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Agenda

• Types of Power Supplies

• Cool Designs
– Buck – Boost Converter
– Negative Boost Converter 
– Split Rail Converter using a Buck Controller/ Converter
– Parallel Operation of Converters
– Split Rail Converter using a Boost Controller
– Sepic / Flyback / Asym. Halfbridge / Offline Buck Converter

• Understand Inductors and Output Capacitors



Types of Power Supplies

• Linear Regulator
– Pass element operates in the linear region
– Down conversion only

• Switching 
– Pass elements switch, turning fully on and fully off each cycle
– Includes an inductor
– Multiple topologies (Buck, Boost, Buck-boost, etc)

• Charge Pump
– Pass elements switch, some fully on and some operating in 

the linear region
– Capacitors only



Linear Regulator
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ADVANTAGES:

� Low O/P ripple & noise

� Fast transient response

� Low cost (for low power, at least)

� Easy to design

� No EMI to worry about

� Easy to implement short circuit 
protection

DISADVANTAGES:

� Low efficiency at VIN>>VOUT

� High dissipation (needs large heat-sink)

� VOUT<VIN – always!

BEST USED WHEN:

� VIN to VOUT is SMALL

� Low ripple & noise is important

� Tight regulation

� Fast transient response



Switcher
ADVANTAGES:

� High efficiency

� VOUT>=<VIN

� Wide input voltage range

� Low power dissipation (small heatsink)

� High Watt/cm 2

� Isolation possible (with transformer)

� Multiple O/Ps possible (with transformer)

DISADVANTAGES:

� EMI

� Slower transient response

� More difficult to design

� Higher output ripple & noise

APPLICATIONS:

� High efficiency power supplies

� High ambient temperatures

� Large input to output voltage difference

� Space constraints

� High output power

Buck

Boost

Flyback (Buck/Boost)

VIN
VOUT

VIN VOUT

VIN VOUT
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• Charge phase: Q2 and Q3 = ON, charge CF;  VCF=VIN

• Transfer phase: Q1 and Q4 = ON, transfer energy in CF to the output; 

Vo= VIN+VCF = 2 VIN-(RDSONQ1+RDSONQ2)*IO 
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TPS40200



Extending TPS40200 Vin

+

Level Shift

Clamp

PMP4855

VBE_Q3 ~ 700mV

IR10 ~ IR4 ~ IR5 ~ 97µAVR8 = VFB ~ 696mV

U1 is Floating, not 
longer connected 
to circuit GND !



TPS40200 Buck -Boost

PMP2237



Negative Boost
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Spreading the Spectrum to Reduce 
Peak Emissions
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Frequency Dithering TPS40200
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Reduced Fundamental But 
Increased Noise Floor
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Negative Input Voltage 
Topologies

Article on www.powerelectronics.com: 
http://powerelectronics.com/power_management/power_ ics/807PET23-negative-input-voltages.pdf

SEPIC

Inverting Buck-Boost

Boost Buck



TPS40K Single/Dual  DCDC 
Controllers new or preview

Buck

Boost

TPS40040/41

TPS40195 

TPS40100/01

TPS40192/3

TPS40197

TPS40200

Smart PWM
PMBus/VID

Easy PWM
Ease of use

Flex PWM
Flexibility
Programmability

TPS40400

TPS40021

TPS40007/09

TPS40055/57

TPS40210/1

TPS40303/4/5
Released

package

Input Voltage

2.25 4.5 14 40 52 60V2018

16L TSSOP Power PAD

24L 3.5x5.5 QFN

16L TSSOP

10L MSOP

16L 3.5x4 QFN

8L SOIC and SON

10L SON

16L TSSOP

24L 4x4 QFN

8L SON

85.53

10L SON

TPS40170 16L 3.5x4.5 QFNQ4 10

10L SOIC and SON

Q4 10

Smart Reflex TM VID

PMBus

10

Dual Buck

TPS40322 32L 5x5 QFN

28

Q4 10

TPS40422 
Q4. 11

PMBus 40L 6x6 QFN

TPS40140

15

36L 6x6 QFN

TPS40180 

TPS40131/132 



TPS54060 Buck Application

HPA457 12V- 60V input to 3.3V @ 500 mA



TPS54060 Inverting Application

App. Note SLVA317  24V to -12V @ 300 mA

-12V output



TPS54060 as Split Rail Supply

300 kHzSwitching Frequency, fsw

100mANegative Output Current, Ioneg

100mAPositive Output Current, Iopos

<0.1%Output Voltage Ripple, dVrneg

-18VOutput Voltage, Voneg

<0.1%Output Voltage Ripple, dVrpos

+18VOutput Voltage, Vopos

<1%Input Voltage Ripple 

24V nominal,  
18V to 30V

Input Voltage, Vin



Final Schematic of HPA590



Current Waveforms
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Typical Output Ripple Waveform
SWP

SWN

+ Vout
- Vout



Cross Regulation



Cross Regulation



Power Up (Resistive Load)

Vin=10V/div Vout+=20V/div

Vout-=20V/div

IL=500mA/div



Another Buck -Boost

PMP2447

Sum voltage is
regulated due to equal loading.



Cross Regulation Is Good

81.8%965.8740812.2512.0184215.18

77.4%965.8115312.3512.0136315.26

84.6%965.86940712.2412.0113928.86

82.8%965.81115312.3412.015759

83.4%965.88540812.2712.0124955.03

82.3%965.82615312.3612.0110504.96

Eff6 I (mA)6V+/-12 I (mA)-12 V12 VIin (mA)Vin



High-Performance
Noise Sensitive  Applications

-18V Switcher
@300kHz

+18V Switcher 
@ 300kHz

-12V LDO

+12V LDO

BACK



Noise on LDO Output 
Comes From Multiple Sources

BACK



PSRR vs. Noise Density
PSRR
• The ratio of VOUT/ VIN Noise
• Measure of how well a LDO rejects VIN

ripple/noise at various frequencies
– Expressed in dB

Noise Density
• Internally generated by the LDO

– Thermal Noise
– Flicker Noise

• Noise Density is expressed 2 ways
– Spectral Noise Density (µV/√Hz) 

• Plot of Noise Density vs. Frequency.

– Total (integrated) Noise (µVrms). 
• Integrated over a finite frequency range

TPS717

TPS717

BACK



Excel Design Worksheet - SLVC225

Drop -down menu 
for all Alcor and 
Miser devices



TPS54x40 / 60  - Design support

• EVMs for buck converter application (for each of the 
devices)
– see productfolders

• Loop Compensation:
– Designing Ultrafast Loop Response With Type-III Compensation for 

Current Mode Step-Down Converters – slva352

• High brightness LED driver applications:
– Evaluation Module for a High-Brightness LED Driver using the 

TPS54160 - TPS54160EVM-535 / slva374
– Up To 60V Input Step-Down LED Driver Calculator for SWIFT 

DC/DC Converters - LEDDRIVER60VSWIFT-CALC



TPS54x40 / 60  - Design support

• Inverting buck-boost applications:
– Create an Inverting Power Supply from a Step-Down Regulator –

slva317
– Inverting Power Supply Calculator for SWIFT DC/DC with Integrated 

FETs - SWIFTINV-CALC

• Split Rail (bipolar) output:
– Create a Split-Rail Power Supply with a Wide Input Voltage Buck 

Regulator - slva369
– Positive and Negative Output Voltage Split Rail Calculator for 

SWIFT DC/DC Converters - SWIFTPOSNEG-CALC

– 18 … 30VIN, ±18V / 100 mA Split Rail SWIFT™ Converter 
Evaluation Module - TPS54060EVM-590 / slvu374



TPS54620



Parallel operation of TPS54620 for higher output cu rrent

• Connect COMP pins together
• Connect V_SNS together
• Operate with same frequency 

(180º sync from external source)
• Connect SS/TR together



Paralleled TPS54620 - Results
• See App Note “TPS54620 Parallel Operation” (slva389)

VOUT = 1.8V
VIN = 12V



Want to Power a ISO721?

5vdc
200ma

4.5 to 5.5v

300khz

Consider Asymmetric Half-
bridge Flyback
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SWIFT DC/DC Step-Down Converters

0.8 to 15V

TPS54418

0.9 to 4.5V

6-A

3-A

1.5-A

TPS54620

Vout
smallest
package

Output
Current

Input Voltage
3.0 4.5 36 60V6.05.5

34 QFN

14 QFN

4228

2-A

TPS54240 – light load efficiency 

TPS5430

4.0

TPS54160 – light load efficiency

TPS54140 – light load efficiency

8.0

0.8  to 39V 10 HMSOP

0.8 to 57V 10 HMSOP

0.8 to 14V 16 HTSSOP

0.8 to 4.5V 16 QFN

1.22 to 31V 8 HSOIC

5-A TPS5450 1.22 to 31V 8 HSOIC

0.8 to 15V 14 QFN

TPS54320 & TPS54325/6

TPS54290/1/2 Dual 1.5/2.5-A

TPS54331/2 (570/1000 kHz) – Light Load Efficiency

3.5

0.8 to 25V 8 SOIC

TPS54231/2/3(300/570/1000kHz) – light load efficienc y 0.8 to 25V 8 SOIC

TPS54060 – light load efficiency

TPS54040 – light load efficiency

0.5-A
0.8  to 39V 10 HMSOP

0.8 to 57V 10 HMSOP

14 1718

4-A

TPS54218 0.8 to 4.5V 16 QFN

TPS54318/9 0.8 to 4.5V 16 QFN

TPS54225/6 – light load efficiency 0.8 to 5.5V 14 HTSSOP

2.5-A

Synchronous Buck

Non-synchronous Buck

TPS54260 – light load efficiency 

0.8 to 39V 10 HMSOP

0.8 to 57V 10 HMSOP

TPS54425/6 – Light Load Efficiency 0.8 to 5.5V 16HTSSOP

TPS54521

TPS54617

0.8 to 15V 14 QFN



TPS40210



TPS40210 Bipolar Output

PMP2666



Multi-Output TPS40210 Sepic

Note: One Secondary
Needs 1:1 Ratio to
Primary

PMP4208

See also the article “Power Tip: SEPIC converter makes an efficient bias supply”
by Robert Kollman (TI) on powermanagement-europe.com: 
http://powermanagementdesignline.com/howto/218900164;jsessionid=GH5TVE4AOBIDNQE1GHOSKHWATMY32JVN?pgno=1



Sepic FET Drain With No Ringing

• Low Voltage Stress 
on Diodes And FET 
Compared To 
Flyback

• No Spiking Improves 
Cross Regulation (+/-
3% for the 3.3 and 5 
volts)

• Multi Output Circuit 
was 85% Efficient 



Extended Vin for TPS40210
(Lowered VIN / Cold Crank  < 4.5V)

+

TPS40210 will be powered 
off the higher and stable 
VOUT during VIN drops

PMP4543



TPS61175



TPS61175 Flyback

PMP4190



Offline Buck

+

+

Self bias 
after start-up

Emitter switching 
for fast switching

25 uA Quiescent Current
0.65 uS Constant On-time
D = 5/400 = 1.3%
F = 20 kHz



Minimize In -rush current on TPS61200, 
TPS630xx, TPS610xx

CSS=1uF, RSS=10K ohmStandard EVM

2V/div

200mA/div

100us/div 10ms/div



Typical Integrated Buck Circuit 

• Very high level of integration:
– Internal switch MOSFETS (which allows for high frequency operation)

– Internal compensation 

– Internal soft start
– Internal current limit

Typical TPS62291 Application:

• Small solution size with minimum number of components: 
Input capacitor, output capacitor, and inductor

What can I change?

2

6

VIN

GND

EN
FB

SW

MODE

TPS62291

10 µF

2.2 µH

10 µF

V  = 3.3 to 6 VIN V  = 3.3 VOUT

PwrPd

4

5

7

3

1



How to Reduce Overall Converter Size

• Inductor is obvious choice
–Up to 40% of total power supply area
–Tallest component on board



Time (5 µs/div )

1

Inductor Current
(500 mA/div )

Dimensions: 7 x 7 x 2 mm

Time (5 µs/div )

1

Inductor Current
(500 mA/div )

Dimensions: 4.7 x 4.5 x 1.4 mm

Inductor Considerations — Isat
• Smaller inductor size with same value

– Lower saturation current
– Results could be catastrophic

TPS62110 — 500-mA to 2-A Load-Transient Inductor Ripp le Current

6.8-µH Inductor, 3-A Saturation Current 6.8-µH Induc tor, 1.4-A Saturation Current

Results of saturating inductor:
- Inductance goes down
- ∆I goes up
- Output ripple voltage goes up
- Potential stability problems



Capacitor Considerations

• Stability

• Ripple Voltage

• Transient Response

• Overall size
– Smaller capacitor size doesn’t typically affect overall size
– Capacitor cost is relative to case size

• Features of the TPS61220

• Low IQ boost

• Low VIN



Output Capacitor — The Real World

MuRata GRM219R60J106KE19
10 µF, 0805, X5R

Capacitive Inductive

Capacitance, ESL, 
and ESR all affect 

power-supply 
performance

L
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ESLCOUT
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Capacitor or Capacitance — DC Bias
• Capacitor value does NOT equal capacitance
• Capacitor tolerance — ±20% (measured with zero DC volts 

applied)
• DC bias effect

– Capacitance drops with applied DC voltage
– Package and dielectric dependent

• Smaller package worse than larger package
• Y5V worse than X5R

–5% drop, 
21.1 µF at 3.3 V

–10.5% drop, 
19.7 µF at 3.3 V

–40% drop, 
13.2 µF at 3.3 V

Do NOT use Y5V dielectric 

in a power supply design

30.0

25.2

20.4

15.6

10.8

6.0
0 1.26 2.52

DC Bias Voltage (V)
3.78 5.04 6.3

C
ap

ac
it
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ce

 (
µF

)

22 µF, 6.3 V, 
X5R, 1210) 22 µF, 6.3 V, 

X5R, 1206

1.8 V 3.3 V



Output Capacitor — Considerations

IN OUT OUT
L

IN

V V V 1
I

L V f

 −   ∆ = × ×          

• Stability and transient response

• Output ripple voltage
– Generated by ∆IL into output capacitor 

impedance

L
OUT _ C

SW

I
V

8C f

 ∆
∆ =  ×  OUT _ ESR LV I ESR∆ = ∆ × L

OUT _ ESL
OUT

SW IN

I ESL
V

V1
f V

∆ ×∆ =
×

Capacitance                                ESR                  Inductance

Which one dominates?

∆IL
∆VOUT_ESL

∆VOUT

∆VOUT_ESR

∆VOUT_C 

IOUT

∆IL

Time, t
T



TPS62290 Design Considerations
• Higher LC corner frequency = faster transient 

response

• Using recommended LC values, fLC ranges from 15.7 kHz to 60 kHz

LC
1

f
2 LC

=
π

Inductance 
Value

Capacitance Value
2.2 µF 4.7 µF 10 µF 22 µF 47 µF 100 µF

Corner Frequencies

0.47 µH 156.6 kHz
Case C 

107.1 kHz
73.4 kHz

Case D 
49.5  kHz

33.9  kHz 23.2  kHz

1 µH 107.4 kHz 73.4 kHz 50.4  kHz 33.9  kHz 23.2  kHz 15.9  kHz

1.5 µH 87.7 kHz
Case B  

60.0  kHz
41.1  kHz 27.7  kHz 19.0  kHz 13.0 kHz

2.2 µH 72.4 kHz 49.5  kHz
Case A  

33.9  kHz
22.9  kHz 15.7  kHz

Case E  
10.7 kHz

4.7 µH 49.5  kHz 33.9  kHz 23.2  kHz 15.7  kHz 10.7 kHz 7.3 kHz

6.8 µH 41.2  kHz 28.2  kHz 19.3  kHz 13.0 kHz 8.9 kHz 6.1 kHz

Legend:

 Recommended component values. LC corner frequency within recommended range.

 Component values not recommended. LC corner frequency within recommended range.

 Component values not recommended. LC corner frequency outside recommended range.

Cases A–E:  Example values used for transient-response traces.

Recommended LC Values and TPS62290 Corner Frequenci esRecommended LC values and TPS62290 Corner Frequenci es



TPS62290 Smaller Inductor Values

TPS62290 Load Transient with 
Different LC Combinations

A � L = 2.2 µH, C = 10 µF

B � L = 1.5 µH, C = 4.7 µF

C � L = 0.47 µH, C = 4.7 µF

D � L = 0.47 µH, C = 22 µF

Capacitance Value (uF)

2.2 4.7 10 22 47 100

0.47 156.6 107.1 73.4 49.5 33.9 23.2

1 107.4 73.4 50.4 33.9 23.2 15.9

1.5 87.7 60.0 41.1 27.7 19.0 13.0

2.2 72.4 49.5 33.9 22.9 15.7 10.7

4.7 49.5 33.9 23.2 15.7 10.7 7.3

6.8 41.2 28.2 19.3 13.0 8.9 6.1
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Capacitance Value (uF)

2.2 4.7 10 22 47 100

0.47 156.6 107.1 73.4 49.5 33.9 23.2

1 107.4 73.4 50.4 33.9 23.2 15.9

1.5 87.7 60.0 41.1 27.7 19.0 13.0

2.2 72.4 49.5 33.9 22.9 15.7 10.7

4.7 49.5 33.9 23.2 15.7 10.7 7.3

6.8 41.2 28.2 19.3 13.0 8.9 6.1
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EE

More is better — increase C!
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TPS62290 Larger Capacitor   100uF

E � L = 2.2 µH, C = 100 µF

Time (5 µs/div )

2

1

Load Current (500 mA/div )

V , AC Coupled (100 mV/div )OUT

800 mA

300 mA

TPS62290 Load Transient with 
Different LC Combinations

Capacitance Value (uF)

2.2 4.7 10 22 47 100

0.47 156.6 107.1 73.4 49.5 33.9 23.2

1 107.4 73.4 50.4 33.9 23.2 15.9

1.5 87.7 60.0 41.1 27.7 19.0 13.0

2.2 72.4 49.5 33.9 22.9 15.7 10.7

4.7 49.5 33.9 23.2 15.7 10.7 7.3

6.8 41.2 28.2 19.3 13.0 8.9 6.1

In
du

ct
an

ce
 V

al
ue

 (
uH

)

A

B

C D

E

Capacitance Value (uF)

2.2 4.7 10 22 47 100

0.47 156.6 107.1 73.4 49.5 33.9 23.2

1 107.4 73.4 50.4 33.9 23.2 15.9

1.5 87.7 60.0 41.1 27.7 19.0 13.0

2.2 72.4 49.5 33.9 22.9 15.7 10.7

4.7 49.5 33.9 23.2 15.7 10.7 7.3

6.8 41.2 28.2 19.3 13.0 8.9 6.1
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Output Filter Impedance

• Lower impedance — Lower ripple

• Larger L — Slower di/dt cannot change current quickly

• Smaller L — Faster di/dt responds quick to load changes

• Larger C — More energy storage supplies current until 
inductor current can change

• Smaller C — Less energy storage has more voltage droop

LC _ Filter
L

Z
C

=



Capacitor — Loop Stability

• Stability concerns are same as 
inductor (fLC)

• Refer to IC datasheet for specific 
guidelines

• Not all ICs are the same

– TPS62110 � no upper limit on capacitance

– TPS62290 � upper limit constrained by fLC

LC
1

f
2 LC

=
π



∆IL
∆VOUT_ESL

∆VOUT

∆VOUT_ESR

∆VOUT_C
 

• Operating conditions determine the critical 
parameter

• Example: TPS62110
– VIN = 12 V, VOUT = 5 V, IOUT = 1.0 A

– ∆IL = 0.43 A

– di/dt = 1.02 A/µs

Output Capacitor — Considerations

Output Capacitor Parameters



SUPPORT



POWER on line - search
http://power.ti.com

•Enter Vin, Vout, Iout

•Tool Recommends products across 

all lines



POWER on line ref designs
http://power.ti.com



POWER On line design support (1/3)



www.ti.com/analogdesigncenter

POWER On line design support (2/3)



www.ti.com /switcherpro-a
POWER On line design support (3/3)



TI’s latest Selection Guide for Power devices. Incl uding key features
of all products, but also many overview graphics an d block diagrams.

This literature will help you to select power produ cts for your design!

Power Management Selection Guide

Power Literature
Power Management Selection Guide 

TI’s latest Power Management Cookbook is a collecti on of complete
power solutions and design documentation from TI’s library of reference
designs and evaluation modules.

This literature will help to simplify and streamlin e your power design

Power Design Cookbook II

Power Design Cookbook II 

The LED Reference Design Cookbook is designed to pr ovide you
with a valuable tool to help you solve your lightin g design needs.

LED Reference Design Cookbook

Power Design Cookbook II 



Colaterall

• DC/DC Conversion Quick-Reference Card 

• Power Management Guide

• LED design cook book

• Power Management Solutions for ultra low power 16-bitMSP430 
MCU

• Power management solutions for Stellaris® ARM® CortexTM-M3 
MCU



DANKE 


