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Infineon at a glance

Growth areas FY23 revenue by segment?
e 3 T—
I Automotive (ATV)
~ —- . " “ B Green Industrial Power (GIP)
Gy i S ~ = \l e I Power & Sensor Systems (PSS)
e - \ ' B Connected Secure Systems (CSS)
Energy Mobility loT
green and efficient clean and safe smart and secure
Financials Employees?
’ employees worldwide :
69
R&D and
Americas
L7 . . 5,220 _ .
manufacturing locations? Asia Pacific
29,330
FY17 FY18 FY19 FY20 Fy21 FY22 FY23 For further information: Infineon Annual Report.
B Revenue [ Segmentresult == Segment result margin 12023 Fiscal year (as of 30 September 2023) | 2 As of 30 September 2023
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https://www.infineon.com/cms/en/about-infineon/investor/reports-and-presentations/#annual-reports

Driving decarbonization and digitalization. (imeon
Together.

Semiconductors are crucial to solving the energy challenges of our
time and to shaping the digital transformation.

Infineon is committed to actively drive decarbonization and
digitalization, and is one of the most sustainable companies in
the world

As a global semiconductor leader in power systems and loT, we
enable game-changing solutions for green and efficient energy,
clean and safe mobility, as well as smart and secure |oT.

Infineon is committed to binding CO, reduction targets

- ‘al Carbon neutrality* by 2030 Emissions reduction of 70
, { 1 — primarily by avoiding 2 ‘ percent by 2025 compared
P - emissions to 2019

1 Carbon neutrality is defined in terms of Scope 1 and Scope 2 emissions.
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infineon
Infineon leading in power systems — mastering all three key materials p

>> Reliable multi sourcing
of raw materials

>> Application
understanding
Ll

| | | >> Packaging know-how and
Controller Driver IC Power switch hybridization competence

>> World-scale fabs

Software + Algorithms

Leadership in Power Systems across all materials and technologies

Gallium nitride Silicon carbide Silicon
HEMT — Driver Diode — MOSFET Diode — MOSFET — IGBT — Driver — Controller
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While doubling power density, Infineon’s solutions are positioned to (iﬁneon
be the future of mobile charging

What higher power density means to customers

@ Current adapter @ Same power, smaller size

System savings

3x >30% 20% 50% 2X

switching energy lower higher power less
frequency savings System Cost density Size & weight
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Energy saving potential with GaN and advanced technologies (imeon
powered by Infineon

Did you know?

=1 EU s related to servers and data storage higher than the yearly electricity consumption of Belgium,

2% of total energy consumption in the is In 2030 this energy demand will reach 78 TWh Which is
products the Czech Republic, Portugal or Switzerland

o . 21bn 15bn 17 Mt
. Saving potential

with CoolGaN™ per kWh USD COZ

year if used in all

ldwide d
Worcevr\lltlereslata % &

____________________________________

Infineon GaN Power transistors enable
top notch efficiency and power density in SMPS

1 Transition from Si-based power supplies in enterprise architecture to GaN-based power supplies in hyperscale architecture
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GaN market is taking off, driven by key power applications

GaN market forecasts over time

~$6bn

- $2bn
cumulative market potential
over the next 5 years
CAGR (23-28)
+49%
— $1bn

2019

2018 2020 2021 2022 2023 2024 2025 2026 2027 2028

2019 Report = 2021 Report = 2022 Report = 2023 Report

Source: Yole: Power GaN Report 2023 & Compound Semiconductor Market Monitor-Module | Q4 2023
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Superior switching performance results in higher
efficiency and lower system cost.

Applications with tipping point reached or in sight:

@ - —{=
1 ey
Charger, Server
adapter (high voltage)
Residential On-board
solar charger
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Infineon's GaN qualification approach is leading in the industry

@ Most reliable GaN HEMTs in the industry

Reliability investigation

Additional tests

%

Degradation models

,mA - B L

Infineon applies stringent qualification plans, including failure models to predict lifetime and in-field failure rates
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CoolGaN™ final product quality and robustness is achieved by
stringent multiple gates and based on the customer needs

2024-07-31
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specific
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Reliability




o Cinfineon
Intrinsic Branch (TDB (HTRB))

Intrinsic Branch
— Currently the most conservative model is used

T Life Time Model at
800V, 150°C unified condition
- 800V, 125°C

— In JEP-122 (Silicon), various models are listed 5 || 750V, 150°C - L) = As et +eit
?66 V; 156 C = JEDEC testing 3 x 77

— JC701.1 is attempting to answer degradation physics
guestions and compile a document similar to JEP122

— Since the Physics and Electrostatics of DC-TDB
can be different from AC-TDB, the methodology Lio0pem B

should rely on the application mission profile and 1E-1 1E+1 1E+3 1E+5 1E+7
Time to failure (hrs)
use case

parts, 480 V, 1000 h

Ln(-Ln(1-F))
B

Lifetime requirement:
< 1 fit for 15 years
at480V, 125°C

(131 ppm)

H. Kannan et. al. “Reverse Bias Lifetime Analysis of 600V Enhancement
Mode GaN Devices,” WiPDA 2017
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Only large scale extrinsic study proves industrial fitness

Infineon Data

Accelerated testing
(smaII sample size)

In(-In(1-F))

A O
1/V IVll

T T, :
Burn-in study
(large sample size) ~ -
Intrinsic
g branch

_‘__‘—“_"— " _"“' 1

100 ppm

Extrinsic branch
Illustrative diagram 1

15y In(time)
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— Need to perform a large scale burn-
In study on > 100k+ parts to assess
the extrinsic failure rate

— A lifetime model for extrinsic fails
Can be extracted

12



Maturing the GaN technology by addressing extrinsics through (iﬁneon
defects density improvement and proper screening

— Defect Characterization are key to understanding Extrinsics
— Publications on defects related failures are scarce

Failure analysis = Atrap is a defect originating from a structural defect or the presence of an
impurity or a sudden loss of continuity in the crystal lattice (as in interfaces)

» Adefect disrupts the periodicity of the crystal lattice

s .

»  Overload leads to crack
in ILD and Al protrusion

» =¥ G/S short

Stacking fault in the saguaro cactus Self-interstitial in the corncob
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Application testing




(infineon

Dynamic Rpgn)

— A phenomena that occurs with all power GaN

_ _ = |st bias voltage st dynamic Rpg(on)
HEMT, but not with Si FET v = = = 2nd bias voltage = = = 2nd dynamic Rpg(on)
: . A AR
— When GaN HEMT first transitions from off to on DS , Trapping time | Detrapping time Bpg (on)
. ) ) - > >
state, the effective Rpgq, IS higher than the DC / pmmmmmmme- ]
steady-state value and “slowly” decreases to the -
DC value while on /N
. . ) i ) g SeeeL —»
— Bias that causes this behavior typical operation for L REREEY
switched mode power supplies, resulting in the Steady-state Foscon) 2=
: : : : . >
effective Ry during operation to be a higher 0 tl t2 3 t
dynamlc RDS(on) (dRDS(on)) Value K. Li, P. Evans and M. Johnson, "GaN-HEMT dynamic ON-state resistance characterisation and

modelling," 2016 IEEE 17th Workshop on Control and Modeling for Power Electronics (COMPEL),
Trondheim, Norway, 2016, pp. 1-7, doi: 10.1109/COMPEL.2016.7556732.
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What causes dynamic Rpgopn)?

Soft switching operation Hard switching operation
4 tor ton tofr 4 fott ton tor
Off-State Bias R Off-State Bias Off-State Stress R Off-State Stress
(Buffer Trapping) ecovery (Buffer Trapping) (Buffer Trapping) tsemi-on ecovery tsemi-on (Buffer Trapping)
Hot e- trapping Hot e- trapping
(surface/interface) (surfacefinterface)
> >

||CH| 9
> >

[en |

1. Pure off-state (with drain bias) - OSB 1. Pure off-state (with drain bias) 2> OSB
2. Pure on-state = none 2. Pure on-state - none

3. Semi-on state (with I-V overlap) - HCI

Only off-sate bias (OSB) generated with soft switching, while both off-sate bias
(OSB) and hot carrier injection (HCI) are generated with hard switching

N. Dellas and E. Jones. “Dynamic Rpg(,, in GaN HEMTs: Physical origins and system design considerations,” PCIM 2023
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What causes dynamic Rpgopn)?

(infineon

Off-State Bias (OSB) Hot carrier injection (HCI)
Gate gg GaN:C  Buffer Si Gate o
ivati 2 S ot rain
I source B  ressieton Drain . /id_e;i_ba_n.d ______ — ﬁce P Ppassivation r O] |
Intrinsic GaN (UID) J' — UID GaN !_.Cross— .
_________ +11 ﬂ .
. | 10% Vosimax — ) section
GaN:C I Cross- e | Y 8 GaN:C .
T e L
I view o0y [\ jz===s o
Buffer layers / i (me) 4‘; Buffer layers
, 1 \ /:
qubstrate — 100% Vosiman ﬂ: / Substrate
- L L'E;,;;;eaa; \FeTN"'T
Charge redistribution in carbon- Hole (h+) injection from drain: Hot carrier injection:
doped GaN (GaN:C): Positive charge compensation  — As high potential is applied to the drain, with current

Under electric field, charges
redistribute in GaN:C, resulting in
negative charge separation
towards 2DEG, causing depletion
and increasing Rpgon

from Vpgresults in net flowing in the channel — electrons are rapidly
recovery of 2DEG and Rpg o

. : : : accelerated, gaining kinetic energy under the strong E-
over time, increasing with _ _ _
higher bias field (hot carrier generation)
— These electrons can then tunnel from the 2DEG into
surface and interface states, causing dRpgn

N. Dellas and E. Jones. “Dynamic Rpg(,, in GaN HEMTs: Physical origins and system design considerations,” PCIM 2023
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Dynamic Rpg(, Impact over lifetime p

— Behavior can be modelled using either methodology
— Switching Accelerated Lifetime Test (SALT)

— Dynamic High Temperature Operating Life
(DHTOL)

— Results from accelerated tests can be extrapolated
back to use conditions to estimate useful lifetime criteria

| — JEP180 developed to drive standardization for testing

A

Hot carrier
injection (HCI)
dRpson) rUNaway

d RDS(on)

v

_ Factor Impact on OSB Impact on HCI
Log(time)

d RDS(on) d I:QDS(on)

— Hot carrier injection (HCI) effects can worsen over operating
lifetime

— Electric field distribution during hard-switching (semi-on state)
changes over the lifetime of the device

Voltage 1 Nonlinear Higher rate

Current 1 -- Higher rate

Operating time 1 Increasing (saturates) Increasing

o _ _ Temperature 1 Higher rate Lower rate
— In the case that significant depletion of the channel occurs in the )
_ L , _ Frequency 1 -- Higher rate
access region, the electric field drastically increases toward the
Duty cycle 1 Lower final value --

drain side of the device, resulting in significant generation and

trapping of hot carriers Dynamic Rpgn) Performance highly dependent
— This positive feedback eventually leads to “runaway” of dRpg ), on application bias, environment, and

over time, full channel depletion can occur operating life

N. Dellas and E. Jones. “Dynamic Rpg(,, in GaN HEMTs: Physical origins and system design considerations,” PCIM 2023
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What’s next for GaN? &—/

Bi-Directional Switch (BDS)

S2
G2 — True normally-Off monolithic bi-directional switch
:] Jub — Replace two discrete uni-directional switches in bidirectional configuration with a single
G1 device
1 — Enables size reduction and performance improvement for load switch and SMPS topologies that
require bidirectional switch (e.g. current source inverter, Vienna rectifier)

Integrated functionality

i

— Increase functionality with new features, reducing size and improving performance
S — Examples include integrated current sense with intrinsic ‘passive GaN FET

Space applications
¢z

— Lack of gate oxide in GaN HEMT eliminates primary degradation mechanism of Si FETs, where
trapped charges cause Vg, shift

a — Sitill experience degradation and failure due to heavy ion / cosmic rays

— Greater need for robust understanding of quality and robustness
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Conclusion

— GaN is enabling next generation of power conversion,
helping to drive decarbonization and digitalization

— The quality and robustness of GaN must improve as it
expands to new applications

— New structures, functionality and markets will further push
need for continual improvement in quality and robustness
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