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1. PBA Quality  

Quality  

 The properties of the product ï whatever they may be ï 
agree to or exceed specifications.  

 A non -quality issue is any property of the product that does 
not satisfy specifications or expectations.  

 

Specification/expectation:  

  

Å 100% functionality of PBA at customer  Ą 100% quality  

 

Å P = Reliability(t=0)=òZero Hour Defect Rateò ZHDR 

 Consumer electronics reference (product) : P = R(t=0) = 3 -6%  

  

Å How to quantify ZHDR and improve it by design and test?  
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1. PBA Quality  

Quantified Quality:  

Å The Quantified Quality Q of a part/product is the 
probability of having no defect .  

Å A defect  is any property that does not meet expectations.  
 

Properties:  

Ą Quality Q=Yield        (first pass ï after test)  

Ą ZHDR=P=R(t=0) = 1 -Q   (Q: as delivered quality)  

Ą Q decreases with increasing number of Defect 
Opportunities (complexity) and manufacturing processes.  

Ą Q improves by introducing test and repair.  
 

Note:  In real life there is no such thing as  

  ñZero Defect Manufacturingò 
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1. PBA Quality  

Å Quality maximization:  
defect minimization, quantification, detection and repair.  

Å Categorization of assembly defects depends on the defect 
definition. Many possibilities.  

 

Å The complete supply -chain contributes and carries 
responsibility.  

Å Design is in the driver seat: ñRubbish in is rubbish outò 

1. BOM definition  

2. Layout  
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1. PBA Quality  

Quantified Quality:  

Å Started with IPC -7912 on PBA  

Å Expanded to complete mechatronic systems in MoVIP:  
Modellering van de Voorspelbaarheid van Initiële 
Productkwaliteit.  (Point One ï ASML & suppliers)  

 

Added value of Quantified Quality concept:  

Å Quality  becomes measurable and quantifiable.  
One can assign an objective value to it.  

Å Test  -  perceived as an overhead cost -  transforms into a 
quality improving therefore a value adding process .  

Å Predictabillity of quality. Basis for Design - for - Quality .  

Å Basis for a common quantified quality language in 
the supply chain.  
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Predict Assembly Performance  

Current Assembly Performance  

 1200 PCBAôs/Machine 

 Assembly ZHDR 1%  

 20 Machines/Year  

 5h Repair time  

 

 12 disturbances/machine Build  

 1200h Loss electronics Ą 0.4 Machine not build  

   Profit  

   Interest  

   Space  

   ééé 
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1. PBA Quality  

R&D behind Quantified Quality  

ÅDevelopment of quantification concept  

ïPBA: Based on IPC -7912 defect opportunity  
component -placement - interconnection defects  

ïMechatronic systems:  
Parts ï Virtual Connector Parts (connections)  

ÅFailure probability models  

ÅTest coverage models  

ÅTool  
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1. PBA Quality  

Definition of defect categories: wish list  

Å Related to physical defects (Íelectrical) 

Å ñAs simple as possible but not simplierò 

Å Linked to industry standards:  
ïDefect Opportunities of a PBA  

Component, placement, termination, PBA, PCB  

ïDefects Per Million opportunities = DPMO  

ÅIPC-7912: measurement of defect rate ï quality index  

ÅRISK: failure probability  Ą PBA failure probability P/yield and test impact  
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1. PBA Quality  

IPC-7912 Defect categories:  

ï Failing PCB: #DO=1  

ï Failing component: #DO = # components  

ïWrongly placed component: #DO = # componenten  

ï Failing interconnection: #DO = # terminals  

ï Failure at PBA level: #DO = 1  

ï #DO=1+1+2x #components + #terminals   

 

Not enough detail (too simple):  
ï Different failure probability for different  

failure types: ex. short vs. open  

ï Test methods have a defect type dependent  
test coverage.  
Ex. AOI: missing vs. wrong component  

ï Definition of defect types for each main defect opportunity type.  
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1. PBA quality  

IPC-7912 classification  

Not usable:  

Å No definitions  

Å No structure  

Å No hierarchy  

Å Outdated  

Å Tombstoning is not a 
placement defect  
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1. PBA Quality  

EDM definitions  

ïAs simple as 
possible  

ïFUNCTIONAL 
DEFECTS 

ïAcceptability 
defects  
IPC class 1 -2-3 

ïPhysical defects  

ïIndependent of 
the failure cause  

ïManufacturing not 
design defects  
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1. PBA Quality  

EDM Definitions  

Extension to  
non -electrical 
components  
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1. PBA Quality  

PBA Quality  

IPC-7912 DPMO - index  

ÅA measure for quality.  

ÅDPMO Index å average DPMOav   
over all DO 

 1-Y = P=1 - (1 -DPMOav) DOåDO x DPMO-index  
if DPMO & DPMO - index  <0.01  

 

IPC-7912 Overall Manufacturing Index  

ÅOMI å PBA failure probability P 

        å Non-quality NQ=1 -Q 
 if DPMO & DPMO c,t,p,a - index <0.01  

ÅToo crude for:  

ï Correct failure probability calculation  

ï Impact of test  

IPC - 7912: inspection oriented ï counting of defects  
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1. PBA Quality: calculation  

Quantified quality calculation:   

DPMOi failure probability for DO i ; Q i=1 -DPMOi quality of DO i.  

Quantified Quality Q = probability of a functional PBA  

  

 

 

 

 

 
Quality and PBA failure probability depend on:  

Å Assembly failure probabilities/quality: DPMOi, Q i 

DESIGN, components (BOM), PCB, assembly processes,...  

Å PBA complexity: DO 

DESIGN  
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1. PBA Quality  

Å Significant number of failing PBA 

in spite of a high manufacturing quality 

ÅMajor impact on yield of any 

quality issue. 

Significant number of failing PBA 

Large variation in number of failing PBA 

ÅLarge variation in yield due to small  

statistical fluctuations in manufacturing,  

component or material quality 
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1. PBA Quality: Definitions  

 

18  



© imec  2013 | www.edmp.be  19  

2. PBA Quality versus BOM  

 Failing PBA give rise to high non -quality costs and poor delivery 
performance:  

ï PBA trouble -shooting: time -consuming, high skilled job.  

ï PBA repair: time -consuming, high -skilled repair operator job.  

ï Cost of scrap -material : components, PCB, PBA.  

ï Limited trouble -shoot and repair capacity with potentially highly 
variable input: delivery performance, high Work - In -Progress (WIP )  

ï Customer satisfaction  

 

 Low Cost/high quality manufacturing = High Yield manufacturing  

ï Limit the degree of complexity: DO.  
Ex: Increase the integration level at component level.  

ï MINIMISE DPMO by DESIGN -FOR-MANUFACTURING  

Å Layout  

Å Bill - of - Material (BOM)  

Å Acceptability criteria for components and PCB 
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2. PBA Quality versus BOM  

 Failure probability DPMO depends in first order on the 
components selected i.e. BOM  

Failure probability increases with:  
Å Smaller terminals  

Å Smaller pitch  

Å Decreasing terminal coplanarity  

Å Extreme dimensions (very big/small)  

Å Low dimensional quality  

Å Low terminal quality (dimensions , shape, solderability,é) 
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COMBINATION!  
Å Small high density  
packages:  
ȉBGA, 0402, 0201,...  
Å Large components:  
DPAK, trafo, capacitors,...  
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2. PBA Quality versus BOM  

Cost of a low quality/high DPMO depends on the repairability  

Rework 

DPMO 

Low cost manufacturing: Avoid the red zone! 

Easy  Difficult/costly  
(component  

replacement)  

Low   
Leaded  pitch>0.5mm  

Chip > 0402  

 
BGA pitch > 0.75mm  

Leadless QFN  
pitch > 0.6mm  

High   

Leaded pitch<0.5mm  

Wave soldered SMD  

CSP pitch<0.65mm  

Leadless QFN  
pitch < 0.6mm  

Chip < 0402  
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2. PBA Quality versus BOM  
Design - for -Assembly  

 DfM Rule #1:  
The sooner, the better!  

Start 
Partitioning 

Logic 

Design 

Physical 

Design 

Manufacture 
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80/20 Cost Rule 

80% of Cost 

20% of Time 

Product Cost (%) 

Elapsed Design  
Time (%) 

0.1 (Field) 

100 (Design) 

10 (Process) 

1 (Troubleshooting) 

Manufacturer 

Customer 

( Motorola) 

Opportunity 

to Change 

Difficulty 

of Change 

High 

Low 
Time 
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3. Structural test  

Production test methods  

Å Inspection methods  
-  Visual inspection by operator  

-  Automatic Optical inspection (AOI)  

  -  2D-Xray inspection (manual/automatic)  

        -  3D-Xray inspection  

 

 

Å Electrical test methods  
ï Flying probe testing  

ï In -Circuit Testing (ICT) with bed of nails  
(Manufacturing Defect Analysis (MDA): ñpassive ICTò) 

ï Boundary Scan testing (JTAG):  
virtual bed of nails  

ï Functional testing  
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3. Structural test  

Test coverage: what defects can tests detect?  

Depends on the defect type Ą defect models required  

Industry defect models (ÍIPC-7912 ï test oriented)  

ï PCOLA/SOQ (Agilent)  
Presence, Correctness, Orientation , Live , Alignment  
Short, Open, Quality  

ï PCOLA/SOQ/FA(I)M (iNEMI):   
+ Feature, At -Speed, (In -parallel), Measurement  

ï MPS (Philips)  
Material , Placement , Solder  

ï PPVS (Aster ï Testway)  
Presence, Polarity , Value , Solder  

 

Issues:  
Å Not standardised ïnot in line with IPC -7912  

IPC-7912: Component  ï Placement  ï Termination  ï PCB/PBA 

Å Variable level of detail: grouping of certain defect types  
Å Definition of defect categories -  test coverage ï structure?  
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3. Structurele test  

What can tests detect?  

Strengths of tests:  

AOI: optical inspection  
ï Missing components  

ï Orientation of components  

ICT: electrical  
ï Shorts  

ï Opens (false contact!)  

ï Correctness component  

Functional test:  
ï Shorts  

ï Opens (false contact!)  

ï Correctness component  

ï Defect component  

TEST STRATEGY: ñFill the gapsò 

25  
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4. Impact of test on quality  

Defect spectrum:  
Joint ï Component structural ï Component electrical  

Test Coverage T C= Test Access T A x Test Effectiveness T E 

Defects found D f = T C x D  

Multiple tests D f = T C1 x T C2...T Cn x D  
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  Criticism:  
Ą Wrong!  
A test is not random!  
A test eliminates  
defects in a systematic  
way (D: defect group)  

 
 Over simplified  
 
 
Ą Unnecessary  

simplifications  
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4. Impact of test on quality  
cEDM approach  

Defect model in line with IPC -7912  

plus:  

Å Defect Types for each  
Defect Opportunity Do i (N i):  

- Termination  

- Component  

- Placement  

- Assembly  

Å Can be matched with other  
industry models:  
PCOLA, MVS, PPVS,...  

 

 

Unambiguous description of defects and test coverage:  
Å At defect type level Do i (N i): highest level of detail  
Å Bottom -up calculation of quality (yield) and failure probabilities  
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4. Impact of test on quality  
cEDM approach  

Å For each Defect Type k  belonging to a certain Defect 
Opportunity DO i:  

 

 

 

 

 
Å Test access      : Can a defect type k  of opportunity i be measured?  

ï All circuit and test information available: TA=0/1  

ï Limited information (ex. BOM): TA = probability  

Å Test efficiency      : Probability that a defect can be detected when having access  

Å Effect of a test:  

ï Interpretation 1 : Reduction of failure probability Ą 0 (perfect repair)  

ï Interpretation 2: Elimination of a Defect Opportuniteit  

ï NOT (!) : reduction with fraction TC of the number of defects in a group of 
defects D.   

 

 

k

iTA

k

iTE
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4. Impact of test on quality  
cEDM approach  
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4. Impact of test on quality  
cEDM approach  
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4. Impact of test on quality  
cEDM approach  

31  

Failure probabilities (Q=Y,P) 
calculated after determination of 
test impact at Defect type level.  
Test impact correctly covered 
without unnecessary and 
erroneous approximations!  
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4. Impact of test on quality  
cEDM approach ï Test coverage  

Test coverage per defect category: ex. component, termination,...  

 

 

 

 

 

 

 

For complete PBA  
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ABSOLUTE TESTCOVERAGE 
Measure for the effectivity 
of a test to detect certain 

set of defect 
opportunities/types.  
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4. Impact of test on quality  
cEDM approach ï Test coverage  

33  

Test coverage per defect category: ex . component, termination,...  

  

 

 

 

 

 

 

 

For complete PBA  

PONDERATED TESTCOVERAGE 
Measure for the effectivity of a 
test method to detect actual 
defects  
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4. Impact of test on quality  
cEDM approach ï Test coverage  

34  

EQUIVALENT TESTCOVERAGE  
Test impact on the compound 
DPMO/quality of a set of 
defect opportunities  
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4. Impact of test on quality  
cEDM approach ï Test coverage  

35  

Several Test Coverage 
definitions are possible: 
unambiguous definition is 
mandatory for correct 
interpretation!  

PBA Quality TESTCOVERAGE  
Test impact on the 
quality/yield of the PBA  
=  
Equivalent Test Coverage for 
complete PBA  
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4. Impact of test on quality  
cEDM approach ï Test strategy  

Å No test provides 100% test coverage  

Å Test coverage depends on:  
ï Defect category (ex.interconnection) and defect type (ex. Open)  

ï Test method ex. AOI vs. ICT  

Å Defect identification (trouble -shoot) depends on the test.  
From simple and low -cost to difficult and expensive:  

1. AOI  

2. In -Circuit test (MDA/ICT) ï flying probe  

3. Boundary Scan  

4. Functional test  

Å Good practice: start with the test that provides the 
lowest cost trouble -shoot.  

Å An effective test strategy requires proper DPMO 
estimation, correct test coverage and PBA quality Q 
quantification.  
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4. Impact of test on quality  
cEDM approach -  Component packing naming  

All modeling and PBA manufacturing preparation requires:  
Å A unique and complete identification of component packing  
Å Component properties: dimensions, material, process parameters,...   
 

Different industrial naming conventions:  

Å Non -standardized package naming  
ï Common Package Designation  

 e.g. PLCC -44, BGA -256, SOIC -16  

ï Descriptive Information  
 e.g. ñSMD Tant 100ÕF 10V SIZE D 10% very low ESRò 

Å ñStandardizedò package naming 
ï JEDEC Descriptive Package Designation (JESD30E)  

 e.g. PBGA -252(256)/17x17 -1.00  

ï IPC Descriptive Package Designation (IPC -7351)  

 e.g. RESMELF34x14  

ï VALOR Descriptive Package Designation (is based on JEDEC)  

 e.g. PBGA -B252(256)/PM -L170W170T18  

Å Detailed standardized description  
ï JEDEC Outline Number (JEP95)  

 e.g. MO -153  

NO COMPLETE STANDARDISATION!  
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4. Impact of test on quality  
cEDM approach -  Component packing naming  

<EDM Prefix>  

< AF > < MSH > < TP > < O> -  < PBM > < TP > < POS > -  < TS> < TC> < TD > / < TP > < S> -  < OL > < OW > < OH > -  < SC> / suppl. info  

<EDM Body>  <EDM Suffix>  

EDM Prefix  

AF = Added Feature  

MSH = Maximum  

          Seated Height  

TP = Terminal Pitch  

O = Other  

EDM Body  

PBM = Package Body Material  

TP = Terminal Position  

POS = Package Outline Style  

TS = Terminal Shape  

EDM Suffix  

TC = Terminal Count  

TD = Terminal Diameter  

TP = Terminal Pitch  

S = Subtype  

JESD30  VALOR VALOR JESD30  
JESD30  

JEP95 

 

OL = Overall Length  

OW = Overall Width  

OH = Overall Height  

SC = Serial Character  

Supplementary information  

e.g. JESD30 Nominal Package Dimensions, JEP95 Outline Number, Packaging Technology/Mounting (e.g. WLCSP)  
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Basic BOM input for :  
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4. Impact of test on quality  
Summary  

EDM approach  

Å In line with IPC -7912  

Å Oriented to identification of physical failures  

Å Description of defect spectrum and test at DO level results in 
a correct method for the calculation of the impact of test on 
the PBA failure probability or quality.  

Å No intermediate approximations.  
Using a PC this as easy as using approximate, erroneous methods  
ex. iNEMI.   

Å Unambiguous definitions are essential:  
defect types ï test access ï test efficency ï test coverage.  

Goal:  

 Objective, universally applicable and in -principle correct 
approach to failure probability and test coverage calculations.  
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5. In practice  

Objective  

 

Talk the same language OEM ï EMS 

Å Use the same defect model  

Å Use the same test coverage definitions  

 

Å EDM approach provides a science -based, mathematically 
correct, universally applicable methodology  

 

Å Challenge: agreements  
ï OEM ï EMS 

ï EMS ï EMS 
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5. In practice  

Quality measurement and characterisation  

 

PBA Quality  

 First Pass Yield Y FP and failure probability P FP=1 -YFPåOMI 
ï Quantified quality of PBA prior to test (product)  

ï Is not a quality parameter for design or assembly (EMS).  
PBA complexity is integrated.  

 

Quality of design -assembly operation  

 Average DPMO av  å DPMO-index (counting defects)  

ï DPMOav= 1 -Y1/DO (obtainable from production test results)  

ï Basis for quality evaluation of design (DfM) and assembly operation  
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5. In practice  

Medium complexity: 

Å ODM A (design+assembly) 

Å 500 components 

Å 5000 DO/PBA 

Å Q=Y=92% 

 

High complexity: 

Å ODM B 

Å2500 components 

Å25000 DO/PBA 

Å Q=Y=85% 

 

Which ODM delivers the best job?  

ODM A  
 DPMOav   = 1 -Y1/DO  

 = 17 ppm  
 å DPMO-index  

ODM B  
 DPMOav   = 1 -Y1/DO  

 = 6.5 ppm  
 å DPMO-index  


