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1. PBA Quality

Quality
The properties of the product — whatever they may be -
agree to or exceed specifications.

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

Specification/expectation:
100% functionality of PBA at customer - 100% quality

P = Reliability(t=0)="Zero Hour Defect Rate” ZHDR
Consumer electronics reference (product): P = R(t=0) = 3-6%

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

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

A defect is any property that does not meet expectations.

Properties:
Quality Q=Yield (first pass - after test)
ZHDR=P=R(t=0) = 1-Q (Q: as delivered quality)

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

Q improves by introducing test and repair.

Note: In real life there is no such thing as
"Zero Defect Manufacturing”

S :
*JEDM &_’)ec © imec 2013 | www.edmp.be 5



1. PBA Quality

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

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

The complete supply-chain contributes and carries
responsibility.
Design is in the driver seat: “"Rubbish in is rubbish out”

1. BOM definition
2. Layout

Every PBA represents a very large
8Q >> &Q number of input variables

oinputs Oproces - b-f-Assembly is mandatory
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1. PBA Quality

Quantified Quality:
Started with IPC-7912 on PBA

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

Added value of Quantified Quality concept:

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

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

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

Basis for a common quantified quality language in
the supply chain.

*JEDM Kimee
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Predict Assembly Performance

Current Assembly Performance
1200 PCBA’'s/Machine
Assembly ZHDR 1%

20 Machines/Year
5h Repair time

I o,
B T —— ey,

12 disturbances/machine Build i
1200h Loss electronics - 0.4 Machine not build
Profit
Interest
Space



1. PBA Quality

R&D behind Quantified Quality

Development of quantification concept

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

— Mechatronic systems:
Parts — Virtual Connector Parts (connections)

Failure probability models
Test coverage models

" Pred-X
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1. PBA Quality

Definition of defect categories: wish list
Related to physical defects (#electrical) @c
“As simple as possible but not simplier”

Linked to industry standards:

— Defect Opportunities of a PBA
Component, placement, termination, PBA, PCB End-item DPMO for Printed

— Defects Per Million opportunities = DPMO At oad fisses
IPC-7912: measurement of defect rate- quality index
RISK: failure probability - PBA failure probability P/yield and test impact

IPC-7912A

i '

' 'd

Placements ] Terminations J

Components J Assemblies J

\ L. \ \

d. = Mo of component defects
0. = Mo of component opportunities

d, = No. of placement defects
o, = Mo. of placement opportunities

d, = Mo. of termination defects
o, = Mo. of termination opportunities

d, = Mo. of assembly defects
o, = No. of assembly opportunities DPMO Index =
d +d +d, +d

'D‘-Fﬂ'ﬂ\_-m_1ﬂ6

DPMO; = 2 x10°

DPMO, = 2 x10° DPMO, = 2 x10° DPMO, = & x 10°

7912a-4-1

° 3
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1. PBA Quality

IPC-7912 Defect categories:
— Failing PCB: #D0O=1
— Failing component: #DO = # components
— Wrongly placed component: #DO = # componenten
— Failing interconnection: #D0O = # terminals
— Failure at PBA level: #DO =1
— #DO0=1+1+2x #components + #terminals

Stig Oresjo - Agilent

Not enough detail (too simple): oo P
— Different failure probability for different v | |
failure types: ex. short vs. open 'N:,Z:z:.f j l

— Test methods have a defect type dependent e S S o

test coverage.
Ex. AOI: missing VS. wrong Component FIGURE 4: Fault spectrum of all gullwing solder joints,

— Definition of defect types for each main defect opportunity type.

° >
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APPENDIX A
Defect Classification

Defects
-As:;exruiw not cean
LLLe matena damage
[Bentlead

Defocts

Birdcaged wire

Bhisters, meaing, peel

Biow holes,

Board warped of
Cable conne

FPart lead stressed

Cable mad Part misaligned

Circultry Pan, extra

AY N g X

Part, mounted wrong
Plating or other part inish peobi
‘ sleeving problem
jer badsfsplash

Cnm|
Dist
Fract
Gold
lockes

Improper

Improper 5

Incorrect ten

Insufficent soldX

Insulation clearal

{ Insulation or wre con
Lead bend problem
Lead coplanasity out of spec
Lead fonming wrong

{ Lead protrusion wrong.

[ Lead/cable length wrong

| Lead/cable routing wrong | 2

ponent defect
icement dedect
3. Termination defect
4 Assembly defect

Y TTY N () PY P Y ) ) D R PRY S B D R BN 0 PR LI A A RN B I e

IPC-7912 classification
Not usable:
No definitions
No structure
No hierarchy
Outdated

Tombstoning is not a
placement defect

*JEDM Kimee
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EDM definitions

—As simple as
possible

—FUNCTIONAL
DEFECTS
—Acceptability
defects
IPC class 1-2-3

—Physical defects

—Independent of
the failure cause

—Manufacturing not
design defects

IPC Defect | PBA- EDM -
Category item Defect Type e
PCB DEFECT PCE manufaciuring defect
Component PCB DELAMINATION Delamination of PCE during heat treatment
(DTreg = 3) VIA CRACKING Via cracking during heat treatment
class 1-2-3 IPC dass 1-2-3 quality defect as defined by IPC-A-600 standand
PHYSICAL A component is funclional but some aspect of its physical
OUT-OF-SPEC properties does not adhere o specification
Component ELECTRICAL A component is funciional but some aspect of its electrical
BoM OUT-OF-SPEC properiies does not adhere {o specification
(DTe=3) FATAL DEFECT A component is not functional due to electrical malfunction
(including data programming emor e.q. wrong PROM code)
class 1-2-3 IPC class 1-2-3 quality defect as defined by IPC-A-610 standard
MISSING A component is missing.
WRONGLY A wrong component was placed or a component was placed on
EQUIPPED a not-equipped locafion of the PBA design/layout
Placement BoM | MISORIENTED | Component placed with incorrect orientation w.r . pin 1
(DT==4) Component placed at incormect position (2.g. with X-Y offset) or
MISPLACED small orentation offset to the correct position resulting in
electrical defect
class 1-2-3 IPC dass 1-2-3 quality defect as defined by IPC-A-610 standand
OPEN The electrical contact between the component terminal and a
o pad is intemupted.
Termination | Undesired electrical connection between a component terminal
(DTr=2 SHORT and other terminal(s) or other electrically conductive PBA
1=2) §
eatures.
class 1-2-3 IPC class 1-2-3 quality defect as defined by IPC-A-610 standard
PBA mechanical defect (not component related)
Assembly PBA interconnection defect (not component related)
PBA cleanliness issue
(DTesa =4) Conformal coating does not adhere to its specification (pinholes,
not coated/overcoated areas)
class 1-2-3 |PC class 1-2-3 quality defect as defined by IPC-A-610 standard

© imec 2013 | www.edmp.be 13



PBA Quality

Defect Opportunity - -
o s Detect Type Defiiton EDM Definitions
MISSING An electrical component is missing. EXte n S I O N to
WROMNG A wrong elecincal compeonent was placed. non—electrlcal
ELECTRICAL Electrical component placed with mocorrect orientation
MISORIENTED )
N w.rt. pin 1, componen ts
MISPLACED ,E.LE,GFIT,IEWFETHEW at incomect position e.g. with X-Y
class 1-2-3 -
“‘*f“f:" i Defect Type Definition
OFEN The electrical contact between the slecinical component terminal
ELECTRICAL and a pad is mtemupted.
E SHORT Undesired electrical contact between electrical component
! DT = 2 terminals or other electrically conductive PBA features.
B OT =4 class 1-2-3 IPC class 1-2-3 guality defect as defined by IPC-A-810.
E The mechanical connection is not functional: e.g. uncured glue,
damaged bolt, ...
Mote: if subassembly parts are present this defect type depends
quality on the mechanical connection defects, see Table 2.
= The mechanical connection is functional, but some of its
MISSING E properties do not adhere to specification. Same note as above.
! DTramue=3 Mounting isswe with the mechanical connection: e.g. glue not
WRONG E dispensed, wrong bolt used, rivet placed at wrong location, ...
OPTICAL g Same note as above.
MISORIENTED wality Connection quality issue leading to non-acceptabiity of the
oT =4 d assembly. Same note as above.
MISPLACED FUNCTIONAL The optical connection is not funclional: e_g. receiving or
creating cross-talk fromite other optical connections.
quality The opiical connection is functional, but some of its properties
OFTICAL OUT-OF -SPEC does not adhere to specification: e.g. excessive loss
DT ayce=3 MOUNTING Mounting issue with the optical connection: e.g. missing
connecton
@ imec : — : :
EDM QL uali Connection quality issue leading to non-acceptabiity of the 14
— quaity assambly.




1.

PBA Quality

PBA Quality
IPC-7912 DPMO-index

A measure for quality.
DPMO Index = average DPMO,,

over all

1-Y = p=

DO
1-(1-DPMO,,)>°~DO x DPMO-index

if DPMO & DPMO-index <0.01

IPC-7912 Overall Manufacturing Index

OMI =

~J
~Jy

if DPMO &

PBA failure probability P
Non-quality NQ=1-Q
DPMO.. , ,-index <0.01

Too crude for:
— Correct failure probability calculation
— Impact of test

IPC-7912: inspection oriented - counting of defects

4.3 DPMO Index The DPMO Index (see 1.3.2) for a

completed assembly 15 a simple unweighted mdex as fol-
lows:

d.+d, +d; +d,
Oc + Op + Oy + Og

x 106

DPMO Index = [

The above DPMO index may also be applied to more than
one assembly by summing the defects and opportunities
across all assemblies as follows:

Zd. + Zd; + Zd, + Zd,

DPMO Index = ¥0. + o, + 2o, + Zo,

]xm6

OMI for a completed electronic assembly 1s as follows:

OMI = [1 - (pc) (Ps) (Pe) (pa)] x 10°

where:
1 dc 1 dp
Pc = o Pp=1- o_p
d, d,
Py = 1- a Pa = 1= a

*JEDM Kimee
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1. PBA Quality: calculation

Quantified quality calculation:
DPMO, failure probability for DO,,; Q,=1-DPMOQO; quality of DO..
Quantified Quality Q = probability of a functional PBA

Q= ﬁ[Qi] =ﬁ[1— DPMQ]=1-P

=[1-DPMO,,]°° (bydefinition)
~1-DO-DPMQO

Index

Quality and PBA failure probability depend on:
Assembly failure probabilities/quality: DPMO,, Q,
DESIGN, components (BOM), PCB, assembly processes,...
PBA complexity: DO
DESIGN

° 3
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= Quality at defect opportunity level:
Qpo is the probability of having no defect at a specific defect opportunity.

0,,, =1- DPMO,,, x107° 2]

N = Non-Quality at defect opportunity level:
NQpo is the probability of having a defect at a specific defect opportunity.

NOjo =1-0y 3]

4
Nser i

Oser = HQDO :t

DO=1

Our =119 5]

From which the compound DPMO of a set of defect opportunities can be derived.

Compound DPMOse7= DPMO of a set of defect opportunities:

© imec 2012 | www.edmp.be 1/50
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For a set of N7 defect opportunities:

DPMO; = (1- Qg ) x10° 6]
Nz

DPMOy, =(1- [ [(1— DPMO,,, x107)) x10° u
[3O=l
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2. PBA Quality versus BOM

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

PBA trouble-shooting: time-consuming, high skilled job.
PBA repair: time-consuming, high-skilled repair operator job.
Cost of scrap-material: components, PCB, PBA.

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

Customer satisfaction

Low Cost/high quality manufacturing = High Yield manufacturing
— Limit the degree of complexity: DO.

Ex: Increase the integration level at component level.

— MINIMISE DPMO by DESIGN-FOR-MANUFACTURING

Layout
Bill-of-Material (BOM)
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:
Smaller terminals
Smaller pitch I - A A
Decreasing terminal coplanarity I©
Extreme dimensions (very big/small)
Low dimensional quality
Low terminal quality (dimensions, shape, solderability,...)

b 2

SEATING
PLANE

Toa Flikat

b—.J 7 MmN

oy max COMBINATION!

b i

-l Ty

[N « Small high density
packages:

R t
- | | 1] UBGA, 0402, 0201,...
50mub' ‘ ' i é - Large components:

0 5,000 10,000 16,000 v— DPAK, trafo, capacitors,...
Stig Oresjo - Agilent PPM

Zmax = Lmin + Z2min = Ty
Whara:

FIGURE 3: Defect levels for different pin pitches of QFP ICs. Jrmin = S e

Tr= Combined tolsranoss
at fos rmed

*JEDM Kimee
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2. PBA Quality versus BOM

Cost of a low quality/high DPMO depends on the repairability
Low cost manufacturing: Avoid the red zone!

Rework Easy Difficult/costly
(component
m replacement)

DPMO — “—High quality T

Leaded pitch>0.5mm BGA pitch > 0.75mm
Chip > 0402 Leadless QFN
\ pitch > 0.6mm
I'Eh\

Leadée -
Wave soldered SMD

® >
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- 2. PBA Quality versus BOM

. Design-for-Assembly

100 (Design)
Manufacturer

10 (Process)
80/20 Cost Rule

80% of Cost
<>
g
] 90%
] 80%

Product Cost (%)s 70%

4

(Troubleshooting)

0.1 (Field)

ANO0/A

BOM is most important!

Customer
v High
"~20% . S
10% Opportunity Difficulty
0% to Change  of Change
’
g,c Physical Manufacture
Partitioning| pesign Design
Start _
20% of Time Low

Time

*JEDM Kimee
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3. Structural test

Production test methods

Inspection methods
- Visual inspection by operator
- Automatic Optical inspection (AOI)
P 2D-Xray inspection (manual/automatic)

- 3D -Xray inspection

EIectrlcaI test methods
— Flying probe testing —~

— In-Circuit Testing (ICT) with bed of nails
(Manufacturing Defect Analysis (MDA): “passive ICT")

— Boundary Scan testing (JTAG):
virtual bed of nails ™ ‘

— Functional testing

o . = '-"
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3. Structural test

Test coverage: what defects can tests detect?
Depends on the defect type - defect models required

Industry defect models (#1PC-7912 - test oriented)
— PCOLA/SOQ (Agilent) @

Presence, Correctness, Orientation, Live, Alignment

Short, Open, Quality
— PCOLA/SOQ/FA(I)M (iNEMI):

+ Feature, At-Speed, (In-parallel), Measurement @
— MPS (Philips)

Material, Placement, Solder @

— PPVS (Aster - Testway)

Presence, Polarity, Value, Solder

Solder

Placement .

L1

Defects Coverages

Issues:

Not standardised —not in line with IPC-7912
IPC-7912: Component — Placement — Termination — PCB/PBA

Variable level of detail: grouping of certain defect types
Definition of defect categories - test coverage — structure?

° 3
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3. Structurele test

What can tests detect?
Strengths of tests: iNEMI

AOI: optical inspection
— Missing components
— Orientation of components

ICT: electrical
— Shorts
— Opens (false contact!)
— Correctness component

Functional test:
— Shorts
— Opens (false contact!)
— Correctness component
— Defect component

TEST STRATEGY: “Fill the gaps”

e —

1
1
I
I
1
1
!
I
I
1
1
1
I
I
1
1
1
1
I
I
1
1
1
1
I
I
¥

]
]
1
1
]
]
]
]
1
]
]
]
]
I
]
]
]
]
]
1
]
]
]
]
]
]
¥

e
dmmmmmmmmmmmmmmmmsmmmm=m====
] L

0l

o
-

7]
il
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4. Impact of test on quality

NEMI

Board Assembly Technical Integration Group

Manufacturing Test Strategy Cost Model Foat Stoimay Prolect

Defect spectrum: March 2003
Joint — Component structural - Component electrical

Test Coverage T.= Test Access T, x Test Effectiveness T;

Defects found D = T x D Criticism:

A test is not random!
A test eliminates

100 Stagel | 40 40 Stage2 | 24 defects in a systematic
defects 100% escapes defects 100% escapes .
—— Mo = = e > way (D: defect group)
(60% Access) (40% Access)
Coverage Calculated b Faults Faults . e
Tes? Cost Model 7 geectes j] detected lt — Over SIm pl |f|ed
—I— — Coverage

The model was constructed this way in order to simplify computations. The

computations when test coverage is complementary would be beyond the scope of the
team that constructed this model. Users of the model need to understand these 9 Unnecessa ry

limitations in multi-machine test strategies with complementary coverage. : HY = H
’ plementaty coverag simplifications

° >
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4. Impact of test on quality

cEDM approach

IPC Defect | PBA- EDM
Category | item Defect Type

Defect model in line with IPC-7912 Component PCEDEFECT [ POB mandactung ofet

DELAMINATION Delamination of PCB during heat treatment

Definition

PCB
(DTpce =3) VIA CRACKING Yia cracking during heat treatment
p I u s : class 1-2-3 IPC diass 1-2-3 quality defect as defined by IPC-A-600 standard
PHYSICAL A component is functional but some aspect of its physical

OUT-OF-SPEC properties does not adhere to specification

D efe Ct Ty p e S fo r e a C h Component ELECTRICAL A component is functional but some aspect of its elecirical

BoM QUT-OF-SPEC properties does not adhere to specification

D efe Ct O p p (0] I"tu n |ty D 0 ( N ) DTe=3) FATAL DEFECT | /A Componentis not functional due to electrical malfunction

(including data programming emor e.g. wrong PROM code)

Termination class 1-2-3 IPC dlass 1-2-3 quality defect as defined by IPC-A-610 standard
MISSING A component is missing.
- Component EQUPPED | anotemuppe locaton of the PBA desgrmout P oo on
_ Placement Placement Bom | MISORIENTED | Component placed with incorrect orientation w.r-tpin 1
(DT-=4) Component placed at incomect position (e.g. with X-Y offset) or
MISPLACED small orientation offset to the correct position resulting in
- Assembly electical defect

class 1-2-3 IPC class 1-2-3 quality defect as defined by IPC-A-610 standard

Can be matched with other oPEN | Tne leciical oniac between e component emina and

Termination Undesired electrical connection between a component terminal

i N d u St ry mo d e I S: (OTs=2) BoM SHORT and other teminal(s) or cther electrically conductive PBA

features.

PCO LA, M VS , P PVS ees class 1-2-3 IPC dlass 1-2.-3 quality defect as defined by IPC-A-610 standard

PBA mechanical defect (not component related)
Assembly PBA interconnection defect (not component related)
PBA cleanliness issue

(DTeen =4) Conformal coating does not adhere to its specification (pinholes,

not coated/overcoated areas)
class 1-2-3 IPC dass 1-2-3 quality defect as defined by IPC-A-610 standard

Unambiguous description of defects and test coverage:
« At defect type level Do, (N,): highest level of detalil
« Bottom-up calculation of quality (yield) and failure probabilities

imec
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4. Impact of test on quality

cEDM approach

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

e A test access value: E:%T_:;

» A test efficiency value: TE;

» A testcoverage value: TC’ =TA,TES

* A DPMO value before test: DPMO

*» A DPMO value after test: “DPMO" =(1-TC,") DPMO;

Test access TAS Can a defect type k of opportunity i be measured?
— All circuit and test information available: TA=0/1
— Limited information (ex. BOM): TA = probability

Test efficiency TEik: Probability that a defect can be detected when having access
Effect of a test:

— Interpretation 1: Reduction of failure probability > 0 (perfect repair)

— Interpretation 2: Elimination of a Defect Opportuniteit

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

° >
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4. Impact of test on quality

cEDM approach

« aTest Access value: ¥, B [12]

or. can defect type DT belonging to defect opportunity DO be measured?
TA value: -in case all circuit and test data is available: TA=0/1 (binary value)
- In case limited data is available: TA=probability (TA=0...1)

« a Test Efficiency value: TE [13]

or. the probability that the defect can be identified
TE value: TE=0...1 (fractional value)

« a Test Coverage value: IC,, =TA, =< TE,. [14]
TCvalue: TC=0...1 (fractional value)
e a Test Slip-through value: TS5, =1-TC,; [15]

TS value: TS5=0...1 (fractional value)

° >
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4. Impact of test on quality

cEDM approach

DPMO and Quality at defect type level

Since a defect type level defect opportunity is in itself a defect opportunity, for each
defect type DT belonging to a defect opportunity DO we can assign:

e DPMO value before test : DPMO,, [16]
Quality value before test - Opr =1-DPMO,,; x107° 17
Non-Quality value before test: NOp; =1—0pr [18]

*' BPMONE afferiess LNy S0 > DM e In case of multiple tests with t=test-id and T=number of tests:
Quality value after test - “Opr = 1-"DPMO,,; x10°°

‘NQOpr = l_I,r..x ISpr * NOpr

Non-Quality value aftertest :  “NQpr =1-"0p;

Ts;,is TS,, (see paragraph 3.6.2) for test t

or

“Opr = I‘H,T_IIS;)r X NOpr

‘Opr = I_H‘J_I(I—TC;JT)X(I—QDT)

° :
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4. Impact of test on quality

cEDM approach

DPMO and Quality at defect opportunity level

The compound Quality (compound DPMO) for a defect opportunity DO is the
probability of having no defects (at least one defect) of the underlying defect type
level defect opportunities Npo, and is calculated as follows.

N'A')O
e Quality value before test - Opo =1%o [22]
o PBA Quality after test (and repair):
DPMO value before test - DPMO,,, = (1- 0,,) x10° 23]
N
Non-Quality value before test: NOp, =1-05, [24] aQPB. = H aQ Do
» DO=1
« Quality value after test : “Opo=11Cor [25]
DIl
DPMO value after test - “DPMO,,, = (1-"0p,) x10° 26]
_ . . Failure probabilities (Q=Y,P)
Non-Quality value after test :  “NQpp =1-"0pp 271

calculated after determination of
W M~ DU ofefec ypespf desect opposny 00 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- Test coverage

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

— Absolute Test Coverage per defect category: is the ratio of the defect opportunities of a
certain defect category covered by the test to the total number of defect opportunities in
the defect category. It is a measure for the effectivity of the test to cover a certain set of
defect opportunities. It is independent of the manufacturing error rate.

GZZTC
ATCm:egar:l = r_D'IZI'LZW:m_..ll;':ur ABSOLUTE TESTCOVERAGE
=i Measure for the effectivity
For complete PBA of a test to detect certain

set of defect
opportunities/types.

— Absolute Test coverage (complete PBA)

Do ¥;

2. ). Tc!

‘ITC — i=l k=1

DO
SN

i=1

*JEDM Kimee

© imec 2013 | www.edmp.be 32



4. Impact of test on quality

cEDM approach- Test coverage

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

* Ponderated Test Coverage per category:
. PONDERATED TESTCOVERAGE
"fl’ﬂ'm' \ k 1 i
PTGy =1 303 (-TC MO Measure for the effectivity of a
S S DPMO; test method to detect actual
- defects
DO, ivgry Ny DO:geyory N,
Y 3 TC!DPMO; > Y ADPMO!
or: PTC ..., = 1;;1,(»‘::,‘\', = no:j,m. ]j\:’
> > DPMO} S 3 DPMO}
i=1 k=1 i=1 k=1
For complete PBA
DO N g D() J\ i ;
S DPMO; — 1-TC; )DPMO;
ADPMOM DO ',/:;{:; ‘,:,‘ = 2 ¢ ;
DO N
DPMO,, DO YZDPMQ&

° :
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4. Impact of test on quality

cEDM approach- Test coverage

5.1.3 Equivalent Test Coverage (per defect opportunity): ETCpo

The equivalent test coverage ETCpp gives the test coverage of the test methodology
for the defect opportunity DO and its impact on the compound DPMO value for this
defect opportunity. It relates the compound DPMO values for defect opportunity DO
before and after test.

ADPMO,,, _ ANQO,,

ElCo0 =m0 NO
bo ba EQUIVALENT TESTCOVERAGE
or: Test impact on the compound
DPMO/quality of a set of
ETC,, =0~ NCpo defect opportunities

NCp,

ar-

-DQ

for “Q,.. On, and NQ,, see d4.12

Note: for small DPMO values PTC and ETC will become numerically equal.

° >
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4. Impact of test on quality

cEDM approach- Test coverage

5.5.3 PBA Quality Test Coverage: QTCpsa

The quality test coverage QT7Cega is defined as the ratio between the amount of
defective PBA that are successfully identified as failing PBA and the total amount of

defective PBA before test.
It is a measure for the impact of the test(s) on the PBA Quality (or First-Pass Yield).
_ AO;,
OTCpz, = :
NOQpz, PBA Quality TESTCOVERAGE
o Test impact on the
, m=£§§‘,ﬁ quality/yield of the PBA
with: Equivalent Test Coverage for
°0,ns =1-"NOss., complete PBA

"NQrps = OTS £ NOras Several Test Coverage
OTS,,, =1-OTC,,, definitions are possible:
unambiguous definition is
QT Spas is the PBA Quality Test Slip-through mandato ry for correct
interpretation!

by which for the Quality after test holds:

0
“Opry =1—(OTS g, < NQpp,)
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4. Impact of test on quality

cEDM approach- Test strategy

No test provides 100% test coverage

Test coverage depends on:
— Defect category (ex.interconnection) and defect type (ex. Open)
— Test method ex. AOI vs. ICT

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) - flying probe

3. Boundary Scan

4. Functional test

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

An effective test strategy requires proper DPMO
estimation, correct test coverage and PBA quality Q
quantification.

S :
*JEDM &_’)ec © imec 2013 | www.edmp.be 36



4. Impact of test on quality

cEDM approach - Component packing naming

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

Different industrial naming conventions:

Non-standardized package naming

— Common Package Designation
e.g. PLCC-44, BGA-256, SOIC-16

— Descriptive Information
e.g. "SMD Tant 100pF 10V SIZE D 10% very low ESR”

“Standardized” package naming
— JEDEC Descriptive Package Designation (JESD30E)
e.g. PBGA-252(256)/17x17-1.00
— IPC Descriptive Package Designation (IPC-7351)
e.g. RESMELF34x14

— VALOR Descriptive Package Designation (is based on JEDEC)
e.g. PBGA-B252(256)/PM-L170W170T18

Detailed standardized description

— JEDEC Outline Number (JEP95)
e.g. MO-153

NO COMPLETE STANDARDISATION!

° 3
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4. Impact of test on quality

cEDM approach - Component packing naming

<EDM Prefix> <EDM Body> <EDM Suffix>
JESD30
JESD30 VALOR JESD30 VALOR JEP95
— A — T e A )

<AF> <MSH> <TP> <0O> - <PBM> <TP> <POS> - <TS> <TC> <TD> / <TP> <S> - <OL> <OW> <OH> - <SC> / suppl. info

EDM Prefix EDM Body EDM Suffix

AF = Added Feature PBM = Package Body Material TC = Terminal Count OL = Overall Length

MSH = Maximum TP = Terminal Position TD = Terminal Diameter OW = Overall Width
Seated Height POS = Package Outline Style TP = Terminal Pitch OH = Overall Height

TP = Terminal Pitch TS = Terminal Shape S = Subtype SC = Serial Character

O = Other

Supplementary information

e.g. JESD30 Nominal Package Dimensions, JEP95 Outline Number, Packaging Technology/Mounting (e.g. WLCSP)

Basic BOM input for : Pred-x

° 3
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- 4. Impact of test on quality

by Summary

EDM approach
In line with IPC-7912
Oriented to identification of physical failures

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.

No intermediate approximations.

Using a PC this as easy as using approximate, erroneous methods

ex. iNEML.

Unambiguous definitions are essential:

defect types — test access - test efficency - test coverage.

Goal:

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

° 3
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5. In practice

Objective

Talk the same language OEM - EMS
Use the same defect model
Use the same test coverage definitions

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

Challenge: agreements
—~ OEM - EMS
—~ EMS - EMS

° 3
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5. In practice

Quality measurement and characterisation

PBA Quality
First Pass Yield Y., and failure probability Pr,=1-Y = OMI
— Quantified quality of PBA prior to test (product)

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

Quality of design-assembly operation

Average DPMO,, ® DPMO-index (counting defects)
— DPMO,,= 1-YV/DO (obtainable from production test results)
— Basis for quality evaluation of design (DfM) and assembly operation

° >
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5. In practice

Medium complexity:

ODM A
* ODM A (design+assembly) DPMO,, = 1-Y/PO
=17 ppm N
* 500 components ~ DPMO-index P&

- 5000 DO/PBA
- Q=Y=92%

Which ODM delivers thf best job?

High complexity: X ODM B
DPMO,, = 1-Y/DO

- ODM B x e
* = 6.5 ppm &=
2500 components ‘ ~ DPMO-index B

+25000 DO/PBA SRR .« TR
* Q=Y=85% o

° >
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5. In practice

EMS

Mapping of assembly failure probabilities

— Report production test results according to standard defect model.

— Translate internal defect codes to standard defect defnitions

— Analyse and create DPMO model for design/production combinations.

— Challenge:

At low volumes and low failure probability it is difficult to obtain statistically
relevant amount of data.

Alternative: use a “universal” defect model tunable to designs and assembly
operation at hand.

Quantify the test coverage according to the standard physical
defect model.

— AOI: relatively straight forward

— Electrical testing: more difficult

Develop a quantitative test strategy methodology

Use a standardized PBA description based on a universal,
unambiguous component nomenclature

° >
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5. In practice

EMS: more applications using BOM and DO'’s
Assign assembly time, cost,...

Predict production time, WIP flow,...

Predict capacity requirements ex. test and repair

Failing PBA, scrap, delivery risk,...

Quotations

Logistical risk

DfM quality evalution

Future modules of P re d- X/"

° >
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5. In practice

OEM

Use a standardized PBA description based on a universal,
unambiguous component nomenclature. Is required to quantify risks
(manufacturability, quality, reliability,...).

Introduce a quantified DfA methodology based on a standardised
defect model, “universal” DPMO and test coverage models.

Take DfTest measures (ex. provide test pads) for complex and/or
failure critical PBA.

Determine design guidelines related to DfA, DfTest en DfReliability.
Evaluate Design-for-X quality.

Innovate the design culture:
— Physical realisation and physical robustness and reliability is as

important as functionality
— High density packages and PCB layout are not universal solutions.
— Professional electronics require different design than consumer products:
ex. large “pitch” components and through-hole connectors for quality, robustness
and reliability reasons.
— BOM design: compatibility of components?
Do we really need to put everything on the same PBA?

° >
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6. Modeling

DPMO modeling: industry-publically available

WWW.Dpm-monitoring.com One billion Solder Joint study iNEMI

) (Ag i Ient/ 1 999— 2002) Defaules foe Defaults for
' g PPM AVEI Coponent struchaal DPMO  electmical DPMO
-monitoring.com R ORSR meta tor jonzen ""': Package Types Joist & Component compowent

- Fet

Wa

oW l
B T — i } l v v

o g g y
O T T T wom' I — 2 BAED  PmmtestSoscbusl Ehcicl
[asots J omimis [ cmtiin [l b oot iniuieJ P aing Pt | | e SRR e

1502 e R———— $ 1 Gullwmg 200 100 00
MONTHLY AVERAGES it | { (Gl 00 100 100
[ ] o Leaded (Gullwing | 00 100 100
y 1 T Leaded (Gullwing 1O 100 100
A 1 Cimllwang 10000 100 1on
¢ Lemled (Oullwmz 15000 100 100
TR g mn " 300 100 100
1 mecoe BGA HO 10 100
Maonth Screen Printing Compormnt Plackment Hullow Sclduring Wave Soldurng Graph 12 uterne BGA 150 100 100
AR CDEFGMW I IKLM vy N
al Companies ot 2 13 NenDwectic BGA 150 100 100
al FIGURE 1 Defect heveht in W—ﬂ.\.l the 13 dfivent (ccmm;& o " CaF o 100 0
al Wk 15 Codmmn Grid 100 100 100
v L 400 00 W)
al [l s
(‘l’mv 1 1 150 0 W
L SRR =T
al Al 18 140 00 )
ne I *
u wEaNG D | | 19 200 30 W
P Al Sie )
u AMBAUGHED [ | J )
omeen R | b3 | 5 Wa 150 100G 100
u o b3 0402 Wave 150 2000 100
2003 mz.. ==l L_..,‘ o= I OSAT wector | 2000 100 100
L fow % o 4% son M SMT Commector 2 2000 100 100
° O I d d a ta FIGURE 2: Fauit spacrum for all faudts. 15 de/Cap Pock 100 200 100
b ReaCap Pack 2 100 200 100
° h - h b 27 FTH WM 2000 200 100
m m 1 | {
I g p p n u e rS U _ m PTH/Wave 2 2000 200 100
2w — | l by PTH Wave 3 2000 200 100
| . 1 BE
\ W FTHWa e 4 2000 200 100
l!nl'b |
I %ol t I
° > ° 200 10,000 o
JJEDM Kimee = -
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FIGURE 3: Defect leveds for different pin pitches of QFP ICs.


http://www.ppm-monitoring.com/
http://www.ppm-monitoring.com/
http://www.ppm-monitoring.com/

6. Modeling

EDM approach

Raw information Knowledge description
e Data - physics » o Algorithms
e Relationships - graphs e Look-up tables
Structuring the approximation levels EDM: :
0-order (default) models ' ﬂﬁﬁ;?g‘evse‘f(,%%ﬁ

— Use only BOM information

— Typical use: concept and early design stage, production: non-PBA specific
questions

la-order models

— 0-order + electrical schematics (netlist e.a.) information
— Typical use: intermediate design stage, production: electrical test, yield

1b-order models
— 0-order + CAD (layout e.a) information
— Typical use: intermediate design stage, production: proces, inspection, vield

2-order models Industrial tools

— 0-order + CAD + electrical schematics information _ T :
— Typical use: PBA specific generic analysis Relationship with physical defects

3-order models
—  2-order + hardware configuration info (FPGA configuration e.a.)
—  Typical use: PBA specific generic analysis for PBA with customised components

4-order models
—  3-order + embedded software info
—  Typical use: Functional test development, production: test coverage of functional test.

° >
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6. Modeling

DPMO modeling

Component defects: 11 categories

Termination defects & placement defects: 16 categories

As a function of Package Outline Style / Terminal Shape / Terminal Position

e
- a

SMT 2 leaded Chip / o

All Other

In collaboration with cEDM partners |

° 3
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6. Modeling

DPMO modeling 20000 PBA - 500.000.000 DO

production data

source B

pre- data post-
processing analysis processing

?

keep relation with assembly process data (SnPb/Pb-free, solder process, ...) + top/bottom

Defect Types remove systematic  structuring of DPMO data
- Component (4) assembly issues into # package categories
map source ‘fault codes” — - placement(4) - soor desian
towards Defect Types per | - Termination(2) ) gua“ty isgues e.6. Gull-Wing packages
IPC Defect Category L - Assembly(4) - outliers (batch related)
count #DO and #defects [ Defect Opportunities  #batches outline style
Eg(; es ?Egcib?t?;ﬁ; ent m i Eg:;ﬁg;gnts T Beta-distribution % _
P # PBAS based statistical lead pitch
. - analysis to estimate 0.40 mm
parsing of source DPMO rates | 0.50 mm
package codes + e * 0.65 mm
translate to EDM 0.80 mm
Descriptive Package | : , 1.00 mm
Designator PDXD-C2/XH-L60W33T25 #defects/batch 1.27.mm

*JEDM Kimee
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6. Modeling

DPMO modeling

Estimating low probability DPMO: Beta distribution statistics

Beta Distribution for f=6-a and a=({1.05,1.25.1.5.2,2.5 3}

p=DPMQO?
Estimate median, upper
and lower confidence
boundaries (90%) from
testing:
d: defects obtained

on DO opportunities
o=d+1
p=DO-d+1

B(a, ) = _1[ x“H(1-x)" dx
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6. Modeling

Defect type = Open

DPMO Modeling Component = Gull wing

OPEN —Top — Reflow : A=B=AB=150um

60.0

50,0

= 49.9

40.0

PBA A PBA B PBA A+B o0

= Dcl
20.0 T = Dcu

30,0

10.0

110
i“ I4 8
- o
o 16 03 Ia.1 271, T 15T L5 15

1A 2A 3A 4A 5A 6A JA 1B 2B 3B 4B 5B 6B 7B 1AB 2AB 3AB 4AB SAB 6AB TAB

Challenges:

« Low failure probabilities (1<DPMO<100ppm) requires large amounts
of data and non-Gaussian statistical analysis.

« Relation between defect — # tested PBA - processes - circuit reference
« Search for relationships: physical basis

imec
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6. Modeling

DPMO Modeling

O : 7 "
EDM . Zero order model: BOM based

0 </
Elgctronic Design & Manufecturing FUNCTIONAL defect
DPMO {ppm)
500 +
450
a0
350
300 W top+bottom
250
PBA DPMO models 200
150
Project : VIS-PROSPERITA 100
0
V1.2 .
November 2012 1a 1b 1c 1d le 23 2b 2 26 33 3b 3¢ 30 e 3 g 42 ab 4 53 B 6 T omoonentiype
SMT 2-leaded chip - OPEN - Reflow (top+bottom)
Alain Carton DPMO (ppm}
Phone: #32 16 287782 10 1
Mobile: +32 478 811470
Alain.Carton@mec.be 9 4
Geert Willems
Phone: +32 16 288962 8 1
Mobile: +32 408 012464
Geert Willems@imec be 7T
IMEC 6 4
Kapeldreef 75 50 B125um
83001 Heverlee S 1
B 150um
26 November 2012 & 4 -
3 4
Copyright ©2012 imec. All rights reserved. 20 20 20
Only an authorized person is hereby permitted to view and use this document subject to the following conditions: 2 15 10
1. This document may be used for informational purposes only. 1 4 .
2. Any copy of this document or portion thereof must include the copynght nofice.
3. This information is provided "AS [S” and without warranty of any kind, express, implied, statutory. or o 4
otherwise. Y Y Y s i chip
4. Imec shall not be liable for any actusl, direct, indirect, incidy J or q al ges arising out of <0d
the e pecioriancs 6rs o0 L s doceiiient 0402 a0z 0603 0805 1206 >1206 body size ;

Permission is not granted for resale or commercial distnbution or use of the document, in whole or in part, or by
itself or incorporated in another work. '

© imec 2012 | www.edmp.be 179 © imec 2013 | WWW-edmp-be 52




6. Modeling

Test coverage: AOI

IPC Category [Defect Type Test Access Test Efficiency AO I m Od el
. - IF TH or leads Axial/Radial .
.. Open IF Terminal visible: TA =1 + 2 side inspection: TE=0,5 AI g O r|th m
Termination ELSE: TA=0 ELSE: TE=0
(BOM) Short IF Terminal visible: TA=1 IF TH or Gullwing: TE=1 based
ELSE: TA=0 ELSE: TE=0
Missing [ I EE T TE=1
Component has distinctive
Wrongly equipped TA=1 features such as label: TE = 0,95
....................................................................................................................................................... ELSE:TE=005 . ..
Component has no orientation: TE = - - POS € {AT, CC, GA, FP, SO, CY, IP, FM}
Placement Component has orientation mark: TE = ) EOHS EE{XA?\IDL;} L TC>= 2 R
(BOM)  |Misoriented TA=1 1 : HE} ax(L,W) = 1,6 mm
S R A T —— - POS e {AT,CC.GA.FP,SO,CY,IP,FM} OR
PCB provides position reference (POS € {XD,LF} AND TC=2 AND S NOT €
Misplaced TA=1 (e.g. silk screen): TE=1 {C,F,1,],L,N,0,P,Q,R}
ELSE: TE=0
Component [P1Ysical Out-of-spec P SO FD AN TC S & AN (e
(BOM) Electrical Out-of-Spec OR TP € {D,T})))
Fatal defect
Design o
Component |PCB Defect
(PCB)  [Delamination
Via cracking
Mechanical
Assembly (Interconnection
(PBA)  (Cleaning
Conformal coating
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e
L] 6. Pr€d-X

red-Xx

Generic DfX supporting tool

Can be used very early in design phase
(concept phase)

Quantified prediction of PBA DfX properties
V1.0: Yield and test coverage prediction (2013)

° 3
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Input [ CO research }

Standardised module O&O research PBA
PBA Independent
modelling

Description ! !

PBA basic dataset PBA knowledge
database

expander
“Bath tub” PBA expanded Assembly flow
calculator dataset: DO level calculator
Il
v Yield & Test
i ictri i calculator "
Gallure dlstrlbut|0n> <Assemb|y ﬂOVD
Y model
@A foutkans — Test cover@

imec
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. 'PBA imulation Tool S @@Q@

‘ -, WA Calculator irSeled Calculator :} » ‘ g a
ﬁ 4 [ A
Session PBA Data DfX Model s ; | i Global Dashboard
- Management~ Management ~ erties v ert ~ || Exporter | Excel v ‘ Settings
Session Input PBA & DfX Properies Calculators Settings

@

PBA Data
Management

X

Session
Session /

BOM DPMO model
Packages e e TC model
PCB build-up - || Ass_em_b_ly
PBA flow PBA DEA Reliability

Properties Properties Materials

Yield-ZHDR
\ V/ © Test coverage
, e [} /‘ Calculame (Assembly flow)

= 5 , ,
€ session | & PBA Data Management | € DfX Models Management | &3 PBA Propetties | € DfX Properties | € Calculators |

‘ Assignment at BOM/DO level ‘

©

DfX Models
Management

BN

(Manufacturability)

(Lifetime)...

*JEDMT Kimee
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/. Conclusions

PBA quality and test coverage quantification require a science
based, mathematically correct approach.

Actual industrial approach can be improved considerably:

Different defect models: poor structure, mixed level of details
Poor quality/ambiguous definitions, no standardisation

— Approximate, erroneous calculation methods

EDM approach: Talk the same language

In line with IPC-7912 standaard
Standardisation of PBA/BOM description
Exact calculation of compound PBA failure probability and Quality Q

Exact calculation of impact of test by calculation at defect opportunity
level.

BOM based modeling of DPMO, test coverage, e.a., to support PBA design,
production and test.

Basis for a systematic, standardised description of PBA
quality, test coverage and time zero failure risk.
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