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LM20XXX Z 5l =5 H R

NSID VIN lout En SS PG SYNC RT SYNC OUT Freq
LM20242 4.5V - 36V 2 X X X X Radj
LM20323 (\‘u 4.5V - 20V 3 X X X 300 kHz

\4
LM%(R@\ 4.5V - 20V 3 X X X X Sync
N\
A@Lﬁoms 4.5V - 20V 3 b'e X X X Radj
v
O LM20123 2.95V - 5.5V X X X 1.5 MHz

LM20133 2.95V - 5.5V 3 X X X X Sync
LM20143 2.95V - 5.5V 3 X X X X Radj
LM20124 2.95V - 5.5V 4 X X X 1 MHz
LM20134 2.95V - 5.5V 4 X X Sync
LM20144 2.95V - 5.5V 4 X X Radj
LM20154 2.95V - 5.5V 4 X X X X 1 MHz
LM20125 2.95V - 5.5V 5 X X X 500 kHz
LM20145 2.95V - 5.5V 5 X X X X Radj

En = Enable, SS = Soft-Start, PG = Power Good, SYNC = Frequency Synchronization,
RT = Frequency Adjust, SYNC OUT = 180 deg out of phase clock output
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/HF Altera® FPGA 59
“Power-Expert” (¥

- AT FPGA #1 CPLD M/ Fik
B RIS

New !

Power Expert
° Altera Hﬁzk@*ﬁﬁﬁ -q: CyC|0ne Power IC Solufions Seleclor for Alfera® FPGAs and CPLDs

» Cyclone Il. Stratix, Stratix _ |
II. Max | ERERABRAE s bl i el

For feedback or comments about
thiz product, send an email to:

FPGA.Power_Tools@nsc.com

Mational Semiconductor and WEBEMCH are reqgistered trademarks of M ational Semiconductor Corporation.
Altera, Stratis, Stratix || and M& || are registered trademarks and Cyclone iz a trademark of Altera
Corporation. Bluetooth iz a registered trademark of Bluetooth S1G, Inc. and is used under license by
Mational Semiconductar. Al rights reserved

Yer1.15
National Download from http://power.national.com
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#£#E FPGA

° m )il }‘A Alte ra FPGA % q:l ]‘ii [Z National Semiconductor Power Management Solutions for, FPGAs and|CPLDs E@@
%1* File Wiew Upgrads Help

Step 1: Step 2: Step 3:
— N 2, . il:
L4 \iil /I\ } | { %14: Eg ml}gg* 9 u 1,\ Select an FPGA / CPLD Specify the Dperating Pick a Mational 5emiconductor
N Conditions Power Management Solution
7
1; 1‘5‘ |Choose FPGA Family j ‘Choose Input voltage j
Most Efficient o
|Ehnﬂse FPGA Device j ‘Ehﬂnse 1/0 woltage ﬂ
i i
|Ehnﬂse FPGA Packagej ‘Ehﬂnse Airflow ﬂ EiosiSiiaRle
FPGA Data 1 DOperating Canditions 1 NSC Power 5 olution
Selected FPGA / CPLD Power Management Requirements Summary
FPGA Core Yaoltage: 1.2 Walts
FPGA& 1/0 Yoltage(s) 1.8,25, 33 Walts
FPG& Core Current Range 0s Maw: |5 Amps
FPGA 140 Current Bange 0.05 [LETS 4.0 Amps
Start-up Timing Requirements: <100 ms.
Sequencing Requirements hone
2:42 PM 94102004
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m National Semiconductor, Power Management Solutions for FPGAs ai

EFETIESFR

File “iew Upgrade Help
Step 1: Step 2: Step 3:
Select an FPGA / CPLD Specily the Operating Pick a National 5emiconductor
Conditions Power Management Solution
[Stratix 1 | |Choose Input voltage = |
M ost E fficiert o
[EP25130 | |Choose 140 vokage ~|
~
[12a TaFF =] [Chonse Airflow =] hiosiSimek
FPGA Data T Operating Conditions T MSC Power Solution
Specify Core and 120 Currents
Core Current 4 j 55 Amps
Min= 08 Max= 60
1/0 Current 4 | [z Amps
Min = 0.05 Maw= 40
Dissipated Power Summary

Pd Core = Watts

Pd1/0 = 12 s

Pd Total = 32 Watts

245 PM 9/10/2004

IBI]
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[2] National Semiconductor Power Management Sol

File Wiew Upgrade Help

Step 1: Step 2:

Select an FPGA 7 CPLD

Specify the Dperating

EERMERTE

ns for FPGAs and CPLDs

Step 3:

Pick a National Semiconductor

Sample Application

Click an the icon to get the
complete schematics of a sample
design for this FPGA / CPLD

Conditions Power Management Solution
[Strati 11 | [tvin =5 =~
Most Efficient ”
[EP2z1z0 | Y B
i o
[144TaFF =] ErS El e :
FPGA Data T Operating Conditions T MSC Power Solution
Core [Vccint) Regulator 170 [Vecio) Regulator
Part Mumber L2650 Part Mumber LP3985
Type Switching Reg Type Linear Reg
Package: 50-24 Package: 507235
Dissipated Power.  [120 i Dissipated Power.  [35 v
Datashest: Link Diatasheet: Link

=

251 P 941072004

o9(=)ES)
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Altera® FPGA 77121155/

- ERARIHERE, FARAETER Altera
FPGA ﬁ CPLD, EME H‘]F_‘ZFH%{L'F-F K;wer h;ﬂ:g:gsemin::gfsign Guide for
EE—IRRNERERTR SR

gt R sIa R -
BRI R |
R iR
iBifliEN (LVDS)
SREER KRS

High-speed, low-power analeg signal cenditisning

2
FEmmIiEB SR E _
SEGIT i
B
S{V“'f""”“’ Download from: http://national.com/altera/power.html
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F—% - BEFX

Cyclone device

Veeint (W coral 1.5W 1.5V 1.5V
| |ccint maxs || core) || 750 mA 1A 154
lceint inrush [startup inrush max) 200 mA 400 mA 500 mA
Vecio options [V 1/0) 33 25 1.8 1.5V 33 25 1.8 1.5V 33 25 1.8 1.5V
lccio max il /0] GA [all 4 banks) G& [all 4 banks) GA [all 4 banks)
National
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wit=F5/

F_L: HETFE

MIEBI R P A Vecint F1

VCCIO f{jiﬁﬁ}] EEJ_) Jecint < 1000 mA (LDO) LPIET5-Ad) | N/AY N/A!
5'{', Iczint < 1000 mA [SW) LM2724 LMz734 LMZ734
Tzﬂi' ? E’] Natlonal Iccint < 34 LM2743 LMZ743 LM2573-Adj
. Iecint < 54 LM2743 LMZ743 LMZ579-Ad]? or LM27432
IE B EETU_ $ S| p—— LM2743 LMZ743 LMZ743 or 1/2 LM26474
Iecint < 94 LM2743 LM2743 LMZ743 or 1/2 LM26473
lcint < 124 LM2743 LM2743 LMZ743 or 172 LM2647*
Iccint < 164 LM2743 LMZ743 LMZ743 or 1/2 LM26473
° _J- u ﬁ H,J 7‘3— % ﬁ 9:F ;E Iccia < S00mA (LD O} LP3E74-Ad] || LP2374-Ad] /A
* J— %%Eﬁ:% I-i* }— %ﬁ Iccio < S00mA [SW) LM3671-15 || LM3671-15 LM2736
Iy ‘ =X = Iy ‘ o lecio < 1000 mA LDO LPagTs-Ad) || N/A hA!
Vecio = 1.5V Iccin < 1000 mA [SW) LM2734 LM2734 LMZ734
lecio < 34 LM2743 LM2539-Adj2 or LM2650-Adjt || LM2573-Adj? or LM2650-Adj
lecio < 5A LM2T743 LMz742 LMZBT9-Adj
N [m] (N lerin = R& | KA2T43 1 M77472 I MAZTAR nr 142 | MAPRATA
° Eﬁ_j)\ EE.;}E: EEJ:TE ﬁﬁu EJ- u Iecio < 500mA [LDO) LPIE74-18 || LP3374-18 /AT
& * Iccio < S00mA (SW) LM3ET1-18 || LM3671-18 LM2736
WE} 33V\ 5V u 12V Iecio < 1000 mA (LDO) LP3E75-1.8 A A
Vecio =1.8V lecio < 1000 mA [3W) LM2734 LMZ734
lecio < 34 LM2743 LRTZS00-Ad2 or LM2G50-AdjE || LM2573-Adj? or LM2650-Ad
lecio < 5A LM2743 LMz742 LMZ679-Adj
lecio » BA LM2743 LM2742 LMZ743 or 1/2 LM2647*
GG < auUA (LU Lrasra-za | Lreara-zo =
lecio < S00mA (SW) LM3ET1-Ad] || LM2T1-Adj LM2736
Iecio < 1000 mA (LDO) LP3E75-25 || LP3375-2.5 NyAY
Vecio = 2.5V Iccio < 1000 mA [SW) LM2734 LM2734 LMZ734
lecio < 34 LM2743 LM2539-Adj2 or LM2650-Adjt || LM2573-Adj? or LM2650-Adj
oo < 5A LM2743 LMz743 LMZBT9-Adj
National lecio = BA LM2743 LM2742 LMZ743 or 1/2 LM26474
Semiconductor lecio < 500mA ILD O == Pa7433 A
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POWER.NATIONAL.COM
Power Supply Reference Designs for Altera FPGAs and CPLDs

Topology(ies)
Inductorless Switching

Inductorless Switching, LDO

Stratiz II Stratix Cyclone Max II
Max IT CPLDs
Design | MNominal ¥ccint | Iccint | VYccio | Iccio Type of device(s)
# vin (¥) (v) (a) (¥) (ma) supply used
i3 =1 2.5 200 2.5 200 “ooint + Wocia LM3352
LMZ70g,
2 =1 1.8 1z0 3.3 150 “ooint + Wooio LP3000
3 =] 2.5 400 2.5 400 WCCint + Wocio LP3E71

LDO (Linear)

Commer
200mA max. joint Ico

Max II G

g00rma max. joint Icc

Cyclone FPGAs

MNSC
Design  MNominal | Yocint | Iccint | Vocio | Iccio device(s)
# Vin (V) (v) (a) {(¥) | (A) Type of supply used
i = LMz27=4
a5 3.3 1.5 1 1.8 0.6 “eoint + Wocio Ma671
- # LM2651,
2 5 1.5 1.5 2.5 0.6 wocint + Wocio LM3BT1
= 12 15 = == = werint 4 erin LM2679,
National
Semiconductor
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Buck, Synchronous Buck

Synchronous Buck

Riirk

Comment

Regulators with integar

Regulators with integar

Renulatnrs with intanar
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Mational Semiconductor Corp.  Stratix Il - EF2515 Vecint (Voors) Refersnce Design 3.3V Vin 1.2V @ 4A Vout BOM
Designator  PartType  Manufacturer Part No Description
c1 0.1uF VISHAY YIOB05Y104KXHA Capacitor Ceramic X7TR
cz2 22uF TDK C2012X8R0J226 Capacitor Ceramic X7TR
cz 0.D1uF VISHAY YIDBD5Y 103KIHA Capacitor Ceramic X7TR
= 10nF WISHAY VIDE0SY103KXNA Capacitor Ceramic X7TR
cs 820uF SANYO BMBE20EXR SANYO Through Hole Cap
ce 27nF VISHAY VIE0SY2T2KXHA Capacitor Ceramic X7R e
cr S550uF SANYO 4MBSS0EXR Sanyo surface mount super low ) =
ce seauF SANYD AMEEADEXR Saryo surfage moun: super lon . Transient response
ce 100pF VISHAY YIDBDSA1DTKIA Capacitor Ceramic X7TR
c1o 15nF VISHAY VIS0V 153KXNA Capacitor Ceramic X7TR
D1 BATE4H OMN SEMI BATS4H Schotiky Diode
L1 DO2216P-222 COILCRAFT DO33169-222 SMT Power inductor - VIn=5V Tek Stop o e—
F1 Vin 3.3V TEST FOINT = v T 15.6mv
Pz 1.2V@4A TEST POINT + Vout=1.2V £ =20V
F3 Gnd TEST POINT + lout Transient: ¥ |
Pa Gnd TEST FOINT 2A to 44 § |
a1 SI4E330Y  WISHAY SI4838DY Lagic Levsl, Single N-Channel t | Vout
az SI4838DY  WISHAY SME38DY Lagic Level. Single N-Channel N i
R1 10R VISHAY CRCWDB0510ROF 1% Thick Film s N | - 1 e
Rz 4538 VISHAY CRCWOS0S4530F 1% Thick Film D '
R3 130k VISHAY CRCWOB051202F 136 Thick Film
R4 548k VISHAY CRCWOS055432F 1% Thick Film "
RS 1= VISHAY CRCWOB051RODF 13 Thick Film : |
RE 2K VISHAY CRCWOS0S2001F 1% Thick Film . : —— 4A |
RT 2k VISHAY CRCWOS052001F 1% Thick Film Vout transient: i leut
RE 100R VISHAY CRCWOS051000F 1% Thick Film +. T.8mMV 1 4
ut LM2743 NST SEMI LM2743 Synchronous Buck Controller £ T 1
2A : 1
3 ]
1
Sl 20.0mvie M 200ps A Chd F 2.60A
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LM20124 Design Spreadsheet

LM20124 i1 [ &2

Part 2: Compention

Part 3: Output Voltage SoftStart

Feedback Resistors

Part 1: Power Stage Component Enter Your Desired Crossover Frequency K
Selection " Enter a Value for Rfb2 (1) ko
Enter Your Application Parameters C ion C Selection 0
Enter Your Input Voltage: 5 Vv Caloulated Valus of 212 oF o
Enter Your Output Voltage 12 v Cel: Calculated Value of Rfb1 5 ko
Enter the Maximum Output Current 4 A Calculated Va‘{:c‘;f RS g
LM20124 Switching Fi : 1 KH.
0124 Switching Frequency 000 z Caloulated Value of 000  pF Soft-Start Capacitor
Enter the Maximum Output Voltage Ripple% 1 % Co2:
Enter Desired Startup Tme: 1 ms
Enter the Maximum Load Transient Magnitude: 35 A Enter Your V""“égj’ 2 nF o
" [
Inductor Selection Enter Your Value for 1 ke 0
Recommended L: 076  pH Re
Calculated Value of Css: 6 nF
Enter Your Chosen Inductor Value: 1 M Enter Your Va'“g‘;’ 0 pF 2
2 P » .
Enter The DCR of Your Inductor 5  mQ 5
Loop C 0
Capacitor Selection
Expected Crossover Frequency: 49.83 kHz -
Recommended Output Capacitance: 64.47  F Part 3: Thermal
Expected Phase Margin: 7634 °
Maximum Output Capacitor ESR: 13.157895  mQ i 9 Performance
Enter Your Output Capacitor Value 100  pF I, Enter Your Board Parameters
Luzorzs
Enter Your Output Capacitor ESR 5 mQ . Comotton - Copper Area
Output Voltage Characteristics o . 1.86 in*2
m © Sl w§ Airflow
5
Estimated Transient Drooj 49.74 . -
LM20124 H 1 LFPM
Pooos L m o o 3
PGOOD swh—nw g Yeurfo H Efficiency vs Load Current
R 2 s
Vi Rrer °
o—¢ PuN . Cour om0 cw
o I~ So—fen Rrer l eoauency anos
AVIN vee a0.00% c
1=
Cr ~ i 70.00%
comP SSITRK 1 Cexr w
= 1 Ret Css 60.00%
T 1. L cowosow i .
o 50.00%
L l_ 05 1 1.5 2 25 3 as 4

Load Current (A)

- BETIER
witITH
FE, 5 7 F 4% 15
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Power Management IC Featured Sites:

« POWERWISE.NATIONAL.COM
Mational's PowerWwise® energy-efficient
power and analog signal path product
portfolio

s SWITCHER.NATIOMNAL.COM
LM2Z20xx% Fullfeatured synchronous buck
regulator family

s LDO.NATIOMNAL.COM
Mational's LP22k family of high performance
LDOOs provide flexibility and performance to
power digital ICs

» LED.NATIOMAL.COM
Mational offers the industry's broadest
range of LED drivers

= Powering Digital ICs
Power management solutions for digital ICs
such as uP, uC, DSPs, FRGAS, CPLDs and

ALTERA.MATIOMNAL.COM

Mational power and interface solutions for
Altera FPGaAs and CPLDs

o XILIMNX.MATIOMAL.COM

Mational power, data converter, and

. ce solutions for xilink FR

CPLDs
=+ High-VYoltage Regulators
100 regulators, PWM controllers, and
MOSFET drivers
« Mobile If0 Companions
High Integration for Mohkile and Handheld
Devices

POWER MANAGEMENT

Deutsche Wersion

Enter your power supply design requirements

¥in Min ¥in Max
140 v 290 v
Vout Tout
e v 2 A
Ambient Temperature |30 °C

Click here to enter more outputs

MEW! LED WEBENCH

WEBEMNCH® Online Power Supply
Design Tools feature electrical
simulation, WebSIM™
WebTHERM™, Build 1t, and

Test It.

These tools speed up the design
process, improving productivity and time  peme
to market,

Power Management Reference Designs

= Power Management Reference Design
Library
s LED Reference Design Library

Power Management Selection and
Design Guides:
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