FER 7.1.1 FroRxiEES, Al DUES SRR Power, FPGA/nP, Sensors, LED. Kl 7.1.1
FrmiE B2 “Power”.

7£ “Power” Wit XHEHEAF, A LLHE  “Power Architect (HLJEZ5#))” Fi1 “Start Design”
FEl, JFaa H I LR R

WEBENCH® Designer  MyDesigns
I

Power FPGA/MP Sensors LED

Enter your power supply requirements:
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Vout lout
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Power Architect Start Design

€ weBENCH Help Page

K711  “Power” ¥itWHEHE
7.1.2 A “WEBENCH® Help Information” #545%5 B

2o
G o

7.1.3 FEA T


http://www.ti.com/ww/en/analog/webench/power.shtml
http://www.ti.com/ww/en/analog/webench/led.shtml
http://www.ti.com/ww/en/analog/webench/sensors/index.shtml
http://www.ti.com/ww/en/analog/webench/webench_filters.shtml
http://www.ti.com/ww/en/analog/webench/amplifiers.shtml
http://www.ti.com/ww/en/analog/webench/easypll.shtml
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VinMin = 14V Vout=3.3V
VinMax =22V L1 lout=2A
Choot

VIN BOOT —ll YN

J D1
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EN
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Io=3A, VRRM=40V
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7.2.1 HENALRGS EER BT
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JESWAL (3 3 I =


http://www.ti.com/ww/en/analog/webench/sensors/index.shtml

WEBENCH® Designer  Mybesigns
|

Power FPGAJUP Sensors LED

Sensors SensorAFE

(&) Pressure (ORTD
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ﬁ} TEXAS INSTRUMENTS . faladibed
WEBENCH® Sensor Design ( Search For. @
WEBENCHEFEN{E R B i T H |
MyDesigns BWEIHEE Version 0.18.12
BERERSETACHEDERS, BI5Afk: SEAMfcIEFIUEEANEL. EUEESSEARRRERSIEEM— AR, TheN et
T DEEEsEREATSESHSE.

FERFRE: (> show Al N, I-] ERADERE
S | [ showLoadcells | st=to+ EEEHE> =1
PHETS HEE FRpsi 2ESH BELE E¥%E RELE IFRE Izag BRE BEAEBATE. #XE

{#-mV) (%) {25°C}) H-mV) BEm BE- (+-% B
%) ms)
13C5000PA4K Honeywell Sensing z 5000 150.00 13 012 0.00 2 0.50 0612 I:I
13C1000PA4K Honeywell Sensing 2 1000 100.00 2 0.2 0.00 2 050 0718
19C300PG4K Honeywell Sensing = 300 100.00 2 042 0.00 2 050 0716| PHRT  13C5000PALK
19C200PALK Honeywell Sensing 2 200 100.00 2 0.12 0.00 2 050 0716~ #2W  Honeywell Sensing and Control
15C200PALK Honeywell Sensing z 200 100.00 2 042 0.00 2 0.50 0.716 e EmErD
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BEAE 13%
19C100PG4K Honeywell Sensing 2 100 100.00 2 0.12 0.00 2 050 0718 fa=psc)  0115%
26PCFFS2G Honeywell Sensing = 100 100.00 2 0.60 0.00 15 050 1.289 RELEE  ow2mv
19C050PALK Honeywell Sensing 2 50 100.00 2 042 0.00 2 0.50 0716 EFEHHEE  05my
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SAEK 26 kOhms
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19C030PG4K Honeywell Sensing 2 30 100.00 2 042 0.00 2 050 0718 W%Rg 0 Ohms
19C030PASK Honeywell Sensing 2 30 100.00 2 042 0.00 2 050 0718 HBE 0.0 mVipsi
24PCCFA2G Honeywell Sensing 15 225.00 &0 0.40 0.00 20 5.00 5.036 HomlCosmocRlodelsans ok Enge QU CIM 250

WAFEE. Ise 0400 mA
18CO15PGAK Honeywell Sensing z 15 100.00 2 012 0.00 2 0.50 0718
EEER. Vb 10V
19CO15PALK Honeywell Sensing 2 15 100.00 2 042 0.00 2 os0 0T | R R s
26PCCFIEG Honeywell Sensing = 15 100.00 3 045 0.00 15 075 1.007| | EHE  voltage
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Ehf SR EitTA THE8il. i =% J:1] R Segia
Design # 11 IR AgpagapchaE R EsReREny | BhiERErs g
B | AEBRADCHIMERT | a8y keme 20auv & s
EBBHRERAS snus ez '
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LLEN HEER %9
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- SEGEESENERNZSR PEEFASREARREE
© (BE. FEEEZESEESS .
EdERESERTE ADC Configuration (s Single-Ended (_) Differen
Error at Ta=25°C EHRESE HEEE TS, BvEM
EESE - 0.11% FBRBOMSTEEES) HROE, BREGEN
::- 3 0.11% rHES 13CE000PALK. BEBRA(1000BAES) = USs6.19 > GRS
Error Over Temp., +/-30°C H2E Honeywell Sensing and Control oy P Py ’. e R
SR (L5 EHES 13mm Series Board Inst Amp single Ende: 5P1202501RE- o g
I 0.11% "= Bridge sensor
c1 62 pF GRM1885C1HE "
o #EH. X 5000 to 0 psi 1 »» FTEMRE
Bitwi. cz2 62 pF GRM1885C1HE
$/E. 25°C 0.115% e A
‘SensorDesigner: cst 330 pF C1005C0G1H3!
Bridge2ADC_VoltDrive_SingleEnded with eESH 450 m\ >> Buildit! Z4
Pressure sensor, voltage drive, differential e 10V RA1 10000 ohms RG1603P-103-£
sensor output RAZ 10000 ohms RG1608P-103£ == FEER
RB1 20000 ohms RG1608P-203-¢
FER & Internet v R0 v
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13C5000PA4K/ VT EXTaR(RARE S fRaRE. %X Analagrie-
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T AATH FABOSHSTIEEFUSEERENSPIRIBHAA. RBOSE
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X| =aEEOM

st SRCAERARAS. WEHFEASIEARCENE SRR Refarences
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EEEERS.

Error at Ta=25°C

rrorat fa View/Print Design Report Get Amplifier SPICE Model o Tamparature
(3 L 0.11% Mperal
IR 0.11% = Desion Report LMP2022 SPICE model | [ LMP2021 SPICE model |
Error Over Temp., +-30°C BN
(3 T 0.83%
— P, 2SI HEDAC HTADCES. FFAERT/EOLABIRLENSIE" - Nationa| Edgel 200628 5)

. BHHM2. SEERFTHSHAL. FHBEETEEFHEL" - Signal Path Designer H102%

SensorDesigner: BHBM3. SHEHECHFES. SH SHECHAVESLLBES - SELH AN-1261

Bridge2ADC_VoltDrive_SingleEndad with

Prassure sansor, voltage drive, differantial B4 T BEE. RREETR - & 1515

sensor output

HIH15: TRESXFEEWEBENCHE H BEIRHTASHRISE. SF'NEHEBEIESTHEERIH"- Sensors Magazine

Design Tip B: Learn more about tradeoffs and benefits of basic amplifier configurations
used for preparing small analog signals for digital conversion
See "Designing Precision Analog Front Ends", from EETimes
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SINGLEENDED
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J_THSC'? uon N2 i U1A sewsed “rar WS, ZMD

J28 LUZE U sossered from WS, GHD
{sma Opeading Values)

IEHFHESR RERE

13C3000PA4K Honeywell Sensing and Control SERD current source
®AEHE 25 k2 ADC 3 A Single-Ended
anEHE 4.3 kid aEHFES 01 %

A7 EB. Ise 04 mh HEETF 000 Hz
===k 130 mY BEACE2SET 401V
EZFZR2RNET  differential Vee 3 v
SE%EE 0 my =HTam@=ExE 0 +- degC
=28, 25°C 0113 % FREF. Ta 3 degC

EFESEE 0.33333333333333337 %
EFRITE 0.3 %4



#i# Texas INSTRUMENTS WEBENCH® {58881t T A
EHERBHRASIADC BT 2y 2-

HEBE(BOM)
a5 EE EERT HE®
Board Inst Amp single Ended wf Volta| SP1202501RB-FCB Texas Instruments
C1 61 pF GRMABESCAHEZ0JAMD | MuRata
c2 &2 pF GRMA883CIHENJAMD MuRata
C51 330 pF CAMSCOGIHI TOK
RA1 10000 ohms RG1608P-103-B-T3 Susumu Co Ltd
RAZ 10000 ohms RG1808P-103-B-T3 Susumu Co Ltd
RB1 000 ohms RG1608P-203-B-T3 Susumu Co Ltd
RB2 20000 ohms RG1608P-203-B-T3 Susumu Co Ltd
RC1 1000 ohms RG1608P-102-B-T3 Susumu Co Ltd
RC2 1400 ohms RG1608P-141-B-T5 Susumu Co Ltd
RC3 360 ohms RG1608P-361-B-T3 Susumu Co Ltd
RF1 33600 ohms RG1608P-5362-B-T3 Susumu Co Ltd
RF2 53600 ohms RG1608P-5362-B-T3 Susumu Co Ltd
RG1 10000 ohms RG1808P-103-B-T3 Susumu Co Ltd
R51 10.0 ohms RG1608P-470-B-T3 Susumu Co Ltd
Rx1 332004 ohms CHMF30332K00FHEB Vishay-Dale
R 332000 ohms CHMF30332K00FHEB Vishay-Dale
5 13CS00PALK Honeywell Sensing and Contro
U1A Vos=0.4mV, GEVW=4.6MHz LM7341MF Texas Instruments
U248, UZB Vos=0.003mV, GBW=3MHz LMPZ0Z2KM Texas Instruments
U3 Vos=0.005mV, GBW=3MHz LMP2021MF Texas Instruments
U4 4096V LM41Z0AIMS5-4.1 Texas Instruments
us 10 bits, INL=0.2L5B ADCAM S1MCIMF Texas Instruments
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EHERERABIADC B

B TEEE R EEsR
ERAE. §=5 2378V Bxh#E. RIE 24.82 mW
ERRT. KEAH 2344 VIV EXEEER. Vs (5%) 5V
ATEE -1.43 % mE. Vs 12 46mW
RERET 0.0200 mV/psi MAEHN. Vs2. 4 103V
XEEREHEHEHEE 1229V EE. Vs2 11.36m\V
UZA. UZBAT A B=FESAEE 1229t01.37T9V U4@#E  (0.2%) 4096V
ADCE=FEMg M = 0.247 to 3.T63 V
FhADCERE E1.687 L5B
HahEESE
ERXANTEHaREE 3.98 mVrms
ADCHEXERS. EEINLHELSE 287 mv
FEEFTHERREE 0.00 mv

XEHAXAREE=EFTE 285 uv

*¥EREEEFH 0.00 uv

ERETEEFER 086 uV

#EPSRR 0.02 uV
ESHES 0.26 mVrms

ERNg S 0.26 uVrms

RIEAESF 2969  nVirtHz

R FEE 12.82  nwirtHz
TREAEHES. 25°C 0.00 mVrms

XEHAKAREER 237.80 uv

FEHKARE =X 514 uv

EREE=X 046 uV

EREFHF¥E. CMRR. TOL 0.00 uv
b
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Designer”, #ERT B, fEE 8.1.1 Frosstidier, wLLg#E& X 4. PLL, Filter,
Amps. [ 8.1.1 ffi/niiFEH2Z “Filter”.
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WEBENCH® Designer My nesigns
I

PLL Filters Amps

Filter Type

@ Lowpass

(O Highpass

O Bandpass

(O Bandstop

Filter Performance Specification
() Search Transfer Functions

O Pick a Transfer Function

@ WEBENCH Help Page

K 8.11  “Filter” ¥ it*iGHE

(~ WEBERCH® Active Filter Designer — Windows Internet Explorer H=E
' m;v [ip ntto://webenchd. ti. comFiltars/Choose. dotresei=l v (& [$2|[ 5| [B¥ Live searen [[2]]
i (I-) fFEE) EEM WREEE IBEM W
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National ®
ﬁ%}coﬂdﬂﬂof 1. Choose a Filter | 2. Create a Design | | 3. Analyze a Design | | 4. BuildIt | WEBENCI-!’W Iefsig!ss

WEBENCH® Active Filter Designer

Filter Type
1
® Lowpass ﬁ ):/\
O Highpass it i N S——
OBandpass  + | [TV
) Bandstop

=
E
o

Filter Performance Specification

& Search Transfer Functions  Specify your performance requirements for Frequency Response, Group Delay, and
Step Response. The search engine will recommend filters that meet your
requirements.

O Pick a Transfer Function Directly specify up to 4 filter transfer functions to be evaluated and compared.

Site Map = About "Cookies” » National is ISO/TS16949 Certified » Privacy/Security Statement « Contact Us/Feedback
Press Releases - RSS Feed « Site Terms & Conditions of Use « Copyright 2007 & National Semiconductor Corporation
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K 8.1.2  JEWERIT I

8.2 JEYLAR KT
8.2.1 IEFRUED: BRI ok £

T 8.1.2 JEPE AR LT AL, IEBR IR 2RI A A Search Transfer Functions (82 &4
PR %) B3 Pick a Transfer Function GE#—MEHi k%) . 47 15]“Search Transfer Functions

G fmEs - e G <specity Performance (AL © R

XPEHE, 1Kl 8.2.1 FivR. $$E, ATLAST I “Flatness (CF4HE) 7 “Group Delyay (4
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Specify Performance Constraints

: : 3dB
Cutoff F f H i 1 L 1 §
utoff Frequency (f)  [soooo | Hz - ___________I[_____){Z\ ! oip
Attenuation Specification A dB e L. H
P (Aurn) 1 T N
Stop Band Test Frequency (Fpre) Hz 244 ! !
farr)  [400000 ar : | N
| | | -
- ] ] ]
B Flatness - Click to Enable ! ! !
i i i
] ] ]
I I .
S For I fir

B Group Delay - Click to Enable
B Step Response - Click to Enable

K 8.2.1 <“Specify Performance (FE5EMERE) L AG EAE

Specify Performance Constraints

.
i i
Cutoff Frequency (f) Hz _{_______ ____'[_____)lZ\

0dB
Attenuation Spedification A dB [ Saiits D EEE BT ==
p (Apuzn) 1 i
I I
Stop Band Test Freguency (fary) 400000 | HZ 204, ! !
i i Ay
- - 1 1
B Flatness - Click to Disable ! !
N N I I
Flatness Specification (A4 ds i A R
Magnitude Flatness Lower Test (fyp) -500 Hz ! :
Frequency 1 Sir S 1 for
Magnitude Flatness Higher Test (f. 10000 Hz
Magnitude 27 [10000 |

B Group Delay - Click to Enable
B Step Response - Click to Enable

B Group Delay - Click to Disable

Group Delay Flatness Lower Test (f,p)  [s00 Hz T

Grou Del x go f
Group Delay Flatness Higher Test (fyp) 10000 Hz T
Freguency - ‘-‘-“—‘——‘i/
Group Delay Specification (ATgp) Sec

é‘\_-_-_-_-_-_-_-_ -

]
s

B Step Response - Click to Disable

Settling Time Spec (t) Sec
Settling Time Error Band (£.) Y%

=1

K 8.2.2 “Specify Performance (3E:EVERE) »FL1H
8.2.2 JEH MBS NE BN

(R T b R s B, e A ks, s



BEA M, B2 E - MR EEER, Bl 8.2.3 fir.

A Please correct the following errors:

+ Stop Band Test Frequency must be greater than the -3dB Frequency, which is 800000 Hz

(a) HIRIEARH 1

A Please correct the following errors:

+ The attenuation requirements you have selected exceed our available solutions. Please try the following:
o Reduce the Attenuation Spec
o Increase the attenuation test frequency
o Reduce the cutoff frequency

(b) AR 2
K 8.2.3 HiREMIER
8.2.3 Wil HINENL 25 S U REME ih 28

Wk sts, G S o ks SRR 824 R, S
BOARE P 8.2.5 Fias.

(’f WEBENCH® Active Filter Designer — Windows Internmet Ezplorer
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Semiconductor 1. Choose a Filter ‘ 2. Create a Design | | 3. Analyze a Design ‘ | 4. BuildIt |
Start COver Specify Performance | Select Transfer Function My Designs
WEBENCH® Active Filter Designer
Select a Filter Response @ View Large Plot View Large Plot
iltey Order cFurt;;;f =
Response (Hz) Frequency Response Group Delay b
Chebyshev 800000 g” 3
1de =
Chebyshev 800000 = 50 o 23
0.1dB =) 7123 c:.: 2
Chebyshev 800000 = 200 e
0.25dB o b
Chebyshev 800000 £ oo @ 1
0.5dB O 350 = 05
Chebyshev 800000 _a00 5
0.01dB 450 oo
B show More Solutions -500 -0.5 u
s 1e3 les 1le7 1e9 le3 le5 1e7 1e9
_ _ _ led  1e6  1e8 led  le6  les
Your Filter Specification f (Hz) f (Hz)
Cutoff Frequency (fz) 300000 | HZ View Large Waveform View Large Plot
Attenuation Specification [ Apzy) Step Response Phase Response
Stop Band Test Frequency (f3)  [1000000 HZ 1.4 100
1.2 0 + 1 1
[P clotnace . Clickto enabla | =1 AM_ A -100 1 W ool o)
& & Internet v oo -
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Select a Filter Response @
. Cutoff
Filter Att
Order Freq Color
Response (Hz) (dB)
@ Chebyshev 5 800000 -20.61 EBlue
1dB
() Chebyshev 5] 800000 -20.92 Green
0.1dB
() Chebyshev 6 800000 -22.53 Orange
0.25dB
() Chebyshev 5] 800000 -23.86 Maroon
0.5dB
() Chebyshev 7 800000 -22.27 Red
0.01dB
&3 Show More Solutions
B show More Soluti

() R FEIEPL A L

View Large Plot

Frequency Response

le3 le5 le7 1e9

led leb 1eB8

f (Hz)

(C) YEPLAFATA M L

View Large Waveform

Outxt1

Step Response

1.2
o

0.6

0.4

0.2

0

0 4 8 12 16
2 6 10 14

t (e-6 secs)

(&) YA LI N
K] 8.2.5

8.3 G HEK

ifﬁi@%ﬂ, HNT—, B~ “2. create a Design” FLMI I 8.3.1 7N,

18

Your Filter Specification

Cutoff Freguency (FJ sooooo | Hz

Attenuation Specification ([ Agp) dB
Stop Band Test Frequency (fur4) [1000000 HZ

B Flatness - Click to Enable
B Group Delay - Click to Enable

KX step Response - Click to Enable

[ Revise Search Criteria |

(b) BB e

View Large Plot

Group Delay

le3 le5 le7 1e9
led le6 le8

f (Hz)

(d) JEHE A AR

View Large Plot

Phase Response

le3 le5 le7 1e9
led leb le8

f (Hz)
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Design

Internet Explorer

FiIterConﬁguFa.tion | Select Op-Amp

| 6:‘/' [Bp nttp srnebonchd ti. eons £ilters/Thoose. éo | (=] [2|[2¢] [89 Live Search 2l
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National o )
Semiconductor - ; - WEBENCH TOOIS
1. Choose a Filte )l 2. Create a Design| ‘ 3. Analyze a Design | | 4, Bulldlt‘
Start Over

My Designs

WEBENCH® Active Filter Designer

Filter Topology Specification

Filter Configuration Parameters

Capacitor Seed Value

@

Resistor Seed Value

Selected Op-Amp LMH6657MG

Second Order Topalogy | (Lp) Sallen-Key v @

Ad istrative Options
[ Copy rRename | JNotes

Design Options

A

Electrical Simulation

Use Equal Capacitors

®
Resistor Tolerance ,m @

First Order Topology [ (LP) Passive with Follower v | @ v/

Build Design

[=|Report

sgShare

= UPDATE DESIGN

Filter Configuration

Lowpass Sallen Key Type 3
0

Gain=1.00
Alpha=1.13851e+06
Beta=2.97471e+06

|~

Gain=1.00
Alpha=433540
Beta=4.81292e+06

Lowpass Sallen Key Type 3
0

with Foll

Gain=1.00

Alpha=1.40743e+06

Beta=0

]

RF

&

€ Internet
=

, 100%

fEE 8.3.1 Fron Fimi i, T UAE BT T B S M a5 B AT A S AL

P 8.3.2 Fiws

Filter Topology Specification
Filter Configuration Parameters

Selected Op-Amp L LT L el S SELECT OP-AMP

Capacitor Seed Value (3]

Resistor Seed Value
Second Order Topology |(LP) Sallen-Key v| @

First Order Topology |(LP) Passive with Follower V|®
Use Equal Capacitors @

Resistor Tolerance 0.5% + @

- UPDATE DESIGN

() JEP A AN



Lowpass Passive with Follower
Gain=1.00
Alpha=1.40743e+06
Beta=0

RF

C1 le-09 F
R1 715 ohm
Rf 1000 ohm

(b) JEB A S 1 AMTTas 24

Lowpass Sallen Key Type 3
Gain=1.00
Alpha=433540
Beta=4.81292e+06

RG RE
Le
- OUT
R1A RZ {
(VN Zgeg
= 1 e
(5 § le-09 F
c2 le-09 F
Rla 4590 ohm
R1b 4640 ohm
R2 18.7 ohm
Rf 1000 ohm
Rag 1010 ohm

() BT HL 2 MTTas it 24




Lowpass Sallen Key Type 3
Gain=1.00
Alpha=1.13851e+06
Beta=2.97471e+06

RG RF
:_-\,-\.f-._,_—-—-'\,r\.-‘-v—‘
e
R1A R2 T
(VN g N
=3 1 L ez
C1i 1e-09 F
c2 1e-09 F
Rla 1640 ohm
Rib 1390 ohm
R2 113 ohm
Rf 1000 ohm
Ra 1150 ohm

(d) JEP A RS 3 MITas 2L

Your Filter Specification

Design Parameters Required Parameters

Your Email
Your User ID 3492274
Your Design ID 21

Design Name

fuzhi619@yahoo.com.cn

Lowpass Chebyshev 1dB Filter Order 5

Transfer Function Parameters

Filter Type

Filter Response

Filter Order

Reference Frequency
Q Bandpass/Bandstop

overall System Gain
Input Voltage DC
Input Voltage amplitude (Vin p-p) 1

1
0

SupplyVoltage +/-5V
If 'Other’, Positive Supply is 5
If 'Other’, Negative Supply is -3
Lowpass
Chebyshev 1dB
3
500000.0
10.0

(e) F gAML

K 8.3.2 Frix it M dh bl e UL AR R S5

8.4 Wit

pm e st I o s g en 7 SRR 8AL

Wb BIEToas . WA Slizocae i s . BUE SRS



/2 WEBENCH® Schematic — Findows Internet Explorer
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Semiconductor [3: Analyzs a Desion] WEBENCH®Tools
| 1. Choose a F\Iter‘ | 2. Create a Design ‘ 3. Analyze a Design | | 4. BuildIt
Start Over Electrical Sii i My Designs
[ HideContals | DEMO

Step 1: Select Sim Type
P e Vecl

Veel
Closed Loop FregRes | = |
Ve Vee
Step 2:
[ sTARTNEWSM |

[ VEWPASTSIMS |

SCALE: o[+ Rg_SecB Rf_SecB
(HELP | PRINT] Rg_SecA Rf_SecA
Next steps: ||
Start New Simulation

or
Hover over BOM compone C1_SecB

or C1_Seca Vout_$ecA
Click on instrument comp: —' ‘IB_SECB R2_SecB

n

,Rl a_SecA R2_SecA

Vs!'gn- -
. v
Version: Apr 10, 2012

lgl 84.1 “3.Analyze a Design ” ﬁﬁ

v

+R1 bﬁSecB * €2 Sech
&

@ Internet sy -+ R0y -
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WEBENCH®Tools

National
Semiconductor
|1. Choose a Filter| | 2. Create 3 Design | | 3. Analyze 3 Design | 4. Buildl
Start Over Order Parts | Documentation

My Designs

WEBENCH® Active Filter Designer

Buy LMH6657MG ICs

Just the IC
Ship: Depends on Disty
Price: Depends on Volume

Help

Order LMH6657MG Samples

Up to 5 pieces
Ship: 24 Hours

Price: Free

Help

Bill of Materials

Qty Attributes

Component Name(s)

Bill of Materials

Part

Panasonic
ERJ-14NF1004U
Yageo America
RTO603BRDO71K64L
Panasonic
ERJ-S8ENF1130V
Yageo America
RTO603BRDO71K01L
Panasonic
ERJ-6ENF1151V
Panasonic
ERJ-14NF1001U
Panasonic
ERJ-S8ENF7150V
National
Semiconductor
LMH6657MG
Panasonic
ERJ-S8ENF1871
Panasonic
ERJ-6ENF4641V
Yageo America
RTO603BRDO74K59L
AVX
06031C102JAT2A
Yageo America
RTO603BRDO71K89L

Qty Attributes
1 1000000.0

Ohm
1 1640.0 Ohm
1 113.0 Ohm
1 1010.0 Ohm
1 1150.0 Ohm

3 1000.0 Chm

1 715.0 Ohm
3
1 18.7 Ohm

1 4540.0 Ohm

1 4590.0 Ohm

5 1.0E-9F

1 1890.0 Ohm

Panasonic 1 1000000.0 Rload
ERJ-14NF1004U Ohm
Yageo America 1 1640.0 Ohm Rla_SecA 2
DTNEN2DDMNNTIWVES AL —
< 1l =
@’ 0 Internet wz‘-‘s - e
“« . ”
K851 “a.Buildit” JLIH

Component Name(s)
Rload

Rla_SecA

R2_SecA

Rg_SecB

Rg_Sech

Rf_SecB, Rf_SecC, Rf_Seca
R1_SecC

Al_Sech, Al_SecC, Al_SecB

R2_SecB

R1b_SecB

Rla_SecB

C2_SecA, C2_SecB, C1_SecC, C1_5SecB,

Cl1_SecA
R1b_SecA

8.6 IR BRMEASE

K8.5.2 HLEKHTHMBHE



LC JES: 2% PREIEDE A MARIEDEAS . R 5 P IEIAS (SAW) FIr A S EE ik 28X
SEN [ R R SR AR AR ST L B T N, BRI Ak PEREEAAEIA], R G
WAE . Bt

LC Y& 23 1& SAS TR ISR IR, TAESZIE R 1kHz~1.5GHz. {H2 X T 7 Z bt
IS FIIA PR BT (A8,  LC JEEAR AN A& .

TE Y 188 Y8 U 4 A0 P 8 O 48 o 4 A AR DR A, AR VG FIAE 10kHZ ~
400MHz.

M 7 I8 IR A% () A T i) B2 S BE U IR, 7E 20MHz~3GHz #itfy th v LIARE LC JE
Wods, HA 6~25dB [N

SYAT S ECUE B AR FH BRI R AR BRI A (SR AR A B T IR A, ARSI
Ja A\ 500MHz~40GHz (A b)), BAREN Q H. HEMIIMZEFBIIAR, ¥ A
KB 1D ) R A 2 ] o

— B E] S R (DR A B AN EI R . a0 AR (Butterworth D JEJG A, A
Wi N EA PR, B EREREN, SR RN, IO IR AR A R U
PILLE K (Chebyshev) i % HA R & AR B, (RSB i B AR I8 717 A A — & IS0,
ZOUUEAEAS TR 8 AR i i SR AT N BNE Sk, RAE SRR, DIFER

(Bessel) JEUE AR LA BT NIRA SO, HHHRGIR/DFI#F LR, (B rEFErERzE,
XF TR SRR &
TELEE T IR AR S PG DU, R A — e S 402 21
1. #5513 (Absolute attenuation)
FERR AT Hh 3 — e FE b, DRI S P REIA B B K Bk, AN dB.
2. % (Bandwidth)

X Tt PRI A, T 1 S P 3dB R IR A N LA A ] [ TR By — D)
HAIA Hzo
3. H.OHE (Center frequencyic)

AL SR, FAA Hz.

4, FIEIZE (Cutoff frequency)

AEXT T3 @A A B, R IR R 3 dB AR i, BALCH Hz,
5. fEHizRE (dB/ octave, Decibels of attenuation Per octave)

00 el 2 AL D0 U0 8 1 AT 3 e 7 1) B UM o B A R, TT DA AR A A A
AT I 0B ek B ) SR
6. Z4%ER (Differential delay)

EP R RIS R 2 [0 4 E BEEIRAR 4k (GDV, Group Delay Variation), 474 ns.

7. B3R (GD, Group Delay)

T RE IR AR ATA] B M5 5 I8 I DB 25 B I BT P AR O E T 8] BRI EIR, BAAA ns. AE
A5 E Ui PRy A2 0 R/ B AR A At PRI 48 TS AR v (R S IR AR A, o XX ] LI E it 38 o
A TR PR GDV; IEFERAD IR A BUE IR R R R RS . BT R I R
AR, HDUZEIRIEP A o BB AR E 4SS A T BT ik () 22 40 4B IR
8. #EAMFE (Insertion loss)

FNARFE A YRR E G (1) FEFHREBE B DI 40E, il ANATFEE B HUAIA 1 D 20 )37 M 2
5 0dB BEHEM 2, HEEREN:

P
IL = 10log Pm = —10log(1 - | T, |*)
L



Horr, PR UEWE A A ES H ITIE, P, RIS ME SRS RIRMATIZE, [Tl M

IR AR AR A IR R AL #AN dB.
9. BmABFELME RS (Insertic loss linearity)

SR AN BUFERE & S DR I AT AR A 15 300, $A2 dB.
10 @M (Passband)

FEME ARV 2 b398 3dB 1P A AL iy AT 2 T R 22 (fyy A1 fL Rl AT FEIL 3]
3dB PN 5D, BN Hz,
11. B WEN (Passband ripple)

FEIRATT PR E KRS AR o
12. ## (Phase shift)

F R I NG 5 Ak S 5 AR 22
13. 1k (Poles)

FEARHE By IR s b, PTG, and Rk, LA BRI R A BT
XTECER:, WAt RODEIE RS o N e SRR T S, HNR S B0 — B0, JF H AR A
FRGE T IS AR ATURR 1 () BE U R L
14. FFEE% Q (Quality factor)

O S 3dB A LR . TR AN O R, A e, W) Q ke . E LC JEDK
AT, WRTTAE Q ERUNATE, TIPSR A KA SRS m . AT N B SRR
AR TS, JE G AR Y 1 2 1 7 A 2 AR AR [

15. [EE#HFE (Return loss)

FRFIRMA DI DRI R, Ay dB. BT IR AR I REm, A — &7
5 AN 2] REANRE B B, 1A IR B 1 46 A\ i o
16. 80 (Ripple)

SRAE AT S SRS (AR, AN dB. MEET RS, mRIS S sl E R
EERE R
17. 8EHFE (Ripple loss)

T JEIRE 5 388 77 1A e R o il AR R e 7N T D 2 T PR 22 1) o
18. EFZH% (Shape factor)

FEIE 202 60 dB 98 (BWeogs) 5 3 dB 7% (BWagg) MIELAE, "BHlIA T Il 2 7E#,
LA B30 ) 7 P 25 A ) e Ui

SF=BWjgo4a/ BW34g
19. BAEMIM (Spurious responses)

X% T IR O AR S 0 51 28 DA K i AR R RSN A B T, TEA RIS i
PRFE . AT V)FISRBL ) G ARIE A, R o e A A B AR A7 b N o 734 2 Aiipe
BRI — AL, BRI AE PR AT N RAT 58 =Nl
20. BH# (reject band)

Fe il I el P S AR IR TIUE B K P B B4y, — 2 60 dB (B
/), SRR DUAME ZE R R 7, BN Hz.

9. JEUKAR R BT
9.1 BEA “WEBENCH® Amplifier Designer”
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WEBENCH’ Amplifier Designer

- . ® i
Op Amp Circuit Design Made Easy WEBENCH® Designer  Myoesigrs
—
P ; . PLL Filters Amps
Design op amp circuits in minutes with WEBENCH Amplifier

Designer. Supported amplifier circuits include:

* Inverting Amplifiers
X Please select from one ofthe followin
s AC-Coupled Inverting Amps g

» Non-Inverting Amplifiers Op Amps by Gain Bandwidth (MH |
* Integrators

* Low-Pass Filters
* High-Pass Filters

Min Max
* Cust Filters -
e moret 0.01 MHze [0.01]< £1700 MHz

Start Design

@) WeBENCH Help Page

Inverting Amplifier AC-Coupled Inverting Amplifier Non-Inverting Amplifier
Cf (v Cf
. — - L EO e L -
= & Internet Gy v Hoow B

K 9.1.1 “WEBENCH® Amplifier Designer” #it 7

WEBENCH® Designer  Mynesigns

PLL Filters Amps

Flease select from one of the following
Op Amps by Gain Bandwidth (MH |»

Min Max

0.01 MHz= 5 21700 MHz
=3

€ WEBENCH Help Page

(a) “Amps” #itXHEHE


http://www.ti.com/ww/en/analog/webench/webench_filters.shtml
http://www.ti.com/ww/en/analog/webench/amplifiers.shtml
http://www.ti.com/ww/en/analog/webench/amplifiers.shtml

WEBENCH® Designer  MyDesigns
|

PLL Filters Amps

Please select from one of the following
Op Amps by Gain Bandwidth (MH
Op Amps by Gain Bandwidth (MHz)
Op Amps by Offset Voltage Max at 2
Op Amps by Voltage Noise (nV/+/Hz)
Op Amps by Supply Current per Cha

Op Amps by Qutput Current (md)
Buffers by Output Current (mA)
Comparators by Response Time (us

Variable Gain Amps by Gain Adjust B
Sldl L LReSIgn

(b) EFIBHE BRI
K 9.1.2 BURER VTR TEAE

e Siart Desion HRR I s T I E) e T oy

R 9.1.1 iR “WEBENCH® Amplifier Designer” i it 0] DA 31k 4%«
Inverting Amplifier
AC-Coupled Inverting Amplifier
Non-Inverting Amplifier
Low-Pass Filter
Low-Pass Filter 4th Order
High-Pass Filter
Active Filter
Sensor Analog Front End (AFE)
Sensor Path Design
Integrator

st IR o, 3 A HOK B R, AED 9,03 R, JFARHOR BB

& WEBENCH JBCK#AS veit T RAE Al /£ 5o P S8 s SO K e ik LA, oIk
THRSHFFRIBOR S s, 4.

o IRAHMUK S

o AC W& SAHCRAR

o ARMBORE

o Blopds

o (RIEJEB A

o IEJEN A

o EMITER A


http://webench.ti.com/appinfo/webench/amplifiers/select_topology.cgi?language=English&Topology=Inverting+Amplifier&textfield=
http://webench.ti.com/appinfo/webench/amplifiers/select_topology.cgi?language=English&Topology=AC-Coupled+Inverting+Amp&textfield=
http://webench.ti.com/appinfo/webench/amplifiers/select_topology.cgi?language=English&Topology=NonInverting+Amp&textfield=
http://webench.ti.com/appinfo/webench/amplifiers/select_topology.cgi?language=English&Topology=Lowpass+Filter&textfield=
http://webench.ti.com/appinfo/webench/amplifiers/select_topology.cgi?language=English&Topology=Lowpass+Filter+4th+Order&textfield=
http://webench.ti.com/appinfo/webench/amplifiers/select_topology.cgi?language=English&Topology=Highpass+Filter&textfield=
http://webench.ti.com/appinfo/webench/amplifiers/select_topology.cgi?language=English&Topology=Custom+Filter&textfield=
http://www.ti.com/ww/en/analog/sensor_afe/index.shtml
http://www.ti.com/ww/en/analog/webench/sensors/index.shtml
http://webench.ti.com/appinfo/webench/amplifiers/select_topology.cgi?language=English&Topology=Integrator&textfield=

(:: Amplifiers WEBERCH S5olution Selector — Windows Internet Ezplorer

@@r - |¢ http:/fwebench ti. com{appinfo/webenchfamplifiers/select_- V| a || % :f Live Search | R
IEE EIEE EEY WEXE TR ¥R
T W | o M Google ] U » ] B Hotmail g FIIERTE » g REEE-TEE—EE.
|{-‘) Amplifiers WEBENCH Selution Selector | | M B - TEE- 226 - TEAQ- @-
I —— — ~
Select an application to preview the description, then click NEXT to specify requirements and create a design.
Select Topology Your Selection:
Preconfigured Amplifier Circuits Invel‘ting Amplifiel’
Popular Applications
&  Inverting Amplifier
()  AC-Coupled Inverting Amp
) Nonlnverting Amp
Instrumentation & Signal Conditioning
'/,
) Integrator auT
Preconfigured Active Filters
] Rload
() Lowpass Filter
O Lowpass Filter 4th Order The Inverting Amplifier multiplies the input voltage by the
. ) desired negative gain:
O Highpass Filter Vout = -{Rf/Rg) x Vin =
Active Filter Designer ) : - :
Note that, with a single positive supply voltage, the input
) voltage must be negative, so that a positive output can
©  Custom Filter n'gm be developed.
Show Supported Amplifiers: All | LMH | LMC | Other
I & A t s t s & i} t {
Quick Search Parametric See Qur Product Back To
l:l Search Disclaimer Tree Webench
Site Map . About "Cookies” . National is ISO/TS16949 Certified . Privacy/Security Statement
Site Terms & Conditions of Use . Copyright 2011& National Semiconductor Corporation
Contact Us/Feedback L
v
@’ 0 Internet \fa - .ﬁ.‘ 100% -

K 9.1.3 KRB BT S

9.2 RAHMASE (Inverting Amplifier) ELER¥IT
9.2.1 &E#“Inverting Amplifier”

7E14 9.1.3 Hf)Select Topology CEFEHHL) »XTIEAEH IEFE “Inverting Amplifier (jzAH
JOKAR) 7, R ITBOR 2 45 F A N Fn H R 56 R A 9.2.1 iR


http://webench.ti.com/appinfo/webench/amplifiers/select_topology.cgi?language=English&Topology=Inverting+Amplifier&textfield=

Yuur Selection:

Inverting Amplifier
_f
||
Ay
g Rf Vo
+ y —"o
WN N B

Fb %F&Ioad

The fnverting A_rnpliﬁer multiplieé the input voltage by the
desired negative gain:
Vout = -(Rf/Rg) x Vin

Mote that, with a single positive supply voltage, the input
voltage must be negative, so that a positive output can
be developed.

K9.2.1  EFMIAH UK B 45 #)
9.2.2 HEFHESEHRE

R > NEXT e I Y] o T
8.

Inverting Amplifier - Required Parameters help

Maximum input voltage (VinMax): v help
Minimum input voltage (VinMin): v help
Maximum signal frequency: kHz help
Desired gain (Av, must be negative): |-10 ViV help
Osv O3a3v
®+/-5v O+/-3.3v
Supply voltage: help
O +/-12v
C Other
If "Other”, Positive Supply is: \,.r help
If "Other"”, Negative Supply is: v help

Inverting Amplifier - Optional Parameters help

Is this a portable system? @y ON help

) (® Rail-to-Rail (R-R)
Preferred output swing: help

O no preference

9.22 LKL S B B IEAE
9.2.3 WHF FIEERZBHEBONE IC

PR > RECOMMENDED PARTS Bt PPy o (P o o e e
SO IC.



Recommended Parts help

@] Product Folder Datasheet m 24 Hour Samples M Samples s Buy Now
NOTE: An attribute highlighted in RED indicates that this product is not a direct match.
Input
Bandwidth Feedback Min. Offset Supply
at Closed Type Closed Max. Min. Min. Voltage, Current
Part Loop Gain (voltage Lm}p Supply Supply Supply maxat Number typper Low l_K
Number Pkg of 10 or Gain Voltage Voltage Voltage 25C of channel Pﬂwer Price Select
(MHz) current) (V/V) (V) (V) (V) (mV) Channels (mA) (USS$) Simulate
P e gl e e il g | 1 | |t | 1 | Lo This!
=~ =~ il =~ =~ il o | o | 0l e | o | e |
LMP7701MF =
& LMP7701.MOD ’u 0.25 VFB 1 12 2.7 2.7 0.2 1 0.79 N N 0.99 M s %

See Warnings

LMH6618MK
O LmHss18.MOD
See Warninas

LMP7702MM
O MP7702.MOD
See Warnings

14 VFB 1 11 2.7 2.7 0.6 1 1.35 Y 10 TSR
0.25 VFB 1 12 2.7 27 022 2 0.85 N 130 EEMS B

o LMH6647MF
LMHE647.MOD

»

' 4

‘ 5.5 VFB 1 12 25 25 3 1 0725 Y Y oss @ $B
O LMHG647MA ’ 5.5 vFB 1 12 25 25 3 1 0725 Y Y ost ELEMS B
@ | Fnes ’ 25 VFB 1 24 5 5 2.5 1 0.96 N e =SB

$ 0.4 VFB 1 300 22 22 6 1 0.6 v N ooss @EMSH

»

>

See Warnings

LM7301IM5
QO m7z01.MOD
See Warninas

LM7301IM
O Lm7301.MOD
See Warninas

0.4 VFB 1 30 2.2 2.2 6 1 0.6 Y N oe: EoMS B
2.5 VFB 1 30 2.5 2.5 14 1 1.25 N N oos E=MS R
o [y ’ 19 VFB 1 12 3 3 5 1 3.6 N Y oz FOMS B

See Warnings

LM8261M5
© wLmszs1.MOD
See Warninas

Results: 1-10 | Show All 47 Results

K9.2.3 R RSB
9.2.4 KB HEEBFITTBRHFSH

I > CREATE A DESIGN B NN R Y R LYY 8

Your LMP7701 Inverting Amplifier Design help

i_f Required Parameters
I I Maximum input voltage (VinMax): 01w
m Minimum input valtage (VinMin): 0.0wv
RQ Bf y Maximum =signal frequency: 50 kHz
h + Deszired gain (Av, must be negative): -10 WiV
\ + 2 QUT supply voltage: /-5
1M Al Optional Parameters
Rb %Rmad 1= this a portable system? i
— = — PFreferred output swing: Rail-to-Rail (R-R)
Gain Calculator
Components belp
Part Manufacturer Part# Attributes

Texas
AL Instruments LMP7701

Cf  lAvH 06035A100]JATZA  |1e-05uF

Select Alternate Part

Select Alternate Part

Rf  Wishay-Dale |CMFS0100KOOFHEE 100000 Ohms Select Alternate Part

Rg [Vishay-Dale [CMFS010KOOOFHEE 10000 Ohms Select Alternate Part

[
[
Rb  Wishay-Dale |CMFSD9K0O900FHEE 2090 Ohms [ Select Alternate Part
[
[
[

RloadVishay-Dale |CMFS02KO0000FHERS 2000 Ohms Select Alternate Part




K1 9.24 FRIGHEEKI TS
& 9.2.4 iy SainCaleulator s ) «)hverting Amplifier - Gain Calculator (% Fji
Kes WEUEES”, W 9.25 Fims.

;ﬁﬁj:, lij%l‘l'ﬁ%%ﬁ (STEP 1: Select parameter to calculate:):
B, BIAMFEE (STEP 2: Enter dependent values: );

Submit Walues

=g, sl et mruigEmi s .

Inverting Amplifier - Gain Calculator

The Inverting Amplifier multiplies
the input voltage by the desired
negative gain:

Vout = -(Rf/Ra) x Vin

MNote that, with a single positive
supply voltage, the input voltage
must be negative, so that a
positive output can be developed.

STEP 1: Select parameter to calculate:

& Vout
O Vin
O Rf
O Rag

STEP 2: Enter dependent values:

vin 0. 05 v
Rf 100000 | ghm
Rg 10000 | ghm

[ Submit Values ]

The result is Vout = -0.5 V.

K 9.2.5 Gain Calculator (3251588

9.3 HAROCES B
FEARAETVESH 9.2 15,

10. PLL (BAH3F) mLE&ETH
10.1 #EN “WEBENCH® EasyPLL Designer Tool”
¥ii “EasyPLL”, #EA “WEBENCH® EasyPLL Designer Tool” it %tif, #nf& 10.1.1

Fir. 7EE 10.1.1 FrE i A, K 10.1.2 Fronsiimied, a7 RLkEitxi 4. PLL,
Filter, Amps. [ 10.1.2 Fisik#m2 “PLL”.


http://www.ti.com/ww/en/analog/webench/easypll.shtml

f,; YEBENCH® EasyPLL Designer Tool — TI.com — Windows Internet Explorer

G- o 3] (B [%)[x] (& |2l
iy (li‘) #iEE) EF W WEke ITHRT REW

o | 5 M oaoele B - B %% Hotmail £ o

| %D YEEENCH® Tasy?LL Designer Tool - TI. con L -8 =

i3 Texas INSTRUMENTS e somples & e

¥ Products ® Applications ¥ Design Support  ® Sample & Buy

gn Center > WEBENCHE EasyPLL Designer Tool

EBENCH’ EasyPLL Designer Tool

" . . . © i i

EasyPLL Loop Filter Design Tool & Simulation for LMX PLL/VCO Products WEBENCH® Designer My esions
—

EasyPLL is a browser-based simulator which allows you to specify the PLL parameters, customize the loop filter, analyze PLL Filters Amps

the simulation results, and examine the wave forms. You can change parameters and analyze the results in order to fine
tune the design.

EasyPLL Design Options
Other Software for Configuration & Programming Timing Devices Min Output Frequency 2400 MHz
Loop Filter & Device Configuration + Device Register Max Output Frequen 2483
Simulation Programming o a o MHZ
LMX24xx PLL Family EasyPLL Channel Spacing KHz
LMX25xx PLL+VCO Family Codeloader |
Clock Design Tool Crystal Frequency MHz
LMK Jitter Cleaners & Distributors

Start Design

See our disclaimer
@ WeBENCH Help Page

4
|
& Internet vy v o -

|

K1 10.1.1  “WEBENCH® EasyPLL Designer Tool” it # i

WEBENCH® Designer  Mybesigns
|

PLL Filters Amps

EasyPLL Design Options

Min Output Frequency 2400 MHz

Max Output Frequency 2483 MHz

Channel Spacing kHz

Crystal Frequency MHz

€@ WeBENCH Help Page

K 10.1.2 PLL XJifHE
10.2 PLL HE&#H
10.2.1 BEA PLL ¥it-5HE

sy o IR ek 3950 PLL S, f0P 1020 B, JFA PLL HLER



e EasyPLL Loop Filter Design Tool & Simulation for LEE PLL/¥CO Products — Windows Inter...

m: - |$ http: ffwebenchd. ti. com/appinfo/webench/EasyFLL p: V| @ "’- o |:f Live Search
MiFE) &EE EFW) WEEE IO @
R | s M oosle Bl BUF - B) BR Kotnaid ) FITEAE - g REEE-DES—EH. .

|*“) EasyPLL Loop Filter Dlesign Tool & Simulat. .. | | & M Q = @ r WEE -~ F2E - TREOQ-~ @'
»
National MYW B =
&Semfwnducmr E B E Nc H
[ ! ! ! l — ! P
@cnoose a part
. ‘ Design Requirements + Recommended Parts+ "“""I:‘.'esignsI

Here is a list of PLLs and WVCOs that meet your requirements. Please choose a PLL and VCO and click on Create a
Design to continue. Samples, Buy Online, and/or Standard Eval Boards are available for National's PLLs. For the
availability of a particular VCO, please check with the respective VCO manufacturer.

Recommended PLLs (Help e ) L4

Freq Phase Vece | Price Uparade
Part Description Type (MHz) Noise [\Y] 1k II:'Jgrt(s} Options
Min | Max (dBc/Hz)MinMax qty)

@ LMX2541SQ2380E |PLLWVCO Single 2200 2530 | -107.3 315/ 3.3 | N/A -
Std Eval Board

LMX2541 (External

@ VCO Ultra Low Moise PLL Single 400 6000 -107.3 31533 MNA -
Std Eval Board
Buy Now
O LMX2531LQ2570E |PLL/WVCO Single 2336 2730 | -93.8 |28 32 5550 - Samples
Std Eval Board
@tg L?_lgma Fractional N DualRF 500 | 3000 @ -926 Buy Now
C LMX2485 Dual 2536 5235 = Samples
Integer N IF PLL e | 75 800 MIA v

@ e Internet

K 10.2.1 #EN PLL #it St
£ 10.2.1 s PLL Wit AP ESA K 10.2.2 PNz, aJLUES i —1t
PLL. VCO, PAKAHFZZHL.



Recommended PLLs (Help Me C

) Now Create a Design

Freq Phase Vee | Price
Part Description Type (MHz) Noise V) {1k Part(s)
Min | Max (dBc/Hz)MinMax qty)

Upgrade Options

®| LMX25415Q2380E PLLACO Single 2200) 2530 | -107.3 3.15/3.3 | N/A -
Std Eval Board

O Li ! e Ultra Low Moise PLL Single 400 6000 -107.3 3.15 33 NA -

Std Eval Board

Buy Now
O LMX2531LQ2570E  PLLWVCO Single 2336/ 2790 | -93.8 |28 3.2 5550 - Samples
Std Eval Board

Delta Sigma Fractional N 5, RF 500 3000 9256 Buy Now
O LIMX2485 Dual 25 36 %235 = Samples
nteger N IF PLL AUx | 78 80O NA ] Evel Bocrd
High Frequency PLL Dual-RF 250 | 3000 | -84.8 Buy Now
(@] LMX2430 Hioh oL Dual- 100! 800 A 2.26(2.75] $1.60 LIMX2455 BRI
I requenc
g rrequency AUX Std Eval Board
@‘S&igma Fractional N 1, -1 oF 500 2600  -9338 Buy Now
O LMX2470 —— 225275 52.10 LIMx2455 SEEFRNTS
nteger N IF PLL AUx | 78 800 NA e Eval Boord
O Custom Ultra Low Noise PLL Single | 0 100000 -107.3 | 0 [100| N/A -
Std Eval Board

MNow Create a Design

Recommended VCOs (Help Me

Tuning Power | VCO | 10 kHz

Frequency Gain Pout .
Voltage Supply Cap MoiseFIr Package
Vendor Part (MHz) (MHz/V) v (dBc) (V) | (pF) (dBc/Hz)

Min Max | Typ Min Max Min Typ Typ Typ

Texas
® cinmens LMX2641SQ2380E 2200 | 2530 | 23 | 150 150 | 1 330 0 87 | SQA3BA
®) lT—e"‘“ LIMX2531LQ25T0E| 2336 | 2790 | 95 | 150 | 1.50 0 | 300 0 86 | LLP-36
nstruments
()|  Sirenza WCO191-2450U = 2400 | 2500 @ 555 040 270 | -6 | 3.00 22 93 |, i
ackage
@]

Any CustomVCO [2z00 [[2530 |20 |[1.50 [[1.50 |1 |3.30 o |[-100 |




Now Create a Design

Below are the system requirements you have entered. If you wish to modify these requirements, please enter them
here and click on Change Specifications to obtain a new list of recommended PLLs and WVCOs.

PLL System Specification

Min Output Frequency 2400 MHz  help
PLL { Irtegrated in Silicon ) Max Qutput Frequency 2483 Mtz halp
Channel Spacing 500 kHz  help
Crystal Frequency 12 MHz  help
Max Power Supply 5.8 ' help

[ Update Design

CompatET
FrEQEnCy

Loop Filter Type

Help Me Choose
(*) Passive Loop Filter

O Active Loop Filter (Type A)
O Active Loop Filter (Type B)

PLL Selection Options (Help)

Single PLLs Integer PLLs [] Show Obsolete PLLs
Dual PLLs Fractional-N PLLs Automatically Narrow PLL Choices
Integrated Solutions Voltage Check

K] 10.2.2 PLL BeihFtmm e & gl i 2
10.2.2 #E A\ PLL. VCO Z## 1t

ooty ICTICTERTETT 3y )\ pLL, VCO BT, F 1023 .
LA 10.2.4 B ARAT HE b (520 B4



/= EasyPLL Loop Filter Design Tool & Simulation for LEE PLL/¥CO Products — Windows Inter...

mn’ L |Q} http: ffwebenchd. ti. com/appinfo/webench/EasyFLL 1 V| @ "‘ A |1"f Live Search | Foibs

HHE @EE FFQW WERe ITAO B

o W | < MPcoocle ] BTN - B BB Hotnail ] FITILIAE - [l REEE-PES—SE. .

|*':) EasyPLL Loop Filter Design Tool & Simulat. .. | | & - E = % - TEE - ZeE- TEOQ- @‘
A
National Mm -
&Semfwuduc!or EBENCH
o ——t ] — VVVVv —— "
BN @) create a Desion
} Filter Parameters + Components ‘ L d MrDesigns
N i
Please specify your parameters for your Loop Filter and continue on to View Component
Values to view a list of recommended component values.
PLL { Integrated in Silicon 1 Your Design #34
Design Name
PLL/WC0
Frenercy Loop Fiter
Loop Filter Specification
VCO -
12000 2441.5
Phase Detector Frequency kHz  help Frequency MHz help Divider 1
Part Specific Parameters Filter Parameters
Tolerance
(help)
) Phase
. Loo
VCO Gain MHzV help 2R L [T.00 [z 0% ] help
VCO Input Capacitance D pF help
[ View Recommended Component Values 2
] @7 0 Internet “-';] - Fo00% v
- -

K 10.2.3 i# A\ PLL. VCO Z%ii%it

Loop Filter Specification

Phase Detector Frequency 12000 |kHz  help lg:;guency 2441. 5§/ MHz help Divider 1
Part Specific Parameters Filter Parameters
Tolerance
(help)
Charge Pump Gain mA  help ;‘;?Z?" 148 |Deg|Auto v| help
. Loo
VCO Gain MHZNMQ B P idth .00 |kHz |08 v| help
VCO Input Capacitance EI pF help
[ Wiew Recommended Component Values ]

Loop Filter Optimization

Spur Gain Constraints Optimization Method (help)

Spur Offset Frequency 500 kHz Optimize for |Lock Time v|

Locktime Constraints Optimization Constraints

Initial Frequency MHz Max Lock Time us help
Ending Frequency MHz Min Roll Off dB help
Tolerance 500 Hz Max High Order Cap pF help
Advanced Settings

Filter Order help Resistor Tolerance 10% v | help

] Allow 2 Parallel Capacitors for Standard Value of C2 help Capacitor Tolerance 10% | help




K 10.2.4  MHRSEUE ST IEHE
10.2.3 318 PLL. VCO Tti&%

View Eecommended Component Values

$EE[ J%‘i%%ﬂ, AT EAZRAS PLL.

VCO stz #, ik 10.2.5 Fis.

(” EasyPLL Loop Filter Design Tool & Simulation for LEE PLL/¥CO Products — Windows Inter... [ |[0[X]
@ w [®9 hitp://webenchd. ti. con/appinfofusbench/EasyPLL/L: (o8] (] [#2] [] [M¥ Live Searen (2]
IHE) RIBE EE) WEEke TAT BB

o W | s Mooodle B BUTE + B] BB Hotnail ] FIEEAE - @ AEEE-PEE—EE

J{-‘)EasyPLL Loop Filter Design Tool & Simulat... m - ] g - WEE - 8226 - TEQ- @-

|

& National MM -
Semiconductor
1 Choose a Part @(reate aDesign JERNIE LD XTI

) ‘ Filter Parameters + Components + ? IMI"I::'ﬁigns .

Congratulations on designing your Loop Filter! This section shows your current design which includes your PLL, VCO,
and component values for the Loop Filter. You can change your specifications to view new component values, or you
can simulate your Loop Filter Design in Analyze a Design. If you wish to use alternative standard components or
define custom component values, click on Select Alternative Part.

PLL ( Irtegrated in Silicon ) Your Design #34
Design Name
Rename Design

[Tzl

K 10.25 k58 PLL. VCO &%
10.2.4 PLL. VCO Ht43#r

$ﬁz—#§%ﬂ, N PLL. VCO HptEsr#r A, ik 10.2.6
v



(.-: EasyPLL Loop Filter Design Tool & Simulation for LEE PLL/VCO Products — Windows Inter...

@f - |¢ http:/fwebenchd. ti. com/appinfo/webench/EasyFLL =i V| |E| |§| |E| |I.: Liwe Search ||;:l '|
Tt E REE FEFW dEXe TRm #hham
o Wk | < M ooogle ] BTN - ] BR Hotnail ] FITEIE - Ly REEE-FEE—EE.

@Easy?]’.l. Loop Filter Deszign Tool & Simulat. .. | | ﬁ h E = @ r WEE) » ZEE) - TR0~ @'
A
National Mfw (B =
&Semtcondwror E B E Nc H
L ——t—— ] —_1 VVVV —— i
(DAnalyze a Design
+ Electrical Simulation + * I"""'D«sigrls
-1 -

Please choose from a simulation option below. You can simulate based on IDEAL or STANDARD values. For
simulation purposes, the value of the VCO input capacitance is added to the value of the highest order capacitor. To
order a standard evaluation board, continue on to Build It.

Divider Phase Noise
TCXO Frequency MHz PLL 1Hz Mormalized Noise Floor —

PLL 1/ Noise at 10 kHz Mormalized to 1 GHz
Modulator Order |2nc1 Order Modulator )
PLL 1/f Noise Plateau

Randomization 0%

VCO Noise at |10 kHz
Spur Estimate VCO Noise at |100 kHz
VCO Noise at (40000 | kHz
TCXO 10 kHz Noise Floor
Lock Time
Initial Frequency 2400 MHz
Final Frequency 2483 MHz
Range 2000 us
Show Digital VCO Calibration
s
‘_ i ] l
& € Internet dy v Htoow -

Eﬁ—[l]— ¥4, PILAEAT “Phase Noise”. “Spur Estimate”.  “Lock Time”. “Bode

Plot/Filter Analysis” Z&4¢ P/ #r. fl0:
(1) Phase Noise

#d: “Phase Noise” *E‘Ilﬁj\ﬁ‘] ¥4, WTLL3RTS PLL [X) “Phase Noise” ##ft, 1
K 10.2.7 s .


javascript:spurcalc()
javascript:spurcalc()

Phase Hoise {dBc/Hz)

r -155
r —160
r -165
F-170

-175

i 10 10 16
Frequency {(kHz}

For information on how to interpret the Phase Noise Graph, please read
the help section.

Total PLL VCO
Noise Noise Noise

R3 R4
Noise Noise

Phase Noise at 1.00 kHz offset ~ -83.54 dBc/Hz Hmin 0.1 kiz

Hmax 100 kHz

Ee-Display

K 10.2.7 PLL [ “Phase Noise” 45k
(2) Lock Time

i “Lock Time” %%\E’J ¥4, AILAZRTE PLL ) “Lock Time” ik, A
10.2.8 iz


javascript:spurcalc()

2350
2545
2540
2335
2330
2525
2020
2915 o
2510 o
2505
2500
2495
2490 ~
2485
2480 ~
2475 o
2470
2465
2460
2455
2450
2445
2440
2435
2430
2425
2420
2415
2410
2405
2400 i i i i i i T T T T T T T T T T T T T

0 100 200 300 400 500 600 700 800 900 10001100120013001400150016001 70015001 9002000

Frequency f{HHz}

Tine {us}

Parameter Value Units
Lock Time 389.18 us
Peak Time 740.00 us
Peak Frequency 2479.3 MHz
VCO Calibration Time 668.53 us
Frequency Span 124. 50 MHz

Settling Tolerance 500 Hz

[ Recalculate with this Frequency and Settling Tolerance

() g I A= 4



[N
o
k=

| N T N Y Y N T N v |

L e i R}
L )
|

Phasze {(Deg}
|
=

I
()
k=3
| N T N T N T T N N T N T |

]

!
-1a0 T T T T T T T T T T T T T T T T T T T :
0 100 200 300 400 500 600 FOo 00 200 1000110012001 30014001 T0016001TO0LS001S002000

Time {us}

--- Phase at N Counter

Parameter Value Units
Lock Time 393.5 us
Peak Time 706.00 us
Peak Phase 429.9 Deg
VCO Calibration Time 668.53 us
Phase Span 180 Deg

Settling Tolerance 1 Deg

[ Fecalculate with this Phasze 5Span and Settling Tolerance ]

(b) B [RIAHAL 2 Hr
K 10.2.8 PLL i) “Lock Time” ##it:

10. FIH FilterPro™ J&u 2 ¥t it B - W 1T 8 A% g
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No design selected?

MM FilterPro - Create Hew Design

To get started, perform ond | () 1. Filer Step 1: Filter Type
Select a design from the "Desi e Please select a filter type:
tab in the left-hand column 2. Pilter

Specifications ®Lovwpass

i B G2y . ()3. Filter Response OHighpass
[
‘ Z
RSN @ (¥)4. Filtor Topologios Opbandpass
Design List OBandstop / Notch
& {{)My Designs
4 Allpass.fpd
4 Bandpass.fpd
4 Bandstop.fpd
T Highpass.fod

OMlpass (Time Delay)
BT )

Magnitude

[ Lowpass.fpd

Frequency

A Lowpass filter alloss low frequency signals to pass
and attenuates those higher than the cutoff frequency.

3 | (T
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Passband ;

Magnitude

Stopband
attenuation

Stopband

Frequency

A Lowpass filter allows low frequency signals to pass through
and attenuates those higher than the cutoff frequency.

(b) RIEPEB AT

i Passband

[P R Ty

Magnitude

Stopband
attenuation

Stopband

Frequency

A Highpass filter allows high frequency signals to pass through
and attenuates those lower than the cutoff freguency.
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H Passband

Passband ripple .

Magnitude

Stopband
attenuabion

Stopband Stopband
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Frequency

A Bandpass filter allows frequencies around the center
frequency to pass through and attennates those outside
the range

(d) HrE PR AR

Passband Passbhand
———— |
_______ Passhand ripple 1
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2| |52 5
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| Stopband |
. 1 oy R, Y.
Frequency

A Bandstop filter attenuates frequencies around the center
frequency and allows those outside the range to pass
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Phase Shift

aseyd

Ma gmnitude

Frequency

An Allpass filter allows all fregquencies to pass through equally
but may alter phase relationships between various frequencies.
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M FilterPro — Create Hew Design

(~) 1. Filter Type Step 2: Filter Specifications

Lpess Please enter filter specifications:

@2- Filter Gain (4d): g | B
Specifications
Ao:  L00 VY (0.00
dB) Allowable Passband Ripple a8
fe: 100000 Hz (R :
Rp: 1 dB Stopband Frequency (£3): Hz
db

Passhand Frequency (£%): Hz

fs:  5000.00 Hz Stopband Attenuation (dss):
Ash: -45.00 4B

@ 3. Filter Response

Optional - Filter Grder: [JSet Fixed

@4. Filter Topologies

| Back | | Q@Exit Wizard |
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M FilterPro — Create New Design

#) 1. Filter Type

Step 3: Filter Response

Lowpass Please select a filter responsze:
oy 2. Filter @  Plots
Specifications ] o
Aor LOO VA (0.00 3 " Bessel Ogain (dB)
dB) -~ Linear Phase 0.05° QO Gain (V/V)
fe:  1000.00 Hz -Ev[l—E _— Butterworth P
Rp: 1 dB ﬁ E -~ Gaussian to & d&
fs:  5000.00 Mz i 120 " Linear Phase 0.5° OPhase (rad)
Ash: 4500 dB z 3 " Gaussian to 12 dB O Group Delay (usec)
' E —~ Chebyshev 1 dB
3 7 -180
)4, Filter Response : E " Chebyshev 0.5 d&
Bessel ; -E
Order: 5 '240_;
v E
I L L e
1e0 1=l 1e2 1e3 1=4 1e5 1eb
....................................................................... Frequency ...
T T T T
! Response Type tOrder |No. of Stages Max. @ |
(® ! Bessel '3 '0.92 2
T T T T
(O ! Linear Phase 0.05° '4 12 Y107 I
T T T T |
O ! Butterworth 4 12 1.3
Q !Gaussian to 6 dB  '4 2 1.32
- " |
[V]Show this wizard at startup [ Back | [ Next | | @Exit Wizard
(a)  JEIE A S
] L] ] ]
1 ] 1 1
! Response Type | Order |No. of Stages |Max. Q
T T T T re
® ! Bessel '5 '3 '0. 92 =
L L] L L
O !Linear Phase 0.05° '4 12 107
] ] ] ] —|
QO !Butterworth 4 12 131
(O ! Gaussian to 6 dB "4 12 '1.32
T T T T Sl
o —
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MR FilterPro — Create Hew Design

(A) 1. Filter Type Step 4: Filter Topology
ESpeas Please select a filter topology:

2. Filter

Specifications

Ao: 100 VA O 0.00

dit)

i(Single ended)

fo:  1000.00 Hz Osallgn—Eey
Ep: 1 dB o

; Multiple-Feedback
fes w00 e (Fully differential} R1

AN
B DTS B

Ash: -45.00 4B

@ 3. Filter Response
Bessel CZ

Order: & I
@ 4. Filter Topologies L

Multiple Feedback

Multiple Feedback topology is a second-order filter topology having
inverting gain. Since gain does not require isolated resistors, this
topology is desirable in cases where low component count is
required.

Caeer | (e ] [(@esic s

K 10.5.1 WS AP NS R (Multiple-Feedback(Single ended))

(DMultiple—Feedback
{Single ended)

(O5allen—Key

(OMultiple-Feedback
{Fully differential)

B SRS &
P 10.5.2 IEFFIER A AT




MM FilterPro — Create New Dezign

(A) 1. Filter Type Step 4: Filter Topology
Lowpass

@ 2. Filter
Specificati
hor L0 v (oo | (OlltipleFoodsack
& . (Single ended)
fe: 1000. 00 Hz @S&
Ep: 1 dB
ne e OMultiple Feedback | VI
: (Fully differential)

) TR =)

Please select a filter topology:

R1

Ash:  —45.00 dB

@ 3. Filter Response
Bessel
Order: &5

@ 4. Filter Topologies
Sallen Key R3

Sallen-Key topology is a second—order filter topology having
non—inverting gain. It is commonly used in voltage—controlled
voltage-source (VCVS) implementations. The gain is configurable
with isolated gain resistors making this topolegy highly usable.

(tucc I Finish JI @it izar J

¥ 10.5.3 Sallen-Key JEJ 2% FI# M 4544
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() 1. Filter Type Step 4: Filter Topology

ESpeas Please select a filter topology:

2. Filter

@ Specifications
Ao: ( O MultipleFeedback
dB)I Lo00 WV 0. 00 (Single ended)

fe:  1000.00 Hz O Sallen—Key
Rp: 1 dB

fs:  5000.00 Hez
Ash: -45.00 dB

< | i | B

@ 3. Filter Response
Bessal
Order: &5

@ 4. Filter Topologies

Multiple Feedback Fully
Differential

Multiple Feedback topology is a second-order filter topology having
inverting gain. Since gain does not require isolated resistors, this
topology is desirable in cases where low component count is
required.

ook ] [ rinisn ) [ @it visar |
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Stopband Attenuation: ~45 d8  Stopband Freguency: § ki
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R1 R3 1008
VW - Yout
905K 0 2470
+
10. 56K © = = OpAmp
C2 2" 25.40F 2 T enmE
Filter Stage: 1 Filter Stage: 2 Filter Stage: 3
Passband Gain ! Passband Gain{Ac) @ 1 Passhand Gain(Ao) : 1
Cutoff Frequency 1.507 kHz Cutoff Frequency{fn): 1.561 kHz Cutoff Frequency (fn): 1. 761 kHz
QualityFactor @): 0.5 QualityFactor ({): 0. 56 QualityFactor (Q): 0. 92
Filter Response: Bessel Filter Response: Bessel Filter Response: Bessel
Circuit Topology: RealPole Circuit Topolegy: MultipleFeedback Circuit Topology: MultipleFeedback
Min GBW reqd. : 75.35 kHz Min GBW reqd. : 87. 416 kHz Min GB¥ reqd.: 162, 012 kHz
+ J
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