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Buried Costs!
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Buried Costs are not Directly Controllable

Buried costs do not include:

▪ The bill of materials

▪ Direct labor

▪ Other directly controllable costs

Buried package costs include:

▪ Process development costs incurred during the bring-up 

of a product

▪ The cost of line scrap and field failures when products 

do not meet performance requirements

▪ The cost of lost sales when products are not able to ship 

on-time
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There Might be a Few Gaps in Packaging Technology...
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Evolution of Semiconductor Inspection and Metrology

2000’s~2010’s1970’s~1980’s 1980’s~1990’s 1990’s~2000’s
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Context  600-series Versa 800 Ultra

Resolution: 950 nm 500 nm 150 nm, 50 nm

Next

Generation

Versa XRM

Versatile submicron 3D resolution 

on a variety of intact samples

ZEISS 3D X-ray Solutions for Packaging

Ultimate 

Nanoscale 

XRM

Nanoscale resolution for imaging 

ultra-fine pitch interconnects

microCT
(upgradeable

to Versa)

Large field of view for all samples, 

high resolution for small samples
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Versa X-ray Microscope vs. microCT

Working distance must 

increase as package 

body size increases

microCT
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Versa XRM 3D Dataset and Virtual Cross Section

3D Dataset Interactive Virtual Cross Section
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Failure Analysis and Package Characterization

Failure Analysis

• Root-cause analysis

• Usually 1~2 samples per job

• Each scan is unique

• Objective is defect visualization

Package Characterization

• Construction and process analysis

• Multiple samples per job (DOE’s, etc.)

• Scans are often repeated

• Objective is measurement of critical parameters

Virtual Cross-Section

Bump Crack

Visualization of Defect
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The Most Versatile 3D X-ray System in the Industry!

Si CrackUnderfill Void ElectromigrationVia CrackIncomplete Via

Trace CrackµBump Short Head on Pillow

TSV Void

Solder CreepBump Void Bump Crack
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Lord Kelvin (William Thomson)

Lecture on “Electrical Units of Measurement”, May 2, 1883 

…when you can measure what you are

speaking about, and express it in numbers,

you know something about it…
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3D X-ray for Inspection and Measurement of Buried Features

X-ray Microscopy Measurement

Measurement in full 3D 

field of view
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Physical Cross-Section Measurement 
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Limited measurement 

on one plane

▪ High-resolution tomography images with 

automated, repetitive scanning for same 

package design and location

▪ Measurement software and ZEISS 

support enable semi-automated 3D 

linear and volumetric measurements

▪ 3D enables many types of metrologies:

solder volume, shape, extrusion 

analysis…
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Load Parts in 

Robotic System

Automatic Acquisition 

and Reconstruction

Mass Data 

Storage

Repetitive

Measurement

Versa XRM Measurement Workflow

Customer
Host

3D Data
3D

Measure
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Case Study #1:  µBump TCB Bond Line Thickness

Virtual Cross Section
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Die tilt?

Bond line thickness (BLT) is defined by die-to-die distance
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Case Study #2:  µBump Solder Fillet Geometry

Pad Area
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Case Study #3:  TSV Array Alignment Analysis

Top-down Microbump Pad Stack Alignment

X-Axis
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Stack B

Stack A

X-drift

Y-drift

Virtual Cross Section
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Use of Versa 3D X-ray for Package Measurement

Results in faster, more accurate package development for 

on-time, on-target product launches by enabling:

▪ Larger inspection and measurement sample 

quantities for more robust process optimization

▪ More accurate, more comprehensive metrology 

compared to manual cross-section

▪ Statistically-valid DOEs, process splits and other 

statistical techniques

▪ Ability to analyze the same samples both before and 

after stress testing

▪ And lower buried costs!
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