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Layout example for LT1940EFE with EMC filters
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1. Why EMI Noise come from
DC/DC converter?

1) EMI Noise
2) EMI Noise Source on switching regulator
3) Noise Hot loop as topology

2. How to reduce EMI Noise?

1) Layout design & Filter
2) LTC EMI solution
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Why EMI Noise comes
from DC/DC converter?
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EMI Noise
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dBm and dBuV

Relationship between dBm, W, dBuV, V dbmw dbuv
dBm W dBpVv V 33 140
-100 0.1pW 7 2.2uV 23 130
-90 1pW 17 7V 13 120
-80 10pW 27 22V 3 110
-70 100pW 37 70pVv 7 100
-60 1nW 47 220|JV -17 90
-50 10nW 57 700V 27 80
-47 20nW 60 1mvV 37 20
-40 100nW 67 2.2mV

-47 60
-30 Y 77 7mV
-57 50
-20 10pW 87 22mV
-67 40
-10 100pW 97 70mV
77 30
0 Imw 107 220mV
-87 20
10 10mwW 117 700mV
20 100mW 127 2.2V o7 10
30 1w 137 7V 107 !
ECHNOLOGY




EMI Noise Source on
Switching regulator
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Buck is like a L/C filter 1

Vin = 10V
g1 Switch Node

Vin : \ O =3
‘ /
= Cn= HOT LOOP
i
{

Vout = 5V

Vour

— Cout §

. & °
AN138 FO

Duty = Vout / Vin
=50%

‘ , T Solution for Power )



Buck is like a L/C filter 1

Switch Node

Vin = 10V Vout Vout =5V

_10|1
PULSE(0 100 0 Q 1us 2us 1!
S

tran 100m

Freq : 50kHz
Ripple : 1Vp-p
Duty : 50%
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Buck is like a L/C filter 1

Switch Node

Vin = 10V Vout VOUut=>oV

_'Il]u

1us 2us 1I

Freq :
Ripple : 50mVp-p
Duty : 50%

=1t SIt Al ripple voltage 2 2~
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Buck is like a L/C filter 1

Switch Node

Vin = 10V Vout VOUul=1V

qﬂu

1us 2us 1|

Freq :
Ripple : 50mVp-p
Duty : 10%

i
N | | | O O |
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Inductor Behavior

¢ As a positive voltage is applied (V; > V,), current through an inductor

Increases
i i
I -
>
V. _NYY\_V
I + VL - 0 0 )t

¢ If we reverse the polarity of the voltage (V; < V,), the current through the inductor

decreases

13
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Switching an Inductor *

¢ Switch ON ¢ Switch OFF

¢ Current through the inductor decreases,
reverses polarity

¢ Current through the inductor

Increases i
L

e

O—O/ T
VA

+Vin T +Vout
| DC
| Equivalent
: ; | > Current
I
«— on >I< off —¢—on >I< off —»1 Switch State
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Switch current vs inductor currerﬁ

DISCONTINUOUS MODE

— Vin
. 51
Switch node Here! ‘ ‘ ‘ ) ‘ / / 1
] ) = Vin
S ,U L —— :DUTJ\ \ i

SE{ — L1 _II_ _I I_D

Buck Topolog;/ I Ct EDUT/\U/\\_/ 0
Vin i / / 7 lout
) —Ee=F1t—" In(AVG
S18dFHS=S2 = Llinductor 873G} 1
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Switch current vs inductor currerﬁ

Switch node Here!

51 ’U

SE{ —
t

Buck Topology

AN Fla

CONTINUOUS MODE
VOLTAGE GURRENT
Vin =3 - — |opT
S1 ‘ |

< '4|— = Vin ~ ~_— lou¥ $
0 = 0

L1 0
; _ {}
V
C1 ouT
0 %% 0
Vin = = — lout
Vin I (AVG,
0 — 0

S18JBS=S2 >> Llinductor 8 FHS} !

ALY LNEAR

Solution for Power 16




Switch current vs inductor curre

" R1
V 25m
5 Vin Sense-
Pgate —— Q1 Inductor
ol R A Sﬂ*“’smssnv T
L AAA R [T =4
200 10K C2
- LTC3801 R3 R'Dliﬂ g
F8 MBRS340 :Lﬂu gk o~ LOaA
GND T
%7 fran 1m startup R4
402K
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Switch current vs inductor Currerﬁj
¥ 3801
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Switch current vs inductor Currerﬁj

¥ 3801

) NAuUcCtor
3.0A

_current .
m

I 0.5A

S1 + S2 current waveform =
output inductor current
But di/dt = 0.5A
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Switch current vs inductor Currerﬁj

Load current = 2.5A( average inductor current)
But di/dt of S1&S2 1s 5 times bigger than
iInductor current.
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Hot Loop on Buck Regulator
Vnoise: L * d|/dt

Vin , )
ﬁfm—
= = || HoT LooP 1 Vour
/ ]::CDUT g
‘ AN130 F

+ L

Figure 1

Hot loop area 24 > L gt 24
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Noise Hot loop as
Topology
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Hot Loop as topology

Vin , |
ﬁm—
= = || HoT LooP 1 Vour
/ ‘::CDUT g
‘ AN129 F

+ L

Figure 1

Buck Regulator
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Hot Loop as Topology

DISCONTINUOUS MODE
TUDUT / /
S1 ‘ \
L1 $2 VIN /
Viy —f\’W\TQ/OT Vour Vour
St { 01 D1 _|__ |_ Vin \ \

Boost Topology
Vour \ \
C1 0

0
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Hot Loop as Topology

CONTINUQUS MODE
VOLTAGE CURRENT
Vour -1 —1 ~
iy
S1 ViN
L1 S2 — ] () 0
VN—"'W"-!—O/OT Vour —‘ r —\uT NS
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el ) 0
Vin N N
= 0
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C1 0
0 =~ —1= lour
1 — -~
")
W 0 lout
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Hot Loop as Topology

HOT LOOP || == Cour =

Boost Regulator
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Hot Loop as Topology

vmg | 1% PR ir I _{UW
= == HOT LOOP HOTLOOP | ™ — ™=

ECHNOLOGY



Hot Loop as Topology

-L_'w\}f_r | -{VDUT

HOTLOOP |~ T

Sepic Regulator
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Hot Loop as Topology

-Vout

HOT LOOP
Vin

Inverting Regulator
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How to reduce EMI Noise?
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EMI Performance
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Hot loop size = EMI Performance
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Layout Guide
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Layout guide - Input capacitor ki

Y Il En
V 1L
S04 ] v Sl 'Y B I l I I

0.1F

= 4TWF o o7 — evoy —
E3 e U oma Vo o = e
meett | W = —
—] Imon WE | 25 N . [
—] icTRL 5P I" _—
SN P
Bmsz | =
g PG = Fi_. .
o TRISS '
T e GyDFB

| S0 3 7y

T [ T ® 00 O
fﬁw . ?UOKHZ AN120F02 ‘ ‘ ‘

Solution for Power 34




Layout guide - Input capacitor

q :
MM L_P',ﬂ.g R Bevowires
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Layout guide - GND copper

Vin

Green:Top ™ S2= M F(AAH L E)
Red : 2" ]ayer GND plane il S 2

36
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Otok 2| GND copperdt SICHH 2 XtHD|
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Layout guide - GND copper

S X2l GND copper Jt === A& 2ol =&
&, GND copperl] dF= Top St BHHE =2

o o,

Ol Eddy currentJt & Xl AHJIEL DI|E RS

ol MZ
S HE,
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Inner GND copper layer

Table 1
d f FACTOR OVER
(mm) | (MHz) | C (pF) | L (nH) 0.12mm
18,4 | 40 187 ﬁingle-LayerUpen 14, 4
N___{Loop
21,2 | 400 | 141 |Inner Copper Short- 10, 85
Circuit Loop
1,5 | 38,9 | 4099 42 ]solid Plate 3,23
1,5 | 34,7 | 400 93 | Rectangular Loop No 4,08
Overlap
0,5 | 52,1 | 400 23 | Thin Rectangular 1,77
0,27 | 55 | 400 21 1,61
0,12 | 69 | 400 13 | Paper

A solid plane on the next layer in a multilayer board
(four layers or more) will have over 3x less inductance
than a normal 1.5mm 2-layer board with a solid bottom
plane, and over 14x less over a single-layer board. A solid
plane with minimum distance to the hot loop is one of the
most effective ways to reduce EMI.

INEAR

ECHNOLOGY

Solution for Power
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Layout guide - Land Pattern

Undesired Desired

« Use wide / short copper trace for power components
« Use multiple vias for inter-layer connections

» Avoid improper use of “thermal relief”

* Minimize resistance and inductance

ALY LINEAR

40

Solution for Power




Input EMI filter

*% C2 SHOULD BE PLACED BETWEEN VIN1 AND GND1. C12
SHOULD BE PLACED BETWEEN VIN2 AND GND2. THESE

CAPACITORS MUST BE PLACED AS CLOSE AS POSSIBLETO  J4
LT8614.

LT8614EUDC
b 4
sev-avOpg = l 1w ™
= 100K 1uF
GND (O [ 'czz1ur __?J.'i ; 50V
E2 == 63V = 50V
= =R6 1206 13
< 83CEZBS L I 0iuF  1.0ud * SEE DEMO MANUAL
- = T'W IHLP2020CZER1ROMO1
14 Jour .
ENUV Oes ENUV W s E3O 5‘(/% *
17 W 6 lcg c13
O = SYNC W for e 02
petq 21 Tvee Tmo T T
GND : . O GND
R7 0 E
c7 i . 1 4
1uF TR/SS BIAS Wy -
25V R3 100k
15 ¥kt pe |2 M
R2 R4  1Meg
GNDO——J_ - 182K G : W
E9 i (2MHz) Sazs = 5
= ZZ =z 2
BHOO S C5  ATpF
- e e
PG
= J7 E8 O

Inductor + large cap = Low Frequency filter

Bead + small cap = High frequency filter
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LTC EMI Solution
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Spread Spectrum Oscillator

2.25MHz, 2.5V/8A Step-Down Regulator 150kHz to 30MHz Output
_— . e —— Frequency Spectrum
: : N
Cgyp Vi TRACK PViy -EmuFU.QuH Vour (ngZ Res Bw)
T ¥ooou Rr SW L5y 0 — T
o= | Lioseos 22 %M HIeade = SSFM DISABLED
PGOOD |= @ —10
GND  QUT2 [ - Coyr o
| T RUNSS  PGND q_ 1gnuF =
4.2k = 10000F I SGND = > 20
$_ SET M001 j,- D 499 | SYNCMODE Ve | = E 20 . | l
E30B42 THOMa 820pF =
four= 10MHz* 10K Rger = £ gﬁk 40 anatd i
%

I I I I
= SSFM ENABLED

ol
150kHz 30MHz
FREQUENCY

L) TECHNOLOGY _

=1k JtH & Spread Spectrum function
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Spread Spectrum Oscillator
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A00812 FI5 i
fout = 10k * (10MHz/1.13V) * IconTROL(A) — LTCE908-2 (QUADRATURE)
U |
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o T ouT2 |
E |5 o[ o N —
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Figure 4. Normalized Input RMS Ripple Current vs
Duty Factor for 1 to 6 Output Stages
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LTC Pinout Advantage

EMI and layout friendly pinouts enable perfect low RFI solutions

Vourz Vourt

.o L2 L1 .
a9
Cout2 ! .' CDUT1
]

P o |"||' 00 .fﬁ

®Cinz 90  (BSTI  eeee’

VouTs




Automotive Low EMI IC°’s — LTC
Design Advantage

2ns
2ns 36V 36V




2 2 2 2 2\ Z

42V, 4A Sync buck

Low EMI

Max Output = 4A
Ultra-Fast Toywin=25ns
88/40mQ Ry oy SWitches
18-Lead QFN 3x4




L T8614 — Silent Switcher

LT8610: A Synchronous Buck Regulator

oY
1M
—| I— TR/SS FB
1uF

10pF

i o—”—mwm H

RT PGND GND
ED.4|¢.% l l 243k
fsw = 700kHz "= 610 TADIa




L T8614 — Silent Switcher

Customer Needs vs. LT8610
1.Lower EMI with simple PCB
2.Higher efficiency (at >2MHz)

3.Smaller Footprint
4,9777

_|

Fundamental Limitations

1. Cy,\ parasitic L
2. Bond-wire parasitic L+R

-LT86
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L T8614 — Silent Switcher

IC LHE /——\\H
\ \/”\l L_P,ﬂg R PAR ~ | BDWﬂUWEﬁ
YV AN
GSL —”: Top W /. V .
A ov
/197 5 T
—fq&-ﬁr S L
W J

Synchronous Buck : Parasitic L+R
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LT8610: MS16E Bonding
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Dual Hot-Loop
+

Coupled Loops

=S

IT8614: QFN Flip-Chip

ALY LNEAR

llent Switcher
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L T8614 — Silent Switcher

Coupled Hot Loops

Confined
Magnetic Field
+

Low EMI
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How does it work
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L T8614 — Silent Switcher

Efficiency vs. Switching Fregency

100
95 1
90 -’_\
S
)
S 85
S
o
80 1 ~ LT8614
V, =14V
N Vour=3V
> lour=2A
70 !
0 1 2 3 4 5

Switching Frequency (MHz)




L T8614 — Silent Switcher

>0.1uF

A

5.9V TO 42V I I I |

T/ S i

o=
ﬂ

Vin BST

EN/UV

PG SW

SYNC BIAS
LT8614

TR/SS FB

INTVce
RT PGND GND

LT8614 Typical App
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LT8614 EMI Performance

Avg Type: Voltage

= st
IFGain:Low Atten: 10 dB [E24F NNNN N

10 dBidiv. Ref 106.99 dBpV
Log

55dB
870 \
" \
B7.0
570
0 1 )
a
270
7.0 1
Start 150 kHz

Stop 30.00 MHz

Res BW (CISPR) 9 kHz Sweep 717 ms (6637 pts)

VBW 62 kHz

SER

99 dBpV

Avg Type: Voltage
Free Run kAR
IFGain:Low Atten: 10 dB b bLE)
10 deidiv__Ref 106.99 dBuV.
Lo
Trace 1 Pass
970 Z7AD
D /UD,
87.0
67.0
57.0
470
7.0
270
170 e
Start 30.0 MHz Stop 300.0 MHz
Res BW (CISPR) 120 kHz VBW 910 kHz Sweep 30.3 ms (4503 pts)

LT8610: 12V to 3.3V, 2A

X : = ;
Center Freq 15.075000 MHz )
Trig: Free Run

—-—
IFGain:Low Atten: 10 dB

A
oe7 (NEIENEY

10 dBidiv. Ref 106.99 dBuv
Log

=5 5=
2/0 X
AN
. \

Start 150 kHz

Stop 30.00 MHz
Res BW (CISPR) 9 kHz

VBW 62 kHz Sweep 717 ms (6637 pts)

it
e IR

|10 dBidiv_Ref 106.99 dBuV

Trace 1Pass

S 37dB

470

T If LR |
7o L A i o R L L Al L
AT AR LA T T

VBW 910 kHz

Start 30.0 MHz

Stop 300.0 MHz
Res BW (CISPR) 120 kHz

Sweep 30.3 ms (4503 pts)

LT8614: 12V to 3.3V, 2A
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