Tl Technology Days 2010

Loop Compensation with
SwitcherPro

Oliver Karg
Analog Field Application Engineer

{i} Texas
INSTRUMENTS




SwitcherPro™

UMENTS




What is SwitcherPro™?

1. SwitcherPro™ allows you to design power supplies with Texas
Instruments TPS40K™ controllers, TPS60xxx low-power DC/DC
converters and SWIFT™ (TPS54xxx) point-of-load step-down DC/DC
products.

2. Use this tool to create, manage and share custom designs.

3. It provides EVM designs that you can use for reference or starting
points for custom designs. In addition, passive components such as
inductors and CICLON MOSFETSs are now included in both the online
and desktop applications.

4. The desktop application now allows more flexibility in creating designs
since there is no need to be connected to the internet. Design and go
at your own pace.
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Switcher Pro Status & Development

Upeceming Develepments

Mew Parts

¥3.8 Release Jun 11, 2010 115 TPS54225 ¥3.9 Release Jul 30, Z010 127 TP3401%7
116 TPSE4226 128 TPS53311
117 TPSE4325 129 TPS54060-Inverting
118 TPSS4326 130 TPS61200
119 TPSE54319 131 TPS61z01
120 TPSE1220 132 TPS61z202
121 TPSei1zzl 133 TPS54320
122 TPSelzzz 134 TPS54616
124 TPSE2060 135 TPS62233
125 TPEEZ065 136 TPSAZZ34
126 TP=6Z0&67 137 TPS62235

138 TPS62236

139 TPSEZZ237
114 parts + 52 EVMs released o meesas

141 TPS62239

. 142 TPS622310
Latest Developments:

143 TPS622311
hd TPSGBOZO 123 TPS54521
* TPS54260
« TPS54240
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Where to Find It

« www.ti.com/analogelab (“Design” Section

« www.ti.com/switcherpro (Tool Folder)

« www.tl.com/switcherpro-dt (Desktop downloa
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Analog eLAB

Toxas Instrumants

A\f:,&o Analog el_RE

Design Center

[ULearn

> Online Training

> Analog eLab™ Videocasts
» All Webcasts

» Seminars

¥ select

> Power Msnag:
search
> Conferences

> TI Developer Conference

> Multi-Day Workshoos
» KnowladgeBase and
Document Finder

> Clocks and Timing Quick >
earch

» Interface Quick Search

- Power Quick Search

- Discover How T2, - Learn How to Create 3
» 1-Day Workshops Todules Can Réduce n with
Your Outpat Capactance Bro

- Baltery Chargers Quick
Search

# Products  ® Applications  ® Design Support ¥ Sample & Buy val

Need Help?

> Contact Analog Technical Support

* Analog Knowledgebase (FAQs)

> T1 Viorldwide Sales & Support Offices
> Distributors

7 Sales Representatives

> elab Design Center Demo

11| Design

- Download Now
- Use Online Now

aluation

o - Clockpro™
> Application e Programming Software
Notes/Technical pe
= = Analog to Digital Al e 4
Cocuments Altated (A Bigeal HOACBUfferProT
* Company-Authored - Digital to Analog = FilterPro™ Design
Artides Converers Software
> Audio Quick Search > Reference Designs
> RF/IF Component Quick > Calculators and Other
Search Ulibes
> Translation Devies > Hardware Design Tools
Selection Tool =nd Software
> selection and Solution » Quality, sliability & Lead
- (Pb)-Free
» End Equipment Solutions > RokS Content & Delivery.
> Parametnc Search SEhadis
> Competitor Cross- » Packaging Information
Reference Search

> more

w Simulate

SwitcherPro™ Desktop Download Now
Available

SwitcherPro™
a desktop 3ppl
save your
your own p

sign Software is now o

d work completsly offfine at

Click on "mare” to Dewnioad Now

& Sample

» Pricing and Availability
» Request Samples
» Toestore
- Browse Evaluation
Modules
> Tl Worldwide Sales &
Support O
» Distributors

I

Powerful and

» Sales Reprasentatives
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» Products

» Applications  ® Design Support % Sample & Buy

SwitcherPro(TM) Online and Desktop Design Creator and Management
Software stats: acTive
SWITCHERPRO

EZ4 Alert me about changes

to this product

© Description

© Features

Product Information

Description

Pro Homepage Graphic

e R IRl Download and Register for SwitcherPro™ Desktop No

SwitcherPro Online or Desktop Design Software allows you to design power supplies
Instruments TPS40K™ controllers, TPS60xxx low-power DC/DC converters and SWIFT™
4xxx) point-of-load step-down DC/DC product te, manage and
hare custom designs. It provides EVM designs that you can use for reference or starting points
for custom designs. In addition, passive components such as inductors and CICLON MO!
are now ded in both the online and desktop applications. The desktop application now
allows more fiexibility in creating > be connected to the internet.
Design and go

Texas

igns since th

your own pace.

NOTE: New devices are being added to the tool on a regular basis. The most recent devices
isted in the "Related Products™ section of this folder. Check back periodically if your device is
currently not listed

> K«

> Analog elab Design Center
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http://www.ti.com/analogelab
http://www.ti.com/switcherpro
http://www.ti.com/switcherpro-dt
http://www.ti.com/switcherpro-dt
http://www.ti.com/switcherpro-dt

Use Online or on Your Desktop

Web Based Version

Requires no installation

Always the most recent version of the tool

Accessible through my.TlI

Allows users to access data anywhere at anytime via a web browser

‘Support Forum’ link changed to point to TI E2ZE community site

Desktop Version

No need for internet access
Design anytime, anywhere

Automatically updates to current version
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SwitcherPro — Design Wizard

SwitcherPro has a flexible interface that allows users to develop solutions
from a variety of families of DC/DC controllers and converters

SwitcherPro - Power Design Wizard - Texas Instruments

Switcher

Power Design Wizard

i3 TEXAS
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This tool allows the user to design power -

supplies with Texas Instruments TPS40K # Create a new design .
controllers, TPS60xxx low-power DG /D

converters and SWIFT (TPS5dxxx)

point-of-load step-down DC/DC products, _

Use this tool to create, manage and share ﬁ Copy emstlng demgn
custom designs.

o Help

Show this window when SwitcherPro loads 6 Exit Wizard
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SwitcherPro — Design Wizard

Create Design either by selecting a device or by entering specifications

SwitcherPro - Power Design Wizard - Texas Instruments

Switcher

Power Design Wizard

i3 TEXAS
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This tool allows the user to design power > : I
supplies with Texas Instruments TPS40K # Create a new design
controllers, TPE60xxx low-power DC /DG
COHUEI‘tEI‘S Elrld SWIFT (TP554XXX] Start by selectlng a devlce
{| point-of-load step-down DC /DC products.
il Use this tool to create, manage and share Start by entering specifications
1 custom designs.
[ Copy existing design
e Help
Show this window when SwitcherPro loads 6 Exit Wizard
i3 Texas
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SwitcherPro — Design Wizard

SwitcherPro - Create Mew Design - Texas Instruments

|SimpIeInputs‘ @MvancedInputs aPart Number EWI Desian

Step 1. Step 2.

Enter design parameters: Select a device and click 'Design Mow':

TPS40054 204, 8V-40V in,0.7V-24V out. 16 pin synchronous, step-down converter. Application: source anly.
TP540195 12V - 1.8V @ 5A TPS40055 204, 8v-40Vin,0.7V-34V out. 16 pin synchronous, step-down converter. Application: source/sink.
TPS40057 204, 8V-40Vin,0.7V-34V out. 16 pin. Applications: source/sink with prebias.
TPS40140 404, 2V-40Vin, 5.8V out,Dual Or 2 Phase Buck Converter, 36-Pin PQFP
Vin Min {v):  10.8 * TPS40190 204, 4.5-15V Vin,0.591-12.75 Vout, Sync Buck Controller, 10-pin SON
TPS40192 154, 4.5-18V Vin,0.591-15 Vout, Sync Buck Controller, 10-pin SON

Design Name:

Input

Vin Max (W): 13.2 #
TPS40193 204, 4.5-18VVin,0.591-15 Vout, Sync Buck Contraller, 10-pin SON
TPS540195 174,4.5V-20V in,0.59%-17V out, Synchronous Buck Controller,16 pin PowerPAD
LI TPS40303  3%-20%in, 0.6Y-18V out, Synchronous Buck Contraller with frequency spread spectrum, 10-Pin SOf

Vout (v): 18 e TPS40304 3W-20V in, 0.6%-18V out, Synchronous Buck Controller with frequency spread spectrum, 10-Pin SOf
lout Max (&): |10 N TPS40305  3W-20%in, 0.6Y-17V out, Synchronous Buck Contraller with frequency spread spectrum, 10-Pin SOf
’ TPS51315 104, 3V-14V in, 0.75V-5.5V out, Step Down Converter With Integrated MOSFETs, 40pin WVQFN

*indicates required field

1. Enter Parameter 2. Find Devices 3. Design Now
o e Fomer Bk Semrehtont on pamerineom 1" Q eitwizara
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Design Wizard — Advanced Inputs

SwitcherPro - Create New Design - Texas Instruments

Simple Inputs |@+Advanced Inputs ‘ @,LPart Number (2] EVM Design

Step 1.

Enter design parameters:

Design Name:

Vin Min (V): *

Win Max (v): *

Vout (v): *

lout Max [A): *

lout Min {(A):

lout Current Limit (A):

Vo Ripple (1- 1000 mWy):

Win Ripple {1- 1000 mV):

Output Capacitor Type:
Application Typea:

Synchronous Switching
Only:

* indicates required field

Step 2.

Select a device and click 'Design Now':

[ Clear Grid Filters ]

. Part Mumbe e ntio

w i

In addition you can enter parameters like:
* Vo Ripple
 Qutput Capacitor Type
» Switching Frequency
* Design Priority (Efficiency, Cost, Size)
» Gain Margin
* Phase Margin

Do not care -

Simple b

[

Clear All
{ Ml — | L

Having trouble finding a device? More devices are available e , q
using the Power Quick Search tool on power.ti.com Exit Wizard
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Design List — Schematic

B SwitcherPro Desktop - TPS40195 12V - 1.8V @ 54 - 1208 =J=kd
File Tools ©rder Help

BEddad al v h @

Design List J@ Schematic p Analysis Astress I Efficiency @3 Loop BOM Layout QNotes
a EVM Designs
b5 EVMs by PartNumber - Name: TPS40195 12V - 1.8Y @ 54 Part: TPS40195
4 [} my Designs 0 Edit Inputs - ) ) ] ;
™ Embedded World Demo ¥inMin: 106 VinMax: 13,2 vout: 1.6  Iout: 10
[, ) TPS40105 13.2V to 1.8V @ 10A Mate : Parks with bold red labels can be completely madified, parts with plain black labels allow only name changes.
- TPS40195 13.2V to 1.8V @ 10A
|-~ 2 TPS40195 13.2V to 1.8V @ 10A
I TP540195 13.2V to 1.8V @ 10A B !
I+ 3 TPS40195 13.2V to 5V @ 6A Open | Q1 co
I+ 5 TPS40195 13.2V to 5V @ 6A c1 Tpgctlmgs
[+ 5 TPS40195 14V to 1.5V @ 154 RE CED1RIZ1Q5Y 2% 15UF
|- 5 TPS40195 14V to 5V @ 34 = = 106KQ EN HoRv 12 as
I 4 TP540195 TechDay a e _— wouT
[+ 5 TPS5410 14V to 5V @ 0.5A 8 Sy — |~
o %— TPS54620 5.5V to 1V @ 0.1A 487K 2200pF S Coor 14 ul 20 1.5uH
|- 2 TPS54620 5.5V to 1V @ 1A R3 b = oA
I 3 TP563000 5.5V to 3.3V @ 0.8 ciz)| algs Lo 12
1/ 5 TPS40195 12V - 1.8V @ 54 oF || 5 e -
5 e 12 3(2 190 |«
Lo £ e e 1
c7 ll1s0pF
i B7 5 - Open 23 §auF
A T £
teka It C5D16321Q5
RS9 7 10 GHD
33.2K +——m——T L PGOOD [ +
R61.60K0 4 =
r GHD SYNC = cs
= i 10uF
1000pF 5620
c8 RS =
Rz
WA
4,87K0 R1 10KQ

Parts with bold red lables can be completely modified, parts
‘ with black labels allow only name changes

Design Report
What i Analysis
Library Manager

® Texas Instruments
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Design List — Analysis Main

| SwitcherPro Desktop - TPS40195 12V - 1.8V @ 5A - 1208 =J=)e3
File Tools Order Help

Q& alwt @

D= Schematic p Analysis
4 EVM Designs

Astness I Efficiency Eo” Loop BOM Layout QNotes
[0 EVMs by PartNumber - Name: TPS4010S 12V - 1.8V @ 54 Part: TPS40195
4 D My Designs @ Edit Inputs

Embedded World Demo YinMin: 10.2 YinMax: 13.2 Vout: 1.2 Iout: 10

T‘: TP540195 13.2V to 1.8V @ 104 | Main | Outputl

_ TP540195 13.2V to 1.8V @ 104

1 TPS40195 13.2V to 1.8V @ 104 Parameter fault Inpu

9 TPS40195 13.2V to 1.8V @ 104 Minimum

{ TP540195 13.2V to 5V @ 6A Input Voltage 10.80 - 13.20 - - - - - - Volts

) TPS4019513.0V to 5V @ 6A Input Ripple ) ) ) ) _ 264 _ _ 260 mVp-p

_) TP540195 14V to 1.5V @ 15A

: TPS40195 14V to 5V @ 34 UVLO(Start) - - - - - - - 8.63 - Valts

4 TP540195 TechDay UVLO(Stop) - - - - - - - - - Volts

9 TPS5410 14V to 5V @ 0.54 Switching Frequency - - - - 200 - - - - KHz

; TPS54620 5.5V to 1V @ 0.1A Slow Start . . . . 5 ) ) ) ) ms

srmensvowens Memmires o o o - L m
<5 TPS40195 12V - 1.8V @ 5A Max Component Hei... - - - - - 23 - - 4 mm

[ﬂ_] Download to Excel ]

mm) Get an overview about basic informations like, input voltage, output voltage, input ripple, switching
frequency or estimated PCB area
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Design List — Analysis Outputl

IE SwitcherPro Desktop - TPS4019% 12V - 1.8V @ 5A - 1208

File Tools Crder Help

A EEED el ww @

Design List Schematic p Analysis A Stress Efficiency Eo‘u Loop BOM Layout Q Motes
4 EVM Designs
0[] EVMs by PartNumber - Name: TPS40105 12V - 1.8V @ 54 Part: TPS40195
4 &3 My Desians LIEGIoNS | giin: 108 WinMax: 132 vout: 18 lout: 10
% Embedded World Demo inin: 10, in*iax: 13. out: L out:
- —
3 TP540195 13.2V to 1.8V @ 10A Main | Output
_ TPS540195 13.2V to 1.8V @ 10A
: TPS40105 13.2V to 1.8V @ 10A Parameter User Input  User Input  User Input Default Input Default Input DEE Input Calculated Calculated Calculated
-4 TP540195 13.2V to 1.8V @ 10A Minimum Nominal Maximum  Minimum Mominal Maximum Minimum  Nominal Maximum
i TP540195 13.2V to 5V @ 64 Output Voltage - 1.800 - - - - 1.723 - 1.917 Valts
Ty
- TP540195 13.2V to 5V @ 64 Output Ripple - ~ N - - 36 ~ - 15 mvp-p
_ TPS540195 14V to 1.5V @ 154 output G " 10.000 0.100 A
1 TPS40195 14V to 5V @ 3A Utput Lurren . - : ' . . - . - mps
4 TPS40195 TechDay Inductor Peak to Pea... - - - - - - 3.824 - 3.970 Amps
T\: TP55410 14V to 5V @ 0.54 Current Limit Thresh.. - - - - 15.0 - - - - Amps
~ 3 TPS54620 5.5V to 1V @ 0.1A Gain Margin : B . 10 : : B a0 B d8
-« TP554620 5.5V to 1V @ 14 Ph Marai 45 45 D
- 5 TPS63000 5.5V to 3.3V @ 0.84A ase Margin - - - - - - - £0.
-4 TPS40195 12V - 1.8V @ 5A Upper FET RDSon - - - - - - 2 - 2 mohms
Lower FET RDSon - - - - - - 2 - 2 mOhms
Duty Cycle - - - - - - 14.2 - 17.2 %
0on Time Min(switch) - - - - - - 430.1 - 642.5 ns
Cross Over Freguency - - - - - - - 57 - KHz
Eﬂi] Download to Excel ]
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Design List — Stress

SwitcherPro Desktop - TPS40195 12V - 1.8V @ 5A - 1208 =<
File Tools ©rder Help

Ak dld e ww @
ETCE Schematic ﬁ.ﬂnaly&is

4 EVM Designs

A Stress I Efficiency E;OJ Loop BOM Layout QNotes
‘ é E‘;’;‘is r?:’ PartNumber Name: TPS40195 12V - 1.8V @ 54 art: 40195
— Mv Desia p vinMin: 108 VinMax: 13.2 vout: 1.8/ Iout: 10

i Embadded World Demo

) TPS40195 13.2V to 1.8V @ 10A Device Rated Calculate Rated . alculate L Calculated
TP540195 13.2V to 1.8V @ 104 Voltage Voltage (RMS) (RMS) Max Temp
TP540195 13.2V to 1.8V @ 10A €8 (High Freq. Inp... 25v 13.3V 3.36A 23mwW
xgjgigg 1;;3 :2 é;ﬁ@%jm €2 (Bulk Output Ca... 10V 1.81V 4.4 985uW
TP540105 13.2V to 5V @ 6A L1 (Output Inductor) - - 14A 537mw
TPS40195 14V to 1.5V @ 154 Q1 (Power Switch) 25v 13.3V 1004 493mwW
TP540195 14V to 5V @ 3A Q2 (Sync. Rectifier) 25v 13.3V 100A 241mw

TPS40195 TechDay

TPS5410 14V to 5V @ 0.5A
TP554620 5.5V to 1V @ 0.1A
TP554620 5.5V to 1V @ 1A
TPS563000 5.5V to 3.3V @ 0.84 A
TP540195 12V - 1.8V @ 54

L LA L Ld LA L2 AL A28 LA LA LA LA

[« / | []

[‘ﬂi] Download to Excel ] /

Calculated RMS currents

Calculated max. Temperature
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Design List — Efficiency

| SwitcherPro Desktop - TPS40195 12V - 1.8V @ 5A - 1208

-1

BEX]

File Tools Order Help

86 Bk ol vd @

4 EVM Designs
] EVMs by PartNumber

Embedded World Demo
TP540195 13.2V to 1.8V @ 104
TP540195 13.2V to 1.8V @ 104
TPS40195 13.2V to 1.8V @ 104
TP540195 13.2V to 1.8V @ 104
TP540195 13.2V to 5V @ 6A
TP540195 13.2V to 5V @ 6A
TP540195 14V to 1.5V @ 154
TP540195 14V to 5V @ 34
TPS40195 TechDay

TP55410 14V to 5V @ 0.54
TPS54620 5.5V to 1V @ 0.1A
TP554620 5.5V to 1V @ 1A
TPS63000 5.5V to 3.3V @ 0.8A
TP540195 12V - 1.8V @ 5A

I I

Design List Schematic Analysis A Stress

E Efficiency

@0 Loop

BOM Layout B’ MNotes

Name: TPS40195 12 - 1.8Y @ SA Part: TPS40195

VinMin: 10.8 VinMax: 13.2 Vout: 1.8 Iout: 10

—— o
R ———— ——
o ————

—=& [v] Efficiancy For vin bax e [v] Efficiency Forvin bdin Show Paint Labels

[‘!4 J Download to Excel J
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Design List —- BOM

SwitcherPro Desktop - TPS40195 12V - 1.8V @ 54 - 1208

BEX]

File:

8 @&8d g%

Tools

Order  Help

R

| @

a EVM Designs

'

a

My
T

L8 L2202 LA LA LA LA LA LA L2 L2l

EWMs by Parthumber

Designs

Embedded World Demo
TPS540195 13.2V to 1.8V @ 10A
TP540195 13.2V to 1.8V @ 104
TP540195 13.2V to 1.8V @ 10A
TPS40195 13.2V to 1.8V @ 10A
TP540195 13.2V to 5V @ 64
TP540195 13.2V to 5V @ 64
TP540195 14V to 1.5V @ 15A
TPS540195 14V to 5V @ 3A
TP540195 TechDay

TP55410 14V to 5V @ 0.5A
TPS54620 5.5V to 1V @ 0.14
TP554620 5.5V to 1V @ 1A
TP563000 5.5V to 3.3V @ 0.8A
TPS540195 12V - 1.8V @ 5A

r—— puug
Schematic @ Analysis Astness Efficiency EO;J Loop

¥inMax

Name: TPS40195 12V - 1.8Y @ 54
¥inMin: 10.58

:13.2

Yout: 185

BOM ‘ Layout D’Notes

Quantity
12
c2

s
6
7
8
o
L1
o1

ZEIEETEELR/AED
[ e e e e e e e T T = O

u1

[‘-9;] Download to Excel ]

Part Number

Standard
C5750X5R1A68
Standard
Standard
Standard
Standard
Standard
C4532X5R1E1S
7443552150
CSD163210Q5
C5016321Q5
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
TPS540195

Description

Capacitor, Cera...
... Capacitor, Cera...
Capacitor, Cera...
Capacitor, Cera...
Capacitor, Cera...
Capacitor, Cera...
Capacitor, Cera...
... Capacitor, Cera...
Inductor, 1.5u...
Transistor, NFE...
Transistor, NFE...
Resistor, Surfa...
Resistor, Surfa...
Resistor, Surfa...
Resistor, Surfa...
Resistor, Surfa...
Resistor, Surfa...
Resistor, Surfa...
Resistor, Surfa...
Resistor, Surfa...

1C, Controller,...

Part: TP540195

Iout: 10
Manufacturer Package
Standard 0805
TDK C5750 2220
Standard 0603
Standard 0805
Standard 0603
Standard 0603
Standard 0603
TDK C4532 1812
Wurth Electron... 10x4
Texas Instrum... QFN 5x6
Texas Instrum... QFN 3x6
Standard 0805
Standard 0805
Standard 0805
Standard 2512
Standard 0805
Standard 0201
Standard 0201
Standard 0805
Standard 0805
Texas Instrum... TSSOP

Area(mm?2)

[ T S R s T S = S O Sy S O Sy N

Height{mm)
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PCB Layout

l&ﬂ SwitcherPro Desktop - TP$54620 5.5V to 1V @ 1A - 1201

File

Tools

Order Help

HBad o YR @

[
4

L
L
L
L
L
L
L
L
L
L
)
L
L
L
L

4 (&) EVM Designs

(] EVMs by PartNumber
My Designs

RRIZZREREREZEREEREREECE

Embedded World Demo
TPS40195 13.2V to 1.8V @ 10A
TPS40195 13.2V to 1.8V @ 10A
TPS40195 13.2V to 1.8V @ 10A
TPS40195 13.2V to 1.8V @ 10A
TPS40195 13.2V to 5V @ 6A
TPS40195 13.2V to 5V @ 6A
TPS40195 14V to 1.5V @ 15A
TPS40195 14V to 5V @ 3A
TPS40195 TechDay

TPS5410 14V to 5V @ 0.5A
TPS54620 5.5V to 1V @ 0.1A
TPS54620 5.5V to 1V @ 1A
TPS63000 5.5V to 3.3V @ 0.8A
TPS40195 12V - 1.8V @ 5A

Schematic p Analysis A Stress E Efficiency @) Loop

E BOM I Layout

Q Notes

Name: TPSS4620 5.5V to 1V @ 14 Part: TPSS4620
- VinMin: 4.5 VinMax: 5.5 vout: 1 Tout: 1
~
TOPSIDE 000
GROUND
AREA ®
O O O FREQUENCY SET RESISTOR GUTPUT
FILTER
. CAPACITOR
PVIN
INPUT |
Bis - 3
CAPACITOR BOOT
— CAPACITOR
—_— -||—1 OUTPUT
INDUCTOR
=t Y Y Y\
PH VOUT
2 !

PVIN
VIN |
. . SLOW START
CAPACITOR UVLO SET
= RESISTORS
VIN | ||
INPUT P
BYPASS
CAPACITOR §
COMPENSATION
FEEDBACK NETWORK
RESISTORS
Design Report
‘What If Analysis
Library Manager
# Texas Instruments
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Closed Loop Analysis

SwitcherPro Desktop - TPS40195 12V - 1.8V @ 5A - 1208

File Tools Crder Help

2k EEd g 3%

| @

Design List
s EVM Designs
4 l.rJ My Designs

: Embedded Waorld Demao
TP540195 12V - 1.8V @ 5A
TP540192 13.2V to 1.8V @ 10A
TP5401953 13.2V to 1.8V @ 10A
TP540195 13.2V to 1.8V @ 104
TP540195 13.2V to 1.8V @ 104
TP540193 13.2V to 5V @ 6A
TP540195 13.2V to 5V @ 6A
TP540195 14V to 1.5V @ 15A
TP540195 14V to 5V @ 3A
TP540195 TechDay
TP55410 14V to 5V @ 0.54
TP534620 3.5V to 1V @ 0.14
TP534620 3.5V to 1V @ 1A
TP563000 5.5V to 3.3V @ 0.8A

(W P P

s
—

Schematic 6@‘) Analysis A Stress Efficiency ‘EO;] Loop ‘

Name: TPS40195 124 - 1.8y @ SA
VinMin: 10.8 VinMax: 13.2

Part: TP540195

Yout: 18 Iout: 10

Phase Margin
45 Deg.

Switching Freq
300Khz

Cross Over Freq
57.2khz

LC Corner Freq
11.7khz

ESR Zero Freq
1.7MHz

Gain Margin
-20 dB

(] ©pen Loap Error Amplifier Gain [] Compensated Errar &mplifier Phase e Total Gain

=[] Compensated Error &mplifier Gain o Power Stage Phase Total Phase

Power Stage Gain

[ﬁl .| Download to Excel J
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esign Report

SwitcherPro Desktop - TPS40195 12V - 1.8V @ 5A - 1208
File Tools Order Help

20BBAB)Y T

Design List A
. Notes
Design Report
Name: TPS40195 12% - 1.8% @ S5A Part: TPS40195
¥inMin: 10.8 VinMax: 13.2 Yout: 1.8 Iout: 10
Select Design Views:
Notes
Schematic Design I0: 1208 Design Type:  PowerSupply
Analysis Creation Date: 27 Apr 2010
Stress Local Time: 11:27 AM
Efficiency
Loop Response \
. - T~
Bill Of Materials C h d - - b I - k' h
ange your design view by clicking on the
Schematic
Name: TPS40195 124 - 1.8V @ 54 Part: TPS40195
VinMin: 10.8 VinMax: 13.2 Yout: 1.8 Iout: 10
Mate ! Parks with bold red |abels can be completely madified, parts with plain black labels allow only name changes.
Wi t
open 1 co
c1l it U1l 0
]
S - TPS40195 CSD16321Q;: 2% 15uF
= 186K0 En HRy L2 L1
2 15 — YOoUT
FB = A R
4.87KQ  2200pF 3 soor 114 LUk 2 Lt
R3  C6 SN ok} A
C12 ) 4von 13
T0F ‘ | LDRY
Q2 c1o) c2
Sl Br [12 3 e
C7 1150pF
" R7 g SR L Open 2% 48uF
RT e
P C5016321Q5
R9 7 10 GND
33.2KE A ———— LM PGOOD — £
Re 160Ka . L
f GND SYNC ml _|es
What If Analysis = = 10uF E -
. = SADO
Library Manager < Lollzs >
# Texas Instruments
I3 TEXAS
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Library Manager

SwitcherPro Desktop - TPS40195 12V - 1.

BV @ 5A - 1208

File Tools ©rder Help

AR o %W

©

Design List

Design Report

What If Analysis

Library Manager

4 m SystemParts
g Inductars
= Capacitars
EIE MosFETs
gt Diodes

F] m MyParts
seec Inductors
—— Capacitors
JE MosFETs
-+ Diodes

Inductors: 4716
Capacitors: 1086

Selected Library: SystemParts
Inductors: 4716 Capacitors: 1086 hMosFETs: 101 Diodes: 106
Help

The SystemParts library is managed by Texas Instruments and is read-only (cannot be edited/deleted).
To add your own parts, select the "MyParts” library.

To view parts, select any of the sub items To delete a part, click on the delete Add your own part by right clicking on
within the SystemParts or MyParts tree icon right next to the part number. a MyParts library tree item and choose
(Ex. Inductors, Capacitors etc...). your part type (Ex. Inductors etc...) from

the context menu.

Library Manager Library Manager
m SystemParts + SystemParts
EmﬂT [E 56320C] ADI E"Eﬂ_“ ™, Add Inductor
......_"_ Capacitors = J§+ Add Capacitor
_E MosFETs _IE I, Add MosFET
a—Di— Diodes =B, add Dicde

MosFETs: 101 incl. TI NexFET MosFETS ‘ http:/Avww.ti.com/ww/en/analog/dualcool/index.shtml

Diodes: 106
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Add new parts

SwitcherPro Desktop - TPS40195 12V - 1.8V @ 54 - 1208 =R
File Tools oOrder Help
HgEEBED o v @

Design List

Selected Library: MyParts
Design Report

Available Inductars

_ Item count: O
What If Analysis

Part Number
Library Manager

4 m SystemParts W

g Inductors

Manufacturer  Value(uH)

Description  Package

Pin Count  Area(mm2) Height {mm|

g Capacitors
g MosFETs B4 Add Inductor
b+ Diodes

4 m MyParts

Add Inductor:  Manufacturer
s Inductors

= Capacitors
P O
g MosFETs

-+ Diodes

Select Manufacturer

OR

Add Manufacturer:

Mame: |Test

Email: |Test@test

Web Page: |www.testcc

Previous | [ Next ] [ Cancel ]

=) Add your own parameters for Inductors, Capacitors, MosFETs and Diodes
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Add new parts

Add Inductor

Add Inductor:  Manufacturer: Package

O

OR

® Add Package:
Mamea: SHD KX

Region: |WorldWide

Length{ mm j:

Mount Type: surfacefount w

Width{ mm -

Areal mm? ): Height{mm):
Fax Power Loss{ W ): Fin Count: *
Ambient Temperature] *C i:
Flin: Mlax:
l Previous J l Next J l Cancel

== Enter Name, Area, Height and Pin count of your new part

13 TEXAS
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Add new parts

Add Inductor

Add Properties:

Part Mumber:

Description:

Yalue { puH }:

Saturation Current
Ratingi A j:

Add Inductor:  Manufacturer> Package: Properties

D Resistance( £ )

RIS Current *
Ratingl A ):

[ Previous ] [&dd Inductor ][ Cancel

=) Enter Part Number, Value, DC resistance, Igxr and lgys

I
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What-If Analysis

SwitcherPro Desktop - TPS40195 12V - 1.3V @ 54 - 1208

BEX]

File Tools Order Help

A EBEab g Wi @

Design List MName: TP540195 12V - 1.8V @ 54

¥YinMin: 10.8 YinMax: 13.2

Part: TRP540195

Design Iout: 10

Yout: 18
‘What alysis

Power Stage Gain | Compensation | Power Stage  Conditions

== [¥] Power Stage Phase

[] open Loop Error Amplifier Gain Components O Pole and Zero Frequencies

Edit resistor and capacitor values Edit pole and zero frequencies

| »|C7 150 pF ¥ |Int Pole Crossow... 7234 Hz

= [] Compensated Error Amplifie

[] compensated Error Amplifier Phy

4870 Q First Zero 15069 Hz
= [ Total Gain I 562 Q Second Zero 14855 Hz
2200 pF First Pole 283194 Hz
Total Phase
o z 10000 Q Second Pole 232720 Hz
1000 pF

Calculate

[] Lock Components Lack in companents, so the software will not averwrite values on any design changes you make Save Changes

Calculation Result

Calculate

Duty Cycle ILPP
0.173

Switching Freq Cross Over Freq
300Khz 57.2khz

LC Corner Freq
11.7khz

ESR Zero Freq Gain Margin
1.7MHz -20 dB

Phase Margin

3.8244 45 Deg.

Show needed curves by
checking the right boxes

Change compensation by
either editing the
components or by changing
the poles and zeros

I
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What-If Analysis — Power Stage

SwitcherPro Desktop - TPS40195 12V - 1.8V 3 54 - 1208

File Tools Order Help

A Bad o %

| @

Design List
Design Report
What If Analysis

Power Stage Gain
- Power Stage Phase

[] Open Loop Error Amplifier Gain
== [] Compensated Error Amplifier Gai

[[] Compensated Error Amplifier Ph;
— Total Gain

Total Phase

stored For later use,
Inductor
Induckor  |1.5
Calc, Inductor Min 1.5
Cutpuk Capl 61,85
Dukpuk Cap2 o
Oukput Cap3 a

High Side Switch

Rectifier

Calculation Result

0,173 3.8244  300Khz

YinMin: 10.2

w

"

Compensation Power Stage Conditions

HH

pH

HWF

HF

HF

Mame: TPS40195 12V - 1.8V @ 54
VinMax: 13.2

Vout: 1.8

Resistance

S * mex
=

1.5 i
*

o mex
=

o mi
-

21 mex

10 o me

Duty Cycle ILPP Switching Freq Cross Over Freq

LC Corner Freq
11.7khz

Part: TPRS540195

Iout: 10

Qty

Ceramic caps are shown with DC bias effects

2

o

ESR Zero Freq
1.7MHz

This tab allowss temporary changes to the power stage cormponents of a design, When opened, this Form loads calculated
walues from the design. It's possible to change these values temporarily to see how each will affect loop response. Use the
"Calculate” button to display the updated calculations and loop response. These walues are only temporary and are not

Calculate

T~

Calculate

"

* Required Fields

Gain Margin Phase Margin
-20 dB 45 Dag.

Change Inductor, Capacitor and FET values to simulate different LC filter stages

configurations
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INSTRUMENTS




What-If Analysis - Conditions

SwitcherPro Desktop - TPS40195 12V - 1.8V @ 54 - 1208

File Tools Order Help

2B d e %R @

Deasndek Name: TPS40195 12V - 1.8 @ 54 Part: TPS40195
Design Report YinMin: 10.5 YinMazx: 13.2 Yout: 1.8 Iout: 10
What If Analysis

Power Stage Gain Compensation  Power Stage | Conditions

This section allows temporary changes of the conditions used when calculating loop response, wWhen opened, this form loads conditions
that cause a "nominal" response on the graphs. Setting these conditions will only affect the graphs in this Farm, Use the "Calculate”
button to display the updated calculations and loop response,

== [v] Power Stage Phase

[] 0Open Loop Error Amplifier Gain

= [] Compensated Error Amplifier Gai Win (10,8 W
[] Compensated Error Amplifier Ph; wout ;o [1.8 W
=[] Total Gain Iout ;|10 &
Total Phase Switching Frequency ; 300000 | Hz

| Calculate

= Simulate different switching frequencies, different input-, output voltages and
output currents
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SwitcherPro Help

» Quick start training videos allow users to get up to speed quickly with
short 3-5 minute help videos from the tool folder on www.ti.com

» Help files within SwitcherPro give users more details about functions
and features

=) Support Software

Getting Started with SwitcherPro™ Desktop

Yideo for The Design Manager in SwitcherPro (slac126.wmv, 28353 KB) h«’wm:
18 Jan 2007 wry ‘ N

K VI T), ane PSSO (_oPerC) famiies directs enyoue 2. Use his feol o
5130198 UE30 10 FEREVENC D1 STAMNG A0ITE Mo CUEtE C361N5

Yideo for The Design Manager in SwitcherPro (slacl26.zip, 23505 KB)
18 Jan 2007 zip

Yideo for Creating Designs in SwitcherPro (slac125.wmv, 16444 KB)
18 Jan 2007 wmy

Yideo for Creating Designs in SwitcherPro {slac125.zip, 12934 KB)
18 Jan 2007 zip

Yideo for Changing/Filtering Parts in SwitcherPro (slacl24.wmv, 26584 KB)
158 Jan 2007 wrmy

Yideo for Changing/Filtering Parts in SwitcherPro (slacl24.zip, 21911 KB)
18 Jan 2007 zip

1. Page Header
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Loop Compensation Basics
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Main task of a regulator
Keep the voltage regulated

Qi L1 i Vo
| | | IEIN I
Power supply is a closed loop system with negative feedback ! Ret S |
. + i i
The feedback loop ensures that the output voltage is \ () - J Q2 | § R
constant and independent of variations in - i | Drive SES
— Input voltage . T
— Load current e T
: Lo
The feedback loop “compensates” for changes in the | HE: T R2
input voltage or load current N P 19 ' SR3
[ Comparator Hi
. . . : VEA [ s
For a stable loop, negative feedback is required : b Bror
p, neg q : %, | rer
i i R4
i Oscillatori E
i Modulator R i E Compensation
Mm__ _,| Stable | | f\ AN

Perturbation System

U\/

Response

Control Loop consisting of:

Modulator:

M __,| Unstable

Perturbation System

m /\ / Oscillator / PWM comparator / PwrStage
— » 1

U « Compensator:
E/A, Compensation network

Response

13 TEXAS
INSTRUMENTS




Control Loop Topologies

Voltage Mode

Vin — Vour
PWM — +
REF » VE ~_ COMP n ~
Vour > RQ T .
S p—
Vr J ADVANTAGES
T 0SC
CLOCK + Single feedback loop
I « Good noise margin
A
cLock H H H DISADVANTAGES
« Slow dynamic response
Ve / / / / » Double-pole compensation — Type IlI
v / / / / Y Y yp
R - Output caps affect comp
L ATCH « V affects loop gain
OUTPUT >
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Control Loop Topologies

Current - Mode

Y ADVANTAGES
ouT

» Fast response to output current
changes

» Single-pole compensation

« Parallelability with load sharing

LATCH
OUTPUT

DISADVANTAGES
» Noise sensitivity to current spikes

« Two feedback loops

13 TEXAS
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Phase and Gain Plots

Stability criteria: A minimum value for both the gain and phase margin of a power supply.
In power supply design, a power supply is typically defined to be stable if the gain margin is greater than 6 dB

and the phase margin is greater than 45°.
The requirement for stability is typically met if the overall gain crosses 0 dB with a slope of —20 dB/decade

100
80 . .
60 - Phase Margin @ 0dB Gain
%\ 40
5 o il
© 20 .
-40 + 180°-110° = 70° of Phase Margin
-60
-80
10 100 1000 10004 10000 1000000
F (Hz) .
e Gain margin * 45°t0 90° of Phase Margin is the target
0 for a stable design
-50
~ -100
g Y
T -150 .
i oo
5 Phase margin N
-300
10 100 1000 10000 100000 1000000
Frequency (Hz)
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Output Filter and Power Stage

« 1st Order System adds a pole at resonant frequency

« QOutput capacitor ESR will add a zero

single pole at resonant frequency

\/ Slope is -20dB/decade

ESR zero

1 B 1
R 2 71x C x RLOAD 27[)( ESRX CO

fESR_Zero -
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Compensation Networks — Type |

Cp, Slope is -20dB/decade

* Type 2.
— Two poles one at origin and one set by Ry, &
sz -45°
— One Zero setby Rp,, & C,, Phase | |
- 1 f, = 1 / \
21 2 TIx RPZZX CZZ i 2TTX RPZZX CPZ e 10Hz  100Hz  tkHz 10kHz  100kHz 1MHz
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Output Filter and Power Stage

« OQutput filter is an LC response

« QOutput capacitor ESR will add a zero

Double pole at resonant
A frequJency

Gain N“ Slope is -40dB/decade

[
»

ESR zero

+— Slope is -20dB/decade

1 1
f .= f =
© 2mxofLx Co BRET 2 ESRx C,
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Compensation Networks — Type Il

uT -20dB/decade

C
PZ1 G Rp 2
z1 T ” Wg}
% VRer >_2’

ZOdB/deca}de

VCMP

* Type 3.

— Three poles one at origin, one set by Ry, & Cp,
and one by Rp; & Cy5

— Two zeros one set by C,, & Rp,, and one by R, o0
& Cpzy
45°
1 1 dliin

f, = for = ]
21Tx R, xCpyy 2mx Ry xCpyy 0

f _ 1 1 - / Phase \

2 2mixR,,,xC fer =

pz2X “z2 2TxRy,,xCp, o0

10Hz 100Hz 1kHz 10kHz 100kHz 1MHz
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Output Filter and Power Stage

« 1st Order System adds a pole at resonant frequency

« QOutput capacitor ESR will add a zero

single pole at resonant frequency

. Slope is -20dB/decade

%
ESR zero

[
»

1 1

_ f =
fR B 2 71x C x RLOAD =SR_zero 2 X ESRX CO
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Compensation Networks — Type |

Gain

Slope is -20dB/decade

/

i

RSET V
CMP
L 1
fDP =
2Tx Ry,,x Cp,
Phase?
* Type 1.
— One pole set by Ry, & Cp,
-90°

v
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Loop Compensation
Step by Step Design Procedure
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DC/DC Design Example

Input Voltage:
Output Voltage:
Output Current:

Controller:

Datasheet:

10.8V -13.2V

1.8V

10A

TPS40195

Veawp= 1V
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TPS40195 Schematic

WIM
a v
L CIN
h-'LI'_'Il:i
Qsw ]
72 RELZ L Ul ?
— _ = TPS4@1950W LouT
cPz RI1UMLO EN ; En HoRy :'5‘ cROOST T
I : —— WO
I 5 FE oW ” " 1 C |
D Scoue  BooT—= I W
1l — Uity LY @
e 2o apH2 LouT
WA S5S_SEl] :a e B
REUVLO = W —{ILIW PGO0OD | | DER
T Heno SYMEH cg ==
I 2
CPZ1 RE1 = =

RSET —F——"A—

-"‘v"-'

RZ1
ﬁ'«"'ﬂ"’t
SYNC
BGOOD
55
13 TEXAS
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Output Filter and Power Stage

« OQutput filter is an LC response

« QOutput capacitor ESR will add a zero

Double pole at resonant
A frequJency

N( Slope is -40dB/decade

[
»

ESR zero

+— Slope is -20dB/decade

1 1
f .= f =
© 2mxofLx Co BRET 2 ESRx C,
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Step-by-Step Compensation

 Draw PWM and LC filter gain.
— PWM gain (no Voltage Feed Forward)

VIN

DCGAIN :20><LOG( }zzoxLOG(%)zzl.GdB

RAMP

— LC filter resonant frequency

1 1

R = = 5.8kHz
P 2ax [LxCy 27 x4[2.5H x 300 1F
— Maximum ESR zero
fESR_Zero = L L = 318kHz

27ixESRxC, 277 x1.66mQx 300 4F
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Power Stage Gain + Power Stage Phase

Power Stage Gain | Compensation | Power Stage  Conditions
== [v] Power Stage Phase e
[] Open Loop Error Am © Components C Pole and Zero Frequencies
Edit resistor and capacitor values Edit pole and zerao frequencies
= [] Compensated Error |
= 2 Vvallle . (S
[[] compensated Error | | L3 100 pF b |Int Pole Crossov.. 8842 Hz
R3 660 oQ First Zero 10071 Hz
= [ Total Gain RS 536 Q Second Zero 10210 He
Cca 1800 F First Pole 197954 Hz
[] Total Phase P
R1 10000 Q Second Pole 193992 Hz
c8 1500 pF

Calculate Calculate

[] Lock Components Lackin components, so the software will nok overwrite values on any design changes you make Save Changes
Calculation Result

Duty Cycle ILPP Switching Freq Cross Over Freq LC Corner Freg ESR Zero Freq Gain Margin Phase Margin
0,176 2.0888  300khz 32.5khz 5.81hz 318.3khz -45 dB 49 Deg,

f =5.8kHz

. (o]
Pole: -90° phase $ 21.608B -40dB/Dec

e e e e e e e T T p— /
-
-

Zero: +90° phase ’Aﬂfgggf_ 18kHz
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Compensation Network — Type Il

-20dB/decade

ZOdB/deca}de

N\

VCMP

* Type lll w

— Three poles one at origin, one set by Rp,, & Cp, and one by Rp; & Cp,
— Two zeros one set by C,, & Rp,, and one by R,; & Cp,

—

f.. =
2 2mxR,,,x C,
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Step-by-Step Compensation

« Select cross over frequency f

co?

between f /4 to f/10. Select 50kHz.

« The high frequency gain must be such that the over all system has 0 dB at
the required crossover frequency — 15.8dB

« Use type Il network.

40
~
I I ™ L
30
| | 1l
20 i | Pole 1 ~d
b N~ N
/ t ™
Ny
0 N I I \ —7 A0 ™
N ></’“ -
8 ~! : Pole2 ]!
Y 10 . N .
= " &3 N 11
S ol ! A 11
Zero 1 | | £€ro2 \\ ;
30 | | N H
» ! ! N\
| | AN
50 | | T
| | 11l
-60
100 1000 I I 10000 100000 I I 1000000
I fZl’ fFZ%uency—Hz fCO fpll IfPZ
i3 Texas
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Step-by-Step Compensation

Place one zero well below the L-C double pole at 5.8 kHz (f,;=2.1 kHz)

Place the second zero near the double pole f,, at 5.8 kHz (f,, = 6.9kHz)

Place one pole well above the desired cross over frequency, selected as one
sixth the switching frequency, f-o = 50 kHz, f;; = 300 kHz

Place the second pole near the ESR zero of the output capacitors of 318 kHz.
foo = 318 kHz

Set R,, = 51 kQ

Calculate Cpy, Coy = =1500nF

Calculate Rp; Rp1:2 Cl f — 36300 —— Use 357Q
X Lpz X Ipy
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Step-by-Step Compensation
« Calculate Rp,,

R, = aXRes cAN 2127k

Zl+ IQPl

 Calculate C,,

1
sz —

- 27x Ro,,x f,,

=1475pF —— use 2200pF

 Calculate Cp,

1

T 2mx Ro,,x o,

C., =37/pF —— use 33pF
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Final Bode Plot — Real World

80 B0

60 g /d'\
‘“‘\hh / \ PHASE - 185
&

40 “‘\__‘\ ’,‘,’ [ |
’i
Busn -"'"ﬁ'”"-.., /-N 90

@ 20 L °
= H '
& GAIN NN £ Phase Margin = 70°
o 0 | 45 O

20

W
NN [ ©
40 T
60 45

10 100 000 0000 00000 000000

Frequency - Hz
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Final Bode Plot — Switcher Pro

[] Power Stage Gain
== [] Power Stage Phase
Open Loop Error Amplifier Gain
= [¥] Compensated Error Amplifier Gain
[] compensated Error Amplifier Phase
= [v] Total Gain

Total Phase

| Compensation | Power Stage Conditions

() Components

Edit resistor and capacitor values

 Pole and Zero Frequencies

Edit pole and zero frequencies

c7 33 pF Int Pole Crossoy... 1416 Hz

R3 12700 0 First Zero 2062 Hz

RS 365 Q b |Second Zero 5696 Hz

i+] 2200 pF First Pole 200694 Hz

R1 51100 Q Second Pole 385450 Hz
» C8 1500 pF |

[ Lock Components

Calculation Result

Calculate
Lock in components, so the software will not overwrite values on any design changes you make Save Changes

| calculate |

Duty Cycle ILPP Switching Freq Cross Over Freq LC Corner Freq ESR Zero Freq GainMargin  Phase Margin
0.176 20334  300khz 43.6khz 5.8khz 318.3khz -43 db 77 Deqg.
g

i
i §
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Integrator Pole Crossover

) Components & Poles And Zero Frequencies
Edit resistor and capacitor values Edit pole and zero frequencies

Calculate

| Save Changes |
Duty Cycle ILpp Switching Freg Cross Over Freq  LC Corner ESR Zero Gain Phase
Freq Freq Margin Margin

0.346 0.272A 300Khz 28.5Khz 5.2Khz 1.7MHz -19 dB 47 Deg.

CrPower Stage Gain 50 3 ::g

== [JPower Stage Phase =0 E =00

DOpen Loop Error F 270

Amplifier Gain 40 el

FZ10

— [v] Campensated Error =0 ] E 1a0

Amplifier Gain -

== [] Compensatad Error E L izn
Amplifier Phase o Eon o

) =
— [JTotal Gain w10 Fe0oa
E ", Fao L&
[Total Phase T ., o
] u] ]

Scale Up F-30

-10 F-60

=20 F-120

F-150

-30 4 L .1z0

10 100 1k 10k 100k 1M 10M
FrequencyiHz)
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Final Bode Plot — Switcher Pro

[] Power Stage Gain
== [] Power Stage Phase
Open Loop Error Amplifier Gain
== [v¥] Compensated Error Amplifier Gain
[] compensated Error Amplifier Phase
=[] Total Gain

Total Phase

|C0mpensati0n| Power Stage  Conditions

O Components

Edit resistor and capacitor values

7
R3
RS
]
R1
k|2

[] Lock Components

Calculation Result

Duty Cycle ILPP
0.176 2. 08558

330
1540
715
12000
10000
200

Lock in components, so the software will not overwrite vwalues on any design changes you make

*) Pole and Zero Frequencies

Edit pole and zero frequencies

Save Changes

pF <— Int Pole Crossov... 884 Hz
2 First Zero 1977 Hz
@ P [Second Zero 5742 Hz |
nF First Pole 271456 Hz
@ | |second Pole 318915 Hz
PF B
Calculate

Switching Freq Cross Over Freq LC Corner Freq ESR Zero Freq Gain Margin  Phase Margin

300khz

29.7khz S.8khz 315.3khz -51 dE

76 Deg.

Reduce Gain

I
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SwitcherPro Demo
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Chaos Created by Noise Injection

« Compensation network should be placed close to error amplifier

» Place resistors so they connect to inverting input of E/A

VIN

+]2 L
1 u1l C8
TL5001D R1
= Q1
R3
ouT -
3 | COMP
Critical SCP L2
Components 2R
—  » < VOUT
I'___|
D1 +
1 A T~C9
C
PAR|A|SITIC GND
) —
i3 Texas
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Measuring Loop Response

POWER
STAGE

-

PWM

REF

20Q

Closed loop measurements
Measure response to injected signal

Measurement must not affect operation
Direct measurement of gain/phase margins

CHANNEL A CHANNEL B

NETWORK ANALYZER SYSTEM
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Freg. Measurements w/Constant Injected

Signal

Power System

Injected
Signal Low
/\ Frequency
% \ High Gain
20 ohm
AN Loop
Loop — Output
Input (Y
q 5 FjL Frequency
Channel A {0}/ Channel B | Response

Analyzer

Crossover |n_ject?d
Frequency >!9na
Unity Gain

Loop
Loop ¥ 200nm ¥ outhut
Input

AVAVAVA AVAVAVA

High Injected
Frequency  Signal

Low Gain WMWWWWWW

Loop
Loop % 20 ohm \ Output
Input
WWWWMW VWAV
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Loop Measurement from Transient Response

The important thing to look for is the ringing on the output immediately following the
application of the load step. The frequency of the ringing indicates the control loop’s

crossover frequency, and the number of periods occurring before the ringing dies out indicates
the phase margin.

Crossover
frequency

wt
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Thank you!




