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e Basic switch mode power design
e Circuit EMI, ripple, noise, component behavior
e Basic electromagnetics
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And everything has to fit in here'!
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Detailed Voltage Rail Map

_ PCI T— 3.0A L 1.0V (2882mA)
Xpress & ORing
Power

Connector 3.0A | 2.5V (2690mA)
12V i

TotaI?S.OA 1.9A 3.3V (1761mA)

v

e Load Current?

« Maximum Ripple? 0.4A 1.2V  (362mA)
« Voltage Tolerance? 054 0.4A

. . . ' 2.5V (179mA)
* Margining/Trimming?

* Loadstep behavior?
e Location of the load? 25A
* Noise / X-talk?

3.3A

1.8V (3285mA)

0.9A 0.9V (900mA)

What Input
Voltage Source? 2.8A | 12A 0 1.2V (1188mA)
1.5V
Efficiency?
0.8A | 1.2V (720mA)
Sequencing
Required?
q 08A |, 1.0V (768mA)

What Rails should be kept separately?
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Linear Regulator Switching Regulator

« Easy to design and use * High efficiency

* NO magnetics » Small - no heat sinks!
* Low noise * Switching noise

* Low efficiency « More complicated

LN How much more
Heat Power . |
constmption | complicated ?
Vn Qi Vin *x . o + I_I

: CONTROL '|
A 1 g@ Vin : B_H‘H'\_‘T "
T 1 +
g | _I

A= ﬁ_ ’l:_UDL_

) L




Levels of integration

INEAR
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Controller —

Monolithic —

LModule

Control chip
with external

Vin
4V T0 60V
_LZZ“F L v INTV
I " ltcser T i i i
- v T main circulits
) e e |
o FREQ e Y elements
2200pF 10k BOOST 11 4.7uH 8ma v
T00pE " 2L - a3
BG —l ;?_ 150pF  9A
0.1y 1 L
I } TRACK/SS SENSE* =
SENSE™ 3 o0k
= JT‘_ - B oo
POOD ——AAA—— INTVGG $ 36k
1,
n 100pH Vour
5V TO 45V Vin W ?E’o A
2.2)F LTC3631-5 1opF EUM
— RUN  Vour —
= = HYST 8S — -
— IseT ;
o Control chip
R with at least
one integrated
power switch
S g
36V o LTM8022 Yo 1A
22pF L—{ RUN/SS AUX :| T anF
——_E —{sHaARe BIAS =

PG

RT GND SYNC ADJ

>
294k

3931k

Fully integrated DC/DC

converter only add bulk
capacitance
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Complexity of design

Controller Monolithic LuModule
» Qutput and input filter « Output and input filter * Pick the part
— Capacitor size and ratings — Capacitor size and ratings — Fits spec yes/no?
* Inductor dimensioning * Inductor dimensioning . Layout
— Saturation current — Saturation current _ Piece of cake |
— Core losses — Core losses
— Copper losses — DC losses
» Switches dimensioning  « Layout GND

— Voltage rating [

— Current rating : LT LINEAR l :
— Rdson vs Qg i LTMLl627V

« Layout
— Complex'!




Switch mode supply ALY LINEAR

What frequency
should I choose ?

48kHz 150kHz 300kHz  500kHz 2MHz>
Switching frequency

Swi




But first some basics LY LINEAR

—

* What is a switch mode regulator?

* Lets have a look at a step down converter (Buck)



Buck Converter Step down

A~ Vour From EMI point off view:

g, 33V DC currents, no worries...?

= AC loop high di/dt CAUTION !

Vsw Vi
1ov 10V —
5V — 5V —
ov ov \
-5V — -5V —]

di/dt=V, /L

i, I /

switch
2A 4 ’I“\ :"\I A 2 — \

/l SOl S A e
W e A
ol AL il "

LTU”E]\Q Details: AN19, AN44
TECHNOLOGY




Other topologies

Inverting converter

Boost converter

Switch on <
smhonCEm | u+ j o é + ﬁ]

Switch off Switch off ~ %
| 1! ¢ § 1l

Cuk inverting converter

Sepic (buck-boost) converter

Switch off —N“—-]—l Switch on (Lo g Tyt
uﬁ) -~ V“T\ s1 V'T L2 ANc2 “‘EETV‘
() ( *T E W t % ley * |
Switch off . [T I AT &, [ o —
SWItCh on | Q) ANC. s1 mv; iu 2 ANc2 rbety laﬂ_Ln»]_‘I LE&M WL,T,‘\%_T |J1‘L i
I{ T VAT}I“ I li | -I 1-_» .El },,.,, Iucsmmmz 1 1'3 T ey =
- - ) SENGE BENSE Pl::l:u }_"I'__I”‘

+ |solated converter toporogiés
LT Y




EMI and filtering for DC/DC
converters

Thomas Ginell
Field Application Engineer

Linear Technology Corporation

Copyright © 2009 Linear Technology. All rights reserved. ] ']LEICIJNOLOGY



EMI

¢ Application voltage quality requirements
¢ On board interference

¢ Emmision
+ Radiated
+ Conducted

© 2009 Linear Technology
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Output ripple
V

Buck example

sw |
L _
Cc

fsw=1Mhz
SW ouT

10
Add parallel capacitance :

to inductor and series
inductance to capacitor

2.6A : . : I(L1)

5 ] : ] : V(out)

© 2009 Linear Technology s

_av i : . . .
0.0us  @.4us  0.8us  1.2us  1.6us  2.0us  2.4us  2.8ps  3.2ps  3.6us

sW— ([ = —OuT
L

No parasitics waveform (esr 2mohm)

2.6A . . : . I(L1)

5. : : . Viout)

@.0us @8.4pus 0.8us 1.2ps 1.6us 2.0us 2.4us 2.8us 3.2us 3.6ps

Also use vias and thermal
relief for decoupling capacitor

2.6A : : : ) I(L1)

5. . . . . V{out)

i H H H H
@8.0us 0.4us @.8us 1.2us 1.6us 2.0ps 2.4us 2.8us 3.2us 3.6ps

LY LR
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Thermal relief

o Y LINEAR
© 2009 Linear Technology L TECHNOLOGY



New example

¢ LTC3568
¢ 2MHz switching frequency

TYPICAL APPLICATION

Vin
2.5V 10 5.5V
22uF
=
Wi = SYNC/MODE Py L?
— PGOOD SViy 2uH
SW Vour
LTC3568 2.5V .84

b 887k 224F + 10yF
. SHONRr Vrs =
SGND  PGND
324k 412k
1000pF
=

MOTE: IN DROPOUT, THE OUTPUT TRACKS = asaaem
THE INPUT WOLTAGE

© 2009 Linear Technology

EFFICIENCY (%)

100

95

85

75

70

Efficiency vs Load Current

1000
AT EFFIcIENCY ':(
n
| \ 100
/
r,
| r
POWER LOSS
Vi = 3.3V
’d .I"'rDUT = 2.5'l.|r
’ g = 1MHz
/ Burst Mode
I OPERATION |
10 100 1000 10000

I MaAn MNIRRERMT {mdt

(Mw) $S07HIMOd
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LTC3568 block diagram

VeB

SVin SGND ItH PVin
--------- I e 113

PMOS CURRENT
COMPARATOR

0.8V|  VOLTAGE
REFERENCE

ITH
LIMIT

BCLAMP

ERROR
AMPLIFIER 1+
Vg T

BURST
+ COMPARATOR
HYSTERESIS = 80mV

—/\

SLOPE
/ OSCILLATOR COMPENSATION
+
LOGIC
NMOS
PGOOD .—| COMPARATOR
+
REVERSE
] COMPARATOR
____________________________ [ TEreyypp— Ry g Sy gy .
SHDN/Rt SYNC/MODE 3568 80

© 2009 Linear Technology
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Chose output capacitor

Metric Imperial
comparison code code utput
e 0201 (0603 metric) ~ O-x0.1mm 0402 01005
« 0402 (1005 metric) 0603 - 0201
« 0603 (1608 metric) 1005 = 0402 )
+ 0805 (2012 metric) 1608 = 0603
« 1008 (2520 metric) Lximm 2012 = 0805
e 1206 (3216 metric) 2520 ®m 1008
s 1210 (3225 metric) 3216 = 1206 |
» 1806 (4516 metric) 3225 @ 1210

» 1812 (4532 metric)

© 2009 L

2010 (5025 metric)
2512 (6432 metric)

ear Technology

1x1 cm

4516 == 13806

4532 @ 1812
5025 HE 2010

6332 M 2512

Actual
size

LY LR



4V 10uF X6S

- Impedance
1e+l04
1e+003
1e+l02
1e+001 5 mQ
E
5 lel0D
]
1e-001
le-002
1e-003
1e-004
1e-001 Te+l00 1e+001 1eHl02 1e+HI02 1e+l04
FrequencymHz
B C1603HEZ0G1 06K
R_
ESR C ESL

—\ W\ H"M—e

© 2009 Linear Technology
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4V 47uF X5R

mpedance
4 I d
Te+004
Te+003
1e+002
7-8 mQ)
1e+001
E
T le+00
]
1e-001
le-002
1e-003
1e-004
1e-001 1e+000 1e-+H101 1e+002 1eHl03 1e-+004
FreguencyMHz
B 201 2¥ER0GSTEM
i
ESR C ESL

—\ W\ H"M—e

© 2009 Linear Technology
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16V Y5V +80% -20%
s

Beware ! DC-Bias Characteristic ™
Bias dependency !
oo
B‘é 200
- 0) 5
16V X6S +/- 10% 5 e
_ . Ty o
DC-Bias Characteristic 500
.o 0.0
o0 oo el 40 6.0 20 12.0 14.0 16.0
: DiC-Biash
3
Lo-200 & 16055102252
e N J
3 0o Then add temperature
02 dependency
B00 - Temperature Characteristic ™
0.0 z.0o 4.0 f.0 2.0 10.0 12.0 14.0 16.0 2000
DiC-Biashy
o
4 C1608XES1C105K &
v 5200
C
% 10.0 5‘.5 -40.0
g &
S oo -60.0
(e
- ——\ a0
. 600 -30.0 0.0 0.0 £0.0 0.0 1200
l -60.0 =300 0.0 0.0 G0.0 ap.o 1200 Temperaiure.l’degc
Temperature/degc
& C1603Y 5102251
- —[[JTTAR

© 2009 Linear Technology
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X7R vs X5R

Same size, 0603

4 DC-Bias Characteristic ™
0.0
0.0
% 200
=
=
400
0
X5R
-60.0
-20.0
o.o *0 4.0 f.0 20 0.0 12.0 14.0 16.0
DC-Biasny
i CB0SMSR1 C475M 47 u F B C B0 TR C1 05 1 O u F
i >,

BUT, the X5R cap is almost 5 times larger to start with
X5R cap still almost 2x capacitance at 5V !

© 2009 Linear Technology ‘ , LI”EAQ
TECHNOLOGY



InDUt ripple Buck example

D1
] CMDSH2-3 | 7
Tlnﬂfnn Vin |_T =
c3
- a1
4.7p ‘F}
< 1l TG —| STD30NFOGL
c2
SMode/PLLIN Boost —-—H—' 12V:>3 3V@ 15A
Ap
U1 L1
gRun 5W "'WH » ouT
F‘I GBp
LT a2 D2 C1 Rload
?Iﬁ = C6 22
<} 1l TKISS BG I—| STD30NFOEL S §m L= gnp
.00z 62.5K (47p
g LTC3851 =
C8
<} 1 Freq/PLLFLTR Vib
Ap
Rz
Rpar=80K
C4 R3 20K
H lth Sense+ '\;"\;
3300p c7 10K
Rser=1K Cpar=100 -22p
Rpar=13K
<]— GND Sense- tran 2m startup

© 2009 Linear Technology ‘ , LI”EAQ
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Buck input current (from decoupling cap)

12V=>3.3V@15A

204
184 400kHz
16A—
1484
128
104

A

bA-

2A—
DA —

© 2009 Linear Technology ‘ , LI”EAQ
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Decoupling

¢ Small ceramic capacitor:
+ 0603 25V 2.2uF esr 4mQ L=1nH

¢ Large ceramic capacitor
+ 1206 25V 33uF esr 2.5mQ L=1.5nH

© 2009 Linear Technology ‘ , LI”EAQ
TECHNOLOGY



Filter capacitor Z

1

0603 2.2uF

Combined Z
0.1

0.01

0.001
100KHz 1MHz 10MHz

© 2009 Linear Technology ‘ , LI”EAQ
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Filter capacitors Z

¢ Use multiple package and capacitor sizes to combine their Z:s
+ Above might not be true, be smart?!?
¢ Its easy to simulate the low frequency behavior for EMI purposes
+ REALLY'!
+ (150kHz-30MHz for EMI, higher for Decoupling)
+ LTspice from Linear Technology
+ Free
+ [Easytouse

+ The most used spice simulator in the world
+ Fast, stable, accurate

© 2009 Linear Technology ‘ , LI”EAQ
TECHNOLOGY



How does the input voltage look on the input cap

15.0¥
14,4V

13.8V
13.2V
12.6V
12.0V
11.4V
10.8V

10.2v- 2MHz parallel

9.6V

o resonance
96dB dBuM

g8dB-
a0dB—
72dB—
badB
hbdB

d8dB
d0dB—
32dB
24dB—

16dB—

E[IE I I I I I i I 1 T T T T LI | I T
2009 Lear Tectnaer 100KHZ 1MHz 10MHzZ Y LINEAR

P TECHNOLOGY




EN 55022, Avg

FCC Port 15, Subpart B, Class A
1

BN 550228 QP

£ FCC Por 15; Subport ; Qs B

|

Standard limits
!
—
;—r
—
=
=
i |
&S
[
! |
R—
=

100

10

Frequency (MHz)




High ESR damping cap
C11

D1 LISN
Controller circuit L3

ntVec Vin || CMDSH2.3 IN2 IN1 00 IN

c3 ,_T c12 51 Vi
= M1
47p | ‘ = 22p |33p 33p
<= Litim TG —{S TD30NF06L Input filter 12
c2
Mode/PLLIN Boost—+—||—=
U1 Au Output inductor
L1 Outputcap gy
Run SW l—(_tj—{j—\'—I—l "
J Low side switch sap
1y M2 D2 ' c1 Rload
cfls = Cé 22
g I TKISS BG —{STD3ONFOBLZp §R1 = issup
002y 62.5K |47p
LTC3851 ~
c8
< |l——{Freq/PLLFLTR Vfb
Ap R2
c4 Rpar=80K R3 20K
H Ith Sense+ /\/\/
3300p kﬁ' 10K
Rser=1K Cpar=100p 22y
par=13K
{[—|GND Sense- .tran 2m startup

© 2009 Linear Technology ‘ , 'ILEICIJI\EA(R



V{in2)*1e6

o

/Ay

® O O [x| 3851 _LISN_Filter.fft

Cursar 1
Wil ed
Freq: |404.535KHz Mag: [32.4984B &
Phaze: i
Group Delay: ’W i
Freq: | - M- Mag: | - Méd- C
Phase: | - Md&- i
Group Delay; IV i
Freq | - MA#- Mag: | - Mg
Phase: | —~ M-
Group Delay: W

© 2009 Linear Technology
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But you need to use DC bias derating

High ESR damping cap
.| C11
gﬂﬂu LISN
L2 L3
IN2 S N oy i U IN1 IN
C9 |C10 1op  [C12 51 Vi
__l‘.].Eﬂu__Ep __Eu
oot [ e ;

7 S Input filter ™~

© 2009 Linear Technology ‘ , LI”EAQ
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New result

10048

Viin2]*1e6

90dB
80dB+
70dB—
60dB—
50dB—
40dB
30dB
20dB—
10dB+
0dB—
-10dB—
-20dB

5048

Viin1)*1e6

40dB
30dB—
20dB—

10dB
0dB ik T

4
B | it

-10dB+
-20dB—
-30dB—+
-40dB+
-b0dB—+
-60dB+
-70dB—
-80dB
-90dB . .

100KHz

© 2009 Linear Technology
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Decoupling strategy

¢ Keep impedance low over frequency
+ Beware of parallel resonance !

¢ Some capacitor package parasitic inductances
+ 1210 0.80nH
+ 0806 0.70nH
+ 0603 0.60nH
+ 0402 0.42nH
+ 0612 0.20nH
+ 0306 0.10nH
+ 0204 0.07nH
+ 3025 1.30nH

© 2009 Linear Technology ‘ , LI”EAQ
TECHNOLOGY



Layout In Deeg

N ., \
Switchgﬁbwer Su| [

' Presen.tecﬂs’]‘ho’m ell ™
“ _FA Scandinavia § el

el i

NCAL
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Relevant Physical Effects In

Switchmode PSU
Skin effect

Proximity effect

Magnetic dipol antennas
Near field and far field effects
Shielding with planes, Vias

Energy distribution over frequency of the
different loops in a switch mode PSU

Current flow in typical buck and boost
Placement and routing strategies
9. Magnetic properties of components

o0k RE

o N

L LINEAR B 2




Inductance

Most problems on PSU layouts relate to
iInductance on places where you do not want it.
There are only a very few places where
iInductance in needed.

This presentation centers how we can support
the nature in its inductance avoidance strategies.

LY LINEAR



Skin effect

As lower resistance material is used as
thinner the skin depth gets.

Resistivity | 1Mhz 100Mhz wt uu
r 0
(Ohm*m) | (um) (um)
Copper 1,68e-8 66 6,6
Tin 1,09e-7 166 16,6
10e20 le-5 1600 160
doped
silicon
uMetal le-7 <1 <0,1

LY LINEAR




Rule 1.1

AC current will only flow at
the outside of the conductor

LY LINEAR




Rule 1.4

On 35um (10z) copper the
skin effect kicks in at about 3,5 Mhz




Skin effect

LY LINEAR




Proximity effect

Magnetic field
Currents in the opposite direction Opposite currents intensity
attract each other. The same induction
forces responsible for the skin effect
work here in the opposite way, since
the current has opposite direction.

This is the typical case for currents in
switchmode PSU layouts.

Currents in the same direction force
themself appart as they do inside the
same conductor by the skin effect.

LY LINEAR



Magnetic dipol antennas

__Dipol

3207 ¢ A A

SinceR, islowagainst 3770hm beacuse loop pattern sizes are
lowagainst wavelengtin practical switchmode PSUs, the radiated energy
willrise proportional withR,

In Any loop your AC current will circle around, the radiated energy
will increase proportional to:

f* and A?

R

Onthefrequency f you cannotdovery muchabout since any filtering
willreduceefficiency.

Butonthe loopopeningF, usually isolated area on your PC Board, you
cankeepitassmallaspossible.

LY LINEAR




Rule 3.1

Emitted radio energy increases with the
sguare of the loop area you create

LY LINEAR




Rule 3.2

Passive antennas have the same
characteristic receiving and transmitting.

LY LINEAR




Near field versus far field

Any near field transforms itself toa far field pattern

at thedistance of about 2 and adaptsthe377 Ohm

27T
far field impedance of our Universe.
Izw| 10,000-
(Q) 5000+

— Farfield [5]
2 5 10

LY LINEAR




Rule 4.1

Magnetic AC fields will always find a way
to turn into radio waves out of your box.
So keep them as small as possible

LY LINEAR




Rectangular conductor alone

LY LINEAR




Return current in plane

LY LINEAR




Return current

LY LINEAR




ldentifying the buck hot loop

— switch on

—— switch off

——Hot loop area =
area switch on - area switch off

ViN \ .
{Sljfm
= Cin—= [|HoOT LOOP 1 ? - Vour
]::cum 3

& &
AMN139 FO1

L LINEAR B 000




Buck hot loop <skin frequency

Green hot loop
not shown for clarity

If|N—.
= Vour
— SYSTEM
GROUND

|
|
I
|
I
I
|
|
|
I
SHUTDOWN —o I
I
I
|
|
|
|
|
I
I
|




Hot loop >skin frequency

Green hot loop
not shown for clarity

SHUTDOWN =@
VIN_.
& Vour
@ SYSTEM
GROUND




Hot loop examples

P ———————

J HOT LOOP

Figure 6

= AN138FOE

HOT LOOP

» Vourt

© 2011 Linear Technology

Figure 10. SEPIC

2

= AN1ZEFI0

— | HOTLOOP HOT LOOP

L

Figure 8. 4-Switch Buck-Boost

—

= AN130F4

4 j%"M’GUT

10mH

—<—HIGH HF IMPEDANCE -

Y

o~ o
HOT LOOP
HOT LOOP
| S

Figure 13. Isolated Offline Flyback

antzgria 4
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Vin
55vT042V 1 [ Vin BST
4.7uFI EN/UV
Other EMI sources =
LT8610
—| SYNC BIAS
10nF
+ Internal Vce decoupl s
nternal vcc aecouplin T
L
. . . [ NTVee
« M tch d
aln SWItC river RT_PGND GND
60.4k% l
° E t | S 't h D S I fow = 700kHz = anmaFis
Xternal SwWitC river signals
Figure 14
c1
Vi 24y 10F —Lc C1
> Vi 24y = 0F V1 207 TopF
= | =0 =)
2y Vin - Vg 1N5818 = [ = |
—l-_@_ EN/UVLO v2 5 i Voot | Y esre 2 5v v voenr | Y isere
= C6 0.01pF |_—(:)— EN/UVLO  CB EN/UVLO CBOOT |—
_._—| h— Vegr g B ~ 0B 0.01F N =06 0.01F
= c2 R1 ._—I v, : ] @
Ra 82.5k TU??UH 22 25m0 J REF y S::B;MZD: = Vrer o ey SIIEMDP
VWAV AT SW—= d — R4 82.5k o 25ma = 0.220F 220H 2.
= v3iv LT3741 |_T £s = VW— AT g A g7 sw - P e
oy I 300pF = w31V L3741 = V31V 113741 E==
T CTRL1 =5 4 s = CTRL : = a T 300uF
= . = : $i7884DP = = CTRL1 6 —I 5 T =
€5 0.01pF s ETI R YT CTRL2
|_—| |_ sS ENSE* . ]
= SENSE™ <R2 = | = zx; - 88 SENSE®
€4 5.6nF Ss8.7k Ca 5.60F Zos 7k s SENSE™ g2
Ve F8 Ve B 3 I S88.7k
= Rern = 399K GND _TRAN 2.25m START-UP <R3 = GND TRAN 2.95m START-UP 2R3 ve F8
SER = T :>|_12.1k Rser = 39.2K T : ::I_mk = Rser = 39.2k GND TRAN 2.25m START-UP Shs
- = iz = = awmem J_— i_‘ 27k
Figure 19 Figure 20 .
Figure 21

© 2011 Linear Technology
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Power component footprints

Undesired

Connected Via @&

__________________________________________________________________________________________
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|solated converter

D1
IN_P = --C'5 >F OuT
RS C5 ZD3 L % S C3
412K EP ¢ 0 100u
IN_N—— D2
O K n
Vin '
R6 R2
EN/UVLO Rfb NN\ ——=
15.4K U1 243K
R1 R3
._/\/\/7 TC Rref /\/\/—D -
56.2K 6.04K
R4 C1 LY ‘k-—-} Qf
+\/\,——ve Gate | Si4490DY
10K 4700
ca P LT3748
» H SS Sense
002 GND  INTVcc R7
c2 33m
__4.7,u
L i

ALY LINEAR



Transformer common mode EMI

% I ouT A
¥ - + —~ +
o[
< —T V aln V
© + D © _|\|; © —
N4
RNE

P =—QOUT

If transformer ratio is 1:1

Then Vp=Vs

If Vp changes, Vs changes with the same voltage, Voltage
between any primary to secondary winding will be constant

BUT

If transformer ratio is not 1:1
Voltage between primary to secondary windings will vary when
total winding voltage changes.

ALY LINEAR



THE MAGIC CAPACITOR

D1
IN_P » B {/I_]r ouT
RS C5 ZD3 ::(:6 % N }cs
412K P ¢ o 100y
IN_N— D2
L] m N
Vin D
R6 R2
EN/UVLO Rfb NN\ ——=
15.4K U1 243K
R1 R3
l—/\/\/— TC Rref /\/\/—D -
R456'2KC‘I LY 6.04K — Q1
A A I ve Gate Si4490DY
10K 4700
c4 p LT3748
[ H SS Sense
002y GND INTVce %R?
c2 33m
a7
| o

ALY LINEAR



Another 1solated converter iIssue

Potential large high dV/dt area

And far from pcb planes

It is an antenna rising above the pcb
INEAR J P






Hotloop on plane

B




Vias

Mk

LY LINEAR

FR4

y

ulf
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Loop short-circuit effect experiment

10cm x 10cm

/ PULSE(0 10 0 1n 1n 500n 1u)
(m m) (|\/I Hz) (ID I:) (n H)

18.4 Single-layer open loop

© 2011 Linear Technology L] TECHNOLOGY



Loop short-circuit effect experiment

10cm x 10cm
400pF

J
V1
Inner copper “
PULSE(0 10 0 1n 1n 500n 1u)

I

18.4 Single-layer open loop
n/a 21.2 400 141 Inner copper Short-Circuit loop

© 2011 Linear Technology L] TECHNOLOGY



Loop short-circuit effect experiment

// 400pF
Solid plane { " (i)
PULSE(0 10 0 1n 1n 500n 1u)

35um Cu on 1.5mm FR4
—

10cm x 10cm

18.4 Single-layer open loop
n/a 21.2 400 141 Inner copper Short-Circuit loop
1.5 38.9 400 42 Solid Plane
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Loop short-circuit effect experiment

// 400pF

10cm x 10cm

/

//

1k v
3

1

ULSE(0 10 0 1n 1n 500n 1u)

35um Cu on 1.5mm FR4

I O N

n/a
1.5
1.5
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18.4
21.2
38.9
34.7

400
400
400

141
42
53

Single-layer open loop
Inner copper Short-Circuit loop
Solid Plane

Rectangular Short-Circuit loop plane
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Loop short-circuit effect experiment

10cm x 10cm

//

7

400pF

! PULSE(0 10 0 1n 1n 500n 1u)

0.5mm FR4

I I N

n/a
15
15
0.5
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18.4
21.2
38.9
34.7
52.1

400
400
400
400

141
42
53
23

Single-layer open loop
Inner copper Short-Circuit loop
Solid Plane
Rectangular Short-Circuit loop plane

Thin Rectangular
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Loop short-circuit effect experiment

10cm x 10cm

//

7

400pF

! PULSE(0 10 0 1n 1n 500n 1u)

0.27mm Prepreg

I I N

n/a
15
15
0.5
0.27
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18.4
21.2
38.9
34.7
52.1
55

400
400
400
400
400

141

42
53
23
21

Single-layer open loop
Inner copper Short-Circuit loop
Solid Plane
Rectangular Short-Circuit loop plane

Thin Rectangular
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Loop short-circuit effect experiment

10cm x 10cm
// 400pF
t PULSE(0 10 0 1n 1n 500n 1u)

< 0.12mm Paper
I A I
(mm) (MHz) (pF) (nH)
18.4 Single-layer open loop
n/a 21.2 400 141 Inner copper Short-Circuit loop
15 38.9 400 42 Solid Plane
15 34.7 400 53 Rectangular Short-Circuit loop plane
0.5 52.1 400 23 Thin Rectangular
0.27 55 400 21
0.12 69 400 13 Paper
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Loop short-circuit effect experiment

I I N

18.4 Single-layer open loop
n/a 21.2 400 141 Inner copper Short-Circuit loop
1.5 38.9 400 42 Solid Plane
1.5 34.7 400 53 Rectangular Short-Circuit loop plane
0.5 52.1 400 23 Thin Rectangular
0.27 55 400 21
0.12 69 400 13 Paper

 Inductance goes down with distance to next layer

« Multilayer PCB will have less inductance than 2-layer 1.5mm
* Thinner = better

* Doesn’t need to be a GND-plane
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TECHNOLOGY

Power Supply Layout and EM|

Christian Kueck

Introduction

PC-board layout determines the success or failure of every
power supply project. It sets functional, electromagnetic
interference (EMI), and thermal behavior. Switching power
supply layout is not black magic, but is often overlooked
untilitistoolateinthe design process. Fortunately physics
is on your side. Functional and EMI requirements must
be met, and in a world of trade-offs in power supply unit
layout, what is good for functional stability is good for
EMI. Good layout from first prototyping on does not add
to cost, but actually saves significant resources in EMI
filters, mechanical shielding, EMI test time and PC board
runs. This application note focuses primarily on nonisolated
topologies, but will examine some isolated topologies as
well. Youwill learnto make the optimum choices regarding
PC-board layout for solid power supply designs.

| remember about a dozen years ago as a customer was

LY LINEAR
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|

Vour

—,— AN139 Fii
Figure 1

During the on cycle with S1 closed and S2 open, the AC
current follows the red loop (Figure 1). During the off
cycle, with S1 open and S2 closed, the AC current follows
the blue loop. Both currents have a trapeze shape. People
often have difficulty grasping that the loop producing the
highest EMI is not the red nor the blue loop. Only in the
greenloop flowsafully switched AC current, switched from
zero to Ipgak and back to zero. We refer to the green loop
as a hot loop, since it has the highest AC and EMI energy.




SILENCE PLEASE



Linear technology invented
noise cancelling
for switch mode regulators.

It IS called Silent Switcher?

(1) Silent Switcher is a registered trade mark and Patent pending from
Linear Technology Corp.
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How dos It work

Even on the most compact design the decoupling components with the switch
have some finite dimensions and create an EMI field.
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LT8614 Silgnt Switcher

On a Linear Technology Silent Switcher two identical decoupling loops with
opposite orientation cancel each others EMI field.
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LT8614 EMI Performance

60

50
40

30
20 ,
; M

-10 —— NOISE FLOOR ]
—— 8614

30 841 1381 1922 2462 300
FREQUENCY (MHz)

(dBuV/m)

anid44 F1

Figure 1. Noise Floor and the LT8614 Board at CISPR25
Radiated Measurement in an Anechoic Chamber
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Figure 2. LT8610 and LT8614 700kHz 14V to 3.3V 2A
ALY | Radiated EMI in GTEM Corrected for OATS
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Figure 3. LT8610 and the LT8614, Switch Node Rising Edge
Both at 8.4V, 3.3Vgyt at 2.2A
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Efficiency vs. Switching Fregency
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Reduce EMI and Improve Efficiency with
Silent Switcher Designs
Christian Kueck

Questions ?
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Thank you




