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Who am i?
- Stéphane COLONGES 
- APC Laboratory
- Electronic Product Assurance Manager
- Activities: 

- Support engineering to improve reliability
- Components & system qualification

- Projects:
- Auger Observatory (1830 boards in harsh environment)
- Space projects: Taranis, SimbolX, R&D anti-coïndidence
- CTA observatory (QAM)
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Development process
V Cycle



Concept of operation

- Product definition (scientific needs)
Think Needs before solutions!

- Constraints (environment, life cycle, 
maintenance, costs…)



Requirements and architecture

-Requirements (functional, performances, 
environmental, RAMS…)
-Functional analysis (SADT method)
-Applicable needs
-PBS



Requirements and architecture

-FMECA (using tools like FTA and RBD) �Avoid 
SPF, reduce failures criticism
� Iterative process!



FMECA
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Design

Good conception = high reliability
Parts selection, consider: 

- Obsolescence (Vs LTA) , maturity, wide distribution
- Environment: temperature, ESD, salt, humidity…
- MTBF (FIT)
- ROHS Vs Whiskers?
- Improve reliability ( Derating - ECSS-Q-ST-30-11C,  

redundancies,  ESD protections, ESR compromise…)



Design
Reliability analysis

- MTTF : 
- Acceptable failure rate?
- Spare quantities

- FMECA (identify failure modes and reduce effects). 
Iterative process:

– Identify the weakness points
– Identify failure type and process
–Change the design to improve reliability 



Design
Critical Design Review:

- Objectives:
-Validate the detailed product conception

-Prototype analysis  and test results
-Check the product conformity with the specifications

- Documentation:
-Definition justification document

-Manufacturing files, procedures and documents

-RAMS plan and FMECA (Reliability analysis) & MTBF evaluation
-Interfaces Control Document
-Preliminary user guide



Pre-production (Detailled design)
-Goal: 

-Produce a small quantity of boards, update the 
design to production process, design hardening
-Industrialization:

-PCB rules (IPC2221… IPC600…)
-IPC class 2
-Manufacturing and soldering processes 
-Manufacturing test and inspection (In situ tests, test bench…)
-HASS procedure (eliminate youth failures)
-Environment protection (coating, ESD suppressor…)
-Storage, packaging, handling…



Pre-production (Detailled design)
-Production Readiness Review:

-Manufacturing sub-contractor, public 
tender…(instructions, CCTP…)

-Industrial files



Production (Implementation)

-Dividing in batches, allow to:
-Detect weakness point (PCB layout, production process)

-Change layout or production process (non 
conformities correction)
- Configuration follow up :

-Non conformities taken into account
-Modification taken into account
-Document folder: customer/sub contractor 

use the same files and document version



Document folder example



Production (Implementation)

Define a common test and HASS strategy:
-Visual inspection
-Boundary Scan, In situ test (nails), mobil probe
-HASS or ESS with light functionnal test
-Functionnal test � perform in the manufactory



Production (Implementation)



Production (Implementation)

Auditing:
-Relation customer/supplier � as flexible as possible
-Win-Win relationship � they have interest in science 
project (pub). We want the higher quality product



Production (Implementation)
The FIDES methodology (from page 259) identifies a list of 

recommendations which, if followed, will facilitate 
construction of a product reliability. This set of 
recommendations has been broken down into a set of 
questions.

The answers that a company gives to these questions 
provides:

• a measurement of its ability to make reliable products,
• a quantification of the process factors used in the 

calculation models,
• the possibility of identifying improvement actions.



Production (Implementation)
Audit procedure
To control an audit, the auditor must:
• Identify the audit scope.
• Prepare the audit.
• Perform the audit.
• Collect proofs.
• Process the collected information.
• Draw conclusions.
• Write an audit report.
• Present the audit result.



Production (Implementation)

.
Evaluate (audit) process influence with:
And fill
in result1_stress of 



Production (Implementation)

For each  phase 
help to define the 
influence of the 
process in term of 
reliability
(Questions and 
recommandations…)



Audit example use Fides excel tool



Installation (Integration, test and 
verification)

-Installation procedures:
-10% of failures = human error
-ESD and lightning protection

-Test bench (laboratory)
-Test facilities (to test systems on the site before 
installing lines)



Commissionning (System 
verification and validation)

-Verify functions and performance according to 
requirements
-Parameters useful for failure detection correctly 
monitored
-Monitoring software (easy abroad parameters 
access) 



Operation and maintenance
- Evaluate maintenance resources (spares 
quantities, costs, people…)
- Recovery procedures
- Update FMECA and MTTF: iterative update using 
experiment feedback (failures data collection)
- Database
- Record maintaining activities
- Local staff training



Reliability for KM3net
How to jump on the bandwagon?

1) Requirements and functional analysis 
2) MTTF analysis and FMECA
3) Verify design rules (Derating…)
4) Documentation
5) Review
6) Then next steps (pre-prod,
Production, …)



Reliability analysis - Tools



FIDES
- Based on failure physics  
and calibrated with test 
feedback and field failure 
data



FIDES Begins

Why FIDES ?
– Reliability Data book prediction are 

obsolete! (don’t cover actual component 
technologies)
� MIL-HDBK-217 is not maintained 
since 1995

– FIDES � Funding in 2001 by DGA (French 
DoD) and 8 international companies (+ 
BOEING, JAXA, CNES, CNRS… interested)

Handbook and tools : 
www.fides-reliability.org



Based on physics failure , accelerating factors and process contribution:

Stress
Physic of 
fialure law

Stress 
symbol

s = stress 
number

g Function Acceleration factor

Thermal Arrhenius T 1

Thermal cycling Norris-Lanzberg T & ∆T 2

Humidity Haldberg-Peck RH 2

Vibration Basquin Grms 1

Electrical Eyring T & V 2
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MTTF / Bath tub



• People should be aware on QA added value!
• Your collaboration is necessary
• Keep in mind: reliability is an iterative 

process
…
And 2 other words : Brainstorming and 
workgroups…

Conclusion



More slides…



FMECA An iterative process
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Methodology
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Reliability analysis - Methodology



• Composants optiques : 0.8 eV
• Bipolar Ics, transistors, diodes : 0.7 eV
• MOS ICs : 0.6 eV
• T1: normal temperature (related to the FIT)
• T2: new temperature

MTTF / Temperature



FMECA
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