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Effective Automotive Quality 
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4 Pillars



3

Agenda
• Prevent

– Certification
– APQP
– AEC-Q100

• Promote
– Quality democratisation

• Produce
– Early failure rate control : DVS, PAT, SBA
– Monitoring

• Progress
– Failure analysis labs
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4 Pillars
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Issue Cost Analysis Model

Prevention Detection

Proactive

Reactive
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ON Semiconductor Quality & 
Environmental System Certified

ISO/TS 16949:2002
8 Fabs

4 Assembly/Test Sites
8 Design Centers
Global Distribution

Corporate HQ

ISO 9001:2000
7 Fabs

2 Assembly/Test Sites
12 Design Centers

7 Sales Sites
Global Distribution

Corporate HQ

Certificates and Schedules can be viewed or downloaded at:
http://www.onsemi.com/PowerSolutions/content.do?id=1156

AS 9100:2004
1 Fab

2 Design Centers

ISO 14001:2004
8 Fabs

4 Assembly/Test Sites
Corporate HQ

ALSO: MIL-PRF-38535, CTPAT, STACK
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PPAP : Production Part Approval Process
• PPAP provides the methods, procedures and forms to 

enable the preparation of a component’ documentation 
required for submission and the approval from customers 
when required.

• The purpose of the PPAP is to ensure that suppliers of 
components comply with the design specification and can 
run consistently without affecting the customer line and 
improving the quality systems. 

• PPAP ensures that you will achieve the first time quality and 
will lower down the cost of quality. 
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PPAP Elements (Rev 4)
PPAP# PPAP ITEM PPAP# PPAP ITEM 

•B0 
Table of Contents; Purpose/ Background Statement; PPAP 
Checklist •B9.1 

Dimensional Results- Cpk to Customer Dimension Outline 
(Default to ON Semi Dimension Outline)*Critical/ Key 
parameters 

•B1.1 Design Records- Customer Spec •B9.2 Dimensional Results- Noncompliance report for Cpk<1.33 

•B1.2 Design Records- ON Semi Spec •B10 
Records of Performance Test Results- Summary Reliability 
Test Rpt 

•B2 

Authorized Engineering Change documents (ie Automotive 
Change Notification Docs-Customer Specific Form/ Internal 
Customer Documentation) •B10.1 

Characterization data (Test Results- Noncompliance report 
for Cpk <1.33 on critical/key items) Note: 1 or 3 lots/ 25pcs 
as applicable 

•B2.1 
Change Document- Cof DC B3 Customer Engineering Approvals 
(note- PEO/Plant approval may also be required) •B11 

Initial Process Studies Performance Cpk for 
Critical/Key parameters (Front-end for Wafer 
changes; Back-end for Assy/Test changes) 

•B4 FMEA- Design (if applicable)- •B11.1 Process Performance- see additional comments 
•B5 Process Flow Chart-High Level •B12 Qualified Laboratory Documentation 

•B6 
FMEA- Process (Front-end for Wafer changes; Back-end for 
Assy/Test changes) •B13 Appearance Approval Report- N/A for Semiconductors 

•B7 
Control Plan (Front-end for Wafer changes; Back-end for 
Assy/Test changes) •B14 Sample Production Parts (for customer, if requested) 

•B8 
Measurement System Analysis Studies (Front-end for Wafer 
changes; Back-end for Assy/Test changes) •B15 Master Samples-If required 

•B8.1 
Measurement System Analysis- Noncompliance report for gage 
tools with R&R’s >10% •B16 Checking Aids- N/A for Semiconductors 

•B9 
Dimensional Results -Customer Pkge Outline (Default to ON 
Semi print) •B17 Customer Specific Requirements 

•B18 Product Submission Warrants (PSW) 
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PPAP : Part Submission Warrant (PSW)
• PSW has 5 levels:

– Level 1 - Warrant only submitted to customer (similar to certificate of compliance 
document, it warrants all the requirements within a PPAP as compliant)..

– Level 2 - Warrant with product samples and limited supporting data submitted to 
customer.

– Level 3 - Warrant with product samples and complete supporting data submitted to 
customer.

– Level 4 - Warrant and other requirements as defined by customer.

– Level 5 - Warrant with product samples and complete supporting data reviewed at 
supplier's manufacturing location.

PPAP level 1: 1 to 10 days depending on verification of the part being 
compliant, capable and workload

PPAP level 3: 4 to 6 weeks average*, should be under customer APQP 
process with typically 6-12 months timing prior to need date.
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PPAP:ON Semiconductor Integrated Process
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APQP : Advanced Planning Quality Process

• Proactivity in product development

PPAP Filing :  Goals, Specifications, Studies, Plans, Results... are 
documented and filed at the end of each phases to prepare the PPAP
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Reliability Testing

• ON Semiconductor’s Product/Process Qualification is 
covered by 12MSB17722C Specification.
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AEC (Automotive Electronics Council) 
Specifications

• Q100 (IC- initial release in June 1994; current Rev G May 
2007)

• Automotive IC ambient temperature ranges: Grade 0: -40 C to +150 C Grade 1: -40 C to 
+125 C Grade 2: -40 C to +105 C Grade 3: -40 C to +85 C Grade 4: 0 C to +70 C

• Q101 (Discrete- initial release in May 1996; current Rev 
C June 2005)

The purpose of this specification is to determine that a device is capable of 
passing the specified stress tests and thus can be expected to give a 

certain level of quality /reliability in the application.

• General Comments
– 1. AEC contains the minimum guidelines to cover a broad range of semiconductors.
– 2. AEC targeted product lifetime is targeted 10-15 years versus most consumer products lifetime <3 years.
– 3. AEC does not replace sound reliability engineering, it compliments it.
– 4. The AEC documents do not relieve the supplier of their responsibility to meet their own company's internal 

qualification program.
– 5. Customer specific requirements may supersede AEC guideline
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Reliability Testing
• Required Tests are identified by Market Segment and meet 

applicable JEDEC, AEC, and Military Standards
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Reliability Testing
• Required Tests continued…
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Reliability Testing

• Required Tests continued…
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Reliability Testing
• Required Tests continued…
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4 Pillars
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Our business strategy is to become the supplier of choice by:

• Leveraging our operational strengths 
• Building intimate relationships with market-making customers 
• Improving our technological capabilities to provide leadership in power and 
signal management solutions 

To follow this strategy we need to continuously: 

• Dedicate resources to understand the needs of our key customers and 
develop solutions for their key applications 
• Increase our rate of technological innovation 
• Shorten our development cycle times
• Lower manufacturing costs
• Improve Quality and supply chain

ON Semiconductor Strategy
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• Superior Quality
• Superior Reliability
• Superior Responsiveness
• Superior Ethics & Social Responsibility
• Superior Value
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4 Pillars
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Manufacturing  Organization Objectives

• Implement systems & methodologies to continuously produce product of 
highest quality that will meet customer requirements – Ultimate goal: 
ZERO Defect & Zero Spill

• Develop & maintain systems and processes to ensure responsiveness to 
customer needs and quality issue resolution.

• Support manufacturing in achieving lower manufacturing cost with no 
impact to product performance or transparent to customers in their 
application.

Manufacturing Quality
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Manufacturing Quality (Effective prevention)

– Process Parameter Controls
• Baseline and Gap closures (projects

by projects)
• Process characterisation and 

Optimisiation of top defects 
– Equipment control

• Equipment Quality points
• Fabricted parts design rule and 

drawing controls
• Equipment to equipment variation
• Minimum incoming material varaiation

– Increased detectability
• Maverick product
• Detection methods
• Conformance

Quality Control

Quality Control

Quality Control

Feed
Forward

Quality
Planning

Q
ua

lit
y

Im
pr

ov
em

en
t

“Lessons
Learned”

Feed
Back
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Early Failure Detection :
Latent reliability defects vs. Yield Defects

s s swww w
δδδ δ

Not a yield or reliability issue.

Sometimes a latent reliability defect.

Sometimes a yield defect ; 
Very often a latent reliability defect.

Always a yield defect.

Reliability defects are proportional to yield defects
(typically 1 % - 2 %). IPRS 2002
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Defect Oriented Electrical Screening methods 
for early reliability improvement

• Standard implemented test methods :
– Dynamic Voltage Stress (digital & analog)
– Current based testing :

• IDDQ testing
• Delta (IDD) testing

– Statistical Post Processing :
• Part Average testing (PAT) 
• Statistical Bin/Yield Analysis (SBA)

• Investigation / introduction of novel test methods :
– Bridging fault ATPG 
– Transitional fault ATPG
– Block-to-block interconnect testing
– Ultra low VDD 
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Defect Oriented Electrical Screening :
Dynamic Voltage Stress (1)

• Dynamic V-Stress (DVS) :
– IC production test technique on ATE for screening-out 

devices with latent process defects in MOS gate oxides, 
capacitors and interlayer oxides, which might otherwise end-up as 
(early) field failures.

– Method : based upon AEC-Q001 (par. 2.1) ;
• forcing of significantly higher supply (& input) voltages than maximum 

operational values in order to activate the latent defects :
- 1.5x nominal voltage for Low Voltage supplies/inputs
- absolute maximum ratings voltage for High Voltage supplies/inputs

– DVS improves failure rates with at least a factor 10.
– Properly implemented DVS does not result in early product wear-out.
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Defect Oriented Electric Screening :
Dynamic Voltage Stress (2)

 Product 
code 

Sample 
size 

1000h HTOL 
drop-out 

FIT rate @ Tj= 55°C 
(CL= 60% ; Ea= 0.7eV)

 P1 - - - 
No DVS P2 338 3 - 
applied P3 315 5 - 

 Total (no DVS) 653 8 2.3 FIT/ mm2 
 P3 890 0 - 
 P4 120 0 - 

DVS P5 75 0 - 
applied P6 210 0 - 

 P7 535 0 - 
 Total (DVS) 1830 0 0.10 FIT/ mm2 
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Defect Oriented Electric Screening :
Statistical Post-Processing – PAT (1)

• Part Average Testing :
– Statistical Post-Processing technique at wafersort for screening-

out devices with parametric test results not belonging to the main 
part of the distribution.

– Method : Based upon AEC Q001 guidelines ;
For every wafer separately, 6 sigma limits are calculated.

• These dynamic limits are applied after testing, during “pass4”.
• Selection of parameters : minimum 5 per product which

(1) exhibit a genuine Gaussian distribution
(2) cover the critical parameters of the chip

– Implementation : custom made tool
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Defect Oriented Electric Screening : 
Statistical Post-Processing – PAT (2)

• PAT example :
– Device specification limits normally do not changed during the manufacturing 

life of a device.
– Dynamic limits are generated automatically for each wafer and each 

parameter
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Defect Oriented Electric Screening : 
Statistical Post-Processing – SBA (1)

• Statistical Bin Analysis :
– Statistical Post-Processing technique for identifying wafers or 

(sub)lots with lower yield or exceptional drop-out for certain binnings. 

– Method : Based upon AEC Q002 guidelines ;
Hold limits (at 4 sigma) and scrap limit (at 6 sigma) are calculated 
based on the first 100 wafers tested.

• Statistical Yield Limits (bin 1) are applied on all test insertions. 
• Statistical Bin Limits are applied at wafersort.

– Implementation : custom made tool
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Defect Oriented Electric Screening : 
Statistical Post-Processing – SBA (2)

• Statistical Bin Analysis : example
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Defect Oriented Electric Screening : 
Effectiveness

Reported Field Failure Rate due to process defects is 
less than 100 ppb

PPM Pareto (Field) - 2005-2007 - in ppm
0,02 0,09 0,04

0,02

0,20

0,75

0,02

Test Coverage Process Defects Inconclusive Others ON semi

Invalid Electrical Overstress Others Customer
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Defect Oriented Electrical Screening :
Advantages

• High coverage of latent defects, due to implementation in ATE test 
program / flow. (coverage of dynamic burn-in is usually lower due to 
limitations in equipment capabilities)

• No additional material manipulations required :
– Reduces risk for quality issues (e.g. coplanarity, solderability)
– Reduces risk for reliability issues due to latent EOS/ESD damage
– No significant impact on production lead-time.
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Defect Oriented Electrical Screening :
Conclusions

• Implementation of Defect Oriented Electrical Screening 
techniques brings a significant reduction of Field Failure rate :
– Dynamic Voltage Stress improves the Field Failure Rate with at least a 

factor 10.  Introduced in former AMIS in 1996.
– According to literature, Statistical Post-Processing techniques such as 

PAT improve the Field Failure Rate with at least a factor 2. Introduced in 
ON Semiconductor in 2005.

• ON Semiconductor considers Defect Oriented Electrical 
Screening as the preferred Field Failure screening method 
compared to production Burn-In.
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4 Pillars
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APQP : Advanced Planning Quality Process

• Improvement in product development :  file and update development
specifications to avoid issue and improve overall quality going forward
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Manufacturing : Quality Improvement Approach
• Review top devices in Pareto for improvement opportunities in each BU 

which can be extended across the portfolio
– Team of Quality/Reliability, BU Product engineers, design (as needed), Mfg. 

engineering
– Why do top products exhibit much higher return rate than most of portfolio?

• Device Robustness
• Manufacturing variability
• Test coverage
• Customer application stresses
• etc.

– What would it take (technically) to drive return rate to Zero?
• Is it feasible ( first technically then economically)?
• Does it require joint task force with customer?

– How do we extend the solution across the rest of the portfolio
• Existing products
• New Products
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Manufacturing Quality (Effective prevention)

– Process Parameter Controls
• Baseline and Gap closures (projects by

projects)
• Process characterisation and Optimisiation

of top defects 
– Equipment control

• Equipment Quality points
• Fabricted parts design rule and drawing

controls
• Equipment to equipment variation
• Minimum incoming material varaiation

– Increased detectability
• Maverick product
• Detection methods
• Conformance

– Field returns
• Failure anlysis
• 8D report

Quality Control

Quality Control

Quality Control

Feed
Forward

Quality
Planning

Q
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“Lessons
Learned”

Feed
Back
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High Level Objectives for Global Analytical Labs

• Standardization – Increase Efficiency
• Toolsets, Data Base, Priority Scheme, Report Format, Procedures

• Site development – Capability and Capacity
• Support Demand for  Customer FA, Consolidation Projects
• Readiness for New Products

• Responsiveness
• Decrease Cycle time
• On Time to CRD

Failure Analysis and Reliability owned labs
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Global Product Analysis (FA) Labs

Specialty Lab
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Product Reliability Labs

Intrinsic Reliability Labs
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4 Pillars
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• Customer Quality
• Responsiveness, Incident Reduction, Change Management

• Global Analytical Labs
• Responsiveness, Capacity, Capability, Standardization

• Reliability
• Capacity, Capability, Risk Reduction

• Quality Systems
• Integration

• Manufacturing Quality
• Control, Improve, Best Practice - LSS

• Supplier Quality
• Reduce Supplier Base, Drive Quality Improvement

• EHS
• Compliance, Risk Management, Sustainability

Quality, Reliability, EHS 
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Quality Key Takeaways

• Proactive Customer Engagement
– Reduce Incident Rate and Eliminate Non-value added FA

• Continuous Improvement in Responsiveness
– Measured as On Time Delivery to Customer Expectation

• World Class Product Quality Levels
– Attack the top offenders and fan out best practice

• + Resource Conservation (not covered in this presentation)
– Monitor Cost Savings & Publicize Results
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Annual SIA Environmental Metrics Survey
Published June 2009

ON Semiconductor LPS Ranking out of 15 
facilities surveyed

Water Usage per Package #1 (2)*
UPW Usage per package #1 (1)
RCRA Waste per package #2 (7)
Electricity kWH per package #1 (1)
Total Waste per package #1 (1)

* Numbers in parentheses are normalized 
to compensate for process time

ON Semiconductor LPS ranks 
#1 in 4/5  Categories surveyed !

Quality/EHSIntegrated Quality/EHS Metrics



47

For More Information

• View the extensive portfolio of power management products from ON 
Semiconductor at www.onsemi.com

• View reference designs, design notes, and other material supporting 
automotive applications at www.onsemi.com/automotive


