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Agenda

« Characteristic of passive and active components
— Inductors
— Capacitors
— Switching regulators
— Ease your designs challenge

» Special circuits
* Thermal Design
* Improved measurement techniques

 Layout
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Inductors — Selection of different core types

Beware of possible fringing field
generated adjacent to the gaps

_-

_____________

" Rod Core Unshielded Drum Core Shielded Drum

Toroid Core Shape Core

Source: PULSE Power
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Inductors - Some characteristics to be aware of

e Saturation « Temperature Dependency of |,

— Inductor loss will cause
temperature rise

— Saturation current will drop during

operation
' _ o +20 :
Hard Saturation I _ ;
* £+10 :
*I; E . ----H\.._i\\
= 1N 3 |
8 f ~\ - |
g A e 5
E I \ ) g 2 B
Soft Saturation A 5 I B
o 30 i
=40 1
Current (A) -40 -20 0O 20 40 60 80 100 120 140

Ambient temperature (°C)

« A saturated inductor is not longer an inductor — it's just a piece of wire !!!
« Each inductor manufacturer has its’ own definition for saturation current!
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Effect of core saturation

Tek Run: 1.00(35/5 HiIRes
-

AT 128mV
1A: 2.00us
@ 180mv

2.36uH

Saturation

| safe operation
S area

S LA = S00rs S R 12 Jul 2001
11:01:01

Saturation causes: - drop of inductance
increased ripple current

triggering of over current limit
feedback loop instability (changed L)
thermal run-away (increased I, zus) 5

Might cause:
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Inductors — Self resonance

L 90_00—:

Om_o 75.00

| ;

C Esaoo-;

o ReaI-WorId %45_002

inductors g

— “y £30.00—

=> parasitic 1

capacitance 1500

* feo>> 1, M
000 IIIIHI| I \\\HH‘ \\HII\‘ [ IIIII\I|

10k 100k ™ 10M 100M
Frequency (Hz)
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Inductors — Inductor current in CCM

A

ey " CCM Mode
IL_Avg ] IL_Ripple
IL_MlN - “V Buck
<toF <ton—
| .
Inductor current ripple ratio I = _L_Ripple Boost
I L _Avg

T Buck- Boost
CCM - Continuous conduction mode

(Inductor current is continuous)

2
|
. L _Ripple — o
I vax = VA > I rvs = 1 avgq /1t
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Inductors — General design guidelines (CCM)

* Design forr~ 0.3 ... 0.5 ; 0.4 is kind of optimum
* Ensure that:

<]

— ||__Max Sat (of selected Inductor) »

<]

_ IL_Max RMS(of selected Inductor) and

_ IL_I\/Iax < ICurrent Limit (of selected Switching Regulator)

* Apply adequate margin for larger |, ,,, under
transient -
conditions (increased D to cover sudden load steps)
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Capacitors (SMD) used as CIN and COUT

Size ESR Cost Current Rating

Std Al Electrolytic large high lowest low
OSCON low medium high
Solid Polymer (SP) medium | medium / low very high medium
POSCAP low high medium
Tantalum medium medium medium medium
Ceramic small very low low ... very high high
Al Electrolytic: + Cheapest

- ESR varies greatly over temp

- Low performance
« Tantalum: - Short circuit when they fail
« Ceramic: + Lowest ESR, ESL — low ripple voltage, fast transient resp.

- Limited by value <= 220uF

- Sensitive to mechanical stress (cracking)

- Microphonic effects (audible noise generation and pick-up)
« SP, OSCON, POSCAP: - Limited operating voltage
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Capacitors — Impedance characteristic

C ESR ESL

—— 10 pF Ceramic

—— 180 pF Solid Polymer

— 470 F Tantalum

—— 1000 uF OSCON
10 q
N
N
N
\ 1 \ \\~\
§ \\ ~\‘n \
© \\~~ \
g 0.1 N \
Q.
£
% 0.01
o
0.001
0'00010.1 1 10 100 1k 10 k

f - Frequency - kHz
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Capacitors — Some effects to be aware of

Temperature Dependency of Capacitance

DC Bias Dependency of Capacitance

40 120
0 LN Tantalum 100 16V, X7R
) 8 N
[&]
c c 80 ~
g 4 \ S \
5 20 ‘/ \ X7R O .
@© - 8_ 60 .\
a \
T -40}F / \ © o
g Y5V * © 4o} ~o .
s or A = Saao o 16V,Y5V
80l ~, 20 ----__-
-100 | | | | | | | | | 0 . L . L . L
60 -40 20 0 20 40 60 80 100 120 0 4 8 12 16
Temperature °C DC Voltage (V)
Source: “Comparison of multilayer ceramic and tantalum capacitors”;

Jeffrey Cain, Ph.D. AVX Corp.

“Capacitors for Switching Power Supplies™;
Dr. Ray Ridley, Ridley Engineering

Further recommended reading:
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The universe of switching regulators
Switching DC/DC Regulators
|

v A 4
Converter

Controller
Buck — Boost Adaptive J Predictive
m Inverting Buck - Boost or SEPIC Non_Synch m Gate Drive Gate Drive

Integrated Charge Pump Internal (Drive) Ext. (Drive)
Bootstrap-Diode (Drive Voltage) Voltage Regulator Voltage Regulator
Standard PWM | PWM / PFM | Min t,,, t... | Hysteretic |D-CAP | D-cAP+ | D-CAP2 JECO Mode
Single Channel @ Multiple Channel@Single Phase m Phase BalancingPhase Management

Adj. Frequency Fix. Frequency | Spread Spectrum J Freq. Sync Bi-Direct. Sync
< 100% DutyCycle | 100% DutyCycle | Min t,, limit [ Min t.. limit Jinternal VREF JExternal VREF

|EN | softstart | Tracking | SEQU [ Source/Sink | Source Only / Diode Emulation

Adjust. Select. DCR Current Resistor Current HS - FET Current LS - FET Current
C/L C/L Sensing Sensing Sensing Sensing
| softstop | VOUT Discharge Diff. VOUT Sensing

External Loop J Internal Loop Digital Loop J Over Shoot
Compensation | Compensation | Compensation ] Reduction

Dynamic

Droop Compensation / Voltage

Positioning

Load Line
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Ease your design challenge - SwitcherPro™

Switcher

RO RD8 WEQ

Welcom

*i TeExas INSTRUMENTS

Juergen Schneider Log
port Forurmn | Help

Design List

what If Analysis

Library Manager

Name: TPSS4040 30V to 3.3V @ SA

VinMin: 13.000 VinMax: 30.000 Vout: 3.300

Part: TPS54040
Tout: 0.500

B.O.M Lavout D;Notes

—OUT
cz2

10uF

Schematic
BOM

Design and Verification
* Part selection

Loop response

Efficiency

What-if analysis

Stress Analysis
Extensive library

Use of own components

Layout

—— Efficiency For Win Max

T Schematic Analysis Stress [~ Efficienc Loo
[E] =t L * B8
r:’-" 2 Towas Instruments || 3
.«@o Analog el_RE || a.10F
\-_, 4 Design Center Ui 3I3_L],|-H
Visit the Analog eLAB™ Design TPS34040
Center for more design resources 4 BOOT PH
2 =]
2 IN WIN GhD R1
i} -{EXAS L R IE Bz404 SRl
¥ D1
NSTRUMENTS > 348KQ 3 e - 2
= R3 X R2
P-4 45, 4K 0 10K =
R TRG lasmr vsns|Z
Jpen cS C7 Z
c1 =
= == | | e & | S|
co B = =
4.7uF PwPd =l =
1
i Al i
Switching Freg Cross Over Freq Daminant Pole Freg ESR Zero Freq  Gain Margin ~ Phase Margin
698Khz 30.9Khz 2.4Khz 15.9MHz -19 dB 62 Deq. s0 3
a0 g 480
E 450 5
70 Fd4z0
E 200 FO
60 F 380
P50 55
S04 F 300
Fevo B0
40
55
304
—~ ~ 50
@ 2o <
= o 454
= 104 I
K 2 404
g 0 =
“1n g 35 -
o o 0.1
-20 4
30
_ap
10 100 1k 10k 100k im oM
Frequency (Hz)

0.2

0.3

Current{A)

0.4

. Efficiency For Win Min

0.5

[] Show Point Labels
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Agenda

« Characteristic of passive and active components

« Special circuits
 Thermal Design
* Improved measurement techniques

- Layout
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TPS40200

I3 TEXAS
INSTRUMENTS TPS40200
www.ti.com SLUSESSD-FEBRUARY 2006—REVISED NOVEMEER 2005

WIDE INPUT RANGE NON-SYNCHRONOUS VOLTAGE MODE CONTROLLER

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

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

J1 TP1
17 - 7sv[ B—X
GND 2 ca
Liey SR L 1000F 2gp  o=C  mC2 <=3 Level Shift
127K 9.02 2.2uF 2.2uF | 2.2uF
R3 1 /
43\1/ A 1.0K -
U1 % R4 § R5
TP3 TPS40200D 20.0K 20.0K
b 1[Rc _ vbDlL-8 / Qs J a12
2lc  1snskZ BC856BDW1 @5 2@ BC856BDW1
SlcoMP DRVIS R6 \nn 2 = = 2
418 oNDI2 %) a2 \Y; ~700mV
- = IRFR5410 BE_Q3
530 | 0-@1uF | 47@pF L F = 200KHz
cg cé 7 @.47uF = C° R8 A x 7.15K —@ Qs
R7% c9 _y @.1uF AMA-= BSS64LT1
L1
100K
TP5 33uH TP6  jo
/ 21 [onD
Clamp _ § R9 Clo=2 Cl11== § R10
U1 is Floating, not 2.49K & D2 220uF | 1@uF 44 9K
MBRS3100
longer connected
\ . L X
PMP4855 to circuit GND ! Vg = Vig ~ 696mV - le1o ~ lra ~ lrs ~ 97HA TP7

16
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Negative Boost
| |

’\s}{?\{ 96% [ -18Vin |
) -— |

c1 94% - \_N\
l "

92%

TPS40200
RC VDD 8

- : ; § Reense ~
F—{2]ss 1sns[7|—3

~ r3 ©5 1J .
_rw\,_”_ 3 |COMPGDRV_ 6 ::. at L1 Vour
J_‘ J_‘ iy L v wo 86%

é ; 4 |FB GND. 5 D1|- ., c2|
R4§ R1< R2< |—I | T 84%
c6 J: = 82%
T : 80% }
OA 0.2A 0.4A 0.6A 0.8A 1A
Standard Use of TPS40200 ot Gurrent

as Positive Buck C1 390pF
I Modification as

R1 22,1k C2 1@nF

90%

88% -

Hficiency

Lt D1 w—i| Negative Boost
™1 68uH P2 B340 P3
D¢ P~ D < . D
Cc4 (?1 Cc3 U1 Cc5
330uF R10 Si4447DY 1@@nF— TPS40200D L ce _L ¢z 220uF
B OPEN § 7 R4 0 ={oND FBl 470nF 470pF -
J j AMY DRV COMP R3
6 3
—15 to —18V ; n —{ISNS s} P4 3.32k 5 | —28v @ s60ma
GND C8 - R5 1.0K 8 VDD R 1 Y c11 1 GND
1ouF Fsw 300kHz 2.9nF J2
- c12 T § R7 cle L § R8 =T=C9
oPen 2.02  220pF 68.1k 4.7uF
' . . PMP4589
TP6 = TP7
17
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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

The Parallel Universe of
Negative-Input Voltages T

= Ri
Vi

By John Betten 2nd Brian King. Applications Engineers,
Texas Instruments, Dallas
ut
uccasta
end L COMP REF|-
| = R3 FB VCC
-,
IN — C1 U1 cs out
5 | Ps4o200 o1 —RC  GNDF—
VDD R7
. Eg ISNS |- /A
HGOMP DRV o ”—cr e V_‘CB ad
FB GND TT T
e Inverting Buck-Boost Love shit
@ |
- He
S E P I C Gnd [E é R1
i
c3
*— Ui
ca 1 R5 | Ucc3sis
R4 — |8 - COMP REF|
TPs4do00 c5 B ML
» R6 J2 out
VoD RO . A4 oo T Gnd oL —{RC  GND|-{—
DRV COMP :!J ’—' 2 AAAS
GND FB ——AAN—e
% c6_———c7 R8ca—
c7 1T T
Buck Level shift
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TPS40210

i3 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

« Wide Input Operating Voltage: 4.5V to 52V

0 =
Z

TP340210

19
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Multi-Output TPS40210 Sepic

12 — 47 VIN
GND

J1 TP1

Q2
2N7002DICT

¢
[

C12
- 2.2uF

100V HN7002DICT [3

Q3

R4
249K

C13=
1uF

D7
MURS120T3 J3
- P 1 12V/0.07A—0.4A
2
700 uH D5 3 5V/0.15A
g MBRS140LT3 42 |33v/e2om
%
5
2 D1 b Rtn
3 8 MBRS140LT3
c14 | c15 | ci6 |
4 22uF T 22uF [ 220F [
T
D6 =

1 |MBRS140LT3

3.3V_Is0

: il
., C36

10 uFl
1

S5 D
46(|%) Q1
< IRF7452

R2 % u3 sl
VWA I —re voD}- -
249K 10@pF ss VBP R3
c31 _
R7 E—DIS/EN GDRV 3 WA
i R9 R8 15.0K 0.0047 uF 5 [COMP ISNSP 3]
T FB . OO
w
pg 49.9 15y 75.0K = | o5
F = 100KHz vy
1.00K
R10 %
13.7K C10=—F— =—C9 C8—=/ =—C11
1UF 470pF 1uF 150pF
T

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 (Tl) on powermanagement-europe.com:

http://powermanagementdesignline.com/howto/218900164:jsessionid=GH5TVE4AOBIDNQE1GHOSKHWATMY32JVN?pgno=1

20
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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)

* Multi Output Circuit
was 85% Efficient
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Extended Vin for TPS40210
(Lowered VIN / Cold Crank < 4.5V)

TPS40210 will be powered

L2 off the higher and stable
P2 22uH .
v My 4.5V o 18V, 40V surge 12 VOUT during VIN drops
in ' ' e L
Gnd 2 TP1 J_ c27 D100 J‘CS J_(”Q %H% =
I 220uF ¥ zHcs1ee6 I4.7uF I4.7UF 215
= = Sev = = - —
e D99 V C28 47uF| |,
5v5 Il
P7 P10
I“‘ ZHCS1006 v C15  4.7uF MBRS360 y
Rt = I q T 1 51 ]5.6v e 1A
249k 27 C11 Cc12 11 [ — Gnd
U1 | Q1 ZZUFI ZZUFI
TPS402100GS c7 M ) 1 1 1
Si7308DN = = L
; RC VDD 190 1|U_
ss  vepP—|
) L J—Cz 3sp corv[E TP5
70p I@.zzu g COMP  ISNS g L
= = g LY R10
Fsw 270KkHz = =09 1k R11
100p 0.04
| c4 = =
T 8.2nF
c3 L
100p R2 R9
6.49k TP4 49.9
700mV A Y ’\/\/\,
R5
14.3k P8 PMP4543

R3
2.0k
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TPS40210 Bipolar Output

D102 B230 _15v @ 250mA  TP101
< T2 —Vout
102 1| |onD
cle1—L D103 cle2-L c1e3_L 1Re1ke1 T ytet
10uF B230 10uF 10uF
P2 L1 22u TP7 R12 1ol TP10
a0 4.5Vdc to 5.5Vdc == 0 B23e B230 +15V @ 250mA Y o
Vin 2 ? " Wy g P ] +Vout
oND P1 o6 l L P11 oND
cs c10 o1 L cr2 L R102 |5
0 IZZUF IZZUF 1w | 1our | 10k
— u u
R1 1851 ) R7 il L
182k U1 I ' ° o Q3
 IPs40210D0S L AMV @% FDS8884
RC VDD
c7, 1u
21ss verl e 0] R15
c1 lcz S0 GDRVEC T$5 0
lal q
33ep 6994 5|COMP  ISNSPo A
FB GNDI=—- T -
= = Fsw = 300kHz = =C9 2.05
| c4 33ep
T 10nF
c3 L = =
4.7p R2
R9
22.1k TP4 499
700mV AN Y ’\/V\,
RS
R3 41.2k P8
2.00k I
23
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TPS54040 / 060

13 TEXAS Q
INSTRUMENTS @* TPS54060

www.tl.com SLVS919 - JANUARY 2009

0.5A, 60V STEP DOWN
SWIFT™ DC/DC CONVERTER WITH ECO-MODE™

FEATURES

+ 3.5V to 60V Input Voltage Range
« 100kHz to 2.5MHz Switching Frequency

CE H @.1uF
L1
. a7uH VOUT
TPS54268DG0 _'-" 33V 8.5 A
WIN = 12—48 W 1 BOOT PH 1@ . | e 2 W
WIN Y 21 anpf 2
' cs RS
S EM COMP 8 D1 =
_L.c2 _LC3 R1 al. el Z B16@ 47uF 51
2.2uF | 2.2uF 332k 51 = N | ,
RT/CLK & PWRGD

= = S R6

- ”l § R4 31.6k
= 73.2k
R2 Cc4 3 PWRGD L c8

e § 1@pF R7

56.2k @.81uFY 237k c7 10.0k
[ 3300pF
_. L 24
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TPS54x40 / 60 used for 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

TP7 J2

6
1
H‘ T 1 +18 V
D2 TP8 2 GND
B260A—13—F A
—c1e =—ci1_
22uF 22uF
VIN 24V U1 ::@ 1uF TP4 ™~ e <+
(18Vto 30V)  Tp1 03 TPS54868DGQ - .
J1 Y Y Lfsoor  PA[2 I AL
W s ‘ ‘ , 21N onp2—(N18v] o 1
OND LT Q ct i c2 L c3 L cowel” )
P2 l 4ss/TR - vsnsH— R4
2\ 10uF | 1uF 5 6 =C8 ==C9
=g RV Gued ™ | e [ 205k K D 22uF | 22uF
= = = c4 L Srit—H 470pF B26@A—13—F
@.1uF 412K c7 N18Y P9 3
Je.30uF 1 -8V
Z
NTBY ) . o P10 GND
A Not Installed Inverting Configuration %1 20K R3 TP5 R5 &
: 442k 1
See users guide T 49.9 ’m
for output currents
I3 TEXAS
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TPS54060 EVM-590: Test results

« Split Rail (bipolar) output:

— Create a Split-Rail Power with a Wide Input Voltage Buck Regulator
(slva369)

VOUT+ =10V [ div

VIN = 10 V / div F
\ VOUT- =10 V) div

* If output ripple is still too large,
- P L . use additional LC filter or
2 LN \\/\‘ 2 /\ /. the new upcoming
/‘V/ 7NN hal ultra high PSRR LDOs

(please ask you Tl FAE for
" more information about
vou- 220mv/div | upcoming prOdUCtS)

'Y
Time = 2 psec / div

26
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TPS61175

i3 TEXAS
INSTRUMENTS TPS61175
www.ti.com S5LV5892-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 D1 Vour
[ r"‘\r'l':nlv’“‘\ ﬂ- |
——C1 ——c2
TPSG61175
— VIN SW § R1 |
EN sw =
FREQ FB
55 PGND
COMP PGND § R2
§R4 ——c3 iﬁg Syn PGND 1
AGND NC =
c4
I
~~
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TPS61175 Flyback

J1
3-to 6-V § R11 22 I"IF
1nuu F
Input |13 100 10 v P
™ D2
a,o.s1s GO84001LF MBRS330T3 2
[ u1 I:|5Vatﬂ.5ﬂ.
o3 | | ,TPSB17SPWR
0.1pF T 4 VIN sw
SIEN SW =
\_\7 —SYNC PGND — =
g FREQ PGND c5 —
4700 pF
>SS PGND[ 90 ¢
R5 = = COMP FB l *
90.9 kQ = 100 pF \VA AGND L NC R2= lc7  =R3 =rs
= 499 0= T 0.022 pF =1 kO =2 kO < Re
U2 I _ =
co %7 TCMT1107 co 20 kQ
T 1pfF ? 4L L D3 0.01 pF
1 » BAS16 —+—
= R7 =R9 5| » "
<4990 = 49.9kQ ! — 4 |
%; j l c10 y =
R12=> L 474F u3 <20 kQ
10 "QI Imv TL431A
i3 TEXAS
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TPS54620

13 TEXAS

INSTRUMENTS

www.ti.com

TPS54620

SLWVS9494A —MAY 2009—REVISED JANUARY 2010

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

FEATURES

Integrated 26mQ / 19mQ MOSFETs
Split Power Rail: 1.6V to 17V on PVIN

200kHz to 1.6MHz Switching Frequency
Synchronizes to External Clock

VIN
Cin

PVIN
VIN

TPS54620 Cboot

EN

BooTH

PH

+ —40°C to 150°C Operating Junction PWRGD

Temperature Range VSENSE
: . SSITR

» Adjustable Slow Start/Power Sequencing RT/CLK
COMP  GND|
Css | Exposed
Thermal
Pad

29
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Parallel operation of TPS54620 for higher output

current

U1
R3 108K TPS54628RGY
; RT/CLK PWFEGDJS 5 B1uF o
GND som—”—l oY VOUT = 1.8V, 12 A
3 GND PHEI 12 ' @
L PVIN pH L l $ R7
VIN = 10.8 =132 V 2 lpyiN ENfL2-(En] tleg 1o
I LSl @ ss/TRf-2 [55) 2330 uF
o1 A o o3 “lv sns & comp| E—Jcowr J
== - B 15
A |2 1euF 47w RA & = 7 125K
nd 2.80K |
= R ¢ < R9
| 35.7K ca - 0.01uF 1 18.eK
0.039uF 1
R2 =
1 8.06K
u2
al TPS54620RGY
- 1 4 TP15 L2
RT/CLK PWRGD
2 GNB :OOT 13 €15/ @.1uF J 3.3uH
3en Pl 12 1.2
IIA‘[
= ;r*vm PH Ji
PVIN ENF—2(eN] T.cle
va © 55/TR : 2330 uF
V SNS & COMP { COMP
< R12 Cill=—= C12—=2= 150_ -
= 5.90K 19uF | 4.7uF
> - « Connect COMP pins together
5.1V = « Connect V_SNS together
| 5 U3 * Operate with same frequency
(180° sync from external source)
3
SN74AHC 1G@4DCK « Connect SS/TR together
L 30
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Paralleled TPS54620 - Results
« See App Note “TPS54620 Parallel Operation” (sIvaB89)

rrrrr t Sharing
Efficienc y
60 -
100
58 90
56 80 /_ T —
54 /
. 70
g 52 — B 60 I
m
£ s0 \’f oy
S 50
S s k)
L £ 40
46 w 30
44 — Current through UT |~ 20 VOUT =1.8V
42 == Current through U2 | | VIN - 12v
. 11 1] 10 | |
0 1 2 3 5 ¢ 1 11 1z 14 15 9 1‘2 15
-A
Time = 2 usec / div
Figure 10. Switching Node and Inductor Current Waveforms 31
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TPS6120x
i TPS61200
{i TEXAS . Mm:gmm] TPS61201

INSTRUMENTS TPS61202

L.
WNW-ELeem SLYS5776—MARCH 2007 —REVISED FEBRUARY 2008

LOW INPUT VOLTAGE SYNCHRONOUS BOOST CONVERTER
WITH 1.3-A SWITCHES

- FEATURES

— Startup into Full Load
at 0.5 V Input Voltage

— Operating Input Voltage
Range from 0.3 Vto 5.5V

VIN ‘iI_
03V1o55V Iﬂ .

2!

Cz VOUT
10 pF 181'u'ft|] 551‘“,.

32

GND PGND - <
TPS561200 FJ— jT—

|||—.
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Use of TPS61200 in solar cell application

» See App Note “Supplying TPS61200 With a Single Solar Cell” (slva345a)

1000 VVI"SH']Z e Current

| Power

MPP

- I R B [ g
© 500 W/cm? / "*-\ \ é

0 0.1 0.2 03 0.4 05 08 07
Voltage [V]

Figure 1. Typical |-V Characteristic of a Solar Cell With Equivalent Circuit Diagram

* Circuit avoids inrush current

« VAUX is active first,
powers MPP circuitry

« MPP circuit cheats
the boost converter, keeps
input current during start-up
of converter low, avoiding
collaps of the solar cell

L1 4.7pH
YT
V,,=03-05V
LJvIN L
T o vour VDUT

— o —L

S EN o~ R — Charge
— V. c1 — C.. —
T VAUX WL ¢ FB ” =, storage
e Ps g VALX VAUX Rz device
) = 4
Q —_—
N —[Ij GND PGND p C3

v A\ YE::' v = A\
RefDes | Value
(o} =10 uF RS
cz >20 uF e
1o AW P
C4 1 uF R3
Cc5 10nF
Cer 33 pF |
N = Rrs

L1 47 pH R6 >_W\¢"
RefDes | Value R4 Vea VYV 1 OPA379
R1 750 ko
R3 200 I TLV431
R3 Tk £
E; :glrlz - - - ,R.?. | I_ 5/ Power ground
RE 1 MO i i c5 = Ref d
A MPP circuit = Reference groun
R8 200 k2

Figure 2. TPS$61200 Combined With MPP Circuit
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TPS6420x

*i’

TEXAS <&

INSTRUMENTS Ll TPS64200, TPS64201
www.ti.com TPSB4202, TPSG4203

SLWVS485 - AUGUST 2003

SOT23 STEP-DOWN CONTROLLER
FEATURES
® Step-Down Controller for Applications With ® 20-uA Quiescent Current (Typical)
up to 95% Efficiency
® 1.8-V to 6.5-V Operating Input Voltage Range

5Vo L 4
i Rg = 33 mQ
10 uF —

TPS64200

EN sw |8 si5447DC
GND VIN]S5 |

FB ISENSE | 4

10 uH

33VIiZA

ZHCS2000

1 A7 pF
[ PosCap
6TPA4TM

360 kQ

ad
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Offline Buck with TPS6420x

120
to 250vac % 1 % l
it s +D1 <ct R1 cﬁ
R2 33 Q1 T =
mf-_ —@ 3904 3
Q3 |E3 IRF93(1£
3906 P 1500 uH P3
D2 0 ) Y
| S— L1 ﬂ_ Svdc
BAS16 TN C4 at 750ma
MURA140 Ieau P4
Q4 L L Y
FCXB58ATA o5 L
o |
BATS'A\
25 uA Quiescent Currgnt - RS\ Self bias
0.65 uS Constant On-time  *rssbsosy Ro 3
A a0 e 6 499 after start-up
D = 5/400 = 1.3% i
= c5
F =20 kHz o

|/FB ISENSE

" Emitter switching
for fast switching

AW

R7
1.21k
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Agenda

« Characteristic of passive and active components

« Special circuit
* Thermal Design
* Improved measurement techniques

- Layout
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Power devices - How to get rid of the heat ?

Ploss = Poiss

Package case _ _
Semiconductor die (Junction)
Interface/lsolation material \ Use max recommended
_ TN junction temperature
Heat sink ——p for calculations
or PCB Ambient
» Ojc: Junction to case thermal resistance,
usually specified Ty)=P o X@c+8cs+0sa)* Ty

Interface resistance, specified for

heat sink insulators, negligible for o)
: DISS

solder connections 0.c

Sink to ambient resistance, specified -
for heatsinks |

The different thermal resistances are summed up
often as 0ja, applicable for specified board
construction only !

Electrical e
Equivalent — GND =T,

i3 TEXAS
INSTRUMENTS




Heat transfer in a surface mount cooling system

Internal Copper

Not Tied To Vias ICBody  Top Layer Copper

Lateral Conductlo K
PowerPAD-to- PWB; Perp g‘ fular \
tio

Internal Copper
Solder Connection Bottom Layer .
Con Copper Tied to Vias T1€d To Vias
Thermal Vias

% Convection

'/ l \ ¢ Radiation

» Use multiple thermal vias
» Copper is excellent thermal conductor,
use thick copper sheets for copper layers targeted for heat spreading
 FR4 is extremely poor heat conductor, especially in lateral direction,
use thin FR4 layers

38
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Agenda

« Characteristic of passive and active components

« Special circuits
 Thermal Design
* Improved measurement techniques

- Layout
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Oscilloscope probes — Use “tip and Barrel” method

* Noise pick-up bY Noise free measurement
probe’s ground lead with “Tip and Barrel” approach

SAR

B8RP 2=

G d lead Example:

round lea

adjacent to 0 Vour ripple Measurement
inductor picks-u o

additional signal g

i3 TEXAS
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Oscilloscope probes — Suppress CM noise

Self-made common mode choke Example: Vo1 gipple Measurement;
suppresses any noise coupled probe’s cable adjacent to inductor
into the probe’s cable

1

} 35 mV

|

s W
With common mode choke
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Efficiency measurements — the right approach

U1
TRPSE1828DRC

g LOAD

,3’ LOAD

+ - J
Current Meter for| WVIN 1—; PGND ENH vouT +
Input Current SW Vout[ 2 Current Meter for
+ L Blps FalS Output Current
+ e & Leop R3 Loz tlgs
3 z 5
Paower Voltage Meter for VBAT o GND 1.8eM 2.2 uF 47 uF
Supply Input Voltage 111 _‘
— _T_ R4 Voltage Meter for
- = 178k = Qutput Voltage
EN LBO
I_'_II_'_I
z 4
3 Current Meter
B ° J3 for Output Current
+ + ()=
L vour [ &/
R3 O +
- g . OUTPUT N~ Voltage Meter
- nm [|H - for Output Voltage
Power oou1 ﬁ
Supply Voltage Meter c3 GND O
for Input Voltage T + g
+ L1 J4
+ -
&/

Current Meter
for Input Current

Use additional input bulk capacitor (>200uF) direct on the board to smooth input current

TPS61020EVM—025
HPA@25 Rev A

é 2003
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Efficiency measurements — results

with additional input bulk capacitor
a5

— o
| ‘_______._._---" ~
=t Ve N

______(-"""' ||
= Power Save Mode

with Additional Capacitor
q R |1

Power Save Mode
/ without Additional Capacitor

=%

=
S 65
2
. . . 2
Standard configuration without £ 55 r/ 1} Forced PWM Mode
additional input bulk capacitor /
Large ripple current fools current meter 45 /
V,=2.4YV,
35 / Vg =3.3V
Measume .F"I:Trtn(CSJ PeadCa) Fa--- - e PS5 - - PE--- ‘ ‘ ‘ ‘
::::39 25.‘12510I‘1H; 22.1‘1;(1 25
: 1 10 100 1000
Io - Qutput Current - mA
Figure 7. Input Current Waveform Figure 8. Efficiency Comparison

« Adding additional input bulk capacitor (>200uF) on EVM’s input is always a good idea.
« Many EVMs are not designed to work off a lab power supply connected via lab cables!

« See App Note: “Performing Accurate PFM Mode Efficiency Measurements” (slva236) ,,
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Prototype “layout”

How

NOT to
Prototype a
Power

Supply!

Consider Proper Layout Even for Prototypes!

,
INSTRUMENTS




Additional bad layout — Switcher doesn’t work at alli

(o) Star ground is at
wrong point
GND (input) GND
o (output)
Power and Analog O Feedback trace is

grounds are mixed W W routed under

on board % inductor
[ | l_f\” Vout
Vin

Feedback sampled
Poor input cap. Feedback network at wrong point

placement grounded to noisy
power ground

46
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Good layout example

w30 7T T L e
gaom [ '] = | Tvlas
C T oz R~
od [g_| : ég‘g | T & anov
NIAY [ g | =2 | Cz anod
[6_1 | 2]

NIAd [0} ] |____! Cilms

GND (output)

Vin

-
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Use parasitic capacitance on Vout

small parasitic capacitance
between the traces

big parasitic capacitance
between the traces

Load

parallel traces with narrow gap
between traces increase the output

capacitance and minimize the loop the resistance of long leads to the

inductance and therefore the magnetic component will be added to ESR and ESL
interference

Do not!

48
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Optimized Layout for NexFETs

3 x 3 SON Layout Switch
Node

5 x 6 SON Layout

{'I} TEXAS
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Power Block — Next generation NexFETTM

High Side Die /
Control FET

Cu Clip

Low Side Die /
Sync FET

Minimized by

GND /
Cu Lead frame /
PAD

PWM

Copper Clip \ ] %
LoraiN § Cess

Driver

/

Recs

e CINPUT

Switch
Node

|E Control
FET
CESL

Lsource .

Driver

I—DRAIN

| Sync CroraL
FET

Lsource

Input
Supply

Co l Load

Power Block

A significant step in reducing package parasitics.
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Power Block solves the cooling / EMI challenge

Power Block

Solution with Power Block , Driver IC CSD86350Q5D y
DT Voo BST Uin f<:|I
« Cooling PAD is noise free, T : HCO"”"' T
SOURCE of the Sync FET  enasie = | EMABLE  DRVH - Cl FeT -
TGR VSW VO
—f PWM LL
« Noisy Switch Node not used  pwu a o T
for cooling, — — eno DRVL o |E1 FET 1
Switch Node copper area can 1 T

be minimized.

High
\V/ $ide Die

TG = -
Solution with 2 separate FETs or dual FETs Tor &5 2
- f\\?
* DRAINs of both FETs needs cooling. Low Side Die » 7 Vew
DRAIN of Sync FET is noisy switch node, PGND Bg

needing maximized copper area
on board for cooling !!!
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CSD86350 Power Block saves space / eases EMI

20A Power Stage
Power Block FET

0.53 Sq In / Ar(;a fo:jswitgh
: node reduce
20A Power Stage 35% Reduction! (lower EMI)
0.83 Sq In 5x 6 SON FETs Power Block uses

GROUND for cooling !
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Summary

« Characteristic of passive and active components
« Special circuits

 Thermal Design

* Improved measurement techniques

 Layout

Thanks
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