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Power Supply Loop Design/Optimization in the Lab LII‘IEf\Dm
T A P | lekstop | b = - I — .
\ - : ;

R-C CII‘CUI'[ Box

DC-to-DC Supply B'oaré\
(DUT)

/ .
>

\‘-
§ Chi ST A E— Md'odps” A| T G

Ch3| 10,0V

» Manually adjust R and C values. Check loop or load transient.
» Accurate, but time-consuming.
» How to support remote customers?
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Complete Power Design Flow with LT Tools ... LII‘IENZ,,

System Level Power Tree

¥

Simulation

I: ANALOG
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l{ POWER BY

~ LINEAR.

Paper Design Is Difficult and Time Consuming ...

» Define supply specifications

» Decide topology

» Search for an IC (time11)

» Calculate power components (time11, suboptimal)

» Select components: L, C, FET (time?11, suboptimal)

» Estimate efficiency/loss (difficult, inaccurate)

» Guess/simulate loop compensation (difficult, inaccurate)
Y » Draft schematics

® Time consuming, difficult, suboptimal ...
® Requires good power supply knowledge and skills

I: ANALOG
DEVICES

4 ©2018 Analog Devices, Inc. All rights reserved.



LTpowerCAD Design in 5 Simple Steps! Fast and Easy

POWER BY

Step 1

Find Solutions

Step 2

Power Stage
Design

Step 3

Efficiency and
Loss

» Free download at analog.com/LTpowerCAD
» Runs on Windows PC

LT LINEAR.

Step 4 Step 5
Loop and Summary,
Transient BOM, Size

N o B —
|| [ -”“ ——

Note for ADI users only: Install the program by RUN Elevated on an ADI PC.

©2018 Analog Devices, Inc. All rights reserved.
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http://www.analog.com/LTpowerCAD

POWER BY

LTpowerCAD Main Window

47 LTpowerCAD I V2.5.2

®

powerCAD

Start a New ) LTsplce
Supply Design \ 'T::] }

Supply Design System Design Simulation Open File

o S,

Toolbox Contact Help Sync/Release

— |'=| -

LTpowerCAD Il Design Tool V2.5.2
P 8 DEVICES

Copyright 2014, Analog Devices Inc. All rights reserved.
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POWER BY

Design Step 1. Enter Spec, Search a Part

LTpowerCAD I V25.2
ANALOG LY POWER BY
T ineAn.

[ ——|)
\\

LTpowerCAD Design Tool vzs.2

Copyright 2014, Analog Devices Inc. All rights reserved.

DEVICES

AHEAD OF WHAT'S POSSIBLE™

2. Search

Converter Specification Optional Features Search
Caonverter Topalagy Output Rail 1 [T Burst Mode P - Search Parts \\
Caonverter Type Voutl [C] synchronous FET ~ V4
-
[ 1solated h-__m HHS-__—
[C] Run / Enable

Min. Input Voltage
MNom. Input Voltage

[T Syne. to External Clock
[C] Output Voltage Tracking
[C] Remote Voltage Sensing
[ Margin Control

[T Power Good Moniter
[T Poly-phase / Load Share
[l 12¢/PMBus Interface

‘ Web Search ‘

Mazx. Input Voltage

Mum. of Qutput Rails

Mum. of Parallel Phases 1

Find Part # : (##8#)

[] Search Designer's Tools Only

Albways Keep Search Page Open

[ Reset Search Filters ]

4| Search For Parts

g —
% ‘ ~ | Design Tool Website ~ | Part # » ) Type » | Description ) Topology ) IC Max Vin (V) ~ ) IC Min Vin (V) ~ ) Max Isw/T
g = ”

(%] | = Clear Clear Clear Clear Clear Clear

|| | el [ [ead [cer 1

8 ﬁ |[ || LTC3883 |Controller Single Phase Step-Dawn Current Mode Buck Controller | Buck 24 4.5 50

2 i< LTC3854 Controller Small Footprint, Single Phase Sync-buck Controller, 400 | Buck

=0 | LTC3833

Fast Accurate Buck Controller with Remote Vo Sense, Vi | Buck
| [R(ETST Controller

Single Phase Sync-Buck Controller, fixed fsw peak i-moc| Buck
38 4 50
IC and open a Tool . * -
p 38 4.5 50
Controller Valley current mode buck regulator. Use LTCBB?BB Buck 36

4 50

LTpowerCAD currently supports design tools for a limited number of parts. For more part options click the Web Search button.

©2018 Analog Devices, Inc. All rights reserved.
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Step 2: Power Stage Design (fs, L, C, etc.)

POWER BY

LINEAR.

L

T
i [ Power Stage Design

H Loss Estimate & Break Down

A
[:T\.AJ Loop Comp. & Load Transient

ﬁ Power Design Summary ‘

=iy

@@ ki 'ac

] Recommended / Calculated

i Key
User Entry :
Calculated :
 Part Specs
Max Vin : 38V
MinVin: 45 V
Max Vout: 55 V
Sugg. Max Iout : 50 A
Min Sw. Freq.: 200 kHz
Max Sw. Freq.: 2000 kHz
Design Specs
Vinmin: 45 V
Vin nom : 12 v
Vin max : 24V
Switching Freq: 208 kHz
Ta: 25 °C
Output Rail 1
Voutl: 15 V
loutl: 20 A

LTC3833 - Fast Acculfate Step-Down DC/DC Controller with Differential Output Sensing

vinfnorm) 12V VIN

Total CIN RMS
Total CIM Ploss

Feedback
Sug.Ril 15k
Rtl 15 kO
cffL oF

Sug.Rpl  10k0
Rbl  10kn
cfitl oF

Duty & Ton

Voutl Duty 125 %
Tonl @ VWin Max 210 ns
Toffl @ Vin Min  2237.1ns

Sw. Freq.
298 kHz
Sug. Rfreq 137 k0
Rfreq 137 k{2
Act.Fsw 298 kHz

Desired Fsw

©2018 Analog Devices, Inc.

||I—£:>mi|

6.614 A
0.291 W =

Select Inductor L

(1)

Rt1

(2)

Design Current Limit

Rb1

(3) Check Cin RMS Current

(4) Select Cout, Check Vout Ripple

(5) Select Mosfets & Check n % [Tab #2]

Compensa|
Cthl 470 pF
Rthl  33.2 k0

Cthpl 68 pF

(6) Loop Compensation & Load Transient [Tab #3]

All rights reserved.

Limit
3 35 %

[] User Entered

2TA # Paralleled Phases 1

4GB A Iout/Phase 20 A

5328
eV, INTVCC=50mV) Cutput Voltage

2v Vout Prog. 15V

N BN Vout Ripple (pk-pk]  6.82 mV

100 mV AVoripple/Vo +/- 0.227 %

Cocl CoBl
1 '—‘
| —— ——"
2 I Ceramic Cout Bulk Cout
= MURATA - WfR. SANYO
Part# GRM31CRE0) Parts ZRSTPE330M
b € Nom 10 pF CMNom 330 pF

r c 78 pF € 3304F
1 Esa 5 ma ESR 9 m0
: ESL 071nH ESL  16nH
= % Cap 2 #Cap 2
-
-
1
1
1
-—

I: ANALOG
DEVICES
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Step 2: Power Stage Smart Warnings

F'OWEFi BY

LT LINEAR.

- Strong warning
(Hard)

Soft warning

» Warning levels are set
by apps engineers for
different products.

C
Ceramic CIN
WIERL Inductor Current Limit
art & Dresired iL Ripple 40 % Target Iout Limit Margin 150 %%
C 22 uF Sug. L1 0.228 pH Target [out Limit 304
ESR 2 m 11 056 pH iL pk@ Target lout Limit  31.63 A
Cap 1 DCR 1.7 mQ2 iLvly@ Target lout Limit  28.37 A
MFR.
VRNG: Set 0.6V - 2V (or GMND=30mV, INTWCC=5
=1, Part # ____\ ]
: — IMt'Up1 iL Ripple ”’br EA VRNG =V
| inl N peak -t i, Actual VRNG 2V
TG T ' o Vsense max prog. 100 mv
I e __L1_DCR1
SW 4 A *—
.
= Mbot1 Coc]
| Tl Rs1 ammp—
BG p—- -
— Rp1 —
— AAA —
Cs1 R DCR Current Sensing
Sug =l L BBl Act.Iol Limit  96.34 A
Rl RO iL1 Pk@ [ol Limit 97.97 A
Floss Rsl [ 278 mW Vsnsl Pk® ol Max 26,6 mV
Sug. Rpl OPEN k2 Vsns1 Viy@ lol Max 21693 ik o
Rpl 715k Wsnsl Rip. (pk-pk) 89166 m\ |
| .
Automatic warnings guide to proper values
©2018 Analog Devices, Inc. All rights reserved.
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POWER BY

Step 3: Efficiency Optimization LINETAR.

Power Stage Design H Loss Estimate & Break Down

Design Specs * Click 'Update Plots" for new curves (For CCM Only) * Inductor AC Losses Entered By User. (For CCM Mode Only)

Vinmax: 132 V MOSFETs

Vinnom: 12 V Contral MOSFET
Vinmin: 108 V

"
E‘-_ > J Loop Comp. & Load Transient

E Power Design Summary

Vendor: Infineon
Sw. Freq: 399 kHz Part: BSCO910NC - Rail #1 (1V) Efficiency & Power Loss Rail #1 (1V) Power Loss Breakdown (Full Load)
Vout: [EESTV. Vdes: 25V #Fete: 1 pes 100 77
lout: 20 A Qg: 58 nC Qgd: 12 nC o8 1.67
Inductor Rdson: 453 m0 Qgs: 13 nC /
Inductor: MVR: Rg: 0B 0 Vmiller: 25V el / *
L 025 uH Vdiode: 087 V Veh: 15V a4 / 1.53
DCR: [ 0 Ploss: D48 WjFet  Coss: 370  pF /
elec gjx: °CW  ATjx: °c e m— 7 y4 146
Inductar Loss Sync MOSFET 90 / 4 "4 1.39
DCRLloss: 038 W Vendor: NXP 4 / /
Core Loss: w Part: PSMNOR9-: * /(;/ 4 / o
Total Loss: 038 W Vdss: 30V #Fets: 1 pes &3 | 4 / / e
Buck Qg: 594 nC Qgd: 135 nC 84 // / V. 1.18
Vi Rdson: 077 m0 Qgs: 153 nC Il / ’
Rg: 14 0 Vmiller: 24V 82 / 1.11
ﬂT_l Ly Vdiode: 076 V Vih: 15V o I / y. o
our Ploss: 051 W/Fet  Coss: 2914 pF / /
QB_I gj-x: CW  ATjx: Cg 78 ’ / " 4 L8
Estimate /

U Update Plots
FET Vmiller vin 12 v

3
\
z

Efficiency (%)
3
d
o

(M) ssoT 13mog

Freeze Plot 727 L 0.77
External Bias 70- Pa 0.7
V, EXTVCC: v
gs 68- 0.63
Rail Total Power Loss @ Full Load = Control Fet Conduction (0.154W,8.83%)
Vimiller Pin 2174 W 66 J 0.56 = Control Fet Turn On (0.231W,13.25%)
Qg Pout : 20 w ol e = Control Fet Turn Off (0.092W,5.28%)
Ploss : 174 w Control Fet Driving (0.012W,0.69%)
n: 9189 % 62- 0.42 = Sync Fet Conduction (0.287W,16.46%)
Cursors - nez = Sync Fet Driving (0.126W,7.22%)
Tout 17 A = Sync Fet Body Diode (0.219W,12.56%)
Eff. 92.1 % 58~ a 0.28 =IC LDO (0.174W,9.98%)
Ploss 146 561 0.21 Inductor DCR (0.379W,21.73%)
= Cin Losses (0.07W,4.01%)
54+ . ) . ~ . 0.14
o1 P Breakdown
B4 & 8 a f 4 i & LOSS
Load Current (A)

m Efficiency m Power Loss

Real-Time Estimations for Optimum n%

I: ANALOG
@ DEVICES
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~ LINEAR.

tep 4: Loop and Transient Design

11

Power Stage Design

Loss Estimate & Break Down

-
H Loop Comp. & Load Transient ‘ | Power Design Summary |

Design Specs Loop Gain * For CCM Mode Only * Estimation Based On Avg. Madel, Load Trans. (Far CCM Made Only)
Vi 3 2V i (e
vm max 131; Y Fesdback Duvidr Loop Gain | Feedback | Ith To Vout | [ output Z | Load Trans
in nom :
Desired BW 625 kHz
Vinmin: 108 V I
Max. Phs Boost 1448 deg -
Sw.Freq: 399 kHz
Phs. Boost Desired 10 deg
Vout:] LIV cifs 200 pF
u
vt 204 - M P
n; i 0 pF
Inductor Chtsug 240 pF e
Inductor : MV ¢ crr 0 b
L: 025 uH
ocr: -0 Desited PM | 60 deg T
Compensation s ol
g
=t Cthsug 180 pF 5 =
Bulk Cap: 2RST o F i
C: 330 vF Cth 910 pF 3 e 3o
SR amQ 3 o
5 =
EsL H RihSug 221 kO £s g
Nom: 3 pes 1) §
Rth 205 kD -
Ceramic Cap: €322 CthpSug | 39 pF .90
C: 100 uf {
. -0
ESR: (178 mQ Chp 100 pF 100 1000 10000 100000 1000000 316.8 356.4 396 1356 475.2
ESL: 102 nH Frequency (Hz) Time (us)
Plots 0
Rr ff Bode Plot - -
Vig = Vin 12 v
i Io 15 A 15
Rg cfit
BW 7943  KkHz 2
PM 79.26 deg
Comp. Network = N
= IT™H reeze Plots E = i
g
Cursors s =
J 0 [
Freq 0 kHz ¥ 2
Ry P Gain 0 dB 8
THP A s
o Phase+180 0 deg * 25
Load Sep 0y LOOp Mmoaels are nenc
) High 10 A
U Low 0 A s
¢ 25
F— am e verified for each part
-180+— AL 5
100 o o o 1000000 316.8 356.4 196 2356 1752
Frequency (Hz) Time (us)

Real-Time Loop and Transient Optimization

©2018 Analog Devices, Inc. All rights reserved.
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Step 5: Design Summary, BOM, Size

-oss Estimate & Break Down

LTC3833 Supply Design Summary
Project Info: Ref Design 12Vin to 1V/20A. 10/2014, H.Z

N -
Loop Comp. & Load Transient ‘ ﬁ Power Design Summary ‘

=
l Print Summary Report

Summary Report

Design Specifications
Steady State :
Rail # Vin Min. Vin Nom.  Vin Max. Fsw Vo Vorip. p-p  AVe rip%h Io Max filp-p Ail% iLpk
1 | |10‘8\.’ |12v ‘13.2\.' |399 kHz | |1v |7.sz v |0.4% ‘ |20A ‘9.19;\ |45.9% |24‘59A

Performance rres

Rail # Wo Iomax Eff.@lomax  Ploss@lomax Loop BW Loop PM Step Low Step High Step Slew LAVo@Step AVo@Step %
1 |1v ‘ZOA |91.99% |1.?41w |7943 kHz |792sdeg | |OA ‘IDA |10Nus |22.1 my |+f—2.2% |

Summary

Recommendations and Warnings :

| Message

Power Components

Power Components Bill Of Materials :

Ref. Des. Walue Quantity Description Mfr. Name Mfr. Part # Pkg. Imperial) L{mm) Wimm) H{mm) User Note
u1l 1 IC LINEAR TECH |LTC3833 4 3 0.8
Lol 0.25uH 1 IND COILCRAFT | MVR1251T-251 115 9.75 51
B O M Cinbl 180uF 1 cap PANASONIC [16SVPLEOMX F8 - [|203 103 79
Cincl Cinc2 47uF 2 cap MURATA GRM32ERB1CATEKELS 1210 ~ (3.2 25 17
Cobl Cob2 Cob3 (330uF 3 cap SANYO 2R5TPE330M9 D2E - |73 4.3 18
Cocl CocZ 100uF 2 Cap TDK C3225X5ROJ107M 1210 - 3.2 25 17
Qcontroll 23V 1 FET Infineon BSCO910NDI_ Q1 - [|6.35 535 11
Qsyncl EY 1 FET NXP PSMMNORS-30YLD - |8 5 17

Power Components Footprint :

# Components 12
Max. Height 7.9 mm
Component Clearance (d) 1 mm

L] .
5415 mm*2
O u I O n I Z e Power Components Area (Excludes ICs)
0.839 in*2

561.5 mm*2
0.87 in*2

* Power Components Area (Includes ICs)

ANALOG
DEVICES

12 ©2018 Analog Devices, Inc. All rights reserved. AHEAD OF WHAT'S POSSIBLE™



(Optional) Step 6: Export to LTspice Simulation O

E_Tspice IV - 1tc3833 EXAMPLE.raw
File View PlotSettings  Simulation Tools Window Help

& HTEN AR BEERE e H O -
@ . |P( c3833 EXAMPLE asc | 1 tc3833 EXAMPLE raw |

1, 1tc3833 EXAMPLE.asc [= ][ =@ | 2| | ¥ 3833 EXAMPLE raw [l ]

(O n SC h em a.th Pag e) LTC2832 - Fast, High Efficiency Synchronous Buck Supply (DCR Sense Solution)
&%
~E -
- T, [

—Run
%E w
Male: Eatore simulstion, sat the \rng Pin Ly

wmmammmr

\r[ i)

{2 povn |
EmTaot Clopl
L O T
= I
¥ simuiation modsl Iz nat found, plaese " Eymo relsnse” —-
dranzEmsirhp  opfons phrantsu=y e

________________________________________________________________________________________________

Tparams Fii=20.6% Civi=510p Cltpi=1000

-params Load SiepHigh1=10 LoadSispLow =0

* Key LTpowerCAD design tool values are exported to LTspice
LTspice Simulation for Detailed Waveforms

I: ANALOG
@ DEVICES
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POWER BY

LINEAR.

Design Shortcut: Leveraging Existing Solutions

ol .
= AA 2 = 3 = - . T E P
ST WAAE Sl Y- ® o i i
Sm=l =
LTC3833 - Fast Accurate Step-Down DCNController with Differential Output Sensing Project Name:
Date:
vinfnerm) 12V VIN . .
- = Solutions Library @
| CinB  sulk cIN CinG - -
=1 — ~ Built-In Solutions
! | MFR. PANASONIC ! |
Total INRMS 6614 A T Part# 255VPF180M - Part Name Solution Name (V) Win [mom] (V) Vin [max] (V) Rail Violtage(s) (V) Output Current(s) (&) Description
Total CIN Ploss | GASTW = CMom 18047 = LTC3833 Datasheet P36 12 14 Voutl = 5.5V Ioutl = 44 Fsw=2MHz Design
C  180yF
ek :m LTC3832 DC1516A-A 12 24 Voutl = 1.5V Ioutl = 15A 1.5V/154 DCR Sense
= E LTC3833 DC1516A-B 12 24 Voutl = 1.5V Ioutl = 15A 1.3V/15A with Rsense
VouT Ui LTC3832 DC16404-A 12 24 Voutl = 1.5V Ioutl = 204 1.5V/204 DCR Sense
Tomiliaak LTC3833 Ref Design 5-12Vin to 10A 1V 500kHz dual 3:3 FET DCR 12 14 Voutl = 1V Ioutl = 10A DCR Sensing. Reference Design Cnly.
Sug.RiL 301k0 R Cff1 LTC3833 Ref Design 5-12Vin to 10A 1V 500kHz dual 3x3 FET Rsen 12 14 Voutl = 1V Ioutl = 104 Rsense Sensing. Reference Design Only.
RHL 304 k0
cfil BF ~ User's Solutions
| Vosns+ Part Mame Solution Mame Vin [min] (V) Vin [mom] (V) Vin [max] (V) Rail Violtage(s) (V) Output Currents(s) (A) Description File Mame
Rb1 Cfit1 LTC3833 DC1640A-A Demo Board | 4.5 12 24 Voutl = 1.5V Toutl = 204 Inductor DCR Sense | LTC3833 DC1640A-A Demo Board.lpc
EUGHER T L.r LTC3833 DC1640A-B Demo Board |4.5 12 24 Voutl = 1.5V Ioutl = 20A Rsense LTC3833 DC1640A-B Demc Board.ltpe
Rbl  20kQ
cerl oF | Vosns-
— . .
ctily Rt Solution Librar
|||—0—' I——Wv ITH
| | Cthp1
11 —Add This Project As A New Solution
Duty & Ton Compensation Mew Solution Name : | |
Voutl Duty 125 % Cthl 470 pF
WIBCALLEY S A l' - Mew Solution Description : |
Solution library demo boards, data sheet circuits, verurte Stected Sohation
reference designs ...

Users can add/build their solutions, too.
Quick start point of a new design!

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™
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Accurate, Bench Verified Models LII‘IENL

LTpowerCAD Bench Verification Report (on a Standard Demo Board)

Duty ~ 35%
Vour: 12 V at 10 A resistive load
V;,=36V Cour bulk: 4x 150 pF, 12 mQ VFB: 499 kQ||22 pF +35.7 kQ

fow = 120 kHz Cout ceramic: 4x 35V 10 yF 1206 Comp: (1.5 kQ +10 nF)||610 pF

T L | Bench vs. Model

L]

Magnitude (dB)

T II‘I

A ‘

-42.5

Lk

I

-85 ‘ |
AN R (. EEEA s Rl A WL h |
100 1000 10000 100000 1000000 o o - i : - {H' 'i . it
Il il | LTI
ay R i
LYY LRLYY i u
f iI
1
|
in
145 |l an |/l 500 600 700 800
|| Time (us)
\
- ‘-""-..,_. l |
§ 725 L I
3 N ¥ ""h‘
s
g \
a o 0 0.0001 0.0002 0.0003 0.0004 0.0005
£
a
1 Seconds
725
100 1000 10000 100000 1000000

Frequency (Hz) D ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™
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Other Tools in LTpowerCAD D PLTFI%

LTpowerPlanner
powerCi Power Tree Tool

:

4

s F

Supply Design System Design Simulation Op U p d at eS

More Toolé| {}V{‘ {_.} {

Toolbox Contact Help Sync/Release

: ANALOG
LTpowerCAD Il Design Tool V2.5.2 DEVICES % F'LCiﬁE R BY N

Copyright 2014, Analog Devices Inc. All rights reserved.
AHEAD OF WHAT'S POSSIBLE™
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Webpage: analog.com/LTpowerCAD

POWER BY

LINEAR.

3 LTpowerCAD | Analog D= X

< C | @ www.analog.com/en/design-center/ltpowercad.html a o :

ANALOG
DEVICES Search

AHEAD OF WHAT'S POSSIBLE™

MY HISTORY PRODUCTS APPLICATIONS DESIGN CENTER COMMUNITY EDUCATION SUPPORT
#  Design Center > LTpowerCAD Print My Analog

LTpowerCAD

The LTpowerCAD® design tool is a complete power supply design tool program that can significantly ease the tasks of
power supply design with many power products by Linear Technology, now part of Analog Devices Inc. Currently, most
preducts in the LTpowerCAD tool are for non-isclated, switching mode power supplies. Unlike conventional simulation toals,
the LTpowerCAD tool guides users throughout the full power supply design process: it searches suitable parts according to
user's supply specifications; it guides the user to design and optimize circuit component values with suggestions and
warnings; it shows real-time results of power stage and feedback loop [ transient performances; finally, it also provides a
detailed summary of the design. Besides, a LTpowerCAD design can be exported to a LTspice simulation circuit for further
verifications. Within the LTpowerCAD program, there is also a LTpowerPlanner tool for system-level “power tree” designs
and optimizations. The LTpowerCAD program is free for download and currently works on Microsoft Windows 7 or 10 based
PC. Some tools also need the Microsoft Excel program. Users can make real time updates of the program and its
component libraries through internet.

Download LTpowerCAD

A Design Tool for Switching Regulators

Switching power supply design can often be a challenging
and time-consuming experience. Typically this requires
knowledge of aspects such as control loop compensation,
IC operation and capabilities, filtering and even power loss
mechanisms related to DC/DC switching regulators. This
video guides the user through the entire design process
reducing design effort and speeding up design time

Documentation

Additional support for LTpowerCAD can be found inside our helpful quick start guides and product lists.

LTpowerCAD Il Help (PDF)
LTpowerCAD Il Quic
Basic Concepts of Linear Regulator and Switching Mode Power Supplies (PDF)

Nocioning Bowar Sunnly Baramatarc io Five Sicaole Stanc with the | Tooiuar AN Nacian Tnol (DOEY

17 ©2018 Analog Devices, Inc. All rights reserved.

» Free download
» Quick-start guide
» Articles and videos

ANALOG
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Design Curves (for Wide V,, Range)

LT LTpowerCAD IV2.5.4 - LTC3833 DC1640A-B.

File Help
T " 3
i ] Power Stage Design H Loss Estimate & Break Down E“:J Loop Comp. & Load Transient @j Power Design Summary ‘
= = =
anl AAad Su @ - oW B
User Entry : 55) \ Y ..,J‘ /l aa l NST Fag TooL
. ] - —_ 5 S|
Calculated : LTC3823 - Fast Accurate Sf{/ -7 Design Curves . LEL =
TS ) Vindnorm) 12V - -
MaxVin: 38 V ~ Tont | Design Curves vs. Vin
MinVin: 45 V i =
MaxVout: 55 V e Select Output Rail # [ outputRailz1 ~
Sugg. Max Iout : 50 A -~ ~ -~ ~
Min Sw. Freq, : kH #cay = = = S
insw. Freq.: GRI00R 2 Inductor Current @ lout Max vs. Vin IL Avg. Limit, lout Limit & lout Max
Max Sw. Freq.: 2000 kHz vs. Vin

-Design Specs
Vinmin: 45 V (] |4155 1 1 | |
Vin nom : 12 Vv g -E. g |145 /—_ ]
Vin max : 24 V t g = 13 | | | |
L ] - @ 2 I I I I
Switching Freq: 298 kHz = = = =
— 1=
Ta: 25 °C = = = =
£ 10
Output Rail 1 10
Voutl: 332 V o & 12 18 20 24
1ot I A & 10 14 18 22 & 10 14 15 a2 > ‘ heCk the
Input Yoltage (V) Input Yoltage (V)
Compensation — L Pesk L Valley L Ava. — | Awg. CurrentLimit == lout Avg. Current Limit d eS I g n I n th e
Cthl 470 pF
\ & | J
Min E79.5405 el 4
- N ) full V,, range.
o T mE
= M W Input Cap. RMS Current @ lout Max Output Cap. RMS Current @ lout

B vs. Vin Max vs. Vin > C h eC k th e

= =1 |
= i = 1: ! worst case.

= S r

= % 3 53 :
— i [

4 3 12 16 20 24 3 12 16 20 24
& 10 14 18 22 6 10 14 18 22
Input Voltage (V) Input Voltage (V)
= | Cin RM5S = | Cout RM5S
. 1|1 A

I: ANALOG
DEVICES
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Power Stage Design: Component Libraries

. ] ]
i Power Stage Design H Loss Estimate & Break Down H Loop Comp. & Load Transient | ﬂ Power Design Summary |
- Key a0
: o1 N B
User Entry NN R g —— [od
Caleulated :
— LTC3833 - Fast Accurate Step-Down DC/DC Controller with Differential Output Sensing
-Part Specs
Max Vin : 38V .
MinVin: 45V Vin{norm} 12 W - VIN _
MaxVout: 55 V ) 7[ (}i‘nB Bulk CIN - 7‘[9"”6 Ceramic CIN
Sugg. Maxlout: 50 A T MR PANASONIE im o e | MURATA
Min Sw. Freq.: 200 kHz Total CINRMS 6614 A Part# 35SVPD47TM I Part# GRM32DRTIE Inductor Current Limit
Max Sw. Freg.: 2000 kHz Total CIN Ploss 0291 W = CMem 150yF - CHom 22 pF Desired L Ripple 40 % Target lout Limit Margin | 135 %
Desion’s € 47 uf c 7 uF Sug.L1 D55 uH Target lout Limit 27 A # Paralleled Phases 1
esign pt(z . ESR 30 ma E5R 3mn L1 15 uH iL pk@ Target lout Limit 28.468A Tout/Phase 20A
i 43 #Cap 2 = Cap z DR 17 mQ iLviy@ Target lout Limit 255324
Vin nom : 12 v MR VISHAY
i 3 ) VRNG: Set 0.6V - 2V (or GND=30mV, INTVCC=50mV)
Vin max : SRRV VouT Ut a— 1 Part# IHLPA040DZ- Qutput Vo\Ta_ge
Switching Freq: 298 kHz Feedback | |—||Mt0p1 iL Ripple % m% VRNG 2v Vout Prog. 15V
Ta: 25 °C ecdbac i I L Peaic BUAERA Actual VRNG 2v Vout Ripple [pk-pk)  6.82 mV
Sug.RiL 15k0 py TG 1 - ’ Vsense max prog. 100 mV AVoripple/Vo +f- 0227 %
Output Rail 1 . < Cff1 ---1 1x FDMSIST: L1 DCR1
Voutl: 15 V o o SW YV ANAN - o YOUT
! \'a
Toutl: 20 A - T oo T \
[l g Cocl CoB
Vosns+ ! ‘Mbot1 N ‘ "
Rb1 Cfit1 BG ! | 1x FDMSESS: Rs1 \\ ' : !
Sug.Rbl 10 kO ‘7 . < Rm \\
Rol  10kQ - A
o e Vosns- *— NN—o Show Al Parts ggesiad Parté [F] Show Only AECQ Qualified Parts Clear Search Entries|
L Csl 0L DCR Current||[Buite-in Parts :
Cth - Rth1 SugRsl  BET kD Actlol Limit [ ~) Vendar ~) Name Area(mm2) DCR Loss(W) DCRxArea(mf-mm2) Ailx DCR(mV) () L{uH) ~)LTol
i ITH Rsl ; 5 k0 L1 PR foL Limit | & ear Clear Clear]
v Floss R=1 EERRmW Vsnst Pk@ Tal Max COILCRAFT XAL6020-271MEE [TE] 1303 1528 33 20
| | Cthpi Sug. Rpl 10000 k02 Vsnst Viy@ fo1 Max PULSE PG0426.201 52.5 lo1a 183 20
11 Rpl [EEEEMO VsnsL Rip. (ok-pk) PULSE PG0426.221 525 o811 166 20
c i COILCRAFT MLE7532-221MEI[52.5 1014 208 20
Duty & Ton ompensation VISHAY 1HLP3232CZERRZ.|66.9 |0.649 133 20
Voutl Duty 125 % Cthl 470 pF Sense+ VISHAY IHLP3232CZERR2: 66, o628 133 20
Tonl @ Vin Max 210 ns Rinl R0 _L PANASONIC FTOPZIRIGWFC 1115 In>as [
Change to Rsense Sensin
Toffl @ Vin Min 2237.1ns Cthpl 68 pF = 2 Cs1 il =
Sw. Freg. Sense- <
Desired Fsw 298 kHz Rt
Sug. Rfreq 137 k2 GND
Rireq 137 k2 = Rireq I
Act. Fsw 298 kHz ey ]

Add Part To Library

VITEC &@TDK mToko ¢2Pulse @sumida

Show Suggested Parts eases component selections

I: ANALOG
DEVICES
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POWER BY

Component Library (Power MOSFET Example) LINEAR.

File | Help

m Power Stage Design H Loss Estimate & Break Down

oy
H Loop Comp. & Load Transient

ﬁ Power Design Summary

% Design Specs For CCM Mode Only Inductor AC Loss Entered by User .
i Vinmin: 45 V MOSFETs
3 conmEmE L Control MOSFET
g Vinmax: 24 V Vendor: Infineon
Sw.Freq: 208 kHz Part: BSCOSO4NS Rail #1 (3.32V) Efficiency & Power Loss Rail #1 (3.32V) Power Loss Breakdown (Full Load)
Vout: 332 V Vdss: 30V #Fets: 1 pes 100 T T T T Y Y e T ]
lout: 10 A Qg: 6 e Qgd: 14 nC a8 Power MOSFET Library -
Ta: 25 °C
Rdson': [RESSN mt} Ogs: B LG 96- ! Show All Parfs @ Show Suggested Parts (V)  #Parallel Fets pecs.  (for MOSFET Loss Calculation) [C] Show Only AEC-Q Parts  |Clear Search Entriesl
Inductor Rg: 12 0 Vmiller: 27V .
Inductor: XEL6I Vdiode: 054 ¥ Vih: 16 v 94- i~ Built-In Parts
Lt 22 uH Ploss: 0293 Wet  Coss: 250 pf o ~) Vendar ~) Name Est.Loss(W) [~ Vdss(V) ~) Vgsi(V) ~)Rdsl(mQ)  (~) Qgl{nC) ~) Vgs2(V) A)Rds2(mQ)  (~) Qg2(nC) ~)QgdinC) ~) Qgs{nC) ~) Cosslp
DCR: 61 m0) 8jo: W AT o » A Clear| Clear| Clear| Clear| Clear| Clear| Clear| Clear| Clear| Clear | Clear|
Owa: NN B /'/ TfimEeD Bscosoanst (] \:0 15 4 52 10 3 1 14 19 250 .
88
Vendor: Toshiba Infineon BSZOS06NS 20 45 44 52 10 35 1 14 19 220
v ey [ Part: TPHRES0ZP 86 Infineon BSCO503NSI 20 45 3 71 10 23 15 18 25 330
Tw: 25 °C Vdss: 30V pes 84 Infineon BSCOS02NSI 20 a5 24 9 10 19 19 23 31 420
DER@Tw: 61 mh Qg: 604 nC ne o Infinean BSZ0S03NSI 20 a5 5 71 10 2.8 15 18 25 330
Tl i W Rdson: 057 mQ nC Infineon BSZ0502NS! 20 15 29 9 10 24 19 23 31 120
Core Loss: [N W Rg: 06 0 Vmiller: 3V - Infineon BSCOS0LNSI 20 45 2 114 10 15 3 23 39 530
Total Loss: 112 W . 787
Vdiode: 082 V Vth: 16V g Infineon BSZOSOLNSI 20 a5 21 114 10 17 23 29 39 540
Buck Ploss: 0120 W/Fet  Coss: 2720 pF = 761 Infineon BSCO52NO3LS 20 45 58 59 10 43 12 19 22 200 =
Vi Bja: W ATja: s é 7a) . m 5
QT s o 72- - User Parts:
f L 0 )| [test test part 1 0.522 20 45 [122 75 10 [s2 [17 |2 39 370 :
0 Vin 12 V " |
B Freeze Plot 68 Add A New User Part:
External Bias 661 Vendar Name Vdss(V) Vgs1{V) Rds1({m() QglinC) Vgs2(V) Rds2(m{) Qg2(nC) Qgd(nC) Qgs(nC) Coss(pF) RolCl)
EXTVCC : v 1
FET Vmiller 64 -
Rail Total Power Loss @ Full Load 52 . m )
T Pin: 3545 w
A T 60+ Add Part To Library |
~ Vendor Links
' -— — B
FAIRCHILD VISHAY. infineon nexperia RENEsSAS TOSHIBA
SEMICONDUCTOR® V Leading Innovation >>»
L ] - Ll Ll Ll Ll
Show Su gg ested Parts—qmck efficiel 1ICY Optll nization
21 ©2018 Analog Devices, Inc. All rights reserved. @
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~ LINEAR.

Ceramic Capacitor Derating vs. DC Bias

DC bias characteristics 22 |JF/63 V Capacitor N -4
EBL\K ——————— SR B 22 uF @ 0V
20 "

» MLCC: significant
capacitance loss at Vgag

» How to design it in LTpowerCAD?

17 \\

14 \\\

N
Nl (-65%)

8 \-...

Sy 1 0 3 4 5 6 7
DG Bias[V]

Capacitance [uF]

I: ANALOG
@ DEVICES
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POWER BY

MLCC Auto Derating vs. DC Bias LINEAR.

23

"
AT Component Estimation Settings L o | E &J
| =— 1 'A'F;‘
A - T ==
I A @ (% EE ol L LNEAR
i . \- P4 . ) ) TECHMILZEY
rate Step-Down DC/DC Controller with Differential Output Sensing Project Name: SIesE) e
Date: 2 . .
VIN Designer MLCCs MOSFETs | Inductors Limits (FAE Only)
CinB  Bulk cIy | Gln: Ceramic CIN
| MFR. PANASONIC | MFR. MURATA
_ Pert# 25SVPFIBOM B l_ " Part# GRMIZERGIE Indluctor Current Limit = g -
T CNem  180F = cwnem  22vF Desired ILRipple 40% Target lout Limit Margin | 120 % Estimate Actual Capacitance at DC Bias :
€ _ 180yF C 1L0DERF Sug.1  201uH Targetloutlmit 12 A #Paralieled Phases 1
ESR  1eml SR 3mn L1 22uH L pk@® Target lout Limit 13.8324 lout/Phase 10 A
#Cap 2 #Cap 3 DR B1mO iL viy@ Target lout Limit 10.168A
MFR. VRMG: Set 0.6 - 2V (or GND=30mV, INTVCC=50mV) Output Voltage
T u1 j—_— Part# XELE060-222 =
! = Mtop1 L Rippless | 375 \I‘RNG 5V \ID.J‘I Prog. 3316V
L 16 \ L 1 Peak ETEIRIA . Actual VRNG 1VV Vn;\tfkpp‘e:r:'k—pk’} 0123;3 ;:V
Cff1 T IY Eiceow sense max prog. 50 m ‘oripple/Vo +/- 0.203 % N
_ L1 _DoRt, Rsns. vour ok | Exit
swW T LT UMW — VWV * +
.-
| Vosns+ 1= Mbott - ==~ (_20_ch C_D_L,B
| Part # WSL2512210( ! . ! J
Cfit1 Bel— 1x TPHRE50: Sug Ronst | 4BT7 1m0 [ R —
U . Rsnsl A m@ l Ceramic Cout ] Bulk Cout
- PLoss Rsnsl 404.47mwW = wER MURATA =" mre. IEANENS .
| Vosns- Rsense Current Sensing Parts GRM31CREQ) Part# GTPE330MAQ
Act.Tol Limit 14.332A CNom 100 uF CNom 330 yF [: [
ILL Pk@ lol Limit (161634 C 38a920F C 3304F oc
i1 ITH i1 Viy@ [ol Limit 125 A EsR 5 ma ESR 9 mo — e——
' Vsnsl Pk@ Iol Max 47.326mV ESL JEREHrH N F51. Mo —_—
n1 Vsnsl VIy@ ol Max 32.674mV #Cap 2 #Cap 2 - -
Vsns1 Rip. {pk-pk} 14.652mV . m
‘ensation Aff b ETAMIC COUt
_
0 pF Sense+ E
- I Vv - MFR WMURATA
0oF Change to DCR Sensing GH
e “prte GRM31CREQ
Sense- \
wWA—Rt GND RiLTL 200 C Mem
ci1 inF
Rireq I Reference Design - Linear Technology Demo Board DC1640A-B -
— ESR
ESL
& Cap 2

©2018 Analog Devices, Inc. All rights reserved.
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LINEAR.

LT Design Curves
Conducted (Differential Mode) EMI Filter Design
EMI Specification : | CISPR22 x ‘ EMI Margin Desired : 0 dBpV [[] Use Suggested Values Show EMI Without Input Filter Cursor X: 0.4%44 MHz Cursor¥: 133 dBpV
VinA P W 2 VinB EMI | Filter Attenuation | Impedance
Linear Technology DC18¢ ca 7 e , _ - N
MFR MFR. MFR L Cint
. Fars Fars Pars Conducted EMI vs. CISPR22 Class B (PEAK) : 150kHz - 30MHz
A4-20Vin, 5V/3.3V/2.5V, 5]  crom) 10 wr cgp LSug. 0o uH cdp CSve 2705w
C 100 wF L ooapH Clnom] 100 wF = =
ER 5md DR 5 m0 |; C 100 WF = T 80+
B 1nH BC 3 F BRLEMT e MFR MURATA
#Caps 1 PlossDCR 0,021 W ‘Cii: i . Part# GRM32ERE1EZ26%
C{nom) uF Cinom] 22 pF
RdA MFR -7 € 10 wF € 10,531 pF
i R soon B ER 5md ESR 7 mD
VIN Vin{norm) 12V ASug 0037 0 f—l_c (nom) 47 pF L RSug. 0037 O ESL 1 nH ESL i nd
T RdA ESE 4; meQ RdB R 5000 =#Caps 0 #Caps E
H 2L 1n4
s _anB | = = fGm 1 —  Input Filter =
| =
T \i Note : CdA, RdA and CdB, Rd8 are for optional domping z &
OF I >
Bulk CIN Ceramic CIN LISN J EMI'vs. Specification 2
— . . Acmual EMI Margin (min) 8358 dByY @ 0583 MHz =
Vendor = \/endor MURATA VinA VinB ” g
T o
Par# parct GRM32ERGL|  vin| L Input Filter [" LTC3605A =
C Nom uF C Nom 22 uF z
C uF C 10591 uF N 3L Operating Conditions
- Win 12V Vourl FL A Toutl 54
ESR mQ ESR 7 mQ Jﬁ Filter vs Input Impedance P 2g8 i
# caps pcs. # caps 3 pcs. = TN - ZOF Headroom (min) 29.083 45 @ 0087 MHz
To
Total CinIRMS  2.031 A analyzer
Total Cin Loss 001w
Comp( Frequency (Hz)
—— Conducted EMI wio Filter === EMI Spec. —— Conducted EMI
\ J

Released for buck and boost converters

I: ANALOG
@ DEVICES
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Input EMI Filter Design Curves

EMI Noise vs.
Standard

Filter Insertion Gain
(with Damping)

POWER BY

LT LINEAR.

Filter/Supply Impedance
(with Damping)

EMI Filter Attenuation | Impedance ‘
-
Conducted EMI vs. CISPR22 Class B (PEAK) : 150kHz - 30MHz
SD_
60— \
=
-
=
20+
y il ‘ H ”'hMhl\d\lJ\“ﬂhilﬂnﬂn.m
1E5 1E7 TEB
Frequency (Hz)
—— Conducted EMI wio Filter === EM| Spec. —— Conducted EMI
\
25 ©2018 Analog Devices, Inc. All rights reserved.

EMI | Filter Attenuation |Impedan(e |
-
Filter Insertion Gain [Attenuation] - V(A)/V(B)
30_

=]

==}

=

3

=

E

oh

L]

=

Frequency (Hz)
— Filter Gain -***** Frozen Gain

.

EMI | Filter Attenuation | Impedance |
g ™
Filter Impedance
105
.4_
g 18- Eil
= it
) 4
3 i
z d
¥
g -
-46
60 T T 1 1 1
1E2 1E3 1E4 1E5 1E6 1E7
Frequency (Hz)
— |deal Supply Input Impedance —— Filter Output Impedance  **==** Frozen Impedance
\. J
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Auto Loop Compensation LINEAR.

" 1
I Loss Estimate & Break Down N Loop Comp. & Load Transient ‘ ﬁ Power Design Summary

Phs. Boost Desired 10 deg
CfiSug 100 pF Rail #1 (1.5V) Loop Gain Rail #1 (1.5V) Load Transient
[ cff pF
Cfit Sug 180 pF 20 B
70 :

[} it pF

Desired PM 60 deg el

Compensation

w
@

Cth Sug 120 pF

T

-
o

aer

=

cth 120 pF

-

-
"

Magnitude (dB)
=]
J

Rth Sug 324 kO

e
&
-

Vout[AC Coupled] (mV)

o
g

Reh | 324 kO -35 W

o
E

Cthp Sug 68 pF

-
~

LN

J0
-70

iy sl 100 1000 10000 100000 1000000

. 52 104 208 260 312 364 416 468 520
O n e C I I C k I Use Suggested Compensation Frequency (Hz) LER()

Plots
Bode Plat
i vin 12 V
i o 15 A
BW 5705 kHz
PM 6176 deg
Gain @ few/2 -11.91 dB
Gain @ -180° 6000 dB
Freeze Plots
Cursors
Freq 0 kHz
Gain 0 dB
Phase+180 0 deg
Load Step
{J High 10 A
Low oA
AlfAt 10 Alus
AVo Target & Response L J
Target Total AVo = 3 %

o
=

=}
-
w
=3

Phase+180 (deg.)

o
=3
=]

J Ld e b

o -

Target AVoRipple + 1 % -180
AVoRipple = 074 % 100 1000 10000 100000 1000000 0 52 104 156 208 ] 260 312 364 416 468 520
Frequency (Hz) Time (us)

D ANALOG
: : DEVICES
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LTpowerPlanner® Design Tool
Brief Introduction

BY HENRY ZHANG AND TIM KOZONO
APPLICATIONS ENGINEERING
POWER PRODUCTS
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POWER BY

A System Board Example LT INEAR.

» A modern electronic
system usually has
many power
supplies and loads.

» Apower tree
drawing is needed.

ANALOG
@ DEVICES
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A Power Management System Example

T LINEAR

» A system designer needs to plan and development the entire
power management system.

» System optimization: total efficiency, loss, size, cost, etc.

[ |nput Ra”]—.—» 12Vto5V ® 1 »
Supply A | Load

N 5Vto 2V 2V
LOSS™ Supply A | Load
Eff%=" —
Size=? ( )

12V-to-1V | 8 .| 1V

A system-level design and optimization tool is needed

29 ©2018 Analog Devices, Inc. All rights reserved.

I: ANALOG
@ DEVICES

AHEAD OF WHAT'S POSSIBLE™



LTpowerPlanner® Design Tool BZPLTI\I‘VI%

A System-Level Power Planning Tool:

\4

Create a system power tree diagram.
Estimate total system power, efficiency, and size.
Optional links to LTpowerCAD and LTspice Designs.

vy

v

Avallable in the LTpowerCAD package.
LTpowerCAD free download: analog.com/LTpowerCAD.
Windows PC based.

v

v

D ANALOG
. . DEVICES
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http://www.analog.com/LTpowerCAD

l{ POWEFi BY

Why Use the LTpowerPlanner® Tool? ~ LINTAR.

» Draw system power tree diagram

» Calculate total system power, efficiency, and solution size
» Document system architecture and design solutions

» Compare different system solutions for optimum solution

» Present intuitive system solutions

I: ANALOG
@ DEVICES
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LTpowerPlanner® Tool: Getting Started LII‘IENL

LT LTpowerCAD I V2.5.2

Start a New
powerCAD Power Tree

LEL

Supply Design System Design Simulation Open File

Toolbox Help Sync/Release

[TpowerCAD Il De5|gn Tool V2.5.2 éE\?llé%cS; [17 PLolﬁE R BY |

Copyright 2014, Analog Devices Inc. All rights reserved.

AHEAD OF WHAT'S POSSIBLE™

“System Design” in the LTpowerCAD package.
@ DIas
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l{ POWEFi BY

~ LINEAR.

Step 1: Drawing a System Power Tree

L TpowerPlanner [l 3.0.0 - [simple example for intro blog. ltp3]
55 Edit View Parts Symbols
UeEE e BORE EY = RE R

MNew Tab 1

Input Rail v

L]

12V-to-5V ||y
LTav

Eff1=95%

12V-to-1V
(4 L=
Tev

Eff1=90%

» Place input source, converter, and load components.
» Draw power wire connections (from left to right)

I: ANALOG
@ DEVICES

AHEAD OF WHAT'S POSSIBLE™
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Step 2: Updating Parameters (For Input Source, Y powER BY

LT LINEAR.

Converters, and Loads)

_| 2 | [12vtosv ]| [ _5Vioad |
] L #
Eff1=95%
v 2V Load
o | 5A
Eff1=93%
v
oY) ' ~
— Converter <
\ Name: 12V-to-1V Color: | [~ &
IC Part # Solution Size (x):[ 1 | Units 2
> Enter key Vin Min: 4.5 v Solution Size (y):| 1 Units
. Vin Max: 20 v Solution Area: 1 Units *
parameters in
. Topology: |all v Converter Type all "
the Properties Sreream
W|ndOW for eaCh Vout 2 v Iout Max: 15 A
. Vout Min: 0.6 v (&) Eff Nom: a0 %o
generlc part Vout Max: 15 W () Eff Peak: 95 %

I: ANALOG
@ DEVICES
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Step 3: Run Calculation

T LINEAR

| Input Rail |12”|35A

P=34.30W

Summary Report

Total Pin = 34.36W

Total Pout = 31W

Total Ploss = 3.36W
Total Efficiency = 90.22%
Total Size = 3Units"2

[ 12V-t0-5V ||y 5 4=n [ 5Vioad |
| i
12V 1.38A LTE
Loss1=0.83W Eff1=95% P=5W
[ 5V-to-2V_ ||,y e [ 2Viocad |
| |
E] 5V 2,154 LTE 2V 54
Loss1=0.75W Eff1=83% P=10W
[ 12V-to-1V_||.,zn [ 1Viocad |
| i
12V 1.483 LTE T BA
Loss1=1.78W Eff1=50% P=16W

» Calculate total input power, output power, loss, efficiency, and size
(based on user’s entries of generic component parameters).

35 ©2018 Analog Devices, Inc. All rights reserved.
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Comparing Different Architectures

36

vz 3158
I 12v I.SBA-I O 5 LAI
P=34.36W Loss1=0.83W Eff1=05% P=5W
A,
. 5v 2.15A LTE 2V 5A
Summary Report
Total Pin = 34.36W Opt 1on A Loss1=0.75W Eff1=03% P=10W
Total Pout = 31W
Total Ploss = 3.36W._____
Total Efficiency <90.229%; v se
_ v
Total Size = 3Units™2 1zv1.4sn] O e Em-[
Loss1=1.78W Eff1=00% P=16W
vz oa 5V Load
I 12v 0.44.&“ fa ) SV 1A
P=33.91W Lossl=0.26W EFf1=05% P=5W
Civo o |, 2V Load
_?_ug]{n;ry Rggogtlw 12vosial LT gV 2V 5A
ofal Pin = 33.
Total Pout _ 31W Loss1=0.87W Eff1l=22% O ti O n B P=10W
Total Ploss = 2.91W______ p
Total Efficiency —'91 42%
Total Size = 3Units®Z ™™~ Ay [ 1vicad |
12v 1.43;{‘ Fa ) 2V 8A
Lossl=1.78W Effl=20% P=18W

A quick power tree comparison for optimum design

©2018 Analog Devices, Inc. All rights reserved.
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POWER BY

A Communications System Power Tree Example L7 INEAR.

. LTpowerPlanner Example
> M u ItIC h ann el CO nverters ' Communication Infrastructure Power Chain E><armz>|el=3 ’

» Resistive component:
R 1 L 1 F ET’ et C . Ac}."nm 1110\; 1.55:‘_%Ir PFC T‘D:I'I_41€'q Isolated |s:v34s
Front-End Power Supply J -

» Colored nets/loads to
represent power-up/-down s [Tl e

Eff2=90%

12V 13,194 LTC7150 I'_.s-. DA
12v3264| , Monolithic I

Efl=92%

48V 344

LTC3884

Seq uence Summary Report
" Total Pin = 171.73W LIVIEA
Total Pout = 141.59W -1?;_' 12van
Total Ploss = 30.14W . ’ o Load 4
Total Efficiency = 82.45% LTM4644 =0 o 124
Quad 2128 119V 124 2
12 2.15 12v4h - i
Module H ———
v 44 .
14
p=2w
Load 6
34 .
=W
LTM4649 |s3v75 Lo 7
g } Gy ot
12V 2234 ] 0 Module 54 e
Ef1=32%
Power On Sequence:
1) GREEM
i) EléE;JE £A2-85% 7 pazw
Controlled by the LTC2978 and LTC3884 through PMBus EET) -_ggn.AE{

Effl=545%

I: ANALOG
DEVICES
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LINEAR.

b

LTpowerPlanner® Component Visual Options

LTpowerPlanner Component Visual Options

(Click on a component, when properties window shows up, click on "Change Visual”)

LTpowerPlanner Example

38

Converters

LDOs

©2018 Analog Devices, Inc. All rights reserved.

Power Source Resistive parts Loads
VIN 1 Converter LDO I Resistor Resistor I Load 1
110V 2v 48V 1V 1V
- f%ﬂConverter% r%@_@ E% - LDO ey | FAANAE AN | oa == o Load 2
Eff1=00% Eff1=08%
I Resistor I
Load 1
lIl 12v 1 LTC3884 PSM | L1V 1V LDO 1V I I 154 o
LTC3884 I A - Load 2
PSM v v LDO v v I FET 15&
o TeY o e | L |
EFf1=00% EFf1=00% 154 154
Eff2=00% Eff2=00% I - I alil = =
12v 154
VIN DAC ADC
} o LTC3853 Buck | L1V I NAASS I &
| LTC3853 L Symbols | - I i
Buck —_— ] 154 154
2v Capalcitnr I “ I 1A
oo E-50¢ * | R > <
Eff3=90% Ef3-00% _ I 154
v a5 Capacitor I 15A 154 15A 15A 15A 15A
LTM4644 Module ! C W B W I 154
w 1w ¥ DAC ADC
LTM4644 4 154
Module & i
154
2 2v
o T

I: ANALOG
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FPGA Reference Designs on analog.com LII‘I’E/’\IZ_w

ANALOG
DEV'CES Search

AHEAD OF WHAT'S POSSIBLE™

MY HISTORY PRODUCTS APPLICATIONS COMMUNITY

k] Design Center > Reference Designs > Circuit Collections > Alfera Amia 10 FPGA Development Kit

EDUCATION | SUPPORT

Altera Arria 10 FPGA Development
Many existing Kit

roAprocessor [

reference power trees.

ANALOG
_ | @ DEVICES
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Solution Power Tree Example Library
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10 Arria 10 GX FPGA Power T. Power parts recommended by Linea

F P G A / p r O C e S S O r YTTTC3874 Discrete ||| FPGA_|Altera |Arria 10| Arria 10 SoC Devel Two Power Tree Options Available 12V, 12v 0.9V/30A, 3.3V/L|LTM4677, LTM4676A, LTM:| 10/27/2016 |
1 FPGA | Xilinx |Artix-7 |Artix-7 on Basys 3 Board b | Evaluation platform using the LTC3( sV 0.9997V/3A, 3.29| LTC3633, LTC3621 10/27/2016 L
Datacor|LTC _ [LTMAITY|C ication Power Che| Example from AC to loads 110v 1.8V/10A, 1V/50¢| LTC7150, LTC3887, LTM46:| 10/27/2016
— Datacor|LTC __ [1TC388 | ication Power Tre | Example with 12Vbus and PSM POL: 48v 5V/4.1A, 1.5V/6.1| LTC3765/3766, LTC3887, L | 10/27/2016
r ef e r e n C e O W e r t r e e S 2 Pt Datacor|NA _|NA | Datacom power architectu | Generic cxamples with 12V or 48V b 48V, 48V, 48V, 48V |1V/1504, 1V/80A 10/27/2016
. — LTC Den|LTC | PSM LT1| DC2204A PSM uModule Po| Power Stick Board using LTM4676A, 12V 0.9V/9A, 0.7V/9A]  LTM4675  LTM46764, |10/27/2016
LTC Den|LTC  |LTC781:|DC2435A LTC7813 Demo E|A-A: requlated 24Vo, A-B: unrequlal 24V, 24V, 14V |24V/5A, 24V/5A, | LTC7813, LTC7813, LTC781] 10/27/2016 '

( User's Solutions
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Add This Project As A New Solution

New Group : Mew Vendor: New Device : New Solution Name™: New Solution Description* : New Note : MNew Designer :
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Filter Results Save New Solution Import Solution
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(Optional) Links to LTpowerCAD and LTspice ~ LINTAR.

J'U;ﬂ' 350 Click “Properties” to Link

2 Existing Design Files

7 LTpowerCAD 1 V2.1.1 - LTC3633 3R3 and 2V tpc AT LTspice IV - [LTC3633 33V and 2V]

1, File Edit Hierarchy View Simulate Tools Window Help AEE
File Help
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TT:| Power Stage Design ‘ ﬂ Less Estimate & Break Down

PartSpecs —————————— E‘ E
Max Vin: 15 =

2]
f‘j Loop Comp. & Load Transient

[ Power Design Summary |

Parameters imported from LTPowerCAD Design Tool

S
Sa @ @ B & " L e et

[V iny 22000 params Rthi=7 15k Cth1=2200p Cthpi=220p
MinVin: 36 W haxtor  LTC3633 - Dual 3A, Monglithic Buck Regulator + N vcm 3 s vza | PHllode IntVee Mode/Sync params SenseRs1=0k SenseC1=0u SenseRp1=0k
: A it . TR - e o params Rsense1=70m RsanseFilterR1=0 RsenseFilterC1=0n
Max Vout: 147 V =y o2 params Loi=1 5u DCR=14m
.params Cob1=47u ESRb1=2.3m ESLb1=1.05n nCob1=2
Sugg. Max lout : 3A params Cox1=10u ESRc1=3m ESLE1=0.8n nCoe1=1
If simulation madel is not found, please "Sync release™ G Run2 params LoadStepHighi=1.5 LoadStepLowl=)
Min Sw. Freq.: 500 kHz P
rtup
. params Vin2=12 Cinb2=Du nCinb2=D fsw2=888k
| Max Sw. Freq.: 4000 kHz Nots: Simulation s running at the defsut switching frequency for the part | P params RiuTop2=60.4k RibBot2=26.1k CibTop2=0p CluBat2=0p
Please manually adjust for additional switehing frequency options. gao goo params Rth2=7 15k Cth2=2200p =
rams SenseRs2=0k SenseC2=0u Sensel
Design Specs ut Params
| Win max : 13V Von1 IO RIS

pprams Cob2=47u ESRE2=1.96m ESLb2=1.1n nCob2=2
pprams Coc2=10u ESRe2=3m ESLe2=0.8n nCoc2=1
pprams LoadStepHigh2=1 Load StepLow2=0

Vinnom: 12 V
Vinmin: 11 V
Switching Freq: 988 kHz

E Boost! o Boost2 10

G H o Sur sw2 = T R
Output Rail 1 lioadt ceet, count [ Loz RS o5 counz JJceez lload2
. i 4 RMETopz
. o o] ] oarfi <=
| loutl : 3 G118 LTC3633 R7 JE=t
Output Rail 2 oo e B T T B (crbot) | tht 2 (RLB1Y | (ot
Vout2: 189 V ~ Rl gy cnd ™" ~
Tout2: 2A Rty qtngy [ TreOMES TraekiSS20 ooy (Ring)
A v
Rt vers
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Leverage LTpowerCAD and LTspice tools to design each supply.
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Summary

LTpowerPlanner tool helps you design a system with:

» Easy steps

» Intuitive GUI interface

» Short time

» Optimum system power solution
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LTPOWERCAD MAKES DESIGN
QUICK AND EASY

Questions and Suggestions?
Email : LTpowerCAD@analog.com
(formerly LTpowerCAD@Ilinear.com)

Free Download at

©2018 Analog Devices, Inc. All rights reserved.
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http://www.analog.com/en/design-center/ltpowercad.html
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