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Background and motivations

➢ Flip chip assembly techniques bring a 

wide range of benefits: 

▪ Reduced parasitic interconnection 

between the semiconductor die and 

package.

▪ Provides a high final assembly integrity 

density.

▪ Minimize the interconnection length, 

providing better electrical performances, 

especially for high speed signals.

▪ Reduce the device size and weight,…, 

etc.

But there is no dedicated inspection requirements nor DPA standard 

which address all the necessary aspects associated to this 

construction type or only cover partially the topics to be inspected.
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Study approach / Tasks.TASK 1

Investigate 
Requirements

TASK 3

Analysis of solutions

TASK 2

Research Solutions

TASK 4

Demonstrations

TASK 1.1

Assess Flip-chip 
technology

TASK 1.2

Investigate 
Requirements

TASK 4.1

Test vehicles selection, design 
and manufacturing 

TASK 4.2

Test performance and 
assessment

TASK 1 OUTCOME

➢ Summary flip-chip technology: description, 

production processes and failure 

mechanisms.

➢ Tabulated result of inspection and DPA 

requirements

➢ Report identifying limitations and gaps 

TASK 2 OUTCOME

➢ Listing of existing inspection and DPA 

solutions

➢ List of possible future solution 

PHASE 1

PHASE 2

TASK 5 Documents and 
Reporting
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Notice: Phase 2 shall start only after receive ESA approval on test plans and dossier

TASK 3 OUTCOME

➢ Listing of existing inspection and DPA 

solutions

➢ List of possible future solution 

TASK 4 OUTCOME

➢ Report on each Inspection and analysis 

method demonstration.

TASK 5 OUTCOME

➢ Summary report synthesising the 

outcome of each demonstration.

➢ Methods and techniques document for 

inspection and validation of “class Y” type 

documents.

➢ Fully substantiated documentation for 

DPA flow.

➢ Final Report

Task 1 – Investigate 

Requirements.

Task 2 – Research Solutions.

Task 3 – Analysis of Solutions.

Task 4 – Demonstrations.
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Flip Chip Technologies, Reliability

and Failure Modes.
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Flip Chip Technologies, Requirements 

investigations.

MIL

MIL-STD-883 J , MIL-STD-1580 B, 
MIL-PRF-38535 K, EPS on Flip-Chip 

underfill test requirements

ESCC

• 20400 , 20500, 20900

• 21400, 25300, 25500

JEDEC

• JESD22-B1XX

• JEP 154 ,170,…

IPC

IPC-7094 on Design and assembly process implementation for
Flip-chip , MIL-STD-1580 B, 
IPC-TM-650 Test Method Manual

…

IPC/JEDEC

• J-STD-029. “Test Methods for Flip Chip or Chip Scale Products”.

• J-STD-030. “Guideline for Selection and Application of Underfill 
Material for Flip Chip and Other Micropackages”, …

Others

• AEC - Q100-010. “Attach. 10 Rev. A. Solder Ball Shear”.

• IEC-PAS 62084. “Implementation of Flip Chip and Chip Scale”.

• Direct consultation to companies involved on Flip-chip: service
providers, researcg intitutions and test equipment suppliers….

A wide range of test methods, standars and , technical

documents were investigated, gathering information on

available flip-chip requirements and inspection test techniques. 
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Investigations on inspection and DPA 

requirements for Flip-chip technologies.
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Investigations on inspection and DPA 

requirements for Flip-chip technologies.

Other techniques were also assessed: 
➢ CT X-Ray Inspection. Valid and interesting technique but time consuming process 

and quite often difficult to assess when dealing with high complexity structures, 

requiring additional X-ray inspections. Only recommendable on case by case basis. 
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Investigations on inspection and DPA 

requirements for Flip-chip technologies.

Other techniques were also assessed: 

➢ Magnetic microscopy. Good as a failure analysis but not as a standard DPA 

step.

➢ FIB, known technique but not especially necessary for flip-chip, 

recommended for certain IC device complexity in the same manner as for an 

IC DPA.

➢ SLAM. Promising technique currently growing and in use in other industrial 

sectors, but not well developed to be applied on electronic devices.

➢ Infrared – emission microscopy. Classic FA tool but not specially necessary 

for a flip-chip DPA.
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Demonstration test flow and performance

A sample with an open circuit in a pre-defined daisy chain was selected (the other daisy
chains have good electrical continuity).   In order to proceed with the magnetic inspection
the heatsink was removed, exposing the substrate pads and the device was biased and 
inspected with a magnetic microprobe. (Each device has have 8 daisy chain tracks , track 1 at 
the top of the test part, and 8 at the bottom. The bump array has 24X24 bumps, so each

daisy chain corresponds with three bumps lines).

The technique is promising but, it seems very dependant on the kind of available 

materials in the sample, and the distance, being in our case difficult to obtain useful 

information.   

APAC 2019 “ANALYSIS OF INSPECTION AND DPA TEST  APPLIED TO FLIP CHIP TECHNOLOGIES”.
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Test vehicle design  and manufacturing.

Optocap built 37

samples as Test

Vehicles inducing

key flip-chip failures

modes to assess if

the selected test

flow was able to

properly detect the

problems.
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Optocap Assembly design  and manufacturing.

APAC 2019 “ANALYSIS OF INSPECTION AND DPA TEST  APPLIED TO FLIP CHIP TECHNOLOGIES”.
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Test vehicle and test sample assignment.

Missing Bumps 

(Note 1)

Fractured 

Solder 

Bumps

Cont 

Sample 

(Note 0)

Poor Solder 

Ball Wetting

Uneven 

bump 

height

Cont 

Sample 

(Note 0)

Die 

Placement 

(bumps - 

rotation) 

Die 

Placement 

(bumps - 

lateral)

Cont 

Sample 

(Note 0)

Underfill 

Voiding 

Underfill 

Delam.

Cont 

Sample 

(Note 0)

Heat sink 

Attach 

Delamin 

Cont 

Sample 

(Note 0)

Samples with 

PCB 

substrate

Cont 

Sample 

(Note 0)

Test step Qty 3 3 1 3 3 1 3 3 1 3 3 1 3 1 2 2

1
External Visual 

Inspection 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL

2

Physical 

Dimension 

Check 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL

3
Lead Finish 

Verification 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL

4 CSAM 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 2 - ALL

5
X-Ray    (2D & 

3D) 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 2 - ALL

6
Lid - heat sink 

Shear / Torque 1

7 Flip-Chip Pull

8
Die-Shear / Sub 

Attach

9 Dye Penetrant 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL 3 - ALL

10
Device Sec: A)  

Parallel sec. TV1-1A TV1-2A TV2-1A TV2-2C TV3-1A TV3-2A TV4-1A TV4-2A TV5-1A

11
Device Sec:  B) 

Cross Section TV1-1B Note 5 TV2-1B TV2-2A TV3-1B TV3-2B TV4-1B TV4-2B TV5-1B TV6-1 / TV6-2

12 Decap (Note 4) TV1-1C TV1-2C TV2-1C TV2-2B TV3-1C TV3-2C TV4-1C TV4-2C TV5-1C

13 Internal Visual TV1-1C TV1-2C TV2-1C TV2-2B TV3-1C TV3-2C TV4-1C TV4-2C TV5-1C

14 SEM TV1-1C TV1-2C TV2-1C TV2-2B TV3-1C TV3-2C TV4-1C TV4-2C TV5-1C

15
Bump Shear 

(Note 3) TV1-1A TV1-2A TV2-1A TV2-2C TV3-1A TV3-2A TV4-1A TV4-2A TV5-1A

1(Note 2)

TV 001 TV 002 TV 003 TV 004 TV 005 TV 006 

Test Vehicle Def

1(Note 2) 1(Note 2) 1(Note 2) 1(Note 2) 1(Note 2) 1(Note 2) 1(Note 2) 1(Note 2)

APAC 2019 “ANALYSIS OF INSPECTION AND DPA TEST  APPLIED TO FLIP CHIP TECHNOLOGIES”.



14

Minimum DPA flow for Flip-chip construction.
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Typical DPA pictures.
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1. During the test performance and after the data assessment it 

appear that CSAM, X-Ray and metallurgical sections are the key 

test steps to evaluate the flip-chip device construction.

2. The available test method have not a complete technical coverage 

for flip-chip constructions, being recommended to stablish:

• External visual failure criteria for underfill and heat sink assembly.

• Criteria to measure and accept flip-chip co-planarity.

• Quantitative criteria for CSAM inspection regarding delaminations, voiding,...

• Update the current X-Ray test methods considering the requirements already 

defined within the internal visual inspection but adapted to this technique.

• …etc.

3. The information has been presented in ESCC format for easier 

adoption in future ESCC basic specification 21001 update.

Summary and some Conclusions.
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ASSESSMENT OF COMMERCIAL COMPONENTS
ENABLIG DISRUPTIVE SPACE ELECTRONICS

Focusing on all aspects 

related to the usage of 

Commercial of the Shelf 

(COTS) Electrical, Electronic 

and electro-mechanical (EEE) 

parts in space applications. 

Although the main goal is to 

address specific needs of 

“New Space” programs such 

as constellations and /or nano

& small satellites, the 

workshop will cover also 

classical space missions.

e-mail: accede@altertechnology.com

Web page: http://wpo-altertechnology.com/accede

Those interested in particular topics and wishing to 

provide a presentation / talk are encouraged to 

make contact with the organizing committee.

mailto:accede@altertechnology.com
http://wpo-altertechnology.com/accede
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