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The Multinational Power Electronics Association

* A non-profit organization

e 200 members

e Power sources
e Component suppliers
e Academia

e PSMA work is volunteered by industry leaders
* WWW.PSMa.Com
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eports, Workshops

Integrated Power Conversion and Power Management
next generation technology for emerging business opportunities, October 3-5 2016, Madrid, Spain

new technologies  new applications  new markets
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...and many, many more.
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PSMA-Sponsored Conferences
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207 WIPDA

/ Albuquerque, NM /October 29 — November 01

GOLD COAST | AUSTRALIA

3D-PEIM

INTERNATIONAL SYMPOSIUM
ON 3D POWER ELECTRONICS
INTEGRATION AND MANUFACTURING

PEREFS

CHINA POWER SUPPLY SOCIETY




PSMA Industry Sessi
Time Room 1 Room 2 Room 3 Room 4 Room 5
1501 1504
Latest Advancements in 1502 Comparizons and Tradeaoffs
Trr=iEr Davice and Package 1502 Capacitors for Emerging of Integrated Gate Driver |IS0S
Technology for High Power, |High Freguency Magnetics - |Power Conversion Isalation Technalogies Energy Harvesting
Mar Gth, 2018 = e an . =r -
08:30-11:55 ngl'_l Freguency Switching |Winding Design (2 papers) |Applications (2 Fapers) (3 papersl} . (1 pap\.ers) :
Davice (1 papers) Chr: Ed Herbert, Stephen |Chr: Ralph Kerrigan, Fred |Chr: Kevin Parmenter, Jim  |(Chr Michazl Hayas, Brian
Chr: Ritu Sodhi Carlsen Weber Spangler Zahnstecher
Track: 1 Track: 1 Track: 1 Track: 1 Track: 1
1509
Wednesday 1506 1508 Isalation Topics in Power  [IS10
Mar 7th, 2018 Wide Bandgap Device 1507 Wehicle Electrification Supplies (3 papers) Madeling & Simulation
0&:30-10:10 Topics (4 papers) Applications (4 papers) {4 papers) Chr: Kevin Parmenter, Jim {4 papers)
Chr: Mot Assigned Chr: Mot Assigned Chr: Mot Assigned Spangler Chr: Mot Assigned
Track: 1 Track: 1 Track: 1 Track: 1 Track: 1
1514
Innovative Component,
1511 1512 Reliability and
Wednesday Enabling High-Volume Wide |Vehicle Batteries - It's More Manufacturing 3D Power
Mar 7th, 2018 Bandgap Semiconductor Than Just Stacking Cells 1513 Packaging Solutions 1515
14:00-17:25 Manufacturing and Together (1 papers) Economics of Electrical {1 papers) Motor Drives, Inverters and
Applications (2 papers) Chr: Ralph Taylor, Fred Enargy Delivery (1 papers) |Chr: Brizan Marveson, Ernie |Modules (& papers)
Chr: Victor Veliadis Weber Chr: Martin Fornage Parker Chr: Not Assigned
Track: 1 Track: 1 Track: 1 Track: 1 Track: 1
1516
Reliability and Ruggedness
- How to Address These 1520
Thursday Challenges in Wide 1517 1515 PMBus Implementation and
Mar 8th, 2018 Bandgap Semiconductor Powrering Servars and IS18 Powering Maobile and Applications (2 papers)
08:30-11:20 Devices (2 papers) Datzcenters (6 papers) Tepelogies and Control Consumer Products Chr: Rameash
Chr: Tim McDonald, Jaume |Chr: Harry Soin, Rick (& papers) {5 papers) Balzsubramaniam, Travis
Raoig Fishbune Chrt Mot Assigned Chrt Mot Assigned Summearlin
Track: 1 Track: 1 Track: 1 Track: 1 Track: 1
1522 1525
Thursday 1521 Thermal Management 1523 1524 Market Analysis and
Mar 8th, 2018 Test & Measurement Topics in Power Electronics | Passive Components Alternative Energy Semiconductor Fabrication
14:00-15:40 {4 papers) (1 papers) {4 papers) (4 papers) Business (4 papers)
Chr: Mot Assigned Chr: Mot Assigned Chri Mot Assigned Chr: Mot Assigned Chr: Mot Assigned
Track: 1 Track: 1 Track: 1 Track: 1 Track: 1
N — -
iR F =
CHINA POWER SUPPLY SOCIETY

5 tracks
140 papers
58 hours
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PSMA and CPSS

Look forward to many years of collaboration

3D-PEIM

INTERNATIONAL SYMPOSIUM
oN 3D PoweRr ELECTRONICS
INTEGRATION AND MANUFACTURING

e June 25-27, Maryland, USA

e Call for Papers
e www.3d-peim.org/call-for-papers
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e Power Technology Roadmap

* Survey to be carried out in
October 2018

e All are welcome to participate!

/IS

APw T .h Igyﬂoadmp




PSMA Power Technology Roadmap

A Plenary Presentation to the 224 China Power Supply Society Conference

Power Sources Manufacturers Association (PSMA)

2017 PTR Co-Chairs:
Dhaval Dalal, ON Semiconductor
Conor Quinn, Artesyn Embedded Technologies
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Assessed by Industry ...
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Power Technology Roadmap since 1994

1994 2017
Methodology
lday 18 months TECHNOLOGY ROADMAP
oy SouesMamtacirers Asinion Ad-hoc Scheduled
: Participants
FEi 18 82+
Bl Focus
e Prpure By Product Product
St Coling S Applications _
Pages Sk Sy S s et 2
21 537

[N ]
ER @
N =t D
e FEREES A B C R
thjj CHINA POWER SUPPLY SOCIETY e



Outline

* Who we are and what we do
 What remains consistent with previous roadmaps

 What has changed in this roadmap cycle
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What do we really do? Power stuff efficiently
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Electric Energy Consumption Patterns

Worldwide Consumption Increases X Worldwide Wind and Solar Increases faster \/
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Performance Progress

AC-DC Power Density and Efficiency

100% 60
95% = m e e e == 0@ 50
.'0'°'.. ¢ ."‘ c
90% ..o. ..0 40 .;
> ..... .0. o
Ec) ’.o' ..’ N
Il 85% F S 30 =
o °® ..o
E 0°..' .". g
=l 80% ( B 20 B
...... ........ o
75% o° T 10
‘..:..l...'.......‘.
70% @° 0
1994 1998 2002 2006 2010 2014 2018

Cost reduced 5x-10x!
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Datacenters: Beat Forecast

Electricity usage slowed to 4% per year

200
= 2010 Energy

180 Effidency
E‘ 160 = === Current Trends
£
T 140
8 ====Improved
E 120 Management
§ 100 - = === Hyperscale Shift
E
E 80 ====|M+HS
¥ e
g e :
E 40 o= SalSs m--- Best Practices

Server Utilization
207 ———-BP+HS
~ 70 billion kWh lly in US : ' ' | |
I IO n rS a n n u a y I n 2000 2005 2010 2015 2020
~ (0) E I HP C o Figure ES-1 Projected Data Center Total Electricity Use
2% of US Electricity Consumption

Source: LBNL-1005775 (June 2016)
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Horticulture: Need to beat forecasts

* Energy Use
e 2012: 1.0% of US Electricity Usage
e 2016: 2.0% in Denver, CO
Compare with Datacenters at 1.8%

" _— « Continues to Increase
e New Urban Farms
* New Crops

]
Ed IF 26 A @ (§)
EFSS '1: *’ JE # = Sources: Evan Mills, Elsevier Energy Policy 46 (2012) 58-67 ﬂﬁ
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Roadmap Methodology

e The cube * Webinar Series

e Trend Working Groups / Leaders
e Power Supply and Converters
* Applications
* Components
* Emerging Technologies
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What’s hot?

inverter automotive arCh]teCture commercial
. engine CapaCltOl’ include thermal transfer
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Different Opinions

Nothing has changed ! Everything is different !

Technology responsive Shaping technology

e Commoditization of AC-DC  We are now shaping the future
Power Supplies and DC-DC and the public are becoming
Converters continues familiar with our products

e Smaller, Faster, Cheaper e Opportunities for self-promotion

Technology Treadmill

] :,',
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Nothing has changed

e SMALLER \/
e Power Density Trends

e FASTER ?

« CHEAPER Vv

e Cost and commoditization of the traditional products covered

Cres) hE mIE TS LIS
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Nothing has changed

« SMALLER ‘/ . Power Density vs. Inefficiency (Power Loss) o
= 50 25%
e Power Density Trends 3 Lot o
20 . ...,.o. . :s
T «E
 Enabled by significant 0 e el 107
reduction in power losses 12 o R TIPS Zj
2000 2005 2010 2015 2020 2025
) NOt approaCh|ng the |ImItS ® Density [W/cu-in] ® Inefficiency
----- Linear (Density [W/cu-in]) e e e Poly. (Inefficiency)

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

W]
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Nothing has changed

* CHEAPER v

e Cost and commoditization

and switching losses. The semiconductor industry is racing to have the most cost effective solution. The

Parameter/Metric §10'1R92I;:t5 2017 2019 2021 adoption will hinge (as usual) on the cost vs. performance fradeoff related to the external pressures of the
KT Docion Gol (i Od oTivm e ': ) market. SiC and GaN products are 1| . . . lificant volume in
(Answer those with which you are familiar.) 1= Most 1=Most 1 =Most the most ¢ GST Eﬂ‘ec tlve 3011“1011
Score 1 to 4 where 1 = Most Important and 4 = 4 =Least 4 = Least 4 =Least
Least Important
Server & Storage Estimated Industry Price Trend Compared  |% of Respondents in Select One
Eficisncy 2 3 3 to Today last report
[ Cost 1 1 1 1 -10% or more 2.3% 1.0%
Fower Densty z z 1 ‘ Approx. -5% o1.7% 45.0%
Reliability 2 2 2 2 Same 5.0% 43.0%
Approx. +5% 0.7% 11.0%
Demand for isolated dc-de converter modules continues to be dominated by applications in the converged +10% or more 0.3% 0.0%
computing and telecommunications market segment as the integration of voice and data communication Total: 100 % 100%
capabilities into the internet backbone is almost complete| . . i i i
P pletel steep commoditization trend Expectaion of across the board price reduction

is tamed greatly when compared to past

/IS
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Nothing changed (Si)

e FASTER ... Higher Switching Frequency ?

Ac-Dc Supplies, 200-2000 W — Design & Components: PFC Stage
Parameter/Metric 2019 Est 2017 2019 201
(PTR 2015)
Switching Frequency (per channel if interleaved)

Fs <20-50 kHz} 3% 7% 3% 1%

Size Reduction Fs 50-100 kHz 67% 0% 67% B1%
COSt Fs 100-150 kHz 15% 12% 15% 20%

>150 kHz 15% 11% 15% 18%

EM I Total: 100 % | Total: 100 % | Total: 100 % | Total: 100 %

Availability of Magnetics Change Drivers [ Enablers / Barriers

Note: Not seeing predicted increase in switching
frequency due to continued limitations of emi,
magnetics materials, etc.

i R A RIS
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A Power Technology Roadmap




Big Changes (SiC, GaN)

e FASTER ... Wide Bandgap devices

AC-DC External (2-Stage)
GaN Switch Penetration

Availability of Magnetics ” /
E M'I ' Cost 0% / pe
SWItChIng Losses 2008 2010 2012 2014 2016 2018 2020 2022
Size Red uction —8— 2011 Roadmap — 2013 Roadmap ==@==2015Roadmap ==@=2017 Roadmap

DC-DC Non-lsolated
GaN Penetration

10%
Source: PSMA

o s L2 Roadmap Data

6% A

4% // - /

2% /,/ .\_._/0

o % L 4
Y >
S N\3 —— 0% ﬂﬂﬁ
CPSS FF @. ‘E # & 2008 2010 2012 2014 2016 2018 2020 2022
4 = —_
"’Mf CHINA POWER SUPPLY SOCIETY —8— 2011 Roadmap —8— 2013 Roadmap —@— 2015 Roadmap —@— 2017 Roadmap Empowering the Flectronics industry

A Power Technology Roadmap



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
e Appropriate topologies
CF’SS hFERBEFES Mﬁ@
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Changes in Magnetics Technology

Core Materials for Multi-MHz Thin Film Magnetics

Modified Performance Factor

80
al
=
= 60
= -+
o 40 |- it
il i
sl '
Il
I a0k 2
=
il 1 1 1 1 1 1
H.(H 0.1 1 10 100
Frequency (MHz) e
= = = Ferrox. [28] —th— C2025 —t— CM48 —6— NA4O [7] —@— 52 =@ 67 [7] —hem M2 =em M5  —F=P [7] p
— - 4TI —#— 2050 —4— CM5 —4— XCK —@—61 —@—068 —&— M3 —gm—HiEF 13 —5— 17 [7] N ' "
—#—C2010  ——C2075 —4— N0 —4—XTH? —@—67 —A—M  —a— M3 [7] —l— Micro 2 - o
—— — | S— N

':F m ﬁgc%PSMA Magnetics Workshop 2016, David Perrault MIT Source: Noah Sturcken, Ferric Inc. @/M@
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Everything is Different

Technology Responsive = Shaping Technology

e All power ranges

e All markets (Energy Generation, Distribution, Conversion, Transportation)

* New component and packaging technologies

] :,',
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Shaping New and Improved Applications

Energy Harvesting Indoor Climate Control

e Aslowas uWw e Smart Controls

i Kinetic, PV, Temperature, Humidity ° Energy-saving Variable Speed Drive
e Sensors to Implantables

5 Vibration Energy
Harvester

Motor Control Permanent Magnet Motor

CPSS ':F EE. /-] # % Sources: PSMA Energy Harvesting Committee @/M@
NN
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Shaping Electrification

Generation and Distribution Transportation
e PVand Wind e Electric Vehicles
e Energy Storage Challenges * Electrified Vehicles

Evolution of battery energy density and cost

1200 - 500 'Windshield ﬁ'
- 450 S ) .
. \ = . . . Wiper

z 1% ¢« H Electric Power ‘3’ B ‘

S 800 R Steerin

@ ° - 300 2 — .

= [ [} ——

T 600 BN EEEE ~ EE— P L 250 ° :

8 - [ o B

; - 200 g - -

e 400 . B > / 3 | 150 &

£ o) O 00 §

@ 200 o O -‘ £

Q - =0 3
0 + - : r S — )
2008 2009 2010 2011 2012 2013 2014 2015 2020 2022
s US DOE battery cost (PHEV) 2020 Tesla battery cost target (BEV)  — 2022 GM battery cost target (BEV)
= 2022 battery cost target (PHEV) =o=U5 DOE energy density (PHEV) ® 2022 energy density target (PHEV)
Y j
8L Na
B o . (e

CPSS "'P @. IE % = Sources: iNEMI 2017 Roadmap @/_
Qa%wf CHINA POWER SUPPLY SOCIETY ON Semiconductor Empowering the Electronics industry
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Component Technologies

Application Future Scenario Power Electronics
~— & Power by application (W)
> HVDC 1G ey = = = - - T EETEIT T SRS S SR S
> HC-supplier SR S SN S bt o
» Large drives LOOK ! : : - : ; iy
Shi | . , s : HIGH POWER
v IpS 1DM | I I ) ]
> Locomotives . ! ! ! :
(@]
> Large solar plants iM ! )
> Trams, buses w :
> Electric cars ; 1
100K
> On-roof PV = i o
> Small drives =
> Air conditioner 10k
> Robotics |J GaN
> Washing machine 1k J§ I =
LOW POWER
> SMPS 100 BJT e
Reduced size
> Chargers/Adapters 10 MOSFET ) . T
10 100 1k 10k 100k iM i0M 100M "~

“Degree of adoption depends strongly on Cost Frequency (Hz)

cPSs) P ERIREFS
‘%w CHINA POWER SUPPLY SOCIETY

Source: Infineon Technologies

Report covers
* |GBTs
e MOSFETs
GaN
SiC
Controllers
Passives

Detailed discussion of
e Market Drivers
* Key Metrics
e Trends
e Challenges

2/
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Component Technologies

Low Voltage FET Improvements High Voltage FET Trends

e 1.8 - 2.8 pm e 1.0 pm

Source Metal
400 T
350 fGenx
& A \
E 3.00
G 250 Gen 3\‘\ Other 1
Trench MOSFET Weain Shiekded Gate !luno:;l‘(.);"." < \
70 X 2.00 Other 2
30V x \
60 oy £150 Si superjunction limit
% ; D. Disney, G. Dolny Other 3 Gen 4
£, 60V % - I1SPSD 2008 1.55 Qmm? >
E ®1.00 [ : 0.8Qmm2 |
% 0 0:0 ; \ ----
£ 50| TS e e L TEs .
8§30 .
€ 0.00 - . : : : : : : : :
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
10

]
Planar Trench SG Trench

c%gas .1;. . m' ﬂﬁ . % Technology @/ﬂﬂﬁ @

CHINA POWER SUPPLY SOCIETY Source: PSMA 2017 Roadmap e R i o




Component Technologies

SiC Trends SiC for “Medium” Voltage

Using SiC MOSFET

Gen/3 15 kVE/S

’ cend. 1ok £ : A . 60 to 120 X |mprovements in
> / ' ki :
<100 4 7 : V-f capability: :
yi P .. B
" 2y ,' 20~ = Enables MV & HF power
> ! K] . .
= :;-\'; Gen 3 Gsk\f}:; f convers'on :
a i R ) :
£ .§ <o : :
& o F 15 -
g ... §:' ceh3 eaw,..;§ | s:c MOSFET _
S N Gent,12kv K A 600 MHZ-V(ZVS)
n:g :3 Gen21(:22zl'l\"‘Famng,:“r "."J,:",f é’ : 10 :
/ Gen 3, 12kv*, > 2 5 MHz-V '} : T
’ ’ . . .
) cena.oat: y
7/ ’
' '.r' :
Yoo 1oo0 110,000 L2 0 % 3
, , Switching frequency (kHz)

Breakdown Voltage (V)

/1@

s s =
C’SV?S ':F EE. IE = Sources: Wolfspeed
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Emerging Technologies

Embedded Substrate Nanofluids enhance Cooling

Formed Inserted
= '|

Thermal Conductivity — Size of Particle in Amount of Price of Unit

Type of Nanoparticle of Particle W/(m-K) Solution* Solution* (UsSb)**
Alumina (Al203) 30-60 nm 100.0 mL $183.50
} Copper Oxide (CuO) 401 <50 nm 25.0 g*** $73.10
Annularring ] Surface mounted Plated cofinection Pmﬁd COI"”"If?Clbﬂ Gold (Au) 310 10 nm 25.0 mL $338.00-$362.00
resistor in cavity (passivedevice) | (activedevice) Gold (Au) with Silica Coating N/A 10nm 5.0 mL $318.50
Soldered o Resistor paste Plated resistor  Plated resistor Iron Oxide (Fe-03) 0.58 30 nm 5.0 mL $240.00
(horizontal or vertical) in cavity (thick fillm} (thin film) Silver (Ag) 429 20 nm 25 mL $114.50
Titanium Oxide (TiO2) 22 21 nm 100.0 g 199.50

¢P557 ':F EE. SE 3 % Sources: PSMA Packaging Committee @/&

Empowering the Electronics industry
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Quantitative Tables

AC-DC Front-End
Boost Switch GaN Penetration
; 20%
1. De-De Converters, Isolated — General Requirements IT
Parameter/Metric 15%
. h PARAMETER. identify th cted ch . 2015Est. | 2017 Est. | 2019Est 07 2018 2021 Change Drivers /Enabler
or eac ,identi e expe changein usage )
, ' fy the exp g %€\ PTR 2011) [ PTR2013) | (PTR 2015) Barriers 10%
in your industry compared today's level of usage.
Output Voltage Regulation (%} Drivers: Trade-ofof eficiency va o 5%
Totally Unregulated (DC Tranciormer) 18% Same 15% 2% 22% % densty
Semi-Requlated (Totzl Regulation Band +2 % To +10 95 4% More 3% 2% 26% Moy Enablers: Flexbilty of downsream 0% il
- ; 2008 2010 2012 2014 2016 2018 2020 2022
Well Regulated (T ozl Requlaion Band +2 % Cr Beter) 78% Same 53% LLL 2% 430 regulaion
Total- 100 % Total 100 % | Total- 100 % | Total 100 % Barriers: Confugion created by IP | —8— 2011 Roadmap —@— 2013 Roadmap —@— 2015 Roadmap —@— 2017 Roadmap
Expected Efficiency - most economical (Eff)
48V - 3. 3Vout (regulzied) 93% X 91% 85% 86% LT
48V - 12Vout (requlated) 940 X 94% 89% 0% Uog Wide breadth of responses; entry
48\in - 12Vout (unregulated) 95% 91% 93% W96 represents averagad responss
380Vin - 12Veut {regulated) 929 0% 90% 9% AC-DC External (1-Stage, <15W)
3B0Vin - 12Vout (unregulated) 843 8% 0% 2% GaN Switch Penetration
Expected Efficiency - most advanced (EFfi) 25%
48in - 3. 3Vout (regulzed) 97% X 94% 8% 89% 910 S0
48Vin - 12Vout (requlated) 98.0% 980% 96% 2% 4% 97% Wide breadth of resonses: entry
A8Vin - 12Vout {unregulated) 989 9% 950 %o represents averaged response 15%
380Vin - 12Vout (regulated) 7% 2% 96% %% 10%
380V - 12Vout (unregulated) 98% 9% 96% %% i
Power Management Interface Technology (%) > '/0/'4
None g% same 0% 1% 4% % Drivers: Need for more control t Mzoos 2010 2012 2014 2016 2018 2020 2022
12C 2% 3% 20% 3% improve overall system efficienc
PMBus 10% Same 380 169 300 Aoy Enahlers:digialmnlroleaélyadd —8—2011Roadmap —@—2015Roadmap -—@=—2017 Roadmap
Cher Trace More 494 0% 6% 0% capability br communicaiions interia
Total: 90 % Total: 100 % | Total: 100 % | Totak 100 %
o A e
':F EE. IJE # = Sources: PSMA Roadmap Data @/—
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2019 Roadmap Starts Now!

Webinar Series
e Begins in November 2017

Survey of Industry
e Planned for October 2018
e All are welcome to participate
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Thank you for the invitation
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