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ADI Power Overview
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We focus on... ANALOo

AHEAD OF WHAT'S POSSIBLE™

Autonomous Transportation and
Machines
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Remote Healthcare Industry 4.0 and Smart Energy Immersive Consumer Experiences
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Power Innovation Technologies

Reduceform factor enabling
Q customersto reduce PCB space or
add incremental functionality

Manage power
dissipation (heat) in the

Reduce electromagnetic

smallest of form factors _ " - -
- mterference(nmse)
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Autonomous Transportation and
Machines

Automotive Electrification Industry 4.0 and Smart Energy Next-Generatio Connecti\rity ~ Iimmersive Consumer Experiences



Small Form Factor -pModule AR

AHEAD OF WHAT'S POSSIBLE™

Year 2010
12X L. T™M4601
Year 2012 FPGA Core 0.8V @100A
AX 1 TM4620 Power Supplier Solution

1 x LTM4700 with Digital Telemetry
Year 2014

(July 2018)

3X LTM4630 = T e
Year 2016
2 X LTM4650
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Silent Switcher — Low EMI

~ Buck regulator platform
= 20dB EMI improvement — No compromise in efficiency and size!

- Offers customers:
= High frequency

~ Technologies

= Circuits

High efficiency
High current

Low EMI noise
Solder joint reliability

= Process/devices

= Package

* In-package passive

7 // 6 May 2020
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oV 4A Step-Down Converter 60
Vi 50
58vT042V —_Y 1 S 40 |— CISPR22 RADIATED CLASS B LIMITS _| |
4.7yF @
== i Ving Sk Vinz 4_1 y = 30 I
= 1 !
“§—{ ann1 GND2 ¢ @ 20
3_ o LT8614 - = é 10 LT8610
i == 0.1F 4.7pH Vour 2 0 20dB
—| SYNC/MODE ~ SW 5V 2 0
TR/SS BIAS 4A <"
1yF = -20
47uF -30 LT8614
I-W_I— INTVge FB p
| | -40
RT GND 30 100 450
FREQUENCY (MHz)
fSW = 1MHz = es14 TADTa anl4d F2

Figure 2. LTB610 and LT8614 700kHz 14V to 3.3V 2A
Radiated EMI in GTEM Corrected for OATS
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New idea to achieve Higher Efficiency SRS

AHEAD OF WHAT'S POSSIBLE™

12V to SV gy Efficiency
100 / 40 100 12
a5 ra P Efficiency vs Load Current
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i 75 ;'/'/ 152 ] o ' ——200kHz Buck with 9V drive = o5 v S
POWER LOSS |~ /| o '*E' - ) - 500kHz Hybrid with 6V drive Pt S
70 - . 94
Hﬁf “al . - | ~ 2
Py ] _ | _~
65 1MHz, L = 2.2yH 1 0.5 % 93 -
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LOAD CURRENT (&) OUTPUT LOAD CURRENT (A)

(to, Side

e " P SRR Inductorless Bus Converter

5.5 T B2V 1 -1.ru_tr . - i . : ' N o .

LI#EA5E _Lﬁ - ey e vans —
T

g No Airflow
j— T
nr 5] &
; - m No Heat Sink
L2k GHn b4 ok —
é BT TR :
Fegy - 14H> L Non-isolated Distributed Power Architecture

Using LTC7821 )
99% Efficient Step-Down, Step-Up or Invert

8// 6 May 2020 © Analog Devices, Inc. Allrights reserved.



ANALOG

Ag e N d a DEVICES

Applications - How ADI get balance with 3 key matrix
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Applicationl- Telecom application 48V to 12V SRS

AHEAD OF WHAT’S POSSIBLE™

48V (54V) 10-12Vg s

Bus Ly R-PCB

]
UConverter

12Vbus

———————————————————————————————————

400W 48V-to-12V active
clamp forward (96.5%)

Off-the-shelf 600W-800W
48V-to-12V Brick (97.4%)

o —

-----------------------------------------------------------

48v direct conversion

Is ¥ current than 12v conversion!

16x less loss!
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Applicationl- Telecom application 48V to 12V BEvicES

AHEAD OF WHAT'S POSSIBLE™

Vin = 48V, Vo = 12V/20A
< Buck Converter “* Hybrid Converter F
' Efficiency vs Load Current
- DR 100 |
“ 99 "

\ 98 ’
. 97 —0 0
N // 6.7%

B > % //

7

X
5 ——125kHz Buck with 6V drive
- 94 —
w ——200kHz Buck with 9V drive
O 93 —
» 2 ™ / ——500kHz Hybrid with 6V drive
> 2w Q4)
» F 90
» S 0 5 10 15 20
OUTPUT LOAD CURRENT (A)
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Smaller Inductor to Make Higher Power Density ST

13 // 6 May 2020

125kHz Buck

200kHz Buck
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38

-— SER2918H

0 261 +0.020
6,63 +0,51
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Maximum height
0.605 / 15,36
0.605 / 15,36
0.700 / 17,78

AHEAD OF WHAT’S POSSIBLE™

500kHz Hybrid

0.755 +0.02

19,18 +0,51
073620034 ¢ .| SER200e00L | 0.365 -0.02
18,70 0,86 XXXXY 9,27 +0,51
0.412 +0.034 —
10,46 =0,86
¢ Internal code

0.311 +0.015 0.100 +0.003
7,90 +0,38 ‘...._ 2,54 0,076 b

56% volume reduction
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Fixed Ratio Inductor Less(Charge Pump) Converter Coevices

Vin = 48V, Vo=24V/20A, Fsw = 200kHz

9 Inductorless Bus Converter
99 \\\ 8 E Top Bottom Side

;\? ‘/ B 7 :,’ J—
E—: ) § No Airflow
& 4%
g) % “% No Heat Sink
t 98 4 o

——Efficiency 2 s

e Power Loss |, 99% Efficient Step-Down, Step-Up or Invert

R .

97

N
o

0 2 4 6 8 10 12 14 16 18
OUTPUT LOAD CURRENT (A)
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Application 2 — Isolated power In industrial application SRS

AHEAD OF WHAT’S POSSIBLE™

Safety: to protect the operator from dangerous voltages

Voltage level shifting

To provide galvanic isolation in which the two isolated circuits communicate without a direct conduction path
Prevent ground loops

The isolation protects the equipment from the line-level events such as surges, lightning strikes, etc.

A DANGER

Electrical
Shock Hazard.

Do Not Touch.

15 // 6 May 2020 © Analog Devices, Inc. Allrights reserved.



Designing a Flyback Converter for Isolation

The Flyback Converter
Buck boost topology

Transformer is really a coupled inductor
Power Level 1 W to 50 W

ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

Can easily generate multiple rails
Good load sharing

Flexible Output voltage

can be higher or lower than input (with the same
transformer)

Pros Cons
Simple Larger magnetics
Low cost

Energy stored in core

Air gap usually required

Low primary leakage inductance design
High outputripple
Lower Efficiency

16// 6 May 2020 © Analog Devices, Inc. Allrights reserved.
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Traditional Isolated Power Module Design

AHEAD OF WHAT’S POSSIBLE™

VIM+ UUUT+

U1

AV }';wﬁ
|_

1

C1 A

R9

Secondary Side
Reference and Loop

Compensation

Primary Side IC

17// 6 May 2020 © Analog Devices, Inc. Allrights reserved.



ADI Isolated Flyback — Simple & Great

>90% efficiency

18 // 6 May 2020

EFFICIENCY (%)

© Analog Devices, Inc. Allrights reserved.
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+/- 0.5% regulation



ADI Isolated Flyback — Simple & Great

ANALOG
DEVICES

AAAAAAAAAAAAAAAAAAAAAAA

Internal
Part number Vy Range Power Switch POUT

LT8301
LT8302

LT8300
LT8303
LT8304
LT3748

LT8315
LT8316

2.7V - 42V
2.8V - 42V

6V - 100V

5.5V - 100V

3V - 100V
S5V - 100V

18V - 560V
18V - 630V

19 // 6 May 2020 © Analog Devices, Inc. Allrights reserved.

1.2A/65V
3.6A/65V

0.23A/150V

0.5A/150V
2.0A/150V
external

0.3A/630V
external

~12W
up to ~80W

~10W
up to ~80W
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Region Isolated Power Module Design

AHEAD OF WHAT’S POSSIBLE™

___ Isolated Voltage

PM32405 24V (18V-36V) 5V 600MA 2500Vdc
PM62405H 24V (18V-36V) 5V 1.2A BW 2500Vdc
PM62412 24V (9V-36V) +12V  +250mA BW 2500Vdc
PM62405L 24V (9V-36V) +5V  +600mA BW 2500Vdc

~ Complete Isolated Power Design

= Transformer local Vendor Qualification
= Standard Transformer PN
= Can be sell to WW Market

- Pass Related Qualification

~ Schematic : Free

- PCB Layout : Free

~ BOM List: Free




ISO Modules EMC Test Summary B

AHEAD OF WHAT'S POSSIBLE™

Test ltems PM32405 PM62405H PM62412 PM62405L

Conducted Emission
(EN55022 ClassB)

Radiated Emission
(EN55022 ClassB)

Surge+EFT
2KV DM

ESD
(4KV Contact
8KV Air)

Radiated
Susceptibility
(10V/m 80M-1G)
Conducted
Susceptibility
(3V/m 150K-80M)
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Isolated Power module Development

AHEAD OF WHAT’S POSSIBLE™

Sl . §
) ) W

ADI Design & Inside

22// 6 May 2020 © Analog Devices, Inc. Allrights reserved.
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ADI power module VS Competitor

ltems PM62405H Competitor 6W comments
6W module module

ADI module
Dynamic load smaller external output cap for
response ADI module

Higher isolation level for
industry application

I/P quiescent
current@24Vv

Better Thermal

ADI module is more efficient in
standby mode

23// 6 May 2020 © Analog Devices, Inc. Allrights reserved.



Application 3 — Silent Switch Technology to Solve EMI Dorvics
ISsue

Parasitic inductance due to copper traces, bond wires, Excessive rings &
ESL of capacitors and FET internal metal edges cause condt

l radiation
High dI/dt

LpARASITIC “Hot Loop”

24// 6 May 2020 © Analog Devices, Inc. Allrights reserved.
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I\/Ilnlmlzmg Hot LOOp DEVICES

AHEAD OF WHAT’S POSSIBLE™

~ With monolithic switcher, the best way is to place the low ESL input capacitor as close to the V
and GND as possible

= A solid GND plane with minimum distance to the hot loop is one of the most effective ways to
reduce EMI LARGE EMI BURST!

Occurs every switching cycle!

S10-03 22.0kV 59.3mm x45 2/23/2010

25// 6 May 2020 © Analog Devices, Inc. Allrights reserved.
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Silent Swither 1

26// 6 May 2020 © Analog Devices, Inc. Allrights reserved.
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Innovation - Magnetic Field Cancellation

US Patent: 8823345 B2 VIN

‘ M1

VOoUT

M2 C2

28// 6 May 2020 © Analog Devices, Inc. Allrights reserved.



Vsw
2V/DIV

29 // 6 May 2020

Silent Switcher 1 Eliminates Switch Ringing

Silicon Die

- ———
I
8610 .
L
(J |~ e
| ‘ ’ E\/
| 5/ - ¢
‘r. ..‘:’..:.'. T
| :
|I
/
8614 /
4nS/D|V an144 F03

© Analog Devices, Inc. Allrights reserved.
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AHEAD OF WHAT'S POSSIBLE™

L T8610: Wirebonded in
MS16E

LT8614: Silent Switcher 1:
Magnetic cancellation +
CuPillar Flip-Chip



. . : ANALOG
Silent Switcher 1 —To Deal with Hot Loop [Qoevices
= Buck regulator platform
= 20dB EMI improvement — No compromise in efficiency and size!
- Offers customers:
_ 5V 4A Step-Down Converter 60
= High frequency i -
= High efficiency 58V 7042V 37 ? S 40 |— CISPR22 RADIATED CLASS B LIMITS _|_|
_—I—_”“F Vint =Y Vinz £ |
= High current = 1 = 3
_ J _ ’ ~ §— Gt GND2 = 2
Low EMI noise E— o6 LT8614 asT E 0 LT8610
= Solder joint reliability oo x lZOdB
~ Technologies i w 2
= Circuits IW_I— INTVe e " 0 LT8614
; RT GND
= Process/devices 40 100 250
= Package fow = 1MHz — S FREQUENCY (MHz) s

30// 6 May 2020

In-package passive

© Analog Devices,

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

Inc. All rights reserved.



Innovation - Silent Switcher 1

5V 5A Step-Down Converter

Vour
5V

5A

— A7UF

5.5V T0 42V Y e ? The layout is critical though!
- N/UV
1227'1 - Vin Vin2 L
= I
$— o1 GND2 [—¢$
<« PG BST }—.
—| synemobe sw —é
—| |7 TR/SS BIAS ¢
1uF 4.7pF 1M
412K I_ INTVee "
W\ RT GND 243k
o
foy = IMHz
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8640 TAO1a
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Silent Swither 2

32//6 May 2020 © Analog Devices, Inc. Allrights reserved.



Innovation - Silent Switcher 2 Qcevices
Silent Switcher 1 Silent Switcher 2

The layout is critical though! Flip chip on laminate (FCOL) and Cap-In-Package

33// 6 May 2020 © Analog Devices, Inc. Allrights reserved.



Innovation - Silent Switcher 2

ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

No slew rate limit on switching node necessary to achieve low EMI !

Vsw
2\V/DIV

34 // 6 May 2020

1ns/DIV

© Analog Devices, Inc. Allrights reserved.

26505 G40

Hot loop area and inductance
virtually zero

« Extremely fast switching
* Neglectable overshoot and
no parasitic oscillation on

switching node

* Dead time only 1ns

Unmatched switching performance !



Silent Switcher 2 - Excellent EMI Test Results DEVICES

AHEAD OF WHAT'S POSSIBLE™

50 _— r 50 T T
EREEE CISPR 25 CLASS 5 LIMITS Vi = 14V, Vou = 5V, 2A, fewl = 2MHz
~ 42V-2A/3A SYNC- BUCK WITH INTERNAL (PEAK)
CAPACITORS: AND -LOW Q CURRENT 40 ’é‘ 40

DEMO. CIRCUIT 2522A = _ - S
= -| = =
= — | H| - =
= 30 — 30
= — 1T8609S ON = CISPR 25 CLASS 5 LIMITS
= 2-LAYER BOARD o [(AVERAGE)
[ |
2 20 = 20 | I p—
= = " | SPREAD SPECTRUM DISABLED
= 10 — [ T8609S ON T 40 T ADLL
x 4-LAYER BOARD <

G et O \ i | | | | o
108) 432-1900 | - CokEAD SPECTRUM - 0 = 0 |
L e mfsioss | oSTNC < | SPREAD SPECTRUM
‘ Viy =14V, VOUT 5V, 2A fSW 2MHz ENABLED
(A Q Er\?\/ % :g k* (J 10 L1111 L1011 _10 [ 1]
30 100 1GHz 30 100 1GHz
FREQUENCY (MHz) FREQUENCY (MHz)
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Silent Switcher 2 Also Provides Low Output Ripple 13

36 // 6 May 2020

Vour 4

LT8609S: 12V to 5V @

2A, 2MHz switching

SmVIDIV P ™ P w1

© Analog Devices, Inc. Allrights reserved.

500ns/DIV

DC2522a FO6
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Application 4 — Silent Switch Power Module for High Doelices
Performance ADC Application

7 LINEAR
LuMueolY

“Module ,

NU28563 1137MY
L]

38// 6 May 2020 © Analog Devices, Inc. Allrights reserved.



Application 4 — Silent Switch Power Module for High Dorvics
Performance ADC Application

12V VIN
ADP2386 3.6V DVDDIO3.3V; <lmA
Buck [ LCFilter ADP125 | q f
‘DD / 1O PU~ N; } Regulator —
70 dB SFOR @1.8.GHz Ain Good Performance
! . / ,.'f-:,. — | ADP7104 DRVDD 2.5V; “9mA
DRVDD 2.5V;<1lmA - 48% effl CI en Cy
| ADP1741 ' AVDD 2.5V; “432mA
= Thermal issue
ADP2386 -
Buck || LCFilter |22V1App1741 | aViP1-sVim1.267
Regulator
- Big power size
DVDD 1.3V; “441mA
'ferrite bead ] ADP1?41

DRVDD 1.3V; “497mA

F-l-
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Silent Switcher Technology

Dead time control

“Hot Loop” Cancellation

Vsw
2V/DIV

8610

"

’a(\ = 40
TN ES
(‘\ D:g‘ 30
Q@ = 25
<%§th\ gg 20
= 15
6" & 10
o) %
0
-5
40// 6 May 2020 © Analog Devices, Inc. All rights reserved. §. IR0 28 S0UCGNO OEE RN SRR N

FREQUENCY (MHz)

1GHz

4 FO3
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40Vin Silent Switcher uModule Regulators

Silent Switcher

LTM8074

LTM8063

LTM8065

LTM8053

CISPR22 Class B
VN

ange 2V 1o 40V 2V 1o 40V 4V to 40V 4V to 40V
Vout Range 0.8V to 12V 0.8V to 15V 0.97V to 15V 0.97V to 15V
1.2A (Continuous) 2A (Continuous) 2.5A (Continuous) | 3.5A (Continuous)
lout 1.75A (Peak) 2.5A (Peak) 3.5A (Peak) 6A (Peak)
Switching Frequency 200kHz to 2.2MHz | 200kHz to 3MHz 200kHz to 3MHz
Package Size (mm) 4x4x222 4x0.25x%x 222 6.25 X 6.25 x 2.32 6.25x 9 x 3.32
Package Type BGA BGA BGA BGA

First Generation |
|
' 3
i

Silent Switcher
uModule

41// 6 May 2020

LTM8074
EP DOWN SILENT SWITC
WMODULE REGULATOR

DEMO CIRCUIT 2753A l}égﬁlé%%!’ﬂunw

© Analog Devices, Inc. Allrights reserved.

| oo 5V/2A

o e @
| e TR/SS c

LTM8063 (%) o, LTM8065 :
0V, 2.5A SILENT SWJ};%E;:AWODULE REGULATOR

| 40VIN, 2A SILENT SWITCHER pMODULE REGULATOR ‘®

DC2494A

vour

.5V-40V sy
| @ - |
~

e |
e b |

|
(C )
RUN

icm 1

JP1-_ | BURST MOOE @
- - |PuLsE skepms &
|- - |SPREAD SPECTRUM -~@
- . [syNe S

@re ®
(1[4 GND

v, wcw/ml
(408) 432-1900

SYN(

6 vouT*
5Y/é§
ré)vn_:mg ’ 18
* 1.y

RUN cm 1
555 U0 @ 4 )17) Apreytontond
ND £ i L
8 {
® Tleo

TR/SS SYNC Rd:f_lsm
nl:\l?l BURST

LTMB053
40V, 3.5A STEP-DOWN uMODULE REGULATOR
DEMO CIRCUIT 1934A.

aunwmlmco /8053

SHARE  SYNC _i‘m"m PGOOD  BIAS

GND f o
. ®« ©® © EE_J aunsn@’ks' \

*SEE DEMC|
MANUAL |

VOUT ¥
5V/3.5K




New Power Solution

Original design

DVDDIO3.3V; <1mA

1

DRVDD 2.5V; “9mA

DRVYDD 2.5V; <1lmA

AVDD 2.5V; “432mA

;

12V VIN
ADP2386 3.6v
T— Buck — LCFilter ADP125
Regulator
— ADP7104
— ADP1741
ADP2386
| | Buck LCFilter 221 ADP1741
Regulator

AVDD 1.3V; ~1.267A

;

'ferrite bead

42 // 6 May 2020

ADP1741

DVDD 1.3V; “441mA

DRVDD 1.3V; “497mA

F-l-

New design w/ LC filter for AvDD

ADP7118

DVDDIO 3.3V; <1mA

DRYDD 2.5V; ~9m&

12V VIN
current rail less1md,
- 1Tvs065
-'- LTMS065

DRVDD 2.5V; <1mA

—'—p

AVDD 2.5V ~432mA

—'—p

' AVDD 1.3V ~1.267A

' ferrite bead

© Analog Devices, Inc. Allrights reserved.

L

DVDD 1.3V; ~441mA

-y

' DRVDD 1.3V; ~497mA

ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

New design with LC filter for AvDD

12v

ADP7118

DVDDIO 3.3V; <1méa

' -

. DRVDD 2.5V; ~9mA

VIN

current rail less 1ma,
- 1Tvs065
-'- LTMS065

LC Filter

DRVDD 2.5V; <1mA

—'—p

AVDD 2.5V; ~432mA

—'—p

AVDD 1.3V; ~1.267A

L

DVDD 1.3V; ~441mA

' ferrite bead

' DRVDD 1.3V; ~497mA



Amplitude (dB)

Good Power solution and performance

ADS625-2.6 GHz Dynamic Performance
Input SNRFS {db) SFDR (dbc)
Frequency _ :
MHz) Baseline Power LTM3065 LTMB065 Baseline Power LTMB065 LTMB065
( Supply Version1 Version 2 Supply Version1 Version 2
729 57.01 57.03 57.01 79.87 79.72 80.11
1349 56.53 56.49 56.54 78.41 80.06 80.77
AD9625 FFT using LTME065 [AIN = 1349MHz) AD9625 FFT using LTMES065 + LC Filter [AIN = 1349MHz)
0 0
.20 -20
=40 a =40
VERSION1 > VERSION2
60 E 60
-100 -100 ”' |
-120 -120
1.246 1248 125 1.252 1.254 1256 1246 1.248 125 1252 1254 1.256
FREQ(GHz) FREQ(GHz)

43// 6 May 2020
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AHEAD OF WHAT’S POSSIBLE™
Baseline Power Supply |Voltage (V) |Current (A)  |Power (W)
PIN 11.729 0.676 7.929
AVDD_1.3V 1.268 1.222
DRVDD_1.3V 1.301 0.521 0.678
p DVDD_1.3V 1.305 0.406 0.530
0 |AvDD 2.5V 2.589 0.408 1.056
U  |DRVDD_2.5V 2.590 0.0047 [RN0.012)
T DVDD_2.5V 2.590 0.0001 |
DVODIO_3.3V 3.3Q1 AT T
|s POUT TOTAL: 3.827
l |Efficiency (%): 48.26

LTMB065 Version 2 Voltage (V) |Current (A)  |Power (W)
PIN 11.885 0.442 5.256
AVDD_1.3V 1.303 1.308
DRVDD_1.3V 1.302 0.531 0.691
P OVDD_1.3V 1.305 0.459 0.599
(o} AVDD_2.5V 2.486 0.440
U DRVDD_2.5V 2.494
T OVDD_2.5V 2.496
DVDDIO_3.3V 3,301 ‘
{ POUTTOTAL:

l lEfficiencv (%):

+3

0%
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Silent Switcher uModule - Save PCB size

EVAL-AD9625 Evaluation Board REVISED Evaluation Board USING
- e - LTM8065 POWER SOLUTION

ToP'sIDE

. _TOPSIDE

PCB Size
6.32IN"2 VS 1.72In"2

BOTTOM SIDE

POWER SECTION !
BOTTOMLAYER !7 :
(SWITCHING REGULATORS) in

AREA =347 in?

r

‘0 4@in
L}

P —< e —
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Understanding High Performance Power Value

Processor Core Voltage

45 // 6 May 2020

VCORE [V]
A
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Market trend, future demand of MLCC pNAOS

AHEAD OF WHAT'S POSSIBLE™

e

Trend in components demand by vehicle electrification
Quantities per a car

mmmm

ECU 100 120
Image
sensor | —  — - 2 4 7 9 14 19 22

IMLCC 100 120 300 500 700 1300 1700 2500 3500 5000|
Inductor 3 4 5 6 8 15 50 150 350 500

1) ECU quantities of Medium size car

Trend of MLCC (Multi-Layer Ceramic Capacitor) and Inductor,
ECU and Image sensor will increase due to vehicle features advancing (i.e. ADAS).
MLCC and Inductor will also increase.

46 // 6 May 2020 © Analog Dev
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How many parts does ADI Power reduce external BRI

components
Components Analysis

Example: Vin 12V (Battery) — Vout 5V/4A & 3.3V/4A
Competitor ADI / LT8650S

Device Tpc Device 1cs
Capacitor 32pcs o o = Capacitor 14pcs

Resistor 22pcs Resistor 7pcs

Inductor 2pcs : :‘"LJT; i Inductor 2pcs
FET 4pcs :
Diode 4pcs

Total 65pcs

Save $ for customer

© Analog Devices, Inc. All rights reserved.
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Size, Simplicity and Flexibility with Multi- Channel Coevices
Module

LTC3605 x 4 L TM4644
4A Monolithic Regulators Quad 4A pModule Regulator

g

-
——

T T 5

20mm
Configurable Output Array*
@+ A
o A ::}’SA Ea»m
@ 4A @ 4A
@ A @ 4 @ 4A

« 900 mm?2 vs. 240mm?2 = 73% reduction

16A

48/ 6 May 2020 © Analog Devices, Inc. All rights reserved.
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Digital Power System Management (Digital PSM) In D oevices
uModule

e Intelligent POL regulators and system

e Set, monitor, change and log power parameters via digital bus
* Remote and on-the-fly modifications without PCB changes

* Fault monitoring and Fault logging of events

Old

Linear Regutator

Do/ne

Any DC/DC Converter

of Linsar Reguiator,
$inglo of Multiplo

+ Converter -

L
DC/DC
Converter

One or Multiple
Outputs

+ = 3” =
o ’73

erved.
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Ag en d a DEVICES

AHEAD 0

-ADI Power Overview
- Applications - How ADI get balance with 3 key matrix
~LTpowerCAD

50// 6 May 2020 © Analog Devices, Inc. Allrights reserved.
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Power Supply Loop Design / Optimization in the LabBeeves

OF WHAT'S POSSIBLE™

A =8 7

R-C Circuit Box

DC/DC Supply Board \ . Hc’ Lo

- @ 02 . ] ) - 1 ] I T L -
(DUT) P\ &; |
‘ - , VSW ..........................................
< |"1.:mmm“”“” """ m|—|4'm5”gycm';r“q'gam'ﬂ
Ch3[ 10.0V

= Manually adjust R and C values. Check loop or load transient.
» Accurate, but time-consuming.
52// 6 May 2020 » How to support remote customers?



Complete Power Design Flow with Tools ...

Fie Bt Veew Pas Symbols

OVEE /e BOME BPB O=EMEE 2~ A== @G (=] o] | &

LTpowerPlanner

Summary R
Total Pin =
Total Pout

Total Ploss
Total Efficie

47 LTpowerCAD I V2.5,
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Converter Specification
Converter Topology
Canverter Type

Min. Input Voltage
Nom. Input Voltage

Max. Input Voltage

Num. of Output Rails
Num. of Parallel Phases

Find Part # ; (#4##)

4| search For Parts

i ~) Design Taol
| o= |

(g [& |

| ApPi0ss
|, Full-Bridge

LTpowerCAD

Server Power Tree Example

1avasza  JR-PCB 1395y g52m LTMA700 | v 100s ==L
Ty =] pc/be =

EfFL-GT% EN=9REN EM1=00%
LA LTM4700 |/ e Len

LTpowerCAD Design Tool vzs.:

Copyright 2014, Analeg Devices Inc. All rights reserved.

T LINEAR.

Optional Features

Buck = Output Rail 1 [7 Burst Mode
Controller =] Voutl 1v [ synchronous FET
toutt 204 [isolated
108 v [1Run / Enable
12 v [ 5yne. to External Clock
EER Y [F)Gutput Veltage Tracking
[ Remate Veltage Sensing
[Gne =
1
Fie el
[ [T | - [T ey pRwE— p————
s DesignSpecs * Far CCM Mad Only
Viemm: 45V Loop Gain | Feeaback | i 1o vour | Compensatar | GutpurZ
Vinnem: 12 ¥ 1=
S =
Website Rall #1 (1.5V) Loop Gain
Web
Gt P18 a- s
Web . —
ampemation
oim e |5 o
i
ch 4 ek E‘-us
RS 533 k3
NG L UTspie IV - 3033
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7 TS

LAl
gl

Web

LTpowerCAD eurrently supports d

copsug 3

B d T

cihe |88 oF

Ele Yiew PlotSetngs Semulatien Jook Window Hep

RAQR EL BRE fRENAS /-0 0= 70 D

sqadosg (v

Search

Search Parts

All Parts

Web Search

Mesiel, Lo Tras.
Load Transient

=S

Rall #1 (1.5V) Load Transient

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

System Level Power Tree

Search/Selection a Solution

Circuit Parameter Design

[t ez e B 00 EOF e

 hem OBl

[E=S{EeR

Fiots
Bae Plat
vour wnl @
- & PR
R
Ve P casz deg
s o Gon @ sz SR o
Freeze Plots
Comp. Metwork Cursars
i e [
Lo A

Vioul)

Viawl)

© Analog Devices, Inc. Allrights reserved.

Simulation



Step 1

ANALOG | - yyrower &v
CISENCE | 7{iiAs  srpomercao omign oo

Step 2

. . Power Stage
Find Solutions Design

Step 3
Efficiency &

54 // 6 May 2020

_TpowerCAD power supply design tool
~ree download @ www.analog.com/LTpowerCAD

Runs on Windows PC.

© Analog Devices, Inc. Allrights reserved.

Step 4

Loop &
Transient

LTpowerCAD - Design Power in 5 Simple Steps! DEVICES

AHEAD OF WHAT'S POSSIBLE™

Step 5

Summary,
BOM, Size

[Tiipowertad
——

LTspice™

JHnlLIL..MMJ-

e R

(OPT)



http://www.analog.com/LTpowerCAD
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AHEAD OF WHAT'S POSSIBLE™

P = | X
File Help
@ Power Stage Design H Loss Estimate & Break Down I % Loop Comp. & Load Transient ﬁ Power Design Summary ‘
- Key & .rv' @ 0 O [T &% 1y @ ‘.!
s S AL E S = B .
Calculated : e
il LTC3605 - 5A, 15V Monolithic Buck Regulator Project Name: Demo Board DC1215
e — Inductor Date;
Max Vin : 5V rﬂ Layout Example g — @&\
Min Vin: 4V )
MaxVoat:l 141V Linear Technology Demo B ,:" @\.J’ ‘ll \
Sugg. Max Iout : 5A 4-14Vin, 2.5V/3.3V/5V Selel — =

Min Sw. Freq.: 800 kHz -
Max Sw. Freq.: 4000 kHz

-Design Sp«;iﬁ VIN Wn(rintgj:v _I C | N I_ 1

Vin nom: 12V

Vinmax: 14 V I j M' - = th “h t
Switching Freq: 988 kHz Bulk CIN Ceramic CINTDK — I n I m I Ze e o =

& Vendor "= Vendor
Ta: 25 °C
Part# Par# C3225XSR1C

.
Output Rail 1 CNom WF CNom 22 yF I k] f V N D
Voutl: 331V c WF € 1825F oop o |N pl n S y G

loutl: 5 A ESR ma SR 4mo
#caps pcs. #caps 3 pcs. V I N V
Totsl CinIRMS 2235 A OUT a.n d CIN

Rth,Cth Cthp Not Required if Int. Comp.

Extermal Compensation Must Be Selected far Paralel . -

! ®
TotalGn Loss 0007 W Compensa [ ]
Rth u o

- e

Ctho Y

-]

GND




LTpowerCAD DM Conducted EMI Filter Tool DEVICES

AHEAD OF WHAT'S POSSIBLE™

= Open the EMI tool from the icon on schematic page.
o

File Help

@ Power Stage Design E! Loss Estimate & Break Down Loop Comp. & Load Transient @ Power Design Summary

Key BN A aE Su oM - Hk o @H
- = L= — Fa s P e m
User Entry : '-"g ' % N N [= "d‘ -“.{_ll aﬂ N it L¥ e B
Calculated : A .
LTC3605 - 5A, 15V Monolithic Buck Regulator Project Name: Demo Board DC1215
~ Part Specs _ Inductor Date: 9/2014
MaxVin: 15 V Desired AIL/AIC lout Max) 40 % Desi
esigner.
Min Vin: 4V Sug.L  OS57 uH 9
. : L 068 pH
Mo Vout : S V Linear Technology Demo Board DC1215 o
staite 5| A . c t Limit Vend BH;URNS Output Voltage
Min Sw. Freq.: 800 kHz 4-14Vin, 2.5V/3.3V/5V Selectable, 5A. Current Limit crcor B voProg, |55
1o Linni A arcr -
Max Sw. Freq.: 4000 kHz j ! H
9 iL pk @ Io Limit 7.665 A LRippe® 33 %  Morpple| 2 mVp-p
~ Design Specs L1 iL Peak  5.833 A Avoripple/Vo +/- 0031 %
Vin min : 5V VIN Vin{nonm) SV U1 = _ . iL Valley @ D&, Vin Max (CCM)  -1.881 A VOouT
Vin nom : 5V t - - WIN SW _I'm t T
Vinmax: | 14 V __L CinB __1 CinC __L Geer 1 Gbulk
Switching Freq: 988 kHz ' ! : ! SVIN VON ® — —
Ta: 25 °C Bulk CIN T Ceramic CIN I— ‘ ’ Cf Rt = SFeedbacli[: “ T -I-
) — — ug. — [—
Output Rail 1 Vendor - Vendor TDK e— a B0 - -
Voutl: 331 W Part# Part# C3225X5R1CK SEEsiIET D I RbSug. 2210 Ceramic Cout Bulk Cout
Ioutl : 5 A C Mom HF € Nom 22 uF _l_— GND FB Rb | 221 k0 Vendaor TDK Vendor
c -mHF C  200%euF —_— : Part# C3216XSROM Parts
- ITH RT Rb cf 1000 3 2
ESR 5 m( ESR 4 m0 — - oF CNom 47 F C MNom uF
#caps pes. # caps 3 pes. C 21975 C uF
Rfre
Total Cin IRMS 2,365 A g SR <) =R me
Totsl CinLoss 0007 W . Rth - Bl . =t "
Compensation Sw. Freg, £ caps 2 pes., #caps pas.
Rth 14 k0 _ "= Desired Sw.Freq. 988 kHz Duty, On-Time, Qff-Time
——
cn 220p0F  (th Cth Rfreq Sug. 162 kD Duty  6627% Parallel Operation
Cthp 10 pF p Rfreq 162 kil Ton@Vin Max 238 ns £ Parzllel Phases 1
Rth,Cth,Cthp Mot Required if Int. Comp. is Selected H Act. Sw.Freq. 988 kHz Toff@Vin Min 34211 ns Tout / Phase 5 A
External Compenszation Must Be Selected for Parallel Operation presmm—




DM EMI Filter Design — Integrated in LTpowerCAD Eoeces

AHEAD OF WHAT’S POSSIBLE™

Conducted (Differential Mode) EMI Filter Design
EMI Specification : EMI Margin Desired: 0 dBpV [ Use Suggested Values Show EMI Without Input Filter CursorX: 0.0977 MHz CursorY: 394  dBuV
VinA A [—rvl,-v\;l 2 _ _ VinB EMI ‘ Filter Attenuation | Impedance ‘
cdA IT; CdB ] _ i ™
MFR. MFRL MFR. i e
Bar= Part= Part= Conducted EMI vs. CISPR22 Class B (PEAK) : 150kHz - 30MHz
€ [nom.) 5 0F cda LSug 0025 pH cdp CSum 24115 uF
(= 5 pF — L 003 pH Cinom) 100 pF — -
s smo [0 o sea (T3 —— CinB CinC 80
ESL 1nH EBC 3 pF ESR 5 m{
=Caps 2L Ploss DCR 0028 W S5 1 MR e s
£Caps 1 Jzr= Part® (3225XSR1C226M
€ (nom.) pF C [mom.) 27 pF
RdA MFR. C 1D pF C 20,096 pF
R 1000 e Fart= RdB SR 5 mi ESR 4 mQ
RSug 0073 O , I _Cinom) a7 pf L RSug 0020 ESL___ 1nH E ]
RdA E.;{ 4_; :rﬂ RdB R 2000 #Caps (1] #Caps 3
ESL 1 nH )
= — #Ce 1 = Input Filter
Mote : CdA, RdA and CdB, RdB are for optional damping Z
OF

EMI ificatis
LISN vs. Specification
. Actual EMI Margin {min) 1926 dBuV & 0589 MHz
VinB

YL VinA IN

== - I e
Vin _L Input Filter r LTC2605 ) ] )
Simulate in LTSpice

Magnitude (dBpY)

VAR
Zm T Operating Conditions ' il I‘ h i \ |
= win 5V vowl 331V lowtdl 5 A I
Filter vs Input Impedance Few 988 kHz |
= ZIM - ZOF Hesdroom [min) 25663 d8 @ 0115 MHz | |' ‘ |
To | |
analyzer f

1E5 1E6 1E7
Frequency (Hz)

—— Conducted EMI wio Filter = EMI| Spec. —— Conducted EMI

- First few orders of harmonics determine the filter size.
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DM EMI Noise — Estimated vs. Measured Data

LTpowerCAD EMI Estimation vs. Bench [100k - 30MHz] LTpowerCAD EMI Estimation vs. Bench [100k - 30MHz]
No EMI Filter

With EMI Filter
100 100

Fsw=750kHz

Esw=750kHz

_ * Estimated
L/C filter resonanc

Estim

z
-
>>

i w‘ Meast h
= |

= LTC3851A single phase buck demo board. (12Vin to 1.5Vo/15A, 750kHz).
= Good matching of peak values.

IIHWHI\
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ADI Design Center

ANALOG
DEVICES Search Q

AHEAD OF WHAT'S POSSIBLE™

SUPPORT

EDUCATION

MYANALOG MY HISTORY PRODUCTS APPLICATIONS

Design Center

Circuit Design Tools & Calculators Simulation Models Evaluation Hardware & Software
Get product selection and design assistance using our online Collection of product simulation models used in industry Evaluate different components and technologies ADI provides at
and downloadable tools. standard simulation tools. your bench.

+ Amplifier & Linear Tools + Product Evaluation Boards & Kits

» Clock & Timing Tools » MathWorks Behavioral Models » Evaluation Platforms

» Converter Tools + BSDL Models » Linduino

« Power Management Tools + S-Parameters + Software

* RF & Synthesis Tools » Sys-Parameter Models for Keysight Genesys » Development Platforms
» ACE Software

Reference Designs Packaging, Quality, Symbols & Footprints Processors & DSP

Collection of hardware board designs, software drivers, and Find all resources needed for designing and developing a From documentation, hardware, software, and more, it's
application algorithms. printed circuit board (PCB). everything you need for processors.

+ Circuits from the Lab » Package Index + Software

+ Drivers & Reference Code » Package Resources + Hardware

« FPGA and Processors Compatible Reference Designs

Quality & Reliability » Technical Library
Symbols & Footprints « Third Party Developer Program
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ADI| Power Creative Advantage for Customer

Very wide input range
— 4V to 42V, 60V, 150V and 650V are all available

Broad portfolio
— LDO, buck, boost, buck-boost, isolated, inverting .....
— >1000 products

Low quiescent current
— critical in always-on systems

Low EMI

— Silent Switchers surely is a superstar

» With Silent Switchers 2, you don’'t need to care too much
on layout

— Even without silent switcher, our tight frequency control
and nicely controlled switching are also good in low EMI
applications

Small form factor
— Not only the part itself but the overall solution size
— MModule provides the best power density

© Analog Devices, Inc. All rights reserved.
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= Good power supply quality

Low output ripple

Fast transient response — high bandwidth and
stable

High efficiency over wide range of loading
High reliability, robust by design
Lots of protection (OV, OC, OT etc.)

= |[nnovation

Silent Switchers

No-opto flyback

4-switch buck-boost

Surge stopper

Fastideal diodes

High voltage, high power charge pump

= Great customer support!!!

We are always your power supply consultants






