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Technologies for Today and Tomorrow’s Innovations
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Autonomous Transportation and 
Machines

Next-Generation Connectivity

Remote Healthcare Industry 4.0 and Smart Energy Immersive Consumer Experiences

Automotive Electrification



ADI + LTC : High Performance Analog Industry Leader …



Broad and Highly Complementary 
Portfolio of Leading Long Lifecycle, 
High Value Products

ADI + LTC : High Performance Analog Industry Leader …
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Power Innovation Technologies

Efficiency EMI

Form Factor

ADI

Reduce form factor enabling 
customers to reduce PCB space or 
add incremental functionality

Manage power 
dissipation (heat) in the 
smallest of form factors

Reduce electromagnetic 
interference (noise)

Performance
3 Key Metrics

Analog Devices Confidential Information.
©2018 Analog Devices, Inc. All rights reserved.Autonomous Transportation and 

Machines Automotive Electrification Industry 4.0 and Smart Energy Next-Generation Connectivity Immersive Consumer Experiences



Industrial
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Accelerating the Path
to Industry 4.0

.

Deep Domain Expertise Across the Factory

Key Industry 4.0 Accelerators

Real-Time Deterministic Ethernet

Multiprotocol switching enabling true determinism to the edge

Software Configurable I/O

Flexibility, space savings, and cost savings

Condition-Based Monitoring for Machine Health

Reliable analytics for predictive maintenance 

©2018 Analog Devices, Inc. All rights reserved. 

Motion
Control

Robotics
and Cobots

Industrial
Ethernet

Condition-Based
Monitoring

Functional
Safety

Security



Home

Ability to Simultaneously Deliver
Three Performance Metrics

High Power Efficiency

Manage heat dissipation in the smallest form factors to improve quality and reliability

Small Form Factor

Reduce form factor to reduce PCB space while adding functionality

Low EMI

Reduce electromagnetic interference (noise) and improve accuracy
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Generalized 3-Phase Inverter/Motor System

Isolated Power

Ideal Diode 
&

Low Noise Power



Innovation – Ideal Diode

9 ©2018 Analog Devices, Inc. All rights reserved.

► Low power lose

► No heatsink

► High reliability

► High efficiency



Innovation - Silent Switcher
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 The two high current loops cancel 
each others magnetic field, almost like 
enclosing the circuit in a metal box

©2018 Analog Devices, Inc. All rights reserved.



► Better EMI

► Lower voltage stress

► Higher efficiency with possibility of faster switching edges

11

Silent Switcher Eliminates Switch Ringing

Analog Devices Highly Confidential Information.
©2018 Analog Devices, Inc. All rights reserved.
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Silent Switcher 2 Also Provides Low Output Ripple

LT8609S: 12V to 5V @ 
2A, 2MHz switching

Analog Devices Highly Confidential Information. ©2018 Analog Devices, Inc. All rights 
reserved.



Silent Switcher 2 Can Have Low EMI with 2 Layer PCBs
Spacing Between Layer 1 and GND Layer 2 is not as Critical

13
Automotive Applications Workshop | April 2018 | Limerick, IRELAND

LT8609S 2-Layer 
Demonstration Circuit

EMI is low on both 2-layer LT8609S 
and 4-layer LT8609S solutions.

2-layer Average EMI passes CISPR 
25 Class 5 with room to spare.

Analog Devices Highly Confidential Information.
©2018 Analog Devices, Inc. All rights reserved.



Typical Isolated Flyback Schematic
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Primary Side IC Opto
Secondary Side 

Reference and Loop 

Compensation



Isolated Flyback – Simple, but with Great Performance
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+/- 0.5% regulation
>90% efficiency



EVs and EHVs need many isolated supplies
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Analog Devices Confidential Information.
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Very-wide-VIN Isolated 6W, 12VOUT

► VIN Range: 20V to 540V

► 300mA, 630V Internal Power Switch

► Delivers up to ~10W from 250-450VIN

>2.8mm

>1.8mm
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Power Innovation Technologies

©2018 Analog Devices, Inc. All rights reserved.

Reduce form factor enabling customers to reduce 
PCB space or add incremental functionality
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LTM4622 Dual 2.5A Power Module 6.25mm x 6.25mm
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LTM4668 Quad 1.5A Power Module 

6mm

6
m

m

<
 1

0
m

m

< 10mm

LTM46
68

LTM4668     VS     Competitor

FEATURES
§ Quad Output Step-Down µModule Regulator with 1.5A per Output Channel
§ Wide Input Voltage Range: 2.7V to 17V 
§ 0.6V to 1.8V Output Voltage (LTM4668A for 1.8V to 5.5V)
§ 1.5A DC Parallelable, Output Current Each Channel
§ ±1.5% Total Output Voltage Regulation
§ 100% Duty Cycle Operation
§ Low IQ<5uA for Each Channel
§ Current Mode Control, Fast Transient Response
§ External Frequency Synchronization
§ Selectable Burst Mode
§ Power Good Indicator
§ Over Voltage, Current and Temperature Protection
§ 6.25mm x 6.25mm x 2.1mm BGA Package 
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LTM4644 Quad 4A Power Module



Isolated power module serial

Isolation Output Output Power BGA Package 

Part Number Voltage Channels LDO Out Min Max Min Max Ripple (24V to 5V) Dimensions (mm)

 LTM8047   1  ×  3.1   32   2.5   12  20mVRMS   1.5W   –   9 x 11.25 x 4.92

 LTM8048   2  ○  3.1   32   1.2   12  20µVRMS  1.5W Combined *  –   9 x 11.25 x 4.92

 LTM8057 1 × 3.1 31 2.5 12 20mVRMS   1.5W  UL60950  9 x 11.25 x 4.92

 LTM8058 2 ○ 3.1 31 1.2 12 20µVRMS  1.5W Combined * UL60950  9 x 11.25 x 4.92

 LTM8067 1 × 2.8 40 2.5 24  30mVRMS  2.25W UL60950  9 x 11.25 x 4.92

 LTM8068 2 ○ 2.8 40 1.2 18 20µVRMS  2.25W Combined* UL60950  9 x 11.25 x 4.92

 LTM8046 1 × 3.1 31 1.8 12 20mVRMS   2.75W UL60950  9 x 15 x 4.92

*combine isolated output and LDO output

 Input Voltage (V)  Output Voltage (V) UL

Recognized

 725VDC  

2kVAC

(3kVDC)

Output
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Power Management for Industrial

©2018 Analog Devices, Inc. All rights reserved.

Ideal Diode

Silent Switch DC/DC

Isolated Power

Power uModule



Autonomous Transportation
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Enabling a Safer 
Autonomous Future

Safety Expertise in Automated and Autonomous Applications

Drive360™ Portfolio of Perception
and Navigation Technologies

Radar

Leading-edge 24 GHz and 77 GHz/79 GHz RF transceiver solutions

Lidar

Nonmechanical, cost-effective photonic technology

Inertial Measurement Units

Navigation, guidance, localization, system health monitoring, sensor 
focused dead reckoning

Self Driving
Cars

Drones Marine
and Rail

Industrial
Robotics

Driver Assistance
Systems

Airbag
Systems

Agriculture
(Tractor)



LDOs – Ultralow Noise, Ultrahigh PSRR family

24
Analog Devices Confidential Information—Not for External Distribution 
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Innovation-Low noise power
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LT3045: 3.3V, 500mA, 0.8µVRMS 

Lower noise than a battery!

LTC6655 (Ref): 2.5V, 1mA, 12µVRMS2 AA-Cells: 3.0V, 500mA, 7.1µVRMS

Li-Ion Battery: 3.7V, 500mA, 2.7µVRMS

©2018 Analog Devices, Inc. All rights reserved.
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Power Innovation Technologies

©2018 Analog Devices, Inc. All rights reserved.

Reduce electromagnetic interference (noise)
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Power Innovation Technologies

Analog Devices Confidential Information.
©2018 Analog Devices, Inc. All rights reserved.

PoDL  Power Over Data Line 

The future of autonomously driven vehicles is around the next bend

ADI PoDL Solution



Innovation Care about your safety

► LED Headlamps now provide style and greater safety

28
Analog Devices Confidential Information—Not for External Distribution 
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Automotive Electrification
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Making Tomorrow’s Cars 
Greener and More Efficient

Extensive Experience in Car Electrification

Leading Solutions for Increased Electronic
Content Power Management

Power Management

Battery management systems, power distribution network, xMR sensors

Power Train

Motor control, chassis control, start-stop, electric drive

Infotainment

Audio video processing, telematics, driver monitoring

Electric and
Hybrid Battery
Management

Cabin
Infotainment

Automotive
Powertrain
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Battery Active Balanceing

©2018 Analog Devices, Inc. All rights reserved.

Battery energy optimization

Safe drive longer distance
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LTC3871 – Bidirectional Multi-Phase 
Synchronous Buck or Boost Controller 

©2018 Analog Devices, Inc. All rights reserved.

► Targeted 48V/12V Dual Battery Applications:

§ Automotive Internal Combustion Engines

§ Hybrid Electric Vehicles

§ Mild Hybrid Electric Vehicles
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Concept of the LTC3871
 Bi-directional DC/DC Converter

©2018 Analog Devices, Inc. All rights reserved.
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Concept of the LTC3871
 Bi-directional DC/DC Converter

©2018 Analog Devices, Inc. All rights reserved.

Qtop

Qbot

Vlow disconnect

LTC3871

► Designed for 2.5kW 
(14V*180A, 15A/ph)
► Compact layout, cannot mount 

a heatsink 
► Steady-state power 2kW 

(12A/ph) limited by thermal
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Power Innovation Technologies – Ideal diode Bridge

Analog Devices Confidential Information.
©2018 Analog Devices, Inc. All rights reserved.

► Low power lose

► No heatsink

► High reliability

► High efficiency



Automotive Applications Need Surge Stoppers and OV/OC Protection 
Controllers to Protect Vulnerable Systems

35

Harsh
Environment

Protected
Environment

Protection 
Controller

Surge 
Stopper

V
O
L
T
S

TIME

Voltage Spike

V
O
L
T
S

TIME

Voltage Clamped

Power Flow

Suppresses 
Voltage Spikes

Analog Devices Confidential Information



ADI Surge Stoppers and OV/OC Protection Controllers: Value Proposition

► Compact Solution

► Protects Load from Input OV/UV & Supply from Overload/Short-Circuit 

► Disconnects Load from Supply for Sustained/DC Faults 

► Adjustability Eases Design Changes and Reuse 

► Tight Accuracy Minimizes Overdesign & Reduces Cost 

36

Replaces TVS

and/or Fuse

Analog Devices Confidential Information



LTC4380-2: Low Iq Surge Stopper Protects Expensive Electronics From High 
Voltage Surges

Function: Surge Stopper

Application: Automotive Radar Application

Solution: LTC4380-2

The customer will choose the LTC4380-2 because it will protect the radar module from the hazardous voltages 
present in automotive applications and has low quiescent current

37

Vsupply 
[-28V...+58V]

peak -600V
for 1 ms

Typical 
mission 
profile

 

Analog Devices Confidential Information



Get to Market Faster with Best-in-Class Expertise
Coupled with Design Capabilities, Tools, and Software 

Wireless: Market leading solutions for radio head and base station processing 

Cable Access: Leading technology for 5G cable including full duplex solutions

Optical Networking: Optical transceivers solutions, high speed converters, power

Satellite/Point-to-Point: Deep portfolio plus market leading solutions for high 
frequency 5G wireless solutions

Communications

38 ©2018 Analog Devices, Inc. All rights reserved. 

Driving Innovation for Next-
Generation Communications

Connectivity Solutions for 5G and Beyond

5G and 6G
Networks

Aerospace
and Defense

Instrumentation Drones Point-to-Point,
Satellites

Data 
Centers

Cable
Networks

http://www.analog.com/en/landing-pages/001/sdr-radioverse-pavilion/index.html
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Power Innovation Technologies

Analog Devices Confidential Information.
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► High Power Density

► Need High efficiency

► Need High reliability
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Power Innovation Technologies

Efficiency EMI

Form Factor

ADI

©2018 Analog Devices, Inc. All rights reserved.

Manage power dissipation (heat) in the smallest of form factors

Hard to improve Efficiency
MOSFET Switching Loss

Inductor convert Loss
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Power Innovation Technologies Inductorless Converter LTC7820 

©2018 Analog Devices, Inc. All rights reserved.

48V to 24V  500W
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Power Innovation Technologies Hybrid Converter LTC7821

©2018 Analog Devices, Inc. All rights reserved.
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Switched Capacitor Synchronous Buck v Hybrid Converter

Non-Isolated Distributed Power Architecture 
Using LTC7821

48V to 24V  500W
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Power Innovation Technologies

©2018 Analog Devices, Inc. All rights reserved.

Reduce form factor enabling customers to reduce 
PCB space or add incremental functionality



High Current µModule Regulator Roadmap with Power System Management 
(PSM)

44
Analog Devices Confidential Information.   
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LTM4678
Single 50A/ 
Dual 25A
16mm x 16mm LTM4677

Single 36A/ 
Dual 18A
16mm x 16mm 

LTM4676
Single 26A/ 
Dual 13A
16mm x 16mm 

LTM4675
Single 18A/    
Dual 9A
11.9mm x 16mm 

Released Product
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LTM4677  Dual 18A or Single 36A µModule Regulator with Digital PSM

Performance
q Vin:  4.5V to 16V

q Vout:  0.5V to 1.8V

q +/-0.5% Max total DC output 
error

q PMBus-compliant I2C interface

q Sequencing / tracking, Vout, 
Supervisory levels

q 16 bit-capable telemetry

q Vin, Iin, Vout, Iout, Temp, 
Faults

q Fast response to line and load 
transients

q Constant frequency current 
mode control

q Nonvolatile configuration and 
fault log

q 16mm x 16mm x 5mm BGA 
package



LTM4678 Dual 25A or Single 50A µModule Regulator with Digital PSM
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Power Innovation Technologies

Analog Devices Confidential Information.
©2018 Analog Devices, Inc. All rights reserved.



High Performance FPGA Designs Need Digital Power System Management

48

Power Supply Features Needed

► Accurate Regulated Voltage

► Supply Sequencing

► VOUT Adjustment & Margining

► Measure 
§ Voltage, Current, Power, Temperature

► Manage & Respond to Faults
§ Record Faults in NVM (Fault Log)

Analog Devices Confidential Information



Power over Ethernet 
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13W

25.5W

71W
90W

at af bt LTPoE++
Analog Devices Confidential Information



LTPoE++ PSE and PD Deliver Up To 150W Over Ethernet Cable

50

Function: PSE and PD

Application: PoE for Small Cell 
Application

Solution: LTC4291 + LTC4292+ 
LT4294

The customer will choose the 
LTC4292 & LTC4291 & LTC4294 to 
deliver 150W to MIMO/5G/Small Cell 
base station over CAT5 cable. 

Firmware will provide interoperability 
between af, at and bt and higher 
power modes.

Analog Devices Confidential Information

150W POE Solution



Energy
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Enabling the Transition to Efficient, 
Clean, and Reliable Energy

Improving Energy Management Applications

Intelligent Energy Technologies

Utility Smart Grid

Meter, substation equipment, low voltage distribution

Renewable Generation and Storage

Solar and storage inverters, battery management, EV charging infrastructure

Enterprise Energy Management

Data centers, factory power, machine health monitoring

Real-Time
Accuracy
Monitoring

Tamper
Detection

Renewable Energy
Generation and

System Integration

Advanced
Diagnostics

and Analytics
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Power Innovation Technologies

Analog Devices Confidential Information.
©2018 Analog Devices, Inc. All rights reserved.

Power Grid Monitor unit : FCI



LT3652 – Solar source battery charge with MPPT

53

Features
•Input Supply Voltage Regulation Loop for 
Peak Power Tracking in (MPPT) Solar 
Applications
•Wide Input Voltage Range: 4.95V to 32V 
(40V Abs Max)
•Programmable Charge Rate Up to 2A
•User Selectable Termination: C/10 or On-
Board Termination Timer
•Resistor Programmable Float Voltage Up 
to 14.4V Accommodates Li-Ion/Polymer, 
LiFePO4, SLA Chemistries
•No VIN Blocking Diode Required for Battery 
Voltages ≤ 4.2V
•1MHz Fixed Frequency
•0.5% Float Voltage Reference Accuracy
•5% Charge Current Accuracy
•2.5% C/10 Detection Accuracy
•Binary-Coded Open-Collector Status Pins
•Thermally Enhanced 12-Lead 3mm × 3mm 
DFN and
MSE Packages



LTC3350 High Current Super Cap backup controller & monitor

Analog Devices Confidential Information—Not for External Distribution.



LTC4041 Backup Power application ( Option OVP function)

► 15W Backup Power Application with two 50F Supercapacitors in series

§ LTC4041 can backup 5V/3A system load for about 4.5 seconds.

Analog Devices Confidential Information—Not for External Distribution.

Input Overvoltage 
Protection (OVP)



LTC4041 backup power application

Analog Devices Confidential Information—Not for External Distribution

Think of the LTC4041 as a “mini-UPS” for a 3.3V or 5V system rail.

System load can 
be partitioned into 

backed-up and 
non-backed-up 
components.



Super Cap VS Li-Polymer :  LTC4041 VS  LTC4040?

► Calculate the Joules:

§ Backup Energy Required = Average Power x Total Backup Time

§ E = PAVG x tBACKUP

► Supercapacitor vs Battery:

Analog Devices Confidential Information—Not for External Distribution

Two 2.5V, 10F 
Supercapacitors

3.7V, 450mAh 

Li-polymer

Energy 60J 6000J

Volume 4700mm3 4800mm3

Backup Time for 15mW 1 Hour 100 Hours

Backup Time for 1W 1 Minute 100 Minutes

Backup Time for 20W 1-2 Seconds Probably Not Possible

► Summary

§ Supercapacitors are better for short, 
high current backups.

§ Batteries are better for long, low 
current backups.

vs

use LTC4041           use LTC4040



Power innovation ： Energy Harvest 
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Power Innovation Technologies

Analog Devices Confidential Information.
©2018 Analog Devices, Inc. All rights reserved.



60

Power Innovation Technologies

Analog Devices Confidential Information.
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Electromagnetic Prototype

61/7 Analog Devices Confidential Information—Not for External Distribution

Components of the electromagnetic prototype

Schematic of electromagnetic energy harvester

► Magnet and back iron rotate together to 
change the magnetic flux through coils

► Near constant magnetic field (~0.5T)

Cover

Backing Iron

Plastic Spacer
Coil

Spring

Base

PCBMagnetMagnet 
Retainer

Eccentric 
Mass

Bearing 
Carrier

1 cm
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Power Management (Regulators)

©2018 Analog Devices, Inc. All rights reserved.

Quality and Realibility



Test Guaranteed VS Design Guaranteed

63
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MASS PRODUCTION - Quality

64
Analog Devices Confidential Information.
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QA Testing Before Shipping

If 1 part in the sample 
fails, then the whole lot is 
100% tested



Design Tools: Step-by-Step Power Supply Design

65 ©2018 Analog Devices, Inc. All rights reserved.

Develop tools for PSM 

LTpowerPlay

LTspice

ADI power Simulation

ADIsimPE

Free Tools



ADI Power Business Unit

The Value We Deliver

Innovative, High Performance Solutions with 

Outstanding Price/Performance

Expert Worldwide Technical Support

Best Quality and Reliability

66 ©2018 Analog Devices, Inc. All rights reserved.



ADI Leading High-Performance Power Technology Innovation

Thanks!
67 ©2018 Analog Devices, Inc. All rights reserved.
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