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Project 3 - Introduction

“It is believed that an economic model is an important part of the Test Srategy

Working Group investigation in order to help communicate the potential need
and benefits of automated inspection and test methods’ .

Project 3 Objective:

To develop a ssimple test strategy cost modeling tool that could be used
to define a manufacturing PCA test strategy by estimating the cost of
finding and repairing manufacturing assembly defects using various types
of test and inspection strategies. This economic model would help
communicate the potential needs and benefits of each test technique
and would help users understand the impact of removing test stages
vs. sampling strategies vs. 100% inspection or test methods.



Test Cost M odel development process

e 6 participant companiesrepresented in group 3:

—Teradyne, Inc. (Amit Verma)

—Agilent Technologies, Inc.  (Stig Oreg0)

—Solectron, Inc. (David Mendez, Nga Nguyen)
—Delphi Electronics, Inc. (Brian Chandler)

—Hewlett-Packard Company (Rosa Reinosa, Carlos Michel)
—Intel Corporation (James Grealish)

 All project 3 participant companies shared their test cost
models and ROI best practices.
 Analysisof each of thetools presented focusing on:

— Key Drivers

— Assumptions

— Likes/Didlikes.



Test Cost Model development process

« Agreement of all group 3 participants on the inputs
and outputs that the NEMI test cost model would
have - The voting list.

 Define default inputs and outputs.
« Each company voted on desired inputs and outputs.

e Inputs and outputs with majority of votes to be included
In the test cost model.



Test Cost M odel development process

e Development of the Test Cost M odel tool

— Utilizing the best concepts and formulas of each of the presented models and
Including the inputs and outputs selected (voting list) by the group.

— Conference calls (each other week) with all group 3 participants to revise the
progress of the tool development and to provide feedback.

e Recurrent Activities
— Release of a new version of the test cost model

— All participant companies to review the new
version of the test cost model and provide feedback.

This recurrent process went on until the release of the final
version of the test cost model (Rev H) on October 2002.
The development of the tool lasted one year



Test Cost M odel development process

e Team decided to release the test cost model to the public domain
after APEX 2003 in order to:

—Allow participant companies to utilize the test cost model before
public release as a competitive advantage.

— Perform tool validation.

« The NEMI Test Strategy Working Group decided that the test cost model
would be released after APEX with minimum restrictions. It was decided,
however, that the test cost model should be password protected and copyrighted
only to prevent others to use the model for commercial purposes.

 The Test Strategy Cost Model is being copyrighted only by the Project 3
participating companies.



Test Cost Model Overview
| ntroduction

Objective: To develop a PCA manufacturing test strategy cost model that will
enable a company to determine the financial impact of selecting a particular test

strategy.

*\What do we hope to accomplish with the test cost model?
— Enable a company to estimate the ROl on a particular manufacturing test
strategy.

— Make tradeoff analysis and decisions based inthe financial impact that a
strategy may have on an organization.

— Provide visibility to decide key test strategy drivers.

» What is expected of industry adoption?
— Adopt this test strategy cost model as a standard tool to determine the
financial impact of selecting a particular test strategy.
—Would like for companies to select this tool astheir tool of choice to drive
test strategy decisions.
— Drive standardization of the economic analysis of test strategies.



Test Cost Model Overview
| ntroduction

The NEMI Test Strategy Cost Model has the ability to compare two different PCA test
strategies and provide the strategies cost, yield enhancement savings, defects escaping
out of the strategy, DPMOslyield for each test stage, ROl metrics and time to market
savings. The model uses a spreadsheet format and isintended for post-reflow PCA test
Strategies:

Thefollowing variables wer e considered in the model:

— Programming Cost — Maintenance Cost — Re-test (false rgjects) Cost
— Equipment Cost — Test operators Cost — Repair & Diagnostics Cost
— Fixture Cost — Scrap Cost — Field Return Cost

The following metrics wer e consider ed The following investments were consider ed

on the ROI analysisin the modé!: on the Time To Market analysisin the modd!:
— Investment —R & D revenue
— Payback ~COGS
— Net Present Value — Sales and Marketing

— Internal Rate of Return — Genera and Administrative



Test Cost Modéd Sections

TheNEMI Test Strategy Cost
M oddl iIsdivided in 4 sections:

e Overview Section.
e | nputs Section.
 Defaults Section.

e Qutputs Section.



Test Cost Model Overview
Overview Section

b

Overview Section. This section containsa high level description of the test cost model, the
copyright disclaimer and the names of the companies and the participants in the development of the

tool.
OBJECTIVE

The objective of the Inspection and Test Strategy Cost Model is to enable a user to
understand the financial impact of selecting a manufacturing test strategy. The model uses a
spreadsheet format and is intended for post-reflow PCA test strategies.
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Test Cost Model Overview
| nputs Section

| nputs Section. This is the section where the users needs to enter all the information related
with their PCA and their test strategies, up to 50 inputs are required to be completed in this section.

options x|

Step 1: Select Model Opkions

Test Strategies Inputs ﬂ

1. Would you like to use DPMO or Yield in the model?
Step 4 Please Complete the Following Tesk Strateqies Inpuks,

DPMO,ield
= QF' C',- — Strategy 1 Types of TestfInspection ————— — Strategy 2 Types of Test/Inspection
" YIELD Field Return Rake: I 1 Default |
Mumber aof testfinspection Mumber of kestfinspection
2. Check the box if you would like to stages on Strategy 1: I 2 _a | v ||| stages on Strateqy 2: I ERI T [

include TTM calculations in the model

Stage 1 (Mamel; I IcT Stage 1 (Mame); AX
; ; Skage 2 (Mame): I FT Skage 2 (Mamel: IcT
3. Check the boo if you would like to

include ROI calculations in the model I I FT
Stage 3 (Mame); Stage 3 (Mamel;
[ Include RCT Metrics
Stage 4 (Mame I Stage 4 (Mamel; |

Cancel | Mek

[ Include TTM Savings




Test Cost Model Overview
Defaults Section

-

b

Defaults Section. This section provides a default value for each of the inputs on the inputs
section, iIf an input is unknown to the user, he or she can select a value for that particular input from
the defaults section. These defaults values are based on medium-high complex board manufactured
in US.

Streciral Stieciural Electiacal

OO DPEI0d DPMOC DPROC
oy T’ M i test stareGy
- - ng 700 100 100 44 Field Return Rate [%]:| 1.00%
7 A ng 1000 100 100 M AOI AXl ICT FT
B Leaded (Gulksing 10000 100 100 45 Test Effectiveness %] 50.00% | 75.00%  90.00% @ B0.00% | 20.00%
B Leaced (Gullang ‘?ff;ﬂ 1'3;" 1'% 46 Test Access Mutiplier:| 0,90 0.90 1.00 0.50 1.00
1 1£EI 1IJE' 1o 47 Test Time [min]: | 5.00 1.00 3.00 1.00 5.00
12 . 150 100 100 48 Falze Reject Units: 2 n n 1 2
13 150 100 100 49 Falze Reject Rate: | 20,00 1000.00  1000.00 | 100.00 a.00
14 100 100 100 50 Fumber of Test Operatars: 3 1 1 1 2
13 100 100 1 51 | Annual Test Operator Cost (per operstor) 5 28,000 | 28,000 | 28,000 35000 35,000
-I.: :EE gg :% 52 Repsir feedback loop [1 or O] 1 0 0 1 1
0 k =0 a0 o 53 Reparr Yield (%] 90.00%  80.00%  00.00%  90.00%  90.00%
19 00 a0 1m 54 Fe-test Cycles Permitted: 3 n n 3 3
21 400 SO0 100 55 Repair Cost [fiper defect] | $1.00 $1.00 $1.00 $1.00 $1.00
21 1_5_{' 'I'E 100 56 Diagnostic of Defects Cost [$per defect]: | $0.00 $1.00 $1.00 $5.00 $35.00
ST o oo 1o 57 Eouipment Cost (3 $0 | $200,000 $450,000 $500,000 $50,000
TR e o 100 100 58 Fixture Cost [ $0 $0 $0 $20,000 | $15,000
25 ap Pack 1 100 200 100 59 Programming Cost [§]: £0 10,000  §10,000 | $30,000 | $30,000
L Re ap Pack : 100 200 100 60 Annual Maintenance Cost [$]: &0 15,000  §25000  §20000 @ §20,000
24 L E | a0 200 100 61 Equipment Deprecistion (years: n 3 3 3 3
Ao TH." LI 200 100
24 PTHW 2000 20 100

:lil PTH W ave 4 000 20 i



Test Cost Modéel Overview
Outputs Section

Outputs Section. Thisis the section where the test cost model results are presented to the user.
It contains a strategy flow of both strategies with the DPMO/yield data of each of the test stages and
the defects escaping out of thetest stages and out of the strategy, a summary and a graphical cost
comparison of the strategies, a section for the ROl metrics and the results of the Time To Market

calculations.

Test Strategy 1 |

Defects
21, 76560 ICT FT
=3 YIELD: o YIELD: o
5241 % ¥E3562 91 66%%: 156712
Defects after Defects after
ICT FT

Test Strategy 2 |

Defects
21, 76560 A1 ICT FT
=y YIELD: =y YIELD: (= YIELD: =y
TE15% 4 13546 96.39% 148577 95 36% 297 .75

Defects after Defects after Defects after

Axl ICT FT




Test Cost Model Overview
Qutputs Section

[ Tesl Stratagy 1 ] [ Test Strategy 2 ] d h I
1 Efectiven=ss | 92.00% 18 Efimctivensss: | 90.63% SlJ I I " I Iary an gr ap I C
F3 £nvusl Sorap Coet | $48,668 13 Arnusl Sorap Cost | §31.780 .
3 Anvesl Fepar Coot | 824,848 0 Enrvasl Repar Cost | §22.481 St f b th
4 | Anraml deonostic of defects Cost | §488 988 H | Annsl dogrostic of defecis Cost | §296.99 CO COI I lpar I g)n O 0
5 | Taat Cparator Cogt | §A05,800 F7 Tl Ogearador Coost | §AZEODE
[ DPWO escopes afier Test | H.TESE P2 DFWC escaes mier Tesk | 4135464 :
T | Arvaml Fidd Pt Coot | 54,080,008 4 Anrasnl Fid Feourn Cost | $205,208 gratwl %
& | Peogeafenng Cosl: | 360,00 Fi) Prodpradmiting Coss | §TRA0DR
Arraal Bpapeand Co] | §483,133 . Anvi sl Bgprant Cogl | $33E333
LI Al Fiadrs Cosl | $11887 7 Al Fiad g Coo 11,667
1 Annusl Msirlersncs Cosl | S FL] Al Mairlensnce Cosl. | $65001
F Annusl redest Cost | S83,0H4 P Arnusl reslest Gl Th230
] Tobal Test Tame & F1] Totsd Test Time ] i
14 | Anrwm Equipnet Relsied Corls | $400,000 | Anrwsl Egupmert Feisied Costs: | 513,000 Tatal Crests
145 Arnusl izt Retsted Corts: | $19,656, M8 1 Arnusl Yisid Felsbed Costs: | $623632 .
16 Total Costs of Stralegy 1- | 4206 me | [ 3 Total Costs of Strategy 2 | 4,435,622 Dtrangy | CArmegyd
1 Test Cioed peer board 5 iy T st Cioesl jpear aand [1]
52 500,000 -
| Stratagy ¥ 1 ve. SAraleqy 82 | 1 of werith Sirategy &2
SByrmary Adinuial Sauings §2 D000 4
Strategy # 1 |Skategy 8 2| DiTerence Srasegy ¥ | Iﬂrﬂmmi
|Fffectiveeass| 62 300% | 56 532% = A% |Test Cost:| S400000 | S813000 | 533000 FLE0
[ Test Timee:| 5 ] E] | -3 | Vield Enhancament Savngu: | 31 174 265
Tidal 5 = wlth Sirabegy 2| 951 285
L0080 -
EE000 4
&0 -
[-otal Lgmgment Tats Yield Tofdal
Felsisd Coxix Melated Coxta ntrsteqy Cowtx
L

Connect with and Strengthen Your Supply Chain



Test Cost Modél Overview
Outputs Section

ROI JUSTIFICATION |

| Investment | §450,000

ROl metrics and Time e =
TO Mar ket &VI ngS [ Met Present Value |

[ Internal Return Rate | 217%

TIME TO MARKET SAVIHGS |

Time To Market Savings
Flanned Scheduls vs. Early Schedule
Product & Investment Inputs Planned Schedule
Planned Product Life Time: j1=] Time to reach peak zales: G
Target Sales Price: 2000 FPeak Sales during maturity: 1900
R&D Percertage of Revenue: 10% Time for decline period: G
COEE Percentage of Revenue; 45% Early Schedule
S&M Percentage of Revenue: 25% Time to reach peak zales: G
&L Percentage of Revenue: 10% Feak Sales during early maturity: 1900
Profit: 1 0% Early Introduction: G
Planned Earhy
| Revenue:| #iz100000 | 3144400000 ] | Savings with early Introduction: |
RED Investment: | $12,160.000 | $12,160,000 | $6,840,000 |
COGS 1] $54,720,000 FE4,980,000
S&M Investment:| 30400000 | g3sto0000 | | Yearhy Savings: |

G&A Investment: | $12160,000 | $12,160,000
Profit ;[ 12050000 | $19.000,000 | $2,160,000 |




User's Guide

Test Cost Modéel Overview

A user’'s guide was developed to
help the users of the mode to
understand the capabilities of the tool
and to learn how to utilize the test cost
model. The user’ s guide is a document
with 72 pages of text and images that
describes in detail each one of the
sections of the test cost model and
explains, step by step, how to enter all
the required information into the
model and how to interpret the results
on the outputs section. This user’s
guide contains also a section called
calculations section that explainsin
detail all the formulas used in the test
cost model.

| P LT e T ] [o [' ln:lnml ' | =, r
e Ll bl WO [ [ ! f] Mg | ' | '

Bi If youi havvs salected to use DPMO mputs for tha caloulabors on the model, than on
Sep 3 (figurs 8), vou will have o entar DPMO informabon about your product (PCA). In
this sfep you sre required 1o enter the type of component, number of componams and
rurmiber of joini= of svery compongnl an the board {PLA]

AT O oD

—  Humbsiof lanks —

1 l k.
[t v

Total fdorbar of  Tond Hearden ol Tocal Hapbar of  Toiwd Fimrnkar ol
Paskagm on Beael o on Boad Farkugn onfoen]  einn o Basard

= Loute] (Rlsng w | INIY I'_ Iu_ [l T I-_ IT -
Rescled ol 10R12T I'_ [T_ | B Bgrn [T_ IJ_ |

Pigire & Sl & DR gl

HNumber of Components. Il is the olal nemdear ol packagss (ol the conespondng type
151 cakimn) predsnl on e board. This mputl couk] bs any number gfestsr of equal han
Tare I you anier anytung diflerant, an evor message will appear, Thees i no delaull
weiliss available 1or s rvgss al inpue

Numbar of Joints, |t is the ok nembar of joints pressat an tha board, dus to the iodal
number of packages of tha corresponding fype (15t Colemn). This mput cowld be any
rumber greatsr or agual Ban zero. I you entar anyvthing differant, sn eror message wil
appear. Thare is no defaull value available for this typs of mput.

Tipe of Componenl || = ths packags lechnology type of 1 componsms prassn] on
the Eard. B @ component o0 your e B8 omo Geieg hers, ugs e "ol bvps al
comipnEnl 10 inchide i on the calkzidalions

T ol
DTS



Test Cost Modéel Overview
Limitations

The present tool models test coverage of each test stage in multi-stage test
such that test coverage always overlaps from one stage to another. This model will
not accurately represent results when multiple test stages are used In a
complementary manner.

100 Stage 1 40 40 Stage 2 0
defects 100% wcap§ defects 100% escapﬁ
Coverage Coverage
Stage 1 Stage 2 Faults Faults
Test Access  Test Access CACt“a' detected detected
overage 100%
' | : 60 40
' | + Coverage
i | 100 Stagel | 40 40 Stage 2 24
8% . b A0 Gefeds ] 100% [ defedsyl  100% [
Coverage Coverage
(60% Access) (40% Access)
Coverage Calculated d;agtt:d dztaultt:d
eCl
by Test Cost Model 60 + 16— 76%

Coverage



Test Cost Modéel Overview
Limitations

In atest process there are true failures and false failures. When we
have a diagnostic process, the following things can happen with the
failures detected at a particular test station :

A truefailure diagnosed as atrue failure.

A true failure diagnosed as afalse failure.
A false failure diagnosed as atrue failure.
A falsefailure diagnosed as afalse failure.

o

In this test cost model we are assuming a 100% diagnostic yield,
which means that the diagnostic is always accurate. In other words, in the
present tool we are only considering cases 1 and 4.

The economic impact of the false failures (case 4) is reflected on the
test cost model in the calculation of the diagnostic and re-test costs.



Test Cost Model Flow

Overview Section ¢ ¢
Objective Inputs Section - Step 4 Inputs Section - Step 6
Description STRATEGY 1& 2 STRATEGY 2
Copyright Field Return Rate Effectiveness
Acknowledgements Test Stages Access
- ¢ Test Time
¢ False Reject Units
Inputs Section - Step 1 back . False Reject Rate
DPMO/ Yield Inputs Section - Step 5 Number o? Operators
TT™ STRATEGY 1 |
RO Effectiveness +

Access back

i Inputs Section - Step 6b
- v Test Time P STRATEGY zep
ac Inputs Section - Step 2 RS Operator Cost
Defaults False Reject Rate
Volume Feedback Loop

PCA cost Number ofI Operators Repair Yidld
Field Return Cost ¢ Re-Test Cycles
Repair Cost
back Inputs Section - Step 5b Diagnostic Cost
DPMO YIELD STRATEGY 1 +
Operator Cost back _
Feedback Loop Inputs Section - Step 6¢
Repair Yield STRATEGY 2
Re-Test Cycles Equipment Cost
Repair Cost Fixture Cost
Inputs Section - Step 3 Inputs Section - Step 3 Diagnostic Cost Programming Cost
DPMO YIELD Maintenance Cost
All components DPMOs Joints/Components ¢ Depreciation
Yield @ 1st Stage back

Inputs Section - Step 5¢

' Defaults STRATEGY 1
Equipment Cost
Fixture Cost Defaults

YES Inputs Section - Step 3b Programming Cost
TT™M Maintenance Cost
Investments Depreciation

Planned / Early Schedule | OUTPUTS
NO SECTION

Connect with and Strengthen Your Supply Chain




Test Cost Model Example

Objective: Identify what benefit (if any) would have the addition of Automated
X-Ray inspection to a current test strategy.

e Current Test Strategy (Strategy 1) has 2 test stages. ICT and FT.

* Proposed Test Strategy (Strategy 2) has 3 test stages:. AXI, ICT and FT.

AXI ICT FT
28 Test Effectiveness [%]:] 90.00% | 80.00% | 80.00% 1 Annual Production Volume [boards/year]:] 72,000
29 Test Access Multiplier: 1 0.8 1 2 Board (PCA) cost [$]:] $1,000.00
30 Test Time [min]: 3.00 1.00 5.00 3 Field Return Cost [$/per board]:| $1,500.00
31 False Reject Units: 0 1 2
32 False Reject Rate:] 1000.00 | 100.00 0.05
33 Number of Test Operators: 1 1 2 :
34 Annual Test Operator Cost (per operator) [$]:] $28,000 [ $35,000 | $35,000 Yield at 1st stage of strategy 1] 85.00%
35 Repair feedback loop [1 or O]: 0 1 1 Number of packages on board: 1,000
36 Repair Yield [%]:] 90.00% | 90.00% | 90.00% Number of Joints on board:] 10,000
37 Re-test Cycles Permitted: 2 2
38 Repair Cost [$/per defect]:] $1.00 $1.00 $1.00
39 Diagnostic of Defects Cost [$/per defect]:] $1.00 $5.00 $35.00 Annual Savings
40 Equipment Cost [$]:] $450,000 | $500,000 | $50,000 :
41 Fixture Cost [$]]  $0 $20,000 | $15,000 Strategy # 1 | Strategy # 2] Difference
42 Programming Cost [$]]] $10,000 | $30,000 | $30,000 | | Test Cost:] $400,000 | $613,000 | -$213,000
43 Annual Maintenance Cost [$] $25,000 $20,000 $20,000 Yield Enhancement Savings: $909,760
44 Equipment Depreciation (years): 3 3 3 Total Savings with Strategy 2: $696,760




Test Cost Model Next Steps

» Thetest strategy cost model will be posted on the “NEMI Test Strategy Project”
webpage : http://www.nemi.org/projects/baltest strat.html The model will bein
Excel file format and will be downloadable.

 Feedback and comments about the NEMI Test Strategy Cost Model will be
received at the following e-mail address. costmodel @nemi.org



http://www.nemi.org/projects/ba/test_strat.html
mailto:costmodel@nemi.org
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