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INTRODUCTION

System boards today have anincreasing number of power
rails and supplies. Since solution size, efficiency, thermal
and transient performance are all critical for advanced
power solutions, it is more efficient and cost effective to
design customized onboard power solutions for a specific
application, rather than use commercial power supply
bricks. To system engineers, designing and optimizing
switching mode power supplies is becoming amore com-
mon and necessary task. Unfortunately, this task is often
time consuming and technically challenging.

To simplify the design task and improve design quality
and productivity, the LTpowerCAD™ program has been
developed by power application experts at Linear Tech-
nology as a power supply design and optimization tool.
This PC-based program is available for free download at
www.linear.com/LTpowercad. This article explains how
to do a “paper design” of switching mode power supply
key parameters in a few simple steps with good results.

“Paper Design” Can Be Difficult and Time Consuming

To design and optimize an onboard power supply, the con-
ventional “paper-design” approach can be difficultand time
consuming. After the supply specification is defined, the
engineerfirst needs to selectaconvertertopology, suchas
abuck converter for voltage step-down or boost converter
for voltage step-up applications. Next, the engineer needs
to select a power management IC, either based on past
experience or web-search tools. After that, the engineer
needs to calculate power component values based on his/
her own knowledge or the vendor’s data sheet equations.
Then comes the choice of power components, such as
inductor capacitors and MOSFETs, from thousands of
parts. The next step is to estimate the supply efficiency
and power loss, while ensuring component thermal stress
to be acceptable. That’s not the end of the story—loop
compensation design is another challenging task, since it

requires complicated circuit modeling and parameter values
beyond the IC data sheet. Finally, the schematic is drawn
and the prototype PCB board is sent out for fabrication.
Now it’s time for the engineer to power up the board to
ensure there’s not an oscillated output or overheating.
This design process is a challenging one for an inexperi-
enced power supply designer. Even for experienced power
designers, the conventional “paper design” approach and
trial and error method are time consuming and difficult,
and also inaccurate, lacking optimum results. It can take
hours, days or even longer.

LTpowerCAD Design Tool Simplifies the Task

To save the user time and effort and to achieve a high
quality design solution, the LTpowerCAD design tool has
been developed by the power application experts at Linear
Technology. This design tool provides a systematic and
simple way to enable the design of the key parameters of
a power supply in five simple steps: (1) entering supply
specifications and selecting a solution; (2) optimizing
power stage components with the help of automatic warn-
ings; (3) optimizing supply efficiency and power losses;
(4) designing loop compensation and optimizing load
transients; (5) generating a summary report with BOM
and PCB size estimation. Figure 1 shows the design flow
using the LTpowerCAD design tool.

Thereare many existing design examples, including Linear
Technology demo boards and data sheet circuits in the
LTpowerCAD solution library. Users can also save their
designs using this tool to build their own solution library.
Engineers can leverage such solutions and use them as
a quick starting point for future power supply designs.
Furthermore, an LTpowerCAD design can be exported as
an LTspice®simulation circuitto check time domain supply

waveforms and transient performances.

Ly, LT LTC, LTM, Linear Technology, LTspice and the Linear logo are registered trademarks
and LTpowerCAD are trademarks of Linear Technology Corporation. All other trademarks are the
property of their respective owners.
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Figure 1. Designing a Power Supply in Five Simple Steps with the LTpowerCAD Design Tool

Using these powerfultools, a systemengineer cancomplete
a high quality supply circuit design in minutes, instead of
hours of days, with good results. The time tofirst prototype
is greatly reduced.

LTpowerCAD DESIGN STEPS AND EXAMPLES

Let’slookintothe detailed design steps withan LTpowerCAD
design example. Forinstance, an engineer needs to design
an onboard supply with the input of 10.8V to 13.2V (12V
+10%) and output of 1.0V with up to 20A current. This is
a typical synchronous buck step-down converter.

7| LTpowerCAD I V243

L7LI”EAE LTpowerCAD Design Tool vza:

Converter Specification

Canverter Topology Buck - Output Rail 1

Converter Type Controller " Voutl g v
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Step #1 — Search for a Power Product Solution

The first step is to search for a key power |C or micro-
module around which to build a solution. The choice of
IC or micro-module can come from past experience, or
from the LTpowerCAD solution search page. As shown
in Figure 2, on the LTpowerCAD search page, the user
can enter the supply specifications and select optional
features, then click the “search” soft-key. After that, select
the desired part from the list provided by the program.

InFigure 2, atthe very left of the IC solution list provided by
the program, there are red “LT” symbols or green “Excel”

2. SEARCH
Optional Features Search P
[T Burst Mode - \\
[#] Synchronous FET (\ _ Search _ J

[ solated
[Z] Run / Enable
[7] Syne. to External Clock I

LTC Web Search

| g |

[Z] Qutput Voltage Tracking All Parts ‘

[7] Remote Voltage Sensing
[Z] Margin Control
¥ Power Good Maniitor
[7] Poly-phase / Load Share
[ 12€/PMBus Interface
I Always Keep Search Page Open

Design Tool  Website Part Name  Type Desc Topology MaxVin MinVin Maxl #Ph #Out; MaxVo MinV. MaxFr Min Fi Synchronous BurstMoc
a | fix: : LTC Web , LTC3810-5 |Controller| 60V Valley Current Mode Synchranous Buck Regulator Controller ‘Buck |50 0.8 n 1 |6D ‘0.5 1000 1100 e B
L ﬂ{j;' : LTC Web : LTC3812-5 |Controller|60V Valley Current Mode Synchronous Buck Regulator Controller Buck 60 0.8 20 [ 1 60 08 1000 |100 ] ]
I Lr F LTC Web €38 0 06 000|200 7
| rﬂ % i< LTE Web ] LTC3851A-1| Controller | Synchronous Step-Down Switchina Reaulator Controller Buck 38 4 50 1 1 55 032 750 250 3] V] ‘
L7 | = | tcwep [1c3852  [Cantroller[27-5.5Vin, single phase ¢ 3. SELECT IC AND OPEN TOOL 8 27 50 (1 |1 55 |oa [750 235 [£]] 7 ‘E
¥a i \ = LTC Web | LTC3866  |Controller |Single Phase Current Mode Buck Controller, <1mOhm DCR sensing, ren|Buck 38 45 s0 (1 [1 35 06 [770 |250 IE]] v
ﬂ. ‘ F LTC Web | LTC2867 Controller | 38Vin Sync-Buck Controller with Remote Vo sense and nonlinear contre| Buck 38 4 30 3 14 06 1200 |200 v v

LTpowerCAD currently supports design tools for a limited number of parts. For more part options click the LTC Web Search button.
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Figure 2. Design Step 1: Search for a Power Solution
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symbols. The red LT symbol means that an LTpowerCAD
design tool is available for the part. The green “Excel”
symbol meansaMicrosoft Excel spreadsheet-based design
toolis available. If both symbols are in grey color, it means
a design tool is not yet available for the part.

In this example, the LTC3833 current mode buck control-
ler is selected for this 12V to 1V/20A output supply. Its
designtool can be opened by clicking the red “LT” symbol.

Step #2 — Power Stage Design

The second step is to design and select power stage
components, such as power inductor, input and output
capacitors, current sensing components, and power
MOSFETs. To designapower supply, the user usually needs

to start with a switching frequency, fsyy, then select power
inductorand, afterthat, selectinputand output capacitors.
The power MOSFETs can be selected/optimized in Step 3.

Onceadesigntoolisopened,as showninFigure 3, the main
schematic page is shown with design parameter values
next to key components. On this page, the design values
are in the cells (text boxes) with two different background
colors. The yellow color indicates that the value in the
cell is either from design specifications, or is calculated/
recommended by the LTpowerCAD tool. The user cannot
edit these values directly. The blue color indicates that the
value in the cell is the user’s design choice. The user can
access and edit these values directly.

‘O]iTpowerCADT V24T,
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Figure 3. Design Step 2 - Power Stage Design Page with Schematic and Key Parameter Values
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Forkey circuit parameters, suchasinductorripple current,
the program has built-in limits for each part. As shown in
Figure 4, if a user’s designed value violates the limit, the
program provides an automatic warning, showing either
an orange cell color as a weaker “soft” warning, or a red
cell color as a stronger “hard” warning, to remind and
guide the user to check the value and adjust the design.
Thevalues ofthe built-in limits/warnings are recommenda-
tions set by the application expert for the related product.
It is necessary to note that since it is an analog solution,
sometimes itisacceptable to have a design with warnings,
so long as the user understands them and is confident
with the selected design values.

On this LTpowerCAD schematic page, all the power
components, such as inductors, capacitors and FETSs,
can be selected from the built-in library with a mouse
click. As of this writing, there are over five thousand
components from many popular vendors, with more
components being added frequently. Users can also
enter the key parameters of a new component to build
their own component libraries on local PCs.

In this example of the 12V y to 1V/20A buck supply, the
switching frequency is set at 500kHz. Therefore, a 0.23pH
inductor value is calculated to get 40% peak-to-peak
inductor current ripple over DC lg(max)- A 0.22pH/1.1mQ
inductor is selected from the inductor library. In this ex-
ample, the inductor winding DC resistance (DCR) is used
for current sensing. The current sensing network values
should be checked fora proper current sensing signal and
current limit setting. The program shows warnings if the
AC current sensing signal is too weak which may cause a
potential signal-to-noise ratio issue, or, if the current limit
level is lower than the target value. The input capacitors
should be selected to meet the RMS current rating with
minimum conduction loss. The output capacitors are
selected to minimize output voltage ripple and transient
overshoot/undershoot. They will be finalized later in the
loop compensation and load transient design stage. The
power MOSFETs will be selected in the next step for ef-
ficiency and loss estimation and optimization.

C
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& = ot
ca el G el 0% o
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—— MFR.
______ VRNG: Set 0.6V - 2V (or GND=30mV, INTVCC=5!
=1 ,/‘Pa—rt# = =a C. s i
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\\ _
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Figure 4. Automatic Warnings Guide Users to Proper Design Values
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Step #3 — Supply Efficiency and Loss Optimization

Users can move to the next step to optimize the supply
efficiency and power loss by clicking the “Loss Estima-
tion and Breakdown” tab. As shown in Figure 5, after the
user selects the MOSFETs and clicks the “update” soft
key, the supply efficiency and power loss vs. load current
plots are provided for a given input voltage, which can
be changed with the Vyy sliding bar. The detailed power
loss breakdown pie chart further provides users the ca-
pability to understand and adjust the design parameters
and components to minimize certain losses and optimize
overall efficiency.

- ——— i |
T aancetiacboon i H Loss Estimate & Break Down ‘H o ool oo e | | Power Design Summary

The LTpowerCAD loss estimation is based on many com-
ponent models and equations. It includes the losses from
power MOSFETs, inductor, capacitors and IC gate drivers.
However, to achieve real time results, the device loss mod-
els are simplified behavior models instead of complicated
physical models. Note that inductor AC losses are not yet
modeled in LTpowerCAD, but users have the optionto enter
itsvalue. Asaresult, the estimated efficiency can be several
percentage points higher than actual hardware efficiency.
Even so, this tool provides a fast real-time estimation to
help users select and compare various design choices,
especially for the inductor and power MOSFETSs.

* Inductor AC Losses Entered By User. (For CCM Mode Only)

% DesignSpec _ Click *Update" for new curves (For CCM Only)
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Inductor : 7443 Rg: 065 0 Vimiller: 28V i
Le 1022 uH 11 ygiode: (089 v vih: 16 Vv e
DCR: JE 0 Ploss: 050 W/et Coss: 320 pF 12.06
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Step #4 - Feedback Loop Design and Transient
Optimization

The next step is to design the voltage feedback loop and
optimize the load transient performance with good stability
margin. This is often viewed as one of the most challeng-
ing power supply design tasks. The LTpowerCAD design
tool makes it straightforward and easy.

Figure 6 shows the loop and transient design page. The
loop gain bode plot can be adjusted in real time to achieve
the desired loop bandwidth and phase margin by adjusting
the compensation R/C values. The detailed loop design
concepts are explained in Reference [2]. For a switching
mode power converter, it is usually recommended to have
more than 45 degrees or even 60 degree phase margin
at the cross-over frequency, and have at least 8dB gain
attenuation at the half of supply switching frequency, fgy.
There are multiple tabs, including one for a supply output
impedance plot to provide users more loop design details.
The load transient plot is provided for a user-defined load
step size and current slew rate. The user can “freeze plots”
for a given design, and then alter design values or com-

ponent selections to compare with an alternative design
for optimum results.

For given load transient conditions (load current step size
and slew rate) and Vgyt overshoot/undershoot target
limit, the user can adjust the loop and check the loop
bandwidth, stability and transient performance. If the
transient performance still does not meet the target, the
user can increase output capacitors (including bulk and
ceramic capacitors) and then readjust the loop until the
design target is met. Since the LTpowerCAD load transient
plots are derived from small signal models, they are very
fast, but are only a first order approximation. As a result,
it is necessary to leave sufficient (20% to 30%) transient
design margins.

To guarantee loop design accuracy, every LTpowerCAD
design tool has been bench verified on Linear Technology
standard demo boards with loop measurement by Linear
engineers before the tool is released. However, in a user’s
design, the result can be impacted by component parasitic
value variations, such as inaccurate capacitor ESR value.
So it is necessary for users to verify their final designs
with prototype testing.

O]TpowercAD T V2AT — 1
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Figure 6. Design Step 4 - Feedback Loop and Load Transient Design
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Step #5 — Summary with BOM and Size

Asthefinal step, users can enter the summary page, which
provides the design performance summary, as well as a
brief bill of materials (BOM) list of power components
and a rough estimate of total component footprint size. A
summary report can also be printed.

O] (TpowerCAD T V243

(Optional) Step #6 — Export to LTspice Simulation

There isan optional step to exportthe LTpowerCAD design
to an LTspice simulation file for a real-time simulation to
check detailed supply steady state and transient wave-
forms and performance. This can be done by clicking the
LTspice soft key on the LTpowerCAD schematic page to
exportkey design parametersin LTpowerCAD toan LTspice
simulation circuit.

e L I Ty | - powp—
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Figure 7. Design Step 5 - Summary, BOM and Size of the Design
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Figure 8. Optional Step 6 - Export to LTspice Circuit Simulation
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Figure 9. The Existing Solution Library Provides a Good Starting Point for Future Designs

DESIGN SOLUTION LIBRARY

The LTpowerCAD Design Solution Library is an important
feature to help users arrive at a final design quickly with
good results. As shownin Figure 9, on the main schematic
page, by clicking the “Solution Library” soft key, users can
find many existing designs for a given Linear Technology
product. These designs can be Linear Technology standard
demo boards, data sheet circuits and reference designs.
Many of them have been tested and verified in the lab,
enabling users to start a new design from one of the exist-
ing proved examples. Furthermore, users can save their
designs and build a user solution library for future use.

“SYNC RELEASE” OFFERS UPDATES WITH HIGH
SECURITY

The LTpowerCAD Il design tool is a Microsoft Windows
PC-based program. Users can download the program and
install it on a local PC. Compared to a web-based design
tool, LTpowerCAD can leverage the full capability and re-
sources of a powerful local PC, without being limited by
shared internet and computer resources or data security
concerns. Afterinstallation, users do notrequirean Internet
connection to run the program. However, users can regu-
larly click the “SYNC RELEASE” key on the program start
page to check program updates, such as new tools and
features, without requiring anew LTpowerCAD installation.

SUMMARY

The LTpowerCAD design tool provides a powerful, easy-
to-use method for designing the key parameters of a new
power supply in five simple steps. Its standard and user
solution libraries enable designers to leverage many exist-
ing designs. The design result can be easily exported for
LTspice simulation for a detailed performance evaluation.
There are also many detailed features not mentioned in
this article.[3] In summary, the LTpowerCAD design tool
helps system engineers quickly design a new solution with
good results and minimum effort and time.
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