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* Introduction to WEBENCH® Power Designer
— What s it? How to get to the tool?
— Design tools vs. simulation tools vs. reference designs

— Supported TI portfolio

« WEBENCH Power Designer tour

+ Deep-dive of Power Supply Design using WEBENCH Power Designer
— DC/DC boost converter design

— Isolated flyback design
— Solving key design challenges using WEBENCH Power Designer

* Meet transient specifications
» Compensation
* Thermal issues
* EMI filter
» Transformer design
— Frequently asked questions

* Contact and Resources Links
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WEBENCH® Power Desigher — What is it ?

Free online power supply design tool
Selects the right switching regulator (DC/DC or AC/DC)
Designs the application circuit with BOM, and calculates operating values

Allows quick electrical simulation to analyze performance
Print PDF reports, export to CAD tools for quick prototyping

What topologies?
— Buck, boost, buck-boost, inverting buck-boost

— SEPIC, flyback (PSR/SSR), half bridge LLC, active clamp forward, PFC (TM, ITM,
CCM, ICCM), phase shifted full bridge

— TI MOSFETs included in designs as applicable
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How to get to the tool?

From Tl.com home page - Spp—

WEBENCH Power Designer

< C & ticom
R WEBENCH® Power Designer home page
W3 TEXAS INSTRUMENTS  seerch a
DESTLICERTIGENN  Quality & reliability  Support & training  Ordernow  Abo ‘ BaSlC tOOI overview and Iln k tO
Reference designs > Design tools & > Embedded P > i ) o ’ ’ Open the tOOI
Automotive Models & simulators Hardware kits & boards : v‘v webenct
Communications equipment  WEBENCH® Power Designer Code Composer Studio” IDE & development tools
Enterprise systems Power stage designer Embedded software (SDKs)
Industrial Power for processors & FPGAs
Personal electronics Filter designer

Analog circuits

From Product page -

Enter required input and output
conditions and create design
using the product.

Directly opens the design /
“Customize” page in

- - . WE_BENCH (through ti.com
B . login)
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https://www.ti.com/
https://www.ti.com/product/TPS54540B-Q1

Design tools vs. sim tools vs. ref designs

Help me find a solution that
works. | have the expertise to read the
OR datasheet and calculate my own BOM.
Help me analyze performance by
Help me calculate and design running simulations
BOM for my specifications.

| have a reference design in mind.
| need to build my board using
this as a reference

Design Tools Simulation Tools Reference Designs
« TI(WEBENCH Power « TI(PSPICE for Tl) « TI(TI Designs)
Designer)

« TI(TINA-TI)

» Tl (Excel Calculators) * Generic Spice models which can be

used in any simulator.

*  Maxim (EE-Sim) * Analog/Linear Tech (LTspice)
* ADI (Circuits from the Lab)
* Analog/Linear Tech * MPS (MPSmart)
(LTpowerCAD)

* Any sim tool (downloaded models)
« MPS (DCDC Designer)
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* Single Channel LDO
* Multi Channel LDO
*LDO Controllers

Offline and
Isolated
DC/DC

DC/DC
Regulators

» Step-down (Buck) @
» Step-Up (Boost) @
 Buck-boost & Invertin @

LED
Drivers

Power
Switches

» Load switches

» eFuses & hot swap

+ Ideal Diode

* Power Muxes

* Smart power switches
» Low side switches

Battery
Management

J Power

s

a MOSFETSs

N-channel MOSFET ()

P-channel MOSFET (W)

Power stages
Power blocks W)

Power
Special
Functions

IGBT,

MOSFET
Gate Drives

« Low-side drivers W)
- Half-bridge drivers ~ W)
* Isolated gate drivers

* Motor drivers

* Power Factor !
Correction (PFC) @

controllers

« PWM and resonant @
controllers

|
 Flyback controllers @
« Flybuck controllers @

Automotive LED drivers
Backlight LED drivers
Flash LED drivers

General lighting LED
drivers

RGB & white LED driver

* Battery charger Ics

* Battery fuel guages

* Battery protecotrs

 Battery monitors and
balancers

* DDR memory

* USB power
*PoE

» Supervisor & reset ICs
» Sequencers

* Voltage References

* Digital power
*PMIC

|
. |
@ Supported in WEBENCH ~ (w)  Used as companion parts in WEBENCH designs
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http://www.ti.com/power-management/mosfet-igbt-gate-drivers/isolated-gate-driver/overview.html

WEBENCH® Power Designer Tour
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WEBENCH Power Designer — Key features

Design Inputs

« Power supply input, output and advanced
requirements

« Search for part — autofill defaults

= WEBENCH® POWER DESIGNER

Create a new DC/DC power design

MYDESIGNS @)

WEBENCH® Power Designer creates customized power supply circuits based on your requirements. The environment gives you end-to-end
power supply design capabilities that save you time during all phases of the design process. Learn more

Q, Part Number

Input

Supply type is

Advanced

Design Consideration

| want my design to be

Design Parameters

Output

33

D Isolated Qutput

Advanced

8
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WEBENCH Power Designer — Key features

Des I g n I n p Uts =  WEBENCH® POWER DESIGNER NEWDESIGN ~ MYDESIGNS @)

» Power supply input, output and advanced Select a Design

requirements SELECT CUSTOMIZE SIMULATE EXPORT
Input: DC14V-22V Output: 3.3Vat2A Temp: 30°C Change

‘ SearCh for part - aUtOfI” defaU|tS 261 matching designs out of 262 total designs Sort by: Default = TABLE VIEW
I Filters -
« Filter by key design attributes / part features = nierby e » -
» Compare designs T g i =L ™1
Regulator Type ~ | ] : _IL " 1 e L. g
D Module (Integrated Inductor) ) 1

D Converter (Integrated Switch)

—

+|

4
|7

.',‘ :
_J

r— i
r— i
i

D Controller (External Switch) * ¢ £ ‘ *

Design Attributes A
Efficiency (%) . .
72-95 TPS54239E [ compare 3 TPS54339 [ compare 3
® Ty 4.5V to 23V Input, 2-A Synchronous Step-Dow 4.5V to 23V Input, 3A Synchronous Step-Down
Converter with Eco-Mode Converter with D-CAP2 Mode
EOM Cost ($) Efficiency: 87.7% BOM Cost: $2.00 Footprint: 232 mm? Efficiency: 87.8% BOM Cost: $2.10 Footprint: 232 mm?
® P BOM Count: 14  Topology: Buck  Frequency: 646.31 kHz B t: 14 Topology: Buck  Frequency: 646.31 kHz
IC Cost: $0.60 | 1ku IC $0.70 | Tku
Footprint (mm?)
78- 1564 CUSTOMIZE SIMULATE EXPORT CUSTOMIZE SIMULATE EXPORT
— 8
Switching Freguency (kHz)
[ — ] e

Inductor Ripple Current (A)

=Ry
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WEBENCH Power Designer — Key features

DeS I g n I n p utS = WEBENCH® POWER DESIGNER NEW DESIG—N MyDEsiGNS @)

* Power supply input, output and advanced Customize TPS54360DDAR - 14V-22V to 3.30V @ 2A
requirements Input: DC14V-22V  Quiput 33Vat2A  Temp: 30°C  Change SELECT cusTomize SIMULATE EXFORT

‘ SearCh for part - aUtOfI” defaU|tS SCHEMATIC PCB LAYOUT BILL OF MATERIALS

Select

2:’:: Click a component to find out more information or select an alternate part. Q I o %
« Filter by key design attributes / part features print: 308 mme
« Compare designs =
;
Customize —
* Optimize —— : TR 2| I Lo
INTERNAL_UVLO - ()
* Choose alternate parts . S
+ Advanced customization M tser Preerred Frequency ) *
4 MHz
Al;I’JVSE ect -
OPERATING VALUES CHARTS
viny) — g2 v w —————————— @2 A
3
Add Input EMI Filter Name Value Description
Phase Marg 66.04° Bode Plot Phase Margin .

EAV)
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WEBENCH Power Designer — Key features

DeS I g n I n p UtS = WEBENCH® POWER DESIGNER NEWDESIGN  MYDESIGNS )

* Power supply input, output and advanced Simulate TPS54239EDDAR - 14.0V-22.0V to 3.30V @ 2.0A

reqUIrementS Input: DG14Y-22Y  Ouiput: 33Vat2 A Temp: 30°C  Change SELECT CUSTOMIZE SIMULATE EXPORT

« Search for part — autofill defaults Simulations Load Transient - 1

Se I eCt Run New Simulation
O starup Schematic & e Waveforms 22 ADDWAVEFORMS
« Filter by key design attributes / part features
) () Load Transient [ show Marker
« Compare designs O nputTrensient v »

() steady state

Customize .

+ Optimize

Simulation Jobs - » | EEL)
+ Choose alternate parts o - 3 - T = 7o g -
. ) ad Transient i oagem frem - . 12 ‘ |‘
« Advanced customization e Lzt %*‘ E - g \H‘h\\"‘M\‘le‘li \w WI.‘ “ 331
T £ e T e § 0 1 I
= 1 = % Wﬂm\uwm\\\ il

Simulate L ks ; |

e T

T f 3.30
H B . Ed ¥ 04

* Electrical simulation
0z

oo - 326

02m 0.3m r4m 0.5m 0.6m 0im
Time (sec)
1
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WEBENCH Power Designer — Key features

Design Inputs

» Power supply input, output and advanced
Export TPS54360DDAR - 14V-22V to 3.30V @ 2A

i SELECT CUSTOMIZE SIMULATE EXPORT
reqUIrementS Input: DC14V-22V  Output: 33Vat2A  Temp: 30°C  Change

= WEBENCH® POWER DESIGNER NEWDESIGN  MYDEsiGNs @)

« Search for part — autofill defaults R - » <@
Se I eCt @ atom Designer Schematic PCB Layout

(O Cadence 0rcAD

« Filter by key design attributes / part features = © msn
O cadSoft EAGLE

» Compare designs O vetorcrspics
Q pcap =
< u Sto m I Z e In your Altium export, you will get schematic,
board, and simulation files for Altium Designer.
For simulation you will need to download and

. Optl mize install the WEBENCH Altium Connector to open

the exported design in Altium Designer. For

. Choose alternate pal’tS [m":r;j\cj;:)l;r:?mn‘ check README file inside
» Advanced customization
Simulate
 Electrical simulation Ericeney o eeT
BOM Cost $3.25
Footprint: 308 mm?
BOM Count: 14
Export S
Frequency: 604 kHz
° PDF report IC Cost: $2.09] Tku

+ Export to CAD tools maz sorom

Bill of materials ¥

@ TEXAS INSTRUMENTS 5 Copyright 19952013 Texas Instruments Incorporated. All ights reserved. | Privacy Policy | Terms of Use | Importamt Natice | Send Feedback
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WEBENCH® Power Designer

Design of a DC/DC boost converter

Wip TEXAS INSTRUMENTS



DC/DC boost design using WEBENCH

+ Select and + Example boost design: V\: 5V -6V, Vg1 12V, Igyr: 5 A, Ta= 30°C
compare

« TPS40210 is a boost controller IC with adjustable switching frequency and other features

=  WEBENCH® POWER DESIGNER NEWDESIGN  MYDESIGNS €

Select a Design

SELECT CUSTOMIZE SIMULATE EXPORT
nput: DESV -6V Output: 12Vat5A  Temp: 30°C  Change
Filters CLEAR FILTER 25 matching designs out of 25 total designs Sort by: Defauit v TABLEVIEW
Regulator Type ~
e . 3 »
: Lo +
e l — '—r‘ vy | R T
[ controller (Extemal Swite [ S Ij E T | f E T - &
1 i | | 1
Design Attributes N s
Efficiency (%)
. . TPS40211 [J compare  § TPS40210 [ compare  }
Wide Input Range Current Mode & ¢ 4552V Wide Input Range Boost/SEPIC/F! G- :
BOM Cost (5) y: 88.1% BOMCost: §4.10  Footprint: J64mm?  BOM Count: 23 Topology: Boost Efficiency: 88.1%  BOM Cost: $424  Footprint: 765 mm?*  BOM Count: 23 Top: Boost
. uency. 512.78 kHz 1 $0.6111ku Frequency. 512.78 kHz IC t $0.75 | Tku
*r—
CUSTOMIZE ~ SIMULATE  EXPORT CUSTOMIZE ~ SIMULATE  EXPORT

14
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DC/DC boost design using WEBENCH

» Select and

WEBENCH® POWER DESIGNER

Com pare Customize TPS40210DGQR - 5V-6V to 12.00V @ 5A

Input: DC5V-6V  Output: 12Vat5A

design

BOM Cost: $4.24
Footprint 765 mm?

CHANGE OPTIMIZAT

Temp: 30°C

* Customize

n Of

Configur:

B User Preferred Frequency

5 Mz
I User Sync Frequency

5 MHz

B User Preferred Soft Start Time
ms
AutoSelect -
or Ripple %
mm

i3 TEXAS INSTRUMENTS

Change

SCHEMATIC BILL OF MATERIALS

Click @ component to find out mere information or select an alternate part.

NEWDESIGN  MYDESIGNS &

SELECT CUSTOMIZE SIMULATE EXPORT H

Rib1
4.02kChm
Rfb2
AN
64.9kChm
L1 D1
YN >
Ccomp Recomp 220H 1.05V
b 4.2mOhm 20A
1.2n 86.6k0hm
00hm
Ccomp2 (&)
|1 P ‘\qu
15monm
32DIFI R M1 _
0Chm
TPS40210DGQ
o - 17.40M 25V
VDD BP — m Shmp
—{Dis_EN_N
GDRV )
Rre COMP | jq Rifit
309k0Ohm S 55
S raa v

5-2019 Te: e ed. A eserved. | Privacy Policy | Termsof Use | Important Notice | Send Feedback
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DC/DC boost design using WEBENCH

Select and

Com pare Simulate TPS40210DGQR - 5V-6V to 12.00V @ 5A

SELECT CUSTOMIZE SIMULATE EXPORT
Input: DC5V-6V Output: 12Vat5A Temp: 30°C Change

Customize Load Transient - 1

deS|gn Run New Simulation

o Schematic Waveforms M
Startup

i Q i Q
Slm ulate O Load Transient To change components, click Customize on the header
Q) input Transient
Q) steady State

WEBENCH® POWER DESIGNER NEWDESIGN MY DESIGNS

'

ADD WAVEFORMS o

[[] show Marker

Zoom-In: Click and drag, Zoom-Out: Click zoom out icon

bt B
55 s
TART = 50
2 (1286
0 s 45
Simulation Jobs Vi oich 2
[l — Ird o 40 °
+ »
%
i i — 35 <
Load Transient - 1 (] - ) v =z 35 2 g
4 o = 30 =
A 10wt ws
. 4 i =
JW—‘K 4 E o E
= - 5 25 =
1 - =8 =3
w = . E S
—] 2 5 >
- :‘ 15
Lo
10
+ :
0.5
00 2
Omsec Imsec 2msec 3msec 4msec Smsec

Time (msec)

Performance Summary

|4=
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DC/DC boost current limit check

» Often, we get a question as to why the WEBENCH tool does not create a design
for the entire load range for a given input and output voltage.

» This mostly is the case with integrated FET boost converter IC’s where there is
a peak/valley current limit that cannot be violated.

[} Tout+Vout
* Ipeakcurrentlimit = (1 + E) ¥ VinMin

» S0, for a 30% peak-to-peak inductor ripple current, with VinMin = 1.8V,
Vout=5V, Lcakcurrentiimic = 4A (from datasheet)

« Maximum current that can be handled by the controller is

1.8V « 4A

Tout < 03 < 1.252A
(1 +7) L 5V

17
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WEBENCH® Power Designer

Design of a AC/DC isolated flyback converter
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Isolated power supply design in WEBENCH

Select and = WEBENCH® POWER DESIGNER NEWDESIGN  MYDESIGNS €Y

compare Export TPS40210DGQR - 5V-6V t0 12.00V @ 5A

Input: DC5V-6V Output: 12Vat5A  Temp: 30°C Change

CUStomIZG Design Information - < B2

deS|gn ® At Designer Schematic
Q TinaTI

S i m u I ate In your Altium export, you will get schematic,
board, and simulation files for Altium Designer. Rb!

For simulation you will need to download and

SELECT CUSTOMIZE SIMULATE EXPORT i

install the WEBENCH Altium Connector to open

S umm ary the exported design in Altium Designer. For s

more information, check README file inside e
the download.

and print ; e
EXPORT DESIGN e n— =
report

Efficiency 88.1% e S "
BOM Cost: $4.24
Footprint 765 mm=
BOM Count 23
Topology Boost
Frequency 512.78 kHz
IC Cost: $0.75 | Tku
Bill of materials .4
*Footprint is component footprint plus 1 mm per side.
Part Manufacturer Part Number Quantity Total Price (§ Attribute Tot: Top Vie

19
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Isolated power supply design in WEBENCH

* |solated power supplies transfer power from input to output with out a direct
connection between input and output — typically using a power transformer.

* |solation is required for safety, prevent ground loops, effective voltage level
shifting and for protecting sensitive loads and improving long term reliability of
the equipment.

« WEBENCH Power Designer now supports various topologies to design Isolated
power supplies including — flyback, flybuck, half-bridge, active clamp forward,

LLC, phase shifted full bridge and PFC.

20
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Isolated flyback design in WEBENCH

* Isolation is required in both power stage and feedback.

* WEBENCH supports Isolation in feedback using below two methods:

— Primary side feedback using feedback from auxiliary winding on primary.

— Secondary side feedback using optocoupler.

-

i
-

-
X
2
4
]

Primary side feedback:

Regulation from the auxiliary winding of the transformer
indirectly enables output voltage regulation.

Simpler design with less components.

Reduces size and enhances surge and lifetime.

Secondary side feedback:

+ Direct regulation of output voltage with optocoupler
feedback to maintain galvanic isolation.

* Provides best regulation accuracy and transient response,

Wip TEXAS INSTRUMENTS



Isolated flyback design in WEBENCH

 Let us take the below design example to explore Isolated design —
— Universal AC input : 85 to 265 V, 60 Hz
— 15V output
— 75 W output max power.
— High regulation accuracy and fast transient response.
— High efficiency > 80%.

* From the above specs we can make below observations —

— Flyback is a good topology choice. (How do | choose which topology is right ?).

— High regulation accuracy and fast transient response requires a secondary side feedback with
optocoupler.

— Flyback typically offers moderate efficiency with a simple design — but improvements in control
mode using “quasi-resonant” switching or using an active-clamp instead of a dissipative clamp
provides significantly improved efficiency.

22
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http://www.ti.com/power-management/offline-isolated-dcdc-controllers-converters/pwm-resonant-controllers/products.html

Isolated flyback design in WEBENCH

* Selectand = WEBENCH® POWER DESIGNER NEWDESIGN  MYDESIGNS @
compare

Select a Design
Input: AC85V-265V at 60.0 Hz Output: Isolated 15V at S A Temp: 30°C Change

Filters CLEAR FILTERS 37 matching designs out of 37 total designs Sort by: Default - TABLE VIEW

-

SELECT CUSTOMIZE SIMULATE EXPORT H

Inductor Ripple Current (A)

, LI

® ® : : = e
| S N — ILar !
I N
BOM Count : I =
24-55 e

| E——

11

hs S
!
Topology v
IC Package v
LM5023 [ compare UCC28740-UCC24636 [ compare
IC Features v AC-DC Quasi-Resonant Current Mode PWM Controller Constant-Voltage, Constant-Current Flyback Controller Using Opto-
Coupler Feedback
Control Mode o Efficiency: 80.4% BOM Cost: NA Footprint: NA BOM Count: 41
Topology: Flyback Frequency: 54.44 kHz IC Cost: $0.43 | Tku Efficiency: 78% BOM Cost: NA Footprint: NA BOM Count: 39
Topology: Flyback  Frequency: 80.56 kHz IC Cost: $0.42 | 1ku
Features v
CUSTOMIZE EXPORT
CUSTOMIZE EXPORT
% TEXAS INSTRUMENTS pyright 1995-2019 Texa truments In ated. All rights reserve: Privacy Policy | Terms of Use | Important Notice | Send Feedback
Note that the first choice from WEBENCH suggestions is secondary side feedback, quasi-resonant topology. 23
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Isolated flyback design in WEBENCH

* Select and = WEBENCH® POWER DESIGNER NEWDESIGN  MYDESIGNS @

com pare Customize LM5023MM-2/NOPB - 85V-265V to 15.00V @ 5A

SELECT CUSTOMIZE SIMULATE EXPORT n H
Input: AC 85V -265V at 60.0 Hz Output: Isolated 15V at5A Temp: 30°C Change -

e Customize

H Summary SCHEMATIC BILL OF MATERIALS
design (== ]

Effici . 80.7% : i i

iclency Click a component to find out more information or select an alternate part. e i a =¥
BOM Cost $11.44
Footprint: 3879 mm?

CHANGE OPTIMIZATION Y g 2 e

Design Suggestions
Design a transformer using Core/CoilFormer?
-
-
” TEXAS INSTRUMENTS pyright 1995-2019 Texas Instruments In ated. All rights reserve: Privacy Policy | Terms of Use | Important Notice | Send Feedback
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Isolated flyback design in WEBENCH

SeIeCt and = WEBENCH® POWER DESIGNER
compare
Export LM5023MM-2/NOPB - 85V-265V to 15.00V @ 5A
H Input: AC85V -265V at 60.0 Hz Output: Isolated 15V at5 A Temp: 30°C Change
Customize : ' ‘ :
Sum mary Eficiency. 807 Schematic
. BOM Cost: $11.44

and prlnt Footprint: 3879 mm? — . | |

BOM Count: 41 oL ™1 L
re port Topology: Flyback ) : : el

Frequency: 54.44 kHz 1

IC Cost:

$0.43 | 1ku ‘

PRINT REPORT |

Bill of materials

*Footprint is component footprint plus 1 mm per side.

Part Manufacturer

i) TEXAS INSTRUMENTS

Part Number

opyright 1995-2019 Texas Instruments Incorporated. All rights reserve

NEWDESIGN  MYDESIGNS &
SELECT CUSTOMIZE SIMULATE exeort A
3
= < B
L
i
5
sa= | 5|
¥
Quantity Total Price Attribute T?TTELF(’OT})rInI Top View e

Privacy Policy | Terms of Use | Important Notice | Send Feedback
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Isolated flyback design in WEBENCH

» Can | use WEBENCH to simulate/export my isolated designs ?
— Most non-isolated topologies can be simulated or exported to standard CAD tools.

— WEBENCH does not support simulation / export for isolated designs due to the complexity of designs and availability
of simulation models for key components like Transformer, Optocoupler used in isolated designs.

— Customers are encouraged to use SPICE models and example schematics available in product folders to create the
WEBENCH design in their favorite CAD tool, simulate and verify before moving to actual manufacturing of the board.

=

€ | @ Notsecure | ti.com/product/LM50.
LMS023(ACTIVE) InEnglish = | Alert me
AC-DC Quasi-Resonant Current Mode PWM Controller
Resonant Current Mode PWM Controller datasheet (Rev. £)

Description & parametrics | Technical documents EOVESFOENCEVEELIL LR | W Order now | Quality & packaging
Models | Design kits & evaluation modules | Reference designs
Models (3)

Title - Category ¢ Type ¢ Date ¢

LM5023 PSpice Transient Model PSpice Model P 31 May 2013

LM5023 TINA-TI Transient Reference DESIBN | TTNA-TT RETETnce Design 150 Z0]un 2013

LM5023 TINA-TI Transient Spice Model TINA-TI Spice Model paly 20Jun 2013

& srvma71 - Schematic Editor - o %
File Edit Insert View Analysis T&M Tools TiUtilities Help

= e R P o S £ | e e ]| [Erond >
J+[s[Z[]B]@[w] & [+]~[=pe e[~ [#[]e[oele] T [ T T |

Basic | Swiches | Meters | Souces | Semiconductors | Spice Macros

A G s ot s e o a

- _

| ; 12l ]

% £ —‘_\ i
P — !
I EE :
I T H

< )V
svmd 71
[ xeR2v:78 PG
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Power supply design challenges

Compensation design

Design compensation -
R1 cJ

to make power supply -
feedback loop stable.

................
Equipment

R,

out

m{

In this presentation we will learn how to use WEBENCH
Power Designer to solve these design challenges

Thermal issues

Detect and fix
potential thermal hot-
spots early in design
cycle

27
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WEBENCH® Power Designer

Design POL buck with stringent transient specifications
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Design buck POL w/ strict transient specs

Design problem:

Goals:

Customer wants a design using:
TPS54824

ViNe 8-14V ; Vours 1.8V lgyrs 8A
Design consideration:

« Small footprint.

* Low output noise.

« High accuracy.

* Fast load transient response.

Vour tolerance < 1%

Vour ripple spec : 1% of Vgt
Voyur transient spec :
2-8-Aload step

5% of Vgur

Use WEBENCH to create design for
customer input conditions.

Use optimization to trade-off for small
footprint design.

Review the design spec.

Customize design to meet tolerance
specification.

Use advanced options in WEBENCH to
meet the transient requirements

Validate the design using simulations.

29
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Design buck POL w/ strict transient specs

Create a new DC/DC power design

Ste 1 . WEBENCH® Power Designer creates customized power supply circuits based on your requirements. The environment gives you end-te-end
- power supply design capabilities that save you time during all phases of the design process. Learn more

Create design with customer & Tresame x
S peCIfI Catl O n S . Great! We found TP$54824 and auto-filled the inputs for you

Input Qutput

Supply type is

1.8 v 8 A

Isolated Output

Advanced v Advanced v

Design Consideration
| want my design to be

Small Footprint

Design Parameters v

VIEW DESIGN TPS54824

Wip TEXAS INSTRUMENTS



Design buck POL w/ strict transient specs

Step 2:
Review tradeoffs using
optimization buttons.

S ————

Optimization options

Small Footprint Design ~ Low Cost Design Balanced Design  High Efficiency Design

Efficiency 84.4% 84.4% 876% 87.4%

Bom Cost $3.54 $3.86 54.42 $5.06

Footprint 116 mm? 157 mm? 180 mm? 219 mm?
SELECT SELECT SELECT

31
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Design buck POL w/ strict transient specs

19.2mV Peak-to-peak output ripple voltage
Vout p-p
Step 3:
2.19% Vout Tolerance based on IC Tolerance (ne load) and voltage divider resistors if applicable
= = - Vout Tolerance
Validate design spec using
g . Waveforms =7  ADD WAVEFORMS
OpVals and simulations. 3 shov et
Zoom-In: Click and drag, m-Out: Click zoom

Vour p-p =19 mV

Vgt tolerance = 2.19%
VoversHoot = 110 mV
VunpersHooT = 110 mV
Required:

VOUT p_p < 18 mV f - muge..ge Usec

VOut sim: 1 (V)

Vgt tolerance < 1%
Performance Summary s
Voverstoot < 90 mV
VUNDERSHOOT < 90 mV 1 191V le9v 0.09 ms 0.08 ms 011V 011V
32
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Design buck POL w/ strict transient specs

. Custom Load Transient Specs

|4

Step 4: 3:—"1-1" esponse voltage change -
. . Waveforms X7 ADDWAVEFORMS  +e
CUStomlze deSIgn to -:._ _.:.i enAnes rrrent abon [ show marker
meet the specifications. 6
Update the design to
meet transient SpecC . ~
using advanced options.
VoversHoor - 0.8 V
VunbersHoor - 0.8 V
Performance Summary
33
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Design buck POL w/ strict transient specs

Ste 5 . Resistance = 20 kQ
. Rfbt Yageo RT0603BRD0720KL 1 0.04 Tolerance = 0.1%

Power = 100 mW

Customize design to meet

Reomp Vishay-Dale CRCWO04022K32FKED 1 0.01 Tolerance = 1.0%
Power = 63 mW

the specifications.

Rfbb Susumu Co Ltd RG1608P-103-B-T5 1 0.04 Tolerance = 0.1%
Power = 100 mW

Update feedback resistors to
0.1% tolerance using
alternate component
selection to meet tolerance
specification.

Vgt tolerance (before) =

2.19%

Vot tolerance (after) =

0.97% 34
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WEBENCH® Power Designer

Solving power supply compensation design challenges

Wip TEXAS INSTRUMENTS



Compensation design challenges

Cboot

TPS554334DRC
VIN BOCT —4
100nF L1
—=n BH S4mOhm F' M
Ul yeense 88w
+ COMP mOhm
= Vin e b—
T- ==¢n ™ o -
OuF Al [—
hm
: out
S Ribt GD
= Cinx L I Rpg —A AN —@
T 100nF < 85.8k0hm v
Sdmohm ] 00kChm
Ribb
—1—Ccomp —:VDC 5v 32kOhm
15nF _ - ——Cout
0o 22uF
I | 1mOhm
l Qty=3
& & n & L &

« Often, customers need to change power supply design components and customize to their specific
needs (e.g. customer wants to use specific inductor/capacitor as they have it in their approved vendor
list, customer wants to optimize load transient response, etc.)

« Making such a change can cause the power supply to go unstable. This may require a re-design of
their compensation network — which can be an iterative and time consuming process.
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Exercise: Change in L1 causes instability

Use stability alerts to fix compensation

Design Problem:

Goals:

Customer wants a design
using: TPS40210

Vin: 5-6V
Vout: 12V
lout: 5A

Customer has specified a 5.6
uH inductor that is on the
customer's approved vendor

list.

Use alternate part selection to select a
5.6 uH inductor and customize the design
for this inductor.

Check the resulting design for phase
margin and crossover frequency and run
a load transient simulation to confirm the
behavior.

Use the Re-Compensation feature to re-
design compensation and validate the
design using simulations.

37
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Re-compens

+ Create a boost design with
TPS40210 with customer
given inputs.

» Use alternate part selection
to select 5.6 uH inductor.

+ Verify design stability from
phase margin OpVals and
by simulation.

+ Use alerts / Re-comp
feature to re-design the
compensation and verify
phase margin in OpVal
table.

» Validate the design stability
by simulations.

ation

= WEBENCH® POWER DESIGNER NEWDESIEN  MYDESiGNs ()

Simulate TPS40210DGQR - 5V-6V to 12.00V @ 5A

Input: DC5V-6V Output: 12Vat5A  Temp: 30°C

Run New Simulation
Q) startup

() Load Transient

Q) Input Transient
O Steady State

Simulation Jobs

Load Transient - 5 (]
Load Transient - 4 9
Load Transient - 3 o
Load Transient - 2 0
Steady State - 1 ]

#i3 Texas INSTRUMENTS

#i3 TEXAS INSTRUMENTS

SELECT CUSTOMIZE SIMULATE EXPORT
Change
Schematic Q I Q Waveforms =1 ADDWAVEFORMS
D Show Marker
28
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WEBENCH® Power Designer

Solving power supply thermal design challenges
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Thermal design challenges

* Accurately calculating power
dissipation and estimating the die
temperature for different components
across all operating values of the
power supply is complex.

» ldentifying potential thermal issues
early in the design cycle is critical to
avoid time consuming and expensive
re-design of the power supply.

Thermal calculations (Buck converter IC Tj example)

Tj =Ta+ (Pd * RthetaJA)

Tj = Junction temperature of the IC (degC)
Ta = Ambient temperature of the IC (degC)
Pd = Power dissipation of the IC (W)

RthetaJA = Junction to ambient thermal resistance (degC/W) {Use effective RthetaJA to
match with EVM PCB layout)

Power dissipation calculations .
IC : Quiescent current losses, internal LDO (for gate driver) losses

IC High side and low side MOSFET: Conduction losses, Switching losses, Gate Driver
losses, Coss losses, Reverse Recovery losses

Cin : ESR losses

Cout: ESR losses

Inductor: DCR losses

Body-diode: Body diode losses

Feedback divider: Feedback divider losses

40
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Thermal alerts

Alert Center

5V Vout: 3.3V lout: TA Temp: 100 °C

A\ U1 Junction temperature is too high :131.92 °C Specification: <13

Suggested:<130.00 °C
This may lead to a device malfunction or breakdown.

‘Some possible solutions are below:

Decrease Switching Frequency to decrease MOSFET or Dicde switching losses
Decrease ambient temperature
Decrease thermal resistance by adding a heat sink if feasible

Increase the copper area and thickness of the board

WEBENCH® Disclaimer




WEBENCH® Power Designer

Solving EMI design challenges
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WEBENCH input EMI filter design

Input filter design for switching regulators to satisfy CISPR “conducted” EMI noise specs

CISPR 25: Class 5,4,3,2,1
CISPR 22: Class A, B
Waveform shows fundamental + 14 harmonics

WiN
z L irpfit e Lt
——— AT N—e o, TPS54380 = - o
|..1 s
. < Rl inpit » COMP = LI Ria
=" I RT CLK .
- ——Cin o
Tt .H“.”Fi T = N g
npt Ity ':A:WF ~WRF e .
pit i QD_L-
T= | ™ ..

DS
Wip TEXAS INSTRUMENTS
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Exercise: Design low noise supply

Design Problem: Goals:
A customer wants to design a power supply for an Design high efficiency power converter
Device: LM5117-Q1 conditions in WEBENCH
VOUT 33 V . . . .
lour: 10A Using the “Add EMI filter” option, design
and customize input filter to meet the
Requirements: customer standard.
1. High efficiency (>90%).
2. Customer needs a very low noise supply meeting . . .
CISPR 25, Class 5 noise standard. Apply to deS|gn_and check s_lmu_latlons to
3. Customer specified the line impedance make sure the filter and design is stable.

characterized as 50mOhm Resistor in series with
0.5uH Inductance.

44
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Exercise: Input EMI filter

Create design with
customer given inputs.
Click on “Add Input EMI
Filter” from design
suggestions and select
CISPR noise standard
and class.

Enter specified line
impedance.

Verify the design meets
the requirements.

Add EMI filter to design
and validate using
simulations.

= WEBENCH® POWER DESIGNER

Simulate LM5117QPMH/NOPB - 8V-15V to 3.30V @ 10A
Input: DC8V-15V Output: 3.3Vat10A  Temp: 30°C  Change

Run New Simulation

O Bode Plot

O Startup

O Load Transient

O Input Transient

O Steady State I~ ‘ |

Schematic

Simulation Jobs

Bode Plot- 1 []

22083 kHz
Frequency.

i3 TExas INSTRUMENTS

NEWDESIGN  MYDESIGNS @)

SELECT CUSTOMIZE SIMULATE EXPORT g B
Q =1 Q Waveforms ADD WAVEFORMS
D Show Marker
1.30
(IR | ‘ ‘ | ‘ | |
T
5= 120
1 \ | NESwg S
= - o
= E
E 115 g
@ 5
= o
= =
s
1.10
1.05
0 1.00
Qusec 10usec 20usec 30usec 40usec S0usec 60usec
Time (usec)

Switching frequency I

© Copyright 1995-2019 Texas Instruments Incorporated. All rights reserved. | Privacy Policy | Terms of Use | Important Notice | Send Feedback
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WEBENCH® Power Designer

Solving transformer design challenges
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Exercise: Transformer design

» Click on “Design ‘

transformer using Core / a1
. ” . EXAS
Coil Former” from design ‘ INSTRUMENTS
suggestions. WEBENCH®  Transformer Report — own
T d ff t Design : 5030 LMS023MM-2/NOPB. Losens ) e Covees () o mm view
«  Trade off cost, power D O S o
dISSIpatlon to SeIeCt an % :::ewan Number :::nga 2.56 128 128 fags o2
appropriate custom 2. Core Manufacturer Worth Eiektronik
3. Coil Former Part Number 070-8362 272 136 136 anzs 039 2z
transformer. 4. Coll Former Manacurer  Wurts Bsktontk
«  Print transformer details Transformer Eledirical Diagram
Primary Secondary
report to share the Tums 50 & provuantomer g
requirements with o o - o e i
H PRI Prope: Value
transformer vendor to build sirands 3 stancs 20 .
the transformer Insulation Type m\fm SEC Insulation Type \Tnﬂ;wd ' ry
. Magnet Wire . Primary AWG 26
Auxiliary ::«:‘\:’on ::;ye“"\:::m
Turns 40 Primary Layers 4
AWG 280 Alx Primary 3
Layers o L CANCEL
Strands 40
euton Typ  Hoayy [
Magnet Wire 11995-2020 Texas nstruments Incorporated. All rights reserved. | Privacy Policy | Terms of Use | Important Notce | Send Feedback
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Summary

« WEBENCH® supports DC/DC and AC/DC switch mode power supply

« WEBENCH® can help you with:

= Device selection.

= Application design.

= Electrical simulation.
= CAD export.

* Try the new WEBENCH® power designer at http://webench.ti.com/power-
designer

48
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Frequently asked questions

» Datasheet specification shows the boost maximum current as 8 A - why does WEBENCH
fail design at 5 A.

— Answer: Typically two types of current limits specified in datasheet: Peak switch current limit, Valley
switch current limit. Actual output current limit value will depend on other factors like Vin, Vout,
Duty, Inductor value etc.

» Datasheet specification shows the Buck converter frequency range as 500 kHz to 2.2
MHz - but WEBENCH advanced options shows the range as 500 kHz to 1.6 MHz.
— Answer: Factors which affect the switching frequency:
« min Toff limit at high duty cycles leading to frequency foldback
* min Ton limit at low duty cycle leading to frequency foldback

* high losses leading to high temperatures and WEBENCH intelligently lowers the frequency to be
within the thermal limit of the part.

— Note: While maximum operating frequency may be 2.2 MHz — data sheet does not guarantee such
operation across all operating points / inputs and outputs.

49
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Frequently asked questions - continued

« Why my hands-on calculation of capacitance value (or other parameters) from datasheet
equations shows much smaller capacitor (or different values) than recommended by
WEBENCH design?

— Answer: Multiple factors may be responsible for difference in values :
« WEBENCH uses de-rating for capacitor values and thus the nominal capacitance could be
higher than the actual capacitance value — displayed in capacitor properties.
« WEBENCH uses 1% ripple / 5-10% overshoot based calculations and uses larger of the two
capacitances to meet the requirements — data sheet may not always provide equations for
overshoot based calculation which may be the deciding factor.

« More accurate modeling in WEBENCH may lead to some difference with ideal datasheet
calculations.

 How can | get lower cost design — lower than low cost solution in WEBENCH?

— Answer: WEBENCH provides optimization options as a good starting point based on customer
requirements. While this is a good starting point for design — customer can freely further optimize
the design by changing components / looking for lower cost components within their AVL / online
distributor websites to get better pricing. Note that WEBENCH provides 1k pricing based on ti.com,
mouser, digikey feeds — but high volume pricing could be significantly lower. 50

Wip TEXAS INSTRUMENTS



Resources

* Launch the new tool: 43 Texas INSTRUMENTS 2
— https://webench ti.com/power-designer T - EETEE n—

Reference designs > e vols &

» Contact us on E2E with questions:

— https://e2e.ti.com/support/tools/sim-hw-
system-design/

Say goodbye to quartz crystals
* You can also access the tool through the

“‘Design resources” tab on ti.com

Introducing the world's first crystal-less wireless MCU, made
possible by TI BAW resonator technology

* No dependency on quartz crystals

® Stable at +/- 40ppm across full operating range

* An average of 12% PCB space savings

1
izl
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