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Agenda

e 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
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Types of Power Supplies

e Linear Regulator
— Pass element operates in the linear region
— Down conversion only

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

e Charge Pump

— Pass elements switch, some fully on and some operating in
the linear region

— Capacitors only
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Linear Regulator

ADVANTAGES:
= Low O/P ripple & noise
» Fast transient response

= Low cost (for low power, at least)
5V Pass element 3.3V . '
¥a Easy to design

Error = No EMI to worry about
amphfier - = Easy to implement short circuit
- | — Load

—_l protection

Vref

®
| |
I

Gate drive

DISADVANTAGES:

vV vV = Low efficiency at V,>>Vr

» High dissipation (needs large heat-sink)
Vour<V,y — always!

BEST USED WHEN:

* VINto VOUT is SMALL

» Low ripple & noise is important
= Tight regulation

» Fast transient response
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Switcher

Buck
_o/

Viy Vour

IN K VOUT
:

VOUT

ADVANTAGES:

High efficiency

Vour>=<Viy

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
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Charge Pump

*
Ql) ce |7, Q3 Oscillator
@

<t> Vin

]
1
02/ | Ver +1/ 04 Controller

b

< Transfer¢ +
Charge Co

-0 LOAD |V

* Charge phase: Q2 and Q3 = ON, charge CF; V=V|\
 Transfer phase: Q1 and Q4 = ON, transfer energy in CF to the output;

Vo=V +Vr =2 V\\-(RpsonartRpsona2) lo
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TPS40200

13 TEXAS
INSTRUMENTS TPS40200

www.ti.com SLUSESSD-FEERUARY 2006—REVISED NOVEMBER 2008

WIDE INPUT RANGE NON-SYNCHRONOUS VOLTAGE MODE CONTROLLER

FEATURES o
e Input Voltage Range 4.5 to 52 V
« 700 mV 1% Reference Voltage
« External Synchronization

TP340200

Figure 1. 12 V to 5 V Buck Converter with 94% Efficiency
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Extending TPS40200 Vin

J1 TP1
17 - 7sv[ P—X
GND 2 ca
Lpy SR L 100 srp O G2 =03 Level Shift
- 127K T 0.02 2.2uF | 2.2uF | 2.2uF
R3 4
D1 A W\ - >/
ey 1.0K
U1 R4 § R5
TP3 TPS40200D 20.0K 20.0K
b 1[RC_ vDDI8 / Q11 s J Q12
2lee 1snslZ BC856BDW1 @ @ BC856BDW1
5 2
Slcomp DRVEE R6 A\ 2 |.;3 S >
418 oND2 H Q2 Vv ~ 700mV
1 = - IRFR5410 BE_Q3
== 0.01uF | 47@pF L F = 200KHz
33pF cé c7 0.47uF =0 s sk _@ Q3
°° R7§ C9 0.1uF MW BSS64LT1
TP4 L1
100K . P5 33uH P6  yo
b - L1 ]sve 1-3A
2 GND
Clamp ) SR Clo=~ C11=— S Ri0
U1l is Floating, not 2.49K & D2 220uF | 10uF 44.2K
MBRS3100
longer connected
f ; L X
PMP4855 to circuit GND | Vig = Vg ~ 696mV - lro ~ lra ~ lrs ~ 97HA TP7
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TPS40200 Buck -Boost

J2
GND I:Il 1 TP9
10.8—-13.2V INPUT 2 Y
[]
o c2
= ==10@0pF R1
R3 .05
R2 1.00K
95.3K
U1
TP1 TPS40200D
I 1Rc Vo8
; SS  ISNS g 4
COMP DRV )\ IRF5803
H
c3 418 onpf2 3 (Moo
220pF 2
c4 = F = 400KHz 1 6 L1
i __C5 o1 TP2 4.7uH TP4
c7 | 2200pF 0.047uF 10F L L2 T
OPEN N J1
=—C11 GND
ns B140 TuF 2] |-20veo.1A
100k R4
co X o X
R6 TP5 P6
3'625 —20VoUT
Open
Open P TP7  gg TPB
AV bé e bé
100K ’
RS TP11

PMP2237
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Negative Boost

R5

TPS40200

Hfidercy

96% -

94%

> ° N

v T

92%

90% -

88% -

86%

84%

82%

80%

. OA 0.2A 0.4A 0.6A 0.8A 1A
Standard Use of TPS40200 ot Gurrent
as Positive Buck —
| . g .
I Modification as
R1 22.1k c2 1@nF .

L1 o1 w—i| Negative Boost
P1 68uH B340 P3
D ~ < D¢

ca4 af c3 U1 % R2 c5
330uF R10 Si4447DY 1@@nF= TPS40200D L ce _L ¢z 2.55k 220uF
T OPEN § < R4 © =feno FElS 47@nF 470pF | ¢ s
J1 } AV 5[PRV COMPl< R3
-15t0 —18v[ H —{ISNS S| P4 R6 3.32k 5 —28V @ 500mA
GND| |2 1 Rs ek oD R b e 100k GND
cs —  AMA— 8 1 TP5 c11 1
10uF Fsw 300kHz L 2.9nF J2
T 2T R7 cle L R8 = C9
oPEn 0.02  220pF 68.1k % R9 4.7uF
49.9
. T ) PMP4589
TP6 = TP7
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Spreading the Spectrum to Reduce

Peak Emissions

+ 1.0
Modulation Index f=0 5 = .
B =change in f/Modulating f Y requency
Modulation Frequency: p=1 o] I
Larger than Receiver Bandwidth 0.6
Above Audio '
p=2 1 [+ 1 1,
ff  f f4f fH3f

0
A AN
m
o 6
Sl
2 -10
S .12
S -14 1
g -16

-18 -

-20 ‘ ‘ ‘

0 5 10 15 20
Modulation Index
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Frequenc

vin]

Dithering TPS40200

R100
o100 40.2K g1 TP VN
— 1 Y .
MMBT2222A E— 7 (;l\?l\)/
TP2 c3 L c c2
Rl == 10@pF R2 7= 18Ul =% open
Dither Circuit 11912 R102 il 115K P 005 | SOV
3.01K 22.1K = o1
P I A TPS40200D Wy N N
=4 16 vbol8 R3
Q101 C100 R104 2 I 5 1K 401
MMBT2222A uf 150K ] A I Si34590V
A v r
R103% cle1 c4 =L 415 ol (= L1
1K 0.047uF 0.01uF 220uH TP5
= I c9 L - F - oo A 6_ ~ A Y 1
47pF s
”s Ei% cle | | cut 1 cs + ce
. I 0.1uF D1 “T> 150uF
: P6 7
330pF 0.470F TP T o o Lo °
c12 R6 RO
0.0220F 365 P8 49.9
T
R7 o5
2.67K % ToK

PMP1734

J2

3.3V e 1A
GND
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Amplitude (dBuV)

Reduced Fundamental But
Increased Noise Floor

70-

50~

30

10

- -A -
§7.7dB

No Modulation o fos = 2.2 MHZ

With Modulation

_30..
RBW = 222 Hz
_50 I I
0.15 1.77 3.38
Frequency (MHz) i TEXAS
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Negative Input Voltage
Topologies

The Parallel Universe of

Negative-Input Voltages

By John Betten and Brian King, Applications Engineers,

Texas Instruments, Dallas

1

L

R3

ut
TPS40200
RD VDD-¢
nSS ISNS
COMP DRV

c5

FB  GND
o c7 C6_—
a1 |

SEPIC

Level shift

S ! é c4 1 L
i R4 - |R3
TPS40200 » | C5 pg RS 2
Gnd »— VDD ggr Wﬂv c2 1 Gnd
<y — ISNS :’j c5 Vour
DRV COMP . 2
GND FB

—C7

1

® TT

c9

R7

Article on www.powerelectronics.com:

http://powerelectronics.com/power management/power

ics/807PET23-neqgative-input-voltages.pdf

J1
Gnd[E L
~Vin

C1=

Ut

UCcc3si3
COMP REF—
FB  VCC
Cs out
= RC  GND|——
R7

AATAY
—— "\ \\—o

c6————c7 R8cg—

I e

Inverting Buck-Boost

J1
and[E L
_VIN

C1——

R1

(Fe]

C3
U1

Rs | UcCc38i3
COMP REF |
FB VCC
S ouT
—RC GND[-

R7
NV
AN\ \N—

c6_———c7 R8ca—

Buck

Level shift
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package

* new or preview

Boost
Dual Buck

TPS40K Single/Dual DCDC

Controllers

a A
< '
| . [
1 o} “ W =
s z | z & 1o 9
1
5 £ S 2% 9 a £ &oalk E
21 [T n
s O e ' o O ¢ o O @ 210 8 2 o)
P e 80 % ¢ % 258913 2 3 2 z
0 3 ) 2 X 0 (% < 2 o
~ G I 5 © & S F ' O n 0 > @]
4 8 ¥ & 2 2 8 F 83383!38 2 238 2 4
9 < Qo S o 8 g9 3 = 3 Lo » 9 9 S S
! |
| 1
| 1
| 1
| 1
| 1
1 ! =~
! “ S
| 1
| 1
| 1
| 1
| 1
||||||||||||||| T==——————-— [ U U U -—_— e e - - ——————— - - - - - ]
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
| 1
1
............................. e .
1
1
1
1
“
1
IIIIIIIIMDIIIIIS IIIIIIIIII -=-r b Bl o o e iy
> =] !
g o |
a =
s = B !
1
——-E--- P B | D
3 1=
5 (S
104 1
S e ISR = R R
3 Vs
£ %)
[ 7 PR N L IR
T
R I o NI
N -
S B
o
N S| = 0
< % o
g =1
(7]
a
T

Input Voltage

Smart PWM
PMBus/VID

Flex PWM
Programmability

Flexibility
Ease of use

60V
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TPS54060 Buck Application

Cé H @.1uF
L1
U1
1 TPS54060DGQ ‘o 1 4?uH2
VIN = 12—6@ V —Iac-cuT BH . P VOUT
¢ : 21 o~ os 33V,05A
2 EN COMP 8 D1 = R5
-2 == R1 4 - B160 47uF 5 51
55/TR VSNS
2.2uF | 2.2uFY 332k 5\ = 5 |
RT/CLK & F'.'e'RGIIr 1
= 11 na - § R6
1 TP5 4 ok 31.6k
R2 _LC4 R3 . - _L.C8
§ Te § 10pF R7
56.2k | @.@1uF9 237k . o ok
| 3300pF

HPA457 12V- 60V input to 3.3V @ 500 mA
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TPS54060 Inverting Application

VIN ‘(CIN

A
VY4

Rcomp\
—— E = -12V output

RT Czew/
S2

App. Note SLVA317 24V to -12V @ 300 mA
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TPS54060 as Split Rail Supply

Input Voltage, Vin Zig\/n ?Om?ig?)’
Input Voltage Ripple <1%
Output Voltage, Vopos +18V
Output Voltage Ripple, dVrpos <0.1%
Output Voltage, Voneg -18V
Output Voltage Ripple, dVrneg <0.1%
Positive Output Current, lopos 100mA
Negative Output Current, loneg 100mA
Switching Frequency, fsw 300 kHz
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Final Schematic of HPA590

o P18V)
. - +18 VvV
T T a
D2
B16@A
==C18 ==C11
22uF | 22uF
c5 L
U1 1wF  TP4 o
VIN 24V m— TPS540860DGQ Tﬂ. u
(18V to 30V) ’ \soor Pkl il —
' 21N oND|—(N18V] LA
: 8 ™ 470uH <
o e N cowpr>
e [ oprgeat] Lo Thake T8, TR
2 c4 L spi—mr 470pF B160A J -
@.1uF 412K c7 N18Y
To.30ur
' —-18 V
[N18V) , A
Inverting Configuration RS TP5
1.80k 442k [ o9
- AN\ AM— P 18Y
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Current Waveforms
432mA --peak

\ Ipt2 . ] .
W /Mam Winding
I/pt4

s 216mMA Coupled Winding

368mMA

184mA

Ipt€

Iptl= lopos+ Ioneg — Vinmin[D max Ipt3:ﬂ Ipt5 = Ipt3
1- D max 2 fswllo 2
_ Vinminl D max |pt4:Ipt3—i VinmintD max |pt6=|pt5—£ Vinmin[D max
Ipt2 = lptl+ fswilLo 2 2 fswllo 2 2 fswllo
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Typical Output Rlpple Waveform

A WI_) TP7 t

|
|
f




Cross Regulation

Output Regulation vs loneg

4.0%

3 0% — Vopos

2 0% —Voneg /
1.0% e

0.0%
-1.0%
-2.0%
-3.0%
-4.0%

Vout nom

loneg (MA)
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Cross Regulation
Output Regulation vs lopos

Vout nom

5.0%
4.0%
3.0%
2.0%
1.0%
0.0%
-1.0%
-2.0%
-3.0%
-4.0%
-5.0%

— Vopos
—Voneg

lopos (mA)
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Power Up (Resistive Load)

i

in=10V/div. vout+=20V/div

ﬂi TeExAS
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Another Buck

4.5 to 15 volts
GND

J1
1
D%

L c5 c3
_ _| 1eepF § R2 ==22uF
T 0.005 16v
R3 1
AN =
1.0K
u1
TPS40200D
RC_ vDD}E 1[12:3
2ss isnst? 4 ([P3)0s4435
3 lcomp DRV ?301 .
41k onDl? 7
-t -L c8 8145 MBRS340T3
L F = 280KHz 0.1uF 1 2
é?i = L1 < c23 5 —12V at 4@@ma
= GA3096—AL _LoouF 3 6V at 18@ma
3 ® 5 12V at 40@ma
P2 P3 = 16V 4]
R7 R8 . g >
T 6 pr . 5
1
e 498 ® 7 D4 c26 b GND
R9 2 8 varat4p ] C11 =F22uF
819K = = LoouwF Imv =
= 16V =
D3
i MBRS340T3
Sum voltage is
regulated due to equal loading. NP 2447
i3 TEXAS
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Cross Regulation Is Good

Vin lin (MA) 12V 12V +-12 1 (MA) 6V 61 (mA) Eff
4.96 1050 12.01 12.36 153 5.826 96 82.3%
5.03 2495 12.01 12.27 408 5.885 96 83.4%

9 575 12.01 12.34 153 5.811 96 82.8%
8.86 1392 12.01 12.24 407 5.869 96 84.6%
15.26 363 12.01 12.35 153 5.81 96 77.4%
15.18 842 12.01 12.25 408 5.87 96 81.8%
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High-Performance M Vi Vour +12V

Noise Sensitive Applications | TPS7A49
A EN
Vi - 18V = 30V C
IN Vin PH ® o
Pl resseec 1 =
~ A A . T =
.
VSense J_
= T = I~
@ @ Vin Vourt
S F ey TPS7A30

EN

20.8mY R B B
+12V kDO
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DC

Noise on LDO Output
Comes From Multiple Sources

DC+ NOISE

EXTERNAL
NOISE

INTERNAL
LDO NOISE
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PSRR vs. Noise Density

PSRR

e The ratio of V,{/ V,y Noise
« Measure of how well a LDO rejects V,
ripple/noise at various frequencies

— EXxpressed in dB

Noise Density
 Internally generated by the LDO
— Thermal Noise

— Flicker Noise
* Noise Density is expressed 2 ways
— Spectral Noise Density (uV/VHz)
» Plot of Noise Density vs. Frequency.

— Total (integrated) Noise (MVrms).
* Integrated over a finite frequency range

PSRR (dB)

Output Noise Density [qu‘E}

80

70

60

50

40

30

20

10

0

TPS717

IREA
T AN
Tl Q:“!
N 10mA
ha
i
N
75mA \
\Q:
Cout = 1uF
Cug = 10nF
10 100 1k 10k 100k 1M 10M
Frequency (Hz)
T 1 LI T L B a1
lgur = 150mA Cour = TuF
7 Cuyr =10nF

*‘ﬁ? loyr = 10mA
|

[

1k 10k
Frequency (Hz)

100k
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Excel Design Worksheet - SLVC225

Microsoft Excel - TPS54160POSNEGT102009.xls

@_] File: Ed_it' Wigw  Insert  Format Iq'u'l_s_: Data  Windomw  Help Tvpeaquestonforbhelp = - @ X
NS SRS RB S 9 8e  LE8 s ek o
: aral -0 B IU|EE=EH$ % AMEE - - AR He 0
B30 - A TPS54160
A B | ¢ [ © [ e [ F [ 6 [ W [ t+ [JTK] L [ M [F
TPS54160 _ |
TP554040 s -InputCe]ls Device Supported
| 32 | Caleul TRS54040
| 33 | Gnnstant_s Ceﬂs | TPS54060
34 | ] TPZ54140
35 |icimin Riééi%i% TPS54160
|36 tonmin (@ | 1pss4as g | | TPa54231
37 |gmps | e o o] ofpower stage | | TPE54252
|38 |gmea (AN) i : arror arnplifier | | | TPE54233
| 39 |ref (V) [ TP554331
|40 |Rhs (Ohm) . EI 400 maximum an resistance TPZ54332
'D.DDDDEIEID25 switch turn on time ! | d Own m e n u
0.000000025 switch tumn off time \ ’ | ]
A4 vapos (V) 12 positive output vaoltage [ |
45 |dvopos V) 0.0600 output ripple voltage requirement fo r all AI CO r an d
46 |vaneg (V) -12 negative output voltage | | . | | |
|47 | dvaneg (V) 0.0600 output ripple voltage requirement . .
|48 |vinnam (V) 24 nominal input valtage [
49 vinmas [v) 30 maximum input voltage [ _ I Se r eVI CeS
A0 winmin () 18 minimurm input voltage
51 |iopos (A) 0.3 output current
52 |ioneq (A) 0.3 output current
53 [few (Hz) 300000 desired switching freguency
54 |tss (3) 0.033 slow start time
|55 |VWFd (V) 0.5 fnrwaru:l wvoltage of diode
86 |Wonegsc 0 output voltage during short circuit fault
57
|58 [eql winmax ) AR [ maximum operating voltage supported by device
53 |eqg2 R1 (Ohm) EBE[E]EI [ high side feedback resistor for adjusting output voltage
&0 R2 1000 low side feedback resistar ' s
W 4 b D Waelchont £ I wai
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TPS54x40 / 60 - Design support

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

e Loop Compensation:

— Designing Ultrafast Loop Response With Type-Illl 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 - LEDDRIVERG6OVSWIFT-CALC
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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

o Split Rall (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

13 TEXAS
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TPS54620

13 TEXAS
INSTRUMENTS
TPS54620

SLYW59494 —MAY 2009-REVISED JANUARY 2010

4.5V to 17V Input, 6A Synchronous Step Down SWIFT™ Converter

www.ti.com

FEATURES "™
VIN
+ Integrated 26mQ / 19mQ MOSFETs I—E VIN
+  Split Power Rail: 1.6V to 17V on PVIN o ol M
» 200kHz to 1.6MHz Switching Frequency =
+ Synchronizes to External Clock —|EN PH
+ =40°C to 150°C Operating Junction —| PWRGD
Temperature Range VSENSE
*» Adjustable Slow Start/Power Sequencing g?gﬁ(
COMP  GND
Css| Exposed
Thermal 1
Pad B
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Parallel operation of TPS54620 for higher output cu  rrent

ui
R3 108K TPS54620RGY
A RT/CLK PWRGD|-'* L1

E§ GND BDDTE;CB{ ol 1 i“HZ VOUT = 1.8V, 12 A
L —4§:I[:.I E;—;J : l T R7 -
VIN = 10.8 —13.2 v 2 pviN Gl “lcg 1@
I SN @ SS/TRI2 55) 2330 uF
A Zlv_sns & compl-&—fcowr
€1 - c2 L¢3 — 5 < R8
A\ 12 1ewr | 47uF R4 = = "
as 2.80K T V_SNS
<RI - =C7 < R9
S 257K _ ca—l 0.01uF 1 10.8K
B.839uF 1
R2 =
| 8.06K
u2
i TPS54620RGY
. RT/CLK PWRGD| 2 P15 L2
2 16ND goor 13 %) }j@'NF 3.3
2 lonp F’Hﬁ] L= L
—{PVIN PH o1
5 |ovin en| 12 (e St
2w g SS/TR —.: 55 Jssa uF
V_SNS o COMP { COMP
= C11— C12—— -
:"IgZak 10ufF |  4.7uF "
- = » Connect COMP pins together
5.1V N = e Connect V_SNS together
Il 5 U3 » Operate with same frequency
3 (180° sync from external source)
SN74AHC 16@4DCK e Connect SS/TR together
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Paralleled TPS54620 - Results
o See App Note “TPS54620 Parallel Operation” (slva389)

Current Sharing

Efficiency
60 q
100
58 g0
56 80 / I
54 /
. 70
2 52 N I
8 \ ‘60
S 50 4 >
2 5 50
o 48 2
£ 40
4 M3 —
44 m== Current through U1 |— 20 VOUT = 18V
=== Current through U2 _
42 T 10 VIN = 12V I
" R | ‘
12 6 7 8 9 10 11 12 13 14 15 0 ‘ ‘
0 3 6 9 12 15
Output Current
Qutput Current - A
" ) 4 b y : b '
: _ [ | | Inductpricument (L1) F 2 A/ div
‘ ‘ PH L) =5V./ di¥ ‘ il
L@n 1 iw | Ihv g?*
| Inductor Current (L2) = 2 A/ div
i | [
| | PHU2)=5V /div | \ |
~nhingl  Busipiosen ?x}umw _;‘.mmm Emwm i, [opesag rmmw faen
[ | |
> Time = 2 usec / div
Figure 10. Switching Node and Inductor Current Waveforms
13 TEXAS
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Want to Power a |ISO7217

TP1
Y

4.5 to 5.5v =

TP2

17

—C2

10u

DN ([—

R3
10k

100p

U1
o2
11
PH
TPS54218RTE | 110 -
9 11.50 uH  MBRA130LT3 P3
X SS P Y
10 e 2|85 B 5vdc
Sk Au 3 7 ——c4 200ma
J 6 7 8 06 1Qu TP4
665k 8 )
c8 L
L C6 l
2l 1000p
c7

Consider Asymmetric Half-
bridge Flyback
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Waveforms

_Cin

T 8S1

S1

S2

ILpri

Im_valley

yd

|D1_p7

ID1
|(D*Ts" (1-D)*Ts ~
i3 TEXAS
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SWIFT DC/DC Step-Down Converters

Non-synchronous Buck

L T V°t;2:klf§é
6-A i i i E 0.8 to 15V 14 QFN
T N 091045V | 308N
ﬂi | i ﬂi 0.8t015V | 14 QFN
SA S ] 11221031V | BHSOIC
4-A i ! i | 081045V |16 QFN
i : : J: : : J: 0.8t05.5V | 16HTSSOP
Output L TPssa0 | ________ 1 221031V | 8 HSOIC
! | TP854331/2 (570/1000 kHz) nght Load Eff|C|ency | ! | 0.8t0 25V 8 SOIC
3-A i i i i i 0.8t0 15V | 14 QFN
i i 508t045V 16 QFN
i | TP854260 — light load efficiency - _i_(;.;a_tc; ;3;\;_ _ ;(; _H_lvl_s_OP
2.5-A i | TPS54240 — light load efficiency E 0.8t039V |10 HMSOP
2.A| 1 [ TPS54231/2/3(300/570/1000kHz) ~ light load efficienc y | o 081025V | 8SOIC
i i i i i 0.8t05.5V | 14 HTSSOP
i i i i 1081014V | 16 HTSSOP
j J. , ' 0.8t0 4.5V |16 QFN
. | TPS54160 — light load efficiency } | 081057V |10 HMSOP
L.5A i II ___ . TP854140 — I|ght Ioad efﬂcnency | : [I E 0.8 t039V |10 HMSOP
0.5-A 15 i .. | TP854060 = Ilght IoadTeff;C|ency | . - {0.8 to 57V |10 HMSOP
i — | TP854040 — Ilght Ioad efﬂcnency | // i 0.8 039V |10 HMSOP
30 3.5 4.0 45 55 60 8014 1718 28 36 42 " eov .
Input Voltage
i3 Texas

INSTRUMENTS




TPS40210

3 TExAs .
INSTRUMENTS TPS40210, TPS40211

SLUSTT2C-MARCH 2008—REVISED OCTOBER 2008

4.5-V TO 52-V INPUT CURRENT MODE BOOST CONTROLLER

www.ti.com

FEATURES
« For Boost, Flyback, SEPIC, LED Drive Apps

e Wide Input Operating Voltage: 4.5V to 52V

0 <

TP540210
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TPS40210 Bipolar Output

Dle2 B230 _15v @ 250mA TP\1{01 ,
< —Vout
102 11 |onp
cle1— D103 cle2 cle3_L 1R;km T et
10uF B230 10uF 10uF
P2 L1 22u TP7 R12 oD P10
A 4.5Vdc to 5.5Vdc =" 0 B230  B230 +15V @ 250mA v,
Vin 2 ! Y Wy g L g +Vout
oND P1 l l ™11 14 [onp
R6 c8 cleo c11L ci2L R102 C 432
) 22uF 22uF T T 10k
= 10uF | 10uF
R1 1851 R7 1] L
182k U1 I ) ) @} Q3
 TPS402100GS L AN e rpssss4
10 -
RC VDD
C7, 1u
2lss VBP:4| 0 R15
o ch TS0 GORVES T$5 )
330p 6990 5COMP  ISNSIC I
FB GND R11
= = 1 c4 Fsw = 300kHz = ==§§0p 9.05
= 1@nF
c3 L = =
4.7p R2 R9
22.1k TP4 49.9
700mV AN Y ’\)\/\,
R5
R3 41.2k P8
2.00k I
13 TEXAS
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Multi-Output TPS40210 Sepic

Q2

D7

MURS120T3 J3
Ji TP 2N7002DICT - P 1 12V/0.07A—0.4A
12 — 47 VIN b 2
3 700 uH D5 5V/0.15A
GND C12 R4 3 3.3V/0.25A
= 2.2uF Q3 249K 1 h‘ g MBRS140LT3 %_% . .
100V 5
2N7002DICT [3
= ) D3 2 2. D1 = IR
- 8
ol =y 3 MBRS140LT3
C13=— c14 | c15 | c16 |
12V = TuF 4 20uF T 22uF ] 22uF ]
T
b2 1 MBRDS(: 4-0_LT3 3.3V_150
BAV70
. . J_
Cc36
5 C30 R2 1PS402 10060 C3=— 110 10 UFi
sV R12 383K T
A | —frc voo}i2 1uF 8izls ° ‘
249K 100pF ss VBP R3
R7 C31 é_ J— 8 4G |N- Q1
DIS/EN GDRV WA al
IRF7452 .
3.3V 4. 7 .
o e 15.0K 0.0047 \F 5o 'iﬂi : ° g Note: One Secondary
A Pwpd | | . I
TP 49.9 105 75.0K Lo | s Needs 1:1 Ratio to
F = 100KHz .
WA
N - Primary
13.7K % C10=— ——C9 C8—= —C11 R6
1uF 470pF 1uF 150pF
: P : ot e PMP4208
an

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
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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)

e Multi Output Circuit
was 85% Efficient

{i; TEXAS
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Extended Vin for T
(Lowered VIN / Co

PS40210
d Crank < 4.5V)

TPS40210 will be powered
o o off the higher and stable
Ay 4.5V to 18V, 40V surge |2 VOUT during VIN drops
Vin 2 J_ J_ J_ e L
Gnd P o B2 D100 c8 c1e é % -
220uF ¥ zHes1006 I4.7uF I4.7uF 7
— = Sev = = ’ 5V5 ) —
T D99 V C28  4.7uF
I“‘ ZHCS1086 c15  4.7uF| MBRS360 Y
R1 = | P T T 5.6V @ 1A
249k C11 c12 P11 7 — Gnd
Ut 20uF 22uF
1T§§4oz10v%ch 0 1Cu7 s.man - = =
2 9 |_
ss  vBPR—]
2731 L le 3sp corvfE TF’5
P I@.zzu lcoMP  ISNSH
4 L S8 onpfe T R10 o
1 Lcg
Fsw 270kHz = 100p 0.04
C4 = =
T 8.2nF
c3 L
100p R2 RO
6.49k P4
700mV Y 49.9
A A
R5
;3% 14.3 78
L L PMP4543
i3 TEXAS
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TPS61175

i3 Texas
INSTRUMENTS TPS61175
www.ti.com 5LV5892_DECEMBER 2008

3-A High Voltage Boost Converter with Soft-start and Programmable Switching Frequency

FEATURES

e 2.9-Vto 18-V Input Voltage Range » Frequency Set by External Resistor: 200-kHz
e 3A, 40V Internal Switch to 2.2-MHz

Vin L1 D1 Vour

— 1 —Cc2
TPS61175
— VIN SW § Ri
EN sSw
FREQ FB

SS PGND

COMP PGND § R2
§F~’.4 ——c3 % R3 Syn PGND L

AGND NC
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TPS61175 Flyback

J1
3-to 6-V f; R11 22 pE =
1nu
T D2
EA515 G084001LF MBRS330T3 52
] U1 -Iz S ca ]S\a'atl] 5A
ey | | jTrssewe 23 S | L
0.1 pF T T 10V -
‘; EN sw f4 1'4—' e = R10
N 4o|SYNC PGNDI —e Toa
FREQ PGND[3 I
: ss  PGNDH2 472'3&\?’:
J comp  FB2 - .
R5 = 7 11 l
90.9 kQ = 100 pF \Vi AGND g ¢ VA R2= _| ¢7 =R3 =R4
15“' 499an.022 WF <1 KkO=2 kO 2 Re
U2 =
%7 TCMT1107 | &0 20k
| cs 1
T 1pF TL : D3 0.01 yF
- BAS16
j'{ u—| }—0—&
= R7 = R9 5| )
<4990 < 49.9kQ - PR
%77 R12 = i 5170 E TE) =20 k0
= 4w =
10 mi va TL431A
i3 TEXAS
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Offline Buck

120
to 250vac 1 % i
P * Al R1 c2
D1 E=cCi
T\P(2 WVY—}U HD@4 | 2.2uF 1k 1 _gfu '4,1@“@\,
R2 33 AC{ f Q1 T =
> 1 —@ 3904 <
Q3 5 |E3 IRF93(1)
3906 P 1500 uH P3
D2 (o 1 _ Y
| — L1 J_ Svdc
BAS16 TD3 c4 at 750ma
MURA140 Iezau e
Q4 = = I
FCX658ATA 1
D5 -
<
BAT;A\
25 UA Quiescent Current Q5 -
Q _ . FCX658ATA §R5\ Self bias
0.65 uS Constant On-time TPS64203DBV 9 3.78k

Ve 499 after start-u
D = 5/400 = 1.3% Ol s \ P
F =20 kHz ( Lo ~~ Emitter switching
% = for fast switching
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Minimize In -rush current on TPS61200,
TPS630xx. TPS610x

L1
' 3.3V
2.2 uH K
U1 1
1.8V — 5.5V , [PS63000DRC NI | vouT
J AE L2 f
1
VIN  vouT J4
VIN R4 8 3 Ri
e c1 , Steem L |MNA PONORTY é c2 _|c3 ; | GND
- VIN 1eoM== . ==
10uF | SYNC o-2P2 s|n"S TBrg 1 10uF |10uF
END EN o OO v
J2 v w = ¢
i = 11 R2 s
oND| . |2 | 178k - o
R3 r
v % = css ‘
1 = =
\Q”g JP1 1.00M [ o1
GND L ‘
- ‘ 1N4148W RSS =

CSS=1uF, RSS=10K ohm
****************************** ' I s 7 T

Fy Measure PI:treg(C1) [ F3--- .
Measure Pl:fren(C1) PZi-- P3-- e - . - value
value

100us/div

status &

10ms/div
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Typical Integrated Buck Circuit

Typical TPS62291 Application:

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

TPS62291
Vin = chiOoG v ] v » 1_/\2/3;13\ vOUTO: 3.3V
o—{ EN L
HOHE 2| MODE B 10 pF
GND
—= — PwrPd =
il

 Very high level of integratior_l:

— Internal switch MOSFETS (which allows for high frequency operation)
— Internal compensation

— Internal soft start
— Internal current limit What can | change?

13 TEXAS
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How to Reduce Overall Converter Size

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

PWM SYNC PFM7 ON EN OFF  LBO PG
PWM

i3 TEXAS
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Inductor Considerations —

|sat

« Smaller inductor size with same value

— Lower saturation current
— Results could be catastrophic

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

6.8-pH Inductor, 3-A Saturation Current

6.8-uH Induc

le Current

tor, 1.4-A Saturation Current

Dimensions; 7 X7 x 2 mm

Inductor Current
| (500 mA/div )

Dimensions: 4.7 x74.5 x1.4 mm

Inductor Curkent
(500 mA/div )

111111111

Results of saturating inductor:

Time (5 ps/div)

- Inductance goes down

- Al goes up

- Output ripple voltage goes up
- Potential stability problems

i‘i 1IEXAS
INSTRUMENTS




Capacitor Considerations

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

TEXAS INSTRUMENTS
TPS6211xEVM=101
HPA1@1 Rev A

a . Texos Instruments
Ib \ TPS61220EVM—-319
HPA319 Rev. A .

m
VOUT 4

o Stability e Features of the TPS61220
* Ripple Voltage * Low I, boost
e Transient Response e Low V

INSTRUMENTS




Output Capacitor — The Real World
L

Y Y Y\
MuRata GRM219R60J106KE19 M 1
10 pF, 0805, X5R | |
100 i ESLcour 31
~ 10 i i ER
G | ESReour |
S 1 | Cour= |
i I N o N I O O N R o O 1 S —_d
: ¥
o 0.1 —
o :
£ 0.01
| Capacitance, ESL,
0.000101 1 1 10 100 1k 10k and ESR all affect
| | ' Frequency (MHz) power-supply
: performance
< > < >

Capacitive : Inductive
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Capacitor or Capacitance — DC Bias

« Capacitor value does NOT equal capacitance
o Capacitor tolerance — £20% (measured with zero DC volts

applied)

 DC bias effect

0

/5 O
— Capacitance drops with applied DC voltage /)@ /Vo)\
— Package and dielectric dependent 'OO@/ Ys
30.0 —Saallox nn_nlmnn|\..m.m? +|q|fm lnvaar nan llaca @/.0 G%\
22 F, 6.3V, ! & L
X5R, 1210) 22 HF, 6.3V, 2 Y%,
— 2521~ /1 I T X5R, 1206 % S,
3 ~— I _K0 Sy,
$ 204 f ?\\'zi 2% Sliozt’ 3.3V 7"
= 22 yF, 6.3V, L\\\ ' :
= | X5R, 08051 N | P~
& | \'I\ —~__—10.5% drop,
S 108 | A 19.7 yF at 3.3 V
6.0 18V | 33V __ —40% drop,
0 1.26 2.52 3.78 5.04 6.3 13.2yFat3.3V

DC Bias Voltage (V)

13 TEXAS
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Output Capacitor — Considerations

. : AV
« Stability and transient response M 37
. Al
« Output ripple voltage AVoyuT EsL
— Generated by Al, into output capacitor
impedance AVout_esr

IOUT

Al :(VIN VOUTj X(VOUT\ x(l]
v )\
Capacitance ESR Inductance
(Al ) Al, x ESL
AVoyt c = LSCXfSWJ AVour_gsr =AIL XESR - AVouyr_es =7 Lx Vour
fsw  Vin

Which one dominates?

13 TEXAS
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TPS62290 Design Con5|derat|ons

« Higher LC corner frequency = faster transient

foo=——
Lc = 2n\/LC

ré Recommended LC values and TPS62290 Corner Frequenci es

Capacitance Value
Value Corner Frequencies
Case C Case D

156.6 kHz 107.1 kHz 49 5 kHz 339 kHz | 23.2 kHz

107.4kHz 73.4 kHz 50.4 kHz | 33.9 kHz | 23.2 kHz 15.9 kHz

TE O C38B 1 41 kHz | 27.7 kHz | 19.0 kHz [REERNCE

' 60.0 kHz ' ' ; '

Case A Case E

72.4 kHz 49.5 kHz 33.9 kHz 22.9 kHz 15.7 kHz 10.7 kHz

4.7 uH 495 kHz | 339 kHz | 23.2 kHz | 15.7 kHz [NAEV: 7.3 kHz

6.8 uH 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.
I Component values not recommended. LC corner frequency outside recommended range.

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

« Using recommended LC values, f - ranges from 15.7 kHz to 60 kHz

i3 TEXAS
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TPS62290 Smaller Inductor Values

TPS62290 Load Transient with
Different LC Combinations

Inductance Value (uH)

Load Current (500 mA/div )
N

800 mA

J®> L=22pH,C=104F

(B> L=15puH, C=47F

| (O L=0.47 pH, C = 4.7 YF

(D) L=0.47pH, C =22 uF

Output Voltage (100 mV/div)

Time (5 ps/div) _ _
More is better — increase C!

13 TEXAS
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TPS62290 Larger Capacitor

TPS62290 Load Transient with
Different LC Combinations

Loacg:i Cur;rent 5(500 r:nA/dljv) 860 mA

300 mA

VOUT’ AC Coupled l(lOO mV/d:iv )

|
I
!
| J | |
|
"r

100uF

(EX» L=2.2pH, C =100 pF

Time (5 ps/div)

13 TEXAS
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Output Filter Impedance
L

ZIC Filter = C

» 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

13 TEXAS
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Capacitor — Loop Stability
1

» Stability concerns are same asfic = —
inductor (f, ) aTVLC

» Refer to IC datasheet for specific
guidelines

e Not all ICs are the same
—TPS62110 =>» no upper limit on capacitance

— TPS62290 =» upper limit constrained by f, -

13 TEXAS
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Output Capacitor — Considerations

e Operating conditions determine the critical
parameter

AV
M BT
e Example: TPS62110 Al
— V=12V, Vo1 =5V, g,y = 1.0 A AVout_est
— Al,=0.43 A AVout_ESRr
— di/dt =1.02 A/U.S I AVOUT_C

Output Capacitor Parameters =

Capacitance
with 5.V | ESR | ESL

DC Bias (uF) | (m©Q) | (nH)
TDK, 22 uF, 16 V, 1210, X5R | /21"

TDK, 22 yF, 6.3 V, 0805, X5R \ 8 ’

i3 TEXAS
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POWER on line - search

Wi» TEXAS INSTRUMENTS

¥ Products @ Applications ¥ Design Support

http://power.tl.com

¥ Sample & Buy

> Power Managerent

Power Management
Cross Reference = Application Notes

Texas Instruments Power Managernent IC solutions ranging from standard ICs to high performance plug-in, power bricl:,
digital power and integrated power modules, From AC/DC and DC/DC Power Supplies, Linear Regulators, and

Mon-Isolated Switching DC/CD Regulators to PMIC and Power and Display Solutions Texas Instrume
Management IZ Solutions can help you complete your project,

_Product Tree | Parametric Search

Power Quick Search @ i

ACFDC and DCSDC Power Supplies
MOSFET Drivers
Pl Power Supply Controllers
Power Factor Correction ICs
Pawer Supply Support
- Feedback Signal Generatars
- Loadshare
- PMOS Switches

Mon-Isolated Switching DC/DC Regulators
CC/DC Converters (Inteqrated Switch)
- Step-Cown Requlatars
- Step-Up Regulators
- Buck-Boost Regulatars
- Inwerting Regulators
DC/DC Controllers (External Switch)
Inductorless DC/DC Regulators {Charge Pumps)
- Step-Cown Charge Pump Regulators
- Step-Up Charge Purnp Regulators
- Buck-Boost Charge Pump Regulators
- Inverting Charge Pump Regulators

N,

View additional criteria

Training = Tools & Software =Block Diagrams = Reference Designs = Analog eLAB ™

Later Vi, Vout, loat
00/ /ewmm/(ds’ /I‘ﬂ/aﬁ across

a lines

Input Output 1
*Maminal Win Vaout Tout
® () (vl (A

» TurboTrans™ Calculator

» Battery Chargers Quick Search

"

Power Solutions for Your Processor of Cl‘micm

T —

e

Choose Processor iype

Show All Types

Choose Processor Family

- Select a Family -
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POWER on line ref designs

http://power.tl.com

W3 TEXAS INSTRUMENTS

¥ Products @ Applications ¥ Design Support ® Sample & Buy

= Power Management

Power Management
Cross Reference =Application Notes = Training =Tools & Software =Block Diagrams@ence De@ﬂmalag eLAB ™

Reference Designs

Wwelcome to Power Management's Reference Design website, The links below offer twao
wavys to find power solutions for your systermn, The Processor Power reference designs

offer power
details, schematics and useful links for individual processors. The General Power

Reference Designs links offer designs based on Vig, Your, and I,ge requirements,
* NEW Processor Power Reference Designs
s« General Power Reference Designs

» Single Cutput Reference Designs

* Multiple Output Reference Designs
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POWER On line design support

Play Demo

wu dEearch by =g

Cur new interactive
MCU selection tool
makes it so easy to
find what you need.

O Try it row

Texas
INSTRUMENTS
Products o Applications o
Gemioonducdoers: Audic
w Aoy lifises f Linasr Autannatiee
o Glocks B Timers Brosdzard

& Data Canverters

TI E2E Support Community ©

Communastions b T econ

Design Supporic

(1/3)

;I'J-'-'_‘- Texas Instruments

3 -
a@f Analog e!_AE
\H_J / Design Center

Ready to help yvou with your designs. Learn with webcasts,
online training or live interactive sessions, Select the
products needed through quiclk searching and parametric
analysis,

* Migw TI Analog eLABR™ Design Center

A

Contact Technical Support ©

Email Support

TI Product Experts are available to answer questions wia

ernall mhonse the ot cnecific forem to evnedite wooe

Product Information Centers

TI reqgional Product Information Centers have b

technical anecstinne ahoot cermicaondoctor neodoe

Interact with vour peer Engineers, TI Engineers, and other experts in order to ask questions, share knowledge, explore ideas, and help solve problems, Choose a forum to

* Analog
> Applications Processors
» Audio

» Digital Media Processars

» Digital Signal Processars
» DLP®E Discovery
» General

* Low Power RF and Zighee

» Microcontrollers

» Power Management é

* Forum Home
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POWER On line design support (3

www.ti.com/analogdesigncenter

Switcher
Frlu

ST S Texas Instruments

o7 o
{:9;' Analog e'_RE

Desktop

Design Center

Ready to help vou with vour designs. Learn with webcasts,
online training or live interactive sessions, Select the
products needed through quick searching and parametric
analysis,

e e Lot T m e P g - -

> Wiew TI Analog eLAB™ Design Center

Design Canter

Lisrs 5] . st plaog iy LT
ezt o {."’; Analog E vy

n M il n

51| Design e
Lamaimr A
[ -

* TI Pro Series

- SwitcherPro™ Design Software
- SwitcherPro Info
Ll e -

- Download Mow
- Use Online Mow

- Learn How to Create a Design with
SwitcherPro™ :

- ADCPro™ Evaluation Software
- ClockPro™ Programming Software
- MDACBufferPro™ Design Software

- FilterPro™ Design Software

i

Reference Designs

Calculators and Other Utilities
Hardware Design Tools and Software
Quality, Reliability & Lead{Pb)-Free
RoHZ Content & Celivery Schedule

Packaging Information

w

i

W

i

i
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POWER On line design support (3

www.ti.com /switcherpro-a

Welcome Heath Gallimore Support Forutm Beport & Bug / Send Feedback  Logout
version 00017 B

‘,{; Switcher Pro

Welcome Message -

Welcome to the Switcher Pro design tool, Thiz taol allows the uzer to design power supplies with Texas Instruments contrallers

fram the TPS40K, TPSS0k (SWIFT), and TPSEOK (LaPwrDC) families, Switcher Pro pravides functionality ta create, manage and
share custern designs, It alzo provides some common EVM designs that vou can use for reference or starting points for custom

designs,

Mate: if you wish to save your designs then please register, For detailed instructions please utilize the "Cuick Start" reference
page,

Vout: LE0OY lout 0.250A VinMin: 4.50¥ WinMax: 5.00¥
[ [ EVM Designs
= i ul L1
3 My Designs TPSE2200 10.H
- My TPS5430 Designs
|:| : Mew Design
D : Mew Design
Ty .
D | Mew Design 3 _1 Cc3 R1

}

“in i S [

Wout

|
|
al
H
- [] 4 Mew Desian o1 1580pF
F- ] 3 heath new desian —_—
al
t
al
|
H
al

- 23 Mew Design TuF 2 K _1 c2
R T
D : Mew Design

= 3 Mew Ciesign —— g
[ 8 Mew Design 4120pF 3.83K0

c4 R2

5 OO pre OO o OO o O OO e OO o OO o SO e B e DO o

-1 2 Heath's Test
- 2 trsszeno T
Y schernatic =
Fi ad Analysis

G

[1]

Dlﬁ‘ Stress Show irmages on tooltips Mote: Parts with bold Blue labels can be complately modified, parts with plain black labels allow only name changes.
[ Efficiency
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Power Literature

Power Management Selection Guide —

Management .
Guide

Power Desigh Cookbook II

Power Desigh Cookbook II
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Colaterall

Power DC/DC Conversion - Power management solutions for Power management solutions for
Management Ouik-Hslomnca Evkda Stellaris® ARM® Cortex™-M3 MCU ultra-low-power 16-bit MSP430 MCU
: LED Roference

Design Cookbook

Eemsm s
ETE T A S e e

[ —

5ITM!hi!{l“ﬂlﬁw
: -

i

« 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
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