Designing a Power Supply In
Five Simple Steps

With LTpowerCAD Design Tool

Copyright © 2015 Linear Technology. All rights reserved.




How People Do a “Paper Design”:

 For aswitching mode supply:

1.

© N o o bk WD

Define supply spec.

Decide topology.

Search for an IC (- time consuming)

Calculate power components (- time consuming and not optimum)
Search/select real components: L, C, FET... (-time consuming & not optimum)
Guess efficiency/loss (- difficult, inaccurate)

Guess or simulate for loop compensation. (- difficult, inaccurate)

Draft a schematic.

« ® Time consuming, difficult, inaccurate, not optimum.
« ® Requires good knowledge and skills.
« ® Hours or days of efforts!
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LTpowerCAD Power Supply Design Tool

Free-download at www.linear.com/LTpowerCAD
 First released on 2014. Supports > 200 LTC ICs.

e Hundreds/thousands power components.

 Frequent updates / improvements. (sync/release)

 No internet bandwidth/speed limit. - Runs on
Windows PC with installation. Leverage powerful user
PC with high security.

 Developed by Power Engineers/Experts.

e Easy, fast and high quality designs.
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LTpowerCAD Tool Simplifies Supply Design Task

5 Simple Steps:
1. Enters supply spec. to search for right solutions (fast).

2. Design tool guides users to select power components. (fast &
easy, optimum).

3. Real time efficiency and loss optimization (fast & easy, more
accurate)

4. Real time loop gain and transient design & optimization (fast, easy
and accurate)

5. BOM summary and size estimation (fast & easy)

e © Fast, accurate with optimum results.
« © Easy task even for inexperienced designers.
« © A“paper-design” can be done in minutes!
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Design a Supply in 5 Simple Steps:

Step 1 Step 2 Step 3 Step 4 Step 5
Enter specs, Power Stage Efficiency & Loop Summary,
search solution. Design. Loss & Transient BOM, Size
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LTpowerCAD Supply Design Example

 Vin =12V +/-10%

e Vo=1.0V, lo=20A

o Step Down Buck Converter




Design Step 1 — Search Part for Spec.

7 LTpowerCAD 1 V2.3

‘ ' LTpowerCAD Design Tool vz2ss
TECHNOLOGY Copyright 2014, Linear Technology Corp. All rights reserved.

Optional Features Search

2. Search

Converter Specification | ——

Converter Topology m Qutput Rail 1 [T Burst Mode —
Converter Type _ Voutl 1V Synchronous FET
Ioutl 20 A [ Isolated -
_ LTC Web Search
Min. Input Voltage 108 V Run / Enable
Nom. Input Voltage 12 V [T sync. to External Clock
Max. Input Voltage 132 Vv 1 . E n ter S p eC . Output Voltage Tracking All Parts
Remote Voltage Sensing
Num, of Qutput Rails [T Margin Control

[¥] Power Good Monitor
[T] Poly-phase / Load Share
12C/PMBus Interface

Num, of Parallel Phases 1

Find Part # : (####)

Always Keep Search Page Open

LTC Web

LTC3833

Controller

irraarad al~_ o _wi__

Fast Accurate Buck Controller with Remote Vo Sense, Valley I-mode

“ introller

S T R U i

38

: _'[ 3. Select IC and open 8 TOO! swawvamon:

Buck 38 27
LTC Web [LI-3000  [Lonwoner|dingie Fnase Lurrent moge suck Lontroner, <tmOhm DCR sensing, remote Vo sensing Buck 38 45
LTC Web || LTC3867 Controller | 38Vin Sync-Buck Controller with Remote Vo sense and nonlinear control Buck 38 4
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LTpowerCAD currently supports design tools for a limited number of parts. For more part options click the LTC Web Search button.

| DesignTool Website PartName Type  Desc. Topology ~Max Vin Min V
[ Yo 4 ] ﬁ LTC Web | LTC3807 Controller | Low IQ, Single Phase 38Vin 24Vo Synchronous Step-Down Controller Buck 38 4 -
e | ' ‘? LTC Web | LTC3810 Controller | 100V Valley Current Mode Synchronous Buck Regulator Controller Buck 100 08
Vo [FT LTC Web |LTC3810-5 |Controller |60V Valley Current Mode Synchronous Buck Regulator Controller Buck 60 0.8
'ﬁ LTC Web [|LTC3812-5 |Controller | GOV Valley Current Mode Synchronous Buck Regulator Controller Buck 60 0.8 i

m




Design Step 2 — Power Stage Design

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

Project Name:  Design Example 12Vin to 1V/20A

Date: 2/2015
Vinjnorm) 12V VIN _ Designer: #HHHEE
ICi nB T CinC
P I
! Bk CIN {mm—' Ceramic CIN
Total CIN RMS 332 A MFR. MEFR. Inductor Current Limit
Total CIN Plass - [ OA3W = Pants = s Desired iL Ripple  40% Target Tout Limit Margin 150 %
C  150uF T 22 Sug. 11 0228 pH Targetlout Limit|  30A #Paralleled Phases 1
ESR 20 mQ ESR 2m0 L1 0.56 pH iL pk@ Target lout Limit  31.63 A lout/Phase 204
scap 1 scap L DR 17 m0 iL vly @ Target lout Limit 28.37 A
MFR.
VRNG: Set 0.6V - 2V (or GND=30mV, INTVCC=50mV) Output Voltage
vouTt U1 Y Part# VRNG 2V Vout P v
Feedback ' 'M10p1 iL Ripple % Y% rog.
eedbac ' i Peakl Z0G31A Actual VRNG 2V Vout Ripple [pk-pk) ~ 37.53 mV/
Sug Rl 0411 g o TG Vsense max prog. 100 mv AVoripple/Vo +/- 188 %
Rl 604 KD _L1 _DCR1 VouT
oL f SwW LA VWA T *
e | COBI
Vosns+ ! H:Mbnﬂ X CL pad I
Rb1 cfitd I ke < Rsi [pu—
BG o S
Sug Rl 909 k0 U < Rpi Ceramic Cout Bulk Cout
Rbl 908 ki - S——AN— = MR = MR
il oF Vosns- Partt Part#
— €= RO uF DCR Current Sensina € 10pF C
= SugRsl 698 kO Power INDUCTOR Librar
ry
Cth1 Rth1 et 402 K0 [=]
l||—1 \r ITH PlossRel 274 miW ® Show All Parts ) Show Suggested Parts Clear Search Entries
| | Cthpd Sug.Rpl OPEN k0 rBuilt-In Parts :
Rpl 7A5k0 ~ — = = = .
11 ~) Veendor ~) Name ~) LH) ~) LTol(%) ~)DCRmME) [~ DERTol®)  (~)1Satld) ~) L Dec %)
Duty & Ton Compensation
Voutl Duty 833 % Cthl 2200 pF Sense+ o2 = =
Tonl @ VinMax 151 ns Rthl 715 k0  User Parts:
Toffl @ Vin Min 1807.5ns Cthpl 220 pF Cs1 WURTH 744066470 a7 30 160 10 185 33 B
Sense I COILCRAFT SER2010-102ML | 1 20 09 20 2 20
e -
Sw. Freq. VISHAY IHLPAO40DZERRS | 0.56 20 161 10 22 20
Desired F: 500 kH:
Su'g Rﬁ: sz Rt GND PULSE PAZ050193NL |194 10 91 10 1 20 .
Rfreq 806 kD Rireq < m ] =
ActFsw 502 kHz J—_ ~Add A New User Part:
= Vendor Part Name Inductance (uH) | LTol. (%) DCR (m0y) DCR Tol. (%) ISat (A) L Decrease (%)
: 0
a (T |
.
== Component Library
- Vendor Search Tools
7] )
Doned
IR WE=: R VITEC TDK PFA esunica Pulse
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Recommended values

User entered values



Design Step 2 — Power Stage — Design Warnings

Ceramic CIN - - Strong Warn|ng
VIFR. Inductor Current Limit
art Desired iL Ripple 40 % Target lout Limit Margin 150 % .
C 2 uF Sug. L1 0.228 uH Targetlout Limit 30 A - SOft warnin g
ESR 3 m0 1 056uH iL pk@ Target lout Limit  31.63 A
Cap 1 DCR 17 mQ iLwly@ Target lout Limit - 28.37 A
MFR. VRMG: Set 0.V - 2V [or GMD=30mV, INTVCC=51
et T —ﬁiurt-w---.~ y
: - lMtﬂp1 (IL Ripple % ‘@, VRNG
| : N — Actual VRNG 2V
1G Y 5. Vsense max prog. 100 mv
SW ? .
S | Coc
| Mbott i
BG | | Ox |
C=1 SRR wF DCR Current Sensing
Sug Rl 6.98 k) Act.lol Limit 9634 A
Rel BEHIEKO iL1 Pk@ ol Limit  97.97 A
Ploss Rsl L2 R imW Vsnsl Pk® lol Max 266 mV
Sug-Rpl OPEN ki2 Vsns Viy@lad Max 1693 mV
Rpl =715 k0 (fsnsl Rip. (pk-pk) r?\.?“,
S= - - —

 Automatic warnings guide users for proper values
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Design Step 3 — Efficiency & Loss Optimization

[

] —

Loss Estimate & Break Down

E Loop Comp. & Laad Transient

[Ed power Design Summary ‘

%  DesignSpecs *C Ipdate Plots' for new curves (For CCM Only) * Inductor AC Losses Entered By User. (For CCM Mode Only)
3 Vin max: 132 V MOSFETs
H Vinnem: 12 V' Control MOSFET
3 Vinmin: 108 V Vender: Infineon . . .
Sw.Freq: 309 kHz part: AT Rail #1 (1V) Efficiency & Power Loss Rail #1 (1V) Power Loss Breakdown (Full Load)
Vout: 1V ves: : EE v 100 T (I
Tout: 20 A Qg: 58 o o H 167
Inductor Rdson: 453 mQ Qgs: 19 nC : /
Inductor: MVR Rg: 08 0 Vmiller: 25V 96 / H / Ee
Li 025 uH 1 yhinge: 087V Vth: 15V 04 153
k| e Ploss: 048 W/Fet  Coss: 370  pF :
o S & P YRS APURNT PR P (R R 146
Inductor Loss Sync MOSFET 90 ,“ = y 139
DCRloss: 038 W | Vendor: NXP - N~ / / : 13
Core Loss w Part: PSMNORG-: / (/’ /, / :
Total Loss: 038 W vdss: 30V #Fets: 1 pes 86 / vV 4 u 125
Buck Qg: 594 nC Qgd: 135 nC o I / / / : e
Vi Rdson: 077 mQ Qgs: 153 nC I I / / H
Rg: 14 0O Vmiller: 24V 82 / - 111
q'f_l L Vdiode: 076 V Vth: 15V oo I / V. : 104
Vour Ploss: 051 W/fet  Coss: 2014 pF - :
Qp, - o - o 78- - 0.98
J Box: COW AT c 2 /, H ®
Estimate 3 e /7 o 0013
H =
= )
Ui / : o
FET Vmiller Vin 12 V £ / :
i 725 O 77
Freeze Plot / ” H -
External Bias 70- 0.7
Vus EXTVCC: v = H
- 68 = 0.63 .
Rail Total Power Loss @ Full Load : ® Control Fet Conduction (0.154W,8.83%)
Vmiller Pn: 2174 W 66+ | = 0.56 = Control Fet Turn On (0.231W,13.25%)
o Pout: 20 w ol H 048 = Control Fet Turn Off (0.092W,5.28%)
Ploss: 174 W 5 = Control Fet Driving (0.012W,0.69%)
n: 9199 % 62+ = 0.42 = Sync Fet Conduction (0.287W,16.46%)
Cursors ool H ez = Sync Fet Driving (0.126W,7.22%)
Tout 17 A N = Sync Fet Body Diode (0.219W,12.56%)
Eff. 921 % 58- = 0.28 =IC LDO (0.174W,9.98%)
Ploss 145 w ol E 021 Inductor DCR (0.379W,21.73%)
E = Cin Losses (0.07W,4.01%)
g Eff% &P 2
527 (] 0 & E 07
LOSS & Loss Breakdown
504 | i | | | | T
0 2 1 5 8 10 12 14 16 18 20
Load Current (A)
m Efficiency m Power Loss

 Real time estimation/comparison for optimum efficiency
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esign Step 4 — Loop and Transient Design

5| Loop Comp. & Load Transient

Power Stage Design

™ Loss Estimate & Break Down |

!E Power Design Summary |

Design Specs Loop Gain * For CCM Mode Only * Estimation Based On Avg. Model, Load Trans. (For CCM Mode Only)
Vinmae: 132V L tvider Loop Gain | Feedback | Ith To Vout | C [ Output z | Load Transient
Vinnom: 12 V )
i — Desired BW 625 kHz
Vinmin: 108 V
— Msx. Phs. Boost 1448 deg
Sw.Freq: 309 kHz )
== Phs. Boost Desired 10 deg . . . .
Vout: 1V CffSug 200] o Rail #1 (1V) Loop Gain Rail #1 (1V) Load Transient
Tout: 20 A
ot 0 pF
Inductor CAitSug 240 pF
Inductor : MR b o 0 pF r
L: 025 uH B
OCR: 093 m0 Desired PM 60 deg 45
Compensation SE, o
e CthSug 180 pF 5 =
Bulk Cap: 2RST 20 E
R5i w
C: 330 o Cth 910 pF 3 g
. E 1=
ESR: 9 mQ g g
— H RtnSug 221 kD £ ™ 3
Num: 3 pes =
Rth 205 k0 -
Ceramic Cap: €322 Cthp Sug 39 pF -90
C: 100 uF
. . o -40
ESR: 178 mO Cthp 100 pF 100 1000 10000 100000 1000000 316.8 356.4 396 435.6 475.2
Frequency (Hz) Time (us)
L Gai Load T lent
Vour Plots o
Rrdl cff Bode Plot = G
".ﬁ’vﬁa ; Vin 12 V -
z — Io 15 A 15
b BW 7943 kHz 21t 125
PM 7926 deg
= N
Freeze Plots t 3 10
2 g
Cursors ES 5 1.5
Freq 0 kiz T 2
Ry o Gain 0 4B é 5
-THP
oy Phase+180 0 deg Ar
Load Step .90 =
High 10 A o
Low 0 A
— -25
[ o 10 Aus
_180 -5
100 1000 10000 100000 1000000 316.8 356.4 396 435.6 475.2
Frequency (Hz) Time (us)

 Real time loop design and transient optimization

(All' IC loop models have been verified on LTC demo boards)
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Design Step 5 — Summary, BOM and Size

% Power Design Summary ‘

E Loss Estimate & Break Down | Loop Comp. & Load Transient

Y ekl T
~

(usmeres 3 SUmMmary Report

‘-_——’

LTC3833 Supply Design Summary

Project Info: Ref Design 12Vin to 1V/20A, 10/2014. HZ
Design Specifications S u I I I I I I a r y
= Steady State :
"_V Rail # Vin Min. Vin Nom. Vin Max. Fzw Vo AVerip. p-p  AVoripS Io Max Ailp-p Ail%e iLpk
1 | |10.8V |12v |13.2v |399 kHz | |1\r |?.s2 mv |0.4% | |20A |9.19A |45.9% |24.59A |
I
Y
} kHz Efficiency and Loop :
Rail # Vo lomax Eff @lomax  Ploss@lomax Loop BW Loop P Step Low Step High Step Slew AVo@Step  AVo@Step %

I 1 | 1V |20A |91.99 % | 1741 W | |T9.43 kHz |?9.25 deg | |0 A | 10A |1o Afus |22.1 my |+f-2.2 % |
l_ A Recommendations and Warnings :

| Message

Power Components

Power Components Bill Of Materials : Export BOM B O M

Ref. Des. Walue Quantity Description  Mfr. Name Mfr. Part £ Pkg. (Imperial} L{mm] W(mm) H{mm) User Note
U1 1 Ic LINEAR TECH |LTC32833 4 3 0.8
Lol 0.25uH 1 IND COILCRAFT  |MVR1251T-251 115 9.75 51
Cinbl 180uF 1 CAP PANASONIC |16SVP180MX F& - (103 103 1.9
Cincl Cinc2 47uF 2 CAP MURATA GRM32ER61C4TEKELS 1210 ~ (3.2 25 17
Cabl Cob2 Cob3 |330uF 3 CAP SANYO 2RSTPE330M9 D2E - 7.3 43 18
Corl Coc2 100pF 2 CAP TDK C3225X5R0J107TM 1210 (32 25 17
Qcontroll 25V 1 FET Infineon BSC0910NDLQ1 - (635 535 11
Qeyncl 3ov 1 FET NXP PSMNORI-30YLD -~ (6 5 17

Power Components Footprint :

# Components 12
S I Z e Max. Height 748 mm
Compaonent Clearance (d) 1 mm
5415 mm*2

* Power Components Area (Excludes ICs) X
0.839 in*2

5615 mm*2

* Power Components Area (Includes ICs) X
0.87 in*2

© 2015 Linear Technology




(Optional) Step 6 — Export to LTspice Circuit

* To see detailed waveforms and transient performances

LTspice IV - [tc3833 EXAMPLE.raw
File View Plot Settings  Simulation

Tools Window Help

BE EH T A0 Qe B HRE 2R H S8/ -0 & =3 SZD@QQO‘G&A«“F|

LTspice Simulation

1, hc3823 EXAMPLE asc | §% he3833 EXAMPLE raw |
1, 13833 EXAMPLE asc

[==]=]

¥ 1tc3833 EXAMPLE.raw

[E=8| O X3

LTC2832 - Fast, High Efficiency Synchroncus Buck Supply [DCR Sense Solution)

™
T L | =
Py [rcane Win  ITVeo Exfvios
;‘m"} ~ Run
NEEIT R
= oo Boost
% - m|':
Made: Esfors simuistion, sed dhe Vrng Pin O oemiLin L i
‘with oorreot ponneotion ! wollage bias for FO0EDFE
_-I-.‘-m LTpowsrCAD Lot
L= o g w ol
| g @l o]
a1 A7 ol _Bm {oml {o-n))l
paa e x{nCoot} | x{nCobi;
i VL Froves
T C4 = Eensels ‘BenseRs
{mfl’{m)
)J;'—L}— A
oz
(| oo FoND |5
s v
T i, |
| {RftTopt} TW)
FB1
dran2gmsiariup _opSions pirantsuso il l
R [Tomeats;

é?—m

| V(out] .
Power Up -~

l[Loadstep1)

—

gt

13V

| Load Step

V[swl)

11
v AR
ERR R IR A R RE Rt i
Syt AE AR
e HHH A
V-l

-1
A

B

it

94
0.3ms

0.6ms

1
0.9ms

1 f 1 1
1.2ms 1.bms 1.8ms 2.1ms

(Key LTpowerCAD design tool values are exported to LTspice)
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Design “Shortcut” — Solution Library

Lo
W= o —
TN T
-
LTC3833 - Fast Accurat\StepDown DC/DC Controller with Differential Output Sensing Project Name¢
Date
Vin{nrm] oV Solutions Library @
 Built-In Soluti,
_ g LTC Part Name Solution Name Vin [min] (V) Vin [nom] (V) Vin [max] (V) Rail Voltage(s) (V) Output Current(s) (A) Description
| LTC3833 Datasheet P30 7 12 38 Voutl = 5V [outl = 8A 7-38Vin to 5V/BA =
Total CINRMS 553 A LTC3833 Datasheet P36 7 12 14 Voutl = 5.5V Toutl = 44 Fsw=2MHz Design
Total CIN Ploss G = LTC3833 DCI516A-A 4.5 12 24 Voutl = 15V Ioutl = 15A 1.5V/15A DCR Sense L
LTC3833 DC1516A-B 4.5 12 24 Voutl = 1.5V loutl = 15A 1.5V/15A with Rsense [
LTC3833 DC1640A-4A 45 12 24 Voutl = 15V loutl = 20A 1.5V/20A DCR Sense
LTC3833 DC1640A-B 45 12 24 Voutl = 15V [outl = 20A 1.5V/20A with Rsense B
VOUT LTC3833 Reference Design 12Vin to 1Vo 204 | 10.8 12 13.2 Voutl = 1V loutl = 204 DCR Sense -
Feedback il n | E
Sug. Rl 15 kO3 RH Cf — User's Soluti
Ril 15 k0 LTC Part Name Solution Name Vin [min] (V) Vin [nom] (V) Vin [max] (V) Rail Voltage(s) (V) Output Currents(s) (&) Description File Name
il PF LTC3833 Ref. Design 5-26Vin to 33V 64] 552 |12 |25 [Vout1 =33V |loutl = 6A | Small size, DCR sense | LTC3833 Ref. Design 51
Rb1 cf
Existing d lution lib
9 XISting aesign soilution fiorar
Rbl 22,6 kD
Citl pF
Cth1 Rth1 m ’
1 I—.—l I—MN— - Add This Project As A New Soluti
Clhp1 Mew Solution Name : | |
New Solution Description : | |
Duty & Ton Compens
723 Cth1 910 pF
Voutl Duty RS GG . P I Save New Solution | \ Import Solution ‘ [ Overwrite Selected Solution ‘ |
nl@VinMax 190 ns Rehl G2
L @ Vin Min 2274.2ns Cthpl 100 oF

« Many solutions/designs are already in “solution library”.
Users can add/build their solutions too.

 Leverage existing designs.

* Quick start point of a new design!
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Summary

LTpowerCAD tool makes your job easier.

e Save time.
e Easy steps.
« High quality designs.

Questions? - LTpowerCAD@linear.com
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