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Agenda

What is EMC/EMI?

EMI Measurements (standards, specs, equipment, measurement
equipment)

Sources of noise and importance of layout
Silent Switcher

4 switch buck boost

Demo board layouts
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What is EMI/EMC
and how Is It
measured?
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EMISSIONS LEVEL (dBy'im)

Some terminology

EMI = Electromagnetic Interference
EMC = Electromagnetic Compatibility

EN55022B (European EMC Standard for radiated emissions)
CISPR25 (International EMC Standard for radiated emissions)
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EMI — Conducted vs. Radiated
EMI

Conduc¢ted (<30MHz) Radiated %>30MHZ)
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Differential Common Magnetic Electric
Mode Mode “Silent Switcher? helps!

Lower order harmonics are NOT

sensitive to supply parasitics and
can be estimated with LTpowerCAD.
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EMI Chamber

6 // 28 May 2020 Analog Devices Confidential Information. ©2020 Analog Devices, Inc. All rights reserved. D ADI Power by Llﬂearm



Measurements — Radiated Emissions using Monopole

Antenna
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Measurements — Radiated Emissions using Biconical
Antenna R

Side view
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Measurements — Radiated Emissions using Log-periodic
Antenna —
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Front view
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Measurements — Conducted Emissions (voltage
measurement)
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Conducted EMI — equipment

Two LISNs
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Measurements — Conducted Emissions (current

measurement) 1 B
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Sources of noise In
a DC/DC converter
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Noise generated by a switch mode power supply

switch node

voltage
y N

time’
—b‘ switching frequency ’1* >| ’4 switch transition

Switching frequency typically 500kHz to 3MHz
Switching transition typically 10MHz to 200MHz (100ns to 5ns)
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Where does high frequency noise come from?
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In the frequency

domain, we see

high frequency
harmonics
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Layout, a very important ‘external’ component

Basic buck topology

AN vout

Vin
||
= I N
Switch Transition
30ns

e——-QUns——a‘

Voltage offset resulting from switch
transitions

- Every one inch (2.5cm) of PCB trace has
about 20nH of trace inductance

-V = L (di/dt)

= With switch transitions of 30ns, 1 inch of
board trace length and 5A of current:

-V =20nH (5A/30ns) = 3 33\/
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What are AC traces?

Current flow during on-time: =i T VAN

Current flow during off-time:

AC Traces: LT Y L

Keep AC traces as short as possible....
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How can Analog
Devices help?
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How ADI Products Help Customer Reduce Noise

10Hz to 100kHz Output Noise

Control the slew rate of switches
Spread spectrum frequency modulation

Vour R
100pV/DIV sk ;

Modules with internal filtering and shielding

Silent Switcher
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Controlling Switch Transitions To Reduce Noise

Other parts with switch slew rate control for lower EMI

Slew Rates DAC Min to DAC Max

200mV/DIV e

1 ﬂﬂj.ls."D IV M5 EE

N
Many of our PMICs offer

programmable slew rate
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Description

I2C Controllable Buck Regulator with
LTC3445 Two LDOs in a 4mm x 4mm QFN

12C Quad Synchronous Step-Down
LTC3562 DC/DC Regulator 2 x 600mA, 2 x 400mA
LTC3589 I82-((:)utput Regulator with Sequencing and

Monolithic 400mA Buck Regulator with
LTC3670 Dual 150mA LDOs in 3mm x 2mm DFN

Monolithic Fixed-Output 400mA Buck
LTC3672B | Regulator with Dual 150mA LDOs in

2mm x 2mm DFN
LTC3675/6 7-Channel Configurable High Power

PMIC

Single-Phase Wide VIN Range DC/DC
LTC3816 Controller for Intel IMVP-6/IMVP-6.5

CPUs
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Spread Spectrum Frequency Modulation

SSFM decreases the peak electromagnetic radiation level and improve
EMC (electro-magnetic compatibility). We can add SSFM with an
external LTC6908...

150kHz to 30MHz Output
Frequency Spectrum
2.25MHz, 2.5V/8A Step-Down Regulator (9kHz Res BW)
I"'r||"||_. I:I T T T T
2.8V TO 5.5V T 1T 2 1o SSFM DISABLED
=T 100uF =
Cayp SV TRACK P | = 0.2uH Vaout E -
v ouTd RT sW o 5 4 \ : L]
01pF LTCE908-1 LTCaAts e NN
PGOOD = Cout 40
| GND - OUT2 = RUNSS  PGND T .
44.2};% = 1000pF i SGHD q_ = - SSFM ENABLED
SET  MOD _-I- _-|=-_ 400 | syncmone v | F g 1t ‘}
—
mmmm B20pF 439k = =20
2% M i
i 150kHz 30MHz
= FREQLENCY

(FUNDAMENTAL AND HARMONICS SHOWN)
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Hot loops in a switcher

5V 2.5A Step-Down Converter Vin

Vin

5.5V TO 42V Vin BST _-I-u.wF
I4.?uF | ENLV

T 47y

+— PG sw
LT8610

SYNC BIAS
10nF

I— TR/SS FB
1uF
I— INTVge

RT PGND GND
ﬁu.zu:% l l
fow = 700kHz N0 TADI
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Two hot loops — magnetic fields cancel

5V 4A Step-Down Converter

Vourt
5V
4A

—47yF

Vin
58vVT042v Y )
= 0 Ving Vinz uF
~ §—{ GnD! GND2 —§
—pg O ger —
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L1

C2
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Silent Switcher 1 Innovation

oV 4A Step-Down Converter

y Demo board
IN
5.8VT042v ™Y 1
4:
EN/UV
-I_- Vin1 Vinz
= 1)F
?- GND1 GND2
- 4
-— 8614 aor
0Nl evneMoDE  sw
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RT GND
fSW= 1MHz 14 TAO1Z
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Cancelling Hot Loops
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Assembly improvements also help
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Confined Magnetic Field = Low EMI

i , ML ML L e L

' "ﬁﬂ‘ﬂnn,'_

-LT8640-
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20dB improvement

2V/DIV

Figure 3. LT8610 and the LT8614, Switch Node Rising Edge

4ns/DIV

Both at 8.4Vyy, 3.3Vgyr at 2.2A

Vsw
5V/DIV

Figure 4. LT8610 and the LT8614, Both at 13.2Vyy,

an144 FO3

8610

k 4

|

[

8614

3.3V 2.2A out
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100ns/DIV

an144 FO4

RADIATED NOISE LEVEL (dByV)
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LT8610
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30 100 450
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ani+4 Hi2

Figure 2. LT8610 and LT8614 700kHz 14V to 3.3V 2A
Radiated EMI in GTEM Corrected for OATS
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Silent Switcher 2

From this:
Silent Switcher 1

oV DA Step-Down Converter

Vin
55VT042V Y T

4.7uF EN/UV
_'Ir'_ 1 Vint Vinz
GND1 GND2

= LT8640
+— PG BST

10nF

INTVe
4 RT

—| 5YNC/MODE sSwW
s

BIAS
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- BE40 TAa

To this:
Silent Switcher 2

Viy  LT8640S
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GND
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FB

412k

1uH
ANJ‘V“V’\_I_ 3.3V
5A
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Bypass Caps integrated

Vsw
All Hot Loops S
Inside Part!
Vi1 [1 gese ) vCC Driver Loop fns/DIV —
qonent = STt D Allows for faster switching
...’__ﬂ river Loop o :
s 96 Efficiency
e 95
94 LT8640
A F93
Vin2 | E:": Eﬂ LT8614
Silent J)B BST2DriverLoop £ |
Switcher e
89 f=2MHz
88 12V, t0 SVour
87
0 1 4 5 6

3
(gutput Current (A)

Figure 1. Efficiency Comparison with fsw=2MHz
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Robust layout

LT8650
DUAL CHANNEL 42V, 4A SYNCHRON
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4 Switch Buck-
Boost




Hot loops in a 4 Switch Buck-Boost
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Integrated FETs

0.1uF 1 3uH 0.1pF

thrih

BST1 SWA1 SW2 BST2 100mg2
8V T0 1I?‘-“m PVour
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EN/UVLO FB
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Further Integration

MModule 4 SW Buck-Boost
24V gyt from 7V, to 58V,y Buck-Boost Regulator

Vin Vin LTM8056 Vour v
— . out
7V TO 58V 24\/
lSVIN _I — - I_ lout
IN
> —— 33)F
——100v —]RUN -| |- 3 35V
«3 = CTL
—{ SS CLKOUT = —de 220F
SYNC | - T ®Y
43.2k INMON
525kHz —] COMP loutmon |~ | 5.23k
RT L mope |enD FB ——"VW—¢—
I I = B055TAD1a
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Spread Spectrum Frequency
Modulation (SSFM)
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Resources
Available




Layout

Schematic Recommended layout

T
4.7uF ENUV
XL i Vinz 4_1 "
= U H
" §—{ 6o GND2—§
«—{prG BST —_l-_
—_— 0.1pF 3.3yH
Ly —>|SYNC/MODE  SWj———Y""\g-
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Demo boards, layout + gerbers available

| 42v, 4A Synchronous Step- i
Down Silent Switcher with 2.5pA |j Data Sheet Proguction

Quiescent Current

T DIg20198

Demonstration circuit 2019B is a 42V, 4A micropower synchronous step-down
Silent Switcher™ featuring the LT8614. The demo board is designed for 5V output
from a 5.8V to 42V input. The wide input range allows a variety of input sources,
such as automotive batteries and industrial supplies. The LT8614 is a compact
ultralow emission, high efficiency and high speed synchronous monolithic step-
down switching regulator. The integrated power switches and inclusion of all
necessary circuitry reduce the components count and solution size. Special Silent
Switcher architecture minimizes EMIV/EMC emissions. Ultralow 2.5pA quiescent
current in Burst Mode® operation achieves high efficiency at very light loads. Fast
minimum on-time of 30ns enables high Vin to low Vour conversion at high -

il |_'| archive.log
=] DC2019B-2.D5N
DC2019B-3.PCB
Resources B DC2019B-3.XLS
DC20155 - Schematic Fds) DC2019B-3-CF.XLS
O / ¢ DC2019B-3-GBR.ZIP
{4, DC2019B-3-LAYOUT-ASC.ASC
¢ DC2019B-3-PDF.ZIP
(| DC2019B-3-SCH.PDF
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DC2019B - Demo Manual
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Utilising Analog.com to filter based on features

Choose Parameters Al ResetTable G Maximize Filters 1 2 Share

Part Number Features Number of § Vvin § Vin . “ ”
B X outputs min| v max | v Just filter for “Spread Spectrum
. i

Filter Parts 1 Values Selectedv 1 _9 2925 -7 48 -105 In the featu reS COIUmn
Compare

9 pa rts HIDE HIDE HIDE HIDE

LTM8078 (dual output) Adjustable Slew Rate, Adjustable Switching Frequency, |2 3 40

NEW Dual Input, External Synchronization, Power Good,
Resistor Set Frequency, Silent Switcher Architecture,
Soft Start, Spread Spectrum, Tracking Choose Parameters  All ReselTable G  Maximize Filie Sort by Newest SavetomyAnalog @ Download to Excel i
LTMB8078 (single output| Adjustable Slew Rate, Adjustable Switching Frequency, 1 3 B X Part Number eatures Number of i Vin i Vin
NEW Dual Input, External Synchronization, Power Good, ‘ Outputs min | V max | V
Resistor Set Frequency, Silent Switcher Architecture, @
Soft Start, Spread Spectrum, Tracking v
Filter Parts 1 Values Selectedv 1 -2 225 -7 48 -105
LT1533 Adjustable Slew Rate, External Synchronization, Low 1 2.55 Compare
EMI 7 pa rts HIDE HIDE HIDE HIDE
LT8648S New Burst Mode, External Synchronization, Power Good, 1 2.45 42
LT1534 Adjustable Slew Rate, External Synchronization, Low 1 27 Resislor Set Frequency, Silent Swilcher 2 Architecture,
EMI Soft Start, Spread Spectrum, Tracking
LT1534-1 Adjustable Slew Rate. External Synchronization, Low |1 2.7 LTBES3S new Power Good, Sequencing, Silent Switcher 2 2 26 42
EMI Architecture, Soft Start, Spread Spectrum, Tracking
LT3439 Adjustable Slew Rate, External Synchronization, Low 1 28 LTM8078 (dual output) Adjustable Slew Rate, Adjustable Switching Frequency, 2 3 40
EMI, Resistor Set Frequency NEW Dual Input, External Synchronization, Power Good,
Resistor Set Frequency, Silent Switcher Architecture,
LT1683 Soft Start, Spread Spectrum, Tracking
LTM8078 (single output)]  Adjustable Slew Rate, Adjustable Switching Frequency, | 1 3 40
NEW Dual Input, External Synchronization, Power Good,
Resistor Set Frequency, Silent Switcher Architecture,
Soft Start, Spread Spectrum, Tracking
LT86465 Burst Mode, External Synchronization, Resistor Set 1 34 65
J ust fl Ite r fo r “Ad 1 u Sta b I e S | eW Frequency, Silent Switcher 2 Architecture, Spread
J Spectrum
”» -
Rate N the featu res COIUI nn LT8609S Burst Mode, External Synchronization, Internal Bypass | 1 3 42
Caps, Power Good, Resistor Set Frequency, Silent
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Thank you
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