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Outline

• Who we are and what we do 

• What remains consistent with previous roadmaps

• What has changed in this roadmap cycle



Who are we and what do we do ?

What my parents think I doWhat society thinks I do What my children think I do

What my boss thinks I do What I doWhat I think I do



What do we really do?  Power stuff efficiently



Electric Energy Consumption Patterns

Source: https://yearbook.enerdata.net/#energy-consumption-data.html

Worldwide Consumption Increases Worldwide Wind and Solar Increases faster X



Electric Energy Consumption Patterns

US Consumption Flat US Wind and Solar Increases faster
but much lower than worldwide penetration 

 X

Source: https://yearbook.enerdata.net/#energy-consumption-data.html



We’ve come a long way …

While cost has fallen by a factor of 5 or 10 !
Source: PSMA Roadmap Data and Industry Datasheets
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Datacenters:  Successfully bending the curve

~ 70 billion kWhrs annually in US
~ 2% of US Electricity Consumption

Source: LBNL-1005775 (June 2016)

Electricity usage slowed to 4% per year

Infrastructure 
(PUE, etc.)

Server Utilization



Need to keep bending the curve

• Energy Usage in Legal Cultivation
• 2012:  1.0% of US Electricity Usage
• 2016:  2.0% in Denver, CO
Compare with Datacenters at 1.8% 

• Will only continue to grow 
• In 2012, cultivation was legal in 15 

states plus District of Columbia
• In 2016, 28 states had legalized in 

some form

Sources: Evan Mills, Elsevier Energy Policy 46 (2012) 58-67
http://www.theguardian.com/us-news/2016/feb/27/marijuana-industry-huge-energy-footprint



Roadmap Methodology

• The cube • Webinar Series

• Trend Working Groups / Leaders
• Power Supply and Converters
• Applications
• Components
• Emerging Technologies

• Online Survey

• Report Consolidation and Editing



What’s hot?



Takeaway:  Shift in Perceptions

Nothing has changed !  
Technology Responsive

• Commoditization of AC-DC 
Power Supplies and DC-DC 
Converters continues

• Smaller, Faster, Cheaper 
Technology Treadmill

Everything is different !  
Technology Shaping

• We are now shaping the future 
and the public are (somewhat) 
familiar with our products

• Opportunities for self-
promotion, should we want to



Nothing has changed

• SMALLER
• Power Density Trends

• FASTER

• CHEAPER
• Cost and commoditization of the traditional products covered





?



Nothing has changed

• SMALLER

• Power Density Trends

• Enabled by significant 
reduction in power losses

• Not approaching the limits



NOTE:  This has been mostly achieved without increases in switching frequency

Source: PSMA Roadmap Data and Industry Datasheets
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Nothing has changed

• CHEAPER

• Cost and commoditization in all 4 Power Supply and Converter sections





Nothing has changed

• FASTER … Higher Switching Frequency ?

Size Reduction
Cost
EMI
Switching Losses
Availability of Magnetics



Or has something changed ?

• FASTER … Wide Bandgap devices begin to shift the discussion

EMI
Switching Losses
Size Reduction

Availability of Magnetics
Cost

Source: PSMA 
Roadmap Data



What still needs to change ?

• Magnetics, Magnetics, Magnetics

• Industry has acknowledged the limitations

• Included in the report
• New materials, some from the RF domain
• Industry initiatives to improve characterization
• New techniques and processes
• Appropriate topologies



Magnetics Technology Examples

Core Materials for Multi-MHz Thin Film Magnetics

Source: Noah Sturcken, Ferric Inc.Source: PSMA Magnetics Workshop 2016, David Perrault MIT



Everything is Different

Noticeable change in tone from the power conversion industry     
from Technology Responsive to now Shaping Technology

• From Very Low Power to High Power

• From Energy Generation and Distribution to Transportation

• And the Component and Packaging Technologies that enable these



Shaping New and Improved Applications
Energy Harvesting
• As low as mW
• Kinetic, PV, Temperature, Humidity
• Sensors to Implantables

Indoor Climate Control
• Smart Controls
• Energy-saving Variable Speed Drive

Motor Control Permanent Magnet Motor

Sources: PSMA Energy Harvesting Committee
Nidec Motor Corporation



Shaping Electrification
Generation and Distribution
• PV and Wind
• Energy Storage Challenges

Transportation
• Electric Vehicles
• Electrified Vehicles

HVAC
Blower

Windshield
Wiper                                

Van Sliding
Door

Pump Unit 
(Oil, Water)

Electric Power 
Steering

Radiator 
Fan

Fuel 
Pump            

Sources: iNEMI 2017 Roadmap
ON Semiconductor



Component Technologies

Report covers
• IGBTs
• MOSFETs
• GaN
• SiC
• Controllers
• Passives

Detailed discussion of
• Market Drivers
• Key Metrics
• Trends
• Challenges

Source: Infineon Technologies



Component Technologies

Low Voltage FET Improvements High Voltage FET Trends

Source: PSMA 2017 Roadmap



Component Technologies

SiC Trends SiC for “Medium” Voltage

Sources: Wolfspeed
NC State



Emerging Technologies

Embedded Substrate Nanofluids enhance Cooling

Type of Nanoparticle 
Thermal Conductivity 
of Particle W/(m-K) 

Size of Particle in 
Solution* 

Amount of 
Solution* 

Price of Unit 
(USD)** 

Alumina (Al2O3) 30 30-60 nm 100.0 mL $183.50 

Copper Oxide (CuO) 401 <50 nm 25.0 g*** $73.10 

Gold (Au) 310 10 nm 25.0 mL $338.00-$362.00 

Gold (Au) with Silica Coating N/A 10 nm 5.0 mL $318.50 

Iron Oxide (Fe2O3) 0.58 30 nm 5.0 mL $240.00 

Silver (Ag) 429 20 nm 25 mL $114.50 

Titanium Oxide (TiO2) 22 21 nm 100.0 g 199.50 

 

Sources: PSMA Packaging Committee
Advanced Thermal Solutions, Inc.



Quantitative Tables

Sources: PSMA Roadmap Data



Print Version and USB Stick 

USB Stick includes 13 Webinar 
Recordings by Industry Experts

Contact the PSMA at APEC or at
power@psma.com



The next roadmap cycle starts now

PTR Working Group Meeting
• Tuesday, Noon to 2pm
• Room 32, Convention Center
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