Thermal Imaging-Based Failure
Analysis System - TIFAS®

Non-destructive failure detection and quality assessment
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simply measured



TIFAS

Pulse thermography Lock-in thermography Thermoreflectance

TIFAS® IR lab TIFAS® LIT lab TIFAS® TR lab

»* Compact all-in-one benchtop pulse system » Compact all-in-one benchtop LIT system »* Compact all-in-one benchtop TR system

. LaserLIT
» E-LIT
» HaloLIT

TIFAS® IR inline TIFAS® LIT inline

» Pulse system for production lines » Lock-in system for production lines
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IR - Thermography
o
Imaging

= The basic principle is to heat the Processing
sample to be examined with a
thermal excitation source
(light, laser, electrical current).

= Thermal excitation can be
carried out with a pulse or _
periodically. >

Decisions

= The resulting thermal contrast is
detected by the IR camera.

= Recording oscillation
temperature field using IR
camera.

= The temperature images can be
analysed using special software.
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Thermography methods

I

Principle Principle
» Pulsed thermal excitation

» Heat diffusion through specimen
» Defects are barriers in heat path

» Modulated thermal excitation

» Generation of thermal waves

» Wave reflection on defects

» Heat accumulations above defects » Lock-in amplification of defect signals (reflected waves)
» Result: sequence of IR images

» Result: amplitude and phase image

Excitation Sources Excitation Sources

% Flash Iamp.s o atach % Laser . % Eddy Current s oereci ,
% Joule Heating % Joule Heating % LED/Halogen lamps

Substrate Substrate
Features Features

»# Measurement time: <1s..55s

»# Measurement time: 1s ... > 10 min Sen . .
SIty

»# Pulse phase thermography # Depth resolution by frequency selection

Ve

»# Thermal signal reconstruction » Superior sensitivity due to lock-in amplification
»# Infrared based but also thermoreflectance based
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TIFAS® IR

Thermal imaging failure analysis using pulse thermography
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TIFAS® IR pulse thermography

Measurement principle

» Pulse excitation with a flash lamp.

» Analysis of thermal propagation over time.

» Heat propagation is influenced by defects or
irregularities in the volume.

» Recording oscillation temperature field using IR
camera.

» Heat progression can be displayed graphically.

» Short testing times.

Substrate
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TIFAS® IR lab

Contactless failure analysis in a nutshell

Features
» Complete pulsed infrared thermography-based failure analysis setup

i

» Contactless and non-destructive

v

>

v

Short testing times, high throughput

P

v

Great variety of detectable defects

. . c
» Comprehensive analysis software 9 _
. = %
» Adaptable to special needs oG .
i 3 %
Voidsin Delamination %
solder die in sintered %
attach power =]
I dul @
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carbon fiber molding Sinter layer Void in mold
compound delamination compound

reinforced
polymer

— R
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»

»

»

»

»

»

»

TIFAS technologies: VacBlack®

Temporary lamination of the specimen with a
high-emissivity foil.

Reduce of reflection losses of the excitation power
on metallic surfaces and increase emissivity of the
specimen.

Temporary lamination of the specimen with a high
emissivity foil.

Suitable thermal attachment between foil and
specimen by vacuum.

Residue-free removal of foil after sample
examination.

Fully integrated into TIFAS® IR lab system.

Two types of VacBlack® - foils:
50 um & 30 um thickness.
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TIFAS® IR lab — Use cases

Thermal imaging failure analysis system for lab-scale applications
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IR - Thermography

Visual inspection

#  Scanning acoustic microscopy

Delamination between sinter layer and DCB Water needed as coupling medium

Undetectable by visual inspection Slow

Further process steps are lost money Moderate to high costs

No failure found

3 X-ray techniques

Failure found

IR-thermographic techniques

= Fast Fast and direct (thermal phenomena)

= Delamination almost not detectable Detection of voids and delamination

= High costs and safety requirements

Moderate costs

Failure found

© 2025 Nanotest. All rights reserved.




Use Case: IGBT Power Module

Process monitoring silver-sintering of power modules

Inspection surface  delamination

voids  chip
/ l \ ___________ _ / Sinter Ag
]
substrate

» Higher thermal conductivity and reliability of silver sinter layers
—> replacement of the solder layer by sinter layer

» Typical failures: delamination, voids

» Analysis time: 700 ms / sub-module  — Total analysis time 2.1s
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TIFAS® IR lab — use case: sintered/soldered chip on ceramic

sintered soldered
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Use Case: Fiber-Reinforced Polymers

Failure detection during the process and in field

Inspection
surface

voids delamination
cracks

matrix

— l\ fiber

30)J

PIRT

C-SAM

10) 40)

» The mechanical integrity is crucial
» Defect detection during processing or in-field

» Analysis time

> measurement time = 1...10 s

. } Total analysis time ca. 20 s
> subsequent postprocessing
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TIFAS® LIT

Thermal imaging failure analysis using lock-in thermography

© 2025 Nanotest. All rights reserved.




TIFAS® IR laser lock-in thermography

Measurement principle Periodic signal _I I

A

W\

» Active laser lock-in thermography (L-LIT).

» Periodical thermal excitation with light.

Temperature

» Propagation of thermal waves through the device

Time
under test.
» Wave reflection on interfaces/defects. —_—
Fourier-

» Recording oscillation temperature field using IR
camera.

Transformation

Measure time/\

Amplitude
s

M \]lj
| llt

» Lock-in amplification of signals.

» Result: amplitude and phase images.

» Complex image includes amplitude and phase
information.

Substrate

» Lasers currently available:
» A =878 nm, 45 W
» AN =450 nm, 12 W
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TIFAS® IR lock-in thermography

Transmitted light setup for L-LIT

Optical fiber

Laser beam

AATA

Sample

IR Emission

Collimation Focusing /
lens lens

IR - Camera

» A modulated laser illuminates the rear side of the sample.

» The laser wavelength is chosen to penetrate the material effectively.

» Thermal waves are generated internally and propagate toward the front surface.

» An IR camera captures the resulting thermal response from the front side.

» Defects (e.g., voids or delamination) disturb heat flow, visible in phase and amplitude images.

» Ideal for thin or semi-transparent materials or when using IR cameras with short working distances.
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TIFAS® LIT — Use Case

C-SAM Image

e o

S. Panahandeh, D. May, C. Grosse-Kockert, B. Wunderle and
M. Abo Ras, Laser Lock-in Thermography for Inspection of
Silver-Sintered Die Attaches, 76th Quantitative InfraRed
Thermography Conference, 4 — 8 July 2022, Paris, France,
10.21611/qirt.2022.2008,
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TIFAS® LIT — DTS on power chip

Live Image

©
e
=
=
S
<

Phase Image

C-SAM Image
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A
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TIFAS® IR Pulse & lock-in thermography

Pulse thermography L-LIT thermography

o

-

Sample Photo

Chip

R soder
Copper substrate

Side view
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TIFAS® IR Pulse & lock-in thermography

Sample Photo

Pulse thermography L-LIT thermography

Chip
R iy
. Copper DCB

Ceramic substrate

Side view
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TIFAS © LIT: Joule heating

LIT amplitude image
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TIFAS® LIT - Use Case: T-Pack SiC Power Module

-0450

+DC

TIFAS IR pulse thermography TIFAS electrical LIT

Complex Phase

(Source: Tesla Model 3 Inverter with SiC Power Module from STMicroelectronics report, System Plus Consulting, 2018)
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TIFAS® Halo-LIT — method and use case

Use case: foamed plastic sheets

IR Cam

<— Fan

<— 6x halogen
headlights
(ca. 300 W)

Homogenizer

| Bundesministerium

fur Wirtschaft
und Klimaschutz

w

Lock-in-thermography (phase)

DN

: B S * Samples are special demo-samples from ElringKlinger AG, results obtained within the project InThElekt funded under grant
Experiment: Sample during meas

urement number 19122005D by the Federal Ministry for Economic Affairs and Climate Action (Germany).
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TIFAS®

Features Limits

» Fast and easy » Failure size requirement (size > depth)
» 100% contactless + non-destructive » 3D structures require spray-coating
» Works without spray-coating » Spatial resolution limited by IR wavelength

» Single layers up to full modules + Blur from heat spreading

» Detection of various hidden defects
» Thermally relevant (in contrary to SAM)

» Automated decision making ready
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TIFAS® IR inline

Thermal imaging-based failure analysis system for production lines

© 2025 Nanotest. All rights reserved.




From ,Lab 2 Line”

Fields of appl|cat|on ]
> 04

Solder interconnections

k13X

Sinter interconnections

" Innovative & sustainable
Power electronics industries

Productlon Imes

GroTherm

Pulsed IR Thermography

Bl 6 - fast
-  non-destructive

* |low cost . | ,
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TIFAS® IR inline

Intelligent non-destructive 100% inline failure analysis

!\IANOTESTV TIFAS" IR inline
R |

Features
» 100% inspection in production lines, full automation

» Short testing times, high throughput

» Complete infrared thermography-based failure analysis setup
» Contactless and non-destructive

» Great variety of detectable defects

~ 100 s - 200s <30s <10s

Dispensing & placing Sthtering Quality assessment Data management

= —
© | )
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Video inline

budatec . NANOTEST TIFAS Rinline

https://www.youtub
e.com/watch?v=EZf
xSXHOwOM
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https://www.youtube.com/watch?v=EZfxSXH0w0M
https://www.youtube.com/watch?v=EZfxSXH0w0M
https://www.youtube.com/watch?v=EZfxSXH0w0M

TIFAS Technologies: Al supported decision making

Motivation Methodology Conclusion
/ Zero Defect \ / \ / \
Industry 4.0 Manufacturing iy
Physical Digital

= — f@ space Digital Twin Calibration space

Bridge the Data

o . . 3 Gap
’ In-line quality inspection (NDT) AN Gap between the amount of real

4 \ e q E data available and the amount of
I/ \I Representative Synthetic Data Generation St e o Gl & el
1 ‘( i effectively.
1 1 -
| ‘ | = ‘ ! Synthetic Data
: § a D : Synthetic sample layouts Simulations Synthetic EOFs Generation
1 8 v b iy s Defect FEM simulations that resemble

=) -

: @ X U 8 1 / Depth \\ Synthetic EOFs the experimental data and noise
1 ‘: - U — : w/o noise from the experimental setup.
= v . ’ % 1 Defect \/Number of —» . . F
P3 o l Diameter =Ny ' Defects - Synthetic EOFs Scalable Solution
: (€] . . 1 \ / with noise Easily scalable to large datasets and
1 = - : iz can be used to generate data that is
1 = = | Lecetion difficult to fabricate.
l\ [TTTTT ,I

\\ Automated defect detection ,'

~ - - = =
ST TTTTTToTmoTommmmmmees - Time-Efficient
Training of Segmentation Model on Three Different Datasets Can be generated quickly and

Lack of data for a data-centric inexpensively. Also, labelling the

approach in manufacturing: Data annotation  Datsets for the model U-Net Model [ solanstls comy.
Synthetic Dataset Forwarq -
« |Imbalance Special EOF w/o noise propogation o I

()
. o
J‘A Dataset sn( Equipments — - Synthetic Dataset—p> s W’” 1

with noise Tailured Solution

Mask . Vi Based on customer’s sample
"2 Data @@ Expensive Measurement < Back propogation fabrication process and possible
/o/o/o Labelling ﬂg Manufacturing Dataset defect to be detected.

N J 2N Y,

© 2025 Nanotest. Al rights reserved. Pareek, KA., May, D., Meszmer, P. et al. Synthetic data generation using finite element method to pre-train an

image segmentation model for defect detection using infrared thermography. J Intell Manuf (2024).
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TIFAS® IR mobile

Thermal imaging failure analysis system for mobile applications
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TIFAS® IR mobile

Contactless failure analysis in a nutshell for mobile applications

Features

» Mobile infrared thermography-based failure analysis setup

>

v

Contactless and non-destructive maintenance of components

>

v

Great variety of detectable defects

» Comprehensive analysis software Impact defect  Lightning strike defect

» Example: non-destructive testing of fiber composites and bonded joints

L

© Bladecare-academy.de © Deutsche Bahn AG ZfP heute | Berlin 2020 p 54-55

M. Kaczmarek, M. Milller, Zerstérungsfreie
Bauteilprifung von groBflachigen, glasfaserverstarkten
Schienenfahrzeug-Komponenten
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TIFAS® TR

Thermal imaging failure analysis using thermo-reflectance
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Thermo-Reflectance Imaging

1S3LONYN ©

1
|
splitte Light i
4 source '
1
I

__________

Sample surface
with temperature map

Lab scale platform TIFAS TR

AR (10R AT — AT
R ~ \ROT TR

Advantages: imaging on reflective surfaces, higher lateral resolution, selective per material
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Use Cases: Thermo-Reflectance Imaging

Metal test structures

16 »r—
pum
16 pm_"L’

530 nm (green)

780 nm (infrared) g X K

HEMT device
(active)

MEMS actuator device

B

P




Use Case: MOSFET

= { R } 50x_Frl0Hz-02V -
_FrlOHz-1V- 10x_sin-Fr10Hz-1V GVB69EXPT200_530nmNiFré_Nmer200. Ho0xSlClistny
V/2500ExpT944_530nmNrFr4_Nrper300 GV1122ExpT100_530nmNrFr4_Nrper300 GV414ExpT100_530nmNrFr4_Nrper500

2xMag 10xMag 50xMag 100xMag

2x...100x
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