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Trends and Challenges

Rise of
Components

2025 AEC-Q200 Workshop

Rise of Software-
Defined Vehicles

YAGEO:

Rise of Domain,
Zonal, and Central
Compute Units
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Trends and Challenges

YAGEO:

Automotive Domain Requirements

Body PowerTrain Chassis/Safety AD/ADAS Smart Cockpit

Domain/ ZCU Zonal Computer Units

Domain/Centralized Computer Unit

Electronic Compute Unit Domain Compute Unit Zonal Compute Unit Central Compute Unit
(ECU) (DCUL) (ZCUL) (CCL)
CAGR 2023-2030 (%) -2% +29% +44% +45%
Projected Value 2030 ($B) $73B $44B $3B $10B

Source: McKinsey Center for Future Mobility: https://www.mckinsey.com/industries/semiconductors/our-insights/getting-ready-for-next-generation-ee-architecture-with-zonal-compute#/
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Trends and Challenges YAGEO:

SENSING PERCEPTION DECISION
Data Aquisition Data Processing Makes decisions and issue commands

GPS
LIDAR

Localization Prediction

Object Recognition
Object Tracking

Path Planning

CAMERA .
Obstacle Avoidance

RADAR

Operating System

Hardware Platform

Increase Autonomy Level = Increase on

Volumetric Efficiency Thermal Management and Efficient Power Management
Extended Mission Profiles

2025 AEC-Q200 Workshop
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Application and Capacitor Requirements YAGEO:

Application Capacitor
Reguirements Reguirements
Smaller Components — Higher Cap Per Unit Volume
Lower Loss Components —> Lower ESR,

Lower Thermal Resistance

Higher Category Temperature,

Higher Reliability — Longer Life

2025 AEC-Q200 Workshop
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Automotive Polymer Capacitor YAGEO:
AEC-Q200 Requirements

Stress Condition

High Temperature Exposure (Storage) MIL-STD-202 Method 108 (125°C, Unpowered, 1000 hours)
Temperature Cycling JESD22 Method JA-104 (-55°C to 125°C, 1000 Cycles)
Biased Humidity MIL-STD-202 Method 103 (85°C, 85%RH, V,, 1000 hours)
High Temperature Operational Life MIL-STD-202 Method 108 (125°C, 0.67 V,, 1000 hours)
External Visual and Physical Dimensions MIL-STD-883, method 2009 and JESD22-B100
Resistance to Solvents MIL-STD-202 Method 215

Mechanical Shock MIL-STD-202 Method 213

Vibration MIL-STD-202 Method 204

Resistance to Soldering Heat MIL-STD-202 Method 210

Solderability J-STD-002

Electrical Characterization User specification

Terminal Strength AEC-Q200-006

Source:
AEC-Q200 Rev E — March 20", 2023 — Table 1 — Stress Qualification for Tantalum (MnO, and Polymer) and Niobium Capacitors

2025 AEC-Q200 Workshop
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Automotive Polymer Capacitor
Product Offering

YAGEO:

Size Range (metric)

3.2mMmmx1.6mmx1.2mm
7.3 mMmmx 4.3 mmx 4.0 mm

100kHz) - Amps

Capacitance Range - uF 1 - 680
Voltage Range — Volts 25-75
Category Temperature - °C 125 - 150
Lowest ESR (25°C, 100kHz) — mQ 6
Maximum Ripple Current (+45°C, 3.7

2025 AEC-Q200 Workshop
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Automotive Polymer Capacitor YAGEO:
EIA 7343-28, 470 pF, 2.5V, 6 mQ

Histogram of T598D477M2R5ATE006
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Photo Source:
Innovation Center, Greenville, South Carolina
High Resolution TEM Transmission Electron Microscope — Crystalline Structure of Tantalum and Amorphous structure of the dielectric anodic oxide Ta,Oq
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Automotive Polymer Capacitor YAGEO:
Extended 125°C / 0.67 Vr Life Testing, 2,000 hr = 10,000 hr

Leakage

Probability Plot Life 125°C 0.67Ur up to 10000h
Lognormal - 95% Cli
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Delta Cap

Automotive Polymer Capacitor

Extended 125°C / 0.67 Vr Life Testing, 2,000 hr = 10,000 hr

120 Hz Capacitance

Interval Plot Delta Cap - Life 125°C/0.67Ur up to 10000h
95% ClI for the Mean
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Individual standard deviations are used to calculate the intervals.

2025 AEC-Q200 Workshop

ESR (RT, 100kHz, Ohm)

YAGEO:

100kHz ESR

Interval Plot ESR (RT, 100kHz, Ohm) - T598D477M2R5ATE006 - 125°C/0.67Ur 10000h
95% Cl for the Mean

0.035
0.030-
0.025
AEC-Q200 - 1000h
0.020 KEMET Spec 2000h
0.015 i
--------------------------------- L RTINS ST Y .
0.010- ;
T Y R Ry Sy e S 10008
0.000- '
H Q& Q- Q- & s & & Q& Q-
) S S S S S S S S
'@' &Q' &‘" #‘" *\““' \k‘*ﬁ' &q' \ﬂ“" &*'
¢ K $ $ $ $ S S $
A & & iy & ¢

Individual standard deviations are used to calculate the intervals.
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Automotive Polymer Capacitors
Capacitance and ESR Loss Modelling

Capacitance

Probability Plot (Fitted Arrhenius) for Start
Weibull - 60% Cl
Cap Loss - T598D477M2R5ATE006 - 125°C
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ESR

YAGEO:

Probability Plot (Fitted Arrhenius) for Start
Weibull - 60% ClI
ESR Aging - T598D477M2R6ATE006 - 125°C
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Automotive Polymer Capacitors YAGEO:
Extended Category Temperature, 125°C - 150°C

Storage life 150C, 5000hrs, Delta Cap Storage life 150C, 5000hrs, DF
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YAGEO:

Automotive Polymer Capacitors
Extended Category Temperature, 125°C - 150°C

Probability Plot (Fitted Arrhenius) for Start

Weibull - 60% CI
Cap Loss, T599D477MO04ATE025, 150 C Cat Temp
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ESR Loss: > 2.0 x Initial ESR
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Automotive Polymer Capacitors
Extended 85°C / 85%RH / Vr Humidity Bias, 1000 h - 2000h

YAGEO:

99.9

85°C/85% RH Load Humidity
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Automotive Polymer Capacitors YAGEO:
Extended 85°C / 85%RH / Vr Humidity Bias, 1000 h - 2000h

Percent
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YAGEO:

Future Direction
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YAGEO
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