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Introduction to Power Management

* The voltage of the power supply and/or battery feeding our PCB is seldom
at the correct level that we need for our circuitry:

— Example: A standard desktop PC in Europe is fed with 230V but the motherboard
needs: +12V, -12V, +5V and +3.3V

»  We need to step up and step down (convert) our voltage levels ALL THE
TIME depending on the voltage available to us at our input connector and
what the circuitry actually needs

— There are two major methods to do this:

Linear Regulators (also known as series pass regulator, series regulator or LDOs) and

Switching Regulators (known as switch mode power supplies, or switching power
supplies and power “converters” )

Note that (beyond very low currents) zener diodes or potential dividers are not good
choices for this purpose!
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Why Do We Need a Converter/Regulator

Of course the first job of the converter/regulator is to convert our input
voltage to the output voltage level that our circuit requires
e.g. Input voltage Vin = 12V but we actually need 5V for our ICs

The second job is to regulate!

If there is a increase/decrease in the amount of current that we draw, the output
voltage should not fall/rise

This is called Load Regulation

If there is a change in the input voltage of our power supply the output voltage
should not change

This is called Line Regulation

There are other desirable characteristics such as: transient response,
efficiency, EMI, cost, size, etc but we will talk about these later

S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA




BIRICHA
DIGITAL

Linear Regulators

Standard

.. LM78LXX

output of 5V @100mA but Vin must be > 7V
Low Drop Out (LDO):

e.g. TPS793xx

be only 0.6V higher than the output voltage

Cheap & easy, quiet, small
Disadvantages:

Very inefficient, low current only, limited Vin and Vout ranges
[o.Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA

Two major types (even though many people call all of them LDOSs):

Requires higher input voltage of around 2V; e.g. LM78L05 will give you a regulated

Requires less dropout voltage than “standard type”. The input voltage typically needs to

They work by operating a transistor in the linear region (i.e. like a variable

resistor), sensing the output voltage (Vout) and automatically changing this
variable resistor value such that Vout remains constant
Advantages:
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So What is Wrong with Linear Regulators?

Ignoring the ground current, we will have 7V drop across our regulator
Head for Linear Regulator ~ 2V
Head needed for LDO ~ 0.6V

(12-5)=7V

o (-

5V @
100mA
-

Output Power =5V x 100mA =500mwW

Power Loss in regulator =7V x 100mA = 700mW
Efficiency = 500mW / (1200mW) = 41.6% !

A switching regulator can be MUCH MORE efficient (+90%)
S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA
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éwitching Regulators (Power Converters)

Imagine that we want to dim an old fashioned incandescent light
bulb whereby the switch is on 100% of the time,
if we place a resistor in series with it and keep the switch on all the time
then we dim the light but we waste energy in the resistor (this is like the
linear regulator)
If instead of the resistor if we turn the switch off for 50% of the time and
then turn it on for 50% of the time then we will dim the light by 50%

Obviously if we switch at a slow rate (once per second) then we would see
the light flicker, but if we switch at a very fast rate then we would not see the
flicker

This is the basic principle by which step down switching power supplies work

V, =12V DC

Voyr (before filtering) Filter to Vour (after filtering) = 5V

- switched on for  ~—— remove the

42% of the time flicker on
between 0 and 12V output
T ——
——<——— t
ton toﬁ
[e Biricha Digital Power Ltd (unless stated otherwise) - material subject to NDA !
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éwitching Regulator Design Challenges

Designing switch mode power supplies without software tools is
HARD!

Need an understating of power electronics

Good understanding of control theory is essential for stability

There are many things that can go wrong... usually with a bang!
Need to understand the effect of parasitics and thermal management

Component selection is difficult and must be chosen so that they can
tolerate the worse case scenario

Switching regulators are very noisy (from an EMI stand point) and good
PCB layout is essential

Custom magnetic design is necessary for isolated power supplies

Engineers specialising in power can have most of these skills but, for
the vast majority of us, all we need is power for our boards

WEBENCH?® to the rescue!

S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA
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WEBENCH LED Designer Ambient Temp

WEBENCH Amplifier Designer
WEBENCH EasyPLL

30 ec
WEBENCH Sensor Designer Multiple Lods Single Ouput
WEBENCH Active Filter Designer SRS R Sta“ S

\\_/'/
Introduction to WEBENCH S
WEBENCH™ Designer )
MyDesigns
WEBENCH is a free, automatic tool that
allows epgin_eers to cregte reliat_)le power Power | FPGAIP | sensors | LED
supply circuits over the internet in minutes
The user inputs circuit performance Enter your power supply requirements:
requirements and specifications and the ®pc Cac
WEBENCH toolset designs all the Min Max
necessary circuitry Vin 140 vy 220 v
Currently the following tools are available: Vs";‘ '2‘“(‘;
WEBENCH Power Designer Output ' A/ ' 5
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In this session we will concentrate on WEBENCH Power Designer

Designing with WEBENCH
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Order parts and L A R T T T
Build It! npe -

Input Spec Filter and choose a Part Optimize Design
WEBENCH® Dosigner ekl B
@ "
Carry out analysis and simulations
QYN
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Input your specification and then press Start Design
WEBENCH will then open the “Visualizer” which provides you
with a list of possible designs (sometimes over 100 designs)
using different parts and topologies

J‘i} TEXAS
INSTRUMENTS

WEBENCH" Deslgner

Wyt

Powr |PPOARP] Semara] LED

Bt ot pawet sUpply reaesmeaty
Spe

e

WEBENCH Visualizer
E

“Advanced
Charting”
tool allows
further
filtering

based on our

102 complete designs/solutions!
We may want to filter this down

requirements
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Design Using WEBENCH
Using the Visualizer's filtering tools we will narrow down the designs to a
smaller subset that will fit our requirements and then choose a part
WEBENCH will present you with many possible designs (sometimes over 100);
so we have a few different filtering tools to help us narrow down the list
Before we can make an informed decision on how to select the best design for
our application, we need to understand some basic fundamentals of power
conversion — we will cover this in the next few slides
Optimizer dial: ) I
Filter by foot print/ 7 /cost Filter by specification
hint don't use at this early stage requirements
. VISUALIZER
WEBENCHE OpTimizes I Ll liguts | | Faatie Filter Il il Resulls
Lowem D0 AT I p‘,‘.,:‘,,,o:lﬁ] | Efficiency T6% 5] Vourt pp 68mY 301.17my
BOM Cost = - L J [ fe=k L
/- Vi Minc 14 v [ |Onodr Pin [ Ad] Ipd Lim .
'q-ull--ﬂG Vi Man: zz_ v Error P A ety Footprint Z450mam’° 851mim’ Fequency: 150kHI  1000kHz
5 o 2 [Ervor Pin | Ad) Heque e '
i '"“ ] Vout:izs Vhutiz A || jSonStat [ JSyncSwilching HOM Cost $0 418 Crossover: ohitz anite
- C(EaSyme  [Comraller fem: . 4 ; -
Foompeie  BOM Cost  Efficiency (| S - s _ [Musehulie | jttegated Switch (| gost comd 5 1] Phasn 0 %)
(30 ] (sns ] (o5 )| prowews ~ = ||Cot00 [JAuomathve fe=g: Marghe A
Change universal . )
Fie! by reqUIred
features 12
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Simple Buck Converter and Basic Terminology

The inductor L & the
capacitor C form a filter
to smooth the output
(remove the flicker)

The switch is usually a
MOSFET and we switch it on
and off at our switching
frequency (fs) e.g. 200kHz

l Switch
VIN —
Rough | —

DC "V

L

The percentage of
time that we keep

the switch on in one 200kHz will give a switching

period Ts of 1/200kHz = 5 us

switching period is
called Duty (D) and

determines our Sus Switching Period T,

_"On"time of switch t

on

output voltage

_ |
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Simple Buck Converter and Basic Terminology

When the switch is ON

Replace the switch with a short

Diode is reverse biased (replace ot

with open circuit)

Inductor current will rise linearly

When the switch is OFF
Replace switch with open circuit

Diode is forward biased (replace
with short circuit)

Inductor current will fall linearly

S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA 4
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Simple Buck Converter and Basic Terminology

. Inductor current
Observations: [
At turn on inductor current rises linearly v
At turn off it falls linearly Al Ai
Inductor current ripple is proportional to how 1
long the switch is on and off Current ripple
If we have a longer turn on period and turn off T,=1F,

period, (i.e. slower switching frequency) we will
have a larger ripple

Inductor Ripple Current is one of the most
important design parameters = we will talk

7
about this in more detail later but for now: =0T
The faster the switching frequency, the smaller the fon = DXT,
inductor current ripple
OR
If we switch faster we can use a smaller inductor
(we will talk about switching losses later)
@Bivicha Dig\lal Power Ltd (unless stated otherwise) — material subject to NDA 15
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What Do We Mean by Conduction Mode?

1.2A

i

Continuous Conduction Mode (CCM)

+1 (Inductor current IL in steady state does not hit 0A )
I I I

Boundary or Critical Conduction mode (BCM)
(IL just hits zero at the end of the off time)

é 0.8A I

g Discontinuous Conduction Mode
=

O 06A | (DCM)

£ (IL hits zero before the end of the
= OFF period)

1A

| Nadndnns

100us 150us 200us ime 250us 300us 350us 400us

Whether or not the inductor current at steady state is in DCM or CCM will have implications
on how our power supply behaves

WEBENCH will look after this for us but we need to understand the terminology used
S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA
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WEBENCH Power Designer*

You can use WEBENCH to create customized power supplies or
DC-DC converters for your circuits

This environment gives you end-to-end power supply designs and
prototyping tools

WEBENCH tools enable you to solve switching-power-supply design
problems before you build your prototype

This alleviates the time and trouble associated with traditional power
supply design methods

Included in the WEBENCH toolset is a device selection tool

This tool helps you find the best switching regulator or MOSFET
controller for your power supply circuit. It even selects the most
appropriate passive components

* Taken from http://www.ti.com/Isds/ti/fanalog/webench/power.page

[o.Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA v
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fopologies Used in WEBENCH

WEBENCH supports the following topologies
Buck
Boost
Inverting Buck-Boost
SEPIC
Flyback

These topologies cover almost all your point of load (POL) needs

There are other topologies not supported by WEBENCH but these are
for very high power off-line power supplies and rarely used for POL
power distribution within a PCB

WEBENCH automatically recommends the most suitable topology
for you

But we will compare these topologies so that you have a better insight
as to which topology is most suitable for your application

S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA 18
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Topology Selection Guide Vout =Vinx D
Buck Converters +Vin 1011]_ ke vout
Standard Buck (as shown) J_ =3
Step down only % D1 =='0o
Most popular converter for PoL T
Switch is not referenced to ground GND Rail

high-side switch i.e. more expensive gate driver Normal buck

Synchronous Buck
Replaces or complements the diode with an
extra switch (and a low side gate driver) to
improve efficiency
But efficiency is not tha_t great if converter is +Vin L Vout
operated under discontinuous conduction 11T
mode (DCM)

ity
Synchronous Buck with Diode Emulation J = Co
-l- | __GND Rail

Similar to Synchronous Buck but solves the
DCM efficiency performance issue $

But more expensive IC Synchronous buck

* Image taken from www.ti.com/lit/sg/sluw001e/sluw001e.pdf

[o.Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA
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fopology Selection Guide

Boost
Step up only
Switch is referenced to ground (low-side switch)
Can use a cheaper gate driver
Used when the voltage you need on your PCB needs to be higher than the
input voltage

Better used with current mode control as opposed to voltage mode if
operated in continuous conduction mode

We will talk about conduction modes and control methods soon
Major draw back is that there is no ability to limit the current (i.e. can’t turn

off the switch to stop the current!) L
+Vin . Vout
2SR Pt
. 1 J_ D1
Vout =Vin x ——— = ol
(1-D) T I3 a0 Fo
. GND Rail
* Image taken from www.ti.com/lit/sg/sluw001e/sluw001e.pdf 20
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fopology Selection Guide

Inverting Buck-Boost
Can step both up and down

Common in battery operated devices where, depending on the battery charge, you may
want to either buck or boost

But Vout always has a reverse polarity with respect to the Vin

Most popular when you have a positive voltage on your input but on your PCB you need
a negative voltage

Best used with current mode control when in CCM

Very noisy from an EMI point of view

The switch can be either on the high side or on the low side
High side switch needs a more expensive gate driver
Low side switch is cheaper but the load is then referenced to ground

+Vin -Vout
D 14T 3
Vout =Vin x ——— o il
(1-D) L ==
GND Rail

* Image taken from www.ti.com/lit/sg/sluw001e/sluw001e.pdf 21
[o.Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA
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fopology Selection Guide

Flyback
Transformer isolated version of Inverting Buck-Boost

Depending on how the transformer is wound it can have both positive and negative
output voltage

Because of the transformer can buck down from much higher input voltage rails

Can have multiple output voltage of different polarities (e.g. +- 12V) by having more
than one secondary winding - but only one voltage rail can be controlled

For DC/DC conversion it is most commonly used with current mode control in CCM
Very noisy but cheap

The switch is usually placed on the low side so that a cheaper gate driver can be
used but it can also be placed on the high-side
+Vin Vout
Np

. | > i )

Ns Co
Vout =Vin x & — f— ; Isolated GND-|_
NP (1 B D) .

* Image taken from www.ti.com/lit/sg/sluw001e/sluw001e.pdf | 2
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Topology Selection Guide

SEPIC (Single Ended Primary Inductor Converter)
Can step up and down (like buck boost) but does not invert the polarity

Common in battery operated devices, where depending on the battery charge
you may want to either buck or boost

Unlike Boost it can be shut-down

Transfer function is complex (use WEBENCH for stable design)
Therefore typically used when fast transient response is not required

Needs just a single low-side switch

N D1 vout
VD~ 11 . >
. D Ll
— [
ji=t 12 Co
—
GND Rail
* Image taken from www.ti.com/lit/sg/sluw001e/sluw001e.pdf 23
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Cbntrol Method Selection Guide

WEBENCH uses the following control methods
Voltage mode

Cheap and simple; works well for Buck but not suitable for CCM Boost, Buck-Boost,
Flyback or SEPIC

Poor/slow transient performance under DCM conditions
Current mode
Faster transient response than voltage mode during line voltage transients
Good performance in both DCM and CCM
Ideal for Boost, Buck-Boost, Flyback and SEPIC in CCM
Poor performance when duty is small (e.g. if you step-down too much)
Needs slope compensation and leading edge blanking (i.e. bit of a pain!)
Emulated current mode
Similar to current mode but can operate under low duties
But based on a mathematic model which will not be perfect
Constant On Time
Cheap and easy and always stable with fast response
Better efficiency under low loads (unless pulse skipping used in other control methods)
But will have more ripple than other control methods
Variable frequency so unpredictable EMI spectrum + harder to design EMI filter

S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA 24
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Choosing the Right Switching Frequency

Our switching frequency (Fs) directly impacts the size of our power supply
We saw earlier that the higher the switching frequency the smaller the current
ripple on our inductor
i.e. the higher the switching frequency, the smaller the inductor
This also applies to our output capacitor, so the entire power supply will get smaller

This is why the switching frequency of the PSU for small hand held devices needs to be
so high

There is a limit as to the ripple we can have on our inductor as you must not saturate
the inductor > WEBENCH automatically selects a correctly sized inductor

Our switching frequency directly impacts our efficiency
The higher the switching frequency the poorer the efficiency

Every time we turn a switch on or off we will waste some energy; these are called
Switching Losses - if we switch faster we will have higher switching losses

Every time we magnetize and de-magnetize our inductor we will lose some energy in
the magnetic material of our inductor; these are called Core Losses -> if we switch
faster we will have higher core losses

Of course both of the above will have an impact on cost

WEBENCH can optimize your design for efficiency or
size or cost depending on your requirements

[© Biricha Digital Power Ltd_(unless stated otherwise) —
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Choosing the Right Part/Device for Your Application

There are 4 major categories of ICs that WEBENCH designs with:

LDOs

Not recommended for good efficiency, output current above 500mA or large voltage
drops

Switching Power Modules
Switching Regulators
Switching Controllers

Within seconds WEBENCH calculates over 100 designs with this
parts

Which one is the most suitable for your application?
We will now quickly go through these categories

Once you know what the differences are you can very quickly use
WEBENCH's filtering tools to narrow down these 100 designs to just a
handful most suitable for your application

26
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Switching Modules (e.g. LMZ14203)

Which Device is Best for Your Application

Complete solution with internal switch and inductor in one package

Very small foot print + everything optimized

Some come with EMC compliance

But:

more expensive (~ 1.5 to 8 USD)

More limited as the value of the inductor is fixed

Max current delivery of 20A

Transient Response

24V, 3.3V,

0.6A to 3A Step

A
|

100 pa/DIV

Vin

GND

Reguiator IC I

Internal
Passives

ViN
i Linear reg 1 e 4 Ci
5 v ]
55 = l <
Css *
I AR
= o— B o
R [%]
o 1
AW 2 Jron foon_ Y OUT _
Cre Tinas 8 uH J__0
VR = I

I

* Images taken from www.ti.com & device datasheet 27
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Which Device is Best for Your Application

Switching Reqgulators (e.g. LM25011)
Complete solution with internal switch but external inductor

Small foot print + switch drive circuitry optimized (but not as small as a module)
Much cheaper than power modules but need an inductor
Can have some more flexibility due to external components

BV to 42V
Input
VIN
< LM25011
T3
RT
Rease
Vios
Power
Good PG
™
Cas ; SGND

* Images taken from www.ti.com & device datasheet

S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA 28
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Which Device is Best for Your Application

Switching Controllers (e.g. LM3150)
Just the PWM chip; i.e. no internal switch or inductor
Largest foot print + most have gate driver inside but not optimized with the switch
You have to select the right switch yourself (or use WEBENCH)
V cheap but need an extra switch/inductor/compensation etc

Gives you complete flexibility in terms of your design at the expense of more
development time, larger foot print, extra components & routing etc

=] EN
Vin B l VIN
RonS
Cin >
ON
l LM3150
I_—' S8 8 vour
Css l = i VR,D: E; l Cout
SGND <
! Ree1 S
PGND
v

* Images taken from www.ti.com & device datasheet
Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA
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Quick Summary to Selection Guide

Which topologies to use for various applications:
LDOs > Small currents and limited/fixed voltages, poor efficiency
Buck - most common step down
Boost - most common step up
Buck-Boost/SEPIC - most common for battery operation / step up and down

Flyback = when you need multiple voltage or need to step down from large input
voltage

Which control mode to use for various applications?
COT - cheap and easy, always stable but variable frequency & ripple
Voltage mode > most common in Buck, cheap and easy low component count

Current mode - most common for CCM in Boost, Buck-Boost, SEPIC, Flyback,
very good performance but needs slope compensation and leading edge
blanking (a bit of a pain), not great if duty is very small

Emulated Current Mode - like current mode but solved the low duty issue, but
model based so it all depends on how accurate the model is

S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA 30




A\ BIRICHA J‘:}TEXAS
[\ DIGITAL INSTRUMENTS

Quick Summary to Selection Guide

Selecting the switching frequency
The higher our Fs, the smaller the PSU but the poorer the efficiency

The higher the Fs the smaller the ripple on the inductor - large ripple on inductor
could cause saturation and a blown up power supply

WEBENCH allows you to automatically optimize this

Which Device to Select?

Switching Modules - (almost) everything internal, smallest foot print, quickest and
easiest to set up but more expensive

Switching Regulators - Internal switch but external inductor, larger foot print than a
module, more flexible due to external components, cheaper (if you don’t count the
price of the inductor)

Switching Controllers - just a PWM controller, so almost everything else is external,
largest foot print, largest BoM, development time and routing but most flexible

We are now ready to move on to Step 3 of

designing with WEBENCH

[o.Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA st
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Hands-On Demo 1 - Fundamentals

Step 1: Input your specification:
Vin = 22V, Vout = 3.3V, lout = 2A, Ambient Temp = 30°

WEBENCH® Designer

MyDesigns

Power | FPGAIUP || Sensors LED

Select your power supply solution
Enter your power supply requirements:

w Dc C AC Module Integrated Controller
| | B |
M v e “® | "D
Vin | 140 v | 220 vy ERR g e Eaytame . -
Low 140 A
_Vout _lout ==3 = -
Qutput | 33 v | 20 a

Ambient Temp

| 30 ¢
Multiple Loads Single Output | s |
Power Architect Start Design ppe——

S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA 32
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\/
Hands-On Demo 1 - Fundamentals

- Step 2: WEBENCH will create many solutions (~102) and display all
of them in the Visualizer

— We now need to filter these ~102 designs to a smaller subset that
meets our design objectives

[o.Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA 33
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\/ Note your results may be different

Hands-On Demo 1 - Fundamentals

+ Using the filtering tools of the Visualizer let us first see best case scenarios for:
— Lowest Cost > LM25011 — total BoM Cost = 1.61 USD
— Highest efficiency - LM3510 - 77 = 93%
— Smallest footprint > TPS84250 — Total footprint = 245mm? (i.e. ~1.5cm x 1.5cm)

VISUALIZER
AWEHENCH Ol iihuangs ps I Fesdin HE It Hillat Hesaits |
-0 AL Ic Packans: [ | Efficiency T6% A% Mok 0680V 30 L1Tw/ |
i ) |
i I il L |
VM 40 V| (o0 P [ A ek L = 4
= = ¢ oSt Frequency: 150KHE  1000KH:
Volee 2z V| e o !
= ‘ & r
i o |
w33 1V iz _TWeN sl 18 Crossivit OkHE ke |
Ak Tepz 30 °C | || e sme ¢ ;
Foorpeint B Cost  Efficioncy | Show Alernate Topolsgies _| 3% PO wr
SEE o 4.| iy bospe
e | (9181 ] (78 WL it Ll Mg Loy
T
Press recalculate to Lohloratn: [ Besin BOM | B0 | B | BOM | Fieq | Vel p | Mewer | Pase | Topoleay | LDO | Temp | et | KC
) " Consbasrsions | Footprint| Camt | o | Coust | i | pimbh| Proq | shugn e | mau g
reset everything ment ) | e
e IF' FTL — cor px
b [ e regalice mih
I M e - W PR W W Am W WA ik M W e 103
oo e
S =S = e e S
"W fF SATCIR) ST = " - 200 85
w150 Bt | Wil i — o T R N N .
— [r——
x 1t Ed-+ | e
wsaase TG 3N [u il = + wa T I 5 e
34
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I—k|lands-On Demo 2 - Fundamentals

Let us design a new power supply
WEBENCH starts with around 102 designs
We are going to assume that for this design, we are short of space and
time, but cost is not a big issue
Therefore we would like the quickest and smallest possible solution = use
“Switching Modules”
When we filter down to Switching Modules only, the number of solutions
will fall from 102 to 11 (next slide)
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The first (in green) on the list

Hands-On Demo 2 - Fundamentals —|Euysiraneatisia
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WEBENCH will do
Circuit Calculations
ey
WEBENCH will do [
Thermal Simulations
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Can export schematic to
CAD package

Buy it option: can buy an entire kit

including PCB from Digikey




A\ BIRICHA J‘I;TEXAS
/ \ DIGITAL INSTRUMENTS
I
L
Hands-On Demo 2 - Fundamentals
Filter Results
Let us now filter down with 2 more requirements: | 5 T e
Max PCB footprint = 2.5cm x 2.5¢cm = 625mm? /m.?a‘"‘“"“f Fetuency; 150KHz 100Kz
Total cost (for 1k units) less than 8.5 USD— | somces crvssour: it .
( ) m_' o ik'H‘ L BZkHL\
We now see that we have narrowed down our Bom Count 5 - o
solutions to only 2: e J g e e
LMZ14202 & TPS84250
LMZ part is being recommended. It has all the simulations tools and Buy It tools
available so we could select this design > Let us look at the datasheet first
IMPORTANT: Please DO NOT press Open Design yet; we will do this shortly
Sodiong -0
Sobdionss | 7 foayd ||| Shom A Celms o - o _ _ | [ stoos e et Found
LMz1a702 mq: jvw L;LEE T & M M MW 0 S A2 WA MM Buck N BFC 2l RIS
TPERIZSN WQ: i %u:r “ war T W a5 " Buck T 5 1853
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Hands-On Demo 2 - Fundamentals

Step 3: “Open Design” (you may have to log in)

In Steps 1 & 2 we typed in our specification and then filtered down our
solutions to just one or two

Now we select the most appropriate by pressing “Open design”

We can now optimize our selected design even further to make find a
best fit solution for our application
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Hands-On Demo 2 - Fundamentals

«  Step 4: Modifying/Optimising our Design using WEBENCH Dashboard
— Depending on the device used some of the options on this page will be different
— We are using a fully integrated “Module” so we don’t have that many options, but this
is a good start; we will explore more complicated designs later

39
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WEBENCH Dashboard and Controls

- Dashboard navigation icons after opening the design

View list of Perform
alternate View thermal

solutions schematic simulation*
Back to View bill of View table Export
previous materials of operating designto Share
page (BOM) values CAD tool* design

| | | ]

Irle|® Bl oo 2 [2v] 8 [l 3]le)

uies Visuahier harts  Schematic Op val i Prnt  Share Design Assistant

! I I I

Create a new View charts Conduct Generate
design of operating electrical design report

values simulation*
Order Bulld It Get

Visualize alternate Optimize Kits* help
solutions design
*Not all parts have these features

Taken from: http://www.ti.com/Isds/ti/analog/webench/help-overview.page#start
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S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA



BIRICHA

,'[\D\G\TAL

b mUMENTS

\/

Hands-On Demo 3 — The Schematic

Let us look at the Schematic first

— From the navigation icons on top of the page click on the schematic
If you further click on a component you will get more information

«|c|® o C AN @ | RO
o d ¢ |le =
Back New  Solutions Visualizer BOM Charts ScheiWal Op Vals Sim Thermal Buildit  Export Print  Share Design Assistant
VinMin = 14V
VinMax = 22 V
RS Vout=3.3V
lout=2 A
VIN LMZ14202 vouT
Ron Ui FB
51.1 KOhm b
Vin EN 5
* Rent GND
68.1 KOhm
Cout R
=100 uF ou
Cin — She
st 2.00 mOh "G
3.00monm S, Renb
6,34 KOhm
=
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L=le |@ Exiea|C | WYIRNRN Y E Y
New  Sokmions Visualzer DBOM Chams  Schy Op Vals Sim Thermal Budh  Expon Prim SMr? Design Assistant
Maodify Operating Point
Vin: |22 lout: 20 Recalculate
You can change
the operating Name N v ‘ Value | Category Description
a W .
point and Vout p-p 1.12mV Op_Point Peak-to-peak output ripple voltage
. Vout OP 33V Op_Point Operational Output Voltage
WEBENCH will £ e g 2
| | ” VIN_OP 2v Op_Point Vin operating point
recalculate al Total Pd 151w Power Total Power Dissipation
these values Total EOM 7.888 Total BOM Cost
Pout 6.6W General Total output power
Mode cCcM General Conduction Mode
M1 irms 0.88A Cument Q lavg
MVds Act o0.12v General Voltage drop across the MosFET
lin Avg 0.36A Current Average input current
IOUT_OP 28 Op_Point lout operating point
ICThetaJA 19.3degCiW Op_Point IC juncti t bient thermal
IC Tolerance 0.02v General IC Feedback Tolerance
ICTj 59.0degC Op_Point IC junction temperature
IC Ipk. 2.28A Current Peak switch current in IC
Frequency 535KHz General Switching frequency
FootPrint 373mm2 General Total Foot Print Area of BOM components
Efficiency BL4% Op_Point Steady state efficiency
Duty Cycle 16.2% Op_Paint Duty cycle
42
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Hands-On Demo 4 — Operating Values
+  What is the efficiency, duty and conduction mode if we run at 14V?
Modify Operating Point

vin: |14 lout: 2.0 _’

Name N [\ialue 1 Category Description

Vout p-p W 1.00mV Op Point Peak-to-peak output ripple voltage

Vout OP 3av Op_Point Operational Output Voltage

VIN_OP 14V Op_Point Vin operating point

Total Pd 120w Power Total Power Dissipation

Total BOM 7.888 Total BOM Cost

Pout 6.6W General Total output power

Mode ccMm General Conduction Mode

M1 Irms 1.20A Current Q lavg

M Vds Act 0.12v General Voltage drop across the MosFET

lin Avg 0.55A Current Average input current

10UT OP A Op_Point lout operating point

ICThetalA 19.3degCiW Op_Point IC junction-to-ambient thermal

IC Tolerance o0.02v General IC Feedback Tolerance

IcTj §3.2degC Op_Point IC junction temperature

IC Ipk 2.26A Current Peak switch current in IC

Frequency 535KHz General Switching frequency

FootPrint 373mm2 General Total Foot Print Area of BOM components|

Efficiency 84.6% Op_Point Steady state efficiency

Duty Cycle 25.4% Op_Point Duty cycle
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Hands-On Demo 5 — Built I1t® Tool

« We will talk about simulation capabilities of WEBENCH in
another design example

— For now let us finalize our design and order a custom prototype
based on our design (including the PCB) with just one click!

] o 3
‘ﬁJC\Q uﬁlf“ﬁ\ml’\;l |'¥$|ul_"p (7}
Back New Sokmions Visualzer BOM Crams Schamatc Op Vals Sim T Busa it Exporn Prim  Share Design Assistant

m
Exportbo: [acimueal | KAQuartty |1 |+ |  Doyouhave s coupon? f-!< Coand Total  § 3158 L
| Part Mumbas Mamntachue Compoent Oty Ausd oty Prototyps | Total Top Vuw Em
Feq | M | Orderss | Pree
por K | |
CRCWSS0SSIKIFKEA  Vishay-Dale Ran »10 1 10 . - .
SEROITH o Cout »10 1 1 You can also change the
|CROWIOSEXIAFIEA  Vistuy-Dake Han »10 1 ] components if you wish
| GRMILBATIMISIKADID Muftata s »10 1 1 — —
|CREWSAOBIKIAKEA  Vishay-Dule Bant 10 1 1w 1 so0 1] -
[LMILAZATEADINGPE  Teuas inan 1 10 1 1 1 sam | sum E
[ceotosnmxTRianss)  Yages America ] 18 1 1 1 T TN = T AN eT
Mechanical Companents
Part Mumbas Uarsaetures Camponant Oty Aval Oty | Order ey | Presseyps | Temw Top View [
Feq | iremum | Cedersd | Prces
551800437001 Tenas iatruments PC Baary »18 1 5 1 31820 $1030
15022 Keystone NI 19 4 1 : se11 LFE] ety Aemaie Pa

Taken from: http://www.ti.com
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WEBENCH Optimization Tips and Tricks

In the previous slides we designed a Buck converter starting from a
specification to a prototype within minutes

In the process we became familiar with some of the most important
WEBENCH tools

Designer, Visualizer, filtering tools and Dashboard
Within Dashboard we used

Schematic tool

Operating Values

Built it tool

We will now design a more complicated power supply and become
familiar with the Optimization tools available within WEBENCH

[o.Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA 45
/\ BIRICHA I TEXAS
/ \ DIGITAL INSTRUMENTS
:\ 5’ P
A\

Hands-On Demo 6 - Optimization Tips and Tricks

Let us design a power supply with the following requirements:
Vin 14 — 22V; Vout 3.3 @ 2A
Must have Soft Start & integrated switch and full WEBENCH simulation capability
Foot print <270 mm?
Max BoM cost < 3.50 USD

Efficiency > 83%
WEBENCH® Optimizer Change Inputs Feature Fifters. Filter Results

ope sc Craoun( 7] | T S Vet o7y ey

BOM Cost @ J— [ AN <=k \|

4 Vin Min: 14 Vo | |[Jomoff Pin [ ]Adilpk Lim n

) = Footprint 245mm® 920mm* Frequency: 150kHz 1000kHz

Smallest Highest vinMaxi 22V | |JEmorPin [ JAdjFrequency P .

Footprint », g Veiciency (o == e = | | rsort start cwitehi ——— & IT—

= B -3 . (VSIS S BOM Cost §2 $18 Crossover: OkHz 82kHz

Amb. Temp: 30 C | |[extsme [ Controller fep Lyt A

Footprint  BOM Cost  Efficiency || Show “gle'"-"e E’Il:l"'ﬁ;ﬂ:“ﬂ [Module  [V|integrated Switch || BomM Count 5 34 Phase 0° 105°

how Onl lodules [ SR I IR e 1L

.24 =3 (oo [JAwomatne e U W
bart Crote | WABINCHE Tools Sehmasi 0 Inages Tosln oM | U0AS | n | 00M | Feea | Veutp.| Xowss | Phass | Tapology | LDO | Teww | lean
Considecations | Footpeien| Cout | oy | count | o | pyran | Freq | sasgn teg) | maa
| | | | sy | | | ity | o | || |

—
=11 S e ——
LT ?Qﬁ PAWEUL Lpae [0 00T ekt ma s w2 M M Bk N We M
Lp b [ |
y = R —

TP&54D E(‘L ) WO o S ., I T TR P T T ] n Busk Wt am
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Click hare to 52art Design Optimizaian

| Click here to get
WEBENCH to
optimize your design

can use this dial
to change your
optimization
parameters/priorities % ety %
depending on your - s .

requirements

LERREEE:

R — - —

ot b et 8 e
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I:I/ands-On Demo 6 - Optimization Tips and Tricks

WEBENCH® Q_plimller
WEBENCH calculates many different designs based on Lo P
the selected part (LM25576) and displays the top 5 /(- .
based on the position of the Optimizer dial iz “ { i
Dial set to 3 usually gives the best compromise between = ; =
efficiency and size (Pls. Don’t change from this position for Foolprint BOMCast g
this exercise) a2 | (5244 | [93% |

The yellow line represents the position of the dial; we can see that by setting the dial to 5

we will get a significant improvement in efficiency but a much larger footprint

Pyt Disspation Clt K e e aiwd Frenumicy Chart Foulprinn \md EMRdsycy Chant Tistal BOW Piice (st
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Optimizer Dial

Optimization Tuning Footprint
Lowest
BOM Cost
Smallest Footprint
<<
Footprint BOM Cost Efficiency
(189 ] [s8.a5] (s5.00])
Efficiency BOM Cost Thermal Simulation
98 $
aa = 1
a0 Hez
86
a2 s
78 N $B.50
74
Hse
70
66 Hss
08 24 4 56 7.2
out (A) i

Images taken from www.ti.com
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Optimizer Dial
Optimization Frequenc Component Summar
Setting y Selection y
1 — Smallest . * Smallest footprint Smallest size but lowest
f Highest , ffici
footprint - Don't care about cost efficiency
High frequency means
High  Lowest cost smaller / cheaper
components
) « In stock Balanced approach
3 - Balanced Medium using IC’s middle
« Low cost frequency
« Low DCR, ESR, Vf Higher efficiency, with
Low low cost but larger
* Low cost parts
* Low DCR, ESR, Vf Highest efficiency but
Lowest - Don’t care about cost largest parts
Table taken from http:/A ti i ptimizer.page 50
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You can also do:
Load transients,
i] Line transients
jl Start up
& Steady state

By clicking on
the

schematic,
you can
change the
simulation
parameters

[ ————

-
Froquency (Hz)
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frequency domain

Understanding Bode Plots

Analog PSUs are (almost) always designed in the

We modulate our PWM duty with a small sinusoid of a certain

il
INSTRUMENTS

frequency (say 10 Hz) and we measure how the gain and

phase

of this sinusoid is modified by the time it goes through our plant

(i.e. PSU)

We increase the frequency of our injected sinusoid and measure
again, we repeat this for all frequencies of interest (say 1Hz to %

Fs) and plot the Bode plot

In short we plot the “open loop” gain and phase of the

PSU (i.e. its Bode plot) and design the compensator

such that we get appropriate gain and phase margins

S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA
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fypical Voltage Mode Analog PSU

Power Stage:
Buck, Boost, Flyback etc

Typically we tune ~

the compensator by error | He(s) Hp(s) | Vout
selecting th Ref QF) ]

g the (controller) (plant) —‘
position of poles and (

Zeros so as to 2
achieve the Vout d
desirable gain and

phase margins 3 W—Ti

EE Ref >

L | Type Il compensator

To do this we need
the Transfer
Functions Hc(s) &

Hp(s)

Open loop gain = Gain of the compensator x Gain of the Boost Power stage
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Quick Review of Analog Transfer Functions H(s)

Transfer function H(s):

Is a mathematical representation of the relationship between the input and
the output of our continuous time system

In our case Hp(s) is our plant’s transfer function (i.e. the power stage) and
Hc(s) is our compensator's transfer function

For both of the above, we are interested in the relationship between the

output voltage and the input voltage:
H(s)=~ &) _Vou
X(s) Vi

It follows, therefore, that if we have the transfer function for our system,
then for any given input we can calculate the output

Y(s)=X(s)H(s)

In our case, our inputs will be sinusoidal voltages of various frequencies so
that we can plot the Bode plot
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Example: A Simple 1st Order Transfer Function
| s = Laplace Operator = jo= j2nf

R vm:vinL Where:xc:#:L
(X, +R) joC sC
v, | :
X Vout H(s):sziE |::> H(s) = L
Vin [L+Rj (1+sRC)
= sC

dbservations:
Laplace is only a “mathematical trick” used to help us analyze circuits
s is a function of frequency @ in rad/s or 2xf in Hz
As we vary s from -0 the “numerical value” of H(s) varies
When s = -1/RC “Numerical Value” of H(s) will become . This value of s is called the “POLE” of
our system

IMPORTANT: this does not necessarily mean that the output of our system becomes
infinite. This only means that the “numerical value” of our transfer function will become

infinite

To find the amplitude of the output of our system we need to calculate our “gain”. We will

do this next

For a stable system all poles must always have a negative value i.e. be on the left hand

side of the s-plane 55
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éalculating Gain and Phase from H(s)

i
Transfer function > |H®) = 57555705

1

JiE + (27 f RCY)

Gain: Re+Im? > [H(s)| =

Phase:

p= tan'l[ll_in) &

€

4(0 427 f RC 4
tan_l[?J:tan_l(zl)—tan_l(zz) - |[tan [T)—tan (%j:—tan (27 f RC)

2

We can now plot Gain and Phase with respect to the frequency

56
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Gain Plot of the 1st Order (single pole) RC Circuit
Pole @ 1/(27 RC) = 10kHz
0 IfR=1.591 kQ & C = 10nF
/ .. fc/o = -3dB point @ 10kHz
-10 Gain is usually plotted in decibels:
Gain in dB 2 20Log( |H(s)| )
8
£ 20
©
O]
2 After fc/o, gain falls (rolls off) at L
) a rate of -20dB per decade
On a log-log paper the
slope would be -1
-40
100Hz 300Hz 1.0kHz 3.0kHz 10kHz 30kHz 100kHz 300kHz 1.0MHz
Frequency
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Phase Plot of the Simple 1st Order RC Circuit

-0d
-20d This is the phase of Vout with respect to Vin
As the frequency increases so does the
phase difference between Vout and Vin until
it approaches an asymptote at 90°
& -40d
(5]
<)
[}
=]
£
Q
2 -60d
T
Pole @ 1/(27zRC) = 10kHz
¢ @ 10kHz = 45°
-80d
-90d
-100d
100Hz 300Hz 1.0KHz 3.0KHz 10KHz 30KHz 100KHz 300KHz 1.0MHz
Frequency
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Poles and Zeros

The circuit in the previous slide had a single pole
Where “pole” was defined as the value of s where the denominator of
H(s) > 0
This would lead to the numerical value of H(s) > «

Every pole in our system (located at a negative value of s) causes the gain to
fall (roll-off) at a rate of -20dB per decade and

Introduces a phase lag of 90 degree

If we have a transfer function such that its “numerator” can become
0 for a certain value of s then we have a “zero” on our transfer
function:

H(s)= (S+a)KZero @-a &
(s +ﬂ) <—Pole @ -8

Every zero in our system (located at a negative value of s) causes the gain to
rise at a rate of 20dB per decade and

Introduces a phase lead of 90°
[o.Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA
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H(s) of a 2"d Order System

For BDP-106 @ full load:
L = 22uH C = 440pF & R = 1.8Q X, R
ESR is assumed to be 0 for now! v = : Vout
in XC
=

Transfer Function Hp(s):

VWV

The denominator of Hp(s) is a 2" Order Polynomial
It has 2 poles @ 1

2w~/ LC

This is the resonance frequency F, of our system

H,(s) =

At resonance we “may” see a bump on our gain plot. The size of the bump is
dependant on the load resistor (as well as other things)

We have two poles so we call this a 2" order system
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Gain Plot of the 2n¢ Order (2 pole) LC Circuit

Exercise: Calculate F, + estimate “roll-off” in dB/decade after F,

What is the maximum phase? Is it leading or lagging?
40

 Gain in dB

-120
100Hz 300Hz 1.0kHz 3.0kHz 10kHz 30kHz 100kHz 300kHz 1.0MHz
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I5hase Plot of the 2"d Order (2 pole) LC Circuit

-0d —
-50d
[}
Q
(7]
S
3
2 -100d
(4]
[%2]
©
=
o
-150d \
\¥
2009
0Hz 100Hz 1.0kHz 10kHz 100kHz 1.0MHz
Frequency
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Gain Margin, Phase Margin and Crossover Frequency

We need to define a few variables to allow us to
design a stable power supply

40 \V
DC Gain = say 21dB 2

Gain Margin (GM) = How much
the gain is below 0 dB when
Phase = 180°

Gain (dB)
A
3

Crossover frequency Fx 100 1000 £10000 100000 1000000

i.e. frequency at which gain crosses 0 Frequency ‘?Z’
dB =6kHz

Important:

Slope @ Fx = -40 dB/decade : \

I~
|~

100 1000 10000 100000 1000000
Frequency (Hz)
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Power Supply Stability Criterion

When considering the Open loop frequency response:
1 - At crossover frequency (Fx), the Phase Margin (¢,,) must be
more than 40° to 45°
¢y, = the amount by which the phase shift is less than 180° at Fx
The lower the phase margin, the faster the transient response (in time
domain) but the higher the risk of instability

2 - At Fx, the slope of the open loop gain plot should be no more
than -20 dB/decade
PSU jargon
-20 dB/decade > -1 slope
-40 dB/decade > -2 slope
3 - Gain Margin G,, should be at least 10 dB

Gy, 2 The amount by which the gain is lower than 0 dB when the
phase = 180°
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algl®
AR E
R ——— Bade Dot " ‘
Click and pull down and right to zoom in
And estimate Fx and Phase Margin
| £
fa
i s T rematn
TR
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Hands-On Demo 7 — Simulation Tool — Load Transients

) WIS 18 Dosiages {Relesse Date: Wed Apr 17 LELIZL 2013, G204 16 bytes) - Masila Firslos

[ ang, hosarrmen, b, TAm

L=le |@ |itsan|C i D] flv] i | fidhw || %] 0]

Step 12 Suboc Sanadahn e | Lont Tramient [+ anty 2o in Chk 258 1 drmemt, 10 424 503 pmid

wr DR 3 3

Click and pull down and right to zoom in
And left and up to zoom out

You can also do:

Bode plots, ~ | [ o 1t
Line transients 5 E
= oY v T =
Start up 5 | l 3
& Steady state | :
Hout Fecend Surmdation . . o
e By clicking on :
s » [ 50 e the S You can display
schematic Saccess , many wave forms
you can Frem Uy Bl O B e
change the i I e

simulation
parameters

Transfereieg data froem mebench 1 com.
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'I:hermal Simulation with WebTHERM™

WebTHERM™ online tool simulates the thermal behavior of an electronic
printed circuit board

Using validated thermal models for the components and the reference PCB

The user defines the environment, air flow, copper thickness, presence of fan/heat
sink, etc

Takes into account the thermal interaction of different components adjacent to
each other

The WebTHERM tools helps the user identify heat problems on the printed circuit
board

i.e. the board goes into production.
A simulation typically takes two to three minutes to complete,

After the simulation is complete, the user can view the result, a full colour plot of
the temperature across the board

The temperature of each component is also listed in an accompanying table

If desired, the user can adjust the parameters and resubmit the job for simulation

Taken from: www.ti.com/Isds/ti/analog/webench/thermal-simulation.page
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Hands-On Demo 8 — Thermal Simulation
WEBTHERM ™ SIMULATIONS &
f All WebTHERM = Simadations || Curtard Simdaiien |
0 Mame itana Commants opn
el Comsieeed 435540 P | g Vo
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Iil/élnds-On Demo 8 — Thermal Simulation

[T e—

Tomgmutrs B Scairg

-

You can change the colour bar setting to
better observe the interaction of various
components in terms of heat dissipation

We will try this in the next slide

- 3
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I:|/ands-On Demo 8 — Thermal Simulation

WEBLINCHE Designer (Relesse Date: Wed Apt 17 1£11:12 2003, 520418 bytes) - Coogle Chrome

Change the colour bar

range to display between
You can also modify other parameters such as . 30° to 60°C
Vin, lout, top/bottom temperature/air flow, etc

[——

Tharr.al Lem Pacamsiar

:
£
+

Heat dissipated from the vias
underneath our controller to
the bottom layer copper
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Hands-On Demo 9 — CAD Export = el .
B 2 V] 3 [ L B0 | oo
Designapark
- Example export to Design Spark = [een ]
e l-'a--nm_‘ff‘
3| lu::;u‘w CAENORIEE IS Y S| =
a !
a s .
g . i | I e
2 = ' -
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Hands-On Demo 10 — Share you Design

FrEEn

Visualzer DOM  CPAMs Schemasc OpVals  Sim  Thrmal DulkiR  Dxport  Print  Share Des
Share A Design £

Eiif
txd

How Share A Design works:

Enbes a st of el i bor each person with wisch you want 1o share your design. You can share a design with

‘amyane, even il hey are nol a curment uses of WEBENCIL Each person will receise an email imating them o access a

copy of e design. The sender wil also

11 the peer S0 you wrle (s new 10 TTs web sile, we will pre-Create @ Sign-On for them. A ink in their email will loke Fem

108 page 10 Rrish Wesr WEBENCH personal disk spas

‘workspace. I they aveedy have WIDENCH per ol . spece, they wil recetve @ ferent ik oking hem direcily o

their new design.

Remember that AN huture b Miected only in the individual

s work g Chdges by sy i s il lfec g f s, Yo e of e 3%, air  daslge
| ogain altes changes are made.

Suggested Uses:

= Design feviews in & workbeam

. D e from

*  Relerence Designs
Share this design with:

Entes =l pa K th e

myTriendginicha.com

Add your notes for this design:

I s my poweer supgly 1o your Buix capacilor Circul

Gl I:I |
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Advanced Optimization with Charting Tools

In its most basic form it allows
you to graphically select a
design that you want open
based on TI part number

If used before opening a
design, it is simply a graphical
alternative to using the sliders
that we have used so far

IMPORTANT: However after
opening a design, it can be
used as a very powerful tool to
optimize and select each
individual component

We will now use this tool to
select an alternative inductor
for our design

You can further optimize your design using the “Advanced
Charting Tool”

If you hover your mouse
over any of the circles

you will see the details of

the design

Adbcanced Charting -0
X Axisi ¥ A Duabtde Sices
[ emciency | = [ bootpumn | = ] om cost | =] .
) Circle si BoM Cost

[“Hﬂull’hl

Your current

selection is in green

a 3>
>

e

Part: LM25011 |
BasePN:LM25011
Topology:Buck
Efficiency: 79%
Footprint: 310mm?3
Frequency: 569kH.
Yout p-p:9.21mV
BOM Cost:$1.61

| BOM Count 14

- . 73
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¢ % : || ||. (A LA 3 2 [Tea ==
Wew  Sobdlions Visuakzer  BOM  Schemaic Optinize OpVals  Sin Thermal  Buldl Bxpert P Shane Design Assistant
EILL OF MATERIALS g
Brpartto: [ Sg)Exeal | BOMCost £320 Foolprind is componient Tookmt phrs T per sz,
Pt Mandactures Pl Busriber OuaRy Frice | Al ibates Foslpint Top View L
Chsat Kemet CONSCIZSHAACTY 1 e " - W
ol Arx OBOSICIMRATZA 1 Ll 1 = W
st GEMZIGIT L 15 EHAD 1 B Capet Sk, ESR=00N, " - ==
VDC25Y
i [ CIBKTRIH IS 1 B4 Capetf, ESRa 108m, " = [t e v |
ot saubata GEM TG0 ZIME S d " = ===
Kot COS05C101I5GACTY 1 " =
- subats GRM1SSRT IESZZHAD 1 BB Cape e, ESRR00I, 1
e
" Wodee e, BT ' AN WSoeaSY, bdn, Ve 3T -
0 Wt Tl ank 56 754TT4100 1 SRES | Lthull, DERAATI0N, e e Anemate et
et
Reamp. Vistuay Dats CROWOBISTIRIFHER 1 St Raslutanca=piHibhm, 1 - e Tr——
Toled sntbette, Pomst =017
Pt Vistay Duts CROWOBS1KOMHEA 1 ft | Rasistance 1 -
Tolea snthet, Pomt -BAZW
Filiz Vishay Dabe CROWORSTHEWHER 1 $01 RasistanceLAsHOnm, n =
Toleasncost, Povmer=8126W
[ Vistay Dase CROWORUSEGEFHER 1 S0 Resistance-L4sHON. n -
Toleasncast, Povmer =825
" Tewas nstrumens | MZS5T6MH NOPR 1 S n -
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Hands-On Demo 11 — Alternative Component Selection
Using the advanced charting tools we can select a more suitable
inductor for our power supply
a8
u
| o ‘ I
@]
[P .:.. ]
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Hands-On Demo 11 — Alternative Component Selection
Alternate Parts - Charts
Filter by Manufacturer:
Update X Axis Update ¥ Axis
[Powel Diss W | '] [FOO‘I)IiIIHIIIIIIZl | '] [Pucem Click and pull down to zoom
into a subset of the components
You can change what the b If you hover your
axes display — in our KCircIe size = BoM Cost mouse over any Qf
case power dissipation of o the circles you will
the inductor is on the X e e e see the details of

Part: 74477010

Manuf: Wurth Elektronik 2iSos the design
Quantity: 1 /

Price: 1.52

L 10K &

[ DCR: 0.0190hm
FaN 1D 6,25

o of o) Power Diss: 0084w

Footprint: 13¢mmz2

axis

r foot print

Sm

But let us
select a
bigger but
more efficient
one

A 4

Power dissipation
0.0z 0.04 008 002 01 01z 014 0.1€]
Poveer Diss (W)

Anternate parts displayed: 30

Reset All Cancel

S Biricha Digital Power Ltd_(unless stated otherwise) — material subject to NDA

76




BIRICHA *9 Texas
DIGITAL INSTRUMENTS

Hands-On Demo 11 — Alternative Component Selection

* Note that a new more efficient but larger component has now been selected
— We can now run our simulation and analysis based on this new component
— When we are happy we can finalize our design and print the final report

ALTERNATE PARTS &
setectest Sebecrod et
[ Fat s [ ven ® Prica| Caphest | fostFrim | b | Powen Do
| P
[ e [ " =
| Loy Lon B (it i
....... = T ]
Se— s -~ {H
et g

3
E R
§
3

i L
i
i

At parts dupharet 1

[ esettn | [Cocut | [ R e e
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Hands-On Demo 12 - Automa

el 2 % [V W [l

Vmsite BOM  Charm Schamate

i Al

o . -
SRS FREHTS S —— s N
R b, TR R AT 1 B Y e ey e
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Concluding Remarks and Summary

WEBENCH is a very powerful tool to assist you in your PoL PSU Designs
Based on your specifications, it automatically designs 100+ of PSUs

We've learned how to:

Filter down our designs and select the most appropriate part based on your
efficiency/footprint/cost requirements

Optimize our design and carry out electrical and thermal simulations
Change components within your BoM

Create schematics and import to CAD packages

Print the final report and order BoM including the PCB within a few clicks

In this seminar we only covered Power Designer; there is also:
WEBENCH Power Architect

BIRICHA Jy TEXAS
INSTRUMENTS

WEBENCH Active Filter Designer
WEBENCH Amplifier Designer

WEBENCH EasyPLL
Y Please complete our feedback
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WEBENCH LED Designer
WEBENCH Sensor Designer |:> www.ti.com/webench

form on:

www.surveymonkey.com/s/webench-ch
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End of Seminar

Thank you for attending
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