V4 AN

Tl Power Management Lab Kit
WEBENCH® design tools exercise book

Wi} TEXAS INSTRUMENTS



Table of Contents: WEBENCH design tools exercise book

o IntrodUCtion. . . . . . . 03
e WEBENCH® getting started . . . . . . . . . . . . e 04
e DO Experiment 1 — Impact of line and load conditions ondropoutvoltage . . . . . . . ... . ... ... ... ....... 23
e DO Experiment 2 — Impact of line and load conditions on efficiency . . . . . . . . ... ..o 33
e Buck Experiment 1 — Impact of operating conditions on efficiency . . . . . . . . . ..o 43
e Buck Experiment 2 — Impact of passive devices and switching frequency on current and voltageripples . . . . . . . . . .. 49
e Buck Experiment 3 - Impact of cross-over frequency and passive devices on load transientresponse. . . . . . . . ... .. 57
e Buck Experiment 4 - Impact of the inductor saturation on current and voltageripples . . . . . .. ... ... ... ... .. 68
e Buck Experiment 5 — Impact of inductor characteristics on current limiting operation. . . . . . . ... ... ... ... ... 79

TI power management lab kit
WEBENCH design tools exercise book 2 2019



Getting Started V'v webenche I

POWER DESIGNER

WEBENCH® Power Designer is an online design tool that helps you select, design, and
compare power supply solutions that are tailored to your needs. Power Designer is both easy
to use and powerful, guiding users through the process of choosing and simulating a list

of possible circuit designs. Each solution is optimized based on the user’s priorities and
includes a full list of components and prices for comparison. Along the way, you can learn
about and choose the many tradeoffs that are encountered while designing a power supply,
namely the overall solution cost, footprint, and efficiency. After selecting your preferred solution,
you can optimize the design further, if desired, by changing any of the components and by
simulating your design to observe and validate its operation and performance. Once the user
is satisfied with the finished design and has been autosaved to their my.ti.com account, it can
then be printed or saved as a detailed PDF design report, shared with others, or exported for
use in several different CAD tools.

This guide will help you get started using WEBENCH Power Designer by walking you through
each step in the process and explaining the main features. The included design examples can
then be used for additional practice and to get familiar with the process of sharing your designs
and results with others.
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WEBENCH Getting Started: WEBENCH design tools exercise book

If you have already selected a specific product that you'd like to design with, WEBENCH can be launched from its product
page on ti.com. If WEBENCH is available for that product, it will be shown on the right hand side of the main tab. Simply
enter your requirements and click on ‘Open Design’ to immediately open the recommended solution in WEBENCH.

Products  Applications & designs  Tools &software  Support & training

lernow  About Tl

Wcart @English @ myTl
TIHome > Sel ductors > P ™ t

gulators > Step-down (buck) > Buck s (integrated switch

TPS54541 (ACTIVE) InEnglish v ' Alertme

4.5V to 42V Input 5A Step-Down DC-DC Converter With Soft-Start and Eco-mode™

DATASHEET W Top purchased products for TPS54541
TPS54541 4.5-V to 42-V Input, 5-A Step-Down DC-DC Converter With Soft-Start
and Eco-mode™ datasheet (Rev. C)

Part number BuyfromTistore  T1Store Price |
() Viewnow JB Download ) s e

TPs54541DPRT  [MENLRCYEL M 3558 2191 WSON.(DPR)]
Tku 10
TPs54541DPRR  [MFNERCYEL M 6494 :;:J I ‘%50\‘ PR

View all (2) >

LIRS Technical documents  Tools &software ¥ Order now | Quality & packaging ~ Support &training

Description | Features | Diagram | Design resources foryou | Parametrics | Applications for you

Package | Pins

Complete your design

Description Features Diagram

The TPS54541 device is a 42-V 5-A step-down regulator with « High Efficiency at Light Loads with Pulse Skipping Eco-
an integrated high-side MOSFET. The device survives load mode™
dump pulses up to 45 V per ISO 7637. Current mode control
provides simple external compensation and flexible
component selection. A low-ripple pulse-skip mode reduces
the no-load supply current to 152 pA. When the enable pin
is pulled low, the shutdown supply current is reduced to 2 = I00KEZS M SUITEbIc Suithing Srequency
LA « Synchronizes to External Clock

« Low Dropout at Light Loads with Integrated BOOT

87-mQ High-Side MOSFET

« 152-pA Operating Quiescent Current and 2-pA
Shutdown Current

View more
TPS54541 - Functional Diagram

Design resources for you

New!
WEBENCH® Power Designer is now even
easier to use. Try it now.

Technical documents

Cromaige e BEES WEBENCH® Designer TPS54541
User guides Evaluation Module for the TPS54541 Step-Down Converter 05 Nov 2013
Min Max Range
Application B Creating a Universal Car Charger for USB Devices From the TPS54240 and 165ep 2013
PP B & 5 Vin 850 |- 4200 |V 45t0420v
notes TPS2511
, Vout > V 0.8to41Vv
Application Create a Split-Rail Power Supply with a Wide Input Voltage Buck Regulator 26 Oct 2012
notes lout 5 A <5A
View all technical documents 3 AmblentTemp |30 |°C -40t0150°C

Design & development tools

What are WEBENCH® tools?

Tool type Title Part number

If you haven’t yet selected a part, go to webench.ti.com and click on the DC/DC link under the Design by Product
tab in the WEBENCH® Power Designer page.

Q’) TeEXAS INSTRUMENTS

Products  Applications & designs  Tools & software  Support & training  Order Now  AboutTI

OmyHistory W cart  @Englsh S mymi

WEBENCH® Power Designer

Get started with the industry's most powerful end-to-end design tool

to-date online design toolsin the industry. That's why WEBENCH Power

What's New? Design by System Design by Product Support
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Getting Started

This will open up a new page called ‘Create a new DC/DC power design’.

Create a new DC/DC power design

Design Consideration

want my designto be

Design Parameters

|
w

webenche £ I )
POWER DESIGNER

WEBENCH first presents a search bar for those that have already selected a part number that they’d like to use.

If you haven’t yet selected a part, then skip the search bar and begin entering your requirements:

e [nput voltage range
e Qutput voltage

e | oad current

e Additional criteria and options using the ‘Advanced’ section

In the Design Consideration section, you can choose whether or not to optimize your power supply design towards
a target attribute. A “Balanced” design will place equal importance and weighting on all three design tradeoffs: Lowest
Cost, Highest Efficiency, and Smallest Footprint. If one of these aspects is more important to your design than the others,
such as Lowest Cost, then select the ‘Low Cost’ Design Consideration so that WEBENCH can optimize the design and

component choices towards this aspect.

Clicking on the ‘Advanced’ drop down menus will reveal additional options for further design optimization by WEBENCH.

These are optional settings that can be ignored or modified as desired.

Once complete, click on the ‘View Designs’ button to launch WEBENCH Power Designer.
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POWER DESIGNER

Getting Started w) webenche £ I )

About the Navigation bar

The Navigation bar now appears at the top of the new view. The Navigation bar allows you to quickly switch between
the CUSTOMIZE (Schematic, BOM, Operating Values), SIMULATE, and EXPORT views.

=  WEBENCH® POWER DESIGNER ®) NEWDESIGN ~ MYDESIGNS @

Select a Design
nput: DC14V-22V  Output: 3.3Vat2A  Temp: 30°C  Change

SELECT CUSTOMIZE SIMULATE EXPORT

CUSTOMIZE Tab

You will enter this view after you've selected a solution using the ‘Select’ tab that you’re in now. This tab can be used to
view your schematic and layout, and to change components to further optimize your solution. You will also see tables and
charts for key operating values and performance data for your design over its range.

SIMULATE Tab

When you’ve finished customizing the solution, you will click on the ‘Simulate’ tab to view which electrical simulations are
available to run. The following simulations are typically supported and can be launched by selecting the desired simulation
and pressing the ‘Start’ button:

e Startup

e SteadyState
¢ | oad transient
¢ Line transient
e Bode plot

e 2-Step startup

EXPORT Tab

The Export tab will allow you to export your designs to CAD tools such as Altium, Cadence, and more. You can also print
a full design report from here to save and share with others. Lastly, you can send a link to share your complete design with
your colleagues to have them review your design.

Select a solution

Once you’ve entered all of your design criteria and clicked on the ‘View Designs’ button, WEBENCH will quickly generate
a list of possible parts and solutions that satisfy your requirements and will display them with the most optimal solutions on
top. WEBENCH also offers a card view of the solutions, which can be selected at top right under the EXPORT tab.

TI power management lab kit
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Getting Started

I ®
w) webench l

POWER DESIGNER

=  WEBENCH® POWER DESIGNER ®

Select a Design

NEWDESGN  MYDESIGNS @)

put: DC14V-22V  Oufput: 33Vat2A  Temp: 30°C  Change

25 matcin desgs o 255t esis
= P
O  ressesse
7 g w
*r—
BoMcast(§)
0
Som s (m)
O esss
. o
Swtcning Feauency (kie)
o
inductor Rppie Curtent (4
2 O ressesse

08 198
208 8
208 s
08 3

seLect cusTomizE SIMULATE EXPORT
Pt DC1AV-22V  Ouiput: 33Vat2A  Temp 30°C  Change
R — sonby otk - evew
: T — —Jﬁ
Requltor Ty A o | T 5| L L
i
. - P
rf |7J—
o) »; .
— o
TPS54239E [ compare TPS54339 0O compare
B0M Cost 5 asv aput, 2-4 Synchron £5V10 23V nput, 34 Step-D
® ° Efficiency: §7.7%  BOMCount: 13 BOM Aves: 208mm*  Topology: Buck  Frequency: 646:31 kHz Eficiency: §76%  BOMCount: 13 BOM Ares: 208mmt  Topology: Buck  Frequency: 646.31 kHz
ost $060(Tku  BOM Cost: §1.98 Tk 50701k ost: $208 Tk
BoM v ()
CUSTOMIZE  SIMULATE  EXPORT CUSTOMIZE  SIMULATE  EXPORT
r—F
SwichingFrequency (k)
s %
————— i
o [ T T T
Inductor ippe Curent 4 v T TE $m
—— . o ; .
f f
Crossover Frequency (42) o i > Lo
- . ) Il
=  WEBENCH® POWER DESIGNER NEWDESIGN  MYDESIGNS @
Select a Design
seLect cusTomizE SIMULATE EXPORT

- CARDVIEW

cusTomizE

cusToMIZE

2 cusToMIZE

2 CUSTOMIZE

At this point, WEBENCH has already selected the right topologies and components to create solutions based on your

design inputs. The topologies that WEBENCH supports include bucks (step-down), boosts (step-up), flybacks, inverting
buck-boosts, 4-switch buck-boosts, SEPICs (buck/boost), Half Bridge Resonant LLCs and PFC-Boost topologies.
WEBENCH has also calculated, selected, and priced all of the necessary external components for every solution so that

you can compare solution costs, sizes, and efficiencies for complete solutions rather than just for the ICs themselves.

To help with the selection process, WEBENCH provides a list of additional Filters on the left hand side of the page. If
desired, you can use these filters to eliminate solutions from the list that don’t have required features or attributes, such as

Enable pins. This is optional and is presented as another opportunity to further optimize your list of possible solutions for

cost, size, efficiency, and features.
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Getting Started

=  WEBENCH® POWER DESIGNER

Input: DC14V-22V

SELECT CUST|

Output: 33Vat2A Change
Temp: 30°C
Filters CLEAR FILTERS 254 matching designs out of 25|

= Filter by Part Number

Regulator Type A

Controller (External Switch)

Converter (Integrated Switch)

izl

Module (Integrated Inductor)

l ®
w) webench l

POWER DESIGNER

Switching Frequency (kHz)

Design Attributes ~
Efficiency (%)
72-94
*r—0

TPS54239E
BOM Cost ($) 4.5V 10 23V Input, 2-A Sync|
1-20 with Eco-Mode
*r—0

Efficiency: 87.69%  BO|
Total Footprint (mm?) Topology: Buck  Freque
81-1582 BOM Cost: $2.03 1ku
*r—0

CUSTOMIZE SIMULA|

You can also use the Compare checkboxes to view more detailed comparison tables for selected solutions.

Comparing 3 of 255 Designs you have selected

VIEW OPTIONS:

@ sasic

Q Aadvanced

Basic Details
Design Considerations
BOM Area

BOM Cost

BOM Count

Efficiency

Frequency

Topology

TPS54239E
4.5V t0 23V Input, 2-A Synchronous Step-Down
Converter with Eco-Mode

TPS54308 x
4.5V 1028 nput, 3A Output,Synchronous
350kHz FCCM Step-Down Converter

Tt

CUSTOMIZE DESIGN

4.5V 10 23V Input, 2-A Synchronous Step-Down
Converter with Eco-Mode.

208mm?

$1.9811ku

13

87.7%

64631 kHz

Buck

CUSTOMIZE DESIGN

&

4.5V 10 28V Input, 3A Output, Synchronous 350kHz
FCCM Step-Down Converter

330mm*
$410] Thu

10

LM5141
Low Ig, Wide Input Range Synchronous Buck
Controller

CUSTOMIZE DESIGN

Low Iq, Wide Input Range Synchronous Buck Controller

281mm*

83511 1ku

20

208%

198 MHz

Buck

CLEAR SELECTIONS CANCEL

Note: If you don’t see a specific part number that you'd like to see in your top recommended list, you may still be able to

find it by using the Filter by Part Number option on the left.

After you’ve finished your sorting and selection process to identify the solution that you believe will be the best fit for

your needs, click on the red ‘Customize’ link within that design’s window to proceed. This will now open up the

more detailed ‘Customize’ view of your design so that you can see the Schematic, Operating Values, Example

Layout, and Bill of Materials.
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Getting Started ' ®
etting Starte w) webench l

POWER DESIGNER

CUSTOMIZE TAB

Now that you’ve selected a solution, you will be in the ‘Customize’ view. At the top of the page you will see SCHEMATIC,
PCB LAYOUT, and BILL OF MATERIALS tabs. In the middle of the page you will see the Operating Values and Charts
tabs. The four windows for Charts, Schematic, Operating Values, and Bill of Materials (BOM) will be used the most
within the WEBENCH exercises.

T
T Power Designer - Google Chrome =8 X

@ Secure | hitpsy/webench.ti.com/power-designer/switching-regulator/customize/8 Q

Customize LM76002RNPR - 5.0V-60.0V to 3.30V @ 2.5A

seeer customze SmuaTe ororT
ocsv-ev 23ve2sa e

E—

B e e S e e

*B Texas INSTRUMENTS

e SCHEMATIC shows the schematic drawing of the solution using the components that have been computed
and selected by WEBENCH.

Customize TPS54239EDDAR - 14.0V-22.0V to 3.30V @ 2.0A

SELECT CUSTOMIZE SIMULATE EXPORT
Input: DC14V-22V  Output: 33Vat2A  Temp: 30°C  Change
Summary SCHEMATIC PCB LAYOUT BILL OF MATERIALS
208 mm? xa
Click a component to find out more information or select an alternate part. e e 3
s1.98
€ y. 87.7%
CHANGE OPTIMIZATION
Cboot
[ = 1—
oo
- - morm | 14
Configuration Options win N
TPS54239E Zmonm
Ry ut
115 ms e =or R
=Vin 10kOpm 0Chm o
VREGS
VSOURCE_ENABLE_OFF -

o ss_ onp RMb
w =2 —T Rbb
Css

==Creg

.||<

OPERATING VALUES CHARTS

vin(y) —m————————— g 22 v lout (A) ——————————————@ 2 A RECALCULATE

I«
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Getting Started

W)

webenche

POWER DESIGNER

e PCB LAYOUT shows the printed circuit board layout, which is based on the board design of that part’s

Evalution Module (EVM).

Customize TPS54239EDDAR - 14.0V-22.0V to 3430\1{:5 2.0A s
SELECT CUSTOMIZE SIMULATE EXPORT
Input: DC14V-22V  Output: 33Vat2A  Temp: 30°C  Change
— PoBLYOUT B 0F ATERIALS
Footprint 208 mm* Qs -~Q@ &
BOMCost:  $1.98 e -
Efficiency:  87.7%
CHANGE OPTIMIZATION
Configuration Options
ms
[ Mid 1 Mid2 Bottom
VSOURCE_ENABLE_OFF -
OPERATING VALUES CHARTS
vin(y) —m——— g 22 v lout () —————————— @ 2 A RECALCULATE
5.
Categories
Name Value Description
(@ system information
Ve av tional Output Ve
O capactor out 3 Operational Output Voltage
Qr Duty Cycle 1587% Duty cycle
Q nductor
Efficiency 87.7% Steady state efficiency
Q Power
Frequency 646.31 kiz Switching frequency

e BILL OF MATERIALS lists all of the components needed for the design, along with a rough price estimate

for a 1ky quantity.

SCHEMATIC PCB LAYOUT BILL OF MATERIALS

“Foctprint s component footprint plus 1 e per sice.
Pant Mandsztrer Pt Number Quaety To
Rogood Yageo RCO0201FRO7105KL 1 001
Aot Panasonic ERISENFIO0ZV 1 001
Ao VishayDale CROWO40243K2FKED 1 001
Cooot Taiyo Vuden EMK21287474KDT 1 002
cin oK COASMIXTS2ALTSK200AB 2 108
Cinx A 12061CA73MAT2A 1 003
Cout ChemiCon APXESRIARATZINESTG 1 042
Coutx oK C100SXESICTOSKOSOBC 1 002
Cvee Taiyo Yuden EVK2128.225K6T 1 003
u Coileraft XALS060-103MEB 1 082
u Texas Instruments LM76002RNPR 1 250

Anrdute

Tolerance = 1.0%

Resistance = 105 k0 208

Power = 50 miW

Tolerance = 1.0%

Resistance = 100 k0 675 .

Power =125 mW

Tolerance = 1.0%

Resistance = 432k0 E

Power =63 miW
£5R=1m0

Cap=470nF 675 .

Total Derated Cap = 470 nF
ESR=424mQ

Cap=474F 24 -

Total Derated Cap = 2.4

ESR=54m0

Cap=47rF 1
Total Derated Cap = 47 nF
ESR=24m0
Cap=1204F

Total Derated Cap = 120 yF
E5R=1142m0

829

092 m

Cap=1)F 3

‘Total Derated Cap = 490 nF
£5R=1m0

Cap=22F 675 .

Total Derated Cap =22 oF
0C=7A

L=10H

DCR=27mQ

Top View

SELECT ALTERNATE PART

SELECT ALTERNATE PART

SELECT ALTERNATE PART

SELECT ALTERNATE PART

SELECT ALTERNATE PART

SELECT ALTERNATE PART

SELECT ALTERNATE PART

SELECT ALTERNATE PART

SELECT ALTERNATE PART

SELECT ALTERNATE PART

I+
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. [
Getting Started w webench®/|

POWER DESIGNER

e OPERATING VALUES: You must scroll down to the bottom of the page to see the detailed performance
metrics and calculated values for the most important components and nodes. If desired, these values can
be instantly recalculated for various input voltages and output loads.

Customize TPS54239EDDAR - 14.0V-22.0V to 3.30V @ 2.0A
SELECT CUSTOMIZE SIMULATE EXPORT
Input: DC14V-22V  Output 33Vat2A  Temp: 30°C  Change
—
DCR=20m0
OPERATING VALUES CHARTS
viny) ——————— @22 Voot —————————— @2 A RECALCULATE
.4
Categories
Name
(@ system information
Vout 3av Operational Output Voltage
O Gcapactor
Qe Duty Cycle 15.87% Duty cycle
Inductor
O mducto Efficiency 87.7% Steady state efficiency
O Fower
Frequency 646.31 kHz Switching frequency
O
Pout 66w Total output power
Mode cem Conduction Mode
Vout pp 1328 mV Peaketo-peak output ripple voltage
FootPrint 208 mm? Total Foot Print Area of BOM components
Vout Actual 33v Vout Actual calculated based on selected voltage divider resistors
Vout Tolerance 3% Vout Tolerance based on IC Tolerance (no load) and voltage divider resistors if applicable

e Charts will display the calculation results over your full operating value range (input voltages and load currents).
It is a visual representation of the value ranges displayed in the OPERATING VALUES tab. You can use View Other
Charts to select which charts you would like to view.

G VALUES CHARTS

VIEW MORE CHARTS

Duty Cycle Efficiency

oty Cpete ()
Efciency ()

Output Current (4) Output Current (A)

Loop Response

G (d8)
Phase + 100 ogeee)

Frequency (42)

TI power management lab kit
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Getting Started I -
etting Starte w) webench |

POWER DESIGNER

Schematic view and changing components

The SCHEMATIC view can be selected using the tab located under the navigation bar.

SCHEMATIC PCB LAYOUT BILL OF MATERIALS

Click a component to find out more information or select an alternate part. Q I @ %

The zoom in, zoom out, and export to CAD icons are located at the top right of the schematic.

SCHEMATIC PCB LAYOUT BILL OF MATERIALS
information or sel QA S2a s
-EO!W
- 7
= TM7E00ZRNE
- £
[ :a u
(e - o ~on.
oot e S
AMNN—
o J e | b
- A 3
Loy, oo <
==?,'; =0
= .
" P, .
R R ==lem
P S aremomn|

If you'd like to change a component from within the Schematic view rather than the BILL OF MATERIALS view,
then click on a component to see its properties and select ‘Choose Alternative’.

Rpgood

RC0201FR-07105KL

Manufacturer:  Yageo
Price: 001

Footprint: 208mm* -
Tolerance: 10%

Resistance: 105k0

Power: SomW

Show more details

cLose CHODSE ALTERNATE

TI power management lab kit
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) webench- £ | )
POWER DESIGNER

OPERATING VALUES
Click the ‘OPERATING VALUES’ tab in the middle of the page to view the operating values and performance data for any

Getting Started

point in your input voltage and load current range.

OPERATING VALUES CHARTS

You can see a list of all the operating point values in the table. Click the table header for Name or Category to sort them

alphabetically or group them by category.

I+

OPERATING VALUES

ot (A) ———————————@ 25 A RECALCULATE

CThetalA

You can recalculate the values for different operating points without changing your design. Simply move the scale to new

values for V and |, and press RECALCULATE.

OPERATING VALUES

A RECALCULATE

There is a note at the bottom that reminds you that phase margin and crossover frequency are estimates from the
calculations. To get a more accurate value and to get a better view of whether or not your solution is stable, you will

need to use electrical simulation.

2019

14
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Getting Started O webench-

POWER DESIGNER

Viewing the Bill of Materials and changing components

Click the BILL OF MATERIALS tab located under the navigation bar to view a list of all components.

SCHEMATIC PCB LAYOUT BILL OF MATERIALS

*Footprint is component footprint plus 1 mm per side.

Manufacturer Part Number Quantity Total Price ($] Attribute

o
“
- §

If you want to change a component, use Select ‘Alternate Part’ in the last column of the BOM table to change to the
component you would prefer.

SCHEMATIC PCB LAYOUT BILL OF MATERIALS

*Footprintis component footprint plus 1 mm per side.

-

et Mantacturer Fat Numser Quamety Totai Price (5 praes Total Footprint (m) Y

Tolerance = 1.0%

Rogood Yageo RC0201FRO710SKL 1 L) Resistance = 105k0 208 g SELECT ALTERNATE PART
Power = 50 miV
Tolerance = 1.0%

Rft Panasonic ERJSENFI003V 1 o0 Resistance = 100 k0 675 . SELECT ALTERNATE PART
Power =125 miW

Tolerance = 1.0%

Rith VishayDale CRCWO40243K2FKED 1 oo Resistance = 432k0) 3 . SELECT ALTERNATE PART
Power = 63miN
ESR=1m0

Cboot Taiyo Yuden EMK212B7474KDT 1 (13 Cap=470nF 675 . SELECT ALTERNATE PART
Total Derated Cap = 470 o
ESR=424m0

Cin K CGAGM3X7S2A475K200AB 2 108 Cap=47F 204 - SELECT ALTERNATE PART
Total Derated Cap =24 1F
ESR=54m0

Cinx A 12061CA73MAT2A 1 003 Cap=47nF 1092 m SELECT ALTERNATE PART
Total Derated Cap = 47 nF
ESR=24m0

Cout CremiCon APAESRIARATZINESTG 1 0 Cap=1204F 52 D SELECT ALTERNATE PART
“Total Derated Cap = 120 jF
ESR=11.2m0

Coutx TOK C1005X651C105K0S08C 1 002 Caps1F 3 . SELECT ALTERNATE PART
Total Derated Cap = 490 nF
e

Cvec Taiyo Yuden EMK212BJ225KG-T 1 003 Cap=224F 675 - SELECT ALTERNATE PART
Total Derated Cap = 2.2 4F
5T
=L

[} Texas Instruments. LM76002RNPR 1 250 a8

For example, once you click ‘Select Alternate Part’ for C_ ., you will see a window that shows alternate capacitors that
can be used in the design. You can then select an alternate capacitor if desired.

Alternate Part Selection - Cout

Recommended Limits: C: 44 yF-68F  ESR: 1m0-5m0  Ims: 0A-10kA  VDC: 471V-50V  Edit
Qpart Number or Manufacturer

Canitfind what you'e looking for? Create a custom part
Total
Capacitance
(0C Bias De-
rated) (4F)

Voltage Total Total Total  Total
Rating  Technology ~Characteristics ~Package Area  ESR IRMS
v) $) (mm) (mohm) (A)

Tolerance  Height
(%) mm)

Select Part Number Manufacturer  Description
22.000uF,
‘GRM21BR60J226ME39L. 9.0mohm, 23

6.3V, qy=2

22.0000F,
C1608X5R1A226M0BOAC S Ceramic
100V,
aty=2
220000,
SELECT  GRM3DR60U226MAOIL  MuRsta  27mohm, Ceramic 1210280
63v.qy=2

22.0000F,
SELECT  JMK316BJ226MLT Taiyo Yuden  120mohm, Ceramic
63V,qty=3

22.000uF,
SELECT  C3225X651C226M250AC f:a'"f“m‘ Ceramic 1210280
u!y’Zv
220000,
2.4mohm,

C3216X5R1V226M160AC Ceramic 1206_180
350V,

qty=2

22.000uF,
SELECT  GRM32ER61A226KE20L f:um\f"m’ Ceramic 1210280
qty=2

22.000uF,

TI power management lab kit
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Getting Started I .
etling Starte w) webench |

POWER DESIGNER

Running slectrical simulations and changing components

WEBENCH uses a Spice simulation engine to simulate the electrical behavior of your power supply circuit. You can
simulate bode plots, steady state waveforms, input transient, load transient, and startup simulations. Through probe points
on a schematic display, you can examine waveforms, change component values, and view a history of simulation results to
fine-tune your design.

Select ‘SIMULATE’ in the navigation bar at top to select a simulation type.

= WEBENCH® POWER DESIGNER ®== NEW DESIGN MYDESIGNS @

Simulate LM76002RNPR - 5.0V-60.0V to 3.30V @ 2.5A
Input DC5V-60V  Output 33Vat25A Temp: 30°C  Change

| T o piot

SELECT CUSTOMIZE SIMULATE EXPORT

From within the ‘SIMULATE’ view, and to the left of the schematic, is a selection table showing the available simulation
types, along with a button to start the desired simulation.

= WEBENCH® POWER DESIGNER ®=

Simulate LM76002RNPR - 5.0V-60.0V to 3.30V @ 2.5A e e I I
It DCSV-60V  Ouput 33VA2SA  Temp 0 Cwnpe z w :

Run New Simulation

Schematic Qe Waveforms 51 ADDwWAVERORMS .

4180 sim: 1 (Degrees)

[
Phase

o
©
3
3
El
3

;8

P o
j
El
3
H

<
-

On the right, is the waveform area where you can view the simulation as it progresses. This is also where you can Add
WAVEFORMS to view different points on the schematic.

Add Waveforms
Steady State sims*  Probes to plot*
Sme3

TI power management lab kit
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POWER DESIGNER

Click ‘Start’ to run the simulation and select the probes of interest on the schematic that you'd like to display. Just like the
Schematic view, you can click the schematic components to view their properties. If you’d like to change a component,
select a new simulation from the simulation list and then click on the components in the schematic to select alternate parts
or configure sources. Please note that if you edit the sources or components on the schematic, you must then run a new
simulation to get the results from the new components.

L

XAL8080-682MEB

Manufacturer:  Coilcraft
Price: $1.55
107.06 mm?
13A
68pH
132ma
‘Show more details

The image shows the window that appears after clicking on the I, icon on the schematic. You can enter a new load
current value in the text box and Save Changes, then start a new simulation to see the new results.

lout

PULSE Current Source

Load Current (&) 0.001

CANCEL.

%%  ADD WAVEFORMS

To overlay plotted WAVEFORMS, click the dotted icon
next to ADD WAVEFORMS and group the plotted
voltages %0 they overlay. Groups current on same Y-axis

Groups voltage on same Y-axis

Reset Groups

Reset zoom

TI power management lab kit
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Getting Started

You can also check the Marker box to measure values along the WAVEFORMS.

Show Marker

|

505 | J
5.00
Probe

SimID Value

Vout 2 4924

AV N I T WAV AY

485

0.6m 0.6m

)l dd

0.6m

fn

0.6m

0.6m

-t

lin sim: 2 (A)

I ®
w) webench l

POWER DESIGNER

Zooming on the WAVEFORMS is achieved by selecting and dragging the pointer from the top left corner to the right

corner. The opposite direction will reset zooming to full view.

335

5 b @ 33 § 2
S ] 3 | [ | 8
é 18 g §
= 325 =18
16
32 16
14
31 12 315 14
250 254 258 262 252 256
252 256 260 264 253 255 257
t e-6 secs te-6 secs
TI power management lab kit
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POWER DESIGNER

How to share a design with others

From within the EXPORT tab, you can share a copy of your design with others. Simply click on the share icon at the top
right or navigate to the dotted icon button to the right of the EXPORT tab and select ‘Share Design’. Enter the recipient’s
email address in the text box and WEBENCH will send an email inviting them to open the shared design. It will create a
copy of your design in their account so that their edits will not affect your original design.

=  WEBENCH® POWER DESIGNER ® NEWDESIGN ~ MYDESIGNS @

Export TPS54239EDDAR - 14.0V-22.0V to 3.30V @ 2.0A
nput: DC}4V-22V  Output: 33VatzA  Temp: 0°C  Change

@ Altium Designer Schematic PCB Layout

QO cadence orcap

SELECT CUSTOMIZE SIMULATE EXPORT

QO TNaT - e
QO cadsoft EAGLE N q “

(O Mentor Graphics
Q pcao

In your Altium export, you will get schematic, f *

'
L

R
i
i
1

board, and simulation files for Altium Designer.
For simulation you will need to download and
install the WEBENCH Altium Connector to open +
the exported design in Altium Designer. For

more information, check README file inside

the download.

EXPORT DESIGN

Mid 1

Efficiency 87.7%
BOM Count: 13
BOM Area 208 mm? Mid 2 Bottom
Topology: Buck
Frequency: 646.31 kHz
IC Cost: $0.60 | Tku
BOMCost:  $1.98 Bill of materials &
*Footprint is component footprint plus 1 mm per side.
Part Manufacturer Part Number Quantity Total Price ($) Attribute Total Footprint (mm?) Top View
CUSTOMIZE SIMULATE EXPORT @

| |

Order 5

Download Datasheet

'

Share Design

Design Report

[ A

TI power management lab kit
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POWER DESIGNER

Share a design

EMAIL PUBLIC LINK

Sharing a design with will save this design to your My Designs list and make a copy of the design to give to each person invited to access the design. The copy of the design and your design remain independent. All
future changes are reflected only in the individual user's workspace. Changes by any one person do not affect the design of another. You can, of course, share a design again after changes are made.

Suggested Uses
« Design Reviews in a work team

« Design assistance to and from sales/applications engineers
« Reference Designs

Recipient email(s)

username@domain.com

Enter design notes.

You can also create a Public Link to share the design with several recipients. Anyone with the shared link can create
a copy of your design in their account. Simply provide a Design Name along with any comments and click on the
GET LINK button to generate the link.

Share a design

EMAIL PUBLIC LINK

Public Share of design will save this design to your My Designs list and make a copy of the design to create a link to it. You are responsible to distribute this link to the person you want to have the design. Anyone
who has access to the link can click on it and can copy your design to their WEBENCH workspace. The copied designs are independent and any changes made are not reflected on other copies or the original design.
If you make changes to your design, you can create another Shared Link and distribute that link.

Suggested Uses

Share via email lists to a large group of people
Share on internet forums

‘Share for training or demo purposes

‘Share where confidentiality is not a concern

Design Name: WEBENCH® Design

Enter design notes

GET LINK

TI power management lab kit
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POWER DESIGNER

How to Export a design to CAD

The EXPORT tab allows you to export your design to various CAD tools. You can select the CAD tool of your choice by
selecting the radio button and then clicking EXPORT DESIGN.

This will generate a zip file. Unzip the file and follow the instructions in the readme file to open the schematic, layout and
simulations in the respective tools.

SELECT CUSTOMIZE SIMULATE EXPORT : Expon Opnon

@ Altium Designer

O Cadence OrCAD

O TiNaTi

(O cadsoft EAGLE

O Mentor Graphics
QO ecap

In your Altium export, you will get schematic,
board, and simulation files for Altium Designer.
For simulation you will need to download and
install the WEBENCH Altium Connector to open
the exported design in Altium Designer. For
more information, check README file inside
the download

EXPORT DESIGN

How to generate PDF reports

From within the EXPORT tab, at the bottom left of the page is a PRINT REPORT section, which can be used to provide
a full PDF report of all your design materials, including the schematic, BOM, operating values, layout, and simulations.

Efficiency 96.43%

BOM Count 27

BOM Area 961 mm?

Topology Buck

Frequency 216.45 kHz
$2.40 | 1ku
$§7.05

PRINT REPORT

TI power management lab kit
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POWER DESIGNER

Vinlin = 9.0V Device » TPS40170RGYR
-{EXAS VinMax = 24.0V Topology = Buck
STRUMENTS Vout = 5.0V Created = 2018-07-26 16:29.25.218
N M lout = 6.0A BOM Cost = $7.05
® BOM Count = 27
WEBENCH = Design Report Total Pd = 1.11W

Design : 17 TPS40170RGYR
TPS401TORGYR 0 OV-24 OV 10 500V @ 6 0A

.i:—x i_ -

|
[!
B
e ¥ L
L e
-

Mechanical BOM

#  WEBENCH Name Altrium Comp Type Part Name FootPrint
y VIN Test Point, Red, Thru Hole TP-1502 TP-1502
2 GND Test Point, Red, Thru Hole TP-1502 TP-1502
3. GND1 Test Point, Red, Thru Hole TP-1502 TP-1502
4. vout Test Point, Red, Thru Hole TP-1502 TP-1502
Electrical BOM
Name Manufacturer Part Number Properties Qty Price Footprint
Cbst Kemet COBOSC104MSRACTU Cap= 100.0 nF 1 $0.01 L]
Series= XTR ESR= 64.0 mOhm 0805 7 mm’
VDC= 500V
IRMS= 164 A
Cbyp MuRata GRM21BC31E475KA12L Cap» 4.7 uF 1 $003 =
Serles» XBS ESRw= 5.166 mOhm 0805 7 mm’
VDC» 250V
IRMS= 203531 A
Ceomp TOK CGA4J2COGTH333J125AA Capw 33.0 nF 1 $0.10 L
Series» COG/NPO VDC= 500V 0805 7 mm’
IRMS=0.0A
Ccomp2  Samsung Electro- CL10C122JBBNNNC Cap= 1.2nF 1 $0.01 -
Mechanics Series» COG/NPO VDC= 500V 0603 5 mm’
IRMS=0.0A
Ccomp3 TDK C2012C0G1H392K060AA Cap»= 39nF 1 $0.04 L]
Seriess COG/NPO VDC= 50.0 V 0805 7 mm’
IRMS=0.0A
Cilim MuRata GRM216R71E102KAD1D Cap» 1.0nF 1 $0.01 n
Series» XTR ESR» 1.0 mOhm 0805 7 mm’
VDC= 250V
IRMS=0.0A
Cin Panasonic S0SVPF3aM Cap» 30.0 uF 1 $0.78
Series= SVPF ESR= 25.0 mOhm
VDC= 500V
IRMS= 3BA

CAPSMT_62_E12 106 mm’

TI power management lab kit
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TI-PMLK LDO
Experiment 1

Impact of line and load conditions on dropout voltage

Using Tl WEBENCH® Power Designer
LDO (TPS7A4901)



http://www.ti.com/tools-software/design-center/webench-power-designer.html
http://www.ti.com/tools-software/design-center/webench-power-designer.html

TI-PMLK LDO Experiment 1

Pre-Work Goal

Before starting with this exercise, please refer to TI-PMLK The goal of this experiment is to analyze how the
LDO experiment book, review the sections on Case dropout voltage and output voltage accuracy of the

Study and Theory Background. Refer the TI-PMLK LDO  LDO regulator depend on line and load conditions.

board to configure design in WEBENCH. Login or register ~~ WEBENCH® Power Designer Tool will be used to

for your my.ti.com account to access WEBENCH. provide analysis and simulation results to compare with
your TI-PMLK lab experiments.

Test #1:

Impact of load current and output voltage setting on dropout voltage
Calculations

e Dropout voltage of the TPS7A4901 is measured under conditions below

* Measure V,; at 95% V. (nominal) for V

uT

* Calculate dropoutas V, =V, =V

Procedure

1. Click on the link to open the V ; = 5V TPS7A4901 design in WEBENCH® Power Designer.
Note: You may be required to login or register for your my.ti.com account to access WEBENCH.

Your design will be ready within WEBENCH Power Designer configured for this experiment, see Figure 1.

WEBENCH® POWER DESIGNER (212 NEWDESIGN MY DESIGNS

Customize TPS7A4901DGNR - 6.0V-6.0V to 5.00V @ 0.15A s
SELECT CUSTOMIZE SIMULATE EXPORT £
Input: DC6V-6V  Output: 5Vat0.15A  Temp: 30°C  Change
SCHEMATIC PCB LAYOUT BILL OF MATERIALS i
001 ] o " N "
Fociprioe = Click a component to find out more information or select an alternate part. @ 22 Q. %
BOM Cost: $5.39 -
Efficiency:  82.66%
CHANGE OPTIMIZATION
9 N our
Configuration Options TPS7A4901 é Ribt -Lcm‘
1B0KOhm 20
. ey imopm
put Ripy yancy = Vin —j one FB 4
100 kHz - .
—=GCin —nc NRISS oot
(10-10M) “TNeavF 0
300mOhm GND  PwPd 1ﬂmDhm
put iy aty=2 =z <>|um
0.06 v
Ribb
-6 e 51.1K0hm
" imOhm
176 ms - T
o- %
SAVE CONFIGURATION
OPERATING VALUES CHARTS
vin lout
- v —_— @ 015 A RECALCULATE
(V) (6-86) (A) (0-0.15)

Figure 1.
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TI-PMLK LDO Experiment 1

2. Click the ‘SIMULATE’ button to access the electrical simulation environment.

Note: R

load

= 33.3 ohms, for the case |,

= 150mA. See Figure 2.

POWER DESIGNER

Simulate TPS7A4901DGNR - 6.0¥-6.0V to 5.00V @ 0.15A
Input: DCV-6Y  Ouput SVat0.ASA  Temp:30°C  Chge

Run New Simulation

- Schematic
*) Startup

*) Load Transient
(O nputTransieat
7) SteadyState

[

Simulation Jobs

SELECT

Y Q Waveforms
[ Show Marker
55
5o
w o -
TPS7A4301 o
i
e " S 4%
o e g h)
OND_PwPd E e
s
5
3
>
s
=
o 0
os
a0
o
o oo

Time (sec)

CUSTOMIZE

SIMULATE

EXPORT

13 Jrovwrverorms | ...

Vingim: 1 (v)

Figure 2.

R I

I ®
w) webench

3. Click the green ‘START’ button after selecting the Startup button. A streaming WAVEFORM control panel will appear.

4. When the simulation is complete, WAVEFORM for V, (whichis V) and V,

The WAVEFORMS for those two nodes will appear from the first simulation as noted by V,

ouT (

The next simulations will appear with the simulation number after the colon.

which is V

OUT)

will appear by default.
sim: 1 and V, sim: 1.

Simulate TPS7A49501DGNR - 6.0V-6.0V to 5.00V @ 0.15A
Input: DC6V-6V  Output: SVatO.ASA  Temp:30°C  Chage

Run New Simulation z
_— Schematic
) startup

() Load Transient

") Input Transient

_) SteadyState

Simulation Jobs

.||4

SELECT

Q Q Waveforms
[ Show Marker
s
s
w o 70
TPS7A4301 i
-
e " s
&
o wwes gt
oxo_rurs E.
5 2
3
>
i

Time (sec)

CUSTOMIZE

SIMULATE EXPORT

21 Jroowaverorus | ...

Vingim: 1 (v)

Figure 3.
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POWER DESIGNER

5. Click on highlighted button (Step-1) in below image. The WAVEFORM Controls dropdown will appear.
Click the “Group voltage on same Y-axis” option (Step-2) see Figure 4, which will force Y-axis voltage
scales for V and V; to be the same. Then click the ‘Reset Groups’ (Step-3) option to dismiss it.

Simulate TPS7A4901DGNR - 6.0V-6.0V ta 5.00V @ 0.15A
SELECT CUSTOMIZE SIMULATE EXPORT
Input DCGV-8Y  Output SVatD.1SA  Temp: 30°C  Change
Simulations Startup - 1 m\
Run New Simulation
Schematic - Waveforms 52 ADDWAVEFORMS
O swrup
O tosd Transient [ show Mg Groups voltage on same Y-axig
O InputTransient it
Q Stesdy State P Groups current on same Y-axis
TPS7A4901 A0
Simulation Jobs =t . as Reset zoom
e € <
Startup-1 ) ©_pos & o
I © £ . g
i 2
= =
g .
c~ 15
10 I
as
la
a0
as B
a a0t a0z 0na 04 05
Time (sec)

6. Observe that VOut (V) and VIn (V) now use the same Y-axis scale. Click the ‘Show Marker’ to enable the
active cursor, and position it at V, = 4.655V as close as you can (V, = 4.655V which is 95% of V ;o = 4-9V)

see Figure 5. Note: The values of V and V.. Enter into Table 1 (for |, . = 150mA, V_ 1\om

values for Vin (= V, ), VOut (= V,

TI power management lab kit
WEBENCH design tools exercise book

OUT) ’

and the calculated value for V

dropout (=V\N_VOU ) '

Waveforms

2. Vout

2. Vin

VOut sim: 1 (V)

o0

1

1

15
10
os/

Probe SimiD  Value

4.363

4672

aoa

Time (sec)

Z1  ADDWAVEFORMS

[
Vin sime 1 (V)

Figure 5.
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I ®
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POWER DESIGNER

V, (V) @ 95%V A

OUTNOM 0

VOUT(V) @ VIN
VDROP(m\/)

25mA 50mA 75mA 100mA 125mA 150mA

Vv =4.9V

OUTNOM

Vv =14.9V

OUTNOM

Table 1: Dropout voltage at V,,. = 5V & 15V vs |, . Load current.

Calculations:

7. To set up the simulation for other loads, you will need to change the Load Resistance used for the simulation.
See Figure 6. From the simulation schematic after selecting the. Click on ‘Startup’ button on the top left,

click the ‘R, resistor’ component. A pop-up will appear. Click on ‘Update’. Enter the Nominal value matching
your new load current, and then click ‘SAVE’.

Rload

Load Resistor

Load Resistance (ohm) 792

Figure 6.

TI power management lab kit
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POWER DESIGNER

ForV,, =5V: ForV, . =15V:

Load Rload Load Rload
150mA 33180 150mA 100 Q
125mA 40 Q 125mA 120 Q
100mA 50 Q 100mA 150 Q
75mA 66.7 Q 75mA 200 O
50mA 100 Q 50mA 300 Q
25mA 200 Q 25mA 600 Q

Table 2.

Click on the ‘Cancel’ to remove the window. Click on ‘START’ button to run the simulation. Once the simulation
completes, your previous plot of Vin and Vout will appear from the original simulation (shown in Figure 2) along

with new V, and V.. You will now see the plot for VIn (V) along with the plots of VOut (V,, ;) for the various load

)
ouT
simulations. Repeat Step 5 to group the voltages, refer Figure 4. Repeat Step 6 to record the new data.

8. Repeat Steps 4-7 for the remaining load currents see Table 2.

9. Fortarget V. = 15V, you need a design with R1 = 594k (which is Rfot in your WEBENCH design).
Open this link to open the TPS7A4901 design set up for V. = 15V.

10. Repeat Steps 4-8 for target V. = 15V and all the load currents and record your results in Table 1.
When recording data for VOut (V use marker for VIn (V) = 14.15V which is 95% of V =14.9V).

OUT) ’ OUTNOM (

Test #2:

Impact of load current on output voltage (load regulation); and impact of input voltage setting on output
voltage (line regulation)

Calculations

1.V, Load Sensitivity (%) = (Vo mou = Voud Voo X 100

OUT)| OUTNOM

e Measure V, ; for different loads, and then calculate load regulation.

* Load regulation is defined by the TPS7A4901 datasheet as the change in V. over a change in
lour divided by V.

OUTNOM*

Al IV,

OUTNOM

Load Regulation (%) = AV, x 100

OUT( OUT)

Calculate Load Regulation by using the change in V. from 25mA to 150mA and compare to
the datasheet typical value of 0.04%V

ouTt*

2. V_ . Line Sensitivity (%) = [(V,ron = VoudVoumoy X 100

OUT)| OUTNOM

e Measure V, ; for different V, you can then calculate line regulation.

IN?

Line Regulation (%) = AV (AV )/V, x100

OUT( OUTNOM
Calculate Line Regulation by using the change in V, from 6V to 21V and compare to the

datasheet typical value of 0.086% V.

TI power management lab kit
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TI-PMLK LDO Experiment 1 | ®
Xpen w) webench |

POWER DESIGNER

Impact of load current on output voltage (load regulation):

Procedure

1. Click on the link to open the V_, = 5V TPS7A4901 design in WEBENCH® Power Designer
Note: Need to be sure that V,, = 6V on design. We can leave the shared design exactly as the TI-PMLK board.

2. Your design will be ready within WEBENCH Power Designer configured for this experiment.

=  WEBENCH® POWER DESIGNER (€= NEWDESIGN MY DESIGNS @
Customize TPS7A4901DGNR - 6.0V-6.0V ta 5.00V @ 0.15A %
@ SELECT CUSTOMIZE SIMULATE EXPORT H
Input: DCGV-6Y  Output: SVatD.1SA  Temp: 30°C  Change
SCHEMATIC PCE LAYOUT BILL OF MATERIALS

i Click a component to find out more information or select an alternate part. o 1o 3%

BOMCost:  $5.39

Efficiency:  82.66%

> w out
ation Options TPS7A4901 { Rt ——cbvh
i == ]
U1 < g
InputRpple Freuency =Vin —fonc ]
100 kHz 5
=IZ —LCout

G0-104 S —re _—%fn;'m

nput Rpple-a b GHD_Pwpd a2 C)qu‘

0.06 v

-6} =t iy

Sohdewt Time imarm

175 me

©-15) e~

3. Click the ‘SIMULATE’ button ( see top panel in Figure 7) to access the electrical simulation environment. Click the
input source symbol to see its Simulation Parameters pop-up, Click on ‘Update’. Select Rise Time (source rise
time), click ‘SAVE’. Select V2, enter 6 (for V, = 6V), then dismiss the pop-up.

Vin

PULSE Vaoltage Saurce

Min Nominal

Initial Voltage (V) o o

Peak Veoltage (V)

Initial Time Celay (Sec) 0.00001 0.oo0e

Rise Time (Sec) 0.00001

CANCEL

Figure 8.1.
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TI-PMLK LDO Experiment 1

I ®
w) webench |

POWER DESIGNER

4. Note that R__, = 33.3 ohms, for the case that |, = 150mA

load

Vin

PULSE Vaoltage Saurce

Min Nominal

Initial Voltage (V) ] o

Peak Voltage (V) 3 6

Initial Time Celay (Sec) £.00001 0.00001

Rise Time (Sec) 0.00001 0.04

CANCEL SAVE

Figure 8.2.
5. Click the Red ‘START’ button. A streaming WAVEFORM control panel will appear. When the simulation is complete,
by defualt WAVEFORMS for V, (which is V, ) and V. (which is V, ;) nodes will appear. Click ‘Show Marker’ to obtain
values for the node voltages. Center the marker in the window, at around 0.040 seconds. Enter the value (at least 3

decimal places) for VOut (V,, ;) in the appropriate cell of Table 2. (For the first case, it’s for V = 6V, |, = 150mA). Once
you record the V, ; result, calculate the load sensitivity by means of formula for each value of load current (remember

to take the absolute value of the difference of V ;. ,, and V..
Show Marker
] 7
5 — ]
5
4
= Probe SimID Value 4
g, g
£ VOut 1 4974
£ 3 %
52 Vin 1 5879 £
g 2 -
1 } ,
0 P °
Jq - - — - - - — ]
0 001 002 003 004 005
Time (sec)
Figure 9.
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6. To set up the simulation for other loads, you will need to change the load resistance used for the simulation.
Click on the “Startup’ button on the left from the simulation schematic, click on the ‘R,_,, resistor’ component.
A Component Simulation Parameters pop-up will appear. Enter the nominal value matching your new load current,
then click ‘SAVE’.

Click the ‘START’ button on the left side. Once the simulation completes, your previous plot of V, and V. will appear
from the original simulation along with the new V, and V, . for the various load simulations. Repeat Step 6 to record
the new data.

ForV,, =5V:

Load Rload
150mA 33.3 0
125mA 40 O
100mA 50 O
75mA 66.7 O
50mA 100 O
25mA 200 Q

Table 2.

7. Repeat Step 7 for V= 6V and the remaining load current settings shown in Table 4.

loyr (MA)
V=6V

IN

25mA 50mA 75mA 100mA 125mA 150mA

Vour (V)

Load sensitivity (%)

Table 4. V,, Load Sensitivity of TPS7A4901 LDO Regulator at V,,, = 5V.

our

Impact of input voltage setting on output voltage (line regulation):

8. To get ready for the Line Regulation simulations, first remove the plots of the previous load regulation sims. To remove
the plots, click on the plot you wish to delete and click on the ‘Remove probe’ option from the dropdown. Repeat for
every plot you wish to delete.

TI power management lab kit
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POWER DESIGNER

9. At this point, your design should be set up for V= 6V and |, ;= 25mA. To prepare to fill out Table 5 for line regulation,
you will change the value of Rload fixed at 200 ohms to 100 ohms to set the load current at 50mA, Click on the
‘SAVE’ button on the bottom to update the value of Rload and change V, for line regulation tests. From the simulation
schematic, double-click the R__, resistor component. A “Component Simulation Parameters” pop-up will appear.

Enter the nominal value matching your new load current, and then click ‘SAVE’. Click on the ‘CLOSE’ to remove the
window. Hit ‘START’ to run the sim for V, = 6V and |, = 50mA.

Vin

PULSE Voltage Source
Min

Initial Voltage (V) o

Rload

IPgilVollige %) 3

Load Resistor
Initial Time Delay (Sec) 000001

Min HNominal Max
Rise Time (Sec) 0.00001 Load Resistance (ohm) 792 - 33000
CANCEL SAVE

Figure 8.2.

10. Run simulation as before in Step 5. Note the value of VOut (V) as in Step 6.

11. Change the input voltage to the next value in Table 5. Repeat Step 11 until Table 3 is completely filled out. Once you
record the V, ; result, calculate the line sensitivity by means of formula for each value of input voltage

VIN (V)
Y oV 12V 15V 18V 21V

|,y = 50MA

Vour (V)

Load sensitivity (%)

Table 5. V,, Line Sensitivity of TPS7A4901 LDO Regulator at V,

our =

5l

Calculations:
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TI-PMLK LDO Experiment 2

Pre-Work Goal

Before starting with this exercise, please refer to TI-PMLK The goal of this experiment is to analyze the correlations
LDO experiment book, review the sections on Case between the efficiency of the LDO regulator and the values
Study and Theory Background. Refer the TI-PMLK LDO  of the load current and the line voltage. WEBENCH®
board to configure design in WEBENCH. Login or register ~ Power Designer Tool will be used to provide analysis

for your my.ti.com account to access WEBENCH. and simulation results to compare with your TI-PMLK
lab experiments.

Test #1:
Impact of load current at a given output voltage on the efficiency at low V, values.
Calculations
Efficiency percentage is calculated per the formula below see Theory Background Section of the TI-PMLK book:
M % = Vo lou/ (Vi 1) x 100
where |, equals |, OP +1C Iground from the WEBENCH Op Values, the equation will look like this:
M % = (V,; Actual x I OP)/(V,,OP x| Avg) x 100
where | AVG = |, OP +IC |

ground

Note: | AVG is calculated from the two operating values (I, OP +1C Igroun ) because the value for | . OP in WEBENCH
does not have enough decimal places to show the included ground current. (You will notice |, . OP lis in ‘Amps’ and IC

Igroun 4 in ‘microAmps’ so be sure and remember this when adding the two numbers together).
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POWER DESIGNER
Procedure

1. Click on the link to open the TPS7A4901 design in WEBENCH® Power Designer.
Note: You may be required to login or register for your my.ti.com account to access WEBENCH.

Your design will be ready within WEBENCH Power Designer configured for this experiment, see Figure 1.

=  WEBENCH® POWER DESIGNER = NEWDESIGN  MYDESIGNS €
Customize WEBENCH - Design
SELECT CUSTOMIZE SIMULATE EXPORT
Input DES.5V-10V  Output: 5VatDASA  Temp: 30°C  Change
SCHEMATIC PCE LAYOUT BILL OF MATERIALS
Footprnt:, 203 Click a component to find out more information or select an altemate part. QI
BOMCost 2.4

Efficiency:  49.56%

CHANGE OPTIMIZATION

IN out
Configuration Options TPS7A4901 AU P
o Tm?‘
" En U ino
s — . =Wn —Jone FB
100 Hz - .
10-10 M =n —nc  nRsss ea
(10-10M) 6BF Mo
ook s fy GND_PuPd o2 ( jout
0.1 v
55 Ribb.
) cre i
SohsonTirm indan
17.5 me

©-175) o

SAVE CONFIGURATION

OPERATING VALUES CHARTS

vinf) ————————————@ 10 Vo o) —————————————@ 015 A RECALCULATE

55-10) ©-0.15)

%
Categories
Name Value Deseriptian
@ opFaint
O cenenl VIN_OP 10V Vin aperating point
QO curent VoutTokrance 407% VautTokrance based on IC Tak

Figure 1.

2. You can click on the ‘schematic’ to expand and view your WEBENCH design as shown in Figure 2.

SCHEMATIC PCE LAYOUT BILL OF MATERIALS
Click a component to find out more information or select an alternate part. Q I Qals
® IN out TS *—o
TPS7A4901 gt J_u
1600 12
en U I 1m0l
=Mn —Jone FB
==an —NC  NRisS ar
makm AR
ay2 GND_ PuPd a2 C)w‘
one Ribh
T‘ar % S1.1k08m
1mOkm
ma . ¢ .

Figure 2.
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POWER DESIGNER

3. In WEBENCH, select the OPERATING VALUES button at the bottom of the window and scroll down
to view the operating values for your experiment measurements.

| OPERATING VALUES | CHARTS
Vin lout
@ 10 v @® 015 A RECALCULATE
v} P P
(5.5-10) (0-D.15)
3
Categories
Name Value Deseription
(O opPoint
| | i i i
O General VIN_D 10V Vin operating point
Vout Tolerance based on IC Tolerance (no load} and voltage divider
O Current Vout Tolerance 407 % i X .
resistors if applicable
O Power i i
Vout Actual 491V Vout Actual calculated based on selected voltage divider resistors
@ Al
Yout OP 5V Operational Dutput Voltage
IDUT_DP 150 mA lout operating point
Figure 3.
4. Enter 8V forV, and 0.025 for |, ;. and Recalculate.
OPERATING VALUES CHARTS
Vin lout
L 2 8 v — e 0025 A RECALCULATE
) — 0 ee—
Figure 4.
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5. Read the values | ,,; OP, IC |

ground’ VOUT

) webench- £ | )
POWER DESIGNER

Actual, and Efficiency from the Operating Values table, see Figure 5 and

enter them into Table 1. Calculate |, AVG from the equation and enter into Table 1. Then calculate efficiency from the

equation using the WEBENCH Operating value table below and enter that into Table 1 and compare that to the
efficiency read from the Op Vals table. You may see a slight difference and this is due to the fact that WEBENCH uses
Vour Op to calculate efficiency and we will use the V. Actual voltage in our equation.

Again, efficiency is calculated as follows:

N % = Vour lour/ (Vi ) X 100
To use the values from the WEBENCH Op Values, the equation will look like this:

N % = (V,,; Actual x I, OP)/(V,, OP x |, AVG) x 100

where |, AVG = |, OP +IC |

ground

OPERATING VALUES CHARTS
Vin (V) Vo lout(s) —@————— 0025 A RECALCULATE
{©-015)
3
Categories
Namea 4 Value Description
O opPaint
BOM Count 9 Total Design BOM count
(O General
O Current IEfﬁciency 61.88 % Steady state efficiency I
O Power FootPrint 204 mm? Total Foot Print Area of BOM components
® Al
FC Iground 250.99 pA IC ground current I
IC Pd 77.01 mwW IC power dissipation
ICTj 34.88°C IC junction temperature
IC Tolerance 297 mV IC Feedback Tolerance
Figure 5.
TI power management lab kit
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6. Repeat Step 4 for the values provided in the Table 1, enter the values for all combinations of input voltage

and output current.

I OP (A)

IC Iground (A)

L (A)

INAVG (

VOUT Actual (V)

1 (%) from Op Vals

1 (%) calculated

0.025

0.050

0.075

IOUT

(A)

0.100

0.125

0.150

V, =10V

Table 1. Efficiency of TPS7A4901 vs load current/input voltage for V,, . = 5V.

Calculations:
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POWER DESIGNER
Test #2:
Impact of line voltage (higher V) and low load currents on efficiency.
Calculations
Efficiency percentage is calculated per the formula below see Theory.
Background Section of the TI-PMLK book:
M % = (Vourlou (Vi) X 100

where | equals |, OP +IC | from the WEBENCH Op Values, the equation will look like this:

ground

M % = (V,; Actual x |, . OP)/(V,, OP x| Avg) x 100
where | AVG =1 , OP +IC|

ground

in WEBENCH
lisin ‘Amps’ and IC

Note: |  AVG is calculated from the two operating values (| because the value for |

ouT round) OuUT OP

OP +1C |,

does not have enough decimal places to show the included ground current. (You will notice | ;; -

| in ‘microAmps’ so be sure and remember this when adding the two numbers together).

ground

Procedure

1. Click on the link to open the TPS7A4901 design in WEBENCH® Power Designer
2. Your design will be ready within WEBENCH Power Designer configured for this experiment.

3. You can click on the schematic to expand and view your WEBENCH design as shown in Figure 2.

=  WEBENCH® POWER DESIGNER = NEWDESIGN  MYDESIGNS €

Customize TPS7A4901DGNR - 16.0V-26.0V to 15.00V @ 0.05A

SELECT CUSTOMIZE SIMULATE EXPORT
Input: DC16V-26V ~ Output 15V at0.0§A  Temp: 30°C  Change
scHemaTIC POBLAVOUT  BILL OF MATERIALS
Footprint 113 mme
o Click a component to find out more information or select an alternate part. e &2 b4
BOMCost:  $2.46
Efficiency:  67.14%

CHANGE OPTIMIZATION

o N out
I I
5300hm T~ 12
. ] mogm
nput Rippie Frequency =Vin —] one B $
100 kHz i Cout
oo ==Cin —ne NR/SS TssF
S.8yF mohm
nput Ripple ]{;’y‘ﬂ’“ GND_ PwPd o=z C)om
0.26 :
F=T S o
S Tmohm
. 1

M

©-175)

SAVE CONFIGURATION

OPERATING VALUES CHARTS

vinfy) ——————————— @ 26 Vo lout(d) ———————————@ 005 A RECALCULATE

(16-26) ©-005)

e

Figure 1.
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POWER DESIGNER

SCHEMATIC PCB LAYOUT BILL OF MATERIALS
Click a component to find out more information or select an alternate part. m 3
: 2 IN ouT : 4 L 4 . 2
TPS7A4901 Rfst _Lm,
590kOhm 1n
' en Y1 1mogm
=M —Jone FB
==¢in. —ue NRISS cout
1mOhm 1mOhm
oy=2 GND__PwPd ‘ oiy=2 G)om
Rtk
Cnr 51.1kGhm
Tlmohrn
_;‘L A g A g A g
Figure 2.

4. Select the ‘OPERATING VALUES’ button at the bottom of the window and scroll down
to view the operating values.

OPERATING VALUES CHARTS
vin (V) @ 26 Vo lout(A) @ 005 A RECALCULATE
(16-26) )
4
Categories
Name Value Dascription
@® Op Point
O —— VIN_OP 26V Vin operating point
O Current Vout Tolerance 441 % Vout Tolerance based on IC Tolerance (no load) and voltage divider resistors if applicable
O Power Vout Actual 149V Vout Actual calculated based on selected voltage divider resistors
O an
Vout OP 15V Operational Output Voltage
10UT_OP 50 mA lout operating point
Efficiency 5714 % Steady state efficiency
Figure 3.
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5. In the Operating Values Window window, enter 16V for V,; and 0.010A for |, . and Recalculate.

OPERATING VALUES CHARTS
Vin (V) @ 16 Vo lout(d) —@—————— 0010 A RECALCULATE
3
Categories
Namae Value Description
Figure 4.

6. Readthel,, OP,IC Igroun «» Vour Actual, Efficiency, and Total Pd values from the Operating Values table and enter

them into Table 2: Calculate |, AVG from the equation below and enter into Table 2. Then calculate efficiency from the
equation using the WEBENCH Op Values and enter that into Table 2.

Again, efficiency is calculated as follows:
N % = Vourlour/ (Vi In) X 100
To use the values from the WEBENCH Op Values, the equation will look like this:

N % = (VOUTACtuaI X IOUT OP)/(V\N oP X l\N AVG) x 100

where I, AVG = |, OP +IC |

ground

OPERATING VALUES CHARTS
Vin (V) @ 20 Vo lout(a) ® 0.025 A RECALCULATE
(16-26) ©-005)
3
Categories
Namea 4 Value Description
O opPaint
BOM Count 9 Total Design BOM count
O General
O Current | Efficiency 74.24 % Steady state efficiency |
O Power FootPrint 113 mm? Total Foot Print Area of BOM components
® an
| IC laround 264 57 A IC ground current |
IC Pd 130.08 mW IC power dissipation
ICTj 38.25°C IC junction temperature
IC Tolerance 207 mv IC Feedback Tolerance
ICThetaJA 634 °C/wW IC junction-to-ambient thermal resistance
| ouT_oP 25 mA lout operating point |
lin Avg 25.25 mA Average input current
Figure 5.
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7. Repeat Step 4 and complete Table 2.

lour OP (A)
IC IQround (A)

IIN AVG A)

VOUT Actual (V)
n (%) calculated 16V 18V 20V 22V 24V 26V

P, loss (W)

lour = 10MA

lour = 50MA

Table 2. Efficiency and Power Loss of TPS7A4901 at V. = 15V.

our —
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TI-PMLK Buck Experiment 1

Pre-Work Goal

Before starting with this exercise, please refer to TI-PMLK The goal of this experiment is to analyze how the efficiency
LDO experiment book, review the sections on Case of a buck regulator depends on the line and load conditions
Study and Theory Background. Refer the TI-PMLK and on the switching frequency. WEBENCH® Power
Buck board to configure design in WEBENCH. Login or Designer Tool will be used to provide analysis

register for your my.ti.com account to access WEBENCH.  and simulation results to compare with your TI-PMLK
lab experiments.

Test #1:

Analyze variation in efficiency due to change in line voltage and load current at the switching frequency of 250kHz.
Compare experimental efficiency with theoretically obtained efficiency.

Calculations
Calculate the theoretical efficiency of the converter by

Ntheo = Po . / (P, + P

ouT Ioss)

x 100,

_ *
where POUT - VOUT IOUT’

Cout + P\C

P =P +P +P +Pyoge + P+ PLo+ P + P

loss MOS,c MOS,sw MOS,g diode

using the Loss Formulas given in the Theory Background section of TI-PMLK book.

Procedure

1. Click on the link to open the V. = 8.3V TP§54160 design in WEBENCH® Power Designer.
Note: You may be required to login or register for your my.ti.com account to access WEBENCH.
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TI-PMLK Buck Experiment 1

Your design will be ready within WEBENCH Power Designer configured for this experiment, see Figure 1. Please

I ®
w) webench l

POWER DESIGNER

note that the WEBENCH Footprint and BOM cost are displayed as NA. This is because the components in the schematic

have been modified as CUSTOM components to match the component values and properties as the components in the

TI-PMLK experiment board.

=  WEBENCH® POWER DESIGNER ®<2)

Customize TPS54160DGQR - PMLK Buck Experiment1 - Test 1

Input: DC6V-36 V

Footprint NA

Output: 3.3Vat1.5A Temp: 30°C  Change

SCHEMATIC PCB LAYOUT

BOM Cost NA
Efficiency: 80%

CHANGE OPTIMIZATION

NEW DESIGN

SELECT CUSTOMIZE SIMULATE

BILL OF MATERIALS

Click a component to find out more information or select an alternate part.

Q

MY DESIGNS

EXPORT

aoa

Configuration Options
218 ms

@ user preferred Frequency

TPS54160

-
et e _]
u
: Hen
o
s v f -

g :me% T g i W] [

226.501 kHz

M User Sync Frequency

OPERATING VALUES CHARTS

vin(y)y ——————————@ 36

=

b lout(d) ——— @ 15

A RECALCULATE

|4

|4

e

Figure 1.

Within WEBENCH Power Designer customize screen, you will be able to find the ‘Operating Values’ tab (you can scroll

to locate this).

OPERATING VALUES CHARTS

vin(Vy) ——————————@ 36 v

4066°
Phase Marg

333V
Vout Actual

2.55%
Vout Tolerance

2113 kHz
Cross Freq

86.28 dB
Low Freq Gain

11.07d8
Gain Marg

33V
Vout

lout (A) ——mm 8 8 ——F—@ L57 A RECALCULATE

|4

Bode Plot Phase Margin

Vout Actual calculated based on selected voltage divider resistors

Vout Tolerance based on IC Tolerance (no load) and voltage divider resistors if applicable

Bode plot crossover frequency

Gain at 1Hz

Bode Plot Gain Margin

Operational Output Voltage

Figure 2.
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TI-PMLK Buck Experiment 1

POWER DESIGNER

w) webenche £ l )

Within the ‘System Information’ category, you will be able to find the Efficiency value listed. To see the efficiency at 6V

V,,and 0.1A

our’

vin(v) @

Categories

Phase Marg
Vout Actual
Vout Tolerance
Cross Freq
Low Freq Gain

Gain Marg

Duty Cycle

19.95°

333V

2.55%

17.22 kHz

88.48dB

-7.92dB

33V

43.89%

3

Bode Plot Phase Margin

Vout Actual calculated based on selected voltage divider resistors

Vout Tolerance based on IC Tolerance (no load) and voltage divider resistors if applicable
Bode plot crossover frequency

Gain at 1Hz

Bode Plot Gain Margin

Operational Output Voltage

Duty cycle

Steady state efficiency

Figure 3.

change the value using the slider or enter it in the text box at the top and then press Recalculate.

CE

Scroll down and record the value of efficiency from the Operating Values table as shown in Figure 4. Compare it wth the

calculated theoretical efficiency as per the formula mentioned in Calculation section.

Measurements Experimental /
Theoretical 0.1A 0.2A 0.5A 1A 1.2A 1.5A
at 250KHz ne
efficiency (%)
Exp. Eff.
V=6V
The. Eff.
Exp. Eff.
V, =24V
The. Eff.

Table 1. Experimental vs theoretical efficiency of TPS54160 operating at switching frequency of 250kHz.

Repeat the process to change the operating conditions and enter the values of efficiency for all combinations of input

voltage and output current as mentioned in Table 1.
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POWER DESIGNER

Record the values of Duty Cycle, |, Avg and L Ipp from the Operating Values table as shown in figure 4. Use these
values in the formula in given in the Theory Background section of TI-PMLK book.

43.89% Duty cycle
h Duty Cycle
88.1% Steady state efficienc
Efficiency Yy Y
247.63 kHz Switching frequency
Frequency
31.36°C IC junction temperature
ICTj
62.5°C/W IC junction-to-ambient thermal resistance
ICThetaJA
ik 263.98 mA Peak-to-peak inductor ripple current
PP
880 pW Inductor power dissipation
LPd B pow P
21.74mwW IC power dissipation
IC Pd
21.95mw Diode power dissipation
Diode Pd P P
30.55°C D1 junction temperature
D1Tj
330 mw Total output power
Pout
62.43mA Average input current
lin Avg
oA Peak switch current in IC
Figure 4.

Test #2:

You will change the operating frequency from 250KHz to 500KHz and analyze variation in efficiency due to change in
line voltage and load current at the switching frequency of 500kHz. Compare experimental efficiency with theoretically
obtained efficiency.

Calculations

Calculate the theoretical efficiency of the converter by

ntheo =P_ /(P , + P, x 100
Where I:)out = Vout*lout
P\oss = PMOS,C + PMOS,SW + PMOS,g + Pdiode + PL’W + I:)L,c + PCin + PCout + I:)IC

using the Loss Formulas given in the Theory Background section of TI-PMLK book.
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Click on the link to open the V, ; = 3.3V, F_, = 500KHz, TPS54160 design in WEBENCH® Power Designer.

Note: You may be required to login or register for your my.ti.com account to access WEBENCH.
Your design will be ready within WEBENCH Power Designer configured for this experiment.

Follow the instructions as in Test 1 to note down the values for efficiency for various V,, | ; conditions as shown
in Table 2 below.

Measurements Experimental /
Theoretical 0.1A 0.2A 0.5A 1A 1.2A 1.5A
at 500KHz ne
efficiency (%)
Exp. Eff.
VIN= 6v
The. Eff.
Exp. Eff.
vV, =24V
The. Eff.

Table 2. Experimental vs theoretical efficiency of TPS54160 operating at switching frequency of 500kHz.

Record the values of Duty Cycle, | Avg and L Ipp from the Operating Values table as well. Use these values in the
formula in given in the Theory Background section of TI-PMLK book.
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TI-PMLK Buck
Experiment 2

Impact of passive devices and switching frequency
on current and voltage ripple

Using Tl WEBENCH® Power Designer
Buck (TPS54160)
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TI-PMLK Buck Experiment 2

Pre-Work

Before starting with this exercise, please refer to TI-PMLK
LDO experiment book, review the sections on Case Study
and Theory Background. Refer the TI-PMLK Buck board

Goal

The goal of this experiment is to analyze the influence
of switching frequency and the capacitance and series
resistance of the input and output capacitors on the

to configure design in WEBENCH. Login or register for your

my.ti.com account to access WEBENCH.

output ripple voltage and input ripple current of the buck
regulator. WEBENCH® Power Designer Tool will be used
to provide analysis and simulation results to compare with
your TI-PMLK lab experiments.

Test #1:

Measure the output voltage and input current ripples of the TPS54160 buck regulator, for different input voltage, switching

frequency and load current.

Procedure

1. Click on the link to open the V. = 3.3V TPS54160 design in WEBENCH® Power Designer.
Note: You may be required to login or register for your my.ti.com account to access WEBENCH.

=  WEBENCH® POWER DESIGNER )

Customize TPS54160DGQR - PMLK Buck Experiment 2 - Test 1

DC6V-36V 33Vat15A 30°C  Change

Summary SCHEMATIC PCB LAYOUT

NA
BOM Cos NA

79.5%

CCHANGE OPTIMIZATION

NEWDESIGN  MYDESIGNS @)

SELECT CUSTOMIZE SIMULATE EXPORT

Configuration Options

218 ms

T

@ User Preferred Frequency

226.501 kHz

TPS54160
n

e

. T&'a“p % 1 R

H

M User Sync Frequency
System Information 3
Figure 1.
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TI-PMLK Buck Experiment 2 ' ®
P w) webench l

POWER DESIGNER

2. In WEBENCH, scroll down to the ‘Operating Values’ menu to view the operating values for your
experiment measurements.

OPERATING VALUES CHARTS
vin(y) —————————@ 36 v lout(A) —————————@ 15 A RECALCULATE
5.4
Name Value Descript
40.66° Bode Plot Phase Margin
Phase Marg
333V Vout Actual calculated based on selected voltage divider resistors
Vout Actual
2.55% Vout Tolerance based on IC Tolerance (no load) and voltage divider resistors if applicable
Vout Tolerance
21.13kHz Bode plot crossover frequency
Cross Freq
86.28dB Gain at 1Hz
Low Freq Gain
-11.07d8 Bode Plot Gain Margin
Gain Marg
33V Operational Output Voltage
Vout P P 9

Figure 2.

3. Inthe ‘Modify Operating Point’ window Figure 3, enter 6V for V and 0.15 for | | . and Recalculate.

OPERATING VALUES CHARTS

Vin (V) @—————————— 6 Vo lout(s) —@—————— 015 A RECALCULATE

b4

Figure 3.
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4. Record the value of Output Voltage ripple,V

as shown in Figure 4.

OUT p-p

Gain Marg

Duty Cycle

Efficiency

Frequency

Pout

Mode

FootPrint

lout

-11.07dB

33V

10.54%

79.5%

247.63 kHz

495W

36V

Bode Plot Gain Margin

Operational Output Voltage

Duty cycle

Steady state efficiency

Switching frequency

Total output power

Conduction Mode

Peak-to-peak output ripple voltage

Total Foot Print Area of BOM components

Vin operating point

lout operating point

Note: All above values are estimates. For more accurate values, please run electrical simulation

Figure 4.

I ®
w) webench l

POWER DESIGNER

from the Operating Values table in Op_Point category

5. Click on the link to open the V. = 3.3V, F_ = 500KHz TPS54160 design in WEBENCH® Power Designer for 500kHz

switching frequency.

6. Repeat Steps 3-5 for the values provided in the Table 1, enter the values for all combinations of input voltage and

output current.

AV, (V) f_ = 250kHz f_ = 500kHz
Al loyr=0-15A | 1,,,=05A | 1, =15A 1, =015A 1, =05A 1, =1.5A
V, =6V
Vv, =18V
V, =36V

Table 1. Measured output voltage ripple of TPS54160 buck reguilator vs load current, input voltage and switching frequency.

Note: Input current ripple cannot be obtained from operating values. You can leave it blank for now.
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TI-PMLK Buck Experiment 2 W webenche / I )

Test #2:

Measure the output voltage and input current ripples of the TPS54160 buck regulator with a fixed switching frequency, but
with different combinations of input and output capacitors.

Calculations

Calculate the output voltage ripple and input current ripple for

High ESR output filter capacitor: AVoyree = ESR*AIpp
Low ESR output filter capacitor: AVyree = AL /(8"18"C, 1)
High capacitance input filter capacitor: Al =1, “D*D/(fs*C,)

Low capacitance input filter capacitor: = Al = 1.+ Al /2

using the Formulae for D,D’ and AIpp given in the Theory Background section of TI-PMLK book.

Procedure

1. Click on the link to open the V,, , = 3.3V TPS54160 design in WEBENCH® Power Designer for the case where
Cqyr = 10uF, G = 4.7uF,
Note: You may be required to login or register for your my.ti.com account to access WEBENCH.

Your design will be ready within WEBENCH Power Designer configured for this experiment, see Figure 5.

=  WEBENCH® POWER DESIGNER ®% NEWDESIGN ~ MYDESIGNS @

Customize Buck - PMLK Buck Experiment 2 - Test 2 - Case a
nput: DC6V-36V  Output: 3.3Vat1.5A Temp: 30°C  Change

B PoaLvoUT  BLLOFMATERIALS

Click a component to find out more information or select an alternate part Q I Q

SELECT CUSTOMIZE SIMULATE EXPORT

|«

TPS54160
n

Configuration Options
b e e ]
==on, 4 Reom .
A il o
-Coomo2 =css
@ User Preferred Frequency -4 =
Tcmp &

226.501 kHz o -

mn
1

M User Sync Frequency

OPERATING VALUES CHARTS

vin(y) —————————— @ 36 v ot(d) ——— 8 @ 15 A RECALCULATE

|4

Figure 5.
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TI-PMLK Buck Experiment 2

2. In WEBENCH, scroll down to the ‘Operating Values’ menu.

Phase Marg

Vout Actual

Vout Tolerance

Cross Freq

Low Freq Gain

Gain Marg

Vout

OPERATING VALUES

CHARTS

72.09°

333V

31.89kHz

7213d8

-13.21d8

lout () ————————@ 15 A RECALCULATE

|4

Bode Plot Phase Margin

Vout Actual calculated based on selected voltage divider resistors

Vout Tolerance based on IC Tolerance (no load) and voltage divider resistors if applicable

Bode plot crossover frequency

Gain at 1Hz

Bode Plot Gain Margin

Operational Output Voltage

Figure 6.

I ®
w) webench l

POWER DESIGNER

3. In the ‘Modify Operating Point’ window Figure 6, enter 6V for V| and 0.15 for |, . and Recalculate, shown in

Figure 7.

OPERATING VALUES

CHARTS

vin (v) v

Figure 7.

TI power management lab kit
WEBENCH design tools exercise book

54

2019



TI-PMLK Buck Experiment 2

4. Record the value of Output Voltage ripple,V

OUTp-p

Gain Marg

Vout

Duty Cycle

Efficiency

Frequency

Pout

FootPrint

-13.21dB

33V

10.54%

78.9%

247.63 kHz

495W

ccM™

Bode Plot Gain Margin

Operational Output Voltage

Duty cycle

Steady state efficiency

Switching frequency

Total output power

Conduction Mode

Peak-to-peak output ripple voltage

Total Foot Print Area of BOM components

Figure 9.

POWER DESIGNER

from the Operating Values table as shown in Figure 9.

5. Click on the link to open the V. = 3.3V TPS54160 design in WEBENCH® Power Designer for case
b with C_ ;= 220pF and C,=23.5uF,

6. Repeat Steps 3-6 for the values provided in the Table 2, enter the values for all combinations of input voltage and

output current.

w) webenche £ l )

AV | Ay, €XP case (a) C,,, = C17=10pF, case (b) C_,, = C16 = 220pF,
exp (mV) (mA) C,=C7=4.7yF C, = 23.5uF
AV, Al theo
theo (M) (mA) 0.15A 0.5A 1.5A 0.15A 0.5A 1.5A
V, =6V
Vv, =18V
vV, =36V

Table 2. Measured and calculated output voltage ripple and input current ripple of TPS54160 buck regulator vs load

current, input voltage and capacitance of input and output capacitors.
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POWER DESIGNER
Calculations
For theoretical output voltage ripple and input current ripple calculation.

Record the values of duty cycle, from the Operating Point category as shown in Figure 10 and also record the value of
inductor current L Ipp from Current category. Use these values in the formula in given in the Theory Background section
of TI-PMLK book calculate ripple voltage and ripple current.

% CinPd 189.32 pW Input capacitor power dissipation
267.92 mA Output capacitor RMS ripple current
Cout IRMS
Cout Pd 1.79 mW Output capacitor power dissipation
10.54% Duty cycle
78.9% Steady state efficienc:
Efficiency : y y
247.63 kHz Switching frequency
Frequency
" 5237°C IC junction temperature
ICTj
62.5°C/W IC junction-to-ambient thermal resistance
ICThetaJA
@ 928.11 mA Peak-to-peak inductor ripple current
LPd 246.02 mwW Inductor power dissipation
357.97 mwW IC power dissipation
IC Pd
718.76 mW Diode power dissipation
Diode Pd P P
Figure 10.
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Experiment 3

Impact of cross-over frequency and passive devices
on load transient response

Using TIl WEBENCH® Power Designer
Buck (TPS54160)
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TI-PMLK Buck Experiment 3

Pre-Work Goal

Before starting with this exercise, please refer to TI-PMLK The goal of this experiment is to analyze the influence of
LDO experiment book, review the sections on Case the feedback compensation on the load transient response
Study and Theory Background. Refer the TI-PMLK of a current mode controlled buck regulator. WEBENCH®
Buck board to configure design in WEBENCH. Login or Power Designer Tool will be used to provide analysis

register for your my.ti.com account to access WEBENCH.  and simulation results to compare with the TI-PMLK lab
experiments.

Test #1:

Measure the magnitude AV, . of output voltage transient surges after the step-up and step-down load transients of
TPS54160 buck regulator. This test shows the influence of the dynamic compensation on the magnitude of voltage
transient surges.

Procedure

1. Click on the link to open the V;, = 3.3V, 500KHz, 220uF, 25_ . , 18uH with CCompz = 4pF Rcomp = 279kohm,
C__=118pF TPS54160 design in WEBENCH® Power Designer.

comp

Note: You may be required to login or register for your my.ti.com account to access WEBENCH.

Your design will be ready within WEBENCH Power Designer configured for this experiment, see Figure 1.

5
=  WEBENCH® POWER DESIGNER () NEWDESIGN  MYDESIGNS @)

Customize PMLK - Buck Exp 3 - Test 1 - Case a

nput: DC6V-36V  Output 3.3Vat1.5A Temp: 30°C  Change

serewATe e B

Click a component to find out more information or select an alternate part. Q I

SELECT CUSTOMIZE SIMULATE EXPORT

I«

B t o NA
Efficiency:  75.9%

CHANGE OPTIMIZATION oot
=
.
Configuration Options B »
sssssss
T =ken a

218 ms

OPERATING VALUES CHARTS

— —— -
=
:
Figure 1.

2. Click on the Simulate icon in the top of the window to open Electrical Simulation.

2. Click on the Simulate icon in the top of the window to open Electrical Simulation.

=  WEBENCH® POWER DESIGNER ®% NEWDESIGN  MYDESIGNS @)
Simusate PMLK - Buck Exp 3 - Test 1 - Case a m .
SELECT CUSTOMIZE SIMULATE EXPORT H
Ut DC6V-36V  Output 33Vat15SA Temp: 30°C  Change
Figure 2.
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TI-PMLK Buck Experiment 3

I ®
w) webench l

POWER DESIGNER

3. In the Simulations box on the left side of the screen, select Load Transient as shown in Figure 3.

=  WEBENCH® POWER DESIGNER ®) NEWDESIGN ~ MYDESIGNS @
Simulate TPS54160DGQR - 6.0V-36.0V to 3.30V @ 1.0A
SELECT CUSTOMIZE SIMULATE EXPORT
Input: DC6V-36V Output: 3.3Vat1A Temp: 30°C Change
- a
Run New Simulation .
Schematic Q I Q Waveforn
QO Bode Plot
() startup Some
imulati
my e o
(O Input Transient 015
QO steady state s
S
| .‘;"2
w
¢ TEXAS INSTRUMENTS Privacy Policy | Terms of Use | Important Notice | Send Feedback
Figure 3.
4. Click the input voltage source (V,) on the schematic.
Cboot
Vin }_
lin Iic R
= — .- -
PWRGD =
%R“"T BOOT .
N linductdet
o
TPS54160
h icin VComp D1
L 4 Rnr:B 7] ut Iy
. £ ° - come
T =—Cin Reomp ss _
: l VSENSE
=4 Ccomp2 Css
SF SaF GND
= 1 )
0 = - 6
Figure 4.
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5. In the window that appears, click ‘Update’

Vin

DC Voltage Source

Source Resistance:  0.001 ohm

Figure 5.

6. In the next window, change the Input Voltage to 6V and click ‘Save’.

Vin

DC Voltage Source

Source Resistance (ohm) 0.0001

Input Voltage ()

CANCEL

Figure 6.
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POWER DESIGNER

7. Click 1y e
the parameters. Change the Initial current (A) value to 0.5A, the Peak Current (A) value to 1.5A, the Initial Delay
Time to 0.003 Seconds, and the Pulse Width to 0.005 Seconds. Once complete, click ‘Save’.

which indicates load current. Using the same process as with V, , get to the window that allows you to edit

lout
PULSE Current Source

Min Nominal Max
Initial Current (A) 0.075 0.5 1.5
Peak Current (A) 0.075 0.1 15
Initial Delay Time (Sec) 0.0027 0.003 0.005399
Rise Time (Sec) 0 0.00001 0.0001
Fall Time (Sec) 0 0.00001 0.0001
Pulse Width (Sec) 0.0023 0.005 0.011499

CANCEL SAVE

Figure 7.

8. Click ‘Start’ in the Simulations menu.

Simulations <

Run New Simulation

O Bode Plot
O Startup

@ Load Transient
O Input Transient
O Steady State

START

Figure 8.
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9. After the end of simulation, V. and |, . are plotted on the right side of the screen, as shown in Figure 9. (To enlarge
this, click and drag the black bar separating the ‘Schematic’ and the ‘WAVEFORM’ to the left.) The performance
summary pane which is below WAVEFORM shows maximum and minimum values of output voltage, V

our @S shown in
Figure 10. Calculate the difference between these two values and record it in Table1.

Waveforms X2 ADD WAVEFORMS
D Show Marker
16
14 r
f
1.2 /
2z 5 S
L =
E 10 E
‘5 7]
-] 5
<]
e >
08
06
04 2
0 0.002 0.004 0.006 0.008
Time (sec)

Figure 9.

Performance Summary

| 4=

SimID VOut Maximun VOut Minimum Jvershoot Settle Time Undershoot Settle Time

1 340V 3.28V

Figure 10.

10.To change input voltage, follow Steps 4-6. To run step down load transient, swap the values of Initial current and

Peak current in component simulation parameters window of | . .. by following step 7.

out
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11.Repeat Steps 4-10 to complete the Table 1 for different input voltages.

12.Click on the link to open the V ;; = 3.3V TPS54160 design in WEBENCH Power Designer for case b
with another compensation setup.

13.Follow the Steps 2-9 and complete case b part of Table 1.

AV, [mV] AV, [mV] case (a): C,, = 4pF, case (b): C,, = 27pF,
0.5A — 1.5A 1.5A — 0.5A C, =118pF, R, = 279kQ C,=6.8nF, R, = 18kQ
V,=6V
vV, =18V
vV, =36V

Table 1. Load transient performances of TPS54160 buck requlator vs output capacitor and input voltage.

Test #2:

Predict the combinations of output capacitor and compensation that correspond to minimum and maximum voltage
loop cross-over frequency and measure the magnitude AV, of output voltage transient surges after the step-up and
step-down load transients.

Calculations:
Find the combinations of G ;. and compensation that correspond to maximum and minimum cross-over frequency, plot
the bode plot of transfer function

Ty 145 D s Dy 1+s/w
H; 1+s| @, S l+s o,

T(s)=

using the list of Formulae given in the Theory Background section of TI-PMLK book.
Procedure

1. In MATLAB, plot the bode plot of the transfer function given in the calculation section for 8 different combination
of compensation capacitors (Refer Table 2 of Experiment 3 in TI-PMLK book) and Identify the combinations
which result in stable output and correspond to maximum and minimum crossover frequency. (Refer to the Theory
Background section of TI-PMLK book to find the cross-over frequency). Identified capacitor combinations are used
to develop schematic in WEBENCH.

2. Click on the link to open the V, ; = 3.3V TPS54160 design in WEBENCH® Power Designer which corresponds to
highest cross-over frequency.

Note: You may be required to login or register for your my.ti.com account to access WEBENCH.
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I ®
w) webench l

POWER DESIGNER

Your design will be ready within WEBENCH Power Designer configured for this experiment, see Figure 11.

=  WEBENCH® POWER DESIGNER ®®

Customize PMLK - Buck Exp 3 - Test2- Case a

SELECT CUSTOMIZE
wput DC6V-36V  Output: 33Vat15A  Temp: 30°C  Change
SCHEMATIC PCB LAYOUT BILL OF MATERIALS

nt NA

Click a component to find out more information or select an alternate part.

NA

Efficiency 75.9%

CHANGE OPTIMIZATION

ron.

Configuration Options

218 ms

Tessatso
s w 5
T~ Lcn -

@ User Preferred Frequency ==Coompz Lo N
=L ceomp - '1

m
|
H)

m
i
»f
®
i

NEWDESIGN  MYDESIGNS @)
SIMULATE EXPORT
<
Qi azs
s
R d
IS

226501 kHz

M User Sync Frequency

s Rk iocuctos el % OPERATING VALUES CHARTS

vin(y) ——————————————@ 36 v - e

fout (&)

A RECALCULATE

e

Figure 11.

3. Click on the Simulate icon in the top of the window to open Electrical Simulation.

=  WEBENCH® POWER DESIGNER ®*)

NEW DESIGN

MYDESIGNs @

Simulate PMLK - Buck Exp 3 - Test 2 - Case a

Temp: 30°C

SELECT CUSTOMIZE

Input: DC6V-36V  Output 33Vat15A Change

EXPORT

Figure 12.

4. In the Select Simulation type, select Load Transient list of simulations as shown in Figure 13.

Simulations <

Run New Simulation

O Bode Plot
O Startup

@ Load Transient
O Input Transient

O Steady State

START

Figure 13.
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POWER DESIGNER

5. Click the ‘Input voltage’ source. Select Input V| on the schematic and change its nominal value to 12V in the
window. Click ‘Save’.

Vin
DC Voltage Source
Min Nominal Max
Source Resistance (ohm) 0.0001 0.001 0.002
Input Voltage () 35 12 60
CANCEL SAVE
Figure 14.

6. Click I, which indicates load current. Using the same process as with V,, get to the window that allows you to edit
the parameters. Change the Initial current (A) value to 0.5A, the Peak Current (A) value to 1.5A, the Initial Delay

Time to 0.003 Seconds, and the Pulse Width to 0.005 Seconds. Once complete, click ‘Save’.

lout
PULSE Current Source
Min Nominal Max

Initial Current (A) 0.075 0.5 15

Peak Current (A) 0.075 1.5 1.5

Initial Delay Time (Sec) 0.00272 0.003 0.005439

Rise Time (Sec) 0 0.00001 0.0001

Fall Time (Sec) 0 0.00001 0.0001

Pulse Width (Sec) 0.002308 0.005 0.011539
CANCEL SAVE

Figure 15.
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POWER DESIGNER
7. Click ‘Start’ in the ‘Simulations’ menu.
Simulations <

Run New Simulation

O Bode Plot
O Startup

@ Load Transient

O Input Transient

O Steady State

START

Figure 14.

8. After the end of simulation, V;; and | ;; are plotted as shown in Figure 17. The performance summary pane which is

ouT
below waveform shows maximum and minimum values of output voltage, V,, ;. as shown in Figure 18. Calculate the
difference between these two values and record it in Table 2.
Waveforms X7 ADDWAVEFORMS s
D Show Marker

16
14
12

< s

=1 ~

E 10 E

o L

8 S
08
06
04 3

0 0.002 0.004 0.006 0.008
Time (sec)
Figure 17.
Performance Summary 3
SimID VOut Maximum VOut Minimum Overshoot Settle Time Undershoot Settle Time Overshoot Undershoot
Y 4 340V 331V

Figure 18.
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TI-PMLK Buck Experiment 3 W webenche / I )

9. To change input voltage, follow step 5. To run step down load transient, swap the values of Initial current and Peak

current in component simulation parameters window of |, . by following step 6.
10.Repeat steps 4-8 to complete the Table 2 for different input voltages.

11.Click on the link to open the V ;, = 3.3V TPS54160 design in WEBENCH Power Designer for lowest
cross-over frequency.

12. Follow the steps 2-9 and complete the lowest cross-over frequency part of Table 2.

Highest cross-over Lowest cross-over
Av,,, [mv] Av,,, [mV] frequency, wch frequency, wcl
0.5A — 1.5A 1.5A — 0.5A Cour = 10uF; C,, = 4pF, Cour = 10uF; C,, = 27pF,
C,, = 118pF, R, = 279kQ C, =6.8nF, R, = 18kQ
V=12V
vV, =24V
vV, =36V

Table 2. Load transient performances of TPS54160 buck regulator vs output capacitor and compensation.

Calculations:

For predicting the combinations of C, . and compensation that correspond to maximum and minimum cross-over

frequency, bode plot of the transfer function,

T,1+s/0, o 1+s/w
— oea zZea
H, 1+5] @, S 1l+s 0,0

T(s)=

was plotted in MATLAB.
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TI-PMLK Buck
Experiment 4

Impact of cross-over frequency and passive devices
on load transient response

Using Tl WEBENCH® Power Designer
Buck (TPS54160)



http://www.ti.com/tools-software/design-center/webench-power-designer.html
http://www.ti.com/tools-software/design-center/webench-power-designer.html

TI-PLMK Buck Experiment 4

Pre-Work Goal

Before starting with this exercise, please refer to TI-PMLK The goal of this experiment is to analyze the influence of
LDO experiment book, review the sections on Case core material and core saturation of inductor on the current
Study and Theory Background. Refer the TI-PMLK ripple and voltage ripple of a buck regulator. WEBENCH®
Buck board to configure design in WEBENCH. Login or Power Designer Tool will be used to provide analysis

register for your my.ti.com account to access WEBENCH.  and simulation results to compare with the TI-PMLK lab
experiments.

Test #1:

Measure the inductor current ripple and the output voltage ripple determined by the two optional inductors available in
the TPS54160 buck regulator, for different input voltage and load current conditions. This test shows the influence of the
dynamic compensation on the magnitude of voltage transient surges.

Procedure

1. Click on the link to open the V, ; = 8.3V, 18uH inductor TPS54160 design in WEBENCH® Power Designer.
Note: You may be required to login or register for your my.ti.com account to access WEBENCH.

Your design will be ready within WEBENCH Power Designer configured for this experiment, see Figure 1.

=  WEBENCH® POWER DESIGNER ) NEWDESIGN  MYDESIGNS €}

b0ustomize PMLK - Buck Exp4-Test1-Casea
Ut DC6V-36V  Output 33Vat15A 30°C  Change

e i i

Click a component to find out more information or select an aftemate part Q I Q

SELECT CUSTOMIZE SIMULATE EXPORT

I+

CHANGE OPTIMIZATION Coot
== = u
Configuration Options o PSS
TPssa160 N
- v ; Rt

218

- Reomp o
226.501 kHz

M User Sync Frequency

-

OPERATING VALUES CHARTS

Figure 1.

TI power management lab kit
WEBENCH design tools exercise book 69 2019


http://www.ti.com/lit/pdf/SSQU006
http://www.ti.com/lit/pdf/SSQU006
http://www.ti.com/tool/pmlkbuckevmb
http://www.ti.com/tool/pmlkbuckevmb
https://myportal.ti.com/portal/dt?lt=myti&provider=TIPassLoginSingleContainer&j5=2&j3=1&goto=https%3A%2F%2Fwww.ti.com%3A443%2Fmyti%2Fdocs%2Fhomepage.tsp%3FDCMP%3Dmyti%26HQS%3Dmyti
https://myportal.ti.com/portal/dt?lt=myti&provider=TIPassLoginSingleContainer&j5=2&j3=1&goto=https%3A%2F%2Fwww.ti.com%3A443%2Fmyti%2Fdocs%2Fgatekeeper.tsp%3Fflag%3Dlogin%26actionId%3D1171%26gotoUrl%3Dhttps%253A%252F%252Fwebench.ti.com%252Fwb5%252Fwblogin.cgi%253Fnext%253Dhttp%25253A%25252F%25252Fwebench.ti.com%25252Fappinfo%25252Fwebench%25252Fscripts%25252FDesignsDB%25252Fmy_shared_design_public.cgi%25253FId%25253D62491FF1A7CECCD6
http://www.ti.com/tools-software/design-center/webench-power-designer.html
http://my.ti.com

TI-PMLK Buck Experiment 4

2. As we wanted to change the inductance (to see the effect of saturation), let us use the following Table to set the
inductance values based on the peak current.

L (A) Inductance for 18uH inductor (uH) Inductance for 15pH inductorlL3 (uH)
out Use DCR of 65mohm Use DCR of 109mohm

0.15 16.7 13.7

0.75 16.1 13.25

15 14 12.2

To start with 0.15A current and to change the inductance value to 16.7uH, go to the schematic and click on the
inductor symbol. This should open up the component properties window for the inductor. Click on the ‘Choose

Alternate’ in this window.

L1

CUSTOM

Manufacturer:

Price:
Footprint:
L

DCR:

IDc:

18 pH
80 mQ
27A

Show more details

Figure 2.

TI00SE ALTERNA

In the alternate part selection window, click on ‘Create a custom part’.

Alternate Part Selection - L1
Recommended Limits: L: 29.41 pH-8823yH  DCR: 100p0-22Q  IDC: 27A-540A  Edit
Q Part Number or Manufacturer I
Canit find what you're looking forfaCreate a custom part
DCR Current Rating Tolerance
Select Part Number Manutacturer  Inductance (0 Gl Hegnt Price  Atea (O Technology Package  Top View
CusToM CusTOM 80 NA NA 20 .
Core

SELECT SDR1307-470KL. Boumns 47.00 82 27 70 042 22650 10 Drum Core SDR1307 '

SELECT  SDR1307-390KL Boumns 39.00 75 29 70 042 22650 10 Drum Core SDR1307 ‘

SELECT ‘SRR1208-470YL Bourns 47.00 110 28 85 045 21609 15 Drum Core SRR1208 .

SELECT ‘SRR1260-330M Boumns 33.00 60 28 6.0 05 21025 20 Drum Core SRR1260 .

SELECT ‘SRR1260-390M Bourns 39.00 70 28 6.0 0s 21025 20 Drum Core SRR1260 .

SELECT ‘SRR1208-390YL Bourns 39.00 85 31 85 045 21609 15 Drum Core SRR1208 .

SELECT SRR1280-470M Boumns 47.00 80 28 75 05 21025 20 Drum Core SRR1280 .

SELECT SRR1210-680M Boumns 68.00 100 27 100 053 196.00 20 Drum Core SRR1210 .

CANCEL
Figure 3.
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POWER DESIGNER

Change the value of L to 16.1uH and DCR to 0.065 as shown in Figure 9 and select ‘Save’.

Create Custom - L1

H 0.065 0

CANCEL SAVE

Figure 4.

In WEBENCH, scroll down to the Operating Values menu at the bottom of the window to view the operating values
for your experiment measurements.

@PERATING VALUES CHARTS

viny) — @ 3 Voot —————— @15 A RECALCULATE

¥
Name Value Description
83.82° Bode Plot Phase Margin
Phase Marg
333v Vout Actual calculated based on selected voltage divider resistors
Vout Actual
2.55% Vout Tolerance based on IC Tolerance (no load) and voltage divider resistors if applicable

Vout Tolerance

27.44 kHz Bode plot crossover frequency
Cross Freq
86.97dB Gain at 1THz
Low Freq Gain
-25.93dB Bode Plot Gain Margin
Gain Marg
33v o] tional Output Volt:
Wil peration: ol age
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WEBENCH design tools exercise book 71 2019
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P w) webench l

POWER DESIGNER

3. Inthis menu, enter 12V for V, and 0.15 for | ;. and Recalculate.

OPERATING VALUES CHARTS

vin(y) —@—0 M8 12 v lout(A) —@——————— 015 A RECALCULATE

¥

Figure 6.

4. Record the value of Output Voltage ripple, V.

oUTp-p from the Operating Values table in Op_Point category as

shown in Figure 4.

2.55% Vout Tolerance based on IC Tolerance (no load) and voltage divider resistors if applicable
Vout Tolerance
27.44 kHz Bode plot crossover frequency
Cross Freq
86.97 dB Gain at 1Hz
Low Freq Gain
-25.93dB Bode Plot Gain Margin
Gain Marg
33V Operational Output Voltage
Vout
10.55% Duty cycle
Duty Cycle ty ey
75.9% Steady state efficienc
Efficiency y Y
500.58 kHz Switching frequency
Frequency
495W Total output power
Pout
ccMm Conduction Mode
Mode
Peak-to-peak output ripple voltage
321 mm? Total Foot Print Area of BOM components
FootPrint
Figure 7.
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|
w
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POWER DESIGNER

5. Record the value of Inductor current ripple, L Ipp from the Operating Values table in Current category as

shown in Figure 5.

10.55% Duty cycle
Duty Cycle
75.9% Steady state efficienc
Efficiency y Y
500.58 kHz Switching frequency
Frequency
70.79°C IC junction temperature
ICT)
62.5°C/W IC junction-to-ambient thermal resistance
ICThetaJA
Peak-to-peak inductor ripple current
198 mwW Inductor power dissipation
LPd
652.59 mwW IC power dissipation
IC Pd
718.74 mW Diode power dissipation
Diode Pd ¥ ;i
47.97°C D1 junction temperature
D1Tj
495W Total output power
Pout
Figure 8.

6. Repeat the Steps 2-5 for remaining values of V at various |, . given in the table. At each of the ||
change the inductance value and the DCR and note the value of V

our

UTs’

ripple, L Ipp in the Operating Values section.

L (A) Inductance for 18uH inductor (uH) Inductance for 15puH inductorL3 (puH)
our Use DCR of 65mohm Use DCR of 109mohm

0.15 16.7 13.7

0.75 16.1 13.25

1.5 14 12.2

Table 2. Inductance Value vs Current .

TI power management lab kit
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TI-PMLK Buck Experiment 4

I ®
w) webench l

POWER DESIGNER

7. Repeat steps 2-6 and complete the Table 3. Click on the link to open the V. = 3.3V, 18uH inductor TPS54160
design in WEBENCH® Power Designer.
L=L,=18uH L=L,=15uH
AV (use effective inductance and DCR in Table 2) (use effective inductance and DCR in Table 2)
OUTpp | Al (mA)
(mV) PP l I
ouT ouT

0.15A 0.75A 1.5A 0.15A 0.75A 1.5A
V=12V
vV, =18V
vV, =24V

Table 3. Output voltage ripple and inductor current ripple of TPS54160 buck regulator vs load current and input voltage.

Test #2:
V

IN? © OUT
different values of input voltage, load current and switching frequency.

Use the experimental measurements of Alpp, V

Calculations:

To estimate the equivalent inductance, use the formula

Ly = Vin-Vour) Vou/ (Vi T4l

S

Procedure

and fs to estimate the value of the inductance of two inductors, for

Dp)

1. Click on the link to open the V. = 8.3V TPS54160 design in WEBENCH® Power Designer.

Note: You may be required to login or register for your my.ti.com account to access WEBENCH.

Your design will be ready withih WEBENCH Power Designer configured for this experiment, see Figure 9.

Gustomize PMLK - Buck Exp 4 - Test2- Case a

nput: DC6V-36V  Output 33Vat15A  Temp

30°C  Change

SCHEMATIC PCB LAYOUT BILL OF MATERIALS

NA

=  WEBENCH® POWER DESIGNER ®*) NEWDESIGN  MYDESIGNS @)

SELECT CUSTOMIZE SIMULATE EXPORT

Click a component to find out more information or select an alternate part Q I a s
8 NA
Efficien 79.5%
CHANGE OPTIMIZATION oot
Rt T.?f}'_r{
Configuration Options ’
TPss4160 -
Rt u 2 -
218 ms L =
== & Reame cos
@ User Preferred Frequency TE™ \_ T =l -
Lceamp e
= . l
226,501 kHz
= -
M User Sync Frequency
K
OPERATING VALUES CHARTS
mm
vin(V) ——————————@ 3 Vo lout() —————————————@ 15 A RECALCULATE
=3 *
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TI-PMLK Buck Experiment 4 | o
P w) webench I

POWER DESIGNER

2. As we wanted to change the inductance (to see the effect of saturation), let us use the following Table to set the
inductance values based on the peak current.

L (A) Inductance for 18uH inductor (uH) Inductance for 15pH inductorlL3 (uH)
out Use DCR of 65mohm Use DCR of 109mohm

0.15 16.7 13.7

0.75 16.1 13.25

1.5 14 12.2

To start with 0.15A current and to change the inductance value to 16.7uH, go to the schematic and click on the
inductor symbol. This should open up the component properties window for the inductor. Click on the ‘Choose
Alternate’ in this window.

L1

CUSTOM

cusToM
NA
Footprint: NA

L 18H
DCR: 80mo
1oc: 27A

Manufacturer:

Price:

Show more details

HOOSE ALTERNA

Figure 2.

In the alternate part selection window, click on ‘Create a custom part’.

Alternate Part Selection - L1
Recommended Limits: L: 29.41 pH-8823pH  DCR: 100p0-220Q  IDC: 27A-540A  Edit
Q Part Number or Manufacturer I
Cantt find what you're looking forfCreate a custom part
DCR Current Rating Tolerance
selct parthumoer Mantactrss nductancs 08 Coret W P e OO Temoy P Tpvew
CusToM CusTOM 80 NA NA 20 .
Core
SELECT SDR1307-470KL. Boumns 47.00 82 27 70 042 22650 10 Drum Core SDR1307 '
SELECT SDR1307-390KL. Boumns 39.00 75 29 70 042 22650 10 Drum Core SDR1307 ‘
SELECT ‘SRR1208-470YL Bourns 47.00 110 28 85 045 21609 15 Drum Core SRR1208 .
SELECT ‘SRR1260-330M Boumns 33.00 60 28 6.0 05 21025 20 Drum Core SRR1260 .
SELECT ‘SRR1260-390M Bourns 39.00 70 28 6.0 0s 21025 20 Drum Core SRR1260 .
SELECT ‘SRR1208-390YL Bourns 39.00 85 31 85 045 21609 15 Drum Core SRR1208 .
SELECT SRR1280-470M Boumns 47.00 80 28 75 05 21025 20 Drum Core SRR1280 .
SELECT SRR1210-680M Boumns 68.00 100 27 100 053 196.00 20 Drum Core SRR1210 .
CANCEL
TI power management lab kit
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POWER DESIGNER

Change the value of L to 16.1uH and DCR to 0.065 as shown in Figure 9 and select ‘Save’.

Create Custom - L1

H 0.065 0

CANCEL SAVE

Figure 4.

In WEBENCH, scroll down to the Operating Values menu at the bottom of the window to view the operating values
for your experiment measurements.

&PPERATING VALUES CHARTS

viny) ————————@3% V. lout(d) ——————————————— @15 A RECALCULATE

System Information ¥+
Name Value Description
8382° Bode Plot Phase Margin
Phase Marg
3.33v Vout Actual calculated based on selected voltage divider resistors
Vout Actual
2.55% Vout Tolerance based on IC Tolerance (no load) and voltage divider resistors if applicable

Vout Tolerance

27.44kHz Bode plot crossover frequency
Cross Freq

86.97 dB Gain at 1Hz
Low Freq Gain

-2593dB Bode Plot Gain Margin
Gain Marg

33v Operational Output Voltage
Vout i3 P 9
Figure 5.
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POWER DESIGNER

3. Inthis menu, enter 6V for V, and 0.15 for | . and Recalculate.

OPERATING VALUES CHARTS
Figure 6a.

4. Record the value of Inductor current ripple, L 1 from the Operating Values table in Current category as
shown in Figure 7a.

Ic ‘l% 3413°C IC junction temperature
62.5°C/W IC junction-to-ambient thermal resistance
ICThetaJA
396.88 mA Peak-to-peak inductor ripple current
17.87 mW Inductor power dissipation
LPd
66.1 mW IC power dissipation
IC Pd
9411 mwW Diode power dissipation
Diode Pd P P
) 3235°C D1 junction temperature
D1Tj
1.65W Total output power
Pout
30474 mA Average input current
lin Avg
Figure 7a.

5. Repeat the Steps 2-5 for remaining values of V at various |, . given in the Table. At each of the | remember to

OUTs
change the inductance value and the DCR and note the value of V

OUTs’
ripple, L IIDp in the Operating Values section.

out
L (A) Inductance for 18uH inductor (uH) Inductance for 15puH inductor L, (uH)
outr Use DCR of 656mohm Use DCR of 109mohm
0.15 16.7 13.7
0.75 16.1 13.25
1.5 14 12.2

Table 2. Inductance Value vs Current .
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6. Repeat Steps 2-6 and complete the Table 3. Click on the link to open the V, ; = 3.3V, 15puH inductor TPS54160
design in WEBENCH® Power Designer.

7. Leave the table data corresponding to |, = 2A since current limit of TPS54160 is 1.5A.

L=L,=18uH L=L,=15puH
AL, L [muH]
(A) | estimated out ouTt
1A 1.5A 2.0A 1A 1.5A 2.0A
V,=6V NA NA NA NA
vV, =36V NA NA NA NA

Table 4. Outout voltage ripple and inductor current ripple of TPS54160 buck regulator vs load current and input voltage.

8. Click on the link to open the V, ; = 3.3V, 18uH TPS54160 design for f, = 500kHz in WEBENCH® Power Designer.

9. Click on the link to open the V. = 3.3V, 15uH TPS54160 design for f, = 500kHz in WEBENCH® Power Designer.

10.Follow the Steps 2-7 and complete the Table 5.

L=L,=18uH L=L,=15uH
Al L[uH] I I
(A) | estimated our our
1A 1.5A 2.0A 1A 1.5A 2.0A
V,=6V NA NA NA NA
vV, =36V NA NA NA NA

Table 5. Inductor current ripple and estimated inductance of TPS54160 buck regulator operating at f =500 kHz.

Note: In Tables 4 and 5, data corresponds to |, .= 2A are not filled since it cannot be simulated in WEBENCH due to the
current limit of TPS54160.
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TI-PMLK Buck
Experiment 5

Impact of inductor characteristics on current and voltage ripple

Using Tl WEBENCH® Power Designer
Buck (TPS54160)
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TI-PLMK Buck Experiment 5

Pre-Work Goal

Before starting with this exercise, please refer to TI-PMLK The goal of this experiment is to analyze how the inductor
LDO experiment book, review the sections on Case influences the current limit of buck regulator, depending
Study and Theory Background. Refer the TI-PMLK on the effect of magnetic core saturation. WEBENCH®
Buck board to configure design in WEBENCH. Login or Power Designer Tool will be used to provide analysis

register for your my.ti.com account to access WEBENCH.  and simulation results to compare with the TI-PMLK lab
experiments.

Test #1:

Measure the maximum current the regulator is able to deliver to the load, by increasing the load current up to the point
where the current limit shuts down the regulator. The test is executed with different input voltage and with the two optional
inductors of the TPS54160 buck regulator.

Procedure

1. Click on the link to open the V,, , = 8.3V design in WEBENCH® Power Designer.
Note: You may be required to login or register for your my.ti.com account to access WEBENCH.

Your design will be ready within WEBENCH Power Designer configured for this experiment, see Figure 1.

0y
=  WEBENCH® POWER DESIGNER ®) NEWDESIGN  MYDESIGNS @)

Customize PMLK - Buck Exp 5- Test 1-Casea

nput: DC6V-36V  Output: 33Vat1.5A  Temp: 30°C  Change
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Figure 1.
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TI-PMLK Buck Experiment 5 ' ®
P w) webench l

POWER DESIGNER

2. Click on the ‘Simulate’ icon in the top of the window to open Electrical Simulation.

3T

WEBENCH® POWER DESIGNER ®) NEWDESIGN  MYDESIGNS @

Simulate PMLK - Buck Exp 5 - Test 1 - Case a

nput: DC6V-36V  Output: 3.3Vat15A Temp: 30°C  Change

SELECT CUSTOMIZE SIMULATE EXPORT

Figure 2.

3. In the ‘Simulations’ menu, select Steady State from the list of simulations as shown in Figure 3.

Simulations <

Run New Simulation

O Bode Plot
O Startup

O Load Transient
O Input Transient
@ Steady State

START

Figure 3.

4. Click the ‘input voltage’ source. Select Input Voltage and change its nominal value to 12V in Component
Simulation Parameters window. Click ‘Save’.

Vin
DC Voltage Source
Min Nominal Max
Source Resistance (Ohm) 0.0001 0.001 0.002
Input Voltage (V) 35 12 60
CANCEL
Figure 4.
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TI-PMLK Buck Experiment 5 ' ®
P w) webench l

POWER DESIGNER

5. Click I, which indicates load current, and change its Nominal value to 1A. Click ‘Save’.
lout
PULSE Current Source
Min Nominal Max
Load Current (A) 0 1 15
CANCEL SAVE
Figure 5.

Run New Simulation

O Bode Plot
O Startup

O Load Transient
O Input Transient
@ Steady State

START

Figure 6.

7. After the end of simulation, Click on ‘Add Waveforms’ and check VCOmp to plot the control voltage. The plot appears

as shown in Figure 7.

8. Check the Marker to enable it and find the minimum and maximum voltages by moving cursor along the WAVEFORM
as shown in Figure 8. Calculate the average of these two values and enter it in Table 1.

9. Repeat Steps 4-8 to complete the Table 1 for different input voltages. I ;... is fixed as 1.5A due to the current limit of
TPS54160. Repeat Steps 4-8 to find Vc @ |

OUTmax"

Waveforms Z2  ADDWAVEFORMS e
Waveforms S1  ADDWAVEFORMS v

B4 Show Marker
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Figure 7. Figure 8.
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TI-PMLK Buck Experiment 5

|
w

webench ¢ l )
POWER DESIGNER

10. Click on the link to open the V,, , = 3.3V TPS54160 design in WEBENCH® Power Designer for L = L = 15uH.

11. Follow the Steps 2-9 and complete L, part of Table 1.

v L=L,=18uH L=L,=15uH
" V.@1A lourmax (A) V. @ oy (V) V.@1A lourmax (A) V. @ loyrmax (V)
12v
18V
36V

Table 1. Control voltage and maximum output current of TPS54160 buck regulator operating with ferrite and

powder inductor, vs input voltage.

Test #2:

Measure the maximum current the regulator is able to deliver to the load, by increasing the load current up to the point
where the current limit shuts down the regulator with different output capacitor and switching frequency, to observe if and

how the ripple on the control voltage V can influence the current limit action.

Procedure

1. Click on the link to open the V;, = 8.3V, C_ ;= 220pF, F_ = 250KHz TPS54160 design

in WEBENCH® Power Designer.

Note: You may be required to login or register for your my.ti.com account to access WEBENCH.

Your design will be ready within WEBENCH Power Designer configured for this experiment, see Figure 9.
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TI-PMLK Buck Experiment 5 ' ®
P w) webench l

POWER DESIGNER

2. Click on the ‘Simulate’ icon in the top of the window to open Electrical Simulation.

R

WEBENCH® POWER DESIGNER ®) NEWDESIGN ~ MYDESIGNS €

Simulate PMLK - Buck Exp 5- Test 1-Casea

nput: DC6V-36V  Output 3.3Vat15A  Temp: 30°C  Change

SELECT CUSTOMIZE SIMULATE EXPORT

Figure 10.

3. In the ‘Simulations’ menu, select Steady State from the list of simulations as shown in Figure 11.

Simulations <«

Run New Simulation

O Bode Plot
O Startup

O Load Transient

O Input Transient
@ Steady State

START

Figure 11.

4. Click the ‘Input voltage’ source and change its nominal value to 12V. Click ‘Save’.

Vin
DC Voltage Source
Min Nominal Max
Source Resistance (Ohm) 0.0001 0.001 0.002
Input Voltage (V) 35 12 | 60
CANCEL
Figure 12.

TI power management lab kit
WEBENCH design tools exercise book 84 2019



TI-PMLK Buck Experiment 5

I ®
w) webench l

POWER DESIGNER

5. Clickl which indicates load current, and change its nominal value to 1A. Click ‘Save’.

out’
lout
PULSE Current Source
Min Nominal Max
Load Current (A) 0 1 15
CANCEL SAVE
Figure 13.

6. Click ‘Start’.

Simulations <

Run New Simulation

O Bode Plot
O Startup

O Load Transient
O Input Transient
@ Steady State

START

Figure 11.

7. After the end of simulation, Click on VComp voltage probe to plot the control voltage. The plot appears as shown in
Figure 15.

8. Check the ‘Marker’ to enable it and find the minimum and maximum voltages by moving cursor along the waveform
as shown in Figure 16. Calculate the average of these two values and enter it in Table 2.

9. Repeat Steps 4-8 to complete the Table 2 for different input voltages. | is fixed as 1.5A due to the current limit of

TPS54160. Repeat Steps 4-8 to find Vc @ |
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TI-PMLK Buck Experiment 5 '

w) webenche £ l )
POWER DESIGNER

10.Click on the link to open the V. = 8.3V TPS54160 design in WEBENCH® Power Designer for switching frequency
of 500kHz.

11.Follow the Steps 2-9 and complete f, = 500kHz part of Table 2 under C_ . = C,, = 220uF.

12.Click on the link to open the V ; = 8.3V TPS54160 design in WEBENCH® Power Designer for C .= C, =10uF and
switching frequency of 250kHz.

13.Follow the Steps 2-9 and complete f, = 250kHz part of Table 2 under C_ . = C,, = 10uF.

14.Click on the link to open the V, ; = 8.3V TPS54160 design in WEBENCH® Power Designer for C .= C, =10uF and
switching frequency of 500kHz.

15.Follow the Steps 2-9 and complete f, = 500kHz part of Table 2 under C_ . = C,, = 10uF.

Cour = C,s = 220pF Cour =C,,= 10uF

v f_ = 250kHz f_ = 500kHz f_ = 250kHz f_ = 500kHz

IN

vV @ | vV @ vV @ I vV @
V@1A |1 A ° vV @1A OuTmax ° V@1A || A ° V. @1A OuTmax ©
° OUTmEX( ) IOUTmax(V) ° (A) IOUTmax(v) ° OUTmaX( ) IOUTmax(V) ¢ (A) IOUTmaxM

12v
36V

Table 4. Control voltage and maximum output current of TPS54160 buck regulator operating with ferrite inductor, with different input
voltage, switching frequency and outout capacitor setup.

Note: The maximum current limit is decided by inductor current ripple in TI-PMLK board whereas in webench it is fixed
as 1.5A, maximum current of TPS54160. So |, ;... is fixed as 1.5A in both the tests of this experiment.
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