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Objective

* To introduce the audience to thermoreflectance & its
applications to failure analysis, thermal characterization, &
EM analysis

* To detect thermally dependent failures/defects
« Submicron defects
 Time dependent thermal events (ESD, latch-up, etc)

* 3D effects (3DIC, Voids, buried defects)
* AIP defects
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Outline

* Introduction to Thermoreflectance
» Spatial Resolution
* Temporal Resolution Applications

- TBR

» Latch-up Ppr= @ LN

- ESD e

« 3D defect depth ey \
- Over-the-Air (OTA) testing ==

* Conclusion
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Thermal Characterization Challenges

THERMAL TRANSIENT [Sec]
« Smaller features FASTER 1012 10-° 10* 103 10° 10 SLOWER

* Low Power/Temperature

» Buried Defects/Voids

» Higher Speeds Thin Films Single  Die Heat Package Heat
_ Tr  Attach Spreader Sink
* New Materials

* Diamond, MoS2, etc : : LN ﬂ.




Thermoreflectance (TR) Imaging

* Reflected light intensity is dependent on temperature

AR
_— = CTR AT C;r = Thermoreflectance Coefficient
R

* A pulsed light source can be used to probe a sample surface
USing , ] VIS, or ||ght CCD exposure [ ‘HOT' FRAME (signal)

. Spatlal 100,3 nm (W|th UV & VlS) DUT excitation E::h _I | |
* Time: 800 ps (Laser) or 50 ns (LED) - B g g
» Temp. Resolution: 1-100mK st W




Building Blocks for TR & IR Imaging

<= Shutter control

CMOS

InGaAs

Provision _#

Sensor
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ENE==0N

‘ Sensor output = 1

EmccD or i

f

Computer
w/Sensor interface electronics &
Embedded SanVIEW™ SW

LED Illlumination Source
w/auto or manual-selectable As
& Pulsed device bias supply

Microsand

Pulsed device bias supply

¥ Device Bias

Calibration Tool

Piezo Stage

& X-Y-Z Piezo Controller




IR, TR, & EMMI
| nfraredEmission (IR) | Thermoreflectance (TR) | __Emission (EMMI) __

Spatial 2-10 pm 250 to 700 nm >700 nm
Diffraction limited Diffraction limited Diffraction limited

Sensitivity (NETD) ~10-100 pK ~1-250 mK No temperature

Transient Analysis ms ps to pus ms

Notes Metals have very low Equally applicable for Transistor/diode leakage
emissivity metals or semiconductors only

Physics Planck Law / Blackbody Reflection / Fresnel / Electron-Hole
Radiation Maxwell’s Equations recombination

Non-Invasive? Yes, unless coating used Yes Yes

Radiated Power Density CCD Detector
Planck Law Electrical .
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Full Spectrum Thermal Imaging: UV to IR

P IRMODE TR MODE
Mag= 0.5x 2x 100x
15mm 3.8mm : 112um

N

3.0mm

<300nm
Resolution
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Lock-in Thermography (LIT)

Sensitivity vs Averaging Time

—@—TR Gold (E-4)
—e—LWIR
@ TR GaN (E-3)

Reference

M Amplitudgm/\/\/\/ —

R [ S S N A

Averaging Time (min)

LIT is a non-destructive
averaging technique that
can be used to improve
detection of low power
defects
Resolution can be
improved by
* 1/VN (N is the number
of pixels)
e 1/Vt (tisthe averaging
time)




High Spatial Resolution

Abbe diffraction limit

2(n sin )

500 nm Hot Spot !
B IR RN

A

b bt e e ek Ak A A A

| 0
10X Higher Spatial 1 | i

. P 1 I | I i | i | | -
Resolution 1 7V, 4uA, 21 W, 10 minutes
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Transient Measurements

(dynamic) thermal response contains all information
about a linear system. Heating and cooling curves contain
all the information about the heat-conduction path.

Heating Curve

("Ciw)

Thermal Impedance

-
(2]

Transient Measurements to Extract Resistances - |
& Material Properties , - |
Andrds Poppe SEMITHERM 32 Short Course 4 L e e ‘mlF "

Heating Time (tH. secends)

http://www.thermengr.net/TechBrief/TB-15.pdf




Improving Thermal Interfaces (TBR)

* Transient Temperature measurements help isolate dominant thermal interfaces
* Thermal Boundary Resistance (TBR) can be obtained from the heating curve

Large TBR for old diamond process Newer diamond process improved TBR Device

in steady state after 300ns
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Transient Thermal Imaging of Latch-up

» High speed imaging allows you to view the progression of the failure
 Pulsing at kHz or MHz localizes the failure location and prevents damage

Y 3.0ms -,

IC Latch-up
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Investigating Short-Circuit Destruction

* Nanosecond thermal imaging allows for imaging of current filaments

Surface Temperature after 4us pulse
Abs(TotalCurrentDensity-V) [A*em ~ -2]
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Transients of V((t), V(t), & I(t) for SC type-1 event at
V=400 V, V=30 V, T=300 K, L,,=60 nH, & R;=220 Q Current density distribution in IGBT at 4 ps




HBM ESD Current Filaments
'190_0E-98

1700V HBM ESD Waveform
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Defect Depth in 3D Structures

=o—poly resistor M1 *

~T5ns =#-1400hm M7 short
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Diffusion Time: 7=d?/4«
Delay in thermal signal for the 140Q

short indicates the defect is buried
below the metal layers




Thermal Imaging to Electromagnetic Field Analysis

emSCOPE™

nj
Holistic Approach <= Shutter control
pp eV Technologles rr———

> Sensor
Microsand %

v
* Chip Level @EM

N n d

v

SanjCONTROLLER: Computer
w/Sensor interface electronics &
Embedded SanVIEW™ SW

* Package Level [
 PC Board Level

LS300-xy lllumination Source
w/auto As 50ns FWHM Pulse

 System/Antenna Level cusntimsgin

Membrane =
Sample

Piezo Stage

e 2x Performance Benefit

External Pulsed |-V
bias supply

Calibration Tool

& X-Y-Z Piezo Controller

Piezo Calibration Tool




eV-Technologies & Microsanj Demonstrate Unified OTA-Testing Solutions

Linking Thermal-Imaging to Electromagnetic-Field Sensing

v’ Unified functional and reliability testing solution

P Based on a holistic Chip-Package-PCB-Antenna vision
- ‘,é’
¥

v’ Ultra-fast test-time compliant with industrial requirements
eV Technologies

No need for mechanical positioner/step-motor system

link Energy! v' High accuracy absolute temperature calibration

mMicrosanJd
Using Quantum-Spin thin-film coating with Sub-um spatial resolution

GaN -based Front-End-Module Beamforming-Module
with Energy-Efficient Adaptive-Biasing & Antenna-in-Package [AiP]

Absolute-Temperature Calibration
Using Quantum-Spin Materials
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eV-Technologies & Microsanj Evaluate new OTA-Testing Solutions

Two Radar Modules assessed:
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“‘("‘\’i) v Standard: 2 TX & 4 RX Antennas
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eV Technologie
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Very Fast and Easy Detection of Faulty Antenna Elements
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eV Technologies

Think Energy!

3D Full-Wave EM-THERMAL
[Single Antenna]

temperature (EM-Thermal coupling) ®

Custom
Orientation Inside Antenna
Sample 14
Time 0s
Mok Gamghh 23 0.3 W @ 77 GHz, leading to 2.5 degrees heat

Minimum (Sample) 25°C
increase mainly in the antenna part




Conclusion

 Sub-micron thermal defects are detected with TR

* Nanosecond thermal images show current filament location
& propagation

* Transient analysis discloses defect depths in 3D structures

Thermoreflectance Imaging can validate
Electromagnetic Performance
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