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About Wide-Bandgap Materials I

Lower ON-resistance & losses - Electic Field

Thermal /
Conductivity

(W/em - °C)

Melting | !

\ Electron Saturation Point (°C)
Velocity (x107cm/s)




Silicon, SIC, And GaN Power Semiconductor Positioning

Higher power levels can be achieved with modules or paralleling

L 1MW

‘ 1
: Conduction Si i
100 kw / Bandgap x3 i

[
>
2 10kw _
g SiIC MOSFE
2| 1kw IGBT
s Silicon MOSFET -
D 100 W .
-y GaN transistor
10w
1w
1Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz

Operating frequency
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SIC MOSFET Range

High voltage and fast switching for high density applications

Optimized Ron and Tj for motor drive

. 1200-1700 V
applications

Balanced Ron and Qg for a broad range

. : ; et 650V, 1200V, 2200 V
of automotive & industrial applications

Ultrafast series optimizing Ron and Qg 650 V, 750 V, 900 V,
for very high frequency applications 1200 V

SiC VHV Very high voltage SiC extend the
advantages of SiC technology to higher 2200 V
| voltage ranges

2200 V*

*industrial grade



SIC Diode Series Overview

Extended range

AVRRM V)
SiC diodes | 1200 V =
Automotive grade g

1200 V |
SiC diodes | 1200 V @

SiC diodes | H-Series
High surge capability
Automotive grade

B Y

SiC diodes | Low V¢
Automotive grade

i SiC diodes | H-Series
i High surge capabilit
650V | ! g g p y
i SiC diodes | Low V;

> I I:AV (A)
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SIC MOSFET Advances In Figures Of Merit

Rps(on) X area (mQ x cm?)

; B Genl M Gen 2 B Gen3
5
4 o, © " ©
3

2

1 50 mQ 25 mQ 14 mQ
0 1200 V 1200 V 1200 V

650 V 1200 V
More power

. Ros(on) X Qg (M2 x nC) Improvement in MOSFET generations

8 /‘:9 * Lower Ron x area - lower Ron for a given chip

6 ‘?’e,. size or smaller chip size for a given Ron, higher

current capability, lower conduction losses -

4 higher power achievable in power module with

2 . the same form factor

0 ]

« Lower Ron x Qg = lower switching losses,
higher frequency (reduced board)

Ky 9
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STPOWER SiC MOSFET Product I
Families And Applications

Breakdown voltage

applicatio

YI 10




SIC MOSFET Switching

SIC Gen3 vs Gen2

SCTWA70N120G2V-4 SCT015W120G3-4AG

1400

1400

—10R G2 Eon (ud)
—3R G2 Eon (ud)

E (ud)
1200

—5R1 G2 Eon (ud) E (ud)

—10R G3 Eon (uJ) —5R1 G3 Eon (ud)

1200

1000
800
600
400
200

0

Lys
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SIC Gen 3 MOSFETs Vgs Driving 18V
For Best Ron But 15V Possible Too

Figure 4. Typical output characteristics (T; = 200 °C)

Figure 3. Typical output characteristics (T = 25 °C)

GADGRRA 1920R0CH

. o
I GADGISOZ0Z11SIBOCH 25 Ronvs T 60A (A) L[] | |
[,ﬁ']. Vae=20V II||:‘I'I l|lII IIII-ll,.:'.||",_-,_.5=1ﬁ W 35 J @ 120 \""IE-B=ZD Y ‘W/ Vee=10W
. . ] .“‘"."‘ /4
1 iV A Vos=14V +3% — o /31% od { Vee=8 V
LA A : / B 100 T
100 7 30 v VARP
i - . 80
sol LI A LA / \ F »
Vige=12 V % —30s L 4 AN .
ﬂ_ﬂ = — ’0..."0 l.) /
g 25 - / / 40 /'/" — | Ves=6 V
N : 20 f |
T~ L]
20 S S 20 & / . ’i Voa=4 V
o Vgs=0 V \Q:\.. —18V ’ 2o s e
ﬁ "'IIDE' I:l"lll:l E Figure 11. Normalized on-resistance vs temperature
15 7 15V o 1
3 +25% o
. 10 ‘ 5 /
Gen3 Vgs driving 0 50 100 150 200 250 - /
< Vgs recommended: 18 V Tj (oC) ’ |
% Driving @ 15V, possible but with higher Rdson (about +25%) TEE =
% Switching losses not significantly impacted (Rg fine tuning) Ves =18V, Ip=60 A 16 a3
% As areference, see above example on a specific Gen 3 product ) . .
Rpsion) Static drain-source on-resistance | Vaes =15V, Ip =60 A 20 mQ
(SCT130N120G3D8AG) '
Wes =18V, Ip=60A, Ty=200"C a0
‘,’ 12
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25V
22V

18V
15V
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Generation 2

Forbidden

Margin

Recommended
operating range

Margin

Forbidden

+22 V/-10 V

Generation 3

Pulse <1us

Recommended
operating range

Pulse <1lus

Forbidden

+22 V/-10 V

Typical Gate Voltage Range AMR

Comp 1

Forbidden

Comp 2

Comp 3

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

Forbidden

+15V/-4V

----

+20 V/-7V

Forbidden

+21 V/-4V

(Static)




SIC Package Roadmap




PowerFLAT
8x8 STD &

DSC

<

"

Very thin (<1 mm)

Well accepted in
power conversion

Dual side cooling
option

Leadless

Industrial
domain

Lys
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>

2.4 mm (max)
thickness

Good Rthj-a
performance

Leadless

Industrial
domain

Kelvin source
for optimized
driving

Good thermal
dissipation

AG qualified at

175°C

Kelvin source for
optimized driving

High runner for
automotive
customers

' t\\“

AG qualified at
175°C

Top side cooling

Kelvin source for
optimized driving

Very good thermal
dissipation

1-.",

AG qualified at
175°C

Isolated top side
cooling

Suitable for
different
configurations
(HB, dual die,
etc.)

High power
Modular approach

AG qualified at
200°C

Very common
industry
standard

Kelvin source
option for
optimized driving

High creepage
version (1700 V)
in development

STPAK

>,
ik < <

SIC MOSFET Package Technologies

ACEPACK
TO-LL H2PAK-7L HU3PAK SMIT

Bare dice

Special package solutions

Unique solution
for traction
inverter

AG qualified at
200°C

Very high
thermal
dissipation
efficiency

Sense pin for
optimized driving

Multisintered
package

WLBI & KGD

T&R or RWF
options

Compliant with
the most
stringent
automotive
quality
requirements

15



Power Modules For Industrial And Automotive

ACEPACK power module
Silicon MOSFET & IGBT, silicon carbide MOSFET

— Nl & ACEPACK ‘-(
L DRIVE SSC s iz
ACEPACK ACEPACK A :
DMT-32 SMIT ACEPACK 1 & 2 ACEPACK ” ggﬁlpé\ggc
DRIVE
5 kW 10 kW — 30 kW ——— 150 kW 340 KW —>

Middle power applications High power applications

< 5 A

Power Supply & UPS Traction

file
HVAC OBC DC-DC converter inverter

Solar Energy

T

Wind and renewable energy

A
Grid and Infrastructure
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Advanced Surface Mount Packages

Advanced features:

TAB )
; o hp, 7
=
7 A
NS 1 ¥

H2PAK -7I HU3PAK ACEPACK
TOLL Top side cooling SMD SMIT

SMD TSC (top-side-cooling)

TOF;]-SIde-FCi)(O“rlg for easier | . o ¢ Kelvin source for improved
eat-sink connection ” switching performance
4..
: HU3PAK
No thermal conduction trough o

PCB dramatically improves R

’l 17
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Top view (heatsink side)

High temperature capability
Tj (max)=175° C

Improved thermal dissipation
Top side cooling
Kelvin source pin

SMD package

Higher creepage distance

Adopting a planar and simple
heatsink

Ly

life.augmented

HU3PAK
Innovative Top-Side Cooling Solution

Improved thermal performances I
Avoiding thermal conduction through PCB

Optimizing heatsink form factor and efficiency

Higher efficiency enabler

A better Tj management permits to rise up system efficiency connections -k °°;e°”°”s
u
|

Enables higher efficiency
Enables more compact systems

Front

Electric arc prevention
Better isolation to pass safety regulations

= TAB

Drain = wu L
- 3-7 Source

v NV

1-Gate — '«

BOM cost reduction

— 2 Kelvin
External Pin Out

Using a simple FR-4 PCB instead of an expensive IMS one

18



HU3PAK
Outperforming Alternative To D2PAK / H2PAK-7

Thermal map @ full load
D?PAK bottom cooling HU3PAK top-side cooling

Type: Termperature Type Temperature
Unit: *C Unit: 'C -
Tirme: 15 Time:1s

80.257 Max
79583
76.929
71.266
77602
76.938
76.274

7h.E1
74948
74.283 Min

96.516 Max
95.964
95.412

94.88

94.308
93.756
93.204
92.652

921

91.548 Min

B o

Same heatsink positioned on
» D?PAK bottom side of the PCB trough thermal vias

Losses in 3 kW FB LLC 105 Junction Temperature vs Pout

+ HU3PAK directly on the top exposed copper frame
) ——HU3PAK ——D2PAK
- DA HUSPAK _ 85

--
0.578 0.568 @ Pout 300 W

8.91 10.47 - 0 _
S oy W 01 =2 -23C |

5.908 5275 @ Pout 3kwW 45

D | @] 2 52 w2 -16.26'C |

0 500 1000 1500 2000 2500 3000 3500

Tj ¢C)

Top-side cooling solution improves heat dissipation capability keeping  Cooler devices work with lower RDS(on),
the same heat sink and PCB, allowing lower T, lowering the conduction losses

Ky 19
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HU3PAK
Mounting Instructions & Thermal Management

TN1378: HU3PAK package mounting and thermal behavior

Technical Note

Figure 17. Creepage distance in HU3PAK on uncemented insulating foil

IN1378

Kys...

Tey

<7

TN1378
Prevted 1rcae broar @ 3n bty

HU3PAK package mounting and thermal

Introduction

HUIPAK & 4 sachage mude by STMcowctoncs ready ke sutomobve and ndutial hgh-perfomance apslcd
Pachage & & o wdecooing pechage It cun be mout over o PCB (Prirvied Coout Bownd) ad semsonducion of
e 10 e iead frame

The behavior of 3 SemIONGUNr Gevice Cepends 0n the tomperature of s S800N 0. THS 12 he razon why of
PAIMENDTS e Pen 3t 3 3500Med MEEINIE. 7O WALIN e POIAMINCE of 3 COMEONENt Ind 1 Jvod i
e prate mat be brited by manegrg Te hest bara/er betawe the 5 o T srrbect strosgren. The
toctrecd rote s 1o pronde guadvine for sachage mourteg, harddiog ad shderrg. s el o Parmal conede]
st 2eh lypen ard asserridy Tethods

HUIPAK 15 0629700 1 B¢ 50308 MOUNEd On Hed SFout BOMNS. 3nd hawng k3 10p 138 CON"edted 10 externd
OFIMEZE hermal PErfonmanoe 3nG HOw TACITIAM SOTIRM Power 10 00 PYOUGh Pe Sevioe

©

s
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Printed circuit board assembly

HLDPAK i & sutace mount package. Assemily on I s componad of Solowng procsss sieps
1 Sokder pavies pring

Comparent piacement on PCI

Retow wchserrg

Cleaning (opnona )

Finnal schdher qart rapecton

"AmN

Printed circuit board recommendations

Matenial

Thare w10 scwcfic recuremernts rdated 1o PCB muterial for an HUIPAK pachage. STMcodectonc
pertormed wvabaatonn wit PCB uang FRE vuteral as & o 8 comrmundy veed mule wl Rege drg PCE
Tchrman % 40r thermal COnaiderRIOra (WG = detadad 1 nest Chapters of T docmert) s maared
Aach & hest sk ot the 1op of the package The Buckness of he IPCI of 1 8 mem or sbowe. may be inteessing 1o
mane et ok amachact a4 rcrmanes (01 sfnaas

Copper

STMIODSAIONCS POcmmed Cwalutions wih 70 pm (202772) base copper Tckness on dot Baes of PCB ©
2000MMOCaNe Te NN CUTEES reQUred by e dpploaton Tha usudly PoWides 303l 0cpper thakness of 3und
75 pm

PCD pad design
Therw ave two Sflerent tysen of PCB pad corfigur sans commenly ued for surface mourt packages
© Nonacide mask defned (NSVO)

Sackebor mank dmbred (A0)
Aa Bt e duscrie. NSMD cortact pads huve P sckder mush sued sway bom Be sckder atie metal zaton
Wi e A ads e T acider Muaak vt B aage Of e Mt TATON. A% AhCwn 7 Gure hace bedow
AV 1 A fade B acider masa reai-eis e Pow of A der pasie 15 The 150 of he Mtk MO by revmenng
sokdnr fom Sowing down Morg of e metsl pad This i @ffeesct fom Pe NSV pads whers e solder s Sow
210uUNd O e 100 3nd he Hdes of the MEtARZITON

Figure & Solder mask dezign

\1 Insciating foll

Creepage distance

GADG021120211341:

Depending on the pollution degree and the material group of the resin, the maximum rms voltage that can be
withstand by the package is defined in the table below:

Table 4. Maximum rms voltage capability with a creepage distance of 3.7 mm

Pollution degree | Material group Max rms voltage
1 land Il 1070 vV

2 ) I 515V
e
=

S

Example of heat sink assembly with counter plate

20



https://www.st.com/content/ccc/resource/technical/document/technical_note/group0/37/0a/8e/fa/96/a7/47/e1/DM00821748/files/DM00821748.pdf/jcr:content/translations/en.DM00821748.pdf
https://www.st.com/content/ccc/resource/technical/document/technical_note/group0/37/0a/8e/fa/96/a7/47/e1/DM00821748/files/DM00821748.pdf/jcr:content/translations/en.DM00821748.pdf

Why ACEPACK SMIT?

AQG 324 qualified

Features & benefits

Insulation voltage: 4 kV,,, -UL 1557 o @ Several configurations available and low
certification stray inductance
High reliability and robustness,
SMD assembly o 4‘ ® ® iniaturized power side board occupation

o : :
Dice chips on direct bonded copper (DBC) — ® Compact design and cost-effective system
substrate approach
o
Reduced parasitic inductance

._I—’ Very high power density
and capacitance

_ _ _ r—'—. Ideal to realize a complete system
Suitable for several switch technologies @——
Package molding compound group | with
CTI > 600: 1000 Vrms in pollution degree 2 : : [+ High level of modularity
. ) ! »

"l -1; ‘]i "{+

life.augmented




ACEPACK SMIT
Surface Mounted Isolated Top-Side Cooled Package

Typical application diagram for an on-board charger (OBC)

ACEPACK SMIT devices are AQG-324-qualified

| L ] EIEIRE 1

i T il i i K ' o » Tailored for AC/DC and DC-DC converters like

M ot J 5 OBC, DC wallbox and motor control like servo
e il LT

drives

T e The ACEPACK SMIT allows hlgh quular erX|b|I|ty
by enabling many topology options like totem pole,

SHEBNE5DMBAG (x2)
— B6, 3-Level T-Type

SH32N65DMGAG (x2)

F e & e

e, s
To

@
@
4
&
9

It is available with multiple ST power technologies

= . : . £V Charaing including SIC, SJ fast body diode MOSFETSs, IGBTSs,
olar torage n Boar arger 5 g . .
system (automotive or (e-dlischonal) thyrlstors, and dIOdeS
industrial)

Ky 2
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ACEPACK SMIT Characteristics

A module that looks like a discrete

Creepage pin to top: 5 mm

9 ':;Creepage pin to pin: 7 mm

* Is molded « Contains a DBC**
* Has a leadframe » Has integrated dice forming
* Is an SMD simple topologies

* Is available in T&R* « Has an isolated thermal pad

* Tape and reel ** Direct bonded copper

Lys
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Dimensions Pinout
33.20 mm
- “ia;: ; > Power side Control side
- 1 l | l
8_ E_ [EH: b :;%EEB—
m o i o
N [SIE EL}—/;/,ﬁEB—
" N\ 4.6 cm? S—C s | 1
Thermal pad | Hees
p o Ly i
For comparison: D2PAK S | 2 T
Pin

10.2 mm
- —— I; 4'*/0.66 cm?2
£ | Thermal pad
< / 1
9 /ﬁ gl
~5x smaller ~7x smaller

* This assembly is merely
illustrative. Pin connections
in real products may differ

In rectifiers, the control
pins might also be used for
power
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Main Application Trends For PowerGaN

Smart Electrification at the center of the VT Maximizing efficiency & consolidating
eIl Mobility revolution SHEIGIANN renewable energy generation

o =g T
g -~ -t e
— * -
o‘_-v: EES

S
-

<« B : ‘.’:"Equ
) -
- -

5 A '5

-
-

&
sy

SMPS and LED lighting

5G & datacenter power supplies
Solar and energy storage
Charging stations

Motor control and appliances

Traction inverters
DC-DC converters
On-board chargers
Wireless chargers

25
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Partnership with

leading GaN foundry

Developing own IPs
and front end
processes

Dedicated 8-inch
PowerGaN fab in
Europe (France)

Very high volume and
low-cost assembly in
Malaysia

Ly
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ST GaN Technology And Manufacturing

650 V products qualified and released

Proprietary 650 and 100 V power GaN
technologies: own epitaxy and FE processes and
IPs

» Vertical integrated epitaxy and FE line
* Volume production ramp up in 2025

« 2 source to foundry, enabling cost
competitiveness

* In-house panel-based PQFN manufacturing
« PowerFLAT and LFPAK @OSAT
* Volume production ramp up in 2024

France
(Tours)

China
(Shenzhen)

Malaysia
(Muar)

lllll

] Foundry in Taiwa

=]

- (Hsinchu)
S\

* BU & R&D % Front end . Back-end

26




PowerGaN Range For Various Applications

Adapters, solar and energy, server & telecom SMPS, motor drives,
and automotive electrification
P T T

Rds(on) typ - mQ

Rds(on) typ - mQ

650 v

.—I GaN HEMT
Extremely low capacitances

« Zero Qrr
o+ Excellent FOM (Rpg x Qgd)
* Enhanced back-end technology to minimize parasitic contributions
Kelvin «  Top-side cooling package to improve thermal behavior

Source ‘W
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Packages For PowerGaN

PowerFLAT 5x6 HV PowerFLAT 8x8 BSC/DSC [ ES=/AN il @i/ cis|e New package

Qualified
In-house manufacturing ; . :
Established package solution Exposed metal on top side and . Exposed metal on top side or - Manufactured in-house
Flexible solution bottom side bottom side . Exposed metal on top side and
Multiple sources Low package profile . Low profile bottom side
Cu clip technology . Cu clip technology . Low package profile
Low operating temperature . Lower operating temperature . Low operating temperature
Creepage >3.5 mm . Creepage >3.5 mm . Flexible form factor
8 x 8 mm . Top-side or bottom-side cooling . Optimized for low voltage
Kelvin source for optimized . 12x12mm
driving . Kelvin source for optimized
driving
@ < T K @
R = BB 2 & JHE < zeEe ¢
v = e '_1
Mh 5N 4 N S 4
Gaming & LED Server and telecom OBC & DC-DC converters, solar OBC & DC-DC converters,
adapters lighting power energy, and server SMPS server and telecom power

"l 29
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Key features
= Cu CLIP technology
o Much lower stray inductance than industry
standard packages for lower switching
losses and EMI

= Thermal performances
o Rthj ¢, max = 0.263 [°C/W]
o Rth;;ptyp = 0.163 [°C/W]

* Robustness

o Supplying high-volume, high-quality Cu CLIP
products to the automotive industry for many
years

o Gull wing leads for high BLR

o Fully compatible with SMD soldering and
AOI

o 3.5 mm creepage for high voltage rating

=  Qualification plan
o AEC-Q101
o MSL1
o Halogen free

LFPAK 12x12

TSC And BSC Options For G-HEM

Ly
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LFPAK 12x12

Top side cooling

Bottom side cooling

Key benefits
= Enhanced thermal performances
o Much lower operating temperature
o Higher reliability compared to wire bonding
technology
o Higher current capability
Higher power density
o Low package profile (2 mm typ)

O

Applications
= Automotive EV
o OBC, DC-DC, traction inverter

* Industrial

o Solar PV inverter
Telecom and server power supply
Industrial vehicle charging
Battery storage
UPS inverters

O O O O

30



SGT120R65AL vs Superjunction MOSFET

' BV \ Ros(on Chip size
o | nop e T
750 18 75 HB LLC resonant

22.9 D1
645 4.38 114 90.5 l I

635 4.18 112 100

SJ Adie area ~ 4 x GaN die area

Input DC voltage: 380 to 420 V

Converter efficiency @ 100 kHz
Output voltage: 48 V dc

100%
98% Max output power: 0.5 kW
S 9% .
= 93% Converter efficiency @ 300 kHz
5 0% K/ 100% AEfficiency GaN vs. SJ @ 500 kHz
88%
85% _ 95% 1.0%
0 10 200 300 400 500 600 & 0.5%
Pout (W) E 0.0%
85% s
GaN SJIA SJB 5000 = -0.5%
0 Y—
0 100 200 300 400 500 4 “-1.0% —_—
GaN SJIA -2.0%
0 100 200 300 400 500 600
r Pout (W)
'l 31
life.augmented GaN SJA




Takeaways

ST is leader in the SIC MOSFET industry through dedicated lines, and
the ramp up of SIC technology is exceeding than market expectations

ST WBG technology innovation plus the complete industrialization
of new power packages leads to a strong product range for many
power systems.

ST can offer a broad product range: discrete, bare dice, modules,
and investing continuously to expand capacity.

ST can leverage on a dedicated team of experts in new WBG
@ materials and power solutions to replicate a new success story on
GaN as already done with SiC

life.augmented ‘
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Industrial Summit
download center

ST Power & SPIN
microsite (CN Only)




Our technology
starts with You

Find out more at www.st.com

© STMicroelectronics - All rights reserved.

ST logo is a trademark or a registered trademark of STMicroelectronics International NV or its affiliates in the EU and/or other countries. ‘
For additional information about ST trademarks, please refer to www.st.com/trademarks.
All other product or service names are the property of their respective owners.
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