Preparation on 3D interconnects
- FA work flow for shorted Cu/Sn-Cu Bondings -
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Failure analysis challenges

Complexity in design and materials
in 3D SiP components limits access
for failure analysis (FA) methods

3D built up requires appropriate
nondestructive testing and fault
isolation methods for

buried interconnects
TSV structures

electrically conducting
redistribution system

Target preparation on package level
can be expensive, large amounts of
materials to be removed

tremendous new challenges for FA

Interface issues (shorts, opens)

T : . needs improved and specifically
require high resolution analysis

adapted new FA tools workflows
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Failure localization in 3D devices +/Systems

Lock-in thermography

|
IR camera

Defective circuitry is driven by pulsed
supply voltage, correlated T- modulation
IS detected by IR camera system

averaging over many lock- in periods
improves signal-to-noise ratio (detection
limit: few pW dissipation power)

dynamic method leads to reduced
thermal blurring

thermal imaging using microscope optics
and solid immersion lenses
(resolution: <1.5um)

_ | Prober for
local testing
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Failure localization in 3D devices
Lock-in-Thermography (LIT)

Siis transparent for IR light ->
navigation and detection of thermal
active defects underneath Si substrate

no direct optical access to buried
interconnects In packaged / 3D
devices, but heat flows through
opague layers to the device surface

-> none destructive defect localization

Defect localization at packaged

Through Si imaging and defect localization stacked die device
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FIB Target Preparation for 3D devices
High precision efficient target preparation

30 kV High-Current lon column with
beam current up to 65nA (FEI V600 CE +)

IR optical imaging system for through
Si imaging and navigation (FOW 100um,
900nm — 1700nm)

GIS for Bulk Si Trenching with coaxial
nozzle (highrated milling of Si)

Nanochemix-System (XeF2 H20, O2,
Cl2, TMCTYS)

Charge neutralizer: HC milling of
non-conductive materials
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FIB Target Preparation for 3D devices

High precision efficient target preparation
Restrictions of standard FIB :

lon beam

e beam

SE
detect.

Focused lon Beam technique (FIB)

large quantities of package
materials to be removed

precise, but too slow

Approaches:

Combination of single-beam and 2-
beam-system

iIncrease of milling rate using chemical
enhancement (for Si removal) + high
current FIB and IR orientation

Scanning through investigation for a
detailed defect characterization by 2-
beam-system
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Case study: High Density Metal-Metal Bonding

Cu-Sn-Cu with BCB Key

‘\D

Failure type: high resistive shorts of

Cu/Sn-Cu thermocompression bonding adjacent daisy chains

on 10um pitch with 5um pillars
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Case study: High Density Metal-Metal Bonding

1. step : failure localization by Lock-in-Thermography

pads to contact each row

\

!

Probe tip 1

Probe tip 2

[

Edge of top dié

Edge of bo-ttom die

probing for LIT
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Case study: High Density Metal-Metal Bonding

1. step : failure localization by Lock-in-Thermography

Amp + Topo
=
Overlay of LIT amplitude and
240pm Periodenanzahl: 1540 U :1,2v 2':'] ? Slngle IR Image ShOWIng three
I—l Globale Phase : -40° I :562mA mk
Freguenz 1 Hz fme: 1 ms i % reSIStlve defeCtS
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Case study: High Density Metal-Metal Bonding

2. step: Thinning of top side Si for further FIB preparation

Original sample

Sample after grinding

Thickness of top die: 740um

|

T

;

30 um remaining Si thickness

Spoj#
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Case study: High Density Metal-Metal Bonding

3. step: Navigation to defect positions using FIB/IR-Microscope

1st FIB cross-
section

hot spot

O

LIT result with localized hot spots navigation to hot spot region using
integrated IR microscope followed by

precise FIB cross sectioning
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Case study: High Density Metal-Metal Bonding

4. step : Navigation to defect position using FIB/IR-Microscope

¢ | hot spot

1st FIB cross-
section

1st FIB cut (30pm residual Si thickness) ~ Further thinning of region of interest
by Bulk-Si Trenching for precise FIB

Cross sectioning
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Case study: High Density Metal-Metal Bonding

5. step: Defect Characterization at FIB cross section

ST

Short path

VS

v

residues causes electrical short between adjacent contacts
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Case study: High Density Metal-Metal Bonding

6. step : Defect Characterization by TEM/EDX

Cu material
residual

Cu is identified as remaining material which causes electrical short
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Summary and Conclusion

Defect localization: Lock-in thermography provides effective failure
localization feasible for 3D integrated devices

Target preparation: combination of IR navigation, High current FIB
milling + trenching and FIB scanning through investigation provides
efficient cross sectioning of 3D devices and interconnects

Application: Case studies on Cu/Sn-Cu interconnects test vehicles
showed efficient feasibility of FA workflow

Results contribute to set up a fast and reliable FA throughput
suitable for qualification, quality control and reliability investigation
of 3D integrated devices
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