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WURTH

ELEKTRONIK
MORE THAN
YOU EXPECT

08:30 - 09:00 Arrival | Registration | Coffee

09:00 - 09:50 SMPS Topologies, tips and tricks (Analog Devices)

09:50 - 10:45 Filtering Considerations for DC/DC Converters (Wurth Electronics)
10:45 - 11:10 Coffee Break & Networking Opportunity

11:10 - 12:00 The Art of Loop Compensation (Wurth Electronics)

12:00 - 13:00 Lunch

13:00 - 13:50 L Tspice Examples (Analog Devices)

13:50 - 14:45 Smart Selection of Inductors and Capacitors (Wurth Electronics)
14:45 - 15:10 Coffee Break & Networking Opportunity

15:10 - 16:00 PCB Board Layout Optimisation (Analog Devices)
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Agenda

Buck (Step Down)
Boost(Step Up)
Buck-Boost (Step Up and Step Down)
SEPIC (Step Up and Step Down)
Zeta(Inverse SEPIC)
Inverting (Buck-Boost)
CUK (Inverting)
Charge Pump (High Power)
Hybrid Converter
Other combined Topologies(Cascaded)
|solateded
Flyback (Isolated)
Forward (Isolated)
Push-Pull(Isolated)
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Buck (Step Down)

Vin

1Y]

_ |

14

Vout

Synchronous / Non Synchronous / Synchronizable

Monolythic

Pulsed Energy Flow on the input side
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Additional filtering

Often input and / or output traces radiate the most
Additional LC filter

L
T AN

/\/\/\i\ Vout

feedback

Generally trace with inductance in series is less noisy
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boost topology
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Additional filtering

Often input and / or output traces radiate the most

Additional LC filter
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Generally trace with inductance in series is less noisy
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Additional filtering

Often input and / or output traces radiate the most

Additional LC filter
Vin
L
. T : —

— feedback

Generally trace with inductance in series is less noisy

Vin MV vout
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boost topology buck topology
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Buck Hot Loops

Vin

Vout
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Silent switcher - magnetic field cancellation

IGS
L1
— — VOUT
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Cancelling Hot Loops

¢ Thetwo high current loops cancel each others magnetic field, almost like
enclosing the circuit in a metal box

Confined Magnetic Field = Low EMI
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SACSRNAT CORC O 1 iy A

©2024 Analog Devices, Inc. AllRights Reserved.



New Silent Switcher 3 ANALOS

= Ultralow EMI Emissions
= High Efficiency at High Switching Frequency

Noise Spectral Density

= Integrated Bypass Capacitors [ 2Nao T e
G e

H T I DEVICES ] (INTEGRATED NOISE FROM |

= Eliminates PCB layout sensitivity 577 T
~ Ultralow LF Noise (0.1Hz to 100kHz) Felmas e
1vau;l-u?\/,ltog!llzl]|l H‘; Al

10 100 1k 10k 100k ™
FREQUENCY (Hz)

= Ultrafast Transient Response

Switching Rising Edge

Vs
2v/DIvV

Silent Switcher®3

Silent Switcher’1
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Demo setup Silent Switcher 3

Batteries

Silent
Switcher 3

Heritage
Switcher

Simple Linear
Requlator

Ultra Low-
noise LDO
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Silent Switcher 3: Ultralow EMI paired with low-noise reference

60 dB noise
amplifier

Selector

Speaker
20Hz to 20kHz
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Block diagram

Silent Switcher Evkit

o O

! LT8625SP
I
Switcher Evkit
.—
i+
I
T Ultra low-noise LDO
LT3042
I
i Simple Linear Regulator

LM7805
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60dB
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LOW-PASS

Speaker
amplifier
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Boost (Step Up)

Vin

[T

—
_ I
|_

Vout

P

Pulsed Energy Flow on the output side

Usually Non Synchronous / Synchronous adds true shutdown

Max boost factor dependent on DCR of inductor and load resistance

©2024 Analog Devices, Inc. All Rights Reserved.
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Boost-Factor
Duty cycle for a boost:
. Vin

Vo

But, Thereis alimit to how much a
boost can boost:

1 1

DCR
(1-D)4=R

~ (1-D) (1+
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Boostfaktor

5_

4 -

load resistor R 100Q
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2Q) DCR

0.5

duty cycl
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Hot Loop Boost Reqgulator

Current flow during on-time:

Current flow during off-time:

AC traces:

Keep AC traces as short as possible...(ASAP)

©2024 Analog Devices, Inc. All Rights Reserved.



Silent Switcher Boost Converters

©2024 Analog Devices, Inc. All Rights Reserved.

LT8336
EN/UVLO

RT

INTV

SYNC/MODE
GND
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VDUT

24V
0.6A

- 20F
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Buck-Boost (Step Up and Step Down)

Vin >1 >2 Vout

o

S3 54

Very efficient
More silicon / fewer passives

Challenge is switch over
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Synchronous Buck-Boost Topology Hot Loops

Input and Output capacitor has to deliver, depending on operation mode

©2024 Analog Devices, Inc. All Rights Reserved.
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LT835OS New Generation S

T | —— ~3ns
_| S S I_ +—> . <1ns Body-Diode
| A D 1 / 4 d ion!
VIN S w1 S W2 VO uT “." C on u{?? n
—_— Y __4 { | | X
Vswi | I Y

e Sp Sp 1 " I
—I I_ o 24V 12V Vsw2
—_ | —— No Body-Diode
Conduction!/ |

ent Switcher 2

I s s i N e
Silent Switcher 2 Architecture oo s "
= Symmetrical hot loops
* Internal hot loop caps For Good EMI, Good Efficiency, Simple PCB

» Cu pillarsinstead of bond wire

Safe zero-deadtime
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SEPIC (Step Up and Step Down)

S2 /D1

Vin

s1 /
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Vout

Coupled inductors / coupling capacitor
RHP Zero

Lower efficiency compared to buck-boost

©2024 Analog Devices, Inc. All Rights Reserved.
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SEPIC Topology Hot Loop

©2024 Analog Devices, Inc. All Rights Reserved.
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Zeta(Inverse SEPIC) A
~ 1 (7" T
vin >1 | Vout

No right half plane zero

Active high side switch needed (buck converter type)
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Inverting (Buck-Boost)

Vin (positiv) Vout (negativ)
1YT 1YT

TG

Buck

Controller IC
BG HT
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Inverting (Buck-Boost) Topology Hot Loop

©2024 Analog Devices, Inc. All Rights Reserved.
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CUK (Inverting)(Cuk)

Vin Vout

|
1

_/
|
|

Continuous power flow on Vin and Vout
Low noise

Special converter needed

©2024 Analog Devices, Inc. All Rights Reserved.
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5V to -5V, 100mA Inverting DC/DC Converter 10V to 40V Input, —12V OQutput Inverting Converter
Vi
22uH 1uF 22uH 10V TO 40V o N T L, G
Vin 4.74F m Ladl AnF
5V 50V 200k 50V
—_l__ X7R SHORUVLO X7R, x2 L1B Yoo
Vout x2 R2 |—.m—.—.—- 1oV
*— -5V = 32.4k LT3758 2A
267k _T_ 100mA SYNC GATE —| M1
22pF — S
e - SENSE Lv—: 1 105k
m—T Vin FB
T 1 RT 3 00150
LT3462A 68.1k —— 10uF ss .
SDREF VC GND INTVgg
C
GTD p Sz . ok fgég
Cvee —
-TL 3462 TAO1 — . 047pF 6.8nF — ?07\#”: ﬁR
X5R
@ & @ @ @

1

3757 TAO7a e
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Cuk Topology Hot Loop

This topology produces the smallest interferences in comparison to all other DC/DC topologies

©2024 Analog Devices, Inc. All Rights Reserved.



Charge Pump (High Power)
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EFFICIENCY { %)

3

&

i

=
‘q_d

9

Efficiency and Power Loss
vs Load Current

EFFICIE

NCY

Vjy = 48V
ViguT = 24V
& Vour “a/ )

| /

/

--.-___-_-.

T~

f, = 100KkH

Lt

a

i

ey’

~.

-

-~

L

="

1 <~ POWER LOSS

0

1

2 d
LOAD CLURRENT (A)

a3 (=F} =

=
=
(M) 5507 HIMOd

0.4

ANALOG
DEVICES



ANALOG

DEVICES
Hybrid Converter L0-E0V
Vin o ) )

Low FET voltage stress(Vin/2) Device Rating:
Low switching loss — 80V

_| Q1 40V
High switching frequency :j 40OV
Small inductor + 04 40V
Vo =12Vin*D, tightly requlated _| =
Current Mode control :j Cmid 20-30V

—— Cfly ¢ I

Current Sharing(Scalable)

—
_| :j Q3 o Vout

| Jr2v

—
_| :j a4 —— Cout

©2024 Analog Devices, Inc. All Rights Reserved.



Other combined Topologies (Cascaded)

ANALOG
DEVICES

€3, 0.1pF C5, 0.1yF
| | |
Vin L1 Il |
100uH p | ; |
2.5V t0 16V o 0o 03 (_V_)m
ot oAU c4 c6
I 2.2uF SW cap| L H 0.1pF 0.1pF Vout
= Vee  Vour — |—0— L:M . L
LT8410 0 15; OUTPUT = 100V —3 Lag "L T Cout?
TURN ON/OFF SN VRer Rl 0.4mA (Vjy = 5V) A0hs S v
I 0.4pF vin = | ot et
N GND FBP = _T o (= f L
= 787k C"“I $Cout‘l
Rin1 Rini2
- B410-1 TATY
I Ccin
Boost and Charge Pump (voltage doublers) -
SDSNSYNC IM
i GHD 1 [0
[ i COMP PIr CHA
C2 1 GC’IT FB GATE Ii_
= Rs2
R FREQ PGEHND N
?ﬁeq ADPB21ARME L
= pin
= 3 I Rseni
Coupled SEPIC - CUK R
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Vin: 2.7V to 100V : > Vourr DEVICES
° v 1L
Isolated Topologies i
Flyback
L7 i No Opto or
N LT830x 0 il
400WT Active-Clamp Forward Controllers h ﬂ E %
SO0T-23 SO-SE
S00W T Forward ;
200W Forward Controllers é
100W T J 20t
Flyback Controllers
25W T Monolithic Flyback ] .« o o M veut
: t > L E > T
100V 400V 600 V f T
| o|le % €7
Push-Pull - E

|
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AHEAD OF WHAT'S POSSIBLE

analog.com
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