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measure MEMS performance, but the development of in-process waferdevel testing will be
necessary for low cost manufacturing, Waferdevel testing of MEMS presentz special
challenges that are often product dependent. Nevertheless, peneric test stwctures that indicate
basic mechanical properfies of MEMS materials at the wafer lovel should be developed and
characterized. As more and more industries, universities, and other research groups enter the
MEMS field, it is also becoming increasingly important to provide aceeptad stangards that can
be s for comparison,

Conchaion, Test-and-characterization methods and metrologies are required to (1) help
fabricatdon facilities defime MBEMS materials for potential users, (2) faciliete consistent
evaluations of materlal and process propecties at the required scales, and (3) provide a basis for
comparisons among matetials fabricated at different facilitiss. .

Becommendation. Standard test methods, characterization meathods, and test devieas should be
developed and disseminated that are suitable for the renge of materiafs and processes of
MEMS. Lieally, metology structures will be physically small, simply desigmed, easily
replicated, ard convendently and dafinitively interrogated, MEMS enpincering standards should
be similar to those alresdy esteblished for mmterals and deviess in comventional sizes by
organizations such as the Natonal Tnstitute of Standands and Technology QNIST), the American
Society for Testing and Materlals (ASTM), and the Instituts of Blectrical and Blectronics
Engineers {IEEE). Thie recommendation calls for new strategic investment.

MEMS PACKAGING

Packaging a devico, interfacing it to ita opernting domain, and asscmbling it as & part of a larger
systern are critical final production steps and can essily represent up to BD percent of the cost of
a component. Although considerable atrention continues te be pald to innovative applications
of MEMS processing technlques and devices, "back-end” processes have historically been
approached on a gpacinlized, case-by-case hasiz. The Iack of publicly availabls techoology or
information to gupport packaging has meant that each organization hag essentially had to invent
and reinvent solutions to commop problems. Possible extensions of batch processing to back-
end processes could substantially reduce costa.

Conelusion. Packaging, which has traditionally attracted lintle interest compared to device and
process developmeat, repressits » critical stumbling block to the developiment and manvfacturs
of commercial and military MEMS. The imbalance between the ease with which betch-
fabricated MEMS can be produced and the difficnity and cost of packaging them Hmits the
speed with which new MEMS can be infroduced inter the market. Expanding the smail
knowledge base in the packaging fisld and disseminating advinces aggressively ta workers in
MEMS could have a profound influence on the rapld grawih of MEMS

Recopnmendation. Research and develgpment should be pursned on MEMS packeging and
aseembly into uscful engineering systems. The goal should be to define, insofar as possible,
generic, moduler approaches apd methodelogics amd to extend batch-processing technigues
into the varioms back-end steps of production. This ecommendation calls for new stratagic
investment.
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FOUNDRY AND COMPLTER-ATDED DESIGN
INFRASTRUCTURE FOR MEMS

Repid development in the IC industry has been aided by the catablishrocnt of a foundry
infrastracture that ensores that induatry and povemment users will be sble o mamufacture IC
products et competitive rates md enables companies that do pot have wafer-processing
: capabilitias to enter the fisld. One of the key factors in the development of the IC foundry
‘ infrastrocture was the development of & CAD infrastructure that became the backbone of
foundry operations. Degign methods were imiplepunted thit allowed IC decignors to develop
; systems independently and have them manufactured by submitting only a design-language file.
' mmmunmmmmmurmmmmufmammm
applications, inchuding conmmer, entomotive, acrospace, and medtical products. Thus, seversl
standard-process MEMS foundries would bave 1o be available and accessible, an wall az
custom, flexible fabrication facilities for users who require access and manipniation of the
process to produce and optimizs their products.

The committes recognizes thet realizing the concept of MEMS foundries may be difflenit
becouse many commereial companies have difficalty seeing "what's in it for them.” Besides the
;' danger of compromizing proprietary know-how, companpies offering 8 foumdry service will
i have to commit to specific processes and reasonable tamaround schedules. In the instances
where small industries have tried to sccommodate MEMS foundry runs so far, the results have
not been warmly received. A more feasible road io at least modemte snccess gt the present
juncture appears to be using academic and povernment laboratories $o provide foundry
) gservices. The recent expansion of the National Nanofabrication Laboratory to sites at scveral
; universities and the capabilities of national laboratories, like Sandis and Livermors, may
provide opportunities for MEMS foundries of a different naire, where ditect hands-on work
can be done by the MEMS researcher. This kind of operation could not be s widely sxtended
as the more traditional foundry approach of MCNC, which interacts with users only dough
exchanges of saftware, but it may provide an Interim aveoue until apecific areas in the MEMS

Tield are further developad.

Concluslon. Establishing standard CAD and formdry infrastroctares for MEMS 1g essentisl in
the ncar future to support the growih of MEMS from the prototype and low-volume
commercial level to the volume-driven, low-cost commercial level. The development of &
MEMS fommdry-technology base, sivviler to the base thet supports ICs, would enaore that
MEMS products could be mapufactured at competitive rates and would cneble more small
companies and research arganizafions to enter the fickd.

Recommendation. A MEMS CAD-infrastucture that extends fiom the procesging and basic

modeling arsas to full sysiem-design capebilities shoald be established. A process-technalogy
infraatructure (¢.g. supporting electrical, mechanical, fluid, chemical, and other stepa and their

integration to form complete systeme) that is widely available to MEMS designers and product
engineers shovld be developed, This recommendation calls for new strategic Investment.
ACADEMIC STRUCTUBE TO SUPPORT MEMS

) The field of MEMS resis on multidiscipiinary foundations. Practitioners who are poised to
© advance MEMS must have knowledge and skille In severa] fields of engineering and applisd
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sciences. The participation of motivated, well trained young researchers is probably the zingle
most important driver for success in MEMS. Some of these researchars will come from the
renks of trained KC engimsors, who are already familiar with tools, meterials, and procedures
that arc useful for MEMS. In gencral, however, these practicing cngineers will have to learn
new aspects of mechenical design, materials bebavior, computing techniques, and systems
design. Providing learning opportunites and educational materials for practicing engineers is
important. But for future engincering students, sffective instruction in MEMS will require
major changes in purricnla A high priority should be placed on establishing an academic
infrestructure that conveys the excitesnent end promisc of the field, offers 8 sounsd apd thorough
cducaton for MEMS rcsearchers, and facllitates development of and access to new and
inmovative idcas acrozs and among varions disciplines.

Coaclaslon. Coniributors to MEMS can be recruited both from practiionera already active in
the IC field and from newly trained engineers. To facilitate the entry of practicing engineers
into the field, opportunities to lsam material that is spacial o MEMS should be encouraged
through stimulating short courses and specinlized text materlals, For enginesring
undergraduates entering MEMS, programs and industrial procedures should be encouraged that
gtimulate multidisciplinary university education and snhance the skill and knowledge base of
these training for or contpibuting to the development of MEMS. New MEMS cogineses wili
require & broad understanding of several fields {eg., electrical, mechanical, materials, and
chetnical enginesring).

Recoinmendation, MEMS short conrses end instractive materials that introduce practicing IC
engineers to MEMS should be encouraged. Teaching instinttions should be encouraged to see
the benedits to their students and to their programs of emphasizing a broad, basic foundation in
materialz, production techniques, and engineering needed for MEMS. This recommendation
calla for new strategic investment,
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The Sliicon

Availability - 25% of the Earth's crust by weight with only oxygen being more
abundant

Why silicon and not germanium?

Ga can exhibit much higher junction leakage currents than Si due to relalively
narrow band gap of 0.86aV for Ge (1.12eV for Sl). Also, it I3 pasy to grow an
oxide layer on Sl with good device properiles whereas Ge oxide [s unsultable
for device applications.

Cther conslderations are the fact that elsctronic grade Ge Is some 10X more
expensive to produce than 8l of simillar quallty.

Intrinsic resistivity of Ge = 47 chmem
Intrinsic resistlvity of Si = 230,000 chmeom
TAlso sillcon devices opsrate up to 150G versus 100C for gemmanium)

So Ge is no good for high breakdown rectification and other high voltage
applications.

Silicon is now used in 98% of all electronic englnesring devices and is
certainly the best understood semiconductor. A literature search on published
papers using sllicon as the search world vields cvar 25,000 references.

Preparation of Electronic Grads Sllicon (EGS)

Elsctronlc Grade Silicon (EGS) is one of the purest materlals routinely
available. For some (dea of the purity requirements consider the
following: 81 has 5x10= agtoms/fem? (50 thousand bitlion billion)
For intrinsic Si, number of donars or acceptors = 1.45x10%cm*

(10 billion conducting elactrons per cubic cm)
Hence the number of atoms per free electron or hole = 3.5x1012
Purity of better than 3donors/acceptors per 10 atoms! (thous, billlon)

EGS preparation starts with metallurgical grade sllicon (MGS) which in tum Is
formed from quartzite - a very pure form of sand. This Is prepared in

Ept2-027-C some /21001
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submerged ar¢ furnace with the addition of carbon in the form of coal, coke
and wood chips. The overall reaction Is:

SiC (8) + Si0, (s) Si (1) + SiO {g) + CO (g}

where the molten 8l is drawn off and solidifled into MGS which |s 88% pure.
This is a very energy intensive procsess requliring ~13kW/kg of SI. The MGS is
then reacted with HCI in the presence of a catalyst as follows:

Sl (g) + 3HC (g) ¢ SiHCI, (g) + H, (g) + Haat

Trichlorosilane can easily be separated out bacause it I8 a liqukd af room
temperature having a boiling point of 32C and |8 then purified further by
distillatlon. After purificatlon the SIHCI, and H, are used to produce EGS In a
Chemical Vapor Daposition {CVD) process - simllar 1o that used In epitaxial
growth (- 2se later notas). A typical reactor eystem uses alim rods of Si acting
as a nucleation point for the deposition of polycrystalline silicon. These rods
are resistively heated. Tha overall reactlon is:

281HCI, {vapor) + 2H, {g) 28i (s) + 6HCI {g)

The complete deposition may take many hours and results in polycrystalline
deposits > 0.2m In diamster and several metres In length. These ars then cut
or crushed into chunks for conversion to single crystal EGS.

Sillcon Wafers

Growth of the large single crystal Is usually carmied out by the Czochralski
methoed which I8 responsible for at least 90% of crystalline sillcon.

A small cylindrical seed crystal of about 2mm dlameter is immersed into a melt
at 1500°C. This seed crystal is rotated and slowly pulled from the melt (to
which any desired impuritiee can be added pror to pulling the crystal).
Crystallisation is usugally carried out in an |nert atmosphers or under vacuum
{Important to exclude oxygen). About 80kg of Si can be transformead into a
crystal 3m long x 100mm (4") diameter. Typical extract rates are around
2mm/min {25hours for 3m lonhg ingot).

After growth, the crysial is made round on a grinding lathe and cut into large
sactlons for resletivity/defect evaluation ( aiso zone refining). Some 50% of the
crystal may be rejected {but may be recycled if pure enough - If not goes oft to
ba MGS). Sactions maeting spacification then undargo surface grinding in

http://www.personal dandee.ac.uki~rpkestch/lecture.him ERO2-027-C 2301  5/31/01



|

[LETE

e e

. 'W"?L'_"! e

Photolithography Page 3 0f 35

which the dlameter of the materlal is defined. Sllicon Ingots are grown slightly
oversized since the automatlc diameter control in crystal growing cannot
maintaln the needed diameter tolsrance and the crystals cannot be grown
perfacily round.

Foliowing grinding, one or mors orientation flats are ground along their
lehgths, The jargest flat, called the “majer” or “primary” flat Is usually relative to
a specific crystal diraction and |s located by an x-ray technique. This flat is
later usad as a mechanical locator In automated processing equipment and
also to orient the wafer relativa to the cryatal structure. Smaller flats termed
“secondary” flats sernve o Idantlfy the orentation and conductivity of the
matarial.

Finally the wafers are sliced and polished to a final thickness of a little under
0.5mm (500um} with a flatness of ~2um across thelr surface and a surface
finish {roughness) of < 10nm. Finally the edges are rounded which reduces
chipping during subsequent processing and so reduces the possibliity of
particulate contamination. it also aids in reducing photoresist build up at the
atges.

Photolithography

Ta define windows in a fllm such as slfica, polysllicon, sllicon nitride, sllickles
or rgfractory matals we require a masking layer. Ideally such a film shouid be
thin, highly adhersnt, unlform and completely free from dust or pinholes.

To meet these requirements optical lithography has besn developed for the
formation of Imagesa with vislble or uitra-violet radiatlon in & photoreslst using
contact, proximity or projection printing.

For IC fabrication the linewidth limit of optical lithography lies near 0.4um
although 0.2um features can be printed under carefully monltored conditions.

The photorosists themselives are of two types. A negative resist on axposure

- 1o light becomes less soluble In a developer solution while a posliive resist

- bacomes more soluble.

Commerclal negative resists consist of two parts, a chemicaily inert
polyisoprene rubber (elastomar) which Is the fllm forming component, and a
photoactive agent. The photoactive agent on axposure to light reacts with the
.ubber to form crosslinks between rubber molecules making the rubber less

hutp:/ferww.personal.dundes.ac.uk/~rpeatch/iccture htm | bez-terc 302 5131501
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soluble in an organic developar solvent. The reactive specles formed during
the exposurs can react with oxygen and can be rendered ineffective for
crosglinking. Therefore, the resist Is usually exposed in a nitrogen
atmosphere.

The developer solvent diseclves the unexposed resist. The exposed resist
swells as the uncrosslinked molecuies are dissolved. The swelling distorts the
patiern feature and limits resolution to 2 to 3 times the initlal film thickness and
so techniques i de-swwil by appropriate rinses are adoptad. Also harsh
chemical strippsrs must be used to remove the exposed rasist after
processing hence technigues such as plasma ashing. '

One advantage Is found ae the edpe definitlon increases with over exposurs
" hence lending itaelf to smaller features.

Positive resist behavior on the other hand, Is quite different. Unllke negative
rasists, the chamical reaction between exposed photolnitiator and poiymer 1s
not fundarnental in positlve resist chemistry.

Posltive resists have two components, a resin and a photoactive compound
dissolved in a solvent. The photoactive compound Is a dissolution Inhibitor.
When It Is destroyed by exposure to light, the resin bacomes more solubls In
an agueous developer solution. The unexposad reglons do not swell much In
the developer solution, so higher resolution & posgible. Sinca It |s the
unexposad reslst that is lefi behind as the masking layer, it Is relatlvely easy to
remove with solvents after subssquent processing stages. The photoactive
components are genarally diazoquinone compounds,

Abgorption of actinic ultraviolet radiation (220-450nm) such as naar u.v. light
(320-450nm), raises the diazoquinone to a higher energy state which
decomposas vory rapidly with tha loss of nitrogen from the diaze group to form
an unstable keto-carbene. This transiant specias immediately isomerizes by
ring contraction to form a more stable intermediate callsd a ketene. Ketenes
are quite reactive organic molecules and combine readlly with many reagents
such as water to form and organic acid called Indene carboxylic acid.

By this sequence of events, then, the inttlally Insoluble dlazoquinone can be
convertad photolytically to an acid species quite soluble in alkaline solution
leading to a differentlal solubility in alkall between axposed and unexpossd

regiona.

The coating process conslsts of apinning the wefer at high speed after a amall
quantity of pre-filtered photoresist has been placed on it. The flim thicknass ls

httpz/fwww.personal dundee. ac.uk/~rpikeatchflectare.hbm ERE2-227-0 3383 53101
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invargely proportional to the squere root of the spin rate, typleally, spinhing
speeds range from 1000-5000mpm and result in films that are 0.5-2.5um thick.
It is necassary to bring the spinner rapidly up 1o full speed in order to obtain a
uniform coating and consistent results are obtained only if the viscosity of the
photoresist is mainiained constant.

Thickness « { ¥ Spead ) -1 |
Exiramne care must be taken o use clean, dry slices to obtain good adhsesion
of the photoresist. Freshly prepared wafers may be coated directly, however,
: wafers that have been stored must be subjectad to cleaning and drying
ﬁ procedures befare coating.

Although uliraclean conditions should be maintained during the entire procass
cperation, the coating step is the most cerltical one from the point of vlew of
dust contamination. This Is bacause the spinning action creates an alr suction
along the axis of the slice and prometes the delivery of any airborme paricles
to ite surface which at this point is still very sticky.

Due to the build up on the outer adge of the wefer, which forms thickness
discontinulty, a solvent may be applied 10 the underside of the wafer during
epinning. This then acts on the outer edge by combining with the resist
bullding up on ths top surface and by raducing s viscosity stops the resist film
from thickening.

Other technigues are also employed which do not require the use of solvent,
J‘ One such tachnique is to add a final stage to the spin cycle whereby, for &
: brief time, after the main cycle is complete, the semple is spun very rapldly
| reducing the build up on the edge

Drying

i After coating the wafer is heated for 10-20min at 80-90°C to drive out all

h traces of solvent from the photoresist. With positive photoreslists the drying

A time and temperature are critical and care must be iaken 1o foliow the
manufacturer’s recommendations to avoid changes in sensitvity o
subsequant exposure.

[ Thermogravametric Analysls (TGA) and Differentlal Scanning Calorimetry
{ J o {DSC) can be used to optimise the conditions for new materlais,

http//wwrw. personal dmmdee ac. uk/~rplosateivlectare bt EM2-027¢ a3y 571001
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Mask Allgnment

Many variations are available in photomask alignment but the conventional,
and the one still in use at cur facility, consists of a gelatin photographic
emulsion on a glass plate placed over the substrate, brought into contact with
it, then backed off siightly to produce an &lr gap, Next It Is manipulated into the
desired position by micrometer adlustment. This alignment process is
performed with the aid of a microscope. Finally, physical contact is re-
established betwesn the mask and the substrate, and then expaosure is made.
This Is known as contact printing. In this mode the physical contact between
the wafer and mask can cause damage to the soft gelatin emulsion. In
addition, this damage results in dafects which are transferred to all successive
wafers uging thls mask. Hence, depending upon density and resclution
requirements, these working masks are replaced as often as every 5-25
operations. More durable masks are found by replacing the gelatin with a thin
hard film such as iron oxide or chrome. These are much more abrasion
reslstant and dimensionally stable during wet etch processing. The primary
advantage however lies in their superior edge resclution characteristics and
absence of shadowing effects because of their extrems thinness (100-200nm).
Typlcally gelatin masks must be 4um thick in order to have the same opacity

as these materials.

Iron oxide is more abrasive resistant and has better adhasion properties than
chrome. It Is opaque in the u.v. and transparent in visible light and so
simplifies visual and automatic alignment. Howsver, since Iron oxide is an
insulator it is not at all suitable for e-beam patterning where charge bulld up
will oceur.

An alternative 10 contact printing Iz proximity printing where a gap 2.5-26um is
maintained. The minimum resclution increases with the square roct of the gap
g0 thero is a slight lpgs of resolution with this approach. Algo, the mask and
wafer flaineas is paramount in maintaining a uniform gap but this approach
does avold physical damage to the mask,

Minimum resolution s ¥ Gap
Projection Printing
In projection printing, the mask pattemn which may be anywhere from ane to
ten times the actual size is imaged on the piane of the wafer. intdustry use 5X

reticles as standard and steppers {DSW) to project onto the substrate. This
technigue [s comparable in resolution to that obtained by proximity gap

http:fwww.personal.dundee.ac.uki~rpkeatch/fecture. htm ERE2-02T~C 3308 53101



Photolithography Page 7 of 35

printing and allows greater flaxibility in wafer handling. Main problem is that
any contamination of reticle reproduces itself on each and every die glving

ro yield.
Ag a rule of thumb
Alignment accuracy = %4 { minimum element siza)
5 | Thus for & 1um feature requirea alignment accuracy of 0.25um.

I This is best met by automatic mask alignment. Typleaily a savies of fiduciary
4 marks are placed on the mask and illuminated by a He-Ne laser. The
diffraction pattern produced by the edge of these marks i& measured by
photosensors and the mask movement is automnatically adiusted for equal
response,

% Antlreflective layers can also be Incorporated undemeath the photorasist.
' especially when patterning flms such as aluminlum. Thie reduces standing
wave propagation within the photoresist and sliminates the Intarfarence Trom
[fght reflacted from the subsirate.

Exposure

Photoresists are exposed by some means of collimated ultraviolet light Soma
fitering of tha source is necessary o prevent undue heating of the mask
. during exposure. Monochromatic light sources are undesirable due to their
formation of standing wave patterns during printing which produce variations In
i resist pattem.

Is that set by the diffraction limit. This can be Improved by using shorter
wavelangthe such as deep u.v. (200-300nm) rather than near uw.v. {300-
400nm). High Intensity {0.5-2kW) Xe-Hg lamps serve as thae light source In
deep u.v. systams. The phoioplate is made of synthetlc quartz since it Is
transparent ai these wavelongths (glass abzorbs et <300nm). Chrome Is
opaque to deep u.v. and hence cen be used to form the masking pattem.

5 . As VL3I technology requires better resolution, the main problem to overcoms

New photorasists have been developed for exposure at shorter wavelengths.

. A < 250nm Poly-methyl methacrylate {(PMMA)
) A < 200nm Polybutene sulfone

At theses much shorter wavelengths the radiation quantum Is large enough to

‘http:ffwww. personal dundee.sc.uk/~rpkeatchilecture.htm ERB2-227-C 3288  3/31/01



Photolithography : Page 8 of 35

cause scission {breakage) of the molecuiar chain.

[ 0.25um features have heen produced in 1.8pm thick PMMA using 200-
2680nm radlation.]

% Developing Technique

The final stage In photolithography Is development cf the resist to remove
slther axpossd or unexposed regions in an alkali daveloper solutlon.

Development conditions affect resist exposure times directly with low alkall
concentration necessitading long exposure times. At higher congentrations
however, shorter exposure times are possible but this potential gain s imited
by eventual fhickness loss In the unexposed fllm. Higher development
temperatures will also promote flm dissolution and hence resist speed but
agaln are limited by solubllity conslderations In unexpoged regions. It is
therefore evident that control of developer concertrailon, tme and
temparature ara esgentlgl in fine fine lithography with positlve resists.

Developer composition as well as strength is Important. NaOH or KOH
developers will etch Al substrates rapidly, whereas phosphate/sllicate
davelopers form an Impervious Al silicate film resistant to further developer
aftack on the substrate. Matal lon Fres developers are also avallable
containing very low levele of Inorganics and are usually besed on strong
‘organic bases such as ammonium hydroxide but are mora expensive. If the
Iatter Is not used, the wafer must ba rinsed exhaustively with deionised water
after development 1o remove metal jons.

The development technlque normally Involves full immerslon of the sample in
the davaloper whilst applying siight agitation, but spraying or spin devalopment
techniques can alsoc be adopted to keep fresh developer suppliad to the
surface and add to the reproduclbility of feature sizes.

Growth In Complexity
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Yoar Chip Size Deavices Min Feature
Size

1960 First |1C {Taxas Instr.) | ixImm 2

1883 2X2mm 8 25um

1977 (8086 CPU) <1million

1884 Bx8mm 262,144 Sum

1880 10x10mm 1,000,000 1um

1991 (4M DRAM) 11x11mm 10,000,000 0.7um

1893 (16M DRAM) 16x16mm 30,000,000 0.5um

1884 (64M DRAM) 20%x20mm 100,000,000 | 0.35um

1984 {Pentlum CPU) 3,300,000 0.35um

1984 (Pentium Pro } 21,000,000 0.35um

1595 (Cyrix 6xB6) 3,500,000 0.6um

1607 (Power PCG04) 12x12mm 0.25um

2000 (1G DRAM) 25x25mm 0.18um

2005 Q.1um

2010 0.05um
Significance of Scotland

Of total UK chip manufacture, 80% is done In Scotland. Major
companies include:

Deslgn and Fabrlcation: Motorola, Ferrantl, Natlonal Semlconductor,
Raytheon Microslectronics.

Fabrication: NEC, Digital Equipment, Semifab, Gompugraphics, Du
Pont.

Design: Bumr Brown, Lattice Logle, Wolfson Microalectronics, Walmeley
Microsiectronics.

Essentially all based along the Forth-Chyde valley known as Silleon Qlen,

Design and Maskmaking
The production of tha photomask Itself has three main phases :-
() design concapt
{li) clrcult design using clrcult symbols and circuit simulation to test its

http./fwvw.pecional. dundee.ae uk/~1pkeatchlectnre.htm ERD2-827-C 32pg 31101
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(theoretical) operation

(i) goometrical layout - how the circult will be represented in real terms
with respect to the various levels (layers) and types of processing available
during the rast of tha fabrication.

CAD software is vital to both (i) and §ii) but stll raquires human expetsnce
and expertise to produce the final layout schematics. Geometric layout data Is
then sant to the mask maker usually in digital form, and this information is
then {(after some further processing) used to drive the machines which will
write the imapge onto the mask plate. The mast critical part of the Iithographic
process is conversion of the layout patiern Into a master mask. This mask s
often used directly In projection printtng. Allermatively, woriing masks are
made from this master by contact printing and are used for defining the pattern
on each wafer to be processed. The quality of the master magk is extremaly
important in determining the process yield over its entire production life and
hence great care must be taken to ansure It remains defect froe.

Tha complexity of & microcircult Is limited by three factors. The firet I3 the
Ingenulty of the circuit designer in reducing the number of devices required o
perform a given electronic function. The second is the maximum slze of the
chip that can be made with a reasonable processing vield. Materials and
process technologies have a large beating on this. The third lIimit I8 the size of
the minimum slement which can be placed on the chip. This Is determinad by
lithographic techniques, which are usad in conjunction with patiem transfer
proceseas to delineate the various reglons in tha integrated circuit.

Optical techniques for pattern generation, In combination with conventional
optical printing methods, can be routinely used fo fabricate circuits with a
minimurmn alement slze of 1.5um. This however does not satisfy most VLS|
applications.

Electron Bsam Lithography

Electron beam (g-beam) techniquea show the greatest promise for satisfying
these requirements. Electron lithography offers higher resolution than optlcal
lithography because of the small wavelength of the 10-50keV electrons, The
resolution of e-beam systems (Eleciron Bearmn Exposure Systems, EBES) is
not limited by diffraction, but by electron scatiering in the reslst and by various
aberrations of the electron optics. Becausa of the serdal -nature of the pattemn
writing, throughput ia much less than for optical systems,

The e-beam system resambles, In many ways a scanning electron microscope
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with the addition of beam blanking and computer controlled deflection.
Additicnal features include the use of a laser-driven stage and fiduclal mark
detectars. This combination, together with fiduclal marks which. are printed
during the first pattem writing, allows the system to be precisely positioned for
each successlve siep and repeat operatlon, Typlcally the beam has a
deflection field of about 2mm x 2mm. Consequently, & complate mask usually
requires “stitching” together a number of such flsids to form the antirg pattern.

Two types of scan systems are in use - raster and vector scan. In raster scan,
rectangular sirips of the circult are scanned by a series of lines {e-beam
dlameter 0.1-1.0um) In order to form the complste pattemn. In a vector scan
systemn, the e-bearn is controlled to scan a featura, move directly to the next
feature, and g0 on. While this often requires wider escan defsction and
considerably mora complax data handling and bearn blanking technlques, It
resuits In a much faster system since the beam does not spsnd time scanning
featureless regions. This Is quite an Important advantage since the main
limitation of a-beam systems is their low throughput.

i The writing time of mask making equipment is sat primarlly by limRtations in the
| intensity of the electron beam, and the sensitvity of the e-beam resist. A
: writing tima for-a 10em x 10cm mask of 1Thour Iz thought acceptabls sincs this
' single master will define one particular set of reglons for an entlire micro-clrcuit

run.

The electron resist is another important factor. Elacton exposure of resists
occurs through bond breaking (positive resist) or the formation of bonds or
crossiinks between polymer chalns (negatlve resist). The incldent slectrons:
have engrgies far greater than the bond energies in the resist molecules, and
50 all these energles are effactive. Both bond sclssion and bond formation
cocur simuitaneously and which pradnminatas determinee whether the reslst
is poslthve or negative.

When the electrons are Incldent on a resist, they enter the materal and lose
energy by scattering, thus producing secondary elsctrons and x-rays. This
fundamental process {imits the resolution of the electron resist o an extent
that depends on resist thickness, beam energy, and substrate composition
{e.0. more electrons scattered back from a GeaAs surface than a 8! surface).

Reaist rasolution is batlar in thinner reslst layers. Minimum thickness is set by

the need to keep defect density sufficlantly low and by res(stance to etching in

o device processing. For photomasks where the surface Is flat and only a thin
R layer of chrome nead to be wet etched, a rasist thickness of 0.2-0.4um is
used. For devicse procassing In which topographic steps must be covered and
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more gevere dry gas plasma efching Is used, a thickness of 0.5-2um is
required. Most electron resists are nat as resistant to dry etching as optical
resists. Also the substitution of a conducting laysr instead of SI0, to prevent

charge build up may also be adoptsd.

Rather than a smali beam writing the pattern in serlal tashlon, a large beam of
electrons may provide parallel exposure of & large area of pattern. This
alectran projaction system utilises a photomask covered with Csl on top of the
chrome region facing the wafer. Photoelectrons are generated by backeide
u.v. llumination. Akhough this offers good resoiution, fast step and repeat
exposure with low sensitivity electron resists the mask suffers from an
unaccaptably short lifetime of 50 exposures before more Cs! needs 1o be
coated onto the mask.

X-Ray Lithography

We have seen how diffraction effacts can be reduced and resolution mproved
by reducing the wavelength. However, as the wavelength is reduced further,
all optical materials become opaque becauss of the fundamental absomption,
but transmisslon increases again in the x-tay region. In x-ray lithography an x-
ray sourcae illuminates a mask, which casis shadows into a resist covered
wafar.

An electron resist is aleo an x-ray reslet, eince an x-ray resist Is exposed
largely by the photoslectrons produced during x-ray absorption. The enargies
of these photoelectrons are much smaller {0.3-3keV) than the 10-50kaV
enargies used In electron lithography, making proximlty effects negllgible in
the x-ray case and promising higher ultimate resolution.

Since the x-ray wavelength Is small, diffraction effects can be iargely Ignored
and simple geomeolrical consideration can be used in relating the image to the
pattern on the mask. The x-ray source is produced by the interaction of
incident slectrons on a target material (early experiments used e-beam
evaporator with target metal changeabls to modify x-ray spectrum). Ancther
type of source Is the plasma discharge source where heating a plasma 1o a
high enough temperature produces x-rays.

The photomask used In x-ray ithography consists of an absorber on a

transmissive membrane substrate. The ratlo of metal thickness o substrate
thicknass is greater than that used for an optical photomask. The thickness is
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ulfimately determinad by the transmission of the material for the x-ray
wavelength of Interest. Of the heavier metals gold has been widely used
becauss it |s easlly patterned. The thickness of goid necessary to absorb 90%
of the Incldent flux for an x-ray wavelength 0.44nm is 0.7um (For synchrotron
x-ray source, gold absorber >10um thick often used). Thus, In general the
metal is considerably thicker than the chromium layer on a photomask.
Methods for patterning the gold with high resolution Includs slectroplating and
ion milling. Electroplating produces excellent definition with vartical walls, but
requires a vertical-wall primary pattern in a resist that has a thickness equal to
that of the metal to be plated. Mora often, a subtractivg process has been
amployed In which a thinner resist layer ls used to pattern a thin layer of a
refractive metal which servas as a mask for ion milling the undetlying gold.

The mambrane forming the mask substrate should be as transparent to the x-
ray as possible, smooth, flat, dimenslonally stable, reasonably rugged and
transparent to visible light if an optical registration scheme Is t0 be used.
Materials that have been employed include polymers such as polyimide and
kapton, silicon, 3iC, Si;N,, Al,O, and beryllium. Generally different materiais

are chosen depending on the x-ray spectrum in usa.

Phase Shift Masks

Optical lithography will continue to Improve with wavelengths approaching
190nm, the limit for sllica. Even if reflective optlcs are employed, the radiation
rmust stlll be able to penetrate the mask.

The optical wafer stepper will be the lithographic system of chelce for tha
forosescabla future hecause of its relative simplicity, convenience and
reasonable high throughput. However the maln bamlers in achlaving highar
rasolution are optical matarlale, small depth of focus and difficulty In obtaining
diffractlon-limiied imaging over a large field. This final bamler c¢an be
addressed using phase-ghifting techniques.

The diffraction limit becomes most noticeable whan the feature dimensions
approach the wavelength of the exposing radiation, This can cause
constructive interference to occur In supposedly masked regions of the
photorasist generating the formation of errors in the patiemn transfer.

By oplically shifting tha phasa of the Tight by 180° (A/2) irom nelghboring

features on the photomask we can cause destructive, rather than constructive
interference i0 occur at the photoresist. This resulte In the removal of
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SIONEOUS BXPOsUres.

This oplical shifting Is brought about by adding a layer of w.v. transparent
material to the mask. This reglon requires a thickness which will allow the
optical path of the light to be shifted by exactly half a wavelength and is
calcuiated by the following aguation:

d=4/2(n1)

where d Is the thickness, A is the wavelength of llluminating radlation and n is
the refractive index of the phase shifting matarial. | :

Phase shifting In practice (for more practical reasons), is accomplished by
etching the mask substrate to the corresponding depth rather than adding
extra material to the surface.

Orientation and doping convention

) Qrientation flats are used to Identify two important properties of the wafer - ite
] -3 doping type, and the orientation the crystal was grown in {determined by the
g orientation of the initial seed crystal). These identification flats are set ag

standard within the Industry and only includa (100) and {111) silicon [(110}
sllicon not commonly used].

The identification numbers shown refer to the Miller Indices of the crystal
structure. These defina the three dimenslongal positioning in spaca of the given
plane. Thase planes are found, on a unit cubs by taking the reciprocal valua of
whera the plane cuts the x, y and z axes.

Note that the (100), (010) and (001) planes are indistinguishable as are {110),

{101}, and (011) planes. In the event that a plane crosses an axls on the
- negafive slde of the origin then the Intercept is written with a bar over t. The

notation used to axpress a direction I8 the use of aquare brackets so that
- (111) plane has a direction [111]. :

% | The full family of aquivalent faces (100), (010), (001), {l00), (0I0), and (0OT)

L ki - ) kT ST R

have the notatlon {100} and the set of direction axes [100}, {0101, [001], [100],
[010], and [0ON are written as <100>.

| i Why ls the crystal orlentation important?
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Any regular latlice can be considered 1o have different atomic planes.
Pepending on how this plane 'slices' the crystal to form a surfacs, govems
how many atoms per unit ama will be present in this plane ( or surface). Thus,
many physical properties vary depending on the plane to which they arg
applied. For S, the (111) plane has tha highest density of atoms per unit arsa
80 such a surface will oxidise faster than say, the (100} plane since there are
mora Si atoms present to react. Generally, differsnt planes also eich at
different rates and this will be discussed later.

Onrlentation for Scribing

] The significance of the crisntation hecomes important when scribing the Si
51 wafer. Unllke amorphous or polycrystalline materlal the single crysial nature of

the wafer means that scribing must be accurately aligned ao that cleavage
occurs along the planes of Interest.

The separation between adjacant parallel planes |s as follows -

Cryeial Plane Separation
T {100) 5.42A

’ {110} 3.83A
| (111) 3.13A
11 The separation between two adlacent parallel planes (hii) is given by:
_ d=a/Vn?+ K+ 19 [For 8l a = 5.42A]
| Thus for <1M>d=a |

<110>d =0.707a

<{11>d=0.677a
| Thus, since the {111} planes exhiblt the smallest separation (3.13A), growth of
' the crystal along the <111> directlon is most easily accomplished since it
4 : results In the setting down of one atomic layer upon another in Ha closest

packad form.

Both the ultmate tensile strength and modulus of elasticlty are also at their
maximum in the <i11> dlractlun and as & rasult, ailicon tends to cleave in the

{111} planes.
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Wet Etching

This method Is based upon Immersing the wafer into a liquld atchant for some
pre-determined time ( i control of etch depth is required) or unitil the sich
reaches another layar with which it Is considerably less reactive (an eich-stop
leyar). Etching Is usually stopped by Immersing the wafer in clean water or by
rapid rinsing.

Waet chemical etching has been used in sificon semiconductor processing
since its beginning in the earty 1850's. Thesa consisted mainfy of hydrofluoric
(HF), nitric (HNO_} and acetic {CH,COOH) acid and were used for stching

and chemically polishing.

Wet eich composition is usually specifled as volume parla of the liquid
components and consistency of composltion ls essantlal for repraducible
results.

Typical wet etches are:
Sl HF - HNQ, - CH,COOH - gives smooth surface

Si0,: HF - NH,F (buffer) - gives little Sl etching

Si,N,: HPO, - etches Si0, 40x slower than SI,N,

Al: HPQ, - HNQ, - C.H,COOH - not suitable for GaAs
ot HCl - H,O - gsafe for GaAs

Most etching processes are carried out in a relatively siow, controlied rate and
conseguently tend to be limited by the rate of diffusion of the reactant through
a stagnant iayer which covers the surface. This stagnant laysr is usually a few
microne thick, and can be broksn up if the chemical reaction results in the
avolutlon of a gas. Here, agitation of the solution can incroass the etch-rate by
enhancing this oui-diffusion effect.

Sllicon Etching
The etching of polycrystalline and amorphous materials ie isotropic, however,

etches for cryetalline materdals may ba isotropic or anisofropic depending on
the nature of the reaction. Isotropic etches for crystalline materlals are often
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called polishing etches, since they result In a smooth surface. Anisotrople
elches often sharply delineate planes or surface defects and are used as

erystallographic elches.

Isotropic eiching means that the etching occurs in ali directlons (both down
and laterally}. This leads to an undarcutting of the protective resist layer and
the deslred feature size may not correspond to the size of the resist feature.
This can ba a great problem for small features (such as the gate ragion in a
MOSFET) where the undercutting may lead to total loss of resist. The thinner
the layar 1o ba stched, the less undercutting occurs befors the layer Is etched
fo completion (this concept Is uillised for the Cr layer In photomask
production).

sotropic etching may be overcome to some extent in Si by very specialised
etches which etch cne crystal piane much faster than others. Thess often
involve much mora axolic chemicals { e.9. ethylene diaming). These etches
are termed anisotropic atches and the degree of anisoiropy can be controlled
by the concentration.

Single crystal silicon exhibita leng as well as short range order and efching
can be aithar isotropic or anisotropic. Low temperature etching of 8i, using wet
chemicals, procesds by oxidation, followed by dissolution of the oxide by a
chemical reaction. Both of these processes are carrled out glmuftansously by
a mixture of the reagents in the same etching solutlon. The oxidation
chemistry is that of anodic oxidation wheare points on the surface of the
semiconductor behave randomly as locallsed anodes and cathodes.

Over a poriod of time each locallsed area (which Is large compared to atomic
dimansions) adopts the role of both anode and cathode. If the proportion of
time allocated to each mle is roughly equal, uniform eiching ocours.
Converssly, selective siching occurs if these fimes are very different.

Such factore as the defect nature of the surface, the etchant temperaturs,
impurliles In the stchant, and- adsorption processes ai the sllicon-stchant
interface play an important role in determining the selectivity of the etchant as
well as its alch rate.

The most commonly used etchant for sliicon are mixtures of HNOg and HF in
water or acatic acld.

ere the anodic raaction Is given by
Si+ 2h* - 8P+
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This oxidation reaclion requires holes for its execution. These al
produced by the reduction of NO, at a localised cathode.

Tha Si2* then combines with {OH) * so that
% SiZ* + 2(0OH) - — SHOH),

which subsequently liberates hydrogen to form SIO;

8l(OH), — SIO,+H,

The primary oxidising species I8 (OH) ™ and |s formed by the dissociation of
water which Is present In the etchant. The formation of the subaeguent oxide
|ayer presants a baler to further oxidation so it is necessary to add additional
chemicals for its dissolution Into water sclubls compounds.

Hydrofluorc acld can be used o digsolve this Si0,, the reaction baing given
by '

SI0, +8HF — H,SIF, + 2H,0

Stirring serves to remove the soluble complex H,SIF, from the vicinlty of the
sllicon wafer ao that further oxidation can proceed.

The producton of holes for the initlal anodic reaction proceeda dus to trace
impurities of HNO,, as follows

- . e . a-
AP e e e L

HNOQ, + HNOz; - N,O, + H,0
N,O, « 2NO,
2NO, & 2NO, ~ + 2h*
2NO, " + 2H* « 2HNO,

The HNQ, generated reantars into reaction with HNO, and the process is thus
atiocatalysed. The first of thase reactions is the rate-limiting one and in some
cases ammonium nitrite Is added deliberately to induce NG, ~ lons. Since
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L]

HNQ, Is regenerated the oxidising power is a function of the amount of
undissociated HNO,.

Water can be used as a diluent for this etchant. However, acetlc acid is
preferrad because of its lowar dlelectric constant {8.51 comparad to 81 for
water). Use of acetlc acid results in less dissoclation of the nitric acid and
hance a higher concentration of undlissociated speclas. This preserves the
oxldising power of the HNO, for a wider range of dilution than if water were

used. The oxidising power of the etchant tends to ramain relatively constant
during its operating lifs.

The overall reaction is given by
Si + HNO, + 8HF = H,8iFg + HNO, + H,O + H,

laoatch Curve

: The igostch curve indicetes the eich rate for various constituents by weight.

.- The eich rates given represent sllicon removal on both gldes of the wefer and
must thersfore be divided by 2 to give the thickness remowved from each
Burfacs.

At low HNO, and high HF concentrations, corresponding to the upper vertex,
| the etching contours run parallel to the lines of constart HNO,. Thus the stch
l rate is controlied by the HNO, concentration in this region. This Is due 1o the

tact that there is an excess of HF to dissolve the SIO, formed during the
reaction.

| ‘Etching with this formulation tends to be difficult to initiate bacause of the

i uncertaln induction pariod and tand to result in unstable sificon surfacas which

: tend to be somewhat orlentation dependent. Howaver this effect ig slight since
atching is relatively rapld and Is accompanied by the lberation of heat.

For high HNO4 and low HF, corresponding to the lower right vertex, the etch

rate contours are parallel to the linas of constant HF. Here there Ig an excess
of HNO, and the efch raie ls govemnad by the abllity of the HF to remove the

8I0, as it is fomad.
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The primary limit on the atch rate is the rate of removal of the complexes by
diffusion. Consegquently, etches in this region are not sensitive to
crystallographic orisntation, and ars trus polishing etches.

Anisofropic Etches

The etching of S proceeds by a successive dissolution of individual layers
from the surface. [t Is theretore reasonable to expect that thie process will be
slowast on the (111) planes, since they are the closest packed low-index
planes. This has been shown to be true for siches which are reaction-rate
limlted, providad they are slow and do not generate much heat. Etches which
are diffusion limited, as well as those which are fast and result In localised
rise in temperature, tend to atch unformly In all directlons.

Following the reasoning that etching is slowest In the {111} planea stching will
be fastest In the {100} planes and {110} planes will etch at an Intsrmediate
rate due to their spacing.

A commonly used anisotropic etch for silicon consists of a mixture of KOH in
wetar or isopropano! alcohol. Typical etch rates at BOG result in an etch ratio
of 400:1 for (110):(111) with an etch rate of 0.6um/min on the (110) plane.
Diluilon can be used to reduce this ratio, but results in a more controllable
etch rats.

Qther etches encountered Include mixtures of ethylene dlamine, pyrocatechol
and water (EDP) or hydrazine (N,H,) or ammonium hydroxide {NH,OH). The

ultimate cholee of an etchant depands on tha ovarall process requirements but
ia beneficial for the 8iQ, eich-rates to be slow. Thia means that SiO2 can be

used like a nitride layer to act as a good masking material.

In order to control the shape of the etched structure, it is often necessary to
ensure that the etching stops at a particular posttion. The atch rates of alkaline
atchants are strongly influenced by boron doping of the sillcon [at doping level

of 1 x 102%m™3, the efch rate may fall by a factor of 100 for KOH and EDP].

‘The baren etch-stop method is therafore oftan amployed to stop the etching of

n-Si at a p* interface (1.e. a boron doped reglon).

A varlety of structures can ba formed which dapsnd on mask dasign, crystal
otlentaflon and stch time. Flat-bottomad cavities with- flat or sloping sidewalls
can be made or v-shaped grooves. in addition, the removal of material from
both -sides of a mask can produce mesa or flai topped structures. In principle,
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we would expect o get a perfect pyramid or oblong structure, however, comer
undercutting may take place due to etching other planes (e.g. {122}, {141}).
This can ba prevantad by using beatter stchants or compensating masks.

Bulk micromachining has extensively been used to fabricate cantiievers,
bridges and other mechanical atructures through the use of anlsoiropic
gtching. However, this technique may be extended s¢ that thin films of
polysllicon, amomphoua silicon, sliica, oxides of polyimides may also be made
info microstructures. This has enable the micromachining of Insulating
materials with more favourable physica! properties than crystalline silicon.
Initial techniques adopted in 1877 used sacrificial thin flms which when
subsequently removed acted as spacers. The development of surface
micromachining has led to the fabrication of a wide varisty of micromechanical
structures that can be used as microsensors or microactuators.

Crystallographic Etches

Crystallographic etches can be used to delinoate the reglons whara
dislocations intersect with the semiconductor surface. These dislocatlons,
together with their associated strain fields, are present in starting material, and
are aiso created during strain-inducing processes such as dopant
incorporation and cxide growih. Thay result in highly localised shifts In the
gurtaca potential, which will atch salactively, if the etch is slow and reaction-
rate limited. Fast eiches on the other hand, tend to generate considerable
amounts of heat, which obscure these localised variations.

Crystallographlc etches are thus generally siow, and are oftan composed of
the same constituents as polishing etches. Frequently one or more heavy
metal ione are added; they tend to elsctroplate out during etching, and give
further visual contrast to the eiched regiona.

Dash stch I8 one such etch which has historical value since It was used to
establish a corelatlon between dislocations within a matsrial and the pattern
of eich pits created by them at the surface. This etch requires several hours of
Immarsion 1o be fully effective and is compoaed of HF, HNOa, and CH,COOH.

Sirtl, Secco, and Wright efches all utilise chromium satt oxidisers, which also
provide the heavy metal lon. All delineate stch plts in a few minutes and are
used extensively.
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Sid Anlsofropic 111} 81 Triangular pits

Secco lectropic 160} or (111) &I Eliotical oioh pita

Wright Anlaotropic {100} or {(111) 8I Shapes gives infonmation on
defect orlentation

Non-Crystalline flims

The pattemed removal of & wide variety of thin fllm materals is necessary
i during microfabrication. Thesa films are aither amorphous or polycrystalline in
! nature. They {ack long-range order €0 that etching by wot-chemlcais is usually
| isotroplc In character. Due to this, the etchant spreads out under the mask
_ layer by an amount roughly equal to the stch thicknese and can resutt in lifting
; . and tesring of the reaist.

Silica films fall into this category and are readily etched by HF acid. In
practice, this raaction l& performed in a dilute solutlon of HF, bufferad with
NH,F to avoid depletion of the fiuoride lon. This ensures conslatency when

| etching from one run to the next. This formutation is referred to as buffered HF
: and can be diiuted In order ta slow down Its etching rats.

Silicon Nitride is often used as a diffusion barrlar to sodium since it is such a
dense material. It therefore Is used es a protective coating for sllicon
microcircuits, Although etching In HF can ba used It I8 extremely siow, aven at
elevated temperatures, and results in resist films belng ruined. To avoid this
etching le carried out in H,PO, and etch rates of 0.01um/min are typlcal.

% | Epltaxial Growth

Epitaxial growth is the deposition of a thin layer of material onto a single
crystal wafer [n such a way that the deposited layer is also & single crystal with
d a fixed crystal orientation with respect to the substrate wafer. In fact, the wafer
I} can be congiderad to be an extended seed crystel. {epltaxial - i3 a word
% .derived from the Greek ‘epl' meaning "'upon’, and taxis' meaning 'ordered’).

This growth differs from the Czochralski process because growith below the
melting point is possible {growth from the melt can be consldared to ba liquid
phase apltaxy - LP

oot Epitaxy has besn classed into two groups:
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Homoepltaxy - growing & layer of matarial which [s of the same
compoaition as the substrate (e.g. Si on 8I)

Heteroepitaxy - when layer and substrate are different materials
(e.0. Al Ga,As on GaAs). However, the two materlals have to be similar

crystallographlcally.
There are two main methods for epitaxial growth:

[} vapour phase epitaxy
i) molecular beam apitaxy (MBE)

[} Vapour-Phasae Epitexy

This can be considered to bs CVD carrisd out with high subsirate
temperatures (~1200C). The source gas k& usually SICL, {or another

chiorosilane), and, the reaction {grossly simplified ) is:
SiCi, (g) + 2H, (@) Sl (s) + 4HCl (g)

A typical deposition rate is around 1pm/min. A slightly lower substrate
tempserature can be used if silane Is the source gas. This process Is now really
thermal decomposition

SiH, {g) '®e¢ Sl (s) + 2H, {g)

Substrate temperature limits may be Imposed by pror doping
treatments - prolonged high temperature may cause destruction of well
defined dopad raglons due to diffusion and may even drive tha dopant out into
vapour phase and dope the growing epitaxial layer. It Is therefore important to
have a growth rate considerably faster than the dopant diffusion rate { and
jum/min satisfles this). The fact that the epl layer can be doped easlly from
the vapour phase |s explolted by dellberately adding dopant to the source gae.
Thia allows the doping to be gradad if the doping concantration [s changed
during the growth - & process unique to apitaxially grown crystal layers.

Another way of reducing the substrate temperaturs is to modiy the baslc CVD
process. If a plasma discharge is struck within the CVD reactor (Plasma
Enhanced CVD - PECVD), then the energy neated 1o drive the reactlon is not
whoily obtained from a hot substrate, thus it can be heid at a lower
temperature. One can aiso use radiant heating from banks aof high output
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lamps to supply the energy. This can grow very thin layers of very high quality
as the rapid heating/cooling leads to very little migration of dopants. This is
rapld thermal processing (RTP).

ily Molecular Beamn Epitaxy

This method is based on evaporation of solld sources to form molecular {or
atomic) beams which impinge on the substrate. As the substrate only receives
the molacular species rather than inducing chemical reactions, the substrate
need only be hot enough to allow sufficient atomic mobllity to arrange
themselves into a regular crystalline lattice - around 400C-800C with typloal
deposition rates of 0.2um/min. However, the low throughput and great
expense of the equipment severely limit its' use in |G production - It is mainky
used as a research tool. Part of the expense comas from the fact that the
equipment need to operate under UHV conditions to give atoms a long mean

free path
L = 5x104/Pressure (Tomr) cm

Thus, at 10 Torr, L. would be Sxi0%cm {50km)

The maln advantages of MBE are that complicated doping gradients can be
performed by co-evaporating from a dopant source without the degree of
thermal redistribution encountered with CVD. Also, hetercepitaxy can be
camled out very easlly by opening and closing different diffusion sources by
means of machanical shutters. Laysr thickness can be controlled to atomic
pracision and MBE 1s most extansively used for GaAs/AlGaAs systems,
particularly mukilayer structures used for semiconductor and quantum well
lagers and LEDs.

Metallleation

Conductive fiims are required to provide inter-connactions between contacts
on devices and batwesn devices and the outside world. The requirements for
theas connections are {ideally):

I} Low resietivity

i) Easy to form

lil) Eagy to etch for patteming

iv) Stable in oxidlsing ambient

v) Mechanicaliy stable, good adheskon, low stregs
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vi) Smooth surface

vil} Stable throughout processing

viliy Compatible (i.e. no reaction) with final metal, Al
ix) Non-contaminating (to devices, equipmant, etc.)
X) Good device characieristics

] No metal satisflas ALL of these criterial - not even Al. Need to consider the
: particular application i0 determine metal type and may have to consider an
alloy. However, Al can be consldered for most applications (except diffusion
barriar which need, for example, Tl - W alloys}, but Is limited due to its' low
melting point. Al is particularly sulted to being depoelted onto oxide layers.
Daposition is usually by vacuum processes. This is to :

a) exclude all oxygen to prevent oxldation
T b) increase the deposition rate

Evaporation

This is a wall understood process which can be modeled to predict

| Mean fres path = kT/p2e
where p = prassure in Pa (1Pa = 0.01 Tom)

= atom diameter
Therefore, at p = 0.01Pa, =1m
- atp=1Pa = 1om

Evaporation rate = (2mkT)'=P,,
where P = vapour pressure at temparature
m = atomic mass

Evaporafion may be achieved by resletive heating for low melting point metais
such as Al, or by slectron beam healing for high melting point metals. This
latter mathod Is particularly sulted to continuous feed of source metal {in rod
-form) for continual coatings.

) Alloys
These may be prepared by co-deposition (sither via evaporation or sputtering)
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1.e. by running two separate metal sources simultaneously,

Patterning of metal Iajreré

The metal Is usually deposited over the whole wafer area. Patteming can be
dona in one of two methods.

a) by deposition of the metal into pre-defined resist pattern and than
removing the resist - Lift-Off technique

b) by deposition of the matal then defining a photoresist pattern on top
and atching the pattern Into the metal layer.

Sputtering

Other technlques for deposition include sputtering. Sputtering Is the ejection of
materlal from a surface caused by bombardmant by snergatic.Inert lons such
as Art or Xet. Since these billlard-ball-like elastic collisions never result In
bonding with ejected surface atoms, the Interaction is purely physical, The rate
of _Eg.:uttarlng is related to the projectlle momentum, flux density, and angle of
incidence.

This process s Inftiated using plasma glow-discharge techniques. A spuitering
gas, ideally inert with large atoms, such as argon (although xenon and krypton
have alzo been usad) has a discharge struck in it. Tha action of this discharge
oh a target of the materlal to be sputtered, I8 to knock atoms out of the target
and thase atome are than collected on a substrate facing the target. The low
prassure s required so that the atoms reach the substrate without significant
collision {large mean free path) which would slow down growth. The plasma Is
oftet1 concantrated magnatically over the target to improve the efficiency of the

-removal process and the substrate table may be biased to improve collection
of charged target.

‘The powsr supply driving the discharge depends on the nature of the target
material.

Conductive targets - can use DC

Non-conductive targets - use RF (this prevents target charging up and
ultimately repelling the Ar radicals - hence no deposition)
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In the case of Al, RF sputtering is required and this is due to the insulating
oxide present on the surface which has to be sputtered away prior 1o the
deposition of the meftal.

Microenginesting

Micro-Electro-Machanical Systems (MEMS) incomporais minlature oalectro-
mechanical components fabricated with processing techniques and equipment
originally developed In the semiconductor industry. Due to this, sgilicen is
typlcally adopted as the MEMS substrate materlal. Howswver, non-sillcon
materlals such as glass, quartz, ceramic, plastic and metal substrates are also
amerging In microfabrication. The procass technologies normally employed in
slilcon MEMS manufacturing include bulk micromachining, surface
micromachining, and high aspect micromachining.

Bulk micromachining refers to processing in which the sillcon substrate acts
as the mechanical constifuent of the devices (applications Include pressurs
gensors, ink Jet nozzles and high preclsion acceleration sensors).

Surface micromachining Incorporates processes In which thin fllma on the
substrate act as machanical constituent while the substrate acts solely as the

support.

One of tha major limitations In surface micromachining has besn Its restriction
to relatively thin layers ( a few microns). Although this is not usually applicable
to microsansors, which oftan have thin active layers, it is often a limiting tactor
in the fabricatlon of microactuators. These often require large microstructures,
such as microgears with a 100um diamater.

Non-traditional lithographic processing for the fabrication of tall, high aspect
features are generally referred to as HARMS (High Aspect Ratlo
Micromachining). HARMS processes Include high Intensity exposure using x-
rays as a source and deap vertical etching of substrates,

LIGA Processing

The: recent development of the LIGA process has allowed the patterning of
structures to a degth >100um. The LIGA process produces thres-dimensional
microstructures made from metals, plastics and ceramics. These are crested
by combining %-ray lithography with electroforming and moulding processee
and thereby enabies the increased vertical depth, However, the cost of the
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synchrotron radiation source needed to genarate the colllmated beam of hard
x-rays limits lis implementation as a standard sensor manufacturing process.

The manufacture of microstructures by the LIGA process is quite simple. As
with x-ray lithography, a layer of radiation sensitive resist, is irradiatad through
a mask containing the 2D x-ray absorbing areas. The resist, usually PMMA, |s
coated by casting techniques forming a thickness up to several hundred
microns. This Is then irradlated by high enargy synchrotren radlation and then
subsequently removed by the solvent action during the developrment process.

A negative copy Is then manufactured (normally from metal) by electroplating
into this plastic mould. This can be the final product #tself or it can be used as
a mould insert for a micromoulding process. Thus new microstructures made

~ from thermoplastics are produced directly by injsction moulding. These plastic

structures can alsc be used as lost moulds for the mass-production of metal or
caramic microstructures.

Aspect ratios (height versus feature size) as high as 100:1 have been reported
at institutes such as CMF (Central Microstructure Facility at Daresbury and
RAL, UK) and IMM (Institite of Microtechnology, Malhz GmbH). Problems
arlse when trying to develop or electroplate into very thin cavities when the
helght bacomes 100 great. However, LIGA structures as high as 5mm have
been reportad.

LIGA Appiications

New applications are Increasing rapidly which adopt the LIGA process and
samea of the current tachnologies ars highlighted:

Automotive Enginearing

Accaleration asnsors with Integrated algnal processing {suspension ¢ontrol}
Acceleration-gensliive switches for alr bag release

Tof o E8NEOTS

inductive position sensors

Fast awitching microvaives

Componants for fual Injaction aystams

Asgembly and interconnection Technology

s Elactrical microconnectors
= Precislon printed clrcult boarde
* Fibarchlp coupling
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Madical Enginasaring

Components for endoscopio systems
Components for catheter aystams

Microfitters for gall separation

Sensore for resplratory. gas analyss

Implants such as micropumps, valves and filtars

Pracialon Enﬁnurl_nu

Micromachanical components such &8 |oints, bearings, springs, gearwhesls
Electromachanical componanta

Microsensors and microactuators

Microftuldic systsms

World Market for Micro-Syatems Technology (MST)

Product ' 1996 2002

(§Million) ($Milllon)
HDD 4500 12,000
Inklet Nozzle . 4400 10,000
| Heart Pacemaksar 1000 3700
In-vitro-diagnostics ' 450 2800
Hearing Aide 1150 2000
Progsure Sensors 800 1300
Chemical Sanaor 300 800
Infrared sensor ' 220 BOO
Accelerometer 240 430
Qyroscopa 150 380
| Magnetoresistive 20 80
Microspectrometer 3 40_
Total 13,033 34,280
Emergent Products
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1
Drug delivery 10 1000
Optical Switch &0 1000
- | Lab-on-a-chip 0 - 1000
Mlcromotors B 80
_ Elactronic Noss 0.1 5
-
] Total 107 4200

Price must also refiect congumer demand
1996 $50-60 por unit 2002 $25-50 per unlt
Blomeadical Application

Microstructursd disposables for blomedical applications must fulfill ssveral
requirements. These devices, usually ranging In sfze between a stamp and a
credit card, must bg mass produced at low cost. They must possess speciic
surface properties (e.g. for biood wetting) and the material must be compatlble
with the application.

Micromoulding permits mass production at low cost with a large range of
polymers commonly adapted for biomedical applications. These materials
Include polystyrens, PMMA, PEEK, polycarbonate and polypropylens.

Lithegraphy, silicon stching, laser machining, mechanical micromachining and
combinations of these techniques t© manufacture the tocds required for
micromoulding. The different techniques provide the scope necessary to
‘create microstructures with mechanical, optical or fluldic functions. Unlike
microelectronics, these rather mmpﬂcated and expensive methods are used
only once to produce a mastar structure. This Ia then copied to a metal tool by
‘electroforming and can be used to produna exact raplices by micromoulding.

e [T W r— Sk
; Lithography Lithopeaphy | Lithography Maahining Miore- muchining RIE

1

Fabrication of & moukt insart by alactroforming |
e 1 setes procucton: injeotion mouiding, hot embossing |
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Surfaca Modfication I
Apgembly ‘

Laser Micromachining

Lasers have been used In materials processing for the past 20 years. Initially,
the CO, laser and neodymium yitrlum aluminium gamet (Nd:YAG) were

favourad over the traditional laser types such as He:Ne or dye laser because
of thelr highar power output.

CO, tasers use a mhxdure of hallum (83%), nitrogen (18%) and carbon dloxide
(6%) as the lasing materlal. The CO, laser produces a colllmated coherent
heam in the Infrarad raglon of wavelength 10.6um, charactaristic of the active
rmaterial (CO,), and gensrate beam powers up to 26kW. The wavelength is

strongly absorbed by glasses or polymers and so either mimors or ZnSa
lensas are usad fo handla the beam.

The Nd:YAQ laser produces a collimated coherent beam In the near-infrared
region of wavelength 1.06um and Is run in a pulsed mode with peak power
pulses up to 20kW. The shorier wevelength allows the use of optical glasses
to control the beam path.

In 1975 the excited dimer {sxclmer) laser was invented in which a diatomic
molecule such as N, or H, was used as the lasing materal. Since then rare

gés hallde lasers have become more common but are still referred to as
excimer lasers.

Excimer lasers cover a range of wavelengths in the ultravialet from 157nm (F,)

to 363nm (XeoF) with 183nm (ArF), 248 (KrF) and 308nm {XaU) being
particularly useful intermediate wavelengths. Peak powers range from 3MW
(F,) to SOMW (KrF) In pulses lasting a few tens of nanossconds,

There are various appiications of fasers in micromachining as follows:

1) dry etching of polymers:
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1y exposure of raslat masks

iil) lager induced chemical etching of semiconductors, metals,
ceramics

ivl Focused beam milling of plastics, glasses, ceramics, metals,

The excimer laser has several distinct advantages In the dry etching of
polymers over the CO, and Nd:YAG lasers. For Instance, the wavelengths are

more compatible with the chemical bond anergles in organic compounds and
tend to produce less thermal damege. Palycarbonate fllms micromachined by
a KrF excimer laser at 248nm through a suitable mesh pattemn can produce

laser etch rates of about 0.5im per pulse of 1J/cm?,

Excimer lasers can also be used as more efficlent u.w. sources for
photollthographic exposures of reslsts for VLS| circuits. In addition excimers
are used to assist the wet chemical etching of VILSI clrcults. This process Is
called /aser-inducad chemical aiching, in which chlorine for example may ba
used as the eichant and Is photo-dissoclated to react with the semiconductor.
An altraction of this technique is that It produces practically no debris at the
edges and thus has axcellent spatial rasolution.

Microholas, grooves and other structures can be micromachined In a variaty of
materials. The smallest feature of about 0.8um being set by the minimum
dlameter of the focused beam in combination with the diffraction limits of the
imaging system.

GSystam 'E:.n-a Aeschsion | Focal Dopth (1m) | Wevslength (am) .;Lv;‘r]agu Fower
G0, 17 ) 108 1,000-25,000

| NOYAG 1.7 6.0 1,08 1,000-2,000

| KiF 0.4 1.4 0.243 <150
FIBM 0,08 10-100 D.002 Medkrh
EDM 50 wa e Low

Focueed lon Baam Milling (FIBM) and Electro-Discharge Machining (EDM)
are added for comnparison.

Excimer Laser Ablation

hatpe/fwww, personal dundes. ac. uk/~rpkeatchlocture.itm
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The intense uliraviclet output from excimer lasers can be used to ablate
material without causing thermal damage to the surrounding areas and this,
together with the careful control of parametars such as laser fluence, beam
characteristics and workpiece motion, can be ulllised to machine 3D
structiras with sub-micron precision.

The most common method for the writing of struchures Into materlals involves
the use of a 20 mask, Masks needed for the highsst resclution imaging are
made from multilayer dielectrics. These operate at high fluences (~tJiem?)
and also have a long [ifefime since they absorb very litle of the laser energy
since they are made from highly-reflecting dielectric layers. At lower fluances
(—1ﬂUanfcn12} masks can bs made cf chrome on quartz. These have guite
good resolution but cannot withstand higher fluences due to the thickness of
the chrome layer (typically <100nm).

For low resolution work (>10pm), free-standing metal magkes can be used and
these can withstand much higher fluences than the chrome.

The amount of material ablated with a single laser pulse Is fixed for a

- particular sampie for a glven lager wavelength and fiuence. Hence, 3D
structures can be produced where the [aser beam stays stationary and the
position of the workpisce and laser repetition are allerad. By controlling the
spead of the workpiece and the firing of the laser more complicated structures
may be fabricatad contalning ramps and curved surfaces.

| Multilayered structures may also be produced by using differant magks. This
. entails machining a section of the pattern and then ahering the mask and
supsarimposing & different pattern on the sample.

may be etched onto a cylindrical or spherical surface. Thig can be achieved by
the optical equivalent of a lathe where the sample ig axially rotated while mask
projection transfers a structure onto ite surface.

% Many applications also exist where tha sample is not planar and the pattem

A sensor may be defined &8 a device that converts a non-slectrical physical or
chemical quantity Into an electrcal signal. When discussing the sublect of
sensors it is necessary to classify them according to the function they perform

3 {e.g. measurement of temperature, pressure etc.) or the physical principle
upon which they work {e.q. optosiectronic, magnstoresistiva eic.).

} J Microsenaors
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Form of Signal Mensurand
| - -
Thermal Tamperatire, heat, el Tiow, entrepy, Mt capachy otc.,
Radiation GEmma rays, x-tays, u.v, vighile, infrared, microwavs, mdic-wave ate,
Mechenical "Displacement, velocity, acceleration, forcs, torque, pressure, mess, flow,
acouatic wavelength and swmpliiucde ste.
Magnetic Magristic fleld, flux, magnetic moment, magnetlc permeabll ity atc.
Chemical Humkdity, pH, lons, gas cone., vapours un:l odours, pnlluhnu etc.
i Blological Sugars, proteine, hormeonss, antigens, DNA, snzymee stc.
1 "Evectricel Charge, ' CUMet, vollags, resistance, CONdUCtANce,  capaciancs,
] Inductance, distactric pamitiivity, polarieation, frequency stc.

In tha case of human senses the following lists some analogous devices to the

biologlcal sensors
Huitan Banze Slpnal Maasurand Eunahg Davica Analogue device
Bight Radlan Intansy and | “Foda and "Phetographic Tim, photo-
| Cones | reting___
Hearing Meohanical | Intansiy and Cochiea in ianer | Miorophane
. Tracquancy of aar
Touch Wecharical | Preeaure, foroe Narves mﬁmmw
Lll Emall Cherical Oclorarte Ollactory recepior | Blectronic noks
¥ - oalle i noes
.}-’ Tagte Bholopical Proteins Tests bude In
; longue
Recommaended Reading

VLS| Technology, S.M. Sza, McGraw-Hll, ISBN 0-07-100347-8

g VL3I Fabrication Princlples - Silicon and Qallium Arsenide,
| S.K. Ghandl, Wiley-Imerscisnce, |ISBN 0-471-86833-7

’| Microsansors - Principles and Applications, J.W. Gardner, Wiley, ISBN 0-471-
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Purkiwmentaly snd simulstion of web-chemical siching tedchnbqums for tha febrication of 3-8 secddensl sructums
In nllicosc

Anisotropic wet-chemical atching of gllicon
BESCRIPTION

In tha recant past much work has bean done to control
the anlispiropic etching process In silikcon
micromachining. The mesearch |s mostly being parformad
by groups roated In elactrical and mechanical
enginearing, which have no background In physical
chamistry. Up to now the attempts to understand the
etching process did nat consider tha aclentifiz knowladge
developead by groups activa [n crystal growth.

;hj:umalr:l?ml Is theldevelnpd [sL"h'Enm of phv,sim!h -c:amiml
rias of anlsotropic an plc etching and a
deepar undarstanding of the kinetica of solld-liquid anlsotroplc stching
interfaciel pmcesses in a technological important medel  §
system. It will provide fundamental Insight in tha surface §
Xinetics of rough arystal surfaces far away from
tharmadynamic aquilibrium and It will result In a unique
simulation too! for sillcen micramachining. This
simulation toel will combine Intarfacial kinetic procasses ¥
amnd volume diffusion processes, which will snable
designers for the first tima ta Include effects of the size
of the sbuctures on the etch mte,

The marit of this projact is the combination of experience Wotroplc etching
of the knowledge In sliicon micromachining and crystal growth of the Micrernechanical
Transducers (MESA/UT) and Solid State Chamistry {RIM/KUN} groups.

Results include:

s Tha chamicai =aturation of etchant soluticns has beed Investigated by NMR, These:
measurements ware perforrmed at tha SON fadiity for NMR In Nijmegen.

» The heat of dissolution of the reaction babwean slilcon and KO has been
measursd. These measurements were performed at the Tharmodynamic Canter In
Litracht,

‘a Tha atch raté minlmum In {111} dimctions Is citclly examined. Expermantslly,
the raproducibliity of this mindimum, as measured by other regearch groups,
sanms ko be poor, and valves seem to depend on generally neglactad conditions.
Wa can explalin this by tha “velocity source™ concept which had already been
predictad In aur theormtical approach, pdf

-» The nature of atch pite that ades during anisotrople stching on SH111} has bean
investigated. Bulk stacking faults are the source of these plts ag shown by Yang
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atching tha substrata.

» ’ [y IRTE

= Bourvlary conditions to the aquation of motion of a orystal surface csn give risa o
macrozcoplc affacts near the boundary; tha boundary then acts as a velocdity
sourca. This velocity source bahaviour will hava ko ba taken ints aceaunt In the

: i simulation tool pdf

| » The network procedure for the eonstructlon of analytical R(n,C,T) functions has
been extensively studiad and slaborated. We have started a couparation with
prof, Sato (Japen). Hie preclsa measurements of the etch rate a8 8 function of
orlentation have been trangiated Into & nebwork otch rate function containing 9
physically meaningful parametars with an accuracy of 5% of the maximum etch
rate or laas odf

« Monta Carlo simulations have baen parformad to Investigata kinetlc raughening
during growth of the Kossal [100) surfacs. Tha gradual nature of the kinatic

i toughaning transition s conflrmed. We have also parformed Monte Carlo

. simulations to compare growth and etching. There any fundamantal difemnces. it
the Interactions n the crysial are lange, there is no kinetic roughaniong transition
for etching. The surface ramains ralattvely smooth aven for infinita
uvnderszturation.

; & We have performed Monte Carla simulations on a model for the siflean (111}

' surface. For equiitheium, It is shown that apart from a fiet and a rough phase

' there I not a third phase, a ep-called disordered flat (DOF) phasa, Bs daimed In

J tha Heeratura.

» Pyramidal atch hillocks are stabliized by semipameable masking particles on

] © httperww.elutwente.niit/projectswetcheny st
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This mizroscope hag an IR Vidicon camere with senatihvity from 400 nm tg 1800
nen {vindA] in place of the ayaplecss. The video algna! from the camera s fad
Inia a signal proomesor and enhansed as required,

The microscopa has two light sourcas — a 100 W halogen lemp and a 250 W
high parformanze lamp. Both are ultable kr work in the near infraned spactrum.
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{such as maial Iinsal. Tha micrcscops is alsc an amiaslon profile Imager, which
allown the examinallon of the pattem of IR light being emitied by lasar dodaa.
This | kay Inkmeiion for datermining the failre machaniam In lasar dodae,

nstrument Modsis)

+« Rulchart Infraps
{Paichert, \Wenna, Austis)
o 100 Weit Halogan lght sours
o 250 Watt high parformanca
0 W s 4%, 10X, 20X, 60 qu{pmsmmmmm
e

¢ Magnification mnge: 32X 2000%
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Sample informatian
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top surfacs of an enaapautod dewvize can wmadn intact so that surtsoe
anormabes {e.g., alominum corrogion of band pad inermetelica) na not
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Freal Mark (M.
From: Rogsl, Roberto {R.A.)
.Stz Friday, March 22, 2002 12:33 PM

To: Frealand, Mark (M.}

Cer Plants, Paul (PG} Mavrer, Jarmss {J.B.); Awad, Mahmoud [M.L)
Subject: RE: Spacial Sarvice Measaga 4747 fpr short In cannector ta RCM
Hera ik the text of SS5M 14747,

CHOIT0Z CQIS Teghnioal Sarvice Detall 0a/22/02 12:30:58

E

HﬁﬂfFraﬂnua Artiole (NP): _  Article #: 58M 14747  Date: 0344/2001

Year ViFmVIMd Trane Engine Calib Axie
Critaria:

FOLLOW NORM DIAG FOR {FPDM), CONNS, HARNEES, ETC...

SOME 2000/20G1 FOCUS MAY EXHIBIT A CHECK ENGINE LIGHT CN WITH DIAGNOSTIC
TROUBLE CODE P1233, P1235, P1237 (FUEL PUMP DRIVER MODULE). THIE MAY ALSO BE
ACCOMPANIED BY A LOSS/LACK OF POWER OR CRANK NO START WITH A LOSS OF FUEL
PRESBURE. THIS MAY BE CAUSED BY THE FPOM CONNECTIONS, CIRCUIT. FIRST FOLLOW
NORMAL PC/ED DIAGNOSIS. SPECIFIC FPDM AREAS TO CHECK ARE; AN IMPROPERLY SEATED
GONNECTOCR, A TIGHT OR CHAFFED HARNESS OR GROUND (GE4) BEING LOOSE, CHECK THE
BATTERY JUNCTION BOX {BJB) FOR A LOOSE CONNECTION OR PIN PUSH OUTS. VERIFY

THAT THE CONNECTIONS AT THE TRANEMIZSION HOUSING (Co5/Co8) ARE PROPERLY SEATED

AND THE HARNESS 1S NOT CHAFFED AGAINST THE TRANSMISSION, ALSO CHECKFOR A
POSSIBLE PINCHED WIRING HARNESS UNDER THE RIGHT FRONT DOOR SCUFF PLATE AREA.

Robart Rossl

Electrical/BEectronic Syaterns Campalign Prevention Specialist
Narth Amarican Car LHestyle Vehiclas

PhonetFax; B4-51436

e

T™

o Plante, Pad (P.G.); Hm,mua.].mw (ML) .
Subject: Spacial Sarvios Magage 14747 for short In coneactor bo PCH

Can you plessae find out the detalla of Special Sarvico Latter 14747 far short In connector ta PCM. {sse
attached .pdf).

1 found 1t retenad to In & QGRS report for a 2.0L Zetee Focus VIN # 1FAHP38391W 107129, Bulld date
8/9/2000, which has kaan in several iimss for no etart, died whila driving, and other concems. This vehicle
had a dPFE replaced on 1/25/2002.

Thanks

]
-‘Mark Frasland

<< Fila: 1FAHP38391W107129.pdl >



?-LE-LHH 6wl &

1o e rad

fﬂééuﬁg

Ve C.e

A Yl Focug
L uge F
APE (o -

T ey



Welcome to CTPartz.com : . Page Lof?2

Thank you for your ordar.
You can print this farm a8 your confirmation
Order Number 1603 - Sep 20 2002 10:18:00 AM

Produotx

CTKIT 14

CTLL1006FH Series (Multi-Layer Chip)

Inductanca; 1.0nH - 120nH t
Currant: 100muk - 300mA,

& Valuea (10 sach)

1006 Pacicage Siza

CTKIT 12
CTMC1210 Sarlas (Moldad Chip)
Inductance: 0.005 yH - 470 pH
Current: 26mA - 450mA

12 Values (6 sach)

1210 Package Slze 1

v : CTMC1E12 Sedes (Mokied Chip)
! Inductancs: 0.1 pH - 1,000 pH
1- Cusrant: SOmA - 800mA

12 Valuna (5 aach)
1812 Pacimge Size
Customer Information
First Name Mark
Last Name Freoland
Address SRL Rm.1517, 2101 Village Rond
: City Dearborn
' State MI
% Post Code 48121-2053
Cauntry USA
g Emall mireela1@ford.com
H  Phone (313) 594-7645
i G j * Company Ford Motor Comipany
T : Shipping Information

hitp:/fvrww cipants.com/shopthanks.asp ' 9/20/02
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Shipping Method UPS Ground
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Englnesristg Desigh Kits

GCentral Tachnologios offars free anginearing kit to ald enginests In tha design proca
represents the various serles’ of parts in the Centmal Technologies product line, and ¢
samples of popular valuas avafiable within each ceriea. Please aelsot tha kie you wor
raceive fren of change.

CTKIT1 CTKIT 2 CTh
JAoxlal Laadad induciora Power Lind Cholias Powest
[Clck mape i asiact ki fCiiok Imaga 1o malact kit ot lrung
¥ PR, T p T i) AL P =

5y CTKIT? CTKITS CTH
- SMD Powsr SMD Power SMD§
- nduciors Wnductora Ieacian
{Click raga to astes! 1) Le S T ) ok Image

héta://worw ctoarts com/kits.htm - ERIZ-BZ1-C 3348 AN,
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CENTRAL

sleal Dimenalons

Ska A B c 1]
: mm | 1.0+015 | 05016 | 0.6£0.16 | 026401
Inches | 0.05 +0.006 | 0.02 0,000 1 0.02 +0.008 | 0.01 = 0.004
1 .
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.i A' 1
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Wound Chip

BMD Wire-
Wound Chip
inductar
BMD Wire-
Waound Chip
Induciomn
SMOD Wire-
Wound Chip
Inchuokor

SMD Wine-
inviucaor

SND Wire-
Wound Chip

IND {DC DCR Packags Seddes

011 800

012 500

0.2F 17

B
#

047 170

0.6 170

0.68 170

.08 Z70

0.47 280

0.86

o.82

1.8

241

11

1.2

1.6

1.6

1.7

1.7

BMD  oifG03oe
SMD  oi0S0dce
SMD  ciDBDNC
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aMn ciCE0Gon
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BMD  otDONGce
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U SMD cloNOSRe
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ER82-227-¢ 33my

Papn 1 of 2

g

E 8§ F 8 8 8 B B B R E B



—=1-T PR

Page 1 of 2

Desctiption IND IDC DCR Package Serles

SMD Mul-Layar

Chip Intucior

Chip Inchacior
Chip Inductor

Chip [ncluctor

SMD Muki-Laye

Chip ncactor
Chip nducior

Chip Iducios

AMD Power
Induskor

BMD Power
Induckor

SMD Powar
inductor

SME Fower
Inductor

BNID Powar
induatar

EMED Power
fncluabor

| SMD Powar

frcductor

SMD Powasr
indectnr

SMD Power
Irvilsichor

SMD Mokdad

SMD Mulk-Layer o o
SMD Mult-Laysr 029
SMD MuBl-Layer ooy

' 028

BMD Mult-Layar 0.98
BMD Mubii-Lasysy 047
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33
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§.6
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o
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E 2
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Part
Number

CTMC1612-
8R2_

CTMLOG03-
1R0_
CTMLOBOS-
1R2_,

1R5_
CTMLDE03-
1RE.
CTMLOB03-
2A2,,
CTMLOBO3-
2/7

CTMLOE03-
3RS

CTMLOBOS-
ARE_

CTMLOBDS-

4R7

CTMLOGO3-
RI10_
CTIMLOBX-
Ri2_
CTMLOGO2-
R15_
CTMLDA03-

RiB

CTIMLDBOS-
R22_

CTMLOOOS-
R2T_

GTMLOS02-

Description

brductor

SMD Mull-Layer
Chip Inductar

SMD Muki-Layer
Chip Inductor

SMD Mulll-Layer
Chip Inductor

SMD Multi-Layer
. Chip Inductor
SMD Muli-Layer
Chip Inductor

BMD k-l ayoar
Chip inducior

SMD Muli-Layer
Chip Inductor

SMD Muli-Layer
Chip Inductor

SMD Mult-Layer
Chip iuctor

SMD
Chip Inductar

SMD Muli-Layer
Chip Induster

EMD Multi-Layar
Chip inductor

SMD Muit-Layer
Chip inductor

BMD Multl-Leyar
Chip Induchor

SMD Multi-Layer
Chilp Inductor

SMD Multi-Layer
. Chip Inductor

SMD Multi-Layer
Chip Inducin
BMD Mull-tayar
Chip Inductor

SMD Mul-Lays

Page 1 of 2

IND IDC DCR Packapge Seros Size
SMD Moided Chlp o,

1

12

1.6

1.8

22

27

a3

4.8

&7

o1

0.12

0.15

0.18

022

2r

&

®

15

15

B % 8 8 &8 8 8 8 3

1.4 SMD gimeigiZ 1812
00 SMD  GhniDSOS 0603
08 SMD ohmie0d 0803
0.8 SMD  chniOs03 0603
pOS SMD  cimiOEQ3 0803
115 SMD
146 8MD
155 SMD
17 SMD
21 SMD olmNGO3 ON03
05 SMD ctmi0ans 0803
06 SMD  cimiIBOR 0908
08 8MD  cimi0BGN 0803
08 SMD  chni0809 0603
08 8MD  cimiodss 0804
08 SMD  chmiogoa 0003
086 SMD oimi803 0603
1 8D  oimiogos 0A03
145  BMD  pmi0ged 0803
ERez-227-2 3351




CENTRAL

Part
Number

CTMLOS05-
A6,

R15_

R1B_

CTML1206-
100_

CTML1208-
1RG:

CTML1208-

hitp:/fwww ctparts.com/find.asp

Deacription

SMD Multl-Layar
Chip Induchor

BMD Muli-Layer
Chip Inductor

SMD Muli-Layer
Chip Indueter

SMD MultHLayer
Chip Inducter

SMD Multi-Laysr
Chip Inchactor
SMD MuliH_ayer
Ghip Inductor
SMD Multi-Layar
Chip Inductor

SMD Mulil-Laysr
Chip Wductor

SMD
Chlp induotor

SKD Mull-Layar
Chip induolor

SMD Mult-Layer
Chip Inductor

SMD Muld-Layer
Chip Inductor

SMD Muli-Layer
Chip ductor

SMD Mubi-Layet
Chip Inductor

8MD Multl-t.ayer
Chip Inducior

SMD Multi-Layar
Chip Indecios

BMD Mult-Laye
Gﬁ:l[tli‘.llntorr

SND Mylt-Layar
Chip inductar

SMD Muki-Layer
Chip Induckr

SMD Muki-Layer

Page 10f2

IND IDC DCR Packaga Seorlas Sl

a9

4.7

6.5

8.8

82

0.1

012

0.15

0.8

Q.27

439

0.8

0.82

10

J0 0.9 SMD gimiORDE COROS
30 1 EMD  cimiSDE DBOS
16 08 SMD cimKE05 0805
15 1 SMD  cimidE0E 0805
15 1.4 SMD  ctmiS0E G805
250 08 SMD cimiBOS GHO5
250 03 EMD otmiBO0S OXOG
250 04 SMD cimi806 0805
260 04 SMD  conitang ca0s
260 05 SMD  £tniDaok
250 05 BMD cimila0s 0805
260 Q.66 SMD conS0S OBD5
200 DB5 SMD  cimi0A0R OBOS
200 ﬂﬂﬁ EMD chmid80E 0BDE
150 OY5 SMD  ohmiOSDS 0805
150 08 SMD  otmiD805 0606
180 1 SMD ctmiofis 0PO5S
25 1 SMD  pimi1208 1206
100 04 SMD otmi1208 1208
EROZ~027-C 3382




CTML1208-

hltn:ﬂwwwmumﬁﬁdm

Description

8MD MultH ayer
Ohblundmtur

SMD Multi-Layer
Chip Inductor
8MD Multl-Layar
Chip Indisotor

SMD Multi-Layer
Chipy Inductor

Sg%llulﬂ-upr
BMD MultH-Lays
Chip Iundtm '
aMD Mull-Layer
Chip Indector
SMD Multi-Laya
Chip Iumlmnr r
SMD Mull-Leyar
Chip Inductor

BHG%Muﬂi{nrar

SML Multi-Layer

8JD
Chip inductar

SMD MulHLaysr
Chip Inductor

SMD Muk-Layer

Chip Inducor

SMD Muli-Layer
Chip Inductar

SMD Mud-Layer
Chip Inductar

BMD Mult-Leyar
Chip Industor

SMD MukHLwysr

Page 1of 2

IND IDC DCH Package Serles Stee

as

4.7

B4

88

B2

a1
012
Q.15
0.18
o.g2
027
033
0439

47

15

&

150

25

100

2 8 B 3 B B

4.9

1

0.8

1

11

0.3

0.9

0.4

04

0.5

0.5

0.66

005

0.56

0.75

aMD
aMb
SMD
8MD
Mo

aimiQS08 0805
CIMOSOE 0606
oimiB0s 0806
SAnORNs 1806
Sm0B0E 0806
ohiDBOE QB0
shndD80S 0805
CimiGa0s 0805
ohmi0806 0806
ShniOBOS 0805
chni0a0s 0805
0806 0806
cmO&06 005
otniOR0E 0805
ctrml0B0E 080G
COniON0E 0805
ciealG805 0805
ckalt2aé 1208
camisaos 208



Ind | Page Lof 1

IND IDC DCR Package Seories Size
0.1 260 025 MDD cami120R 1206
012 260 03 SMD  mi1208 1206

Q15 250 03 SMD  ctmi1208 1206

078 280 04 SMD  otnl1208 1206

D2 250 05 BMD  ohmpi208 1206

027 260 05 SMD  chmii208 1208

] - 033 260 05 BMD  cini1200 1208
S R99_ mm 049 #0 08 SO ctmitane 1206
. THE RIS com e o o e
' Gﬂﬂ@ﬁ;_m ﬂmﬂm 066 150 07 SMD  cimi108 1208
mm ﬂﬁw 068 150 08 SMD  pimitage 1208

mma— mm“" 062 160 08 SMD gimitaon t208.

TMIGTMHMMHM%M Fisaxe Fsfer to.the Sedea Link for
metion.
Our Part Capabiities Are Conatently Expanding. If You Do Mot See Tha Part Sores
You Ams Lnoking For.
Piease Contart Lin Al
Wa Cen Provide A Large Asaortment Of Fil, Form, And Funetion Replaoements.

ERd2-027T~C 2364




NEW PAPER ARTILCE AVAILABLE
UPON REQUEST




mme e OE i nn] NN = ' k.
From: Husniksn Pater [(mailto:Peter. Huuni]:enl-nt slemans . aa) y
Eﬂ_ﬂ:‘- sunday, Octobar 06, 2002 9:49 AM

Tas ‘icrulaﬂ!urd.cm'- 'fogateadford. con'
Cos Jefford Bob -
Subjaot: FN: Zetnar Dicda voltage rating

Hallo Freaman

Bar your request; thae Zener Diode incorporitsd with the Trsopisnt trnllz.q.g-
Supprasion is ratad at 9.1 volte nominsl.
Kota from Don Ayars s attachad balow. . - '

. LR
Ragarda ‘
Mater Eumitnn -

————-Originml lll“a.ga---—- ’

From: Ayers, Don [mailco:DAyersSkavlico.com]
Benti: Friday, Ootaber 04, 2002 63114 FPM

Tor Huanlken Peter . s
Cor Bugal, Barry; makinsdford.com

Bubject: Zener Dicde weltage rating

Far Froaman's rasuacst via you, tha disda nasd on EEM ia ratsd at 9.1 volta
nominal. I'va reuested the warranty dats that you wanted on TBD'a. I hoga
o got that cub te you laker.

Regrards,
Danl




Froaland, Mark {M.

From: Cates, Freaman {F.C.)

Sant: Monday, Cotobar OF, 2002 9:33 AM

Ta: Fraatand, Mark (M.); Kotwicd, ANan (A.J.)
Subleol: PW: Zener Dlode voltteges rating

FYI...

=——==Original Mepsage-----

From: Huspiken Pater [mailto:Pabtar. Hosnikan@at adsnene. oa)
Sent: Sunday, Octobser 06, 2002 E:49 RM

To: 'lcrawley$ford.com'; ‘'fgatesdized.com’

Co: Jafford Bob

Bubjart: FW: Zenar Diode voltaga rating

Hallo Freasman

Par yeur rejquest; the Zsner Dioda incorporatsd with the Transisnt Voltage
Fuppreaion ia rated at 9.1 volts nominal.
Note from Don Ayare 1s attached balow.

Eagards
Petear Busniken

From: Ayerg; Don [mallto:DAyersékavlico.com]
Bant: Friday, October 04, 2001 6:14 PN

To: Hueniken Poter

Cc: Bugal, Barry; makins@ford.com

Subjart: Zener Diosde wveoltags racing

Par Froaman's raquest via you, tha diode uaed on BSH 1o rated at %.1 wolte
nominal., I've raquedted tha warranty data that you wanted oo TBD's. I hope
to gat that out to you later.

Regards,
Don




Frooland, Mark {M.

From: McCoy, Jaman {J.0.)

Sant: Monday, October 0T, 2002 8:39 AM

Te! Hermann, Thomas {T.J.)

! Allea, EMrm{E.A.]thnd.Hnrk{M}'thar James {J.B.); OMeall, Jim (D)
Subjeot: Access to PRCI024 M

Hi Tom,

| am Investigating an issus acrozse multipls vehichs linea and nead to compare BBRE piots for tha 2001 MY. |
apoke ko Bob Kem about reviewing the J551 traces and he suggasted i would be easiar 1o view them on line
mnd priett out what | neadad. | agres & would save a lot of time. Would 1t be posaibie ta get accsse to the
PDC00024 sacver and the MPGRPT directory?

Thanka Tom
Ha

gerds,
Jim McCoy

Puel Metering, Emissions & Ignition Systerms Engineering
Hapdware Controf Interface Group

V-Bagine Engincering

POEE - MDWGS - Bm. D42 - Cube DF1RS

Phione (313) 33-79690 f Fax {(313) 33-(4084

E-Mail: jmecoyl @ford.com




PreewmMenc@y

From: Vamar, Garol {C..l.}

Sank Toasday, Octobar 08, 2002 10:06 AM

Toz Maurar, Jamas {1.B.}

L+ Fraatand, Mark (M.}

Bubjeckt RE: U204 Stall Mestng {Field lEsua update: Engine smi| - No restart {DPFE yhariape))
Jim,

Visteon haa pot shipped the FCMa I ordered heock on 5/13/02. Therw ware a lot of
moadlp back and forth bebtwasn Purchasing and Visteon teo get tha parte shipped but
Vigteon raefussed baszed on tha part number having information in it (EZ2 on the end
of tha order} which vioclated an 'IS0' guideiine. My guess 1z for eome resson thay
are oot intereated in ebhipping them. Can we gst Jim's approval to buy s FPCM at
the daalarahip?

Carol

————-Original Mespage-----

From: achenlf [mallteo:sohenlE@fsrd, com]

Smnt: Tuasdsy, Octobar 0B, 2002 4:37 AM

To: Verner, Carol (C.J.); Freeland, Mark (M.)

Subject: Re: U204 Scall Ne=ting {(Field lsesua updata: Engine stall -> Mo
rantart (CPFE shortags))

Carol:

Wa did not recelve the FCM oo far, can you adviasg when wa can have your mail
for thia POM?

Ragarda,

----- Original Magzage =-=-=-

From: "Verner, Carol (C.J.]1" <overner@ford. com-

To: "Chen, 8mith B M {2.)" <achenlé@ford.com>) *"Freeland, Maxrk (M.)®°
«mfreslal@fard. coms

Bent: Mondmy, May 08, Z002 7:40 PN

Subject: RE: U204 8tall Meeting (Fleld iessua updatae: Engina stall ~> Mo
rastart {DFFE shortags))

Smith Chen,
Thank you wvery mich for tha information ot tha BPCH.

Ragards,
carol

==—==Driginal Meapage---—-

From: achanlé [mailtorechenl 68ford.oomn)

Sant: HonfAay, May 06, 2002 2:38 AM

Tor Verner, Carol (C.J.)

Cor Jao, Jack {J.); Chang, Chia Hai {C.); Xanai, Shinji {8.}; Maurwex,
Jamea {J.8.)

Subjeck: Re: U204 Scall Hesting (Flald issue updatae: Engine atall -> Mo
rastart {DEFE shortagel)

YV ¥ YYVYVVYVVYVYYYYYYY
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VY YV VYV VYVYVVYYVYVVYVYY

Carol:

I have aiked thae MC sarvice paople and confirmed the M of tﬂn
?'hil:li-

the PCH which I gent to Mark ig thae original one, no any record for
replacament .

Ragurdns,

8. H. Chen

==ems Original Mesgage -----

From: "Vernar, Carel (C.J.}" =overnec@ford.coms

To: "Chen, Spith 5 N {5.1" <avhanlf@ford.com>y "Varner, Carel (C.J.)°
<crarnard ford . coms- .

Cc: "Jao, Jack [7.)" <jleséford.coms; "chang. Chia Eai (C.)°"
<cchang9#ford.com>; "Kanal, Shinil {8.)" <konal.shésv.mazde.cc.ip=;
*Maurer,

Jamaa {J.B.)" <jmaurordford.cocm»

Sent: Tuagday, April 23, 2002 7:20 PM

Sulrieot: RE: U204 &ftall Meeting {(Fleld issus update: BEogine stall -»> Ko
raatart [(DEFE shortagm)}

Goond Day 5. H. Chen,
Thia infoermation should be helpful for me to order a FOM, Can you ox

pomsone at Mazxda lat ma dnow if the BCM you have 1s tha orignal eovs or
im it a replacemsnt. 'fho part mumber YLEF-12A550-TC suggests that it

A replaceament. Plsass ¢onfirm.

Ragards
Carcl

----- Original Messagm———--

From: scheanls [mallte:schenlédford.com]

fant: Sunday, April 21, 2002 11:29 B

Trn: Varnar, Carel (C.J.)

oy Jaok Jaoy Chang C.K; Hanal, Shinji (5.); Maurer, James (J.B.)}
Subject: Re: U204 Stall Meeting (Flald issue update: Engine atall ->

VY YV YVYVVYYVYERYYYYY

g

restart [(DEFE shortmge))

Carol:

It'g niow Eo have your agsigtanoa, thie vehicle iz Hazda Tribute 3i.1L
:ii.ltun:nn.tiu- transmission, I have got thia PCM sndd attached the label of
!'t?!!l-'!or your reference. I hope this can help you to ordsr the POM.

Ragarda,
8. R. Chsn

ERd-g7-¢ LT T
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L

-=2—= Original Message —--——

From: *Varmer, Carcl {C.J.)" «<overnerdford.com-

To: "Chan, Smith 2 B {8.)" <schenlsdford.coms

Cc: "Maurer, James (J.B.]}*' <jmaurerdford.com=; "Kanai, Shinil (B.]"

LR

L

» «<kanal. shiev.marda,co.ip>

> Bent: Saturday, Aprii 20, 2002 3:01 AM

> Subject: W 204 Stall Meeting (Flald issue updata:r Enginm stall ->»
Ko .

» restare (DPFE shortagel)

>

»

» > Jood Morndng Mr. Chen,

» >

> » I am A mambar of a Team working on the dpfe gansor and stall issues
> > regarding the Tribute/Bscapss. MNark Freeland la a member of the
twan

> as

»>» wall. I have the aselgonment to orday a POM to replace tha ona Mark

E

agkad you te szeand te him. Bafora I cmm exder cos I need some more
Infarmarion ahout the vehicle. Akbtashed is a wamn from Kansl-san in
Kangua Ciry which 1ist the VIN and vehicle build Aata.

' A

I om attaching an excel gpreadehget from the Design Englnser at
::lt:;nthu part mmbars for the all PCMs (BEEC} moreoms the world. You
:L that thare ara differept psrt nuobers depending on vehlcle
It:gzid like you hely to make aure I have ssough Infermation to

g\rﬁ_ Evv

Y

VEVYYVYVYYYYVYYYY
E. v

L

the correct PCM from Viateom. IEf I use the part numbar you sent

.8

Frealarnd (YLBZ-12A550-TG} 1t will take ancother 2 - 3 waakd to get

¥

purt. Thim iz mn Sarvica part number spd unfortunately they do not
tock
tha part. Thaey would have to crdar 1t from Visteson as wall. Thig

Yuvy

why I have decided to try and order from Vieteon nyasslE to save

VY YRVEVYY
E’\r
L]

=]
» Basgd cn all the information I have tha vwhicle is a Modal Yaar i002
* Mazda Tribute with a 2.0L Estec engina with VIN providsd by
Eanal-san.

> I

> > nead to know if I should buy PCH for a mamial Eransmizeion (MTX,

i

> ¥uaber YLAF-12AES0-BD) or autamatie tyanamiggion [ATE, Part Mumber
» YLER-12AE50-AR) For the Taiwan market?

-

> If you hava any gquastlions about tha information I am asking Tox,
pleade

sand hack a nota.

Carol Verner
FHEI Coogponent Englnsse

YV VY YYYYYVYY
v

r
>
* Thank you
=
.




VYV VYV YYYVYVUYVUYVVRYYYVFYYVYVYYYYYYYYVYYYYYYYYYYYYYVYFVYVVEYVYYYYYYVYYVYYYYY

——---friginal Hassage---—-

From: Freeland, Mark (M.)

Esnt: Friday, April 19, 2002 12:35 PM

To: Verner, Carol {C.J.]

Bubject: FW: 204 Stall Mseting (Fleld lasue update: Bagine stall -»

o

raatart (DPFE ahortaga))

Ragards
Mark Frasland

E-Sigma Black Balt

Engine Research Department
PFord REesearch Leburatozy
P.D, Box 2053

MD 2639 - SRL - Room 1517
Dearbarn, MT 48121-2053 IsSa
smail: mfreslai@iford.com
Tml.: {313} 594-7445

YVYY¥YVYYVYY

m—m==Original Neaagaage-----

From: Shinji EKanal [mailto:kansi.sh@ésv.mazda.co.jpl

Sent: Wednesday, April 10, 2002 6:59 PM

To: *‘Sanders, Nurlel (M.S5.]'; "Altoonfan, Dom (D.J.)'; 'Badgley,

Y Y YV VY YY Y YY VYV VWYY YYYYYYEYYYYYY

¥ Y Y Y Y YR Y Y Y Y Y YYYVYYYYYY VY YYIYYYYVYVYYYYYYY

tal
= [J.KE.]';: 'Bauar, Scott [(2.C.)'; 'Bhojwanl, EKamal (X.)'; 'Blackbaarn,
> Thomag (T.J7.1"') 'Bogema, Jobm (P.)"y 'Cary Powell'; 'Chick, John
7.}
> 'Chih, Ming-Hiu (H.N.)'; 'Chin, Darrel (D.)'; 'Corbett, Bandra
(B.H.)':
> 'Dalbo, Baob (R.J.}': 'Dan Rothweller': 'De Pena, Jusn (J.E.)*:
'Dimx,

> » Timothy (T.P.}'; 'Fapcatti, Bob {R.J.}*; 'Fournaile, Gilbext (G.)*;
> > 'Frealand, Mark (H.)'; 'Giles, Stuert (5.)'; 'Gokhala, Ranuka
(R.V.)';

> » 'Grimes, Joff (JT.R.)'; 'Hangen, Gaorge {G.C.)7; 'Herr, George
a.J.)';

> > 'Hofman, Hichael (H.V.]!'; 'Holmes, Jeffrey (J.R.)'; 'Ichikawa,

= > Tlyunichire (J.1'; "Jensen, Ted (T.EK.)': 'John McDemald'; 'Jomes,
= Andy':

= » '"Jordan, Ponald {D.E.}'; 'Kmmal, Shinjl {8.}': 'King, Ecbert
{R.F.)';

> > 'Elosternanrt., Eric (B.}'; 'Fogko, Jaff (J.R.)': 'Fwon, Scon {8.K.)':
> » 'Limtiaoo, Steven (2.)'; 'Linde, Petar (P.A.)'; 'Liu, Jana {J.):
» > ‘Lushraen, Bric [EB.A.)'; 'Marck, Edmond (E.C.)'; 'Hatesa, Jobn
x.3%y

> » ‘Maurwy, James [(J.B.)'; 'Maxzalla, Geaxy (G.R.])'t 'Hoonwy, Larry
(L.)*;

> » 'Moorhousae, Scott (S5.R.]7; 'Morgan, Tom'; 'Morishdma, Shigeki (9.)";
> 'Navaead Khan'; 'Msmatcllahi, Scoya {8.)}"; "Hikolai, Baranle';
'Hotaboom,

= Jim (J.E.}'; 'Ortman, James {J.W.)'; 'Powera, Ken (E.W.)'; ‘Frice,
* Markin (M.)'; 'Racuapau, Aldem (A.P.]'; 'Ehah, EKiran (K.C.}"s

YV

4




??#?\’??VFU‘i'\i"H"H'"'I"H"'d"ﬂ"u""Il'?'U"U'VV?V????Vf\!\r??????\f\l‘f‘i??\I""H"\I"H"U"'l""l"\""i'?"f\"

+» » ‘Shirsishi, Mamaeru {M.]'; 'Etilgsnbauer, Jeffrey (J.B.]1'; 'Sunrsx,

> Fhaes

{R.)]'; *Sullivan, Jamie {(J.P,}"; 'Takasawa, Eeith (E.D.)'; ‘*Takubg,
Hirocichl (H.)'; 'Vecchio, Anne Marie (A.)'; 'Makenall, Ray [R.A.}":
'"Watrach, Bill (B.1*'; '‘Williams=, Les (LHW.}'; ‘Willismoen, David
{D.EB.]'; "Yeung, Lem {.)°'

Subject: U204 Scall Meabing {Field lassus update: Englne atall -> Ho
reaatart |DPFE shortage)}

I udate Taiwan casge as followe.

VIN:5F2CU08RB1EMTIERL
Prod. July,2001 at Hofu. Sale: Sep. 24,2001,

Stnll cecurred on Mar. 01, 2002, 6997km.
Bafora tha oase, the car had no problam { back te the desnlasxr for
a

S000EM regular palntainsnce only.]
When the car picked back to the dsaler
l. can't gtart again.
2. can't communicats with WDS.
3. replacing snother FCM [ from ancthe same model

Y Y VY Y RPOVYYYYYVYVYVYVYYYYYYVYYY

cAr),¢an't

» pramunicate with WDS.

> 4. with original PCHM, commmicata with WDS by ueing -
Manual

= Entry" functisn of WDS.

- 5. WDS showed DTC : B1G6B1/BL40L/U1362

> 5. diagnoze the DTCa with " Probe test" fumction of WDS,
» gverything smemsad OK.

. 7. bacanda the conpactoer of DPFE wald dlisccormeocted in

¥ Y Y Y Y Y Y Y YYYVYYYEYYYVYY VYTV YYYYVYY

"Proba

> » tept', the techniclan cried tao

> > start again mfter the teat, the car started, then
found

> » tha DPFE was discomnected.
8. try asvaral timms, all the gane, when the conbeckor

ccnnactad, can't atart, when Slscconecting,

can Btart again.
5. changs ancther new DPFE, the problsm war discppenzed.

ghinil Eanmi

-—=-==-0riginal Me=sgag#-----

From:

SBent: Mopday, April 0%, 2002 3:16 EM

Subject: U204 Stall Mmating (Field iseue updaté: Engine atall -> Ko
rectart (DPFE shortags)) _ :

I updats concexn which I reported Stall meeting in lnet wask. Failed
DEFE sensors waye scroppesl ot dealers in all cases.

CAER 1 {Tapan) ;

VIN: BEFEW-1401386, Hofu build: 2000/L12/13, Ratall 2004/12/26

{1} Piret repair 300174/9 4,.4993km

DTC PO4L1l and P1408 illuminatwed. DRFE ocutput Voltage was {.123V

\FV’\FV’\'\'\'?VV???V\'H’???;\F
WYYV YYYVYYYYYNYYYYYYYRY
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{standard 0.95 - 1.05%).

Replace DPFFE pexiscy with negw ohw, Froblem was aolvsd.

{2) Becond repair 2001/B/20 1L, 084k

Engine atall during nermal operating temp. Starter was clanking but
angine did nct start.

WDE tester could not communicate with PCN. BUB({-) terminal voltage
showad 1.9V (atapdayd 4.5V) causing N0 commmicatlion.

Vraf waeg 2.0V (standazd 4.0 - 5.0V). When DPFE geneor connector was
discormected, Vref incraasad to 5V.

Zame time Click scund was chssxved from Fuel punp relay and fuel
prafsdure was incrsapsd to nomal rangs.

Algs HUS(-] terminsl volbsge was returned £.5V at game £ime, mod WDS
can

> » gommunicate with PCM.

> » Roplaca DFFE aansor with new one. Problem was solved,

> » «<<DFFE gansor lot mmbar is wnknown. According ta second repaix
dﬂtEf

it might be pre CM pack.>=»

YY Y Y YYYVYYYYYYY
Y Y VY YYYYYYYYY

CASE 2 (Taiwan)
K& are cantacting Talwan contimsoualy.

CASE 3 (Australia)

Attachment 1s the information from AZustrcalia [VIN:
JHOYUGEBYL1100053,

* Aafu bulld 2001/01/709}).

YY¥W¥Yvwy
YV VY YYY

.
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(L) Veaf wap 2.1 ¥V (standard 4.0 - £.0V) during MO atart copdition.
(2) Vref raturn=d standard valus and angine atarted imoesdiately

YYV¥YV¥
\"?E'I"U’
R

digroymect DFFE connectox.

{3) In this DPPE internzl shortage caps, WDS cannot compmicata to
R;plmn DPPE. senscr with new one. Probiem was aclved.

<<<DEFE sanscr lot oumbax is uwnknown., Acsording to bulld datae, it
ght

be pre CM part.>a>

g

E.V"IF

Bhinji Kanal
Menager, Tribute Plant ga
Mazda Horth Amexican Operationa

Ford Xangazs City Accembly Plant

Plant Vahicla Tean .

81231 N.E. Hwy. 6%, Clavcoms, MO 6411% OSA

Tel: 816-459-15623/ Pax: -1T72&/ o—mall: kanal.shésv.mazda.co.dp
Local Taxt Pager: 21355771568alphapage.alrbcuch. com
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Carier, Roacee {A.0.)
Tueaday, October 08, 2002 2221 PM

Ta: Maurer, James [J.E.)

[+ . Halma, Jaifray (J.H.}
Bubject: HE: Protactive Gl in DPFE
Jim,

| am not aware of material cther than the ana chosan and thet only because of the préaent contact with
thia fluora-silicona polymer. This ks a truly carroaive and high temperature environment. | wollkd suggest you
contart Jeff Hatms, Manager of Material 8cience Department, for others who might know about auch
materdalz. Stable inorganic gele come 1o mind b | don't know who i working on such materals elther hare,
oommescially or In acadeime. | wish you good huntingl

Loxcow B L

Fuw Kapparch [a5

Elymicn! woa’ Suvienpanidl Sxaccay parimant
Loledtny Siwiancy and 4TF doalws Groap Loddir

~==Ciriginal Message-—

P Maurar, Jame {1.B.)
Sant Tussdiy, October OB, 2002 13:75 PM
To Carter, Roscol {RA.)
Bty Probactive Gal In DPFE

Trw gal thet you analyzed previously for the DPFE teem was considered ae tha best avalable for protacting

the eensar KG from exhaust by Kaviico. My management is questioning us as 1o wheiher a batter altematve
axisln,

Po you know of any other people In ressarch (univemsity or another gal manufachesr) who might know of the
of gel commarcially avallshle that would be sultable for this application? We would need a flaxdble gel
that would alfow the pressure signal to get in, bt would keep sxhaust gas conetfiuents out.

Regarda,

Fon Waeen

James B, Maurer

VEngine 8-5igma Team Leadsr

Fusl Matering Dept. V Engine Engineering
Phone (513) 200-3672, Fax (313) 200-4084
Text Paps: (313) 705-5219

Emal; [maurer® Ford.com




Freeland, Mark (\.) _

From: MeCey, Jamas {0}

Bant: Tuasday, Qokber 08, 2002 165 Fi4

To: . Fronland, Merk (M.); Miu.Blmlln {BA)

Bubjact: FW: Accesa to PDCOCD24 MPG Data

I'm winning Ik probloms getting date.- - s s . My Durdcly Bob im trying hard te help us aut.
Ragerds,

Jim McCoy

Paal Metering, Emissions & Ignltion Systama Engipeeting
Hardwane Conirot Intzrface Group

V-Englee Englasering

POEE - MD#W69 - Rm. D142 - Cube DFi85

Phone (313) 33.79690 f Fax (313} 3504084
E-Miil: jmceoy 1 @ fomd.com

—{riginal Mspage—

Frowt Diez, Timathwy {T.P.}

Senk Tunatey, October D8, 2000 10:3F A1
T K, Bk {AL5.); McOoy, Jamses {1.0.)
Enkjack: RE: Accarex o PDOOOI2Y HPG Cata
dim,

313-32-38827, Faxc 315-322-1632

s-malk kit @ford com

—{iriginal Mersage—

Fromm Kemy, Bob [RLS.)

[ Tuackey, Octobar O, 20011 3255 AN

To: MCCoy, Jamee (0]

Co u-.mrrm,mmmn.);muw{u}
Subject: KE dcones 1o PROOOORY MM Data

There are no 2001 vehicles In the pdcDOO24prof/mpgrpt/ directory.
Wa don't keep reports for mors than 1 yr here at EMC,

For the epacific 2001 vehicle/angine family dats you are looking for check with:

Foous & Escaps—TIm Diez x-38827
BExplorat-——————pBuce Collins x-24552
F-8arlep———— | arry Boguslawekl x-53286.

Thn/BrucaLarmy -- If you don't have the date, snd you can tall me what vahicls #{a} thel we tasted with
the enging family JAm is looking for, maybe | can cross-refarence
tha TestMNet order number {(Mnaond) ke find the raw JE51 data
on tha hard drive at the AF atbe computar, Thanks for your asstslalice.

1




Baob, sony to bug you again. Waukl It be posalbla to get J551 plots of the following vehiclas? | struck out with
EECSE. Let ma know. Thanks. Jim.

Regerds,
Jim McCoy
Fuet Metering, Emiseions & Ignidon Syzterns Engineering
Hawdware Control Interface Group
¥-Engine Enginecring
POEE - MD#69 - Rm. D142 - Cobe DF186
Phons {313) 33-79690 / Fax (313} 3904084
@ford.com

B-Mail: jmecoyil

——{riginal HNasngs-—

Frami Fradtar, Madth (RE)

Bant Mooday, Ockober 07, ML 10:18 AM
Toa Mooy, James (LD.)

b RE: Accem to POCO0OX MPA Catn

| will not be abls o help you an thie ane. | would apend mors time 1rving to figune out what to do than & would
rmmmﬂwewwmmhdam | suggest you ask Bolx to forward the relavent data to you

Ragarda,

£ Aeth Frair

Staff Technical Speciafiet {(EMC)

Crosa Vahicle EMC Technology & Applicatlons
Electrical Elactronic Systems Enginsaring, RVT

Phone: 313-322-3150
omed: kirazia1 @ford.com

—Criginal Messmape—

Frome Mctioy, Jarmes (10.)

fant: Menchy, Occber 07, 2002 8:41 AM
™ Freiar, Kmith [RC)

Suigjach Pl Access 9 PDCDON29 MPG Cata

v Kekh, | sa0 Tom hu_ltunﬂlmaﬂﬁa.anymmmmnhubmummhhgmm I need o complate el
2




" my wark by Friday.

Rogands,

Jim McCoy

. Tuel Matering, Brissions & Ipnidon Swsteims Eogincering
Hardware Comtrol Interface Ciroup

¥-Enginc Engineering

POEE - MD#% - Rm. D142 - Cobe DFLHG

Phooe (313) 33-79690 / Fax {313) 39-04084

E-Mail: jmoceyl @fard.com-

v OGN -

Fromi McCoy, James (1L0.)

Bl Monday, Octobar 87, 2000 839 AN

™ Henmann, Thomee {T.).3

™ Ales, Sharan [S.A): Paland, Mark (M,); Maurer, Javves (J); ONeal, i {1003
Seigiech Accass \o PDCODGT4 MPG Duin
Hi Tom,

| am investigating an issue acrose multpls vehicle inse and nead to compans BERE plote for the 2001 MY. {
spoke to Bob Korn aboud reviewing the J851 traces and he K would be aasler to view tham on Ine
and print out what | needad. | agres it would save a lot of ttme. it be possibie to geot aooess i the

PDCOD024 server wnd the MPRRPT directary?

Thewke Tom.
Rewmis,

Jim McCoy

Foel Metering, Emissions & Igrition Systems Enginsering
Haxdware: Coatrol Interface Group

¥-Engine

POER - MDY - R D142 - Cube DE186

Phona (313) 33-79690 / Fax (313) 39-04084

E-Mail; jmecoyl@ford.com




Erosandverkwy

Prom: UW.GW{GJI

Bant- gnhh 08, 2002 11:47 AM

To: S N (8.5 Froeland, Mark {M.)

Subjaot: HE‘UW&EIMHM;{HIHMUpdlb:Endmﬂ-bhhmeFEIW}]

Good MNoxrning Smith Chen,

I an very, very sorry I have not besn able to pend you a PCM by now. The vendor,
Vigtecn will not ship the BCMe ta us heacause of an adminstrative izsue. 28 a
raqult, I have asked my managemsnt if it im ok ko 1) hava you by a BCM and chargo
it back ta our department, or 2) wa luy one at a dealarship hare and gend it to
you, On this cne I am not sure if it will bhave the correct calibxaticn
programmed inkte ik.

Hopafully I will have an anawer from senagement by Friday.
Carol

————=0riginal Maozage--—--—-

From: achenlé [mallto:schenl&®Ecrd.com]

Sent: Tueaday, Ooctober OB, 2002 4:37 AM

Tor Varner, Carcl {C.J.)}; Fresland, Mark (M.)

Subjecc: Re: U204 Stall Meating {Fiueld ipsua updatar Bogine stall -> Ho
ragcart (DPFE shortage))

Carcl:

Wa 4id not receive the PCHM =0 far, can you udvi.un whan we con bhave your mail
for this BCHM?

Ragards,

----- griginal Meggage =—=--—-

From: *Verner, Carol (C¢.J.)" <cverneriford.com-

Taz "Chan, Smith 8 W {2.)" <achanl&dford.cam>; "Frasalapnd, Mark (H.}"
+“mpfrealal @ford. com»

Sant: Mondmy, Mmy 05, 21]02 Ti40 PM

Subiect: RE: U204 Er.nll Mewoting (Fleld issue updates: Rogloe stall == Ho
ragtart (DEYE shortage)}

> Smaich Chan,

>

> Thank you vary mich for the information on tha POM.

o>

- ma

> Qarol

-

» ==—==Originml Mapange-—--r

> Prom: schenlé [mallbo:pchenis@ford.comn]

> Bant: Monday, May D6, 2082 2:18 M

> To: Vernar, Cmrocl (C.J.}

» Cc: Jac, Jack (J.); Chang, Chia Kai (C.); Kapal, Shinjl (8.)r Maurer,
* James (J.B.)

» Bubdmect: Ra; U204 Stall Mesting {Fiaeld isgua updata: Bngine stall —> o
» ragturt (CPFE shartagal )




VYV VY VY Y Y Y YUYV VYV RYYYYYYYVYYYYYYVFYYYYYVYVYYYYVYVYYYYYYVYYRYYFVYYVYYYYVYYYYY

Carol:

I hava agkaed the HC service pecpla and confirmed tha PCM af this
vehiole

tha Pﬂlrvﬂﬂnh I sent to Mark ia the original one, no sy record for
raplacamant .

Regnaxds

8. ¥. Chan

wmsm= Original Meppage -----

From: "Vernar, Carcl [(C.J.)" <cvernar@fiord.coms=

Ta: "Chen, Swith 8 ¥ (58.)" <gchenlbfford.com: "Verner, Carol {(C.J.)*
“cvarnarc@ford. com>

Co: "“Jao, Jack (J.)" «jjac@ford.coms; '"Chang., Chia Kal [C.)°
“cchang9éford.com=: "Eanai, Shinjl {5.}" <kanal.shésr.mazda.co.jp>;
FMaurer,

James [(J.B.}" <jmaurar@ford.com-

Bent: Tuspday, April 23, 2003 7:20 PM

Subjant: RE: UZ04 Stall Meeting (Field issus update: Engine atall => Mo
restart {DEFE shortage)]

> Good Day 8. N. Chen,

>

» Thia infaormation should ba helpful for me to order a PCM, Can you or
> momsons At Marda lat me know 1f the PCM yvou have 1z the orignal cne or
> ia it a replacenent. The part number YLEP-12A650-TQ suggeats thak it
is

> & raplecement, Pleasm confirm,

>

> Regards

> Carol

-

> mwm—— Original Magsage-----

> From: echenldi [mailto:schenltdEoxd. coml

» Sent: Bunday, April 21, 2002 11:29 P

= To: Varnar, Carol {(C.J.])

- : Jask Jao: Chang ¢ K: Kanal, Shindi {Z.):; HMaurer, Jamad (J.B.])

» Sublect: Ra: Di0d Stall Haeeting (Flald lasue update: Engine etall ->

#

regtart (DFFE uhortaga))

Carol:

It's plea Eo have your ampisteance, this vehicle is Mazds Tribute 2.0L
with .

antomatic Eransmigsion, I have got thia M and attached the lnbe] of
thile

PCM for your referenca. I hepa this con belp you bo grder tiwe POM.

Regurds,
5. H. Chen

YY Y YV VYYYYYYVVYVYVYY
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P omm—— Original Me=sage ———-

> From: "Varnar, Carol {(C.J.)" <oyerpnergford.com>

> : "Chen, Smith 8 N (5.]" <zchenl&@ford.com

> Oc: "Maursr, Jemmsa {T,R.)" <]maursrdford coms; "Kansi, Shinji {g.)"
> <kanai.sh@#pv.mazda.co.jp>

> Bmnk: Baturday, April 20, 20031 3:01 AM

> Bubimct: FW: U204 Stall Meeting (Flald lssue updata: Engine stall -»
Ha

= rastart {DFFE ahortagell

b3

>

» » Good Mornling Mr. Chan,

r >

> > I am a manber of a Tean working an the dpfa sanacr and stall issuas
> > rogarding the Tribute/Escapaz. bMark Prealand iz a membar of the
taan

> as

> > wall. T bave tha assigument to ornder a PCM to replace thes one Merk
han

> > amskad you ko send to him, Beforse I can crdar ona I naeed soms more
> » information about the vehicle. Attached ia a mamn from Kanal-san in
> > Fanaas Clty which liat the VIN and vehicla bulld Aate,

-

> > I am attaching an excel spreadsheet from tha Deaign Englneer at

> Viateon

> > with the part numbers for the all BCMs (EFC) acroas the world., You
> will

> > gmm that there are different part numbars depending on vehicls

> gontent.

= > I would like you help to make sura I have saough information to

ordar

»> > the correct PCM from Viataon. If I ura tha park numbar you asnt

Maxrk

> > Praaland (YLAZ-1l2A650-T3) i1t will take another 2 - 3 waeks to get
tha

> > part. Thig 1z a Sarvica part number and umfortunately they dn ok
> atock

I > the part. They would have te order 1t from Vieteon am wall., This
a

> » why I have decided to try amd ordar from Vigteon nyeelf to save
time.

> >

> > Bagad on all the infermation I have the wehicls 1s a Hodel Year 2002
> > Mardas Tribute with s 2.0L Zatsc sngine with VIN providad by

Eanai-agan.

> I

> » naed to kuow if I should buy POM fox a mamanl transmisslon (MTH,
Fart

> Rumbay YLEF-12A660-PD) or autcmatlec transodssion (ATX, Part Nuiibar

> YLAA-12a650-AA) for the Taiwan market?

-

= If you have any guastions about the informetion I am asking for,

pleasa

» garx] bhack a note.

-

-

* Thank you

»> Carol Verpar

= FMRY Camponant Engilnesy
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-———=0riginal Measage-—-c-

From: Freeland, Mark (M.)

Sgnt: Friday, April 19, 2002 12:36 PM

To: Verner, Carol (C.F.}

Subdect: FW: U204 Stall Meeting (Field lagus updats: Engine stall -»>

rautart (DPFE shortage))

YV WYYVYY

Ragexda
¥ark Frasland

Eé-Sigma Black Belt

Engine Research Deparrment
Ford Begearch Laboratory
P.O. Box 2053

M 25629 - SAL - Roem 1517
Dearboxn, MI 468121-ZG%3 USA
anall: wfrealal@ford.com
Tal.: (313} 594-7645

¥YVY¥YY YWV

-----Driginal Hessage—--——-
From: Shinji EKanai [(mailte:kanai.sghSev.mazds. co.4p]

v'f\F????U???V'V???\F???VEV

» Sant: Wednaesday, April 10, 2002 6:59 BM

* To: "Smnderd, Muriel {H.8.)'; 'Altoonian, Don (D.J.}'; 'Badglay,
onl

> (J.K.}': 'Baugy, Scott (2.C.}'; ‘Bhojwand, Eamal (E.)}'; 'Hlackburm,

> Thomag (T.J.)"; ‘Bogema, John (P.)'; 'Cary Powell'; "Chick, John
(r.1"

= 'thih, Mlog-Nin (M.¥.}'; ‘Chip, Dmrzral {D.}'; 'Corbatt, Eandra

8. M)

> 'balbo, Bob (B.J.]1'; 'Dan Retlnmiler'; 'Ome Peoa, Juan {(F.E.)':

'O ez

> > T;.nnth;f {T.P.]'; *Fascetti, Bobk (R.J.]'t 'Fourmelle, dQilbkect {3.}";
»> > 'Fraaland, Mark (M.)'; 'dilam, Sktkumrt (E.)': 'Gokhala, Renuka
(R.V.)';

> » 'Grimes, Jeff {J.R.)'; 'Hemeen, George (G.C.)'; 'Harr, George
a.J.1';

> > 'Hofman, Michasl (M.V.]': 'Holmes, Juffrey {J.R.])'; 'Ichikawa,

> » Jlyunichire (J.)'; "Jansen, Ted (T.E.}') *John MoDonmld'; 'Jorwas,
> Andy';

» » ‘Jordan, Doosid {D.E.)'; 'RKenai, Shinji (9.}*r 'Fing, Robert
(R.P.)';

> 'm;stm, Exio (E.)'; 'Hopko, Jaff (J.R.}": 'Fwon, Boon (B.K.)':
= » '‘Limrisco, Stevan (S.]'; 'Linde, Peter {P.R.}*; 'DLiw, Jane {J.)";
> > 'Lushrsan, Eric {E.A.}'; ‘¥arck, Bdmond {(E.C.}'; ‘Matssa, John
r.)';

= = 'Mauyrer, Jamam (J.B.}'; 'Marzaslla, gary {3.R.})'; 'Moonsy, Larry
L.l

» 'Moorhouge, Scott {3.R.)'; 'Morgan, Tom'; 'Morishima, Shigeki (5.}";
> 'Havaad Xhan'; 'Nematollahi, Sonya (8.)'; 'Mikolui, Bernisa':

' Hoteboom,

= Jim {(J.E.)': 'Ortman, Janoea (J.W.)*'; 'Powers, Ken [(KE.W.}'; 'Price,
= Martin {H.)'; 'Raguepau, Aldsn (A.FP.)'sr 'Shah, Kiran (K.C.)';

4
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> 'Shiraiehi, Magaru (M.)’'; 'Stilgenbauer, Jeffray {J.R.)': 'Suareg,

!

{R.)'; "Bulliven, Jamia [T.P.)'; 'Takasawa, EKeith {(E.D.)'; 'Takubas,
Hireichi (H.)]': 'Vecchio, Anne Marie (A.)*; '#Wakenall, Ray (R.A.]';
'Wattach, Bill (B.)'; 'Williams, Eas (LAW.)'; 'Williamson, David
{D.E.)'; 'Yeung, Lem ([.}'

SBubject: U204 Stall Meating {Field lssus update: Engine atall =» No
restart (DFFE shortage))

I update Tailwan come as folliowa.

VIN: SF2CUDERBIFMT1SE]
PFrod. July, 2081 at Hofu. Salm: Sap. 24,2001,

gcall coonrred on Mex. 0L, 2002, 4937km.
Bafors the case, ths car had no problem | back to the desler for

=
=]

S000FM xegulay maintairence only.)
When the car plcked back to tha dealar:
1. can't atart again.
2. can't commmicata with WDS.
3. raplacing another FCM [ from anotha sama model

YYYYYEROYYYYVYYVYYYYYYYY
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car},can't
> comomnlcate with WDE.
- 4. with original PCHM, oommunicate with WD8 by uming @
Hamunl
> Entry" fum::t:l.on of WDS.
- S. WDS showed DTC : B1681/B1401/01262
- €. diagmoze tha DICs wikh * Proba text® function of WDS,
» evorything seemad OK.
> > 7. bacauge the coamactor of DEFE was discommected in
“Broba
> » tapt", the technician tried to
- > actart again after the test, ths car started, tham
found :
> > tha DP!E waz Adlaponnacted.
> > 8. try saveral timas, all the sama, when the comnector
wag
> » cohnected, can't gtart. when disconnecting,
> & on start sgailn.
> = %. change another mew DEFE, the problem was digsppesred.
EY
> » Fhinji Kanai
* % ————0Original MHospage-----
> > From:
> > Sent: Monday, Apxil 04, 2002 9:16 PM
> » Bubjeck: DA0L Bkall Meating {Field iesus update: Engine stmll —» Mo
»> » ragtart {DPFE ahortaga))
==
> = _
> > I update concern which I reported Stall meeting in last week. Failaed
> > DPFR psnacrs ward gzrapped at desalars in all camses.
= .
= > CAEE 1 {Japan}
> » VIMN: BPEW-101286, Hofu hulld: 2000/12/13, Retall ZUDWHEIE
> > {1) First repair 2001/4/8 4,893kn
= &= DIC PO4AD1 mnd P1408 1illuminated. DEFPE output Voltage was 0.122W

¥
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{mtandard 0_.95 - 1.06V).

e om

> » Rmplace DPFE meansacr with new one. Froblem wag golvad.

* > {3) Scoond repair 2001/8/20 11,084km

» > Engine stall during normal oparating terg. Starter waes clanking but
»> > engine did not starc.

> » WOE teater could nct communicate with FOM. BUUS{~} terminal voltage
> » ghowed 1.3V (atandard 4.5V causing WO commmicntion,

» » Vref wap 2.0V (otandard 4.0 - E£.0V). Khen DPFFE sanpor cormmector was
> » disconnected, Vref increasad to 5Y.

> > fame time Click sound was observed from Fuel pup relsy =mnd fusl

*> » praggure wag increaged to normal range.

> » Algo BUE(-] terminal voltaga waeg raturnad 4.5V at same times, and KOS
> can

> » communicate with PCM.

> » Raplace DPFE sensor with new one. Problem was solved.

> » «<<DPFE sengor lot aumber ia unkoown. Acgording to pecond repalr
datw,

> » it might be pre CM part.>>»

> >

> > CASR 2 (Taiwan)

> > Wa are contacting Taiwan contimucualy.

>

> » CASE 3 (Auactralia)

> » Attachment 15 the information from Rugtralia (VIN:

JHOYTOEBRYL1100053,

> » Hofu mild 2001/01/09}.

> » In nddition to this report;

= > (1] Vref was 2.1 V {atandard 4.0 ~ 6.0V) during MO start conditicn.
> > (2} Veef returned atandsrd value and spgine started lmmediatalys
aftar

» » digeconnect DPFE connactozr.

= > {3} In thiaz DEFE internal shortage caga, WDE cannot commminicate to
» PCM.

» > Replace DFFE sensor with new onse. Problem was solved,

* > <<<DPFE AshaoX lob runbar 1a unknown. According to huild date, it
> might

* » ba pre CH part_>»>

> >

> >

> > Bhinii Eanal

> > Manager, Tributs Plant QA

> > Mazda North American Opsrations

-

= » Ford Kansas Clty Aspembly Blant

= » Plant Vahiols Taem

> » B121 W.E. Bwy. 69, Clayrcan, MO 64118 USA

> > Tel: 316-459-1G33F Pax: -1726F a-mail: kanal.shiesv.pazda.co.dp
> » Lotal Text Pager: %13587715%48nlphapage.airtouch.com
> >

>

ERDZ-827-C 2385




From: Johneon, Joa {J.H.)

Senk Wednasday, Ociobiar 16, 2002 7:18 AM

To: Burll, P. J. (P..); Gatee, Freensan {(F.C.); Fraetand, Mark (M.); Bovk, Grag [Q.1.); Levergood,
Floh L Adamé, Kery (CAL): s, Hassan (A Bilgsles, Grarien (.7 )
Michalowicz, Chaiyl {C.C.), Sloan Burt (B.E.); Ha, Jesiny [1'

Ge: M“' um"mmuum:. Noteboom, Jim {J.E); Pepitona, Gl (J.); Vroman, Dennie (D.A.); King

Bubjnct: ' AE: STRANGE EGH SYSTEM FALUAE MODE 0N A NEW 2002 EXPLORER

P.J., plaaas sand the parts to ma. | am very Interasted in this fallure. Thanks In advance for
your help becauaa lis thia kind of fasdback that halp ua to resolve thesa 1asuas.

Joe Johnson

rvisor, EGH Bystems, FME]
mlm Enpinaering, ansgtemm

—{riginal Mazops—

Frem S, F. ) (FI)

[ Tuactey, Octobar LS, 2000 8245 PN

To Johmam, Joa (LH.); G, Freamian (FC); Froakn, Mak (ML) Bovl, Greg §5.0.); Levergoad, Rich (R Adans, Merry (CM):
akhiaieh, Hasmn (H.A); Blingeles, (haries (CF.); Michalowlcr, Chard §C.C); Slamn, Burt (BEY; Hart, Jarew {1}

[+ ] Diangela, Reanalds {R.}; Motaboam, Jw {1L.E% Pepions, &l {1.); Surd, F. X {P.1)

Pl. s the attached CQIS report on EGR 1whea concem which might damage the DPFE senaors. This
happened to be & Matorola sensar. The

senear was rsading out of spec. when trouble was identifled but latar It read 1.63 Vol on KOEQ beat,within
apec.. In any avent, tha sensor was replacad,

as intarmittently it wartt out of spac., and 80 1t My requine to be analyzed on a teet vehicls, Bath the sensor
and the tube srs svaliabls for further teat

analysls. PL tst me know whare to ship theea paris. Thanka...

csul CQIS Indicator Summary 1041502 20:12:00

MNM1FTOFEE Rpt: 104162002 Ocom: 7aM
Fis: _ Folder: Attchmnta: 0 Print Detall{P/D): _

?MEDUEEKPLDHEFIWHH SPORT 1 Bid: 081 42002

Engine: 4.0 SOHC MEUHAMATWAELDE #oda: S200F3.73L A/C: YEB

Dealar id: 05617 Suneet Ford P (714) 372-4520

Stale: Calfornia Cly: Westminater  Orig/Callar: P. J. SURT!

Symptom: 8 88 2 00 DRVABL,INDICATOR,CHECK ENQINE,OTHER-CODE NA

Addl Sym: S+ CCRG/EPRC: _PRvwet Dt

Flix Caus, Comp: SENSOR ASY EGR PR YL -~ RPL Condidon Coda; #2

PSUAT (714) 062-3227 FAX: MIL? ¥ ABAT SympW? Burew?N

B EC: PristO

ER: B Iemit? M
CONCER CHECK ENGINE LIAHT STAYE OML

1of 1

1




REPAIR VERIFIED THE MIL CONCERN. HOOKED UP WD8 AND RETRIEVED THE DTCS #1400
FOR KQOEQ HARD FAULT AND P0401 FOR KOEO-C TEBTS, INDICATING EGR
S8YSTEM CONCERN. RAN DCL DIEPLAY AND MONITORED DPFE SENSOR READING,
IT READ AROUND 0.1 YOLT, OUT OF SPEC.. REPLACED THE DPFE SENSCR.
THIS HAPPENED TO BE A MOTOROLA, SENSOR. WHEN TRIED ANOTHER S8ENSOR, IT
READ 2.1 VOLT, WITH EGR TUBE CONNECTED, AGAIN OUT OF S8PEC.. 80 TRIED ANOTHER

SENSOR. IT ALSO READ THE S8AME 2.1 VOLT. SUSPECTED THE PROBLEM IN TUBE. PUT THE
SECOND SENSOR DACK IN THE 8TOCK. TESTED THE EQR TURE WITH VACUUM

PUMP AND FOUND BLOCKAGE IN THE DOWNSTREAM{BIGGER DiA, Hi} TUBE. IT

APPEARE THAT THE TUBE WAS PLUGGED IN THE WELDED AREA. WE COULD NOT
PINPOINT THE REASON OF THE BLOCKAGE. REPLACED THE EGR TUBE AND THE

CHIGINAL DPFE SENSOR. ALTHOUGQH THE ORIGINAL SENSOR STARTED TO READ NORMAL
WHEN WE TESTED IT AGAIN BUT IT SEEMED TD BE VERY SENSETIVE AND CHANGING
VDLTAGE WITH VERY SMALL YACUUM SIGNAL, USING EXTERNAL VACGUULM PUMP. THERE
WAS A FEELING THAT THE SEN20R MAY HAVE BEEN DAMAGED BY THE BLOCKED SIGNAL
AND INTERMITTENTLY MAY BE ACTING UP. BOTH THE PARTJ ARE AVAILABLE FROM THE FG8

FOR FURTHER TEST ANALYSIS.

P L St
T.No. nF&'ﬂT
Fhuﬂrlllnm

" DPFE




From:; Fowmaie, Gitbet (G.)

Bapt: W . Oetober 18, 2002 11:06 AW

To: Adoonien, 0.J.}; Bauar, Soott (S.C.); Bliojwani, Keeval 1C); Biagkburn, Thomas (T.1);
Bogema, John P}-cmPume-mna}. Chick, Johin {.1.); Chif, Ming-iu (W.NL); Chin, Darrad
{D.); Corbait, Sandra {S.M); Dwibo, Bob (FLJ.); De Pena, Juan [J.E.); Diez, {T.P.);
muﬂ.MmIkW.}:Fm Buh[HJ.};Fullnﬂh,ﬂlblﬂ{ﬂ-]: Frosland, Mark (4.);

Shuart (£.); Qokhals, Renuka (AV.); Goodwin, Wiliam (W_R.); Qrewsl, BY fB.5.); Grimes,

Jodf [.l. leuln Goom{ﬂ.c.] Hexr, Geoms (G.1.); Hofmen, Wichaal Hﬁ Holmas,

Jane [J.); Marck, Edmond (E.C.); Marlanca, Tom (T.E); Malosa, John [J4.): kuwwer, James
{4.8.); Mazzela, Gary {(Q.R.); Mcdonald, dohn; MoGea, Brett (B.L.); Mooney, Larmy (L);
Moorhousa, Scott [5.1.); kongen, Tomks {T.T.); Morshima, {B.); Hakano, Hidald
{H.): Namatoliahf, % : l:ului. beenia; Nateboom, Jim {LE.); Oriman, Jameas (JW.);

Powers, Ken IK.W.); m.& Alden {A.P.); Rothweler, Danlel {0.);
Mm&z. Shimlahl, Masan (M.} , Jalt y‘kﬁcmmﬂ

Taknmawm, K. Tlln.l:u. Hirolchl {H.); vmm. Tim i
Waottach, BN Witlams, Lae (LHW )
Sebject Phaniom nmmmnnrmmhd

- Tha phaniom etall meeting le cancelied for omomow 10/17/02 due to the fact that the calibration group Is on a
hot weather test Ttip. Meating notices wit be sent ut next week for future atall meetings. -

Regards,

. Fowrnelle

V& U204 Callbration Enginesting
1AEZ7 Truck Engine Engineering {TEE)
Phone:(313)3504988 Fm{31313231?ﬂﬁ




Obgzg, Doran {D.}
Friday, October 18, 2002 12:05 PM
Agarwal, {A.}; Banke, Nermine (M.B.); Conaa, Kevin W}.Cvlﬂmltl.Fmr[P]
Daegan, {M.D.); Falla, Staphen (S.W.}; Fashinn, Ayodefl (A); Fodare, Michas! {M.J.);
Foust - Smith, Suean (S1); thnd.lulaﬂl[hlj, Gamnnamaora, Anmand (A.h.); laniszyn, Ter
{TE.]thmnhrIHaim{H.B.}; rhMuru:n.m:rul[HF]MyLthM},
Norman, Ingrid {1.); Odum, Ike {.C.}J; Frater, Joseph {/.A); Aczace, John (J4.H.); Sellack, Bath
{B.},E‘I:aurm,Fumrn[FV.],Tnciml Craimdan {0.J.}); Tobi, Bruce {B.J.); Tromimatta,
(&‘E (B.D0.); Zubck, Mcheal (MW.); Abbas, Jehad (J.F.);
Acuff Jr., Me .I.Ahnud Kamnl{li.}.ﬁ.lhfd;ﬂmtt&ﬂ] Andamon, Johnny (.0
amnlmlcz.ltun J.}:ﬁuguu.tlm{D,}.Bulh.Dan[DW}:ElmJun{J.l-l.}:Eadmk.
Mark {(M.F.); Boatnar, Dimhm R.); BriemJohnsom, Brocketts, Ronsld (R Broskd, Jamos
WY Eiwn,l-hrhl_'u )i Campball, Aindrea (A.M.); Camphall, Donald {0.C.); Garsac,

hhhﬂnm.A.]. Gram, John I_'J.E.}' Ermudns, Rodolfa I.'FI ].Gmm.ﬂaﬁuld{ﬂ.]. Goeclarda,
Stove (8.P.); Hegde, Damodar (D.M.}); Helmatadtar, Donald {D.G.); Hetttle, Brucs (B.W.);
Holleway, Scolt (J.5.); Hopkina B, Hany (H.E.); J. Sowaeis; Jahshm..luhr:dnlfhhrlﬁm
Siavu (8.4.); Kinnie, El‘hn{ﬂ.w.}.lmual hhs.ﬂl.lﬂm.m{ﬂhl : Koch, Thomag
{T.P.}; Kunde, Oiaf [O.); Lardizabal, Semlo (8 \

Lubo Diuke; .Ganrgn{Gf.}; Mads] Jr., Stan (S.P.); Marsac, Lance (L

Maithews, Gary {4.); Matyslewicz, Edwin (E.L}; MoCowin, Enosh (E.Q.); Mihom, Bob (R.G.);
#iohell, Carcle {G.A); Morabita, KMike (M.P.}; Mowss, Edwin {£0.); Hemeth, Steve {SL.);

. Nouysn, Thien {T.M. }.B'Dclnﬂnr Jim {Jamaa W.): Patal, Preful {P.J.); Plazancia Dﬂﬂd{l’.’l By
Poetbames, Donna (D.F.); Popa, Colin {C.M.); Popanas, Miohas] {M.J.}: Pullsia, Anarh (A%
Purvis, Bruce; Ramey, George {{3); Ralohanbaah, Ronald (R.W.Y; Rosamen, Michas! (M
Bands, Roger {ALP.]; Bhui:hn, Richard (R.0.); Bhopp, James {.L)Y Singley, Rogers (B.W.);
Smith, David {D.A); Smith, TonnBa (T.C.): Bouliass, Jnmnnﬂ.lt.} Spanisk, Temenca (T. E.}
MW{E.E],MW Twn:smm:a J; Budcl, Curt {G.); Sykom,
Andirew (A D] ); Tarmazkiowicz, Alsxands (A5} Thoiras, Man

Turulln {D.ArTwm,Lﬂau_W]qur Shanise (5.M.); Vangawolu,
mndw{.}:ﬂngmdw Aba (ALY Wastker, Chany (C.); Walsh, (G} Washington, Evic
(E.D.x Wagrzyn, hichasl (M...): Wapisr, Ron [RL).); Wemar, Barbara {B.R.); White,
Christopher {C.}; Windr, o G1.M.); Wiedmeyer, Robert (R.L); WilBams, Anthony (AJ.);
Wame, Eltzabeth (EP.}; Willams, Michaal (M.T.); Witiems, Aokart (ALL); Wils, Deon

1+ {(KF.)
Qubjack: Powertrain PQR Agonda for 1020/02

Agenda for 10/,23/02

FACTS Updato C. WhitsE. Weplar

Yand Andit Review Q. MuDunalkd

Earty Wnrapty Review D, Ghora

Fael Pamp Updsic K. SamoiuiiD. Ohors
Roadmaps Crecview D. Ghom,

) Coonoctor Updare A, D'Agcating/S. Hollorway
Gan Cnpe - Six Blgma D, Tadoas

VMY Six Signa Progast K. Cotyea

PCM - POS0Y I Iahshan

", POR Meoting time iz 9:38 - 10:30 in the WSAP Chart room
.* YRT meoting 1a 10:30 - 11:30 In the Maverick room

1




Prorar: Oboxm

Powartraln Quality Anslyst - Wayne Assembly Plam
Phona - T34-407-0004

Pager - 134-200-3439

amall - dobozai@tord.com

*| would rather wake up In the middle of nowhere, than in any city in the world.”
Steave McQueen




Fresland, Mark (M.)
From: ONeall, Jim (J.D.)

Sant: Monday, Octobar 21, 2002 8:28 PM

Ta: 'kparic € kaviloo.com'

Con Frealand, Mark {M.)

Subjeci PW: dPFE Fltar Test Results o date

Here |z some of the test data from Mark Freeland that we feal s partinent to the discusalon we had
today. Mark asked that | forwand it to you.

J. D, O'Neall

Manager, Fusl Matering, Emisalone, and kgniton Deprt
V-Engine BEnginaaring, Ford Moter Company

jonveal] @ford.com, 313-323-8839

PFrons Frovlancl, Mark (M)

Sanb Thursday, Ocieber 10, 2003 8:35 PM

To Koxrwanilks, Join (1) Ofeatl, Am {300}

Ca ek, Ganepn (G.C.); Maurer, Jamas (16, Gates, Fraeman (F.L); Varner, Cardl {C1.); Alles, Sharan [S.A% Kobwidd, Allan (A.);
Bryant, Bruce (B.0.); McCoy, Jamn (1.0.)

Buijach JPFE At et Ras iy i date

John,

The attached workbook eumnmarizes the tasting thet | have contucted 1o date on the propasad filtar dasign
Rev. 1.5.

| have teated badk to back 2001 MY dPFE, the ourrent production dPFE, ard two copies of the Rav 1.5 filor
{one with the original MOV and the other with Kevilco's propesed allicon deep In raplacament).

I do not have the multl polnt vehicle Tallure modo tast data nor the ESD test deta yot. For the tests that | have
conducted to date the Rev. 1.5 filter Is “butlet proof®. | have catastiophically falled a nimber of the 2001 MY
ahd curmant production devices, but hawva nat yat to ohaesrva any degradetion in clther of the two parts which
are protected with the Rev. 1.5 fittar.

| have algo attached the complote sat of rasyhe with raw data for the SCR Latch Threshold Stetistics, which
campares the 2001 MY, the current production Dalsa die parta und the ESM. Tha data aat also Indudas the
die level laich theeshold for the 2001 MY die,

Filtax Bpr 1% Tage EIIII‘MIHH
Temiltr.xl. .

PO, Box 2053

MD 2629 - ER1. - Rooiny 1517
Dearbam, MI 43121-2053 TTSA
amail: mfteein] &ford.com

EAR2-227-C 1091




Bank Ociobar BO02 10:45 AMl
To; Fraalend, Mark (M.); Plelta, Sharl Fian (S.F.) -
Bubjact: RE: Effact of changing the epark pluga on the hiourbsinsar

Mark, Shan la developing a vestad Intarest In thiz subject, You ahould talk. Shead, read Mark's note below.

Jim, Deanrla, or Gary,

Could any of you spare 30 minutee - 1 hour to help me determine what systeme might be aftactad by low
realstance (»2kOhms) apark plugs? Spaciiically, | would want to know what signala | could raad that might be
changad by the refleoted noise. We curently inow that thare la same quantity of low realetancs plugs in tha
field, but Fm unabia io determing the stza of tha patardial peablam.

Thanks, In advanca.

Aegards,

Shkert (Fiuel Plettn

—Orignal Meoga—-

PFrowm Frooland, Mark (M.}

Beta Tiaday, Gctober 22, 2002 10:26 A4

Satjjact: IEffict, of Changing the park (118 on the Mounisinesr ' Soren {im (L7}

As you know Frod Elwell and JAm Fower replaced the spark plugs on my lease Mountineer yesaterday, They
- confinmed that the "ad” plug still had a reslatance of lees than 200 ohma, (I think the number they measured
wae 184 ohme for ¥4 plug).

The resutt on my drive evaluation last night wes as follaws:

: ﬂnmuﬁrun'FnktuFankanﬂnﬂadﬂulfnnhaoanf{nmmr-dbrﬂﬁlMﬂme]
during acoelevationa reduced frem 41 volta to 17 volis. This was a tremandous reduction,

| can no lenger find.the micro latch svents which | have baing recording with my inatrumsnt kooatad
between the fitar and the unprotectsd dPFE {f.e. C2, C5 & Z1 removed from a 2001 Wl‘ﬁ'}.ﬂ

We should discuss the posshbilty of replacing sperk plugs aa pect of the fix package. Perhaps thers [a soms
simphe tool which could be used to identify If a vehlole haa noley pluga without ramaving the puge? Does
aryone know of such a tool, perhwpa an RF "aniffar™?

Repgards

Mnck Fresland

5-Sigroa Black Belt
Bngine Ressarch Department
Ford Reacarch Labhoratory




P.O. Box 2053

M 2629 - SEL - Room 1517
Doarborn, ME 48121-2053 USA
oamail: mireelal &ford com
Tol.: (313) 354-T645

Htructnred Xnventive T hinking at wark




Fréalmd, Mavic (3.} -

From: Vemner, Caml {C.J)

Sent: Friday, Ociober 25, 2002 2:15 PM
To: Freqland, M (M.} -
Suabat: RE: MPG Focus Tasting

Mark,

Jim Is on vacation and wiil be back on Monday. | have not recalvad the sample yat.
Garol

—riginat Mescage—

From Fraainnet, Mark (M.}

Sentt Priday, Guiober 25, 2002 1:25 PM

T Puncan, Jack {LL ); Vamer, Caml {CL); Maurar, Janas [1.8.)
D= gnw{r&};"ﬁmm

Thenke Jack, | will fokow up with Caral ard Jim.
Carol & Jim, would you lika SAL'e asalstanca In examining the part for aympiomna, both slectrical and visual?

MDD 2629 - SRL - Room 1517
Dearbgrn, MI 48121-2053 USA
email: mireclal @ford.com
Tel: (313) 594-7645

FY1, the sensor was sent o Carol Yemar Wednesday. Elther she has it now, or It e siiing et POEE shipping
& recalving,

Jack Duncan jduncanldford. com
MI Proving Ground

74240 Figher R4 {586}  75-18563 (w)
Romso, MI 48065 {S86) 75-28683 (£f)
—Original Hammge—

Prose Eresian, Mant

Sarh Frickey, Ocmber 25, 2002 102 PM




T Mooy, Jamea (1.0.); Meurer, Jamee CLEL); Gates, Freeman (F.C)
T Duewoiny, Jack (1L
itdech TE; MG Foous Testing

I:fruuwwld llkce: thie senact lcokad at for failure moda and symptoms, | woukl ba happy ta offar the services of
tha iah. Just let me know when you would lke ua 10 laak ak it

Did anyonas figure out what the "noise” on the Inef eignal i exactly? it ahouid be predominanty about 8 mA
with dowriward devintions to about 6 o T mA. Thems should be no poeltive daviations above 8 ma i
evanything Is normal.

Othar commeant s, we don't know what happaned betwaan the raadings which were taiken at 1 minute
Intarvaia;

Dearbom, MI 481212053 USA
email: mireelnl @ford.com
Tel: (313} 554-Tod5

—Cyiginel Mewage—

From: MoCoy, James (1.0}

It © Thurciesy, October 24, 2002 1:53 PM

] Maurer, Matvas (U8.); Frecland, Mark (M.); Gabey, Freeman (F.C)
Cr= Ovncan, Jack (L)

Buldact: MPNS Focus Tealing

<« Flla: mBcyodBb1 .xda
Data sent by Jack Duncan on the Focus from MPG.

Chart shows YREF, DPFE out, and YRAEF cument with referance to the DPFE failure,

Ragards,

Jim McCoy

Puel Mektring, Emissiona & Ignition Systems Engineering
Hadware Conteed Intocface Group

Y-Engine

PCEE - MIM6GS - Rz D142 - Cube DF186

Phome (313) 33-T9690 / Fax (313) 3904084
E-Mail: jmecoy 1 @ford.com

En2-227-C 3393



-t

Fresiand Mark (M.)

From: Maurar, James {J.8.)

Sant: Thumedey, October 17, 2002 11:10 AW

Ta: Frectand, Mark (M.

Aubjact: SAL Involvement in analysis of DPFE faburas

Mark,
Soma membans of our senlor management team sre not swars of all the sfferts that SR has mude ity behal

- of tha analysis of warranty retums and test parts. | want i make a sfide for a presentation tomorrow that

would [lst tha peopls who have bsen hwolved. The namas | have ara you (af couraa), Jon Hangas, Tim Pottar,
Roacos Carter, Dalrene Uy, Al Kotwickd, and Lebzy Gonzales. | am sure there are mora, Do you hava any
other namea?

Regarde,

Hom Wamer

James B. Mawrar .
V-Engine 6-Sigma Team Leadar

Fuel Matedng Crept. V Engine Engineering
Pt:ne (318) 380-3872, Fax (313) 3804004
Text Pags: (¥13) 705-5219

Emall: jreurer@ Ford.oom




Freelarnd, Mark

From: McCoy, James {J.D.)
Samt: Trimday, Dctober 17, 2002 11:27 AM
To: Fi #ark (M.)

DPFE diate code

Mark, Somy fer the dulay. Date code of *01 Tribute DPFE ts 1H278 (August 27, 20017)

Reganls,

Jim McCoy

Fuel Motoeing, Emisslons & Ignition Systems Enginesting
Hardware Controt Tnserface Group

V-Enginc Engincering

POEE - MDW#GS - Rm. D142 - Cabe DE186

Phene {313} 33-T9800 / Fax {113} 39-04084
E-Mail: jmceoy 1 @ford.com

ERZ2-027=C 34480




Frnlm:lI Mark !H]

From: Fresiand, Mark (M.)

Sent: Wednesday, Ocicber 02, 2002 1:08 P
To: ONead, Jim (J.D.) '

Subject: Accapted: DPFE creull changes




. Frooland, Mark (M.}

From: Frealand, Mark (M.)

Eant: Wadneadry, October 02, 2082 1:39 PM
To: Asolkar, Shrikant (B.V.)

Co; Vemner, Cami (C.J.); Maurer, Jamag {L.B.)
Subjaci: Fallad part from Rouah

Shl,

Tha part you showad me Inihahh_tuda;rwhlél'l has the RML number 8788-011 inscribad on the case was 8
Lima Engine Piant Warmanty Retum which wes lopped into Kavilco's data hase on 4252001, [t was working
whea [t was tested at Kavilco then,

| guees it had an Intermiitent fault before you put #t onte the test, 8o not surprisingly It has shown up as a
falure.

MD 2625 - SRL - Room 1517
Daarbom, MIA48121-2053 IISA
emuil: mfreslal & ford.com
Tel: (313) 5947645




Fraaland, Mark

From: anhnd, Kark {W)

Sent: nuuhur 04, 2002 127 PM
To: Alm rikant [3.V.)

Bubjaot: .RE: Fallad pnrt from Roush

Shrl,
~ Thanka for the feadback. | appreciats baing kept in tha loop.

Tel: (313) 594-7645

—Original Mesge—

Prosn A, Shilank (SV.)

ents Thiaschy, October 3, 2002 10527 AM

E: mﬁ’:‘{‘c&.],m Jamas (15.); Gates, Fresman (I.C.); Becsle, Anita (A]; Robieson, Join (W)
Sy RE: Fafind part from Rinsh ’

Thanks Mark for digging into the databaaa,

That makes one fact clear that we haven't neen any failure yet st Roush or MPG after running 100 to
200 cyclas {~hours) in tosts. Dut | feel woe should continue up to 60D oyolee on faw aenaors. | hava
aome Ideas to maks test mens ssvere. Jim, do you want me to set up meating to reviaw the test
reaults so far & discuss the test soverity iesue?

we-Criginal Mammgee--

Froai Frectand, Mark (M.}

Sensh Wadnesdey, Coinber (2, X2 1:39 PH

™ Aoiar, Shrilart (5.V.)

Co Em,hﬂ(ﬁ-l};ﬂmhmﬂl.]

Suljech Fadlac purt from

S,

Tha part you shvawed ma In the lab today which has the AWML number 8738-011 Inscribad on tha case was &

Lirm Ergirie Plant YWarmanty Rstum which wes logged into Kavlico's data base on 42572001, It was working
when N was leated at Kavlico than.

| umﬂhdmhﬁnmlﬂnﬂfuﬂbnhmpuputﬂmtoﬂum 80 not aurprisingly it has shown up as B

S8

Prealand




6-Sigma Black Belt

Engine Research Departmeat
Ford Resesnch Labhoratory
PO. B 2053

MD 2625 - SEL - Room 1517
Dearborn, MI 48121-24053 USA
cowil: mifreela 1 @ford com
Tel: (313) 594-7645




Freeland, Mark (M.)

From: Freotand, Mark {M.)

Bant Wednsaday, October 09, 2002 558 AM
To: McCoy, James [J.D.)

Bubdeet: HE: Azceas b PDO00D24 MPQ Crata

Jim,
54 | poal

MD 2529 « SRL = Room 1517
Dioarbem, MI48121-2057 USA
emadl: mireelal @ford com
‘Ful: (313 5047845

Fm naning Into problems getting deta. - .My buddy Bob Is trying hard to help us out

E-Mail: jmccoy] @ford com

Fronu Diez, Tamothy (T.F.)

-] Tuewley, October 08, 2002 10:3F AM
™ %am, Bob (R.5.5; McCoy, Jemes {10.)
Suldects XE= Arcws to PDCDOOM MPG Data
Jim,

. The 2001 Foous was englineered in Europs. The 2001 Ecoape was enginesred by Mazda in Japan. | have
date for ratther vehicle.

Timathy Diaz
Croma Vahicle EMC T Applications.
913-32:-99627, Fax; 213-322-1602




Prom: ¥am, Bob (RS}

Bant: TFusarley, Ociotwr 08, 2002 5:55 AM

Tor Mooy, Jares (1.0.)

-] Diez, Timothy (T.F.); Coling, Sruce {B.AL); Bogulmveld, Lavy (1.-3)
Roisjach RE: Aocans % POOH00 24 Data

Jim,

Tim/Bruce/Lamy — If you don't have the data, and you can tell me what vehicle #(a) that we testad with
the engine family Jim le looking for, mayba | ean ercas-refarance
tha TeatNet ordar number {Mbocood) to find the raw JEE1 data
on the hard drive at tha AF site computar. Thanka for your aesletanos.

V-Eagine Enginsecing
POEBR - MI¥% - Rm. D142 - Cobe DF186

Phwone (319) 33-79690 f Fax (313) 35-04084 i
E-Mail: jmecoyl @ford.com

—Orighnal Mapege—

[ Fruzler, Kalth ()
Enk: onday, October 67, 2003 L0:E0 AM
™™ oy, Janas {1,0.)

) Saljach RE: Acess 0o PICOO02 WRG Dt
" 1wl not be able to bulp you on tis one, 1 would epend more ime trying o figure out what to do than It woulkd
3
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) . B-Mal: jmeeoyl

taka to drive to MPG and physicaly review the data. | suggest you ask Bob o farwaind the relevent data 1o you
via nomal amail. _

Ragards,

£ Kotk Fremie

Staf! Techhical Spacialiat (EMC)

Cross Vehlole EMC Technology & Appilcations
Electrical Electronic Systemns Engineering, RVT
Phone: 313-322-3150

emalk kirazia1 @ford.com

—L{rigmal Hessage—

Fromi MoCoy, Jurmes (10.)

B mm,mmamm:m
T Frizbor, Kalth (RIC)

Sulzjacty ;oo b POCDIGEY MPG: Dutm

_Kakh, | sae Tom | out unth the 1 1th. Any chance you can help ma oul gaining accasa? | need to compiste all
my work by Friday.

- Engitesting
POEE - MINMY - Bin D42 - Cobe DF1RS
Phone {313) 33-79590 / Pax (5173) 35-04084
ford .com

E-Mall: jpmeooy]l &

—Crighl

Provint MeCey, Jases (10.)

Sanly Mondey, nmumm:mm

T Harar sy, Thicarueh {T.

&a mmmmmm;m,mmxmmum
Pulth " Acrssiy t PDCOOO2M MPG

HI Tom,

| am Investigating an lseue acrosa multipla vehlole lines and need to compare BEBRE plota for the 2001 MY, |
¥ Bob Kam about rsviswing the J551 traces and ha suggested it would be ansler to view them on line

+ and print out what | nesded. | agres It wolld savs a lot of ime. Would it be possibla to gt acoaes to the

- PDCO0024 server and the MPGRPT direotory?

Thanks Tom.
Jim

- V-Engins
-y  POEE - MD#5% - Bm. D142 - Cube DF18S
< Phopa (313) 33-79690 f Fax (313) 39-04084
ond.com




Frosl Mark

From: Froaband, Mark (M)

Sant: Manday, Oclober 14, 2002 5:38 PM

To: Allea, Shorgn (8.A.); Kotwickd, Alan [AJ.)
_ Bubjsct Simulation anewer required

1. Althongh the TVS has a much slower response Hme then the TBZ, when combinad with
the tims constant provided by the R9/CS low pass filter we believe that it's responsé time
is adoquancly fast, (Sheran Alles & Al Kotwicki will verify this in their simulation).

Al, thie wiil be a surpriss for you, but not for Shemn, he will get with you and discuss tomomow.,
Sharan, thia e a polfite reminder of the ltem wa were discugaing when you had to lsave s aftemoon,
The rast of the discussion an the MOV [s In the documeant which | will forwestd shortly,

Thanks for you're heip on thia one.

Ragards
Muark Prooland

&-Sigma Black Belt

Engine Research Deparansat
Poid Ressarch Laboestory
F.0. Box 2093

MDD 2529 = SEL = Room 1517
Dearbom, MI48121-2053 USA
email; miteslal @ford.com
Tel: (313)354-T645

S

m———
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Fresland, Mark (M.)

From: Fecland, Mark (4.}

Sant Monday, Oclobar 14, 2002 5:38 PM

To: Allza, Sharan (8.A); Kaobwicld, Allan (A}
Subjact: Epac shaat for the TBZ

Auitidk i

Regards
Mark Freabant

-Sigme Black Belt

Engine Research Department
Ford Reseanch Laborstory

P.0. Box 2053

MD 2525 - SBL - Room 1517
Dearbam, MT 48121-2053 USA
omail: mireels | @ford.com
Tel: (313) 504-7645




Mark

I

From: Froaland, Mark (b}

Sant: cnday, Ootober 14, 2002 727 PM

Ta; O'Neadl, Jim (.D.J; Mauner, Jamea (1B.); Katwickd, Alan (A.J.); Afles, Sharan {S.4.); Getes,
Freaman (F.C.); Awad, Mahemaud (M.L}; MeCoy, James {(LD.)

Cor Dervin, Geome (GG}

Subjeot Ciscusalan document on Rev. 1.61 with ettachmenta

Jim &t. al.

Attached ke the documaenl | commitiad ko prepare by oloes of busineas today. Shevan haas reviewed most of it,
but atll haa to review the 21, DY, D2 and the Ground plans cdiacisdlon.

Ploats revisw and lat ma know it you naad anything changed before you forward it to Kavileo.

Beplanai-ion wf kb ATE Pl Yar - e
et L. .. ik .l

i
Regards 5
Mark Fresland '

6-Sigma Black Balt

i Engioo Ressarch Department
Fowd Begeanch Labotutory
P.O. Box 2053
MDD 2629 - SRL. - Room 1517
Dearborn, MI 46121-2053 USA
cmail; miteela] @ford.com
Tel: (313 304-764%




Fresland, Mark (M.)
R s

From: + Firoeiard, Mark (W)

Bant: Tuesday, October 16, 2002 9:19 AM

Ta: Jansen, Ted [T.E.) :

Cr: Limitace, Stevers (8.) :

Bubject: Spark Pluga from Tributes f
|

Ted,

Just to let you know that | followsd up with Stsve on Friday svening. He has commited to get me 10 seta of
pluga with maiching dPFE from randomly sslected vehides, within two woake,

| wil keap you posted on what 1 find from the returnad components when | get tham.

Dengborn, ME48121-2053 USA
¢+ omail: mipeein] @foed
 Tel: (313)554-T645

EREZ-827-C 3413




Fresland, Mark (M.}
e .
From: Freadand, Mark (M.}
] Thursday, October 17, 2002 11:33 AM
Ta: Maurar, Jamea (8.
Bubjsct AE: BRL Involvemant in analysta of DPFE fellures
Jm,

in addton to the namas mantiorsd already:
Steve Bimiee did sl the Augar analyals on the parts that wo workiad with.
Ed Sickafus &8k ha ks a FRL retiras.

Plaass sand me a capy of the preseniation when it ls avallahle, so thet | can share it with my management

PP

Mark Fracland

6-Sigma Black Befi

Engine Ressarch Department
Ford Research Eebomtory
P.O. Box 2083

MD 2629 - SRL - Roam 1517
Dearborn, MI 48121-2053 USA
omall: mfresjal @focd.com
Tel.: (A13) 594-7545

—~——{iginal Meamnpa-—

From: Humer, e .
Sank: Thursday, Ocichar 17, 2003 11216 AM
© Tes Fresband, Mark (M)
Sulrjach SAL Imvolvarmant: in prslyals of DPFE faflume
Mark

- Bome membere of our asnlor management tsam are not sware of o the efforts that SAL hina mede In bahalf
of the analysls of vwauranty rotums and st parte. | want to make a allds for w presentation tomomow that
wouki list the paopls whe have besn volved. The namee | have are you (of ooursa)}, Jon Hangaa, Tim Pottar,
Roscoe Carter, Dalrene Uy, Al Kotwicki, and Lebzy Gonzales. | am sure there are mora. Do you have any
othar namaa?

Regurds, !
s ‘Wsanen ' '
Jimes B, Mauwrer

V-Engine &-Sigma Taam Leader

Fuasl Matering Dapt. V Engine Engivearing

Phone (213) 330-9872, Fax (313) 800-1084

Taxt Paga: (313) 785-6219

Emalk: |mauer® Ford.com




From: Fraekand, Mark (M.)

Sent: Thureday, Ootaber 17, 2002 12:14 P

T MaCoy, datmees (0.}

Subject: RE: DPFE date code 5
Thanie Jm, '
Correct August 27th 2001 I
Regards

Mark Frasland i
-Sigpua Biack Belt

Engine Research Dapattment

Ford Reseanch Labocatory

P.O. Box 2053

MDD 2629 - SEL - Room 1517

Dearbarn, MI 48121-2083 TISA

emmail" mfreelal @ ford .com
Tel: {313) 594-7545

—Criginal Massage——

From: MoCoy, James {10.)

fanh Thurscry, Ocliober 17, 2002 1137 AM
] Frealand, Nark (M)

Sulrjacts DPFE date tods

Mark, 8oty for the delay. Date code of *01 Tribute DPFE ia 1HE7E (Auguat 27, 20017) :

Regurds,
Jim McCoy

Fuel Metering, Brissions & Ipnitlon Systems Englneering
Hardwane Control Intesface Gronp

V-Engine Eogineering

POER - MDY - B, D142 - Cobe DFLRS

Phane (3135 33-79690 { Fax (313 30-04084

E-Mail: jmeeoy] @ford.com

e e o RAS2-0Z27-C 3418




Fresland, Mark (M.)

From: Froaland, biark (b}

@ant: Friday, Octobar 18, 2002 331 AM

Ta: Kotwicld, Aflan {A.).); Maurar, Jamaa J.B.)
Co: Alos, Bharan (8.A.); McCoy, James (J.00)
Bubject: Prototypes

Al

What wae the name of tha Individual you eald pould make swrface maunt moda to the substratea, | think it is
fime t try and fabrcate some parte which are not breadboards.

Currantly we have avallable 4 Rev 1.5 beadboard parte with the AVX TVS, and 1 Rev 1.5 with the Diodes
incorpovated TBZ.

Ho one has asked for protolypes yeot, except for Jim McGay, but | know that eventually they will,
Jim,
Do yau have & nasd for any profohynes?

Regards
. Mark Precland

6-Sigma Black Belt
Engine Research Department

- Ford Racearch Lahoratory
P.C. Box 2053
MD 262% - SRL - Room 1517
Dearborn, MI 48121-2053 USA
omwil: mifreels] @fead.com

- Tel: (313) 594-Te4s

[ ce e i e e e epa e s - o e ke ome,. e s [ 418




Fresiand, Mark (M.)

From: Frealand, Mark (M.}

Sont: Friday, Octcbar 18, ol AM

To: Mavrer, Jamas {J B.} !
Subjeot: HE: Protolypsa : '
Jim,

in there a corfierence call with Kevlico which | should attend? i o, what fime and where are you grouping. 1

Also, Thare may be some daveiopment verication baeta which cauld be dohe with bread boardad parts, for
exampla, the OBD Il crew might want to tast for power up ima. We certalnly do need Kaviico kay outs and
propar parts, but if tharo ks anything we can accomplish with SRL. parts, then wa could poseibly catch a foopa
o two bafore Kevlca get 100 far down the roud, Lot ma know if there are amy teats you might recommend,
snd who should conduct them. Tao date, not much teeting has boen done other than what | have pereonally
undsitakan,

Deaaborn, MI 48121-2053 USA
croail; mfrcclal @ford.com
Tel: (313)594-7645

romt Maer, James (1.8.)

Sent Fridey, Oclober 18, 2002 937 AM
™ Froalnd, Mark (M)

Salgact: RE Prototypes

Mark,

Jdamsaa E. Maursr _
\-Engine B-Sigma Team Laadar ;
Fus! Metaring Dept. V Engine Enginesring E
Phone (313) 360-3672, Fax {313) 350-4084 _
- Tex Page: (313) 785-5218 !
" Emall: Jmawrer@Ford.com

ER82-227-C 3417




Pram Frosland, Mok (M.)

Samt Pricay, Ociober 185, 2002 531 A

Ten Mokwickl, Aln (A1.); Milawrer, Jnek (0.}
o A, Sharan {S.A.); Moy, Jeme £.0.)
ubjeh Pralobypes

A,

What wae the nemae of the individual you sald could make surface mount moda te the subsirates. | think Itis
e to by and fabricats some paris which are not readhoands.

Cusrently we hava avellable 4 Rev 1.5 breadboard parta with the AVX TVS, and 1 RAev 1.6 with tha Dicdes
Incorporated TBZ :

No one hag askad for prototypee yet, except for Jim McCoy, but | know thit eventually they wil,
Jim,

Do you have a nead for any proftypaa?

MD 1625 - SRL - Room 1517
Daarbom, MI48121-2053 USA
. onmll; mfteeln] @lopd,com
Tel: {313) 5947645




1
:
g

Froem Fraaland, Mark (M.

Swnt , October 16, 2002 11:21 AM
To: Meurer, James [J.8.)

Eathjeck RE: Prottypas

Jim,

I'l be thara. Conaldar It done, | will being twa breed boards for you, However, | do net have snough "clamps®,
do you hava access to a machine shop to maka small mardware? We wik diecuse wihen | get cver thana.

—Original Mesmnge— )

Fram e, lamas {18.)

Bl riday, Ocober 16, 3002 10:41 AM
Tox Frawiaed, Mark (M)

Dabjecs RE: Protobypes

Mark,

Wa ara going to have a conferance call with Kaviice af 12:30 today In Jim O'Neallfs offica. Thers ia no
mesting notice to forward, so conelder this to be the notice.

| am interested in tha ssnaor raspanse with temperature changes and at the various praasurae with iha new
areult, but we probably want sansors rimmed by Keviico for that date as well.

A breadboard or 2 might e valuable for putting cn e couple of vehicles Just to drive end make sure nothing

i

Emall: Jmauwer@Fard.com

From Prodand, Mark (M)
Simly Fridey, Octisber 18, 2002 %49 AM
T Harer, James (1.8.)

ERS2-817-C 3419




- Suligedh RE: Prolbyres. -

Jm,
I8 Hvare a corference call with Kaviico which | shauld attend? I so, what tme arxd where are you grauping.

Alsa, Thers may be some davelopment verification tests which could be done with bread boarded parts, for
example, the OBD |1 crew might want to test for power up time, We certalnty do need Kaviico lay ouls and

propar parts, but H there la arything wa ¢an accomplish with SRL paris, then we could pasalily catch a foo-pa
af two before Kaviico get too far down the road. Lat me know f there are any testa you might recormmend,
and who should eonduet tham. To dide, nat much testing haa baen dane cther than what | have parsanelly

Thanks

Rogands
Mark Frooland

5-Sigmna Black Belt

Engino Rescanch Dopantment
Fead Rescarch Laboratory

P.O. Box 20537

M 2624 - SEL - Room 1517
Deayborn, MI48121-2053 USA
caail: mireeln ]l 8ford com
Toel: {313) 54-T645

—Origiritl Pty

P Mewear, James (10

Sent Feidary, October LA, 2002 9:37 AM

Tou Fraahund, Hark (1)

Subjact RE: Provatyoes

Mark,

We are expedting some fesdback today from Kaviico on the changes thet were propoaed for the droult, |

wouki prefee to gt thelr commene and dleouse them before we mace any profotypes. Also, | think we shoulkd
have Kavileo maks tham with their praferred board layout, since capactor placement will sffect noles fitering,
and the layout may affect the EMC results.

| hope Kaviico can get 12a some timing for reprasenative parts todey olec.

Ragarda,

R Wasrn

Jamsa B. kaurar

V-Engine B-8lgma Team Leader

Fual Metering Dept. ¥V Engine Englneering
Phona (313) 300-3872, Fax (313} 39040684
Taxt Page: (313) 795-5210




What was the nams of the Individual you sald could maks surface mount mods to the subetrates. | think it ks
time {0 try and fabricaa some parte which are not breadboarde.

Cumently we hewve avallable 4 Rev 1.5 breadboand parts with tha AVX. TVE, and T Rev 1.6 with the Diodas
Incarporatad TBZ

Ne one has asked for prototypes yed, mxcept for Jim MeCoy, but 1 lnow that eveniually thay will.

Jdim,

Do you have a need for any prototypes?

Regands
Mark Precland

6-Sigma Black Bolt

Bogine Research Deprtmant
Bord Research Labomtory

P.O. Box 2053

MD 262% - SEL - Foom 1517
Dearborn, MI £8121-2033 TUSA
emall: mfrealal @ford.com -
Tel: {313) 5947645

EAE2-227-C 3421




Frecland, Mark (W) '

From: Freatand, Mark {M.)

T : UMLMHQ?MM%{JE};HH SI'IBI'I.I'I(E.A.:I Kotwiokd,
o ] ] I m Gﬂ.ﬂ.

Bubject: Filiar Rav 1.7 crawing

Aftachac I & modified version of tha fiter dealgn basad on Inday's masting with Kaviico.  Itis a pascript print
fila, B0 hopatully you can print k off.

I would apgreciate you've th_uuwta on the changes.

LA LY o

Rogands
Mark Freeland

-Sigma Black Belt
Engine Resoarch Deparbimest
Pord Reseanch Laboratory
P.O. Box 2053

- MI>» 2639 - SBL - Reom 1517

' Dexrbom, MI 48121-2053 USA
emall: mfveels | 8ford.com
Tel: (A13) 5047648




Froeland, Mark (M. |

Fram: Frasisnd, Mark {(M.)

Sent Fricay, October 18, 2002 4:27 PM
To: Kaotwickd, Allan {A..L)

Subjeot: Ragquest far pdf sarvice.

Al vould you convert the tha 1 sent with the 1ast massapge and ratum it to ma. Thanks

Regards
Mk Pretland

0-Sigma Black Belt
- Forl Resswrch Labocatory l
PO. Box 2053
MD 2629 - SRL - Room 1517 i
Dearboan, MI 48121-20%3 USA :
omuil: mfreels] @ford.com !
Tel: (313) 5M-7645




Freeland, Mark (M.) .

From: Frosland, Mark M.}

. Gt Manday, Oclcher 21, 2002 4:53 PM
To: Alaa, Shatan {5.A.); Xotwiakd, Allan (A.J.)
Subjeci: Chack out this site,

hitpiwww. componeant tdk.comfemc.asp
Al & Sharan,

Kyony Park suggested we check out what TDK have to offer In the way of band pass fiters. Waould you look
at what they have and let me know if there is anything which may ba of aasiatance, are shoulkd we stick with

whitt wa are currantly doing?
Thanks

Rogands
Mark Frestand

&-Signm Black Belt

Engine Research Departoent
Food Regesrch Lahorstory
P.Q. Bex 2053

MD 2634 - SRL - Roam 1517
Doarhom, MI $8121-2053 USA
emall: mérseial @ford com
Tal: (313) 5347645




Eresland, Mark (M.)

Fram: Frealsnd, Mark (M.)

Sant: Tueaday, Octobar 22, 2002 10:34 AM
To: O'Naall, Jim {J.0.)

Bubjact: AE: dPFE Filter Tealt Aeaulis to date
Jim,

I have attached the latest copy of the worksheet, as the 10/10 varslon doea not contain the simulstions which
wo were diacussing on Friday and yesaterday m—;zm . perhaps you would forwarnd this alko to Kyong,
Thanks

Regands

Mazk Freeland

lS-Signu Black Baslt

Dearbarn, MI42121-205% 11SA
email: mfrezlal &ford com
Tel: (313 524-T545

—Original Mezsaga—

From: ONeel, Zm (1.0

Scae Mandoy, Octobey 21, 2001 528 PN
Tos Kperidianiico.con’

= Freatand, Mark (ML)

Bubjoda PW: dPFE Fiier Test Resulty (o data

Hare is some of the test data from Mark Froeland that we fesl |s partinent ta the discussian wa had
today. Mark asked that [ forward it fo you.

J. 0. ' Neadl

Managar, Fusl Mstaring, Emissions, and ignidon Dept
¥-Enging Engneering, Ford Moter Company
|oneall@iard.com, A13-32>-8B3%

—{NkENAl Meseage—-—

Frama Fresinrgd, Mark (W)

ot Thissdry, Octuber 10, 2001 535 M

T Koxzmvnlk, John (11.); O'Naall, X [10.)

Lrx Deanvis, Gacrpe (G Maurer, James (1.0.); Gab=, Fraamen (F.C); Vamer, Cardl {013; Aller, Sheran (5,40 Kobwick, Alan (A1)
' Bryant, Bruoa (B.D.); McCoy, Temes (.0.)

Sulgact PR MiTer Test Rasults 1o dete

Johin,
The atiached workbook summarizes the legting that | have conducted to deta on the proposed filter dasign

* Hav. 1.5.

I have testad back to baok 2001 MY dPFE, the ourent production dPFE, and two copfea of the Rev 1.5 fitter
1

Ene2-827-C 3427




.{one with the original MOV and the ather with Kavlco's proposed slfican drop In replacement).

| do not have the mudtl point vehicle fallure mode test date nor the EBD iast data yet. For the teste that | have
conducted to date the Rev. 1.5 fitter ie "huliet proof®. | have catastrophleafly falled 4 numbar o tha 2001 MY
ard current production davices, but have not yet o observe any degradation in either af the two parts which
ane proteatad with the Rev. 1.5 filter.

| have also attached the complete aet of results with raw data for the SCR Latch Threehcld Statiatics, which
comparss the 2001 MY, the cuwrent production Dalsa dis parts and the ESM. Tha data sst also Includes the
e jevel lateh threshold for the 2001 MY die.

<< Fila: Fllter Rev 1_5 Test Rasults.xls => << Flla: SCR Laich Threshold Statistlos.rtf »=

Ragraadn
Mirk Frealand

&-Sigma Black Beft

Enginc Reacarch Departmant
Foxd Rescarch

PO, Bax 2053

MD 2620 - SR1. - Room 1517
Dearbomn, MI 48121-2053 IS4
cmail: mfraelal @ford.com
Tel: (313) 504-THdS




Frosland, Mark ’ BL}

From: Frealand, Mark (M.)
Tork Mﬁ[aﬂ'ﬁ%ﬁnkmam 1.0.); Elwel -Pm
o: . B.); - ' -0.); , Fred (F.); '
James {J H.); Pletta, Bhar Fian (S.F.) ¢ ) "
L Hangaa, Jon {}
Subjert: : Dain, from Spark Plug Changa on e Mountalnesr

The attachad document shows the worst caga "nolae” on bvref {the clean 6.0 volt supply) which | recorded
befora and after the apark plugs were changed by Fred last Monday.

Plesse call i you have any questions mganding the data.

Bk of oun Law
Baelacatemd. . ..

Sherl, theea ara the same traces you capled on Friday, but | have acanned them ard annotated them.

Regands
Mark Freeland

6-Sigma Black Bsh
Engine Ressarch Depanment
- Ford Reaearch Laboratory

" PO, Box 2053

MD 2629 - SRL. - Room 1517
Dearbam, MTL8121-2053 154
cmall: mirealsl @ford com
Tel: (313) 394-To4%




o

Fresiand, Mark (M.)

From: Fractand, Mark (M.}

Sant Wedneaday, Ociober 30, 3002 £:58 Al

Ta: McCoy, Jamas (J.D.); Maunar, Jameas (J.B.}; Gafes, Freoman (F.C.]
[+ Duncan, Jack (J.LY; Vamar, Caral {C..)

Bubject HE: MPG Foous Tasfing

Carol Vermer ard | examined tha M8 sansor which failed on this vehlcls yesterday,
The cbaervad aymptoms wera:

Tha output was satueated low.

The power to ground Impadance was unstable,

The ref. die hes a dark discokration of tha gedd an the Vro, ihe Hpos and tha Hnag bond pade.,
The Hl dle had a Im'ﬂa hut:ltlla [ahuut BI.'I% ﬂt thn tlu araﬂ',l at ma Intartaua bm\'aen the surtace of thﬂ die and
the potting ged, 1 oA 0 . ) ot peefor

] undaratand that the cacilloacopa never triggared, but I have to raport that | bellave that thia part experienced
a shoet duration, Righ owrent svant,

The unstabie Iref data form the data kogjer mey be a sighificent ciue and ahculd ba fooked at again.

Jack,

Can you ghve me the VIN number, tha DDO &nd date at which the M5 part was instaliad and the ODO and
date ut the time 3 was ramovad, for my records.

Thanke

MD 2629 - SR1. - Roomo 1517
Dearbors, MIA48121-2053 TSA
cmail; mfreclal @ ford .com
Tel: (313)594-7645

==—Origfmal

Prbta Moy, James (1D}

Sant Thuesday, Dotober 24, 2002 1:31 PH

Tot Maurer, James (1.8.); Fraadand, Markc (M1); Gaban, Fraaman (F.C)
O Cunecan, Jck {1L)

Sublacts PG Foous Tasting

<< Flla: mBoyodb51.da >
Data seht by Jack Duncan on the Focus from MPG,

Chart shows VAEF, DFFE out, and YREF currant with reference to the DPFE fallure,

1




Ragards,

Jim McCay

Fuel Mataring, Bmissions & [gnition Systems Enginsering
Bardwsare Control Interface Group

V-Engine Engineering

POEE - MIX59 - R 11142 - Cube DF1RG

Phone {313) 33-79630 / Fax (313) 39-04084

E-Mail: jmecoyt @furd.com




Freeland, Mark {M.)

e _________________________________________________________ "~
From: Fresaland, Mark {M.}

Ber Wednesday, October 30, 2002 10:16 AM
To: Duncan, Jask (L.}
Subjact: RE: MPQ Focus Teating

Jeck, Thanks for the prompt responss.,

Regprds
Mtk Frezland

f=-Sigma Black Beli

Engine Bescarch Depertment
Fard Research Labomalory

P.0. Box 2053

MDD 2629 - SRL - Room 1517
Dearborn, MI 4812(-2053 USA
emal: mireets 1 @ford.com
Tel.: (313) 594-7645




From: Fresland, Mark (M.}

Bt Friday, Saptnmhlrm 2002 0:52 AM

Ta: Alkolicar, Shilkart (8.V.); Mauer, Jamas [J.8.); O'Nsall, Jm {J.0.); Vamar, Carol {C.J.)
Co: EMFW{F.E} t-hngn,.lnn[}

Subjeot: AE: Windelar Senecr 833

m“ﬁlm il Eai degmile  ExtAdl Bal port Inalis
0o gal T -

Attached are the plclures of the soot fke deposlt fram the sansar,

| would R to hava you're Infarmation regarding any ctiver symptoms this vehicle may have exhiblted whils
this wanaor was inatalled, | wish t coneolidate thie date with the dest data from yesterday. It seama to me that
tha angina must have been running very rich, or misfiring a lot, based on the deposita obaerved.

Regards
Mark Feoeland

_ '6-Slgmna Black Belt

Bigrins Resaerch Dapartment
Ford Ressarch Leboratary
P.O. Box 2053
MD 2629 - 8RL, - Room 1517
¢ Dearbom, MI 48121-2053 USA
smail: miresial @ford.com
Tol: (313) 3%4-7643

——Criginal Meosage—

firamn Mehar, Srikank (5.Y.}

Sanb Tininicy, Seplsarber 19, 2002 7:01 P4

T flavrer, Jamas (L.E.); {FNeill, m {10.)

O by, Froesviias {F.CY; Frosiand, Mark (M); Hangas, Jon £.)
Bulyact N Windstar Sersor #95

Jim & Jim;

Thanks to Merk & John for promyst help they provided today for ele testing & gel removal.

Sansor |a alsctrically dead/out of spec. Vaut is low & Impandenca are complately beyond limis
QGel suiface & tubes had iayer of carbon ovar 1mm thick Implying pooity parfarming engine. Mark
has photos. Ultrasonic akechal cleaning did not remaval the carban. it had 10 be mechanically
removed which probably damagsd botd pad wires

| am leaving dis photos & ale raport on Jim Maurer's deele. There I8 na obvioue viskble damage.
Somea bubbla anomalies are visble cn REF dls.




Subject: Wincistor Sansor #4090
JBm,

Floase forward me el Inks you have regarding the esnacr Shrl brought me % teat this afternoony. | would ke
o make gure the document [ aand you is clear and concise.

Can you provida the talkwing:
VIN#
Mileage accumulated on the asnedor.
Dute the senaor waa removed.

Ware there any etored codes In the PCM, all cadea are of Interest, not just the dPFE codaa?
What i the full repair hletory far thie vehicle from the date the senaacr was installed undll the date & was

ramoved? 1suspact that tha angine has a misfire histary, of some sort,
Do we have Kaviico's parametric test data for the part.

Thanis

Regands

Mark Preeland

G-Sigom Black Bels

Dwearborn, MI 481212053 USA
© atwnk mifreelal @ford.com.
C Tl (315) 5047648




‘ Fﬁulﬂ Mark (M.}

From: Akclkar, Shrkark {S.V.)

Sent: Thureday, Septamber 12, 2002 7:01 PM

To: Maurer, Jamas {J.B.); C'Neall, Jim {J.D.)

Cor Gatas, Fraeman IF-B-}. Fraaland, Mark {M.}; Hangae, Jon {}
Subjeot: FW: Windatar Senacr #90

Jim & i,

Thanks to Mark & John for prompt help they provided today for ale testing & gei removal

Sensor |3 alectrically dead/out of spec. Vout la low & Impandance are completely heyond fimits
Gel surface & tbes had layer of carbon over 1mm thick Implying pearly psrdoming engine. Mark
hee photas, Ultrascnic alcohol cleaning did not removal the carbon, H had to be mechanicaly
ramoved which probably damaged bond pad wires

1 am lsaving dls photos & ele report on Jim Maurer's dask. Thers s no obvious visible damage.
Somea bubble anomallss are vislbla on REF die.

L

—Criginal Massge—

Prom: Presderd, Mark (M.}
Sant Thurstiey, Septamber 19, 1007 3:07 P4
™ Ofeall, ¥m (1.0}
G Akolow, Shrlank (SV.)
Sulgject: Windstar Sensor #95
- im,

Pleago forward me all info you have ragarding the sensor Shil brought me to teet this aftsmoon. | would ke
to make sura the document | send you |s clear and concies.

Can you provide the following:

VIN ¥

Misage accumuleated on the aansor.
Date the-sonacr wae removed,
Were- thera any stored eodes in the PCM, af ¢odes ara of interest, not juet the dPFE oodaa?
What ia the full rapair history for this vehicle from the date the sanaor waa [natelled until the date It waa
mmeved? | euspect that the angine has a miefire hietory, of some sort.

Dawe have Kavileo'a parametiic tast data for tha part.

'|1unlw_
Regarda
Matk Freobund

6-Sigrma Black Bsht

Engine Resoarch Depariment

Fond Research Laboratory

PO, Box 2053

MD 2829 - SRY. - Room 1517

Dearbom, MI 48121-2053 USA
l consll: mfmedal @ford.com




Tel.: (313) 594-7645




F

Mark {M
From: Frealand, Mark (M.)
Sentk Tuuduy.dﬁqﬁmbum,MH:ﬁﬁm
T Hangas, Jon
!ﬁﬂlﬂ: F¥: Spark plug realetance chacke
Spatk plug paraan
Ragnrds
Mark Freabynd
G-Sigma Black Brk
Engine Resouch Departiocat
Fotd Research Laboratary
P.O. Box 2053
MD 2629 - SRE - Raom 1517
Dearbom, MI 48121-2053 USA

camwil: mfirsala 1 @ foord .com
Tel: {303} 507645

—rignal Message— _

Fromi B, Fred {F.)

Stz Wednesdny, 04, 2002 %:03 PM
Tar Proiered, Mark (M.}

Oo motay, James (LILY: Power, James (1)
Saljach FE: Spark plug resistence theds

 Mark,
We will be visling E=sex Engine plant tormomow moming. [f you can lseve the vehicle hare cn Friday, | shouk

ba abla to measure the pluge somatima during the day.

—Criginal Maccege—

Frai | Frestaryl, Mark (M.]

[ ] Tussdy, September 3, 2002 12:38 PM
Tot Ewel, Fred (F)

(e ] Moy, Jamas (L0

Sabvjact: M= Spaik plug rasistance chaoks
Fred,

When would ba & good e for you to check out the plugs on the Mounisineer? If you would $ie | could come
over b you're garage tomomaw moming or aftemoon. If it will only take an hour | will stay with you, or f a lot
hmnrmml_mnmamavmldavmhynu and borrow whasls from Jim MeCeny.

Thanks

Regards

- Mark Freeland

)

6-Sigma Black Bek

Engine Research Departroent

Ford Ressarch Lahorstary .
P.0. Box 2053

MD 26329 - SRL, - Reom 1517

Daarbom, M1 43121-2051 UBA




- coouil: méreelad @ford.com
Tel: (313 394-TdS

—Criginel Message—-—

Prodi; Bwall, Pred (F-)

Samh Thuraday, August 29, 2002 2:15 P
Tel Prasiend, Mark (M)

iy Powes, James (LH.]

Subject; Spark plug resletance chedd

| wae unable to pry Jim McCoy away fram the vebicla lahg snough to get the plugs removed and checked for
resiatanoe. Plaass make arangements with Jim Power andfor me next week atter the labor dery holldey.
Have & gool weekehd.




Fresland, Mark (M.}

Froim: Fraaland, Mark [M.}

Bank: Thursday, Septembar 12, 2002 11:44 AM
To: MuCay, Jarmss {1.D.)

Bubject: Fouled plugs

Jim,

Got a Bluas Clus,

What deas the Egnitton nalsa on the Viref ook like when you have a Touled plug?
Can you try It and aea, (but not on the Moauntainser as | want to be able to drive It an Tuaaday night).

The Mustang has 2 good numbar of low mleage fellures for the montha that it had the fuslplug fouling lssua
{10/2001 - 12/200H)

Shemn will discums further with you etar faday.

P.0. Box 2053

", MDD 2629 - SRL - Room 1517

! Desrbomn, MI148121-2053 USA
email: mfreslal @ford.com
Tel.: (313} 594-7645




Freoland, Mark {M.) :

From: Freatand, Mark (M.}

Sant: Thureday, September 19, 2002 3:07 PM
To: ONaall, Jim {J.0.}

Co: Akolkar, Shiilarnt (8.V.)

Aubjeot: Windtar Baneor #98

Jim,

Pleans forward me all Info you have regarding the sensor Shrl brought me ta test this aftemaon. | would like
to make sure the document | eend you la oear and conoisa.

Can you provide the tollowinge

VIN #

Misago accumulatad on the sangar.,

Data the sansor was removad.

Ware there any atored codes In the PCM, all codaes are of intarest, nat just the &PFE codes?

What le the ful repalr hlstory far thie vehlcle from the data tha mwwlmﬂlﬂmﬂhudﬂoﬂm
rameved? | suspact that the srgyine hae & misfire histary, of soma sart.

Do we hava Kavico'a parametric test data for tha part.

Thanke

Regards

 Mark Freeland

| 6-Sigma Black Belt

MD 2629 - SRL. - Room 1517
Deirbom, MI 481212033 USA

cmal; micelal @ford.com
Tel: (313) 504-7543

ER22-827-C 142




_- Frosland, Mark IEI

From: Freeiand, Mark {M.)

Sant: Tusaday, Saptermbar 10, 2002 2:59 PM
To: O'Naall, Jim {J.0.)

Subjech RE: Poal Vahids

£,

Dearborn, MI 48121-2053 USA
emeil: mireelal@ford com
Tel: (313) 504-7544

—Ciriginnl Meccage—

Fram: O'Nsall, 3m (1.0.)

Sant: Tuesday, Sepbamibear 10, 2002 1:12 PM
To Kosrevnic, Jobn {12.); Ming, Sandea (5M.)

Freetand, Mk (M.); McCay, Jamea (1.D.)
Pt Pl Yihice

John - Please forward the below nota fo Dbnpool &ford.com this aftemaoon. Thanke.
Sandra - can you follow up with John'e admin (| think her nama is Jan) to make suna thle heppens.

EE

| approve Mark Fresland's use of a pool car while hig leass car |8 being evaluated for Dalta PFE EGR
saneor ksues, He will need a pool car from Sept 11th at 2PM to Sept 13th at 4PM. Thanka

J. D. O'Neall:
Managar, Fuel Metering, Emieaicns, and Ignition Dapt

V-Enpgine Englneering, Fard Motor Company
joneall@fordcom, 313-322-6530

~Mack, Ed (ET.)
Tuasdny, Sametsbar 10, 2002 U:27 AM

¥rom: Mooy, James [1.0.)

Sanb Saptembar 10, 2002 9:16 AM
e Mack, BA{ET.)

[+ Ofiaall, ¥ [1.0.); Frewduned, Mok {M.)
Subjact: 1w ool Wehicls




toe

'Ed, Can you provide an answsr oir queation Betad below?

Thanks. Jim.

Eegards,

Jim

Fuel Metzring, Enissions & Ignition Symema Enginoeting
Hardwae Coniral Tntedfacs Group

V-Engine Engiivecing

POER - MD#GS - Rm. D142 - Coba DF186

Phone (313} 33-79690 f Fax {313) 39-04084

E-Mail: jmeeoy] @ford.com

—{righnal Mecoge-—
Fromi Tokareryk, Jm {J.
fant= MWMMHEM
Tae Huﬂnrh-ﬂﬁ
. Bulejactz

Nesd to contact Ed Mack in Vehicle Programe {he controls the pool vehicles).

Thark You
Jim Tokarczyk

25311

&
?E

hitp=iwww.dearbom ford, uunﬂpphfPFPEvNﬂiclaGunthvﬂhldmnum htmi

——CNOINE MCDRO
Froan Mooy, Fames (L0}

Bamh Tueziny, Sepleraber 10, 2600 %00 AM
o Tokewcayk, Am @}y

Lo C'ieall, I (1.0.)7 Frossland, Mark (M.)
Bubdect: Pool Vahicls

Jm,

. The vehicle we naod to test is a leasa vehicle thet balonge to an employes, Mark Fresland, haes

HM.MMWMW&HmmmHIIMMIHHK

Would k be pogsiiia to provide a pool vehicle for Mark's ues whils wa test hia vehiola? Gould youl lat me know

if thia iz something we can do?

POEE -~ MIDHGS - Rm. D142 - Cube DP185




Phone (313} 33-70650 / Pax (313) 39-04064
E-Mail: jmecoyl @ford.com




Fraeland, Mark (M.

From: Friasedard, Mark (M.)

Samt: Friday, Septermnbar 3¢, 2002 1020 A
To: Vamer, Carol {G.l.)

Subject RE: Windater Soneor 298

Carl,

{ understary that this is not a wartenty retum part, but | stlll want to know about the vehicle's hiatary. Can you
pleass contact the flest manager and ask him/her abaut this vehicie, has it had ary othar alimants, ke
running rich, HEGO problema, Fuel problems, Ignition probiems, drive symptoms, ate. 1 think wa naed to know
mmﬂﬁmmammdmmﬂhmm. Any intaligence you can gathar ¢t e vshicle
may e

Alao, can you contact Kaviico and aek tham for thelr tast data for this part. 1 can not test Blope, they probably
have the date for thia alreacdy.

. ——Origial Message—
S m'mmm’ 2002 10710 AM
Tt O, Am (1. b.:m'
c= Presiand, Mark (M)
Suldgach RE: Windstar Sarmor
Mark,

—lwighrel Masosp—

From: CNefl, Am (1.0

fant= mmm,ma.um
T Ve, Caral

Ca Fmdmd,lhtm.]

Sulrject P Wincetar Sasnwar #99

Pleaaa provide the info mumwmmhhmmmummmmmu (low | bellova) from
the Vepas fleat that you Inspacted shippad back by Kyang.

J. D. @'Neall,
Manager, Fual Metering, Emiesicns, and Igniion Dapt

V-Engine Englneering, Ford Motor Company
jonesll@lord.com, 313-322-8830




——{Originel Meanpe-—

From: Frackand, Mark {M4.)

Sards Thoreriey, Septarnber 19, 2002 3:07 PM
T craeall, 1im (03

O Akolicer, Shrank: (5.V.)

Suljart Wirdstar Senscr #4449

Jim,

Please farward ma all info you have regardng the sensor Shrl browght me to test this aftemoon. | would (Ko
ko maks sure the document | sand you is clear end concise.

Can you provide the following: Sanmscr #90 is not a warmanty retuam. R was a parlyens coated sensor
placed on a 3.6L Windstar belonging to a taxl cab fleat In Las Vegas, NV «o there are no FCM codes to
have for refarenos. Vo readings were made with &Y powar supply and digltel multimeter. Sensor was
ramovead from vehicla and allowad to cool for 1hr in afc room. Al ims of measurament room tamp was
29 cdepreas C. No Check Engine Light was obsarved.

VIN £ 1can provida thia naxt wask. The Flest Enginesr who | work with I8 out of the offlcs until

Monday.

Misags accumulated on the sansor, 22,624 miles.

Drate tha sansor was removed. Date Installed: 5/28/02. inltial Yo = 1.033 v.  Date removed: 84602, Vo u

0.520 v. Both diss rasponsive,

Ware thers any atorsd codes | the POM, all codes are of Interest, not just the dPFE codes? WA, Nota
return sensar.

What |a the full repalr history for this wehicle from the dato the sensor was installed until the date it was

rerncvad? 1 auspact that the engine haa & misfire history, of soma soit.  NFA. Not a warranty retumn senaor.

Do we ave Kavico's parametrio test date for the parl. Mot aure. Kaviieo may heve parformed some

parametric towt bafors ramoving the ports and sending the secsor to us for futher anslysia.

Thanks

Regmurds

Mark Fpselimd

6-Sigma Black Belt

Hogipe Razearch Departmant
Ford Regeanch Laboratory
P.0O. Box 2053

MDD 2629 - SRL - Rooim 1517
Dearbom, MI48121-2053 USA

emall: mfresdal @ford.com
Tel: (31354745

En2-827-C 34T




s

Freefand, Mark (M.) -

From: %ﬁnﬁ (.0,

Sent: Tu . Saptembat 24, 2002 5:41 AM
To: Dxirvan, Juck (L.}

Le: Maurer, James {J.8.); Freeland, Mark [M.)
Bubjact MPG Focue

Jack, Can you have the tech pull the plugs fram the Focua, aftar an avernight soak, and meastira and recond
the abwilc raskstance of each piug. Put the pluga beck [n tha sama cylindara whwan complete. Sand the reaults
o Mark Fraaland. Thanke, .Jem.

R?Flh.

Jim McCoy

Fsel Metering, Benieslons & Ignition Syvtema Bnginearing
Hardware Control nterface Gronp

V-Engine Enginsering

POER - MD#69 - B D143 - Cube DF186

Phons (313) 33-T79690 / Fax (313) 304084

B-Mail: jmecoyt @fond.com

EROZ-02T-C 34




Mark (M

Koszownlk, John (..

Morday, Sepiermber 23, 2002 700 PM
Frasiand, Mark (B4.)

FW: Ledch protaction for DPFE

E PN

As promised, | ran cut the question we discussed In my offics todey.
Il Is¢ you know 1 Jim pravides me any additional feedback to my note below.
Thanks for our meeting. See you sometima early next weelk.

Joke Rsspowaih

Chisf Enginser
V-Engine Enginaering
Ph. 32-28873

Fx. 24-86007
Jkoazeven Sford.com

Noted and undamiood. Thanks for running this out for me.

My takeaway le that the ESM hae the sama overvoltags protaction on Vref and Vout ae the ube-mounted
. DPFE eeneod.... no better, na wores.

Hance, we cannct eay that the improved fleld performance of the ESM (vareus ibe-mouniad BPFE) reaulie
from reduced senslivity to latch-Upe.

11':9mmdﬂnnhpommhrhimmﬂddwﬁummhmuﬁmlmmmmmmﬁtl.mt&
dus 1o balny downatream of the EGR valve,

Latmnlu'mifl'm incarreat In the above, Thanks again for rurning thie ouk

fodn Koiponnik
Chief Enginesr




o Maurer, Yanwes. (1.1.); Sabes, Fresenan {F.C)
Sulshacts Laich pmbmclion For DPFE

John - the latch protection you s34 in the schematics you had In kand this PM ane for tuba mount.
Tha EEM did Implament a simiar affort right after Job 1 (Implamanted arcund May of this year at the
same time we Implemented the Dalza & and the Micralyne gold aputtering) except the test data
dictated tha uza of a Zanar dioda. So both have the protaction. Fraaman can give you mosmsa
spacliias if you need Rt or call me at home at 734-867-2966 or cell - 734-748-1781.

J. D. O'Neall
Manatger, Fusl Mstering, Emisslons, and Ignttion Dept

V-Engina Engineering, Ford Molor Company
joneat@ford.com, 313-322-6838
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Froeland, Mark !H.I

Prom: Bwall, Frad {F.1

Sent: Wadneaday, Saptamber 04, 2002 403 P4
Ton Fraalend, Madk {4.)

Co: MoCay, Jamee (J.0.); Powe, Jamneas [J.H}
Subject: RE: Spark phiy resistance checks

il MiSSage—

from: Fresiand, Mark (M)

Sani= Tisadary, Saphember 03, 2002 12:30 W
T Ehwel, Fred {1.)

Ce= McCoy, Jamsk (1.0.)

Bulbrfwabh P Spark plug resisianos chada
Frad,

Wheat would be a good Bme for yau to chick out the pluge on the Mountainees? I you would ke | could como
over o you'ra garage tomormow morning or aftemnoan. If it wik only take an haur | will atay with you, or If a Int
longar then | can leava the vehicle with you and borrow whasale from Jim MeGoy,

Thanks

. Mark Fresisnd

£-Sigma Black B}t

Engins Research Department
Ford Regearch Labaratory
P.0. Box 2053

MD 2519 - SFL - Room 1517 .
Dencbosn, MY 48121-2053 USA
smail: rafreslnl @ford.com
Tel: {313) 504-7645

—{xigingl Mesane—

From: Bwall, Frad (F.)

Emb Thursday, Augast 2, 200T 2:15 PH
2T Frasland, Mark (AL}

-] Poyer, James (JH.)

Suljact: Spark plug reshalnoe checks

| was unabis to pry Jim MeCoy eway from tha vdhldalmwmﬁhbnathapluna remaved and checked far
rosletance. Please meka amangements with Jim Power and/or me next wask after the labor day hoday.
Hewvo & good waekend.




Fl'ﬂﬂllﬂﬂl Mark [M.l

From: Frasiand, Mark (WL}

Eont: Friciay, Septombar 20, 2002 5:00 PM

To Alat, Sharan (5.A.); Kotwickl, Allan (ALY McCoy, Jamss [J.0.}
L+ ] Maurer, Jarmas-{JB.); ONead, Jim [J.00)

Bublect: The anatcry of a SCR tatsh n the Kevioe THM oPFE

Sheran, Al & Jim,

| have been able to raproduce the SCR Latch condition in u controlled and reproducible feshion. And thus can
now define what is nreaded at the Vdd to the dis to induce an SCH latch condition,

Simply pu, If the Vdd ralative 1o Vss exceads 18 ¥ for more than 300 nasc then an SCH Latch will result. The
higher the voltage above the 16 V threshold the ahorter the duration required to induce the SCR latch,

When the SCR Latch oocurs there Is an Inltlal inrueh of oumant to the die followad by a dip in the curent for
anme micra secofda, followed by a sustainsd carrent level which can ba much lewer then the inltial Innssh.

Thus, any fitar dasign should alm to aiminate sy sustained excrsions above 16 vols,
Suggeated degign phicaopty:
If wa usa a high valus of capacitance to prop up the 6 Volts, then we muet alec use a high Inpetance to

grevant the capacitor from charging high enough to hold the Vdd above 16 vaolte for 500 neeo, with a currant
draw of zay 10 mA_

Lats disctesa on Monday moming.

Regards
Mark Fresland

Dearborn, MIA8121-2053 USA
esmall: mfreslal @feed com
Tal.: {313) 504-T545




From: Fraaland, Meark (M.)

Sent Friday, Saplember 20, 2002 5:04 P
To: Grandas, Jeseph (J.M.)

Barbiac: FW: FYl

Joa,

Please call ma at the number balow, so that I can share my lesaming's with you,

Thanlka
Ragards
Mark Prealand

6-2igma Rlack Bslt

Engine Repsarch Deparbmank
Ford Reasarch Leborakory
P.D. Box 2053

MD 262% - BRL - Room 1517

> Dearborm, MI 48121-2053 USA
small: nmfreslaléford.com
Tel.: {313) 594-Y£4h

YY Y WYY

From: Ayers, Don [mailto:Dhyarsékevlice.com]
. Benkt: Friday, Septembar 203, 2002 2:34 PM
Ta;: Mark Frealand {E-mail)

Sub{ect: FYI

Hi ¥Mark -
Long tima no gaafspeak. I hopa a1l ir going well with you.

I just vanted to make you aware of twe thinga. You may already loow these and
I'm apsuming you are atill working on transiacts.

1. We ars starting to spbark on a asriss of failure analysis meetings on ESK
with rFard/dlemans particlipation. Joe Grandae (in BAR Engineering) had some
guesticns pertaining to voltcage trarnsisnta. We suggssted hs discusa chess with
vou to underatand the testing and yegulbtsz you've chsarved. If he hasn't called
you, you MAY wantk ta glvae him a call as Eime permite.

2. mnally, I came acrogs an intgresting document on vahicle tranglents. You
moy wont to obtain a copy. It ix IBO 7637-1, titla 1a "Foad Vehiclaz -
Elactrical discurbancs by canduction mand coupling - Part 1: Passsnger cars and
light ocommarclial vehicles with nomipal 12V supply voltaga - Rlectrical transienk
conduetion along supply linss only.

3. ERaeally thip ia finally, thare's & Park 3 bto tha above which addreapzas
"Elactrical trpnmient trendniesplon by capacitive and inductive coupling wia linaa
- cther than supply linas",




If vou want, I can fEax thasa to you,

Take cars,
Don




From: Frogland, Mark (W)
Sent: ﬁ&g&pﬁnﬁrmmﬁﬂm
. Toe Loa, Pamals [P.F.)
Sublect FW: TWO DIFFERENT DPFE COMCERNS FOR DTC PO401
FPam,

MEB 2629 - SRL - Rnom 1517

Dearbom, MI42121-2053 TISA

email; mfireslsl &ford com
Tol: {313) 504-7543

PFrom: Giondann, Mike

Bz Fridey, Sephamber 20, 202 5:03 PM

Toa Freadand, Mack (M.}

Falijach RE: TWD DIFFERENT DFFE COMCERNS FOR COTC PO
Mark,

SPl ls the prime bad actar (&8 | recall due to leee robust ethow meterdal] but | belleve Zateo ls worse than -
V&/V8 configurations for fallure rate. Pam Lee might be able 1o quantify miatively or acoldantsally the amount
of "acidic aqueous condanastas® ganamsted by angine bype, Soeamad to ma thera might he a link belng

Mis Glordand

Foous Powsrirain Quallity

32-20028 :

"H you plan to fall, it will be sasy to sccomplish your goals 1"

—Original Messiag=—

PFram) Froeisnd, Mark (M)

Senb Friclay, Sephemier 20, 2002 436 PM

To: MMMMMHWMFI{PHMMWH.MMW.};M (B.W.}

O DlAngela, Ranmidq {Rt.); Nobehanm, 3 {LE.}) Peplne, Gl (1.); Gaba, Freeman (F.C); Whitworth, Rudy (AR, Sturp, Steven
(5h.); Divlival, Corve [B.5.]; Malkry, Gene (EE.): Thomes, Kon {.C)

Subjerir RE: TWO DIFFERENT DPFE CONCERNS FOR DTC FOM01

Mike, a It the 2,0L. SP1 or fa it the 201 Zsteo that has the high [evel of PGV fallure. The wordlng in you'rs note
leavaz ma In some doubt. Also, if Is the Zaiaq that hasa the high PCY fallure rate, 1a that on all 2.0 L Zeteo
appficationa, l.e. Focus and Eecapa?

Thanks




PO, Bax 2053

MD 229 - SRL - Room (517
Diearborn, M1 43121-2053 USA
eroail: mfreslal @dard.com
Tel: {(313)394-7645

—Crigindl Messagg-—

fromi Gondeno, Mike (MLA)

Senk Fricy, Sapambar 20, 20 4723 P

Ta: Johraon, Joe (1H.); Surth, P. 1. (PL.); MecDonsld, Gy (G.F.); Shopp, James (11.); Lntts, Brian (EUW.); Frocland, Mok (4]

O DiAngain, Renaico (R.); Noweboom, dm {J.E.); Peplione, G (1,); Gates, Frsaman (F.C): Wiitiworth, Rudy {h R Soump, Steven
{5.M.); Chalbwal, Denva (B.5.); Mallay, Garm (E.E.); Thomas, Ken (K.C.)

Subject RE= TV CHFFERENT DNFE CIOMCERIS MOR DTC PO4GL

Jow, at.al

| wan wondering i the higher concentration of "acidic aqueous condenzatas” in |-4'e {vs 6 and 8 cylinden) as
discusssd in Pam Lee's 6D on PGV elbow detarloration) has o significant Impact higher fallure rato on
Focue for DPFE 7 {Refersnce Global 80 # 22223,) According to feilures on PCV companants, 2.0L SPI
{Zetec 7) have significantly more fallures than other anginas. Any thoughta 7

"It you plan to faf, it will be sasy to accomplish your goals 1™

—LOriginal Message—
Julweon, Joe (LH.)
19, 2002 £:59 AN

Thursday,

Surtl, P, J. {PJ.); MacDonaid, Geonge (G.I); Shopp, James (1LY, Limtts, Beian (RLW.); Fresland, Mark (M
mmmrMlhﬂﬁkmﬂu.hmmumhmmmmmﬂh
Mmm(&m,mgﬂFMLm , G (EE.) Thomas, ¥en (K.C)

i RE'H‘

The moisture will be in the senaar of all vehicles and 1a to be axpacted.

The issue ia that the rensor manufacturing process is not robust mnugh to insure. that the
arotective layere are applied in a uniform manner so that the acid, which is always present in
the moisture, will not attack the senaltive electronics underneath. The Focus gets a double
whammy, we bellave, hecause of tha grounding issues end othar things that are still not
underatood. Drying out the sensor will not result in a fix ..., itis best to raplace it.

Kaviico has resourced the dle and proceesing of same in what we believe is a positve step for
quality. The new sensor pert number is 2F1E-9J480-AB and was PEW'd 5/1/02. An satlar
varalon which had the latch-up protection against voltege splkes wea implemanted 1/7/02
carrying PN 2 E-9J460-AA.

. There is a team atill working on sarvice fixes.




PJ, | won't nead that sensor back since it is bafore the corractive action datas listad sbove:
howevar, | would like to get back any of the 2F1E-AB level parts.

Joe Johnson

Suparvisor, EGA Systems, FME| Dept
V-Engine Engineering, Fowertraln Operatons
FOEE Bidg, Mall Drop 89

21500 Dakwaod Biwd

Dearbom, Mich 48124-40581

Ph: (313) B46-8292

—Cripinal Méssage——
s sﬂ,n{u]

Sty smtumerla,m-lnsm

& mm{aﬁ},mmm.},mmm % Frealand, Mark (M.}

Ce DiAngeatc, Renaldc mmmuﬁnmﬁlm.mmmxmﬁm{m};

MLMM,HII&{HL].MM{SH.};M (B.5.); Malloy, Gene (ELY: Thomes, Ken (K4}
Subjech T DIFFERENT DPFE CONCERNS FOR. OTC PO401

(aorge - Tha concem L had daseribed n the attachad CQIS report Is diffarent than what you are referring to
for EVR hose malting. My concarn had

DPFE sensor reading of less than 0.1 volt{normal reading shoukd ba around 1.0 Volt st KOEQ ar KOER at
ide). Thia indicatas that It haa the corwem

In tha Intemal elacironica interface of the esnsor itaalf. My cancem is very well described by Joa Johnson In
hia earler note of water from the axhaust,

carving acid Into the sensor elacronics Interface, causing the concam. Also, | have been survaying the water
migration laawe with dealers and | am

findéng that # Is going on Explorers, Mustangs, Expedifions and cther applications 0o, | feal that the repeat
MMEEEEM due to MIL la a lﬂn

concem. Aud pod prod
probebly may be alraadylnvnl'mdunm ungolng
Bsue, The redl problom Ialhntmawamwuatanwmttnllmhdwplnﬂma&mn&tnﬁmu&,htﬂm
do not mantlon the cause of the fakure mode,

L. water migmtion in the sensor. So, it may hn difficult to leclate thie data from the otiginel defectrive sensors
dats.

Jog - 15l have the sensor and will be happy to ship It to you, FraummorMnrkFraahndfurlurﬂurtwt
analysis. Pl iat ma know, Thanka...

P. 4. Sww




L
!

R,

One additonal comment. . A1 WEAP, with the help of Git Pepitone, wa discoversd a routing lasua that creates
a touch condition of the EVA vecuum hose to the EGA. Thiz melts the hose, creates m vacuum losk & a
pO401 insufiicient EGR flow MIL code. In looking at the date {Zatec only concemy and aur past DPFE History,

dealars are ewapping out good Motorola sensore. This accounts for a good portion of the lateat DPFE
warranty for vahiclea with the Motorola DPFE s,

fdan Lizotis's group s workdng an B message to the fisid hightlighting this epaclal cause.

Bran, Jim,
Any commant on fs status of tha massage on EVR hose routing laaue?

George F. MacDonald

Wayne Stamping & Avesmnbly Plant - Powertrain Resident Enginesr
Phone: 734-%6-70196

Mobile: 734-730-8174

Texdpagar 313-705-T9E0 maileg:3 1371

gmacdona Bfoid.com

—Original Mesrage—

Arone Sutl P 1 PA)

Bamni Ty, Saplamier 17, 2002 10:53 AM

T Johnson, Joe (LH.); Gakes, Freeman (F.C]; ‘Whitworth, Rugy {AL); Glordana, Mis (MJA); FRcDonald, Geovpe (GF.); Stmp,
Symwmn (517 Challwal, Dowe (B.5.); Malloy, Gana (E.E.); Thomas, ien (0}

= Diangeln, Renata (R.); Motebaoom, I {LE): Paplone, (3 {1.); S, P 1 (P}

Sohfach REPEAT REPATRE CF DPFE SENSCR FOR MILCONCERN

Hallo Jas - | know you ara not Involved with Foous EGR system, but the attached GQIS report concem can
happan ta athar vehicla linas too, Wa have

sseh this coneaim in paat, but | [ke to know what to advise the tachs. In this type of oase. The DPFE was
raplaced due o tha Inelde elatironics lyeue

meove than year ago. 30, the current sensor & batter design aensor. But the vehicle came back due to water in
the eensor. I thie senear would hava

bean drled and cisaned, It probably woukd have woarked. Atthough, doe o the bad reputation of the sanser, the
teche., fust replaoe tham. And this ie

happening on cther applications too. One of the biggest MIL concams at dealerships s the DPFE asnsor
MIL And urfortunately the concem

tepeats again.. 11 sesms that thin past big concem dess not sasm 10 go away. Any afvicedsliggestion o such
repeatr repaire wil be approciated. Thanks...

CBQ002 CQIS Indicalor Summary 0917702 10:28:24

==

Rpt#: 2ICIV301 PTOFSE Rpt: 081772002 Odom: 35,588 M

Rvwd. File: _Folar:___  Images: 0 Prnt Smy/Disp Detak{P/O): _

Vehilcla: 2001 FOCUS 2  COUPE AFAFP31341A108238 Bld: 03/07/2000

Engine: 2.0L ZTECH GCah: Trans: MTX-76 E Axde: FWD 3.82 A/C: YES

Dealor Id: 05517  Sunset Ford Phit: (714) 372-4520

Siate: Calfomia Ciy: Weatmingter  Orig/Caller: P. J. SURTI

8ymptom: € 98 2 00 DRAVABL,INDICATOR,CHECK ENGINE,OTHER-CODE NA

Addl Sym: 5t CCRGEPRC: _Rwwd: Dt

Flx: Caus. Comp: SENSOR ASY EGR PR VL ~RPL Condition Code: 42

PSURTI (714) EEE-EEET FAX. MIL? ¥ AHA7? SympVI? Survey? N

EQ: PrtSt O

ER: GE . Intmit? N

CONCER CHECK ENGINE LIGHT STAYS ON.

REPAIR HOOKED UP WD& AND RAN EEC SELF TEST. AETRIEVED THE KOED-C DTG FO401.
4

1of 1

ER2-827-C 3481




AAN DCL DISPLAY. MONITORED THE EGR 8YSTEM. DPFE SENSOR WAS AEADING
0.1 VOLT WITH KOEO AND ALSO WHILE RUNNING AT IDLE. AS PER PREVIOUS
EXPERIENCE, THE TECH. REMOVED THE DPFE SENSOR AND FOLIND WATER IN
THE SENBOCR. THE SENSOR HAD BEEN REPLACED ABOLUT ONE YEAR AGC. AND
NOW IT WAS ACTING UP AGAIN DUE TO WATER IN THE SENSOR. THE TECH.
REPLACED THE SENSOR. THE MIL CONCERN 1S RESCLVED AFTER THE REFAIR.

P f St
Powartrain PGS

V. No. (1) ge-ga?
Pox Mo, (714 962-0048




- Fresland, Mark (M.)

L ]

Frowm: Freadand, Mam (L}

fant: Friday, Septamber 20, 2002 8:25% PM
Tor Bryart, Bruce (B.D.)

Ce: Wal, Kuang {iKK.C.)

Subfect: RE service procedure changes
Brucs,

You nead o pet with the supervisor of the appropriate vehicle officeds}, they can initiate a TSB (Technical
Samvico Bullaiin}, which the dealers can be rafaned to when addresaing a spedfic customer concam.

Regards
Mark Freebimd

{-Sigma Black Bale

Engine Reacarch Department
Ford Fescarch Laboratory

PO, Bax 2053

MD 2629 -SRL - Room 1517
Dearbom, MI 48121-2053 USA
emuil: miteelal @ford com
Tel: (313) 394-7645

—Criginal Mesmape—
PFrown: Bryanik, Bruica (B.0L)
. Emnk= Friclary, Septmmbar 20, 2002 &:14 MY
Ta Frestand, Mark (M)
= W, Kuang (K.C.)
Fubjuct: Sarvice procedure changes
Mark:

Kuang Wi, another FRL BR, and | are wondering how to get a service fivprocedure change kmplementad. He
has a project at Wheom for which be has a fix, bul we'd alac Fa to got the fix Into the dealsrs’ hands.

Specilically, a plestic tethar an tha {+) lead from the starter can point In one of two directions when It Is
installed. In one odentation, thara's no problem, but in tha otftver, It blocks a drain hola and catlese water 1o
buld up and come In contac with the passenger compartment akr filter, causing musty odar and dafogging
problams. We'd ke to get two procadura changuea in plece at the dealer--one & show tham how to comectly
otient the tether when replacing e starter, and the other to have them comect the tether position when :
cusiomera complain of musly sdor,

Sinca you've had subgtantial dealings with dealers In the couree of your dPFE sensor projacts, wa ware
waondaring If you could direct us In getting theas asrvice palley changes ingtantated.

Cardiglly,
Bruce Bryont, & Sgma Masier Bladkbalt, .Frd Research Labaratary
bbryant2@fard.com (01-313-300-4750




Fresland, Mark (M.)

Fram:
Sant:

Ta:
Subjeot:

Fraaman,

Fraaland, Mark {M.]
Tuastiay, Baptarmber 24, 2002 825 AM
Gatas, Fraeman {F.C.)

Ledeh Suscaptbity Teeting

| have additional data from taaling 20 + more dPFE's without ihe Z1 {MOV) which | would like 1o ghera with
you in person. Whan would you fke to get together?

Also,

John Koszewnick has asked e to take a look at the ESM to soe how it compares In terme of it's robusinees

to Tranalent Voltages.

Can you provide me with & sampiing of say 30 cument production ESAM's for similar testing. | will also need tha
curvent clroult deagrar and component layout for the boands.

Thanks

Ragards

Mark Frealand
§-Sigma Black Belt

Engine Reacarch Depantment

Ford Research Laborstory
P.O. Box 2053

MDD 2629 - SRL - Room 1317
Dearborn, MI 42121-2053 LISA

omail: mifmeln] ®ford.com
Tel: (313) 594-7645




Fresland, Mari (M.}

Fram: Freend, Mark (M.}

Bant: Tuaeday, Seplemibar 24, 2002 31 AM
To: Kogwawrik, Jahn (J.1.)

Co: Davis, George {0.G.)

Subject: RE: Latch predaction for BPFE
Thanks Johra

| have raquested & sampling of 30 ESMe from Freeman Gatas to parform translent suscepiibllity testing on.

Yestarday aftemncon | tested 20 parts Tor the intamal {die leval) threshakd voltages. {1 plan on at least 30 for the
satistic). Than | will follow up with a langer sampée for the extamal threshold voltage statistic, as we discussad

yestarday,
| will foad you the remulta by emall a5 | complete sach group.

Regards
hMark Frezlamnd

6-Sigma Black Bait

Bngine Research Depanment
Ford Research Labovatory

P.O. Box 2053

MD 2679 - BRI - Room 1317
Derrbom, MI42121-2053 USA
winadl: mfresla] @ford.com
Tal: (313) 594-7645

—Orioinal Massane—

Fronu Koz=emik, Johwi {13}

Sants Menday, September 23, 2003 7200 PM
Tu Franlond, Merk (M)

Suljact: F¥: Latch protecton for DRFE
Mark,

As promised, 1 ran out the quastion we discussad In my offica today.

IV lat you know i Jim provides me any addiional feedback to my wote below.

Thanks far our maeting. S0 vou sometima sarfy naxt wesk.

Boda Rosyewnth
Chisf Engineer
Y-Engine Enginesring
Ph. J2-28873

FL 24-28087
[koszewn Bford.com

=il Message—
Pt Keszwwrik, Jobn (113




Hani: Worelay, Septwmber 13, 2002 5:59 P

To: O Keall, Im (MO}
Subteet: RE: Latrh protnction for OPFE
Jim,

Nated and understood. Thanks fior running this out for mea.

My takasway i that the ESM has the same overvoltaga protection on Vref and Vout as the tube-mounted
DPFE aennor.... no battar, no worae.

Henca, we cannat say that the Improved fisld pafarmance of the ESM (vetsus tube-mounted DPFE} resulis
trom raduced senshivity ta latch-ups.

Thse remalning hypathasis Tor its Inproved flald perfermance is thet it sees less comoslve exhaust constiuants
dua o belhg downstraam of the EQR valve,

Lt ine know i I'm incorrect i the above. Thanle: agmin for ruhning thia out.

Dolka Respomuch

Chiaf Englnoar

V-Engine Enginesring
Ph. 32-28873

Fx, 24-88087
Joezawn@ ford.com

- My, James (15.); Gabes, Froeman (F.C)
Ruject: I atch probection for DRFE

John - the lafch protaction you see in the schematies you had in hand this PM are for tube mount,
The ESM &id implement a similar effort right after Job 1 {Implemented around May of this year at the
same time wo Implamented the Dales die and the Microlyne gold sputtering) except the test deta
dictated the use of a Zenar dlode. So both have the protection, Freemen can ghve you more
spacifice if you need it or call me at home at 734-867-2066 or cell - 734-748-7781.

J. D. &' Neall

Manager, Fusl Materirg, Emiasiona, and ignition Cept
V-Engine Engineering, Ford Mator Compeny
joreall@tord.com, 813-322-8830

ERE2-877-C 3488



J———

From: Frosland, Mark {M.)

Sent: Tuesday, Septembar 24, 2002 1:20 PM
To! Akolkcar, Shiilent {S.V.)

Co: Waurer, Javmaa {(J.B.); Vmer, Cand (C.J.)
Bublject: RE: Windstar Senkcr #05

Shri,

( waukl be glad to, but am waiting on the VIN number and the complate sandos history for thia vehicle from
Carel. Her contact was apparantly out of town kast weaak.

Carol,
Any luck with you're contact today?

Hﬂm SRL - Room 1517
Deatborn, MI 48121-2053 USA

{;an you pl. sand alactrical raport ta Jim Maunar. | sant photos for your recond yesterday. Carol may
hava gant the vehicle info you requeated.

——Originnl Mascee—

From: Maurer, Jomes (1.8.)

Rt Mondey, Seplamber 23, 2082 3:08 PM
™ Akniier, striant (5.Y.)

Suigects RE: Windgter Sangor #9%

&hil,

l;!ﬂr;uremmnhunlumpydﬂmplotummddnuhrmﬂmpmﬂﬁtlmldnndmdlmn‘ﬂuallardﬁwng
Regards,

o Wammn

~. James B. Maurer

} \Engina 8-8igma Teamn Leadar

. anmﬁﬁuhnﬁuhm

ERB2-027=-C M7




Phone (313) 300-3672, Fax (313) 350-4084
Taxt Page: {313) 706-6219
Eman; jmaurer@Fard.cam

=——dlriginal Memmgs—

Finmm Aoolaw, Shelant [SY.)

Bentx Thurscay, Saphimber 19, 2002 7:01 PH

™ Mairey, Tames (18.); O'teall, 3m 00

Co1 mmm&xmmmmmu
Sultjact P Wandctar Sensor #99

Jim & Jim;

Thanks to Mark & John for prompt help they provided today Tor ol tasting & gel remowal.

Sensor la olactdeally dead/out of spec. Vout |s low & impendaence are completely bayond limits
Qal surface & tubss had layer of carbon ovar 1mm thick implying poory performing englve. Mark
has photes. Ultrasonic alcohal cleaning did not removal the carbon. It had to be mechanically
removed which probably damaged bond pad wires

| am lsaving die photos & ale raport on Jim Maurar's desk. Thare is no obvious visible damage.
Soma bubble anomaties ara vislble en REF die.

=~ Dirigirral Miasas——
Proan: Presiand, Mark (M.

Bert: Thursday, Sepbimber 19, 2002 3:07 PH -
™ Otad, In (10.}

Ca Molicer,, Shriian; {5.¥.)

Buldect Windstar Saror 599

Jim,

Plaasa forwand me all info you have regarding the sensor Shil brought me %o test thia afterncon. 1 would Tke
to maks sure the document | send you {8 olsar and ooncias.

Can you previde the following:

VINE .

Milsage acoumulated on the eensor.

Date the esnsor wase removed,

Wara there any stored codes In the PCM, all codes are of interast, not juat the dFFE codea?

What i the full rapair histoey for this vahlele frem the data the aenaor was Instaled untll the date | was
removed? | suspaot that the engina has a miafirs higtory, of some aert.

Do we hava Keviico's parametric test data far the part.

Thanks

Rogands

Mark Freelond

&-Sigma Black Belt

Engine Rosoarch Departmeot
Ford Ressarch Laboratocy
PO, Bax 2053

M) 25629 - SRL. - Room 1517

Dearbom, M1 48121-2053 USA
apeil; mireelal @ford.com




Tel: {313) 594-7645




Frasiand, Mark (M.}

e e —

From: Fraoland, Mark (M.}

Somt: Wodnoaday, Seplembar 25, 2002 4:23 PM
Tor Yomer, Carol {C.)

Ca: #aurer, Jamas (J.B.); Akclkar, Shrikant {S.V.)
Subject: RE: Windstar Sanscr #£9

Carol, Thank you for the data.

Firet ;mauhed the AWS record for the vin number. There have bean two warranty clalms, unrelatad o my
aran of interest.

Saecond, the date from Kyong ie the Inidal dala befora the part was put inte service, Dld Kawlico test the part
aﬂaﬂtmtnk-anuﬁthﬂvahlda‘? If 90, then pleasa aek for that data also,

The data |s unuaual, in that it doee nat give the separate transfer function for each dls, the way they used to
repart. So | aeswmes that they hekt the referance die at ambient and measured the transfer function of the hi
din, Can you try and confimn i this Is tha case.

Tharks

Regards
Mark Frosland

&-Sigaa Black Belt

Engloe Besentch Department
Foxrd Resanech Labaratory

PO, Box 2053

MD 2629 - SREL - Room 1517
Dearbom, MI48121-2033 USA
cmnil; mfreelal ¥ond.com
Tel: (313) 594-7645




Freeland, 8lark (M.}

From: Froatand, Mark (M.}

Sant: ¥Wadnezday, Saptambar 35, 2002 4:31 PM
To: Maursr, James {J.B.); Alkclkar, Shrikant {5.V.)
Ce: Yomor, Carcl [C.J.)

Subject: SAL34Y Report

Jim & Shr,

Atinched Is my dala shest for the #89 (Kaviico number) part from the 3.81 Windstar. | have Included all info
which wae forwarded to me to date.

1 have not entarad anything In the die inepaction or gal inepection, as | did not Inapect them mysell. But, if YOoul
woull $xe to fill n you'ra results & ratum to ma | will enter tham in my database.

Shri, The 8RL number fe incorract on the phetoe you sant me It ahauld read SALA4E instead of 349,
Aleo, Carol sant ma the "new” paramairie data from Kawlieo, but | do not have the Final parametric data.

MD 2629 - SRL - Raom 1517
Denrbom, MI48121-2053 USA
einail: mfreelal @ford.com
Tel: (313} 594-7645




Thanka John.

" | have raqueated a samphing of 30 ESM's from Frqaman Gatea to periorm treanslent suscaptiblity testing on.

Yeatarday afteencon | teated 20 parts for the intemnal {die lavel) threshaold voliage. (1 plan on at least 30 far the
etatiatio}, Then | will folow up with a larger sample for the extomal threshold voliage stallstic, as we discusssd

meﬂu the reaults by emell as | complate each group.

.anll'dl
Mirk Procland

. &-Sigme Black Belt

Engine Regearch Departmant
Foud Regearch, Labocatory

P.0. Box 2053

MD 2629 - SR, - Room (517
Dearborn, MI48121-2053 U1SA
email: mirselal @ford com
Tel: (313) 594-7645

=—Origirial Medutge—

Prama Koz, Iohh (3.}

sant Hondey, Seplsnber 29, 2002 7:00 A1
Tm Fromiond, Mark (M)

Sulsfach PW: Lirich prodaction e DPFE
Mark,

As promisad, 1 mn out the questian we disoizased In my offics today.
Lkt you know If Jim provide ma any additional feadback to my note belaw.
. Thenks for our mesating. .Suynt.launwﬂmp SAMY nexd wesk.

Noted and understocd. ‘Thanks for running this out for me.

o :}:.wmﬂysmmmmuﬁm'mmmmnun Vre! and Vout as the fube-mountsd



DPFE Sahsor, ... N0 battar, N0 worss,

. Hance, we cannot say that the improved field performeance of the ESM (versus tube-mounted DPFE) rezults
" from reduced sonsitivity to latch-ups.

The remelning hypathesia for its improved fisld parformance iz that it sess leas comosive axhaust constituants
dus i baing downatream of the EGR valve.

Let ma know if ¥'m incorract in the abova, Tharke again for running this out.

Dolkw Zoigernih
Chief Enginaar
V-Engine Englneering
Ph. 32-268073

Fx. 24-850€7

Jkoszewn @ford.com

John - the latch protaction you see In the schematics you had in hand thia PM are for tube moumnt
The ESM did implement a skmilar ediort right after Job 1 (implemantad around May of this year at the
sama tima we implamented the Dalza die and the Microlyne gokd aputtaring) excapt the test data
dictated the usa of a Zener dinda, So both have the protection. Fraeman can ghve you more

. apechics if you need it or call me at home at 734-867-2066 or call - 734-74B-7781.

J- D. O'Neall:

Manager, Fuel Metaring, Emiasions, and Ignidon Dept
V-Engine Enginesring, Ford Motor Company
|oneal&ford.com, 313-322-8839

ERS2-827-C 3414
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From: Fresksnd, Mark (M.)

Bant: Thursday, Saptembes 28, 2002 9:35 AM
To Koszswnik, John {J.J.)

Bubjwot: RE: Updaind- kit wM. Fraeland

830 works for me, Thanks

Regarda
Murk Freeland

6-Sigms Black Bsit
Eagins Research Department
Ford Reseerch Laboratory

P.0. Box 2053

MD 2629 - SEL - Room 1517
Dearborn, MT 48121-2053 USA
email: mfreelnl@ford.com
Ted.: (313} 594-7645

-—nurﬂl'hmn—

Werkow, ok {1K)  On Bahalf OF Goszenwnik, John (1]
H.l:l Toursdny, Septersber 26, 2002 534 AM g1
™ Fresland, Mo (4]
! Buljuol RE: ipdatet: Hig w/M, Fresland
Mark, | changsd it to 2:30 on 1V2.
Thanks,
Jan
—Ciginal Appaiikatient —+—
Prov; Frimiond, Mark {M,)
?ﬂh Thiwaday, Soptanibar 26, 2002 9:25 AM
111

Subjact:
Whar Wednexdey, Ocrber 02, 2002 530 FREH:00 PM {GMT-05:00) Sxstem Time (U5 &
Wethex {GH-05:00) (US B Canada).

John,
Can we maks It 2 different tima pleasa, aa | have to pick up my chikdren In Farmingten Hilhb,rﬁnupmnn

Wedneaday.
Thanks

Mark Fresland




Mark {M.
From: Frashand, Mark (M.
Sent: Thuraday, Saptembar 28, 2002 1:48 P
To Akokar, Shrikaat {3.V.); McCay, Jamee {1.0.)
Subject

Maurar, Jamea (J.B.); Gatws, Freaman {F.C.); Duncan, Jagk {J,1.)
AE: Irof aplkas-MPGE Focus MZ4 ponacr

Mo the reported dPFE cusment |e not normal. | ref should be guite steady at about 7 - 8 mA with a slight drop of
v i about 1.2 mA aa the oF hereassa towamd 100 inchas. it s aleo A weak function of dis tamperaturs,

wihich changas only slowdy. The slope of the temperature response s about-0.0277 mA per dag. G. I} the
repatied current Is real, theva i something slgnificant geing on.

| wesuld suggest retuming the vehkdls to Dearbom, so that the EE folks can sua it out in & loeation where they
have acoeee to all the right gear. | would bae happy to halp aut i you lke,

Dearborn, MI4B121-2053 TISA
ptnail: mfreela] Bford com
Tel.: (313) 3947645

——Giriginal Massage-—

Fronm Abplarr, Shrikant (.-}

Sank Thurmdey, Sapbembes 26, 2002 1:11 P

Tos Moy, T {10}

Co Faurer, James (1.B.); Gates, Freeman (FLO) Duncan, Jack {1.1); Freetand, dMark (M)
Sultjoch: FYs Irel spfiesrMPG FOCUG M Sanaor

Jim,

Where are buddy? You didn't call or respond. | nesd your opinlon on conplinucus curert fluctuations |
am seeing all the time. This ~20ma fluctuation |3 nomal, only on Fogus, harmful for sensar? PL.
commant. Pl. ignore Ref pressure plot hare. | had axls ermor. Whaen EGR flows, HI-REF prassure Is
about ~4°Hg. :

Mark, your commsme?

=i T Mammg-——

From Akdar, Shilant (SV.}

anh Wadnesciay, Seplaerbar 18, 2002 9:56 AM
Tot Puncar, Jack (1L}, Mocoy, James (.0.)
L+ Maursy', Joimes {1AL); Gales, Fresman (F.C)
Sulrjuct; e splime-MPG Fool MZ% pehr
JacklJin,

_ ! iref le dark biue line with spikes from baglnning to end. Can you check wirng, connection stc. Jim Mooy, can
1

EMBZ-027.-C 3478



you auggest remady or le [t how sansor ia beheving? | am looking at this senaor data from beginning & othar
sonsors data, Fwil let yau know.

<« QLE Objact: Microacit Excel Chart >

YWith Ragards,

Shrilkcant Akcolkar

sakolicar@ford.com Fh:(313) 594-1908, Fax:390-1229
Ford Motor Co, POEE Buldg. AQO77

21500, Oalcwood Blvd. P.O.Box 2053, MD#36
Dearborn, MI 48124 U.8.A.

ERd2-227-0 34T



Fresland, Mark (W.)

Sent Monday, Septamber 30, 20012 129 Pid

From: Frealand, Mark {M.)
Te: Kotwickd, Allan {A..)
Subject; Drawing

Fllearld

Beganis
Mark Freelacd

G-Sigma Black Balt

Engine Resparch Department
Ford Regearch Laboratory

2.0, Box 2053

MI 2629 - SEL. - Rooin 1517
Dearborn, MI 48121-2053 USA
emeil: mirealn ]l @ford.com
Tel.: (313) 594-7645

Epd2-227-L 2478



Frmllnl.lI Mark I!l

From: Froaland, Mark (k] )

Eant: Mo . Saptambar 30, 2002 238 PM
Ta: Kutmrld. Alan (Ad.)

G Aflga, Shemn {8.A.]

Subjeact: Lotegt dealgn thoughta

Al

Can you ploase pdf thia ona and eend # badk to me, and also copy Sheran, ec that he hae a hard copy.

Plltaxly

Dearborn, MT 43121-2083 TUSA
- el mfeain] Gnrd.com
Tal: (313) 504L 7645



.
~——!

~ Frosland, Mark (M.)
From: Frasland, kiark (W)
Sant: Monday, Beptambar 30, 2002 2:27 PM
Tor Allae, Sheran (8.A) |
© Bubjest: FW: e S.pdf
Sharan,

This Is the mods we dscussad this maining.
Tharks for you're help.

Regards

Mark Fresland

6-Sigrna Black Belt

Eugine Reecarch Dopartroent
Pord Redesrch Laboratory

P.O, Box 2383

ME» 2535 - BRI. - Roon 1517
Dearbom, MI 48121-2053 USA
oronil; mfreels ] &Hond.com
Tel.: (313) 594-7645

next tme, change the axtanglon ¢ .ps ao that | can da It without Addling about ...

Thenks in advance for your hefp,

ARan J. Kohwiclkd
L1277

akotwiok Oford.cont
MD 3879 SRL



Froalend, Mark (M.} :

From: Freakand, Mad: (M

Sent: lhndn&ﬁm 30, 2002 228 PM
Ta: Alan (Au)
Subjsot: RE: Rtar16pdf

Thanks Al,

Will uss p= nexdt tma, oy for the Inconvenienca.
Eegards

Miark Frasland

&-Sigma Black Balt

Engino Rescarch Depertent

¥ord Research Laboratary

P.0r. Hox 2053

MD 2629 - SRL. -~ Room 1517
Deacharn, MI48171-2053 USA
armail: infreela] @ford com
Tel: (313) 5M-T645

—~=Driginel Macsage——
i mau,mumm
llnl:
MH,H-!:{H.]
mm TRErLS.pdr

<< Flle: Fittar!5.pdf »>

naxt ime, change the axtenslon to pusumntlmndullnﬁmnﬂddlngnhun

Thanics in advanoe for your help,

Atian J, Kotwick!
se-41277
akofwick@ord com
4D 3619 SAL



Freeland, Mark (M.) '

Fronc Kobwickl, Allan (A J)

Bent: Thuraday, Septamber 26, 2002 216 PM
Tox , Mark (b}

Cc: Kotwickd, Akar (A,

Bubject: RE: Oulput Clamping

yea, this would creals preblems, not the least of which wocdd be how to create thoee hand lmite,
Thanks Int advanoe for your help,

Altn [ Kotwioki
41277

Frastand, Mark (M)
Thiriay, Sapiember 26, 2002 2:74 PM

Gairet, Frmmen (F.L.)
Kotavickl, Albn (ALY Allee, Sharan (S.AY; McCoy: James [10.Y;: Maurer, Jemes (1.B.)
Qulpul Cumping

Weo naad your'rs Input ragardng & possibie solution for the Vel dipping issue from the FTEC.

The concept under considemticn wowdd Hmik the output of the ssnear from 0.4 volts t¢ & medmum of 4.6 volie.
These would be hand [Imits, with tight toleranoes, irmegaedisss of any cafhration offsat/alope arvor of the
sanaor, and Imegardisas of any falure made of the senaor.

- Woul thie oroate any new problama for the systam, particulany for the OBD )l fault diagnostios?

MD 2629 - SR - Ream 1517
Dearborn, M1 481212053 USA
cemail: mifreclsl & ford.com
Tel: (313) 594-75435
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Fraeland, Mark (M.}

From: Freaiand, Mark {M.)

Sant: Wm September 25, 2002 4:43 PM

To: Katwickd, Alan (A}

Subject: AE: lonizing radiation affect on Ford Fower train glecironica inom new US Cuatoms Vehicle

and Cargo Intpeciion Systam

Al,
Tha sensor is assembiad In Moorpark, CA

The die used ke be bullt in Long Island N and In CA with loada of tfpe back and forth,
The naw supplier of tha de ks In Canada.

Tha finished 2ansor ia shipped to US, Europa & Asia bafora uss, Soma coma hack fram Europe on enginas
for domestic epplicatking (4.0L Explorer ks an example of thia).

MD 2629 - SRL - Room 1517
Dearbom, MI48121-2053 USA,
eaadl: mirseln] &fond.com
Tel.: (313) 5947645

~—Origimal Mesbge-—-
Fromy: Kobwicid, Altan (AD.)
santy Tussday, September 24, 2002 2:51 PM
Tot Komeds, Philp (P.T.); Prestand, Mark (M.)
oer Fotwick, Allan (A)]
. Holgecty mmmm:mmmmmnmmmmmmwmm

An Intersating result of 81 1. Phi: 1 ihink Roy Imputes magic powsra fe me, befleving | hava sama Influgnce
around here. Mark: where ars tha DPFE sensors manufactraed, how are they shipped Into the US?

Thanks In advance for your help,

Aflan J. Kotwick!
s 412n
akotwick@ford.com
ND 3819 SRL

f

Rary (i)
Seplamibar 24, 2002 1319 FM
ﬂa}w.] )
raciation effect on: Fard Power tein slectronics froim naw (25 Cusoms Yehide and Camgo Inspection System

i

i

1



Al

I heve detected a possible problem from the US Government's implementation of s Vehide and Cargo

- Inspaction Syatem aftar the 8-11 probiem laat fall. | have asked Motorola to da the prefiminery inveatigation. |
will nead your help if they find a problem az | belleve they will. | have aftached & Preaentation that | gave my
spatvisor. Ploass provide comment on the approach and information. Thanks, Looking forward to poasibly
working with you again

POEE Bdg. Mal Drop 75 Cubas AW04G
<x Fila: VAGIS . pot >



Fresland, Mark (M.)

—— .
From: . anhnd, Mark (M.}
Sant: Thuraday, Saplembar 28, 2002 8:33 AM
Ton Kmnmik. John (..
Co: Davia, Gaomge {G.C.)-
Subjeot: AE: Laich prataction for DPFE

John,

With the prototypa | have In hand (Signel diodes instead of Schottky), there is a eignificant reductan in the
fuzz. Itis not totally eliminated. The magnitude of the oudput drop off 15 reducad ae well as frequency with
which It cecurs. When | have the Schotticy diodes [ will test to sea I it doss better.

| hava the axtemal transient threahold data for 25 *Lisad" parte aa of iast night. | will run the stats and forward
to you when have the deta for 50 - 60 parte.

Regards
Miark Freeland

5-8lzma Black Belt

Engine Research Department
Fond Rescarch Laboratory
P.0. Box 2053

MDD 2629 - SRL - Room 1517
Dearborm, MI 48121-2053 USA
emajl: mfreska] @foed com
Tal: (313) 594-76453

——Origh] MemGoom——

Fronu Koszawnik, John (1

] mmum:um
Tar Froviand, Hark

Subjacit mmmmm
Mark,

Graat. Thanka for the upckata.

One more queation though. When you make the changes we discuseed yesterday to tha translent waltage
protaction on Vef and Vout, do we have any impact on the fuzz we eaw on Vout?

frba Roapsmath
Chief Enginesr
V-Engine Enginesring
Ph. 32-28573

Fx. 24-88087

Jkoazewn @ford.com

EEE‘H
i
:



Frealand, Mark (M.

From: Freedand, Mark (M.}

Sent: Thursdey, September 26, 2002 1:4% PM
Ta: 'E-mal camer’

Subject: RE: E-Mal Eng Kit Gorditmation
Thank you.

I appreciate you're help and fagt rasponge.
Regards
Nark Freaeland

» §-8igma Black Ealt

» Engine Repsarch Dapartmanc
» Ford Ressarch Laboratory

= P.Q. Box 2053

> MD 262% = SRL - Room 1517

*> Demrbornm, NI 4B121-2053 TUSA
emall: mfreelald@ford.com
P=l,: (313) S554-T7E4%

----- Criginal Message——--

Prom: E-mall csnter [(mallto:emailcepcer@inductor . comd
Sent: Thursday, deptember 26, 2002 12:57 BN

Tao: Mark Freeland

fubject: E-Maill BEng Kit confirmation

Imductbara Ing,

5 Technglogy Drive,
Irvinea, CA 91618
Phona: S00-533-B295
Fax; 949-623-1401
wwy, induceoy, com

027267402

Mark Fraelap2

Foard Motor Compnny

2101 Villaga Road, SBL Bm. 1517
Dearborn, MI 45131

Cear Mark:

Congratulations on taking advantage of our limited time offer of FREE enginesring
klta. You should be recalving the kits you raguested via ups in the naxt coupls
of dayz., Please don't hesgitate to call me for any of your induckor nesds

fincaraly,

Clay Boxley
Sales Reprewentabiva



NTELLECK LLC

Creat'ive g Thinking
| April 21, 2002
To: Payt Plante (pplante @ford.com), James Maveer {jmaurer@ ford.cotn),

Mark Freeland (mfreelal @ford.com, Jon Hangas {jhangas @ford.com}
Subject: Festing and Anrlytical Sclutions, Inc.

The analyticalsol.com website is very informative. They appear 1o have capabilities
appropriate for our current peeds. Howeyer, it may require an effort on our part o
identify and apportion nesadad teating in some appropriate manner.

Analytical Soletions, Inc. offer three types of failure analysis cepebility:

1. Failure analysis (FA): “... the device under investigation is carefully analyzad to
establiab 2 Iinkbutwﬁan ﬁwﬂmﬂjﬁﬂm reported by the customer to
shysical falure mechanism on the device .

2. Destructive physical analysis (DPA): *... is pufnrmed to evaluats the guality of
constryction of a particular lot of electronic devices ..

3. Censtruction analysis (CA): “... to evaluate the m,m and if any inharent
relighility problems are pmut.“

It doesn't appear that their FA is what we think of ag FMBA (see below).

Analytical Solutions, Inc. has the fillowing enalytical tools: Optical Microscopy (IR not
indicated), X-madiography, In-SEM probing, E-Beam Techniques including Eleetron
Beam Induced Current and Voltage Contrast imaging (static and dynamic), Electrical
Characterization, Micro-Probing, Precision Cross-Sectioning, Chemical Eiching
inctuding Selective wet/dry etching. These tools, plus CMOS device experience, shouid
prove very frultfol In aiding our analysex.

I. Electrical faijure mode: we have devices, which upon laboratory testing shiow a “high-
current state” without deatroying the devices. These arc of two types: dovicoes removed
from feld service and devices averstressed in the [2horatory, Since these are CMOS
devices, it is plausible that the high-current state may arise from a parasitic SCR
condition, Tt i also poasible, but not yet determined, that the high-current state iz root
cause of fickd fnilures.

II. Independent laboratocy testing is needed o determine whether the high-current state is
&n SCR condition or if other cauees sxist on & device: probe-test equipment can probably
do this type of analysis.
I. Ifitis an SCR comdition this raises at least three possible causes,

a. overstressing® of the device with high voltage (V),

b. overstreszing® of the device with high rate of voltage rise {dV/dt),

¢, overstressing® of the device with the sequence of voltages applied to the

device (V, ... V). (* Overstrossing refers (o fleld conditions and the

frewl 300 T WS Pk I



respense of a device to these conditions. Device capability, vis-a-vis field
conditions, relntes to performance specifications, circuit design,
fabrication, and menufacturing variability.)

d. An independent laboratory may have CMOS experience indicating that
other SCR causes are plansible [temperature, vibration (ecratic make/break
contacts), comrosion, irradiation, cbe.].

2. Ifit is determined that no SCR condition is present then physical examination of
high-aurrcm devices is nesded. Imaging methads would be an appmpnm gtanting
point; imaging of non-activated devices, and imaging of devices held in a high-
current state. The device's gold over-layer presents & problem because of possible
flamage to underlying structure during its removal. It will be of interest to see how
an independent leboratory will propose to remove it or make images with it in
place, Optical microscopies in the visible band and in the infrared are likely
candidates for these imaging cxcrcizes. if Au and other passivation Iayers can be
removed, scanning electron micrascopy can be used 1o examine for phyzical
defects.

3. Kfexamination of images produces no clues then other overziress paramefers may
need to be simulated (temperature, vibration, ste.).

M. If an SCR-cendition, along with particular overstress parameters (V, dV/dt, V, ... Vi,
other), is determined to be root canse then an FMEA should be executed to determine
relationships between these SCR-conditions and “engine-light on". I should think the
supplier would want to do a similar anelysis relative to the circuit design and the
fahrication process as relates to & high-current state, An independent laboratory might be
able 1o do an FMEA relating the high-carrent state to design and/or processes issnes if
given the supporting design/process fundamentas.

If an SCR-condition is determined, along with its overstress parameters, it may then be
possibla to estimat the probable frequency of such conditlons as relate to
design/fabrication veriances and field spplication varfances.

IV. If corrosion becomes suspect, with/without an SCR-condition, then gel analysis is
one bit of information of interest, This might be available from the dsvice supplier and/or
the gel manufacturer. Interpretation of the data may need the shove FMEA results.

From the information presented in Analytical Systems, Inc. website, it appears that they
are cepablo of & large portion of the measuremetts suggesied above,

BEd Sickafug, PhD, PD
President

Nielleck, LIC

PO Box 193

Grusse Ile, MI 48138
Phone: (734) 676-3594
Email: Nielleck@ic.net

I Lot dem TSN Lok ' 2

ERE2=027-L 5H0



Vehicle Infarmation Report Page 10f2

Vehicle Information Report

GENERAL YEHICLE INFORMATION: (Related Ciaims)

It IPAYU4IZIRFS7LS Vol Lina "TRAI - ESCAPE (V304) [3001) Eng Sorlsl Noe §14055007
Mok Yoan  300) MiurkeDarlved: TP - FORD CAVISION DERIVATIVE Budly fhel: =
VT T Drive Codic TH - 4 WHL LH FULL TIME DRIVE Englnes TILD - MOD 3,00 DOHE IF1 NA

Tov-Pashhn  D03NE ey Cab Styin TIND - 4 DOOR WAGON Tranaisilen! TIOF - 4 SPD AUTO TRANS A
YunikoSerk TiEF - FORD AER[ER .

BLUTLD INFORMATION:
Ragiorr NA PPNV Pk . Al EANIAY CTTY PLANT BUILO
Conntry: USA - HNWNH Frod Daty 10-NOY-20K0

SALE INFORMATION:
Regiont NA-#HMHNN ShegDesten 131026
Commiryz WAA - SN-M Sulllay Dir S6Pray: NC
RuperBtProm  NC
Arrival Dweni ILNOV-3000 Red Cacpet Lessur ¥
Suke Dyt 11-DEC-2000 FioelRrtallACr. Laowm R
Warvesty Stirt Dutni | 1-DEC-2000 I Wi Valilithn L]
Orig Weeranty Dater |1-DEC-3000 Ruspyuired Vohieln * Vahicle Export Flap N

YOCU/EOC:
1 2 1 4 1 £ ] ) B — -0
TMIEFITIIEIONTF # 3 JIKDTER CF k WD @1 I JAK 0 J3GAEW NIED2E 3 w2 oA MEDWR 3 3 i1
L - NPT LA .
INSTALLED OPFTION INFORMATION;
Adr Cagiitionlng TME - MANUAL AR CONDITHINTR ~ GYVW Cod *« [MFA]
Aturmater Ay Ruthan © YW huCal: VY
Audle DMic " [NFA] Irmtresrsnintionn % - [fa]
Axly Ratim: * . [NPA] Mirror(Delver Bklak AD - DRIVER POFWER MIRROR
Axda Typee "L [WA] Mirrer(Paryr Sida  AD - PAEE POWER CDNYEX WIRROR
Batiery Amp Hatimgr A Pulwiz PHFOW . DARK HIGHLAND GRESN CC
Brake Cadic PEAAH -4 WHL ANTT-LOCK BRAKES Fower ARMOES: *- [NFA]
Braky Code{Scrvice)lr *~[MiA] Raliny AT - ELETH FREM AMTPM FTROCITEACLE
Callhraibon Code: OM1IAIOA Bausid Byatewu AE - AUDKIPHILE EGLUND SYSTEM
Colar{Amwnt " [MA]) Emepn Yanduin Arlie * - [NFA]
Caler(Trimh * A Yire Marmiscioras: AL~
Delvery Trpai 4] Thro Broml; "
Drivyubaft Cuada o Tire Ben DaN) - PRAS/TOR-14 OWL A-8
Frowl Sead: * A Traciion Copiral:  *- [Kfa]
Fuwl Typet * - INA] Whesl Bras: = AL
TIRE DOT INFORMATION:
L * R *
T ' R .
LK * Rk -
SARE: * DOT Mamt Mawisetmwn  *-"

hitp:/fwww.quality.ford.com/aws/egi-binflu/vehinfo.pi BAG2-827-C 201 4123/02



Vehicle Information Report Page 2of 2

EAP Cuilc *  Egalsslen Cader T/ - TR

EEP Coveraga{hiBaal *  Eninlos Cart Ty 5

EAF Cuvinigge{ Thasa): *  Erslalen Decwl Suffl; FEKE

E5F Man Year: *  Enghi Painlly! IFMXTIO0 L P
EEP Syrwbrs Date)

Any commenis? You can contact

hitps/fsrww.quality.ford.convews/cxi-bin/ilw/vehinfo. ol | EM-gzrc 3ssy 4252



Vehicie Informagdon Report Page 1 of 2

Vehicle Information Report

GENKRAL VEHICLE INFORMATION: (Related Clalns)

VIN: | W YLIOM 121 KFST1 16 Vek Line: TAML - ERCIAPE (LII04) [206H] Eng Sark] Nu: 740087

Madel Year: 2001 MorkstDerivel;  TVF - FORD DIVISKIN DERIVATIVE BudrBhell:  *

Ve Type: T Drbvo Codleg T/F - 4 WHL LH FULL TIME DRIV, Englan: TAD - MOD 1.0L DORC EFT N4
kv Denery  0000T BadyCuk Syl T/WD- 4 DOOR WAGON Tranmmledes; TDI - 4 £PC AUTO TRANS NA,

VeSS ovie: TEF-POR D SERIES

Reglony  NA - fHHWAH  Flant: Al = KANEAS CITY PLANT BLUILD
Commtryn USA - #iRHHNEE Fred Dwie; 10-NGY-2000

SALE INFORMATION:

Haghiz  NA - #HWENN  Eclilg Deilon 121026 - *

Couniryn UT3A - HIEHNE Bafling Dir SL¥Pravl NC
Rayer SWPron: o

Arrival Diater 27.NOV-2000 Rod Carpat Lapm:  #
Fale Dutn) {1-DEC-000 FieelRetailiCr, Lesan R
Warrnaly Sart Datey 11-0EC-2000 hladiied Vabskole: L
Ouig Warranty Date: 11-DEC2000 Reonquired Vehicke;  * Vehicle Expart Flag N

YOC/EOC:
e e LEEESEES TEPEEREEE P 4 5 & ¥ 2 ) 4
wMLEPITILELIFITE ¥ § 23RDTED EF OE WAL £1 MEY ANS N dmtamr ZiES2E 1 PN A MATHI 33 11
| ] 1 N rF ¥ L:}
INSTALLED OPTION INFORMATION;
Ak Comilillming: T/B - NANUAL AIR CONDITIGNER.  GYW Cuode; *- (M)
Abizrrminr Asng Rallgy € GVW Ol Codic ¥
Anillly Dick: LR, A ] Irmiremeststion: " [H/A]
Axin Rolio: * - [NIAL Mlirvor(Driver Bidak AL - DRIVER POWER MIRROR
Axiz Typa: * - iral MirveriPengr el AD - PAFS FOWER CONYEX MIERDR
Battoty Amp KMHE A Puin- PINPDW - DARK HIKIHLAND GREEN O/
Pornkn Cocl: FRAAH - 4 WHL ANTI-LOCK BRAKES Powwr Asbermisi *-[HiA]
Bwke CodelBervicall ¥ - [NFA] [ . AT - ELETR PREM AM/FM STROVCETEACLE
Callbwabinn Cite: DI LATRA Esand Bwismn: AE - AUDESPHILE SOUND SYSTEM
Calar{Acranik * < [NYA] Sespa Tandamn Axder * - [N7A]
Caler{Trim): * .[NfA] Thra Mmfaciareer A -
Dall vy Ty a Thee Brmnd: ’-
Dwiveshuft Crada: D Tire Sise: DAY - PEISFOR- 16 DWL A-3
Frorst Sunlt o -[wAA) Tration Contrak  *- (/A
Froal Types = [MiA] VWieal Bacel * =[N
TIRE DOT INFORMATION:
LI 4 BF: .
L TRE .
Lh * i *
L I ]

SFARE: * DOT Mant Masufacinren

ESP INFORMATTON: EMISSTONS INFORMATION:

http-/fwww.quality. ford.com/awsfcgi-bin/| lwvehinfo.pl ERa2-027-0 3mga 424102



Vehicle Information Report

Page 2 of 2
BEIF Codi: *  Ewmdmisn Cadsr T/ -T/h
EXF Coverage(Mlbal: *  Embwisa Dert Typa: 5
ESP Cavarage{Time} * Embwieo Dacd Bulfs: - HXE
ESF Plam Y *  Engiac Family! 1FMEXTO01 Fé
EEF Sigrmture Datel

Any comments? You can contec

hittp:ffwww quality. ford.com/awsfegi-bin/Aflofvehinfa, pl ! EAfZ2-8TT-C 388 404012



MEETING ANNOUNCEMENT / WORKING TEAM MEETING

Objective: Establish and implement corrective and contalnment actions
for Kavliico TM dPFE Sensor
Mgcting Loglrtics
Subyjsct: Knvlico TM dPFE Esasor Core Team
Dates: April 9, 2002
Tine 1.2:30 p.m.
Location: POEE, DI.196 (FMEI War Boom)
Cailed By: Tim Maurer, Teamn Laadar: (313) 38-03672
iNext Meedlng (g): Aprdl 11, 2002, Core Team Meeting
Aprdl 1§, 2002
Conference Call-dn 9-1-054-1145 (inziile Ford); 347-619-6138 (cutxide) Passgede; 88 14368
Number(s): Kavlico Pax: 805-531-6574 -
Core Team Particinants
Mark Freslepd  Mary Akina Jim O'Neall Mahmoud Awed ~ Sheran Alles Chris Nialsen
Shrl Akolkar Don Ayers Preeman Gates Robert Roess! Bil McCarty
Jon Tandn (Chris Paneretos Patrice White-
Panl Plante PCSE Johmeon
Team Leader Cyrol YVemer : Kep Arnold
Jim Muxer Hriangm
BMesting Agcnds —19993
Qxder of Agonda [toms Cof.  Petsonfst Time
. Imc#  Hoesponaiblo Allocyted
1. Introductom All 5 mimuea
2. Service Part Volume Projections — Kit vs. One part "Tt5, A2 John Shore 10 minutes
3. Update on Wiring Hamess Root Ceuses / findings varins  Shecan Alles, 15 minotes
Rrobect Ranas
4, STA Update 20 Patrice White- 10 minutes
- Johason
5. Updats on PRL Scieatific Bvaluation — prograds to date I3, A2 Muark Fresland 10 sinutes
&, GQRS Datz an 21 plafarms — Stetus 13, A9 Jan Janda, 10 minuses
Mabmond Awad
§ 7. ODutsids Lab — Non disclosurs agressnsat, work plan, ohjectives IS, AS Kyong Park 10 minules
: Freerman Gates
8. Update on Body and Assemhly plant failors I3, A3 Tery Tammhiro 10 mimytes
9. Waiksina All 10 minmnias
1 10, Next i Teams All 10 mingles
Emmesed Next Mesting Agenda 41103 Proacaia) Raaponaible Jiee Estimpded
PCM solder erack ismre (J1 consector) & current drww Jobm Tashan 10 minuiea
io sl the vehicle
Bota
Bring handoutn {paper copise) for sll presostations
Provide electronle copics of preseatutions o CPANARET (o later than 1 hour prior to the mseting)
Plcage be on time aa wp have  foll agends

Jim Mimnreciop: 4802
Kavlico dPFE Sensor Com Tesm
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Vehicle Information Report
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IFAFPRIZTIGDI ¥eh Lint: C/DD - TAURUS/SABLE (D586 [00-02] Bog Serkd Na; AS0UINOM
mﬂm 2001 Markst Dactvadi OF -FORD DIVIIION DERIVATIVE  Bady e  *
VehType c Drive Coder Cih -1 WHL L/H FRONT DRIVE gt OVLA - VULC 3.0L OHV BF1.

T Khial o'y o Body Cab Byl OFC ~4 DOOR SEDAN-# LITE Trocaaimionr TOT -4 5PD AUTO TRANS
- FurseaSwian 18 -TAURLE B YERION

BUILD INFORMATTON:
Reghoct NA-HWWOH# Pani  AD- CHICAOO PLANT BUILD
Cossivy: LAA « 86 Frad Dade: 34-MAY 2001

SALE INFORMATION:;
Reglor:  NA - MSEEHE  Eriling Dealer: J41843 - #
Coumdry: UV3A - AN Bolling Dis S8Pravi OK
Bayar vy o
Arrtval Duter TRMAY-300] Red Carpet Leses
Szl Daier LE-JUR-2001  Peal/Aril WCs. Legser F
Werrmily Start Doty 05-FUN-J001 Kol Vel -
Orlg Warmnty Detey 08-TUN-30C1  Rasrquined ¥ehlcl  * Vehlels Dapart Flags N

YOCO/FOC:

--------- | DIPPIPEIRI. PP, | a4 1 1 1 - = =
FALEIGIANT ) 4 Abhispanii 3COF ILION 3T 1 NS IF  WAMSNA] IV [+ 1

FuFT 7 a7 A 2LTL 0N LY FE
INSTALLED OFTION INFORMATION:

Al Clilimbap B - MANUAL AR CONDITIONER ~ GV'WY Codet ¥ 2 [MiA] !
Altersator Amy Bating: FA GYW CamCader P

Amile Dk = - [PWAd Innirmmanferien: "~ - [M/A]

Ak Rabb: * . A Mirrwr(Driver Sia): " - HA]

AxiaTypm - [N Mirgor(Pangr Sideiz ¥ - [NIA]

Dattery Amp EMinp MU Palnt: FNZ0C - FERPORMANCE WHITEC/XC
Hraks Cadai FEAAR - 4 WHL ANTI-LOCK ERAKES Powsr Asigerk’ " - M)

Froks Coin(Barvines = -[HA] Radiea AU - ALAETE PRAM AMYM ETROMDISC
Calibratisn Coailee DELPEOA Beitaied Sryalesar " - {MIA]

Colur{ At} * - [NAL Swopn Tasdom Axin * - [NA]

Colec(Trina) 00XV - Tira Manafsctaras AR - CONTIMENTAL

" Dafivery Trp H Tim Branik AJXBAP - THHIRINGCONTACT AS MT
Dirivasiait Codh ¥ Tire Fi DAMSE - PZIMG0R-16 BS'W ALL SEAMIN
Frast Fuat: 2 [UA) . Trmeslen Combvel  *. [NIA] '
Faal Type: AKX - FLEX PUEL ETHANOL Wheel Basy: " {MIA]

TIRE DOT INFORMATION:

Lin AXHRIH] RO ATKEAF1 )]

_I..l: AXLLEISN KR ANXEdP1 501

b "1 .- RE: ’ .

SFAKE: FCWTHIEI 201 DOT Faut binsalectarer: 4% - GENERAL TIRE & RIMBEK OO 3 MOUNT YERNON § ILLEINOS : UNFTED FTATHE

http:/farww. quelity ford . comfaws/egi-bin/flufvehinfo.pl _ ENi2-237-C 33pa  4/25/02



Vehicle [nformation Report

ESP Cnalar *  Embnion Cedu o -Cm

ESP Covirugei bk *  Emlmlon Cirt Ty 3

EAP Cuversge(Tins) *  Emiscben Dacal Sidite: HZZ

ESF M Yean *  Eugine Famiin FMXVA0VF
EEF Sigrature [mier

Page2of 2

Any comments? You can ¢ontact

htip:fferwwe quatity. ford.comfaws/cgl-binile/vehinfo.pl



About IAL, Inc.

Join our maailing list! Enter yoor email
addtess below, then click the
‘Subscribe Now' button:

htp:iiwww jal-fa.comabout.him

Page lof 3

About Qurp
t“!ll‘

Located in Colorado Springs (map 10 our location) at the f
Pikes Peak, Insight Analytical Labs (LAL) was created in !
address the failure analysix and relinbility needs of the

scmiconductor indusiry in this locale. As its reputation for
quality work at competitive prices spread, TAL's cugtomer
expanded to include covapanics fram all over the United S
Canada, and Europe. We are a ong-stop failure analysis lat

Staff:

Although TAL was started by Tom Paquetts, it has been th
addition of its key people, their talents and dedication, wh'
have made It so successiul in 50 few years, Your business
beneflt from the extengive knowledge and experience of
staff, We have experts in wafer procasging, fajlure analysi:
cxpericnce, acoustic microscopy, wafer fabrication, quick-
package decapsulation, X-ray fluorescence, and other serv
Az our custoner, you have direct accese to the techniea] p
performing the analysis for you.

« Pailure analyses » Destrctive Physice
Analyses (DPA)
+ Electrical failnre » Parameirk testing
analyses
+ Blectromigration » Training (peneral o
lifetime studies house)
+ TDDB lifetime stadies - » Reliability consaltit
testing

EA2-327-¢ 3sea 10702



About IAL, Inc.

httpe/Forwrw:1al.fa.com/about htm

Page 2 of 3

« Hot camier lifstime

smdies
Customer List:
s Astrium = Ramtron
s AMCC = Rockwell
« Atmel Corporation s Simtek
» Cypress Semiconductor  » TAEUS
s Hewictt Packard + Texas Instrurents
¢ Keithley Insiruments o United Memories
o LovelOne
What our Cugtompers Say:

*One of the most iroportant secvices IAL provides
for us is consultation on the best techniques and
approach to a problem. Often we are not sure of the
tight question to esk. Our own lack of expertice can
regult in aaking the wiong question amd getting cdata
that does not kelp us resolve the oot cause.”

- A, Y., Hewlett Packan

"IAT has provided not only the services to resolve
manufacturing and relisbility problems, bat also the
expettise and advice to direct the problems solving
eiforts, ax woll as define the quickest path to
determining the root cause."

- A. M., Hewlett Packan

EA02-D27-C A%pQ

410/02



About AL, Inc. Page3of 3

| jces | . | Reference Room ! Partne
mwgr Home | Services Amcujia
Ermall: infottial-fhcom

Copyrighv 1599-3001, All ighia revervad Map to Our Locgtion

Web Stz Cesign and Hosllag ¥y
PagoCale Inkaret Service

| ER2-827-¢ 381D

. 1
htp:/fwww lal-fa.com/about brm 410402
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Froaland, Mark (M.}

From: Willamaon, Richard (E.)

Sent: Wedneaday, March 20, 2002 10:16 AM
To: Awad, Mahmoud (M.l.}; Plante, Paul (P.G.)
Ce: Fragland, Mark (M.); Bissl, Gamy (@.)
Bublect: AWS Claime List 0J480 and Aocidents

Hi Mahmoud!
As requesied | have uamhnd my AWS ﬂhs fur amidants musad by the dPFE seneor. {

- at allaged that the sad an accldent or that the vehicle
waa in an mldmt dun tn ma staﬂlng oF o atmt emr.f;llun atc Ihat the vehicla was |n due to
dPFE failure.

All my flleg are on Excel. | usaed the word search function of Excel to look for "aceidant” in
any of the taxt of the goveral thousand reporis of the five selacted vehiclss linee(2.0L
Escape; 3.0L Escape; 4.6 F-150; 3.0L DT Taurus; and 2.0L Z-Tech Focus).

Any quastions or comments pleass feel free to contact ma. _
Regards,

RICK WILLIAMBON

Product Concern Analyst-Powertrain
Enhanced Concern Identfication
313-248-6348

rwilh1o@ford.com

ERAZ-827-C asil



Freeland, Mark {M.)

‘om: Mute:, Dorsan (D.J.}
Sant: Wadnasday, March 20, 2002 8:05 AM
To; Vamer, Carcl (C..1.): Mansiar, Julle {JA)
Co: Muter, Darean (D.J.); Maurar, Jamaa (J.B.); Freefand, Mark (M.); Akins, Mary (M.); Planta,
Paul {F.G.); Esch, Becky [B.)
Subjact: RE: 14D Vehiclea Aflected pdala

Julle, ¥ you can, would you plaass pull 2002 volumas with the information for the vahicles ksted below. | have
not sesn an update 14D since 12/3/01, sa this is-all we have to work with. This is for the dPFE lsaue.

Caorl, a3 wa discussad yasterday, in order to pull ecourate volumes far this program wa nead the 14D updated
with all of the vhelde lines, engines, modsl year, assy. plants and production date rengas affectad by the T™M
dPFE. H Julle can pull the volumes they will ba Inaccurate until tha listed information s provided by
engineering, thank you.

NOTE: It is Imparifive that we receive a copy of the 14D as it is updatad, please forward the lasted varsion to
Backy Esch.

Doresn J. Muter
Racall & Sarvice Programa—-FC3D
Diagnostic Servica Center |I, Cube 793

Phone #:313-248-3391
dmuter@iord.com

—Criginel Messape—
Frotn: Yamer, Caml (C1,)
Santr Tuesday, March 19, 2002 3:53 PM
Tw Muteyr, Doreen (D.].)
Sulbject 140 Vehicles Affected Update
Doreen,

Per our conversation hera Is the imformaticzn | am requesting to update the 140 Venlcles affected list for the
John Kos review on Friday:

1) Moder Year: 2002, complota volums for this year up to right now { As you racommencied | will rote that this
I8 volume from Job 1 to now)

. 2) Vehiclaa/Engine Cads:

CARS:

* Cougar/ L

* Taurua/Sable/U {Vulcan Engine)
* Taurug/Sable/S (Duratec Engine)}
*Mustang/é

“Crown Vio'W

*Grand Marquis/W

*Town Car'W

'_%ancln'S

" Trucks:
‘Ezcapa/d
“Tribute/®
1 ERg2-B27- 3812



L

Escapea
*Tribute/1
“Windater/4

ixplorer&iountainesr/E

“Explorer Sport/E
*Explorer Spor Tra/E
*Explorer Poatal Stripped Chessis/iK
*Rangsr/E
*Econciine/2
*F160 Sarles/2
*F150 Sarias/ W
*F150 Seatiea/s
*ExploraraMountainear/W
“Expadition/W

Thanks
Care! Any queatlons, 313-990-7180

Aftar the tech review on 32502, ] would iike to meet with you to discuss your proposat of a mors

detalfed approach for gathering this Informastian. | wlil contact you to sst up a meeting.

-
-

Epd-p2T-L 3313



Fraallm_ll Mark ﬂ.]

rom: Plarte, Paul {P.G.)
dent: Thursday, May 23, 2002 10:53 AM
To: Poma, Amy (A}
Ca: Jande, Jon (J.M.); Forsi, Acberto (R.A.); Mauwner, Jemes {J.B.); Fresland, Mark {M.); Frazler,
Kelth (RJIC); Plante, Paul {P.G.}; Gaten, Freeman {F.G)
Subject: DFFE Sansor Falure Monday Meethg Agenda

Army, plau& ard thesa itams to aganda for £/3/02, 1:00 PM and send official meeting notice to Kleth Frazier
(KFRAZIE1).

Maln egenda item for 1:00 PM start: "EESE lsaues Resolution for 1s-Is Not*, Robert Aoest and Klath Frazier
lead. '

Future agendfa item: "Sensor ES Spac Robustness to V Transiant Fallures” F. Gataa and Kieth Frazier lsad.

- Kiath, Jim Meurer, sansor team lezdar, and mysell discusesd this lBsua with Robart this AM. He will stop by
your dask and update you and Tom Hemnan befora the Monday meatiny. We mast avery Monday o discuss
vihicla related feliure modes for the sensar. Thava is ne meeling Memorial day. Thanka in advance jor you

participationl

Paul Plante
V Engine Campalgn Prevention Specialist
POEE Buliding, Drop 20, Cube BG045, Plllar D5
Tele, 313-84-54138; Fax 35-02513
Jaxt Pagar: 734-208-1805

Mall: pplante @ford.cm (CDS 1D PPLANTE)

Eax2-827-C 3321
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Froeeland, Mark i“.!

- rom: Plante, Paul {P.3.)
Bani: Monday, Aprll 29, 2002 12:10 PM
To: Frweland, Mark (M.}
Subject: RE: No Start Car at SAL

Imaresting. Further discuggion Thursday at 1:00PM Stall masting.

—Original Message—

Froml Frowdsnd, Mark (M)

Sast: Mondey, Aorl 29, 2002 11:25 AN

Tod Gabwi, Frsamen {F.C); . Jaremt (1.8.): Plants, Paul {P.G.Y; Romi, Raberto [RLAL)
Cee Monuriewich, Gaane (G.); Potter, Timetry (1.0}

Subject Mo Stort Car 2t SRL

Freeman et al.

We have a naw myatery.

Last October Qeorge Mazurkewich's wite had a dPFE fallure on her 2.0L Zetee Focus, VIN
1FAFP38301W1D8354, Wa replaced the sensor with one of the prototype V Translent hardened sensars, Sn.
SRL123. :

Yasterday her car would not crank of start for her. After several attempts to start the car, Georgs unplugged
the dPFE sensor and the car started. .

“This moming Tim & 1 banch teetad the sanaor removed from the cer. 1t appeared from the restdts to Doheve
‘normally, and had nomnel current drew and Impedances. We then dellberatsly latchad the sensor on the
banch. The madmum latched currant we draw was238 maA, which by itself is not sufficient to etop the PCM
from functioning nomally. '

WUsing & Star tester we chacked for PCM Codes, and only found a P1401 code. (This woukl be expacted ae
Gieorge drove the car for several drive cyclea with the dPFE sensor unplugged).

The sbove scanario woulkd suggest one pasalbliity la the fullowing:

1) the dPFE had something to do with the car not starting, posalbly by drawing up to 238 mA.

2) mormsthing else was drawing a high alsa from the Vref ine such that tha combined current was in axceee of
&80 mA, but bess than 528 mA, _

3} when Qeorge unplugged the dPFE sensor the total current draw frem the Vref fell to balow 690mA and eo
the car could be started.

Quastion:

I It possible to latch the Fuel Rall Pressure Sensor and/or the Fuel Tank Vapor Pregsure Sensor such that
aither or both asnsors draw a high cument?

Can you suggest any elternate reasons why the car dd not start, but then did after the dPFE was unplugged?

v tha mean timae, unill we decide what alse to ook at, Tim Potterla golng to instell & new production V
¢ Transient improved part in the car.’ .

Regands



Mark Freeland

i-Sigma Black Belt

Engine Research Department
Ford Rasearch Laboratary

P.O. Box 2053

MDD 2629 - SRL. - Room 1517
Dearbomm, MI 4812[-2053 USA,
email: mfreelal @ford.com
Tal: (313)504-7645
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May 19

May 2002 June 2002
EMTWTFS SMTWTFS
1234 - 1
5878 o011 i B 45871
1213141514617 18 510 1112 4% 14 15
19 30 21 23 23 24 25 1617 19192021 23
BT BB 31%31526112329

— Mondy, Mery
8:00mm  9:00am 004 & Sigma Presaniation naxt week
3:008m 10:30am Kaviico dPFE mesting (SRL Conf Room 2243 (103)
4:00am 10:00am Cancobed: Grioup Mesting (SRL CR 3621)
16:30am  1:00pm Kwrdken dPFE mewting {SRL Conf Room 2643 (L))
10:30am l:mm:;mmnmummm
1:00pm 2:00pm DPFE Sarmor Vehida Iiues Maeting {POGK, F163A

(Pllar L10)

8:30em  §e00em DM & Sigma Presendistion nest weak

10:00em 11-00am Weekly Mosting Notos (WSAP Lynx)

L:00pm.  3:00pn: Kk dPFE Seveisr’ Core Teow Maeting (POEP DILSE
{(War Room & PMET Dapat-])

3:00pm S:000m Updabed; Gasiat Saaling - Probiem Solving Foom
1529 [SAL - SCIENTIFIE RESEARCH LABORATORY)

7130pm 10c000m P EAA Chashir reating

Tucacky, Mav 14 Frigay, May 17
H:30am 9:0d0sm OCM 6 Sigma Préseciation rast week, 8:30em  S:00am QCM & Sigmi Presssnndon net week
1;00pm  2:30pm Kavico dPFE Sensor Core Team Mesting (POEE DI15E
(War R . FHET Dapt.))
3:30pm 0y Updated: Keed bo discues Mark, Freciand's prgedt on
EPFE st {SRL CR 2243)
o Szhurcay, May 16
g:30am  9:iam OCM © Sigma Presectation net wesk
#:D0pry  4:00pm Leave on time to plck chitdron g for nevmal
Wadneadsy right
— Sy, My 19
Fresland, Mark (ML) 1 S/14oz

EAR2-E27-C 3820
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Froatand; Mark {M.)

From: Frewiand, Mark (M.
1) H Tusedey, May 07, 1230 PM
To: Chan, Smith 8 N (B.); l:l. Mark (M.); Maurar, Jamae {J.B.
Cg: Getea, Frasman (F.C.}; Plarmte, Paul {P.G.); Awad, Mabmoud (M.L); O'Neal, Jim (J.0.)
Subject: RE: Shorted dPFE Serwor
Smith,

Yot I hava tha PCH esafqly hers.

I am walting for the Powertrain group to provide the mui: vahlcle to run the BCM
on bafore it is passed to the Vistson peocpla who will do the anmlysiz at the
component level. I will keep you informed 1f wa Find anyehing significant .

Ragardg
Hﬂrk F:I‘.'EE].HII.d PN g T e s e

» 6-8igma Black Balt SRR il

> Engina Ragearch Daepartment : e L.m diuEy
> Ford Ressarch Laboratory TR
> P.0. Box 2053

= MD 262% - BRL - Roow 1517

> Dearborn, NI 48121-2053 UsShA

etmil: mfreslal@ford.com

Mal.: {313) 594-7545

----- Original Messageesau=w

From: =chenl$ [mailto:schenl&@ford.com]

Sent: Tueaday, May 07, 2002 12:45 AM

To: Fresland, Mark (M.); Maurer, Jamee (J.B.)

Cc: Gatesa, Freeman (F.C.}; Plante, Paul {P.G.}:; Awmd, Malmoud (M.I,}
Subject: REe: Shortad 4dPFE Sansor

Mark:

How ara you. Do vou racaive tha PCM? and mu:l ynu advisa ua what you f£ind?

JAME

R.agnrding to this concern can you provids your BD raport Lor our referanca?
I will apprecliate vour assigtance.

Regragdm,

---—- Original Measage -----

From: “schenl&" <achen!b@ford.ocom

To: "Freeland, Mark (M.)" mfreeslaléford.com-

Co: "Gates, Fraaman (F.C,)}" <fgates@ford.com; “Haurer, James {(J.B.)"
<jmaurer@ford.cocm>; "Plante, Paul {P.G.}* ﬂpplmtnlfu:d comr; "“Awad, Mahmoud
{M.I.)" <nawadeford.com-

Sent: Monday, April 22, 2002 3:28 PM

fubject: Ra: Shorted dPFE Bansor



o avk:

>

> Tha ‘PCII was disassexbled from tha concarn vehicle and will send te you
» through the DEL expresa shipment, the shipment no, is "2647750033" for
rour

> roference.

>

> Regardas,

-

> meuma= Jriginal Hessage =w==-=

> Fromu "Frewland, Mark (M,)" <mfreslal@ford.com=

* To: "Chen, Smith 8 ¥ {5.}" <schenlé@ford.com»

> Co; "Gates, Freeman (F.C.)" <fgatesiford.ccmr; *Maurer, James [J.B.}"
> <Jmaurerdfcrd.com>; "Plante, PBaul (P.G.)" <pplantefford.com>: "Awad,
Mahmoud

> [M.I.)" <wmawad@ford.oom>

> Sent: Toueedny, April 16, 2002 13:48 AM

> Subject: Shoarted JdPFE Banaocr

>

>

> mthr

} .

> » Thank you for the falled APFE sensor from the buy back tribute. It
> > arrived this moming.

> > Initial lab tsating confirme that this failed sensor ia 'Eh.url:

» » Dlroewitmd", with a power to ground impedsnce of 3.66 ochme. With a
» > mupply :v‘olt.n.qu aof 1.50V it draws 714 mA. I did not attempt to test the
- ourrent draw at 5.0 ¥ as thiag would likely changa the atate of the
> » setlor. Based on the preliminaxry test I wwould Eully expect this senscr
» > to causs a atall follawed by a no amt on any of the applications

vahicles which take this parxt.

PlmAke keep me posated o when you expect to get the PCM from this
vahizls.

Thanks

Regoxds
Hark Freoland

> G=Bigme BElack Belt
> Engine Ragpsarch Dapartmsnt
> Ford Ressarch Laboratory

»* P.0O. Box 20153

> M 2629 - SRL - Boom 1517

# Dmarborm, MI 48121-Z08%3 USA
amail: mfrealal@fcrd.com
Tal.: ({313} 5%4-7645

VWV YVYYYVYVVYVVYVYYNVVVVVYYYVYVYVYYVYYYVYY

YN VYV YV VYV VYV YV YV YY Y



echani 5 [achan 18 8kord.com]
Monday, Aprl 22, 2002 3:28 AM
_ Frasland, Merk (M.)
L CGlates, Freaman (F.C.); Maurer, Jamas (J.B.); Planie, Paul (P.Q.); Awad, Mahmoud (M.1.)
Bubject; Re: Shorted Sensor

Mark:

The BPCH wos dissssenbled from the concern wvehicles and will sand to you

threugh the DHL expresas shipmeant, the shipment no. ia *2647750033" for your
raferance.

Regarda,

————= Original ¥Masopage —---——-

From: "Fraqland, Mark (M.]*" «<mfroalal@fcrd.com>

To: "Chan, Smith 8 N (8.)" <schenléd#ford.com> ]

Co: "Gates, Fresman (F.C.)* <fgatesiford.com>: "Maurar, James {J.B.)}"
<jmaurer@ford.com»; “"Flante, Paul {F.G.)" <pplantesiford.com>; "Awad, Malmoud
iM.I.)" ~<nawadeford.com> .

Bant: Tueaday, April 16, 2002 12:4% AaM

Bubject: Shorted JdPFE Sansor

v
;
B

- Thank you for ths fallel APPFER sensor from the buy back tributs. Tt
arrived this morning.

Initial lab teasting con®firms that this failed sensor is "short
Clirouited®, with a power teo ground impedance of 3.66 chme. With a
supply voltage of 1.58V it draws 714 mh. I 4id not attempt to test tha
current draw at 5.0 Vv as thia would likely change the stats of tha
asnacr. Bamesd on the praliminsyy tast I would fully axpack thie zsneor
to causse a mtall followed Lyr a no mtart on any of the applloatione
vehilcles which taks this part.

L

Fleass kesp me posted on when you expect to get the PCM From thia
vuhiclln.

‘Thaziks

Fageards
Nark Presland

G=-8igma Black Balt

Engine Research Dapartment
Ford Research taboratory
P.0. Box 2083

MD 2&28 = SRL = Room 1517
Denxborni, MI 48121~2033 USh
anatl: nfreslaleford.com
Tal.: (313} 594-7845

"H"‘b""f"f‘ll‘?v??????\l?????????????\f
YvYvvywvy



MATHIMAL BEFVIOE DEPT, MAZDA AUNTIALIA FTY. LTD, PH. S0 D0O0EER10, PAX BN 20B, vl Seervioaqedl mEdaseniiel VIR vl DH0I & (oaic)

GRANe.: | NROOT4OZ Teacer Rit. : | esoons Duan Subymit.: | 13-MAR-2002

Subdect:  [VEHIGLE STALLED - NO RESTART Toacar Goce 1 MaA3442

Mosws):  [TRIBUTE (YUOREY) Aataa s ] onder N [MAnzcia (@i

QR Priariy ¢ W ammatng [ - High (z) | Wekar's Newe [ Dom o

VLK | JMOLIOSEYT110005) KBowetres 1 13 951 Duim of Baie 1 | 0-APR-2001

MC Cade 1 [MEP10A0SDPO0B000 unm:m Dabe Qoourred : | QB-MAR-2002

e ] e (] e i
Caaee pnd 1 [1 o N Boporn)| v P 1[G - Constant mu:m
setwme: [e Jomi | oo dac, [Towonr B
ﬁ—lran.- O1 Urgent Faply n@Hre | Reason for uatity Apt. Submission 1 |1 - Disgnostia Assistancs with Repalr

mmumm-mmmamm
Vahicls towed to Gold Goast Maxda workshap.

Did you worls on the vehicls 7 {Yaa f Noj YES Wern the sbove symyriome duplicated T [as FNo) :| YES
CAUBE OF SYAPTOME) |

WDS dagnosls canductad - PG would not communioats with WDS untl manual sniry pevformed. System selidast
revaalad DTC UHESD - BCP Communiostion Bus fault in systam.

CORRECTIVE ACTION/BI
Fokowsd diagnosls on pagea 418-00-20) to 418-00-25 of WEM {for BOP nalbwork feutt), Checled condinully on BUS +

& BUS - to PCM, 1CM & DLC - GKMMMMW@WWMMDW%H]
8 PCM - X,

WWMHWMMIWMFMMFCMMM mlhhlublmpimd

'Wﬂhwﬁﬁ'?ﬂnﬂlu} Hﬂ inﬂﬂld.ﬂl:w-upﬂm o %
8 fnoluding axpanded Resson ior Report submiselon}

Checked the folkwing which all passed OK: Permanent v st PCU pin 85, lgriv &t PCM pine 71 & 97, ground atpine
24, 51, T7, 103, 74, 33 & 23. Al tenminala on DLC ahadkad for comaat opamtion. Th only NaUss et appoar obvious
are - 1. No commumication with POM 2. Odomater poss biank (deshes instead of numbers} when kxiltion i swliched
ON and numbars retum when ignilfon la OFF. Assiatancs nacuiret urgently an cosiomeas is sxiremely unhappy with
this sltustion, beving mmulmﬂwuﬁmmbﬁum

**NROO1ANZ « TRIBUTE (YU0GBY) - VEHIGLE BTALLED - NO RESTART ™
BRE2-027-¢ amps




2eta oo Quality Report ‘

RLATIOBEAL, IV CHISTY, REAZEA ALMETIALMPTY, LTD, THL G0 ach 610, FAX SO0 2000, E-mall VT AP MOM 4, Plier)

Caigory : F - Fuel Bmia. Con <« Body Listing » <« Body Hact. Listing >

Sym Typais) = | DAV - DRIVEABILITY Sy ooviay} ;| O4A - BTALL NO REETART

Qond sode(e}s[Oving  |AZA - NOT DEPENDENT ONDAV | Gowd oode(e} & [ling Twe | FZA - NOT DEPENDENT ON ENG
Eng Spd. |8ZA - NOT DEPENDENT ON ENG Fual Usa | HZA - NOT DEPENDENT ON FUEL
Drv Oxla. |CZA - HOT DEPEND ON DRY CONT Shiing | K2A - NOT DEPEMDEMT ON S8HFT
Pomd DZA - HOT DEPENDENT ON RD Wealhwr |LZA - NOT DEPENDENT ONWEA
Eng Laad | EFA = NOT DEFEMDENT ON ENG Crib MZA - NOT DEPEND ON OTHER

Dums Topw: |ELE - ELECTRIGAL wm=[m-@mmm

ADDITIONAL YEIHCGLES
Vahinis identifioption No. KNS D) Bpanifiontinn Oude Pupair dele Dy of Oxie QL.A% QY
(Vi-vou-vey (O-mmryyyy)  {DOMERMYYYY)  (Fter biiow)
1
2
a
4
6
a
¥
Q1 : Did you work on the vehicle?
a1 : Bd you duplioais the wymptome / oondlilons, we desoribed on page 17
Q3 : Wae the problen sotved by the oomecthe sotian, be desofosd on papge 17
PARTE INFORMATION
Fart nama Part Membar oy Loontion f Arsll
¢/ [Unit Powertran Control - YF24-18-80810 1 Nt Avadl.

*“NRODTANR - TRIDUTE (YUOABY) - VEHICLE STALLED - NO REBTART “



Aof 1 Printec .
ATIOMAL SERVIOR DIFY, MATIA AUNTRALLAL FTVLLTT:, P Ol S0l e, A SR el Beamnll Gamrvitsny St demm mrd) 'VIF: 9008 JHORH_BLaoc)

[INFO; (ag. Pholo., drsurdng, video, wudic, sdditionsl detalls.)

FPhotograph, Deawing or information
NG ATTACHED INAGES OR FILES

Comments:

EROGREDD COMMENTE (WA UsE LY

CAML Info. :

13-MAR-2002 OPEN

Detatas i | GBIR - Branch, Fw CASE (8td) = . .

13MAR-2002  [UNRESOLVED ISSUE FOR MG ATTENTION <« URGENT ATTENTION W - Forwaxd
PLEASE »» (VEHICLE OFF RDAD), Bagts Coda
Nl ok U -Unsvalubia
NSJLB Baeconalle
NG - aeds dapan
"= NAODIAN -

TRIGUTE (VU06BY) - VEHICLE STALLED - NO RESTART **

ERR2-27¢ 3nes



-

Frulmdl Mark (M.)

*rom: Shinjl Kanal [kanal.sh ey,
"t Monday, Aprfl 08, 2002 10:16 FM
10! Bundnrs Hurlnl {ua}' "Akpordan, Don (D.).Y; 'Sadghey, Joed (LIL); 'Bauss, Scott (8.C.);

n (1) Chl o {H.INIIT “Chi n'l"{}u.:. 'Gurbm:'ﬂ:] M‘“ ') Dﬂbu.:ﬂﬂ'
; 'Chin, Demel (£.); 3!
$%annwm'nnmmuvzj. 3;
'Fnumalu.Ghrt gl}"'Fruland Murk (ML) ‘@i
‘Srimea, Jeff (..} ‘Hanesn, Goorpa (3.C.)% 'Hurr. GAearoe (G.J.}':‘I-lufmm Mmmvr-
Holmes, Jeffrey {J.R.}- "Ichikewa, Jyunichim {J.)% ‘Jensen, Tad {T.E.); "John McDonald’;
Jnma ; 'Jordan, Conald {D.E.); Kanei, Shinjl (8.); King, Aokt (A.F.}; 'Kiostarmann,
¥ Jeff {J.R.)"; "Kwan, Soon (5.K0)% 'Limtiaco, Staven {S.) "Linda, Pater (P.A.),
‘Uu mne (.5 Lushmen, Efc {E.A)% ‘Mark, Edmond (E.C); 'Matsea, John {1} ‘Maure,
James (}.5.); Mazzeta, Gary (Q.R.)S ‘Mooney, Lany (L.}; Moarhouss, Scolt (S.R.)'; Morgan,
Tom", Warlshima, Shigeld {8.); Novesd Khan', Wamatwllahl, (8.1 Wikolal, Bnrnla'

5
i
i

mmthnu.E.r.'nmmuw.}' Poweam, Ken (K. .'Frlea,l.!arﬂn{M)‘;
'Racquepe, A.ll:hn {A.P 1 'Shah, Kiran (K.C.)"; 'Shiraishl, Maulu {M} ‘Btilgenbacer, Jelfrey
{.IH.}‘:' hae {R.)'; "Sullivan, Jamis (1.P.); Talasews, Kakth (K1.)". Takbo, Hiroichl
m "Vacchlo, Amn fdaria (A.)'; "Waicsnelk, Aey (R.A.); Wettuch, Bl (B.)'; 'Willlams, Las
. '‘Wilameon, David (D.E.}; "Yaung, Loem [}
Subjeot: U204 8tall Meeting (Fiak lseue update: Engine stall -> Ni restart (DPFE shartage)}
EDLA_03 . dou

I update concern which I repoxted Stall meeting in last week. Failed
DPFE mensore wers ecrapped mt damlers in all cases.

JREE 1 {Japen}

EPEN-1012B66, Hofu hu:lld: 2000712713, Retall 2000/12/26

{1} Piret repalr 2001/4/9 4,893km

DTC PO401 and P1438 illuminated. DPFFE output Voeltaga was 0.123V (atandard 0.95 -
1.08V).

Raplaca DFFE ganeor with new sne. Problem was solwved.

{2) Second rapalr 2001/8/20 11,984km

Engine atall during normal cperating temp. Starter wam clanking but engine did
ot Atarc.

WD5 taestar could not communicate with PCM. BUS(-} terminal wvoltage showed 1.9V
{stondard 4.5V) cauaing NJ commnication.

vraf was 2.0V (standard 4.0 - 6.0V). When CPPE esensoxr commeotor waa disconnected,
Vref increamed to 5Y.

Same time Click sound was chesrved from Pual pump relay and fusl preasure wam
inrreased to normal rangs.

Alma BUS{-) terminal voltages wam returned 4.5V at game tima, and WDS can
commnicate with BCM.

RAsplace DEFR gengeor with new one. Prolilen was solwvad.

<<<DPFE genscr lot number is unknowm. According to seacond rapair date, it might
ba pre CH part.>s»

Q"

CASE 3 (Taiwan)
We are contacting Taiwan contimiously.

CASE 3 (Australial
Attachent i tha information from Australis (VIN: JMOYUOOEPY11104053, Hofu build
- 1001/01/70%).
.in additlon to this ssport;
{1} veef was 2.1 V [(standard 4.0 - £.0V} during MO sbaxrt <ondition.
{2) Vref raeturned standard value and engine started lmuediately after dlescommact

1
ERB2-027-C 3unY



L]

DPFE connector.

{3) In thiz DPPE internal shortage case, WIS cannot commmicate to PCOM.

Replace DPFE sensor with new one. Froblam was solved.

<<<DPFE pengcr lot number is unknown. According to bulild date, it night ba pre CH
AEE. >

Shinji Kanal
Manager, Tribmte Plant Qh
Hazda North Amexican Opsratlons

Ford Kanmaas Clty Agmexmbly Plant

Flant Vaehicla Taam

121 N.R. Hwy. 69, Clayeomo, MO S4110 Ush

Tal: 816-459-1623/ Fax: -1726/ e-mail: kanai.gh@av.mazds. co.jp
Twecal Text Fager: 91356771568malphapage.alrtouch.com



From: Neutgans, Kun {€.J.)
Sant; Thuraday, Fibrmw21 2002 11:40 AM

To: Schiading, Kt {K.J.)
Ce: Awad, (M.L); Fraelend, Murk (M.)
. Sublect: E;Eln PCM Insus affecting... HEQQ Heatar, MAF, |AC, Fual Injeciom, Fual Pump, Shift

I dont know for sure. You might want to look at 60 day foglc weuranty dats and ses i the issus has Improved
for Oct and Nov. That might indicate an Interaction.

Thanke again far your support!

Kurt Neuwigens
Ranger Powarireln Quallty Supervisor (PTSE}
FDC 2G-D42, Phome & Fax 313-30-07220

knauigen@iord.com
—Criginal Message—
Mom: Schiading, Kuet (K1}
anh Thmm#}]u,muﬂzm
H m
o Aswach, Mahmoud (WLL); Frealand, Mark (M.) .
Subjech FW: PO Isgue alfacting... HEGO Heater, MAF, TAC, Fusl Tnjectors, Fusl Pumnp, Shift Solengids

K,

Cauld this tsaua aleo impact DPFE operation? As we try to aclve DPFE lasue, wa're fkdngﬂ’mlﬂmmm
gystem Interactions with wiring systems and PCM that play a role....

Any thoughte?

Kurt Schieding

Suparvisor, V-Engine Rellabilty and Robuwiness
FPhone: 313-337-5440

small: kachiedl @ford.oom

Rafickiliry: Plan for if. Daglgn fir it. Devemsirate &

Hhm:.mmm
m-mlmmu HIN30 Haatee, MAR, LAC, Pual Injeckors, Fusl Purtip, SVt Solinolds

Didn't see you copled on thig, Is this dPFE related or In addition to? Have fin with the warranty
breckdownal

—riginel Meangs—

Proast Navbgans, Kixt (101.)

Sanl ‘Thumiday, Fabnaary 21, 2002 823 AM

Toa Michalowker, Charyl {T.C.); Youngren, Dave (D.M.,); Oizimale, Ronald (.6 ); Campau, Laweanes (L1.]; Dy, Abep {A); Asdaroen,



uilyjach Pmmm..muﬁ?m,mmmmmmm

To whom It may concem,
| wantad to bring to your attertion an lseue Terry Jadan and his taam have dlumvﬂrnl:ldl.!rh'ln his weskly
Ranger PCM Bwat Toam Meatings.

Teury haa set up the Ranger PCM Swat Team including Ford Ranger PTSE, W.PATE.Pmﬂmm
Elactronics, and PCM pecple as well &a Motorola people that have bean traciking apeoitic PCMs from: the fiald
in an sffont to underatand Ranger's etall or hard to start customer concamie. They hava been able to Improve
the diagnostios of [ssuas by tracking a specific mmmmnlwﬂnpmbhmmﬂbﬂmltmm
the experts to da In depth analysia.

During this affort i has coma to our attention that Motarola has had an issue with a componant In thelr
procasaor (4 per processar) thet can atfest the following components and thelr opsration: HEGO Heater, MAF,
1AG, Fuel Injactors, Fusl Pump, Shift Sclenclds. The dates relayed by Motorola for the known concem are
from the kst woalk In April to the first week i Oct. | have boan promised en 8D from Motorale in the neer
future so | will sand out mors Information then.

| don't know yet how much this has affected our warranty of theee parts, but | wanted to make you all awsre 20
you could look at your isaues across this time frame to ses if thane 13 an Improvement In Oclobar, and i thia la

a major contribuiar to your lesue, you mey be able & Inform the fleld of this lasue as wel as reduce resources

to urdaratand the uplick in thees ftemts.

{ woukl ilke te thank Mctorola and all of the Ford Englnears who hava bean vely supportive and helpful in our
afforts 1o understand and correct Ranger [esuea.

Participating Team Membars:

Chambariain, Steve (8.).): Youngren, Dave (D.M.); Flacher, Troy (T.A); Stalmaszezak, Robert (R.); Campan,
Lawrarco (L.J.); Carvanan, Ned (N.).); Graen, Tamra (T K ) Khoe, Henicy (H.); Neulgena, Kurt (K.L); Dsab,
Joa (J.5.); DI Ponlo, Rosaro (R.); Corpolango, Kerny () Homasy, Tim (T.W.); Whitehead, Jos (J.P.);
Trehams, Devid (W.D.); Fatel, A (AM.); Allan, BE (Wilam R.); Orris St., Steve (S.L);
‘Brant.Bames @ motorola.com’; Nader, Robert (R.N.); Turek, Lamy (L.P.); Caesar, Cynthla (C.L): Thompson,
Lena (L.A.); *Savagglo Jeseph-G12264' *Smith Erick-G110758"; ‘Cristian John-G10430'; DeBorde, Timothy
({T.8.); 'MarcCooper@motorola.com’; 'David A Willarne @ motorola.com'; 'Eﬂ-‘l-ﬂﬂﬂlﬂnlu'du.cun Hika,
Kevin (K.T.): White-Johnson, Futrha{P}. Gokifarh, ﬂamh{EE.}-Trnw-'.Hm[FLD Ji Dilde, Ken {K.M} Van
Wiemseraoh, John {J.R.)

m:gamﬁryahuuppmﬂ

Kurt Neutgens

Ranger Powertrain Qualty Supearvisor (FTSE)
FDC 20-D42, Phone & Fax 513-28-07220
kneutgen Gford.com

ERd2-327-¢ JuTe
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Vehicle Information Report

Vehicle Information Report

Page 1 of 2

VI IMYTIXD IELEERIL N Tk Linax
Mwic! Youry 2001 Tkt Dawrlivas
¥ah Trp T Frtwn Coidm
Lor, Doaler: Lr ! Baiy Tah Myl
Vsl Tariee:

TAE] - ESCAPE (L04) [2001]
T - FORD DIVIZEON CHAIVATIVE Mody Bl *

T~ WHL L FRONT DAIVE Eugiuty TALD - MO0L 100 DOHC EFLE

g Beclnl Fic:  HEWHO0T0

TIWD -4 DOOR WAGON
TIEF - FORD AERES

Tranmlaira TA -4 5FD AUTD TRANS K

Raglanr NA - SRS Plani= Al - KARIAS OITY FLANT BUILD

Comxiryy LEA - NMNANH Frad Deix 11-588-2000

SALE INFORMATION:

Rogioas KA - FONEINM Baliog Dwelwy (21008 -+
Coumizys USA - SN Railng Dir SUFrom GA
Buyer SUPrers  GA
Arvival Dabw: T-SBRI000 Red Coarpet Losas  *
Sale Dates 29 AER 000 FlertRuiilifle. Laie: R
Wrraaty Siad Dater 25-SEP.2000 Modified Voldeln ~ *

YOU/ROC:

£ - L o
. [ | :

HILAFIITHEYTF F 1 4n0ed

Som MM TA NI JE5 3 413NN NIBSDD 3 LB R MAYEL D 1

Lyl ¥ ¥lda B Y |
INSTALLED QFTION INFORMATION:

Al Condlisloning: TG « MANUAL ATR ODMEATIONER.  GYW Caded * = [Hira)

Altersster Axvy Eating: GYWCamCeln Y

Avdie il * -[RCA] Tadiriaemsiatioon ¥ -[HVA)

Axin Ratin .- (K] Sirror{Dciver Bide]1 AD - DRIVER MARER MIRADR

Axls Typ *_[MA] Mirvar(Fouge Bdat AD - FASS POWER CONVEX MIRROR
Bakiwy Amg Rogy A Palui: FNLDS - MEDUM WEDOEWOOD O
Brwlen Cada FEAAR - 4 WHL ANTHLOCE BRAKES Pawer Anlasus! * - [3rA]

Benky CadalSowviosht " - LT AT~ ELETR PREM AMAM ETROACSTOICLE
Callsratiun Cwil DL LADOA ol Spibiibil AB- AUDOFHILE 30UND ST 3TEM
Callar{A comt]| * -[HA] Hampe Tundam Axin: ¥ - [HHA]

Color!{Trimh * (1Al Tirs Msaslhatarart  AD - GHNERAL

Dilbracy Trym 0 Tire Rrynds N

Mrirwhalt Codu o Thes Blasi Dr0TT - 115708 17 BEW A-S OWL
Framt Bty *-[¥A] Travhm Carok: " -{H/A]

Tl Typu * -[HAl Wl Prasr * - JHA]
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Veliicle Information Report Pagn 1 of 2

Vehicle Information Report

GENERAL VEHICLE

VINE LI WX YE2 563 Vb Linui YV - LINCOLN TOWN CAR (FNL43) (9802} EngSartal Mat *

Madd Tear1 1KH Marisi Durfradi OM » L-M EVIEON DERIVATIVE Baiy Dl b

Yalpe C DefeCadyy /8 -3 WHL L/H REAR DRTYE Enginw CIVH - M 4.5 BOHC BF1 HA

Iuv. Daslar: 18167 Body Cobipin  CFL - 4 DOOR SEDANSTRETCH-OLTTE  Tranambasiow: C/DU - 4 5D AUTO TR NAAG
YosleoiSwclent  C'BY - CARTIER VERSION :

BUILD INFORMATION:

Roglow: NA-MEAMNG Phabhr  BA - WIXOM PLANT BULD
Commiry= TUEA - SR Prod Dals 20-SEE-2000

SALE INFORMATION:

Evgimu  NA-SAPRNON Boling Denlers  H7OAL=*
Comntryt LIZA - SN Sellng Dx StFrori TR

FrrwcBi¥rm TK
ArHv] Dk 15-OCT 2 Bad Corpet Lasan ~ *
Einle Puis: 16-TUL-3001 WiweBabaiiCo, Loase: R
Wrrynniy Riurt P 16JUL-3001 bimBified Vabicly  *
Onlg Warrsnly Dades 16-JUL-2001 Hascquired Vabldey  * Vealdehs Kagied Fligt N

YOUROC:
WIYAMNILF 1 2 1LTRANL 'l T m JLLEL KR S0l 1 ™ WA L |
1LEEZ 3 T L
INSTALLED OPTION INFORMATION:
Alr Conditionleg O/ - ATC AIR CONTITIONER CVW Gy " . [A]
AlMernalor Amp Ruting: * GYWCamColn W
Aslly THakz Al - ATNRO DISC CHANGER MLAYER. isetresesindiens  AB -CONVENTIONAL THETRUMENTATION
Anlc Ratios BOACT + 1,00 FINAL DRIYE RATIO Reflrrpr(fivior Silap * -(A)
Asle Tapm SOAN « HOH-LIMITEE S IP REAR AXLE Mlron{Puge Py * -[VA
Publery Arup Ratlagt 75 b PHUAA - HECONY ROLED C90
Braks Code v A Frwwrhuioans  *-[NAY
Braks Coleliervcnls - THIA] Radior BP- ELB LUKIDEG SIGENAL STRACSTOLX
Calrmtion Codm: IVCLIB0A ol Byatiri: AE - ALTYICPHILE BOTHD SYATHM
Colar( Arat): . [NFA] Sump Tadam Al * - [MYA]
Colon(Trimh *- [NFA] TireMasaloiarers AT« MCHELIN
Dulivary Typm a Pirn Brunie (I
Dvwivenlelt Cadhes . Thrw Sl DATTE - FEISPO9R. 16 WEW TIRE
% Froot St . [NA] Trosllen Cootreli AT - ANTRSFIN TRACT RRAKEE WA TVD
S Fual Typmt * - [NFA] Wheal Passe * . WA]
httpiiwerw gquality. ford com/awn/egi-binfgluw/vehinfo.pl ' 22202
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Vehicle Information Report

viN LPIYIN ITRKAT FOEL Y Linee T - ESCATE (113043 [2001] Eag Sarial b 035176007

Mol Tasn 200 Earkat Ewyired: TP -FORD DIVIBIONDERIYATIVE Hady el -
¥ioh Typm: T Diviwe Cadtt TVA - 1 WHL LH FRONT IR1VE =] TD - MOD 1.0 DOHCEF 1
Loe. Dot 06947 Bady Cuh Etylay TRAD - & INOE WAGOH Torssslsiwa TIOI - 4 XPD AUTO TRANE K

Yerslaa/Beriant T'EF - FORD JERIBES

Baglany MA - SN Pt AT - EANSAL CTYY PLANT BUILD
Comufrpn UEA -FNNAN Prod Deter Z0AUG-N01

SALF INFORMATION:

Bagiomy HA - SN  Ballng Deslecx 135 -
Mm-muanmm'm

B RiPren TX
Arriesl Dl 30-ALR0-300]1 Rl Coapeed Laski *
Bela Dt 19-CCT-200  Flaot/RolaliCa. Losar: R
Warcnaly Start Datw 190CT-200] Ricdiie] Vilicle: -

YOU/ROC:
TOMZEATTONLIALIT 4 € 3 JERFML TR Wi B Y iM% crleiel 33ROCME 2 EA mrdaz 1

LPNTHe A LT a

Fud Typu . [HA] Whee B ¥ - [MIA)

bttp:/fwww.quality.ford.com/mwalcgi-bin/jiwvehinfo.pl



Page 2 of 2

LF: ANT453%001 RN ASOBEIN01
LRz A1 ER ASDBE33001
Lk - -+ ¥

BAF Codr * Buslslen Codut T -TR
ESF Comrnga(hillmh * Embsiles Curt Typ L
ESE Comrnge(Tioe * CmimlsaleciSwiis  JMF
ESF Plaa Yiurr *  Knghe Fumily TFMTRI0LFS
EAF By msiury Deis:
Any comments? You ¢an contact
-
- )
i
")
hitp:/ferwrw.quality.ford comawsicgl-binfhufvehinfo.pl 202

ERO2=327-C %78
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L Jdeee Ret

Vehicle Information Report (?i:u:: . 2

ViN: IFASTSSN I WIS 5 Vb Liwy LTAR. - POCARS (CW L0 [B9-02) Eng Sorind Mo *
Muedd Yoon 1001 Marfet Dol CF -PORD HVISION DERIVATIVE Bedy Stmilh ~

Vil Typm | = Dwivs Cada A - 1 WHL LA FRONT baIve Emglmas IR - FHTEC L0L DOHC 1
T, Doyl oaras Bady Cal Styies CFC -4 DOUR SEDAN-6 LITE Trasswhmion: COTH - 4-3P0 AUTO TRAR
Varslwoy Sl 1D - SRS 3¢

Kaghons NA - GOWSNY Dillog Deabart  LMO46-*
Commiry: LATA « ARSI Seling Dir StTren M

By St MO
Arcival Datw L-DEC-2000 Rad Carpot Lomse |
$ialla Dnim 13-FEE-200{ MiealEiain /0. Lame R
Warranly Staci Dubry [-FER-200 Mndified Volela = "
Oty Wievkily Dabst (3-FEB-2001 Gtscquired Viiciy  * Veitkdie Export Finp N

YOURQC:

1 q L1 4 A (| L | [ {1

1 | 3 4 3 1 2 b= L
FHINIY 4f 1 1 2EAE;m EE B RANT JMF OF ETLAE 1 o 4 B [~ - ] 1
rar) 2 LR iR

hatp:/Pwww.quality. ford.comfwe/cgi-bin/jiufvehinfo.pl 141002
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*  Rmbirin Codes OB - O
+  Ewiecien Cori Typm |
1 Covarngel Yiamid: * EmimhaDedSoln  HLG
5P Plen Toar: *  Saghu Panliyr LFNCXYIIOVEY

Any comments? Youw can contact

http:/worw.quality. ford.com/aws/egi-binfjlu/vehinfo.pl
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% Rer

SEL 140
[ ] L}

Vehicle Information Report
YIMNi LFRUGH I XTRARCHS Vil Linst TML - ESCAFE (U204 [3001] Eng Barkd Mo 111362087
Mai Teare 30 Markst Dertvedi  TVF - FORD DAVISION DERTYATIVE Baly el * '
Vuls Typae T Tirive Cadet TF -4 WELLHFILL TIME DIMVE Euglae TAD - 0D 3,00 DOMC EFLL
Inv, Duslers  D4143 Body Cuh Ziple:  TIWD - 4 DOOW WAGON Trnsummiplons T/ - 4 2P0 ATTO TRANS K

. VorsleaiSarion W-Eﬂlﬂm

BUILD INFORMATION:
Raglem: KA - NN Plasii AJ - KAMNEAR CITY PLANT RAALD
Canmtry: USA - S8SMNNS Prod Daler 15-007-3001
SALE INFORMATION:
Riglum: KA - 000NN Sallny Dealrey 21N - *
Carriry: USA - SN Selisg Dir S4%rens TN

Rwyur BtFren T
Arrival Datny M-OCT-2001 Bad Corpuet Lamn =~ *
Bole Dt -OCT2001 FisiSeteliCs. Lusss A
Warnoty Sl Dadwl 30-0CT-2001 Madified Fablsby .
Oulyg Wirrnaiy Dwler  J0-0CT-200]1 Busbtgpichead Vielthdie: 'TEMM N L
YOU/REQC:

1 2 A 4 1 & T ] *

S AT § d 4 1%NER 4 B WE 4 Ml X b AR LDE T T e dii o1
1M0i0T w2k KT 1
Badliwy Anvy Matinge A Puinh " P¥A]
Brafes Codlal PEAAD -4 WHL ANTL-LOCK BRAEES Powe' Amtoumts . WAl
Brahs Cidelirviesdl  *-[WA] | PA.~ CIXKS RADEC WITH 5 DUN® CHANCER
Calitwation Cades A1 LA Seuml Byl - A)
Calarhrrami *.[MAL Sexpa Turslws Axdw * - [MIA]
Gl Ty DOZY - Thee Pradi Al - MICHELN - RECYULARLE
Daltvary Typst o . Tirw Sy TATUT - PIASSOR- 15 OWL A8
Cutrealall Calley D Treathan Contrak  *-[WA]
Firawi Sasb *-INA) Wireel By *-[MAL

Findd Typm . JNEA)

http:/fweww quallty. ford cam/awsiogi-binflu/vehinfo ol Erez-pz1-c asey 11002
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Vehicke Information Report

Vehicle Information Report

Page 1 of 2
dPFe ReiT

SRL 1349

GENERAL VEHICLE INFORMATION: (Redated Claims)

Y IFMT S 111881 138 Yk Lian “TA1 - ESCAME (LRNM) 30011 Eng Barinl Maz ST

Madsl Yeun 3008 Morku Darbesdi TF - POAD DIVISIOM DERIVATIVE Body Bhall *

Vak Typu T Dirtve Collee ‘I - 1 WHL L] FRONT DRIVE Engie TLD - MOD 2,00 DOHC EF1 T
v, Pramdan 230 Bady Cab Stybe TAD - 4 DOOH WAGDM Trerasimbsn T -4 5F0 AUTO TRANE &
-3 o m- e ———

BUILD INFORMATION:

Toghie MA - MMM Tl Al EANEAS CITY FLANT BUILD

GIIHFI'I m-wmm 3-APR-2002

BALE INFORMATION:

Haghonc N - W Dolllog Deabie: 121024 - *
Cawniry: USA - HERFINHF Enifing Dir S0Prom GA

uyee BUPran <9
Arvival Bkt 05-MAY-2001 Ead Curpet Lanez ~ *
Bals Twin N-MAY-2501 FlaatFotalWTs Laxsyy B
Warvanty Etard Daeg 30-MAY-2001 Rindified Tohiviar .

YOLU/EOC;

1 a A d Y
& ') - -4 Ll

AL AL TTTE 3 21081}

K L] '] &
& ! ]

mE sl 83 wil 2xB 5 odalamw DIAMOE 1 W oA MIMAIZ 1

1T S illm =
INSTALLED OFTION INFORMATION:

FYide 10 T/ - MANUAL AR OONDITIONES. GV Callac *-[2WA]

Alteraster Amy Rafing © GYWOamCulr; T

Amile THakx * . [WIA) Inctremenintions  *-[MAA]

Azl Rl . [WA] Arran{liviver Sidek AD - DAIVEL FOWHR MIBAOR

ol Typas *_OA] Lirver(imgr ks AT . FASS POWHR CONVEL RIREOE
Duliery Anp Kuthign 4 Pabmn PHLDE - MEDTM WEDGEWO0D 0
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Froeland, Mark (M.)

Prom: Williamsan, Richard {E.)

Senh: Tueaday, Fabuary 26, 2002 7.67 AM

Ya: Freeland, Mark (M.}

Ces Awad, Mahmoud {M.1.); Plwrie, Paul (P.G.); Blesl, Gany (.}
Sublact:  VOQ results '

inparnce: High

Hi Mark, :

In anawer to your question: " How many NHTSA raports (Vahlcle Ownar Quntlnnnnlm -
NHTSA Data Base) raporte are thans on Fooue sialis?”

2001 Modal Yaar.

There were 14 total Focus reports for staling - 11 on the Z-Tech, 2 8Pl and 1 unknown.
Thears were no YOO repotis for stalling on the 2002 MY.

We expect a new batch of VOQ raporta sometime this week and | wili update theas
numbera.

When we presented our ECI paper to the CCRG In November there were only 8 Z-Tech
repoits.

1 will try and run the othar 4 maodei lines sometime today.
Fogards,

RICK WILLLAMSON

Produoct Concern Analyst-Powertrain

Enhanced Concern Identification

313-248-6348
rwilliio@ford.com

212702



Yiie IRAPFGS 1 WITIHNS Wb Ling LIAK. - POCTTS (CO1'N) -] Eng Bexlal Mn =

. M Ymrs 2000 © . MwkeDebel  CRF-FOSDDIVIGON DERVATIVE Doyl *
Ve Typm c " Tichm Colle. CA-IWALLEFONTTRIVE  Raghe U5 - ZHTRC 2L DOEKC EFUNA 14 a7
Eov.Duker 01921 Doy CibiBiple OFC- £ BOCR SRDAN.5 LIE Toammlajeys T - 450D ATTO TRANS #0710

Vanlaaeripn O EFRIES 15

Raglan: HA -HMNEHE P AY . WATHNE FLANT BULLD
Cammiryy DAA - AN Prod Daie 138882008

SALE INFORMATION:

Boghurt NA- MU SllrgVeder ¥R+
Cummtryy UEA « BONHINII Sullog Bir EPron WY
BgorRT WY
Avsivi D ISEEP 000 Rl Corpui Loaay
Sale Dl 16-EEP /3800 Bk EataliCy. Lanayy R
Wty St Dintae 1500000 Rimdilod Vilichs ~ *
Ovlg Wity Dul 16-IER200 Riwgubrad Yiche  * Weldeho Ragrt Mg K

YOU/KOC:
FLIMLAMMETIGG & 2 ZTAEOLY G F DANW JRMF T EXMAE T dTEE 1 i 3
AFar & i AW T 18

hitp-ferww.quality ford. com/awa/cgl-hindflw'vehinfo.pl

0211212002




i~y

EEF Coailee " Ealelen Cwler Oh - R

FEP rvaraga{bitiady: *  Eaaben CotTypu 5

T Covmage{ T * DulstesDowijurn — HO

KN Flam Toar: *  Eaglews Famlliyy LMV
TP Bgmatars Duta

hitpfFwrorw.quality. ford.com/avwafcgi-binfflu/vehinfo pl

Any coonmenis? “You can coniact

021272002




apat -

Y IFAFFSISGIRIIE TR Wik Lt CIAK « FOCTRS (CW10) (#4020 Hag Decial Mo: *

Mo Ty 200 Blatiint Duadveds OfF . FORT DIVISEON DEREVATIVE  Bady Bk

Vo Type: c [ oA -IWHLLHMCHTIRIVE  Dagea Y] - TETEC 10 DOBC BT HA M (PLC

D Dwim 0053 Buly Cehfiyn  L/DA-1D00E SEDAN- LITE Trssuisscn; CREP -3 SPI MAN TRANS A BAO MTFTS
Yonluofari DR - SERIBL 1 ’

BUILD INFORMATION:

Raghm: NA-MANSN Faat A3 -EERNONLLO FLANT BIELD
Hm-mmﬂm

n
L

MLIMINETT § ¥ & kaed WeiidiEMFE IGLE 1 13870 1 &

hitpziferww_ quality. ford_com/aws/cpi-bin/flufvehinfo.



N Cedey ¥ Rralebin Dl - 000
. KN Cormrngelhiiinch v Rulule Cort Typu 5
T ComenpelTimalx ¥ Mulestas Deanl Boffisx HFZ
X Fiom Toor) *  Engiw: Tty LRMCIVIOVTY
B Sgeetare Dol

G9NE O

Rtspdfsevrw gty ford.comawaiegi-bin/fluvehinfo.pl 0200812002



T R

P . . -

D © IPAEMAOSIWIOS? VehLina CAT-FOCTN (CWI70 [9-02] EagSuhiMu *

Mudd Yerr 208 : Maticd Durtveit:  CF- FRDTIVIICNDERIVATIVE.  Radyfile =
Yob Typnt c Trabeg Cidy CA-IWELLAFRONTDRIVE  Engiew CYEN} - ZETAC 2.0 DORE B NA 3 0L
| kaDeley 4@ ', Body Cab Byl - T -4 DOOR SEDAK-5LITE Trmmmiaders G2 - +5PD AUTOTRARE #7772

Frimlahs - COCL.IERES IS

1 ] 3 4 -5 '] T i B
FImITRd @ k 1iEan H O dokies Wgar ¢ DR T ThoE: ¥ Lk ] 3
ixai 4 [P T F ]




Aburpatay Srag Ratings A

1

-

4 & + 85 & 1

OTW Cla Codr P

Entrmiesietan AT -HEE SEEIES ANALOG CLUNTER
M Driver s} AD - DETVER FOVTE BIRECE
Rrrme(fongr Bich AD-PiE POWER CONVEX MERGHR

Pulmh PNLIAA - ERONY SOLI0DCIC
Fower Ankams: v [A]

il -

Faw] Sypmican " [N

Sup Ttsarn Soxbel * - [F/A]

Thew Bimink CC . FRESTORBOOOD VRAR
Tin Ftau DACNT - PSR IS B IW
Trmtilon Conliik = - [M/A]

Wil Bassi v -[}A]

R Cut Type

- 00
c

EminbaBemifelttn  HMT

Any comments? You can contact

ﬁnp:ffww.qualﬂy.fmﬂ.mﬂan#ﬂgi—bdnﬁlufmfo.pl

jeae -LT-vaa




e e e e g = g

{Related Claims)

CAKFOCUS (CWITD) [9-07]  Eugtlecilbe *

CfF . FORD CIVIGON DERIVATIVE. Doy Rl *

CA-IWHLLEFIGTIRIVE  uglow: CN8) - ZRTEC 2oL DOBCEF WA 1 0L

CEC -4 DOCR, SADAN-SLITE Tosepleley TG - 4-5PD AUTO TRARS 48R
COP - STHIPS 30

Bagha NA-SOUSNRE Mimi  A- WAYNEPLANT STILD
Countey: TELA - SNANNE Prod Duve 13-DEC-2000

YOCEOC:

1 3 1 £ & T 4 'l
FIMNIOASEE 48 § T OZLAQ4E OF 0 EANM IRMP ] IOLAE 1 1040 4 ™= a2 |
1Fary 4 By H

hspciforwre.quality. ford.com/aws/cgi-bin/fiu/vehinfo.pl

02/07/2002




hitp:ifvrww.quality ford com/awslogi-bin/flu/vehinfo. pl 020712002



FoRE O-LZR-Z0MG

Vehicle Information Report

GENERAL YFHICLE INFORMATION; (Reiated Ciaiins)

i IFABEIG I Wivom Vo Lt /AT - FOCUS CWIND [35.02] g Socked N *

Meld Tarr 2001 MokuDuivel  CF-REDDIVEHNDERIVATIVE BelyShil

TaTge C© Tarkwn Cady CA-IWELLEFROMTDRIVE  Duglew G- FETHC S . DOELC BITNA HOMLE

eDubn Q70 BelyCabSiin  OFC-4DOE SEDAN-SLITH Trarsnlvions {90 - 2P0 ALTO THANS AF2TE
Forsa/Snbw O0E - SERmY 2y

BUILD INFORMATION:

B NA-NMSNIN Time  AZ-WAYMEFLANTFORLD

Camptrys URA - SHNSNE Prod Duta: 1-AFE-3001

. SALF, INFORMATION:

Eaghas MA-PNONLN Slieg Dulwn 1512 -¢
Cowbtatrys TREA - ENNMINANN (ftlg T Sk Pruy AT

| BemefNtow M
Arhol Tnbe FAPR-O00L Bl CorgitLows '
Fada Timbay OLMAY-00T Wt/ Bptalis, L B
Wirsenty St Dulet: 08 LAY2001 Blsiel Vibdelt 7
Orig Wacowty Datet $-MAY-3001 Reampuired Vebisket * Volaicks Enpurt Flagn W

YOOROC:

1 2 i | 4 £ % T ' &
MHIEMHITE & | Beven o N ki diaara DA T dRCOSE  1WRCd Xz ]
1rims 3 L LTV ] ix

hitptforeror quatity ford.com/awafogi-binflutvehinfo.pl

0220772002




BEEE I

i Condiiving

Albornster kg Ratiog; A

Aol Ty

Buitwiy Aty Rt lngy

O - MANGAL AIR OONINTHRIR CVWF Loy o [NRA]

GV OwmCalen H )
Feairppentyiisn AT FIKIT EFRTRS ANALOGOUOXTRR
Mirvur(Deiviy Bilia AR - DRIVER. FOWER MIRBOR

' Mirre(Pagy Sl AD - FASE MWER COMVEX, MIEROE

Folwl FNAES -TUHRAT OGILD
Pomg Aninus * . Al

Rl |+

Svwn Syetcie *- [N

Sogs Tewdos ixle * - AL

ToEnak 0C - FIRESTOMBAOCTFYEAR
Tirs B DWINT - 1456R 155 BiwW
Tatioy Cpirals  *=[KVA)

Whas] Baawy * - A

EAF Codui - o o
BN CmaraguiIfimiy *  Emieles o Trpar [
BAF ComengalTioaili ¥ okl Vel Suillle H
EFfaTun | - 1T
ENF Mganiwre Daic
AnY comimnents? Yoo can conlact

hitpiwrrw.quality ford.com/awsicgi-bin/fu/vehinto.pl

020772002



Vehicle Information Repert ‘ Page 1 of 2

Vehicle Information Report

GENERAL YEHICLE INFORMATION: (Related Clalms)
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Vehicle Information Report
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Vehicle Information Report

GENERAL VEHICLE :

INFORMATION: {Related Clairns)

YDt AFTIXLIWDIRAMIS Yol Lima oS - PLYVISUPYPSYPIIIPORDH Y] Eag Bariak Nt *

Mok Twen 1002 okl Durivgs ™ -[REA] Bulylul * -

ViTpu T DifweCadu ~ DE-{WELLEFARTTIMETMIVE  Esghr  TVN-R-M4LSOECER NA CIVR GNP

TrPalen 01125 BadyCob iy DD FFER SINGLE CAR (FUPHE CAX) Towmmsaiae TOU - 4 550 ADTO TR NAAD ACCEWMRN
' YudooBedwe  TIAM - 150 SERIRS

BUILD INFORMATION:

Bagiom: A - MAWINN Fank: AR - NORNCILE PEANT BUED
Coméry URA - NANNHSE Frof Dabe: 0B-S5F-30M0

SALE INFORMATION:

Righst Rh-SNANONY BlinyDed:  121200-%
Commirps USA - SHURIIN Syiling Tie SeFror: S0

Foyar R¥ron L
Arvival Tisice OF-SEFI008 Rad Carpetlamits "
Sl Dok Nl Eatali'Cn Loumx B

Wetraniy Start Date SLBEC2000 hialilied Vi s
Oulg Warynsly Do 12013000 Roteyiived Vaicks *  Vikicl Enport Flag N

HMEIRHAGISY BRI M T U SR e ISRY T i 121N ITEM e 4 I W
irmEp 2 9 ECTA ML ikd a

hupz/iwww.quality. ford com/aws/cgi-hin/jlnfvehinfo.pl

022172002




S

A Conciiunbiage TVE - MAMITAL Al COMIITRIEE SV Ohalac N2

Ay mp Reting: TA OFW O Caler R

Acullle el * Al Inlrmomteties:  *-[MEA]

o BOAID - 355 AMAL DRIVEEATIO  Mirme(DriverBils’s * =[]

e Typos PR AL - LIWETED SLTP ARAR AXLE  lnca{Famge S * - [WK]

Bublery hmp Railngy  HL- Pty PHANA - MBD, TTEEADOR O/C
cwn Ciafles FEAAN « 4 WHL ANTSLOCK MAAKES Power Amtesrny - [BZA)

Weale Cadalfarvicsls  * - Kadlac ALl -HLETR PAEM AMEMW STRODIC
Callibaiium Cades 1RSI Sl Spatam: . [MA]

Caler(Asnradn = [NIA] Gawpm Thndem Ao * - [A]

Collor{ Tk *-[WA] Tiea hialactyreny AL~ DOQPYHAR

Delivery Topc . Thre Bermitch v

Dadvadallk Colx B Thrn Mz DOKERE - LT2E0UER. 17 AT O]
Fomead ewl: *ra] Thsslion Camivels  * = [MEA]

Bl Typw1 " - [}A] il Pnasy = [Wia}

htpe/Ferww.quality ford com/aws/cgi-binfflnfvehinfo.pl

022172002




Zoee D

YOu  IMEAOSHYONSIS  VekDimw  COD-TAURDSAARLE (DA [00-030 Sag Sotid e ¥

Misdd Yewn 2000 Mt Dortved  CAd-L-MBDIVRENDEVATVE =~ Baiyfalh  * :
FiiTge:e C Detrs Codw i~ 2 WEL LA FRCHT DRIVE Raglen: GALD- WIODA/Z, DOBC EF KA VE GNAAD
TevBulan 10400 BodyCeblign  CFA-4DOR SEDAN-4 LITH Trasatubur DX -4 295 AUTO TRANE HAAD AXSY

Vislao Wi CAJE - IARI B R VERIKW

Rogiow HA-HIMNNN Sy Bl JLEBGE-*
Chpmiryy TELA . SOiniNop Edliag e SUF vy MY

Buget BAfpw: MY
Arvivel Tt OLAARI00) Med Curget Lowscs
;55 AMAY00 WinahRatelins. Lt L

Wi zuly Biert Dadiet H-S0AY-DE00 Minitial Foladn -

Ol Winrsniy Doty H-AAT-200) Raspquirel Yiliche * Yalich Export Fiog N

YOCUEOC:
PMANTOFLFLIFIM T A LIRS ohoa ) LR o0 TAM 1M L Lk & M L ]
el 3 . - b

buttpefworw.quality. ford. conviws/cgl-bin/jin/vehinfo.pl

0212142002




A Omditiing G- ATC AR CONDIIONER YW Coden . [¥A)

Akanaier Ap Rutlg * STV CamCodes 1

Ao T AC - AUTNO DESC CHANGER. PLAYTE Totrmmantulvn: - (HA]

Bt Bath w. Mltcrow{River Killieh BA - DEIVER POWERAEATHD MEROR
Axhe Typau . Mrm(Pagr B B - PASS POWEREEATED CONVIX MER
Botuy AupXxtimg RO Pabtr FN&A - WED. TORHADOR ©C
BraksCods  FEAAS - 4TEL ANTLLOCE MRAFEY Pewwinfems  *-

ke Collofurvimln  *-[WA] Rallet AE- ELACTRONIC AWM FIROCANSETTE

Somnd] Bystec AT = AUTHOMATLE SOOD SYSTE

| =

Pagr ~ f2

Cwlar{Acrenlly L Sy Totrlam dules ¥ - TNIA]
CaarTiclari: " [r0a] Tirn Minlwsiwrsn.  AD - GEERAL
Dnciivery Typss E Tirs Bearsk: LI
Thrbvmbuil Colles . The Sam DAIXT - FILSAR -4t REW ATL SEASOR
Pt B * [RA] Trasthn Comrali AR + ANIESFIN TRACTRIAKES WA IVD
Fool Typmt oAl Vitvoul Baost ’.
TIREROT INFORMATION:
Ln =k .
L * RE: .
LL * RI: *
[ ]

oC-oc

O Caila ¥ Embules Cede

B Covamgn(fillash * bt Cort Typec 5
EEF Commage{Tiasi * il Thiis] Suiftzx = -4
BN Flan Ty *  EogloePamiln

EXF iguuiers i

€29t O

Any comments? You can contact

ittpeifarew.quality fod.com/awefcgi-bin/jhufvehinfo. pl

0272172002




VR4 IITIIO KBTI Vil Tinm T - ESCAME (U040 [2001) Emg Barial Ro: SHB16085

Madd Yur 201 Miskot Degtwedy  TIF-FOED DIVISON DERTVATIVE. BofyShal: * _

Vb Ty T * Tivtwe Cail TA-IWHLLAFRONTDRIVE  Emgiau TLD- M0 3.0 DORC BFTHA Vi GONALD
Tav.Dualan 00415 Rody Cabr Sigts: T - 4 DHOCE: WAGCH Tronibadini T - & Sy AUTC TRANS NAAG CTH

Vanbopiay'lax T - FORD SEHIES .

Roghay FA-SNNANNSE BilingDwsien  1Y3012-*
Comtxy: USA - SRMNNEN Suling Dic ScPrer: TX
T iifen  TX
Arziwl Pty Z0-FEPGO00 Nedl Outget Lo *
SaeDoutes 03-CCT-00 Wioet/atuVCe. Lousn B
Wiernuiy Mart Bute: 8 OCTI000 Mindied Vbl
Oulg Warrmety Dot 30-SEP2000 Ratcguirad Veiiae  * Viich agant Finp N

YOCOROC:
TIEENFTI 10 mT E 2 ladllld L -3 § i T 3 25 0 & Amml 23 2 TR - | T
1l T 147X K FJ
A
E hupelf e quality ford com/awsfcgi-bin/jlu/vehinfo.pl 022172002




sa8E -

ek - ————

LR " AN v
TR " Em -
LE ' I "

SPANE: * DOTPiamMambuiorws -

ESE INFORMATION: EMISSTONS INFORMATION:

N Code *  Erabeden Codos ™. 18
EEF Covarage{iifivsh *  Erobei Ot Ty 1

RGP Cormagel Tl * BuleimDealSaffin  HMA

RAF Phea Ymurz " Rogles Wiy 1PRIXTT0I P
TEP Mgradcre Dt

Any commentz? You can ¢contact

0272172002




httprww.quality ford. com/awe/cpl-bin'fiafeshinfo.pl

- Pag.10f2
]
Vehicle Information Report
GENERAL YEHICLEINFORMATION: {Related Cigims!
R 1B YU 14 KR Bl Yah Linm T/M] - ERCAFE (172043 [ADM] King Sorial Moy SEBASIDAS
Ml Yaur: 2001 biwiniDerdrad: TP - AORD DIVERON DERIVATIVE Body Sk  *
TaTpe T Dirtes Codey TA-IWHLLAPRONTDAIVE  Sugios TALI¥ - M 3,00 DO EFI WA W G HAAD
Poe.Daleys  B5AT BulyCab St TYWD- 4 DOOR WADON Tommrimbey T - 4 SAD AUTO TRANS NAAD ©DUE
Yersio/Soren THP - FORD SERIES

BUILD INFORMATION: '
Roghow NA-FSNMNE Pt AT- EARTAS CITY FLANT BULD
Comlryr USA - MHHESNE Prod Daix: 18-SER-2000
SALE INFORMATION:
HEagian HA - NGNS  Billag Daslan 1TMe5 -
Comley TIEA « NHENNH Adling Py Sulrew: VA

BomBFren VA
Avrrhvel Dinkar mmunq-l.— L
SuleDute . 13-DCT-2000 FiaslRandiCo. Lensr B
Warremty Fart Deisy 13-OCTEX000 Mded. il -
Oy Wictranly Dubut 1-0CT-3300 Beacpobond Vabiide:  * Valiich Rpart Fing- ¥
YOUEOC:

1 -3 3 ] ] 1 | | 1
mdITigEsl NATTF K ¥ laEmid] ka5 4%k e E 3 MES ARSI ITERMM 2 FL A 1EL A D -
1T T i E 1
22172002




LPgE -

P2, - of2

Almramicr Avp Kaling: ¢ CVW Clam Cadet ¥

Ao Dialer v .[A] Tmabrrwamsiwlion: Il

Axin Rotha » - [MA] Mlrvar(Peiver Bilsl AL - DRIVEE. ECPWEE MIREOR

Axta Typu » -[NIA] Miryw(Pungr Sy AD - PASS MOWER CONVEY MRETHR
Batory g Retings A Tralmii LA - MED. TORBADOR, C/C
Drnka Ciollx FHAAE -4 WHL ANTILOCE FRATRE Fowniy Anbama =

Braka CoieBavials ¥ -[UA) Rl M)+ HLETR PRERITM AR STRINCSTE
Calibaration: Code i 1A3DA Boul Spbiin .

Caler{Avtal): " [N Suapn Tamdens Ao * - [HIA]

Cal{Telm): "= Al Tira Misnlariuron  AD - GENERAL

Tulevary Topa 0 Thra Brank e

Drbvolilt Crilar D Thrs B DAOTL -FRATR 15 BW A-L OWL
Frwct Bl - [MA] Vinalen Conival: - [UA]

Waul Typa " . [EA] Whed Rame . sl

TIBE DOT INFORMATION:

Lh " R -

L " B: .

Lk LN L

BT Dl ' Bkt Cadi ™-Th

B Cyrongeiiink *  Hakubus Cort Typs 3

EEF Covarige! Tinash ¥ EmimbenTecel Saliftc A

B Plam Yoy " Fagies By i: Tra ]
B Sguaivers Thuine .

hirpe/fewer. quality ford.com/awafc pi-bin/flufwehinfo pl
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Mark.(M.
“rom: Willams, Les (LHW.)
, et Wadnaeday, Novemnbaer 14, 2001 9:61 AM
To: Frestand, Mark (M.)
Go: Daibo, Boh (R
Sublect: RE: 10r18/2001 repalr on 1FH"|"IJﬂ412'IICDE1319, 2.0L Escapd bull &M 52001
TEE bidg.
1AE20

Let ma know when you woulkd Bke to come.

Thy,
Les
—{Original Mossage—
Froml Frestand, Mark (M,)
Santa Vadnoadey, Newermber 14, 2001 9:40 AM
E m#ﬂ%ﬂninmmzl
Subject: FW: 10/1872001 roair on LFMYUNA1210C21319, 3.0 Eocape bullk 6/15/2001
Les,
Yes ploass, | would Hke to evaluate [t bafore giving it to Mary Akina from Kavlico. Where can | find you?
Thanks
Murk Froeland
G-3igma Black Belt Candidate
Physica Department.
Ford Research Lebomibcory
P.D, Box 2053
MD 3028 - SEL - Room 1517
Desrborn, MI48121-3053 USA

cmmil: mfreslal @ford.com
Tel: (313) 304-7643

5 =-Original Mesage— '

' From: : Wilamsy, Les (LHW.)
Servh Wedrndey, Novembar 14, 2001 9:16 AM
Subjach RE: 10718/2300 nepair on mumﬂm!.«.wum
Hello Mark:

s My name [s Les Willarne and | have & few DPFE sensors taken from vahiciss experencing atalls. Would you
lnatnmkaaluukatmm? L&t me know.

-




e

.*‘

F'E I-npﬂco with Tad Jertaen the other day aa well concaming IACe.

mrmOriginal Mascagy-—
- Fromt Myers, Dan {D.P.)
Santz Tuesityy, Nowsmbic 13, 2001 5:35 PH
oz Frasinnd, Mark (M.)
- Oweana, Karen {ICE); Jensen, Tad [T.K); Weliane, Lo (LHW.)
Fulacts AE: 10/18/2001 repair an 1FMYUGSI21IE21310, 3.01 Bscape bullt 671572004
Mark,

Al of the parts removad from the Escape atalls while driving Issuse are forwardad back to Lea Willlams et the
TEE bullding. | just mailed two seta of parts back to Les but | wil leok around to make sure none have slippsd
through the cracks.

The parts are replaced ae part of the stalls while driving checkilst and ars not necessarily falled parts.

Dax WWyena

Feld Quality Engineaer - lowa

Enhanced Concemn Ideniification

dnversd@ford.com -

Coll 563-505-9002

Office 563-289-001

Fax 563-269-1384

—{iiginnl Mosmmge---—

Prom: Preaband, Mark (M)

Sant Tuexizy, Novamber 13, 2001 Z44 PM
}: Mysry; Dan (D.P.)

_ Owana, Kiren (K.E.); Jansen, Tad (T.E.)
 Bubjech 10/18,/2001 repsir on LAMYLOM121K" 21319, 3.00 Bacapy bullt &/15/2001

Dan,

1 umdarstand you ware invoivad in the repalr of the sublect vehiole, where the mﬂnmﬂmnmm"mucl‘(

‘DIES INTERMITTEN.....".

1am the § Sigma BB candidate working on the EQR dPFE sensor which ks usad on thet vehicls. | underatand
that the dPFE senacr waa replaced along with the LAC valve.

Thare Is 2 known fallure mode for the dPFE ashsor/Povesrirain Control system which will result in the engine
quiting. Aa such | am vy intarestad In discusalng this particular case with you and obtalning the dPFE
mvﬁhhmumudfrmﬂuw?ﬂﬁa. Duwukmﬂnhhmm&ﬂnmﬂ

.m
':wmalmkm:hmm
' Ford Research Laboratory

.0- Box 2053

3028 - SRL - Room 1517
" Dearboen, ME48121-2053 USA
nld_l mfrealal @ford.com
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Vehicle Information Report

Englan CVN -R-Al AL SOHC BF1 A

GENERAL VEHICLE

INFORMATION: (Related Clalime)

vav, ILNHMEIWSIYGIIIN VehLinm VI - LINCOLN TOWN CAR (NS} [-13] Kng Boriel Nos *
Nvddl Yoves 3001 Sharient Doctrodn T - LM DIVISION DERIVATIVE BelySodk  +
VaTps ¢ BeiveCedar V8 -3 WHL LY REAR DRIVE

Tov. Deniocr 10213 Bedy CabSiyim  C/FC -4 DOOR SEDAIN-A LITB

Traasmimiser CTAT - 4 SPD ALTO TR NAAG

BUTLD INFORMATION:

Fagiom MA - ENNNS Phat BA - WIXCM FLANT BARLD
Cotmbrye UEA - NN Frod Dude: 07-1E1P-2000

SALE INFORMATION:

Fogions MA- MNGNNN Bcling Duslerr 354015 -*
Cownirys UFA - SN Sellleg Dir BbFren CA

Arvival Dol IOCT-2000 Rl Corpst Lt~ |
Sals Duim LSJAN-200] FiaatRotalliCa. Lasax R
Wisrrenly Biori Twier |6JANY] Modilied Veliedny  *

Ovig Warrmly Dule 1SFAN-200] Rewoquired Voblohe;  * Vehicls Expert Mg N
YOCO/ROC:

Moiriiadir 1 :m XE B : 9T 1A L Bdics v e M L3

1A ¥ m 13
INSTALLED OPTION INFORMATION;

AlrClitioalng . GC- ATC AIR CONDITIONER GYW Colas . [NIA]

Aderamior Amg Ratizg: * CVYWCamCeinn H

Al Dl . AC- AUDIQODIME CRANCER FLAYNE.  Esirmmentatiers ™ [N7A]

Aale Rntle BOALE - 508 FINAL CRIVE RATIO Mirrec(Dviver Sdal * - [N/A]

Axke Typa EGIAB - NON-LIMITED SLIP REAR AXLE Mirror{Pugs St} * - [A]

Batory Amp Rathgs 65 Memh PICZTA - WHITE PEARL TR COAT

Rrula Cods *. [NfA] Foww Anlsans: * . [NUA]

BeakeCobolBorvicsi - [N/A] Radi BP - BLE LUX/TNG RIGRAL STRACSTACLK
Callbentlon Coidic: IVC1EBOA Soundl Syaioms AE - AUDICFHILE 30UND BYSTEM
Clee(Aecant t-m h!-h'a\ﬂ "m _

Coler(Trimjs DOV - Tirs Ernmls Al - MECHELN - RECYOLABLE

Dillewcy Thmet L] T B PNTD - FRISNEE- IS BEW A3

Dirivanballl Cailar . Traoim Contralr A - ANTHIPIN TRACT BRAKES WAOTYD
Tramt Bewtr - A Whenl B - [NIA]

Fuel Typn * = [NIA] :

hup:/orww.quality. ford com/aws/ogi-bin/fhafvelinfo.pl



‘Vﬂ!’ichlnfmmtinnknpm : Page 20f 2

TIRE DOT INFORMATION:
L% . ER -
LRy L *
1Ln " AR v
AN -

B Cud *  Emislen Code Q-
EiF Corarnge B #  Einleios Curt Typu 3

EXP Covernge(Timeh * Eoslivo Dwcal Sxdfts  HEZ

PP P Yomry *  Eaglne Facly IRMXYIHEVPY
EIF Signatere Dafe

Any comnens? You can contact

hittp:tiwrwrw.quality ford com/aws/ogi-binfiufvehinfo.pl ' Epe2-ezrc 3011 202
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Vehicle Information Report

GENFRAL VEHICLE :
INFORMATION: Redated Claims)

% LLNEMEWIIYSIEN] Tk Line
Makd Yaur 2001

VikTypm
B Doy 18218

Minftgd Purbral: G - L34 DIVENDON DERTVATIVH
Drrbow Ot OB - 2 WHL LM RfiAR DRIVE

Bally Cali Biyiey  CPC -4 DOOR SHDAN-S LITH
YanlwSain  CFER - IGHATIRE VERION

CYYC - LINCCLN TOWH CAR (FH 1Y) [96-02) Rog Sarial Nm *

Boly Bt * _
Engina CIVN - B M 46, SO BF NA CIVE GNP
Trummbubeni CH - 4 3P0 AUFTO TR NAAD ADCEVABRTOW

BUILD INFORMATION:
Regiam: NA-HWWMON Pust  BA-WIXOM FLANTBULD
Covotry: LA - SNSRI Presl Dnie; C-SXP-2000

SALE INFORMATION:

Brgiom NA -SSNMSPNF SulegDesdar:  354015.4
Cuuntry: VEA - SSHNT Sclllng Dir StFrem CA

By BUFren CA
Arrival Bater 1S-0CT-3600 Biwl Corppt Ly 1
Sl Dt 16-TAN-F00| FiahBalali's Laisie 0
Wianrinily ard Dbt 15 JAN-ZR1L MMolilial Vahlsin -

Ovig Wrraaty Datet 16:AN.-2001 Revequired Vehieln  * Vabich Kyport Flagz N
YOOROC: '

ERIIVELAIMYT 2 I 1470 DN EF 3 WY m ILEEA T HINL N W

1oy 0 T A

tutpe/iwrwew.quality ford comisws/egi-binfn/vshinfo.pl
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Alr Couliaslay: £ » ATC AIR OONTMTIONER VW Ouila: * . [NIA]
ADarmates Amp Butings # GVW Clacs Colder N
. AmdierDinks AC - AUDID DESC CHANGER FLAYER.  Instrementxtions  * - (WAl
FY o BOALY « 3,08 FINAL DRIYR RATIO Mirver{Dvivar Sis): 4 - [UIA]
AdaType EXIIAR - HOH-LIMITED SLI KEAR ANLE BHrras(Bampr Shisle * - [N/A]
Batery Amp Reting 55 Palnti PNITA - WHITH PEARL TRI CYIAT
Rermka Cinher * . [hUa] Power Aminrmm ¥ - [F/A]
Boke Cocla(Sarvics  * - [NVA] Eadle: BF - ELE LUK/DIG EKTHAL STRICSTACLE
Califwation Cades IYCISBOA Sexod Sysomr AR - AUCAGPHILE S04IND SYSTEM

P~—~2of2

hitpiforwyw.quality ford com/aws/cgi-hin/ilu/vehinfo_pl

piztirs




Vehicle Information Report Page 1 of 2

Vehicle Information Report

GENERAL VEHICLE INFORMATION: (Related Claims)

ik - LIYTH I T LKEES Wb Linay Thei] - ESCAPE (L4 [2001] “l-ilﬂll nzeEe

Malel Years 1031 Market Pertvedr TP - FORD DIVIION DERTVATIVE Bodly Kl  *

Wik Trpo T Driva Cadar TiA » 2 WHL L FRONT DEIVE Emglon TALD - MEID LI DOEK BH ]
Iov. Dealeer  OL331 Ty Cuh Bizim TIWD = 4 DOOR WALKN Trmmsisdoni /0 -4 AP0 AUTO TRAMNS N

“

BUILD INFORMATION;

Boglec:  NA - NN Mt Al - KANTAS CITY PLANT FUILD
Canmiryr UEA - SVRNNIM Prod Distes | 1-JEF-2000

SALE INFORMATION:

Reglons NA - SRS  Balling Dealer: 41202 -~
Cunkiry: ThiA - S00NNY Selling Dir St¥ron 1.

Bapwr B rom .
dAsrival Dates (A-OCTA000 Rad Cowpet Lanat~ *
Baln Tubr 1-OCT-2000 FloekRetallCy. Lensm B
Warramiy Giart Dyt 2-0CT-2000 Sindiled Vlhtia »
Ovig Warvanty Datw 38-OCT-2000 Rasmywioud Vellelot ¢ Valiche Expori Finge N

YOC/EOC:

mu.un'nnmw H 3 L4Ratie 500 WAETY E3 AF 4 ERNL M JINATE I FL kK VA 3 i
weT T 1 191418 2 1
INSTALLED OPTION INFORMATION:

Al Coiltlanbog TS - MANUAL AR CONDITHINER. GV Code * - [WA]

Alarsaisr Amp Eniing € GYW O Dadee Y

Auile Disic " WA ' Instrememtations ¢ - (WA]

e Ravdes * - &) Mirrar(Drirer 83 AD = DRIVER MOWER MIEROR

' Axla Typat * . [H/A] Mirror(Fragr Siial  AD - PASS POWER. QONVEX MIRROS.
Baltiry Anip Balingn A Talnh LA, - MED. TOREADOR CAT
Brakeo Cadet ¥ -[NA) Tawer imiwmen  *=[NfA]

Bnice Codelfiervials ¥ -[NfA) Padlm AQ ~ ELHTR FREMIUM AMTM STROACSTE
Calllurmiion Cads Dl 114004 Hecd fHyulem: *-[NA]

Calorthemati .. Ewtpn Tandern Axien * - [FUA}

ColoclTrimk 0OOZY - T Brund: A - FIRESTONE

Dol brary Typat 0 Toym B DECGTQ - PEISTOR 15 BEW A-S
Dirtywiaft Cadat D Traciien Cantrok  *-[4A]

Froat Sesh * = [NFA] Wil By *-2WA]

Fal Typa e |

httpeffwvwrw.quality ford comaws/cgi-bin/fhuvehinfo.pl  EAe2-ez7-c 2614

1710402
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) m—n‘r—n 2815
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Vehicle Information Report Vi€ 0 A AR

INFORMATION:

L)ool JFAFFIIXIRICNII | Vah Lism CIAK - FOCTIS ICW1L R [99.02) Eag Sarlal Nat 4

Madal Vi 2001 Mkt Dartvodi  C/F -FORD DIVISXON DEBIVATIVE Bady Shalli  *

Vi Tpu C Driva Codns C/A-IWHLLMFRONTDRIVE  Eauglew {/BC} - ZETEC 208 DOHC EFt N
Inv.Dmlar: 9001 Bly Cob Btk C/DA - ] DOOR BEDAN-4 LITE Trescimivn: CDR -4-5FD ALHG TRANS 4F2

Varsion/Berian C/OR - SERTES 21 :

BUILD INFORMATION:

Reglom: NA - NN Pl AJ - HERMOSELO PLANT BAILI
Comnirn WCED - PR Proal Bemba Y1 -SEF-H000

SALE INFORMATION:

Regiow:  NA - DRONHNNN  Soliny Nguler: 127044 . ¥
Cowntry: VLA - NISEMENE Bolllng D StTrrey: VA
Naywr BAFren VA

Arviwl Dasn 2-ARP300C Ral CorpetLame  *
Bale Bt H-OCT-2000 FisetRatelCs. Lamn R
Warragty Start Datw: 01-OCT-2000 hdodied Vehicee  *
Ovig Wwranty Dupee O1-OCT-2000 Raacquirad Vabiche ' * Vahicl Expart Flag: N

VOC/EOC:
A — 4 5 & T i >
PN E & T OILENAT S N 2NNT L1 1 TR 3 ' ™ ]
}FAFI 3 Y 130ETR ¥ 1N
ENe2-227-C 3818

11730001 4228 MM
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Vahkcha Informetion Report - bttpcfterets svmanpp. ford.ooveg] binglutvehinfo.cp

INSTALLED OPTION INFORMATION:

Alr Condltianing: C/H - MANUAL AR CONDITIONER. GV Cade: . DNVA] —)
AMwrsator Aoy Ratleg: A _ CYWCamCain F '
Ao Dl "L AL [nstramewtaiion:  AB-TACHOMETER (NSTRUMENTATERN

Axis Raflal o [MA] MirveriDriver Sy * - PVA]

AxeTypa © t-[VA] Mimon(Pmgr Sidey: ¥ - [N/A]

Battwry Ap Rstinqn 28 Faluh PNZF - SILVER.FROST CC

Brake Codnt *_DA) Fower Antewan:  * . [NA]

Brake Culyifvevicay ¥ -[N/A] Rsallae B -

Callorniion Codu TAKLAZEA Bound Byrtem: * . [A)

CalerAzomy * - [NeA) Scups Tamdem Azler * - [N/A)

Caler{THm): . [A] Tiry Brash AC - MRESTONE

Poltvery Trpew 0 Tirs Aloe DITAQ - 205/50VR-15 BEW RUN FLAT

Dvivahai Cod . Triwilon Comirall - [N/A)

Freut Best1 . [HA] Wieel Dase o - [WAA)

Fadl Typa: - AL

IIRE DOT INFORMATION:

LM . mp .

LR . RR *

41 LI *

BPARE: *

ESP INFORMATION: EMISSIONS INFORMATION:

ESP Code * Ealwien Codl Cn-OR
EBF Covarnga(Rilinip *  Emlpian Cart Typs 1

ESP Covernge(Tima * Nwissios Dacl Sufx:  HLO

ESF Plas Yot * Eagims Flly! IFMDCYORIVEY
ESP Kiguaturs Dater

Any coimoents?

2ofl

E2-E21-C 2817

1A £28 F



Vehicle Information Report Page 1 of 2
Foos
L] |
Vehicle Information Report
GENERAL YEHICLE INFORMATION: {Related Claims)
¥YIN 1FAFTFHET |'W 48580 Vb Liom AN, - FOCLIE (W1 T [99400] Eng Serial N *
Modbd Tows 2001 Muwkst Decirodi CF -EDRDDIVISICHEERIVATIVE BodyStellc  *
Vol Typw c Drive Codiat i » 2 WHL L/l FRUNT DEIYE Engisx C/BG - ZETEC L.0L [OHC
Inv. Desbis 02710 Body Cab Sidn  CFP-4DOORSTATION WAGON  Trammsbsduu /D2 - 4-SFD ALUTO TRAN!
) L YershwSecian C/DE - SERIBS 3
BUILD INFORMATION:
Fagion: NA- WM Plati  AZ-WAYNREPLANT RTALD
Cocutrys LEA - HNNANRH Pred Bator 11-OCT-20%0 i I -
SALE INFORMATION:
Raglors NA - MNNNNN Satleg Dwiscr  L4E05L- 0
Cowniry USA - WM Eslling INr ExfPren M
By Stren M
Arrival Dade: I2-0CT-3000 Ko Corped Lottt |
Eade Daiad B-OCT-3000 NaskRelall Ty, Lo R
mmmmmmm L]
YOC/ROC:
TIEAWLANSEDT & B A QETITMA T E NANY L M .1 FILAR 7 sl 3 A mi 3
1rarl 7 Ll ]
INSTALLED OFYTON INFORMATION:
Alr Condideniug CA - MANUAL AR COMDITIONER ~ GVW Cidie *.[WAl
AMvrmabie Amp Rattugs A GYW(lamCadm R
Amila Diallc L . Intremreiztiom " [MA)
Axls Ratln . D¥AL Mrva{Dyiver Sda AD - DRIVER POWER MIBROR
Axi Topu o IA] Mirror(Pamgr EWa)i AD « PASS FOWHE CONVITE MIERIR
Battery Amrp Roting1 28 Palatt PNMLT - LYGHT SAPPHIREBLIG
- Brnice: Conas FEAAR - 4 WHL ANTH.OCE BAAKER Power Asismn ¥ - [}/A]
. Brake CodelBwrvicsn  *- [NA] Ralle BQ-
Calibenthan Cada TAKI AT S G .
Culor{Asrrnty *- (WA Buir Tymilars abes ¥ - [A]
Caloe{Trkm - WAL Tirs Bramsh " - FOSRSTONENOOITYEAR
Dalbrary Type r The Bz DXINY - 1T 58 BEW
Drivslont Culaq . Trction Coutrcl  *- WA
Feout Sestt *- [WFA] Wil Buvst *- WAl
Pk Tppmt *-[NFA)
ERe2-927-C 5818
http:/fwrerw,quality ford com/aws/cgi-binfluivehinfo.pl 1072401




Vehicle Informaiion Report Page 2 of 2
TIRE DOT INFORMATION:

LR LI 1

LR L] (-1 1] [

LI: L 1 -

SpPARS: e — e
T Cadar *  Enubagion Cales QR -0

ESP Cormage(idilen]| *  Pruleck Cont Trpw 3

ENF Covarigal Thui): *  Embuios Decal Bolfin [} Ft]

EXF Plan Your: * Eagim Famliy; TFMXVENVES

EXF fig nrtwry Thaday

Any comments? You con contaet

hitp/ferww quality. ford.com/aws/cgi-binfjlu/vehinfo.pl

ERd2-02T-C 3n19
10724701




4 Vehiclo Information Report - ' Page L of 2

Vehicle Information Report

[ —— o

GENERAL VEHICLE INFORMATION: (Related Claims)

iR IPMZUMECIZAITISD Vol Linw TAS - EXPLOGYR (NS [01-07] g Sorkel B *
Model Years 1008 Markst Darbrml: TP~ FORD DIVISIONDEXIVATIVE  BudyShalli  *
YTy T Dctre Conet /5. 4 WHL LH PART TIMEDMVE Eagina T - COLOGINE 4.4 %OF
fov.Dealert 06130 Body CalBtylm  TVWD - £ DOOR WAGDN Tronsminbens T - 5 57D AUTO TRANS

Yarsloa/Sucian T'EF -FORD FERIES

BUILD INFORMATION:

Baglemn NA - MNPl AY - ST, LOULS PLANT BURLD
Comntrya UBA - FFHNNNT Fred Dabe b3-MAY-2001

SALE INFORMATION:

Reglemi NA - NENWHHT Ralling Thalar L4 L0AR- ¥
Coomtry: USA - AT Selllog Hr BATror W

Fwrysr By w1
Aurribi] Dz #-MAY-3001 Rod Carpol Loy .
Bule Datra I2-MAY-2N01 FlaabRuialUCs Lasen R
Winriily Start Dades 12-MAY-1001 Modifial Yehiea .

YOO/ROC:

TTIAEMTHICLIITIN B 1 33T o0 BN WMI AW H b | 4B 1 W EHCr 4 E =
LT oI X i
INSTALLED OPTION INFORMATION;

Alr Odifasteg T'B - MANUAL AIR CONTITERER GYW Cader ¥ . [NFA)

Alecasivr Anty Rafings BE YN CamCelx I

Andls Disia - [NA] Iemirremaibnl ¥ . [NA]

Al Builex . [MA] Mirvar(Dctver Bidah ¥ - [HFA]

AxlaTrpu .. [MA] Marme(Pragr By * -P¥A]

Bathivy Anng Rotiapy  HL Fulnix FHES0 - MINRRAL JRAY U WH
Braka Calei * . [rA] Fowsr Aslusita *-[WA]

Pl Cade{Sarviesln ¥ -[FUA] oy W - AMPRL STROVCT CHANTRRICLE.
[e e LIS LAFDA Bomal Bystas * - [AL

Cokeihret]l * o [RYA] S Tenlian Ankat * - WAL

Color{Trim N0HH - Thre Brenily Al - MICHELIN - RECYCLAMNE
Dalbvary Trpe 0 Thee Bimay [EUL = PRI 15 LWL A
Dirivashalt Call n Traectlont Candvalt  * - [MFA]

inkaal Boadi . PYA] Whanl Busax * A

Fmal Ty *- A

tutpiwrww.quality ford.com/awsfogi-binfjiusvehinfo.pl gy 109101
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Vehicls Information Report
- TIRE DOT INFORMATION:

Lhn 37PN 18D1 ar *

L MITPOHIBX 1601 T T

Lk . Mo

EPARE;  MITRDHEX 1601

EAF Cwdey *  Estede Codut T8 -8

ESP CavmraguiMiTa) * Emimlen Cort Trps L

ESP Cavermpe(Tinarh *  Fmbnken Du] Saflin X

ESP Man Yean * EnglweNain WHIKTIHOZS

ESF Hgnaturs Dats

EAR2-027-C 3821
- ttpeifervrer.quality.ford coom/awsiegd-hinflufvehinfo.pl 131201




Com-.

Vehicle Information Report Page 1 of 2

Vehicle Information Report

¥Oh | PMELTTNERITASIG ¥ub Linm TAUS - EXPLORHR {LI15E) [01-02] Eng harlal W *»
el Yoenn 3003 skt Dociveds T - FORD DIVDION DESUVATIVE Eadyfhell;  *
Yab Typn T Dyt Codat T+ 4 WHL LY FART TIMEDRIVE  Englam T/ME - OGLOGHNH 4.00 S0F
Dvv. Deiderr  DTML By Cols Blyieg TIWD « & DOSTR WAGDN Trommlmiem TTI - 3 5PD ALTD TRANA

TeslonSwian T/EF -PORD SERIBS

Raghons HA - SN Bl AV - ST. LOUTS MLANT BULD
Couptry 1754 - BN Frod Tl 11-RH-2001

SALE INFORMATION:

Reglis NA-FRNIN Sy Daslient L4
Comnicyr TEA - WA Selliug Div BUPraw NI
Buynr ST rom; ML
Arciral Dein IDJUC-20C] BWed Corpel Lonsie |
Bale Dnde 1200 Pl T, Lassy R
‘Warranty Btart Dador 15-JUL-200] Modilflad Yehicu *
Ol Worysaly Duiee 1#:1UL-208] Dumrculead Vi ¥ Waliisla Bxmprt Pagn M

YOCEOC:

1 z H " H F 2 1 1
THIZMAGM W X HERN NMEX I 3N B K L] didil I X HCPF 4 E b |
mas 1 Imeo ™ a
INSTALLED OFTION INFORMATION:

Al ComSfialng: DB - MANUAL AIR OOMDITIONES: GV Coda . [WA]

Alarsatar Amg Bullng TK CYWCumCulm X

Anally Diok: * - [MEA] Instromwmintlem ¥ WA}

Axnla Ratlou .- irvor(Dyivar Bidax * -TWAL

Axis Trp * - A SirrerFangr Sua * -NA)

Peiimy AmpRuing:  HL Palet; PHIIC - MINERAL GRAY CT W
Baenke Coidlen * . [MNIA Fawer Anioena) WA

Brnke CodelSorrics  * - [NiA Radini BE- ELETH MBM STROCSTROONLE
Callbration Cojm ILSLAROA Bomml Frsams ¥ [HA)

Calor{Amanih * - AL Bosgn Tandam Axier * - [FPA]

Caloe{Tilaik O00HH - Thrd Bkl Al = WMICEHEIN - RECTULABLE
Dettvery Typw r Thre St DU « FZANTOR L0 WL AS
Drfvashadt Codien 1] Tractes Candrali  *- '

Preat el LAY . Whand e " A

Baxl Types *.[WA)




L MITFDIHANESON Ry MEATPDHAXZI0L
Lt WD KR PR TFDIEGEOL

Page 2 of 2

m [ ] .n L]

EFARE: MITFINENTIOL

ESP INFORMATION: EMISSIONS INFORMATION:
ESP Ot *  Eiglen Codey TB-TH

FEF CrverngelMlionis *  Ewlsiw Cort Trpm 5

I Cervarge Tt *  Pabeles Dol Enffte Ks

ISP Pan Youm *  Ragius Famliy: IFMXTHOFS
ESP Siganture Duine

Any comments? You can contact

bitp:/rwww.quality ford com/aws/cgi-bin/fluvehinfa. pl
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Ak Ratloe " DUA] Mirver{Driver Filals * - [NA]
Axia Typm . Mlrver{Pragr Sdak *-[¥A]
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Dadvashait Codas . Tructies Comirslr  *-

Froxt Ewnia o Wiewad Bawat *_[HA]

Pasl Ty v [N/A)

btz wwrw.quality ford.comfews/egi-binfluvekinfo.pl

ERQ2-82T7-C M828
w3141




L

Fage2o0f2
TIRE DOT INFORMATION:
L% * M .
TR L] R [ ]
LI « B .
WPARE e
ESE Code: " Samlelon Code cB-CB
RAP CorernguOMileni *  Rmimien Cort Typm L
EST Covernge T * DmisiemDecuifuitts  HDO
KEF Flan Tran *  Engle Fantliy) TRMEVOGPS
ENF iigrmirs Pedu
Any comments? Yon can contact
£
ER02-827-C 3827
1073101

http=/#worw.quality ford com/aws/cgi-binffhu/vehinfo.pl



Vehicle Information Report Page 1 of 2

Vehicle Information Report

- al

GENERAL VEHICLE INFORMATION: (Related Claims)

N (PMCOMI4IRFTTION Vel Lisee TAM1 - BSCAPE (U204 001 Eng Saciel Ko1 GI8386007

Model Vaurn 2001 Mackal Duebvad  THF- FORD DIVISION DERIVATIVE Body Bl *

Vi Trpse T L, TA -4 WHL L/E FIAL TIMH DRTVE Emgine LD - MOD LI DDA AF |
Iav.Daslarz  DaS% Dwdy Cabifighet  T/WD -4 DOOH WADON Trammcimion: TYDJ-4 SPD AUTO TRANS K
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Arcivel Date T-SER000 Ead CarpetLeases  *
Sale Datuy |220CT-2000 FlasRalall s, Losn K
Warrnaly Bl Doty 12-0CT-2000 Msdiled Vallain L
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ks Coadla(Rarvieals *- | ] AZ - ELRTR AN/ STRODEC/COLE
Callbrailen Codn IML1ADA Sannd Sysicms *-[MAY
Colnp{Axmmt ¥ - (Al ESaspa Tamidem Axie * = [NTA]
CallenyTriamji 00V - Tiry Bramihi AD - GEMNERAL
Detivery Type ] Tire e DAGTY] - P3SN 15 W A3
Dicbranianlt Catlin [ H] Tracthan Conirol ™ - [NA]
Framd Sonby * . (AA) Winel Brant - [NrA)

i Fual Typel * - [VA]

htipz/iwwrw quality. ford convawa/cgi-bin/jin/vwehinfo.pl - 11710t
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ESF INFORMATION; EMISSTONS INFORMATION:

B Conka E Emlsslen Collax 8-T8

K5 Covaragu(iiiioan (175 Emlasiom Cart Trpm: L

15F Corrormge{Tima 160 Ealaslais Troesll Sufilia HMA

T P Y a1 Eugiee Famiin: IPEXTOSOLPE

E5F Sgusters Duien  13-OCT-3000
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&
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Vehicle Information Report

Y IFMYIARLITKRI0ITS Vel Liner TL - BSCAFER (204 [301] g Gachal M 354317008

Modsl Taary 2001 Tlarket Dcdvade T/F - FOGD DIVEIWN DEXIYATIVE Doly ik *

YTy T ErivmCoim TF-4WHLLAFLL TIMEDRIVE Inglae = TAD - MOD 300 DOFAC BF1 NA Y6 G NAAD

Iy Dysler 00012 Wiy Taby Syl TR - & DOCH, W AGON Trominiom TN « 4 SFT AUTD TRANE MAARD CIME
Veolsa'Seden TEP - FORD EERIES ’

Ragiwni HA - WMNIE Pk Al - EANSAR CITY PLANT EUILD
Comnirys 1A - #RNEN Frid Dele 31-A1G2000

SALFE INFORMATION:

Rigiows A -SOMNE Sallleg Deslerr  1Z7014-*
Caunirys USA - SMFANNM Ballng Dir BiTrom YA
Iy BTN DC
Archral Tiwim 15.SEP-2000 Rl CarpetLowees  *
Fla Dhnlen: 27-OCT-2000 Pwet/RatallAv, Lums: &
Warresty Bari Datst FLOCT-2000 Mol Vol *
Oufg Werrmnly Twiee [0-SRP-00 Rasoggivad Valdely:  * Valicls Rrport Figge B

YOCEQC:

1 r L] i & ] 7 ] L)
TRIFMUITHAZATE F 2 L4AEa HWEe WITT 13 I I1MANITMAA 3 TR A WA 2 1
1nna 7 v P 1
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I1IRE DOT INFORMATION:

LF: * KF: *

LR ' RR *

LE LA .

EPAKE: *

ESP INFORMATION: EMISSIONS INFORMATION:

E Coly: *  Elwlen Cales Tn-Tm

EEPF Covarmga{hilla): * Emlwle Crol Typs 5

mm " Krnimivs Dyl Saffay HES

ESP Man Teart *  Eogies iy LPMXTINH S

ETN" Bgreimoy Daie
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r
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Vehicle Information Report
GENERAL YEHICLE (Related Claims)
INFORMATION:
ViN: {FTYRI4BETLPAIN! ¥eh Linee TR1 - RANOER (FEFLE 1) k02 Eng Egripl M *
Mindal Yemr: 2001 laricet Darfvad: *.[MFA] BadySimll: ¥
YaTye T Drive Cada: TiE - 2 WHL L/H REAR DRIVE Enginm TINES - COLOMNE 4.00 908X
r-Denleey AR Boaly Cub Styis: TED - BUPHE BONILE CAD (3UFPER CAB) Yreosdmlesr TTC -3 APD AT BAG ASLIN
Varslan/Secias: THIF - FORD SBEIRS
BUILD INFORMATION:
Kaghant NA - RN Pl AX - TWIH CITIES PLANT BUILD
Cogmrtry; U3A - NSHFES Tred Do |1-JAN-3001
SALE INFORMATION:
Doghesii NA - WHINMNS Hellng Dwlec L2224 - =
Commtry: UBA - ST Eallng Hr B5Peom FL
Buyar StPrev: FL
Aarival Dbt H-JAN-D00L Red Corpel Lanm: ]
Wekn Dinbu: I R-APR-2001 Plant/RasaliiCo. Lapss: R
Warrmaly G Dyin; LE-APR-2001 MadWicd Vel *
Orig Warvasty Date) LE-APE-2W] Bapcquived Vet  * Velicls Expart Flag: N
! 1 ] =1 - ] L 7 A . 0
MiteaMI071388fw = I §prAfpR WA MK MY IL Bk s dicdid Bl = EXTA [ 11
FETT I M J8Ts WL ! i
INSTALLED OPTION INFORMATION:
Aty Comaltiontng: TfH - MANUAL ALR QCNDITIONER GV Cpddc " - [MTAL
Astaator Ammp Refing: AY VWO Cnie: Y
Amlln Diak: " [HrA] Enstresseminilon: ¥ - [WIA]
Aol Ronblor: EGAHTD - 3.55 FINAL DRIVE BATIO Mirrsp(Dwiver Skl AC - DRIVER HAND AET MIEROR
Axie Typw ECGTAR - HON-LIMITED SLIF REAR AXLE Mirrar{Fyagr Silsl; AF - FARS HAND SBT PLAT MIRROR
BabayAopistiapn MB Falrh PHYWS - DO(FORD WHITE 30LID /T
Torpkay Celly; FERAAR - 4 WHL ANTT-LOCK BRAEBS  Puwar Amiarym: & -[IUA)
Brnke Codelfarvia): - [FUA] Esdis: Il - AMFM STEOAD CHANGERALE
Callbratien Calda 1B3iB40A Saumd Bysieun * -[AY
Chilr{ A.comni )1 oA Scups Tamders Axie: ¥ - [FA)
Caler{Trim) * - [MFA] Tirs Mpmafastorer: AL -
Daltviny Typa: L ‘Tira Brumd: ..
Driveshalt Cada; D Tirn Rxn; D30GTW - FILWTOR |5 5. JT BELT OWL A-S
P Bewh - [rra) Trachon Casmirelz ¥ -[N/A}
Pl Trpe: = [MrA] Whol B T - L (3111 W0} WHEELBASE
TIRE DOT INFORMATION:
1N Bl .
LR * I .
AR 5 T * RI; .
L .

L

} EPARI: * DOT Flamt Maoufuetuivor:

- btpuiferwrw.quality. ford com/aws/cgi-bin/jlu/vehinfo.pl
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ESP INFORMATION; EMISSIONS INFORMATION:

BSF Doda: *  Emisien Coter H - TR
FIP Covcigr(Milagk *  Emimtis Carl Trpe 5

EAP Covarege{Th: *  Samicrion Decal Suffix: HTC

ESP Plan Yeoan *  Rogiea Famlly: IFMXTOMOES
ESP Signatare Datay
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Vehicle Information Report

YEN: IFAFPS IR L3055 Vb Line: /00 - TAURUS/SADLE (186 [00-23] Emg Serild No: *

Madd Yot 2001 Marked Durtrad:  OF- FORD DIVISION DERIVATIVE  Body Sl
¥eh Type: C Drive Codal Cth -1 WHL LI FRONT DRIVE Exgiar LA - YULG 3,00 0NV EF1
v, Doaleri  (RTG Body Cab Siylc  CUFC - 4 DOOR SEDAN-6 LITH Trasemlaiou: CADT -4 SPT AUTO TRANS

Forslen Jerier. JFB - TALRUS B YERSION

Roglomi M - b Flant AD - CHECAGD PLANT BUILLD
Comstry: ULA - BN Prod Dahe 26-5ET-2000

FALE INFORMATION:
Reglom: HA -TOhHRTHTE  Belling Dealen 148029 - *
Cininfry: UAA - FNNNF Salling Diy BiPrev: W1
Dyer ST rom 1]
Arrivel Datel -OCT-2000 Red Carpet Lesssi |
Bada Dasin: 29-DEC-2000 Fite/EsaRCe. Lante K
Warrsnly Btart Diade; 29-DBC-2000 Mudilof ¥ahivje: .
Owig Watrstdy Date: 29-DBC-2000 Rassquired ¥ahiske: ¢ Vobicle Export Flagpr ¥

YOC/ROC:

1 1 1 u=—d ] ] =7 B ¥ 1}
PRI ] 1 AJ QIXODDE oFr 3 LLM 2T 1 L ] I A0y 32 R ) m
Mmro 7 ST L]

INSTALLED OPTION INFORMATION:

Alr Copitlecd oy OB - MANUAL AIR CONDITHMER GV Cade *-[NIA]
Alrmels Amp Beling: FA G CmmCodn F
Aodle Dirk: * - [RA] Inrtresscatatisn: * . [ItA]
dale Huthe " [A] Miccar{Drirer Billa); * - PUA]
e Trpa ¥ -[NA] Mirrar{Peogr Bufejs * - [RIA]
Bathry Anp Batlugr MU Pakit PHUAA - EBONY SOLID 047
Bwake Cod: * . (W] Pawer Aubmaai 7 -[MfA]
Braka CodafServicelr " -[WA] Radin AB - ELECTRONIC AMEPM STEOICASSETTE
Calibration Cada: 1DDILAS0A Soumdfyvimy: . *-[NA]
Calar{Acmeats " {NA] Buspn Twwkem Axiti ¥ -[H/A]
ColerfTrim): " fH/A] Thre Mumisstwrer:  AD - CHNIHAL
Dellvary Trpa R Thes Brund) L
Defvanhal? Cadu - Thre Bira DAISET - P2IAA0R-16 BEW ALL RHASOM
Fromt Boak: ~-[NA] Tractiam Contrelr  * - [MUA]
Foul Typat . [HIA] Wintnl Basc = . RUA]
TIRE DOT INFORMATION:
Lih * B *
. lm [ ]
m » n [ ]
]

SPARE: % DMYT Fant Rnrefinetmrers

_ EA@2-827-C 3848
hitp:/fwww.quality. ford.comfaws/cgi-binflufvehinfo.pl 5/15/02
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ESP Codet "  Emlerite Code: CrR -CB
EEP Coverage(Mia): *  Embalsn Cert Typti 1
EE® Covarage({Ttme)i * Emiim Dol Suti:  HFP
EEF Pisn Yz *  Ergine Famlly; IFXVCYE
ESP Bl bure Datey
Any comments? You can contact
VLt
webmaster
EAI2-RZ7-C 3847
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Vehicle Information Report

WWMM

IPMCUMES TR TUT - BXPLORER EPCAT (1F207] [2103] Bng Sorial Mai *
MT.I'. 00 H-'Hﬂ-ilﬂ. TiF - FCHRD DIVLZION DERIYATIVE PodyBnelh ¢
Yok Trpm T Diriw Cadiaz THE - 4 WHL LM PART TIME ORIVE Krghea: TINE ~ COLDGNE 4,001 SOEK
Dwv, Daalar,  S40AE Bady Cob Btyd. TYWC -2 DO WAGHH Transmbmime TTC - § APD AT EAD ASLDE

Varsl mRacivm TYER - FORD SPRTES

Eagluu NA - AWHHNHEH  Flant: AN - LIUISYILLE FLANT BUILD
Comslry USA - SN Frod Rater G6-00T-300

SALE INFORMATION:
Hagiini: 174 - AT Balbegy Dea bt 1IFREE-"
Commiry: TIA - NN Sallbng Dir Scfrow: ¢
Buyer BtFrov: "
Arriral Dabic 12-GCT-2000 Rad Carpid Lot -
Sab Bain: QE-IT-2000 FirytiMRalsl W0, Loum: L
Parninty Bbirt Duies 11-0CT-2000 Modifled Velldes .
Ovlg Waeraaty Tintet O6-DCT-2000 Kepoquired Yonichs  * Vehichs Export Flagg N

e e o 3 1 i E i ‘) " % 0
QINTRSICILIANITIE W CATIING WO OISR BT SASAET 4 J3MINGE M STE 1 R
i 0 L) [ = 1

INSTALLED OFTION INFORMATION:

Alr Causil ey TR - MANUAL ATE CONDITHINER ETW Cadu - |MiA]

Altsraster Amp Rl BK VWO Cals; O

Audin Digic * - [VA] Instrumamistion: = - [MA]

Axle Batha; IGAJE - 3.72 FINAL DRIVE RATIO MirronDihnc ksl AW - DAVE HD SET SALL CHROMSE MIRRGR
Axle Type: BUIAB - MON-LIMITED SLIF REAR ANLE Mirror(Feage Skl AW - FASH HAND SET SAK. MIR-CONVEX
Estlary Amp Rutiny= MK Falnt: PNLDZ - DEEF WEDGHWOOD BLUTE CX
Traha Duda: [RIAT Frwwr Amimmx "= [RUA]

Brika Code{Bacrics):  * -{MIA} Rile: M - AM/FM STROACD CHANER/ICLE.
Calliwnilon Codu: ILT1AGDA Sownd Sywiam: AB- AUDFOFHILE BOUND EYSTEM
Colaw{Accmi]: " - [HAL Suspm Tumdem Axie: * - [MVA]

Colar(Trim} * - [NA] Tira Masofacturar: AL - FREATGME

Dilirery Typa: . Tiea Brand v-n

Hirbresiuch Codin; D ‘Tra Bl DAINWA - PRSIFME-T4 WL A-T

Frord Borty * -[HiA] Traetlan Cosdral;  *-[KiA]

Pusl Trpu * -[NfA] Whael Basl *-[NiA]

TIRE DOT INFORMATION:

r: - EF: .

LR: " ER: .

11z * Rk L]

EPARE, * TWOE Mamt Mismpbeotmrer; = -

http:/fwrwv.quality.ford.com/awsfegi-bin/jlu/vehinfo.pl 515002
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EAF Coller

* Emlmion Cade: H-TH
ESF Covirugtiiiiic): * Embsss Corl Type 3
ESP Covstupal Thons)! *  Emhelss Decal Sallic: HPL
EST Plan Year: ¥  Engine Femllr ¥ XTINOZ
EAF Byosters This:

Page 2 of 2

Any comments? Yol can contact
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Vehicle Information Report

NERAL YEHICLE INFORM (Related Clajme)
vInG: IMYUSESIUCSI0T Yok Lian T - EXPLORER SFORT (U207) (01-40] g Seciak o1 *
Madd Tourt 2001 Mkt Dartrsdr T FORD DIVISON DERIVATIVE.  Body Sl *
VehTypx T Driva Cocet T3 - 2 WEIL L REAR DRIVE Eaglsei  TIME - COLOGHE 4.0L 304X
iwr. Danler:  OWME Bally Cubs Byl TIWC - 2 DOOR WAOGHN Trarina Mabin: TIIC -1 3P0 AT EAOD ASLIN

Yoraten/Sar i ‘TVOF - PORD 38R B3

BLUILD INFORMATION:
Hagit: NA-SMSNN Phn: AN - LOUEVILLE PLANT BUILD
Commiry] GSA - STESRIY Prad Datei 34-MAR-Z0L

SALE INFORMATION:
Hagiom: MA - HTHHHEY  Balling Dasler: LEI4T -
Couniry1 USA - BN Salbing Dir StFoev: TX

v SEFTOVE TX

Aol Dadw A BAAR-DEN Wl Ciprrt Laoona *
Bals Diata; A-WMAR-NDI Mook Ralallis, Leaser B
Warenouy Start Dater 11-MAR-2001 Madifiod Tollcie: .
Orlg Warrewiy Datey 3 -MAR-2X)] Kesoqeired Yolilely:  * Vihbehs Expart Mag: H

YOC/EQC:
1 | 3 L] L [ 7 ] -l )
IRLOCIRNETINNNTS R 3 ARATIRL MmME TR B3I N2 ST 4 T ] 1 m
] d SErex 1
INSTALLED OPTION INFORMATION:
Alr Comdidaning T - MANUAL AR CONDITIONER YW Codet * - [NfA]
Altsrnnter Amp Raliug BX YWl Colds ¥
Audle Bk ¥ =[] katrwcntalen:  *-[HiL]
Axdo Radte: BOAJE - 3.79 FINAL DETVB RATIO Mirvar{Diiver By AW - DRYE HD: SET SAIL CHEOME MIRROR
Axhi Tps BOJAE - NON-LIMITELD SLIF REAR AXLE MirrerPangr 3el: AW - PASE HAND 5ET SAIL MIB-LCONYHX
Bathavy Ackg Eathp MK Fakali FHYWA - OXPOR D WHITE S0LID CXC
Bralia Cundn Y -[A] Fewar Anleras) LI TN
ke CoteiServieal:  * -[N/A] Rl BB - BLETR FREM STROACIYEMIMCONCIE
Callaratin Coles 1UTLAGA Benral Erwien * - WA
Colar(decont): * - [2a] Smpa Tandws Ages * -[NA]
Cola{Trimh + il Tirs Maswlechurerr AC -
Dallviry Typc [ Tire Brard: DXHLIPY -
Drivegkpll Tod er F Thre Bie: DAGUT - PRATSLISALSHLT OWL A-T
Frowt Bewty * [N/ Trwctien Comtrak ™ - [H/k]
Bl Typel *-[MiA] bl Ease * - [fA]
- TIRE DOT INFORMATION:
LF: EXHLIEYOW BE: SXHLIFYOM01L
In: IKGLAFYTNOI Bl SNHLIF DL
LIi . BE »
'.LI.E' DOT Plant blisralete rer: sx-nmmmm;mmmm:m;'

ESP INFORMATION: EMESSIONS INFORMATION:

hitp: fwrww. quality.ford .com/aws/cgi-bin/flu/vehinfo.pl 6/AK02
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ESP Cada: * Emimiss Coale TH-TR
EAF Coversge{MUbsu): *  Emlmivs Corl Typs: ]
BEP Corarage{Timw): * Emibaies Decal Eulfs: HPL
ESP Plan Years *  Englos Famlly IFMXTO2RY
ESP Signainre Dada:
Any comments? You can contact
A
welrnaster

hittpfwww.quadity. ford. coro/awsfoi-binfila/vehinfo.pl
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Vehicle Information Report

>

INFORMATION: (Related Clalms)

I IFAFPMWTIRIALSE  Veh Lioa: CFE - CROWN VIC (BNIVANLI4) [92-03] Rrg Sertal No; *

Mgl Teae: 2001 Markst Darived: CF - FORD CIVISKON TERIYATIVE Rady Shaill:  *

TehTme C Dalva Cadac OB . 2 WHL L/H REAR ERIVE Engine CIYN -R-M 8L SOHCEPI WA C
Tov, Dasters  SAIAK Bady Cab Stpler  CFC -4 DOOR SEDAH& LITE Tranmnisslaur DU - 4 P ALTO TR NAAD A

Verglon/Serjar: AL - LX VBRAION -CAR

Haglen: HA - NN Flami: AV - ST, THOMAY FLANT BULLD
Cunxiry: CAN - NSNS Prad My 11-LAN-N0]

SALE INFORMATION:
Beglop: NA - HIENIRN  Boling Dl 189I6K - *
Conpiry: LA - #N0NAF Balllng Dir SUTFrav: *
Bmyer EiT'rer: .
Arriral Dwia: 16-JAN-2001 Ewd Carpat Lassw .
Bl Dhinc 11-JAN-2001 Flest/Hata B e, Lamm: L
Warrnsty Start Diate: LS-JAM-2001 Modied Valilcde: -
Orlp Warrsrdy Duix  L1-JAN-H0] Raseptird Valedede:s  * Vabldcl Expoct Fiag H

YOCAEOC:

3 F] a 1 % [ ] - PEPERLEPT § mmrmrm —
dbAddlaE i OO 2ALALA P M3 TESTIAFN T €3 36F 7 MR NNIS 1VT i 3 1
Y T WMT BRuGE a

INSTALLED OPTION INFOBMATION:

Alr Canditioniag CAC - ATC AR COMDITIONER GVW Cade * - [MRAL

Adtsrusior Amp Exliog: * GYWsmCulx F

Aoolto Dlaki * . [NA] Insnseistin;  AC - ELBCTRONIC INSTRURENTATEC N
uxle Turthe: ECABC - 327 FINAL DRIVE RATIO Micror{Drbrer Bida}i ¥ - [H/A)

Axin Typa: BGIAB - NOWN-LIMITED SLIF REAR AXLE Mirror(Prage Bide): ¥ - THUA]

PttrrAng Bann ME Falnk FNEQOC - PERFORMANCE WHITE CC
Brakn Codr = . [A] Frrew Acemma: " -TMUA] '
Prska CodaSerenl - [KA] Tindle: AG - ELETH FREMIUM AM/FM STACYCSTE
Crllbmathin Cadu 1T 1A " Soomd Byskhem: " [N/A]

Calar{Aseqnt}: * - [N Semge Tusdam A * - [MA]

Calec(Trim)i * _[MiA] Tica Maoulsciurer:  AG - JODDYEAR

Datveey Typu * Fice Brond: et

Diwlreabmlt Codes . Thw Sl DMTE - F22SMOTR-18 AW A8

Front Sasft * JHA} Teacthn Cortral AR - ANTLIPIN TRACT BRAKES WAO VD
Fudd Typ L 11 ] Whanl Base: * - [HFA]

TIRE DOT INFORMATION:

LE * RF: .

m . ‘ﬂ.‘t [ 3

n * KL *

EPARE: * DOT Plant Marmiacinrer; -

m-m—u:ln

hitpr/forww.quality. ford. com/awa/egl-binfjlafvehinfo,pl 4730102
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ESP INFORMATION: EMISSIONS INFORMATION:

EXF Cade: ] Tmbeskon Cadba B -CE

5T Cavir peiMila)1 100 Embalon Cort Trp Lt

B Covarzp{Tiamil (72 Rasiasion Docal Saifin: Hbb

E5F Fian Y 1410} Raggine ¥amily: IRNVEYRS

X Sguetars Dolm  1JAR-2D

Pape 2 0f2

Any commenis? You can contact

webmaster
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WWMM

IPAPPDA IFITINE Yoh Limc: 2B - MUSTANC (AN [4-03] Eng Feriel Mo; E1555208
Hlﬁl'iln 200§ Miiioel Doiwlved: G- FORD DIVIRION DERIVATIVE Buidy Shall:  *
Vab Typx < Drive Gl OB - 2 WHL LEL REAR DRIVH Englan T -1 AL OHY EFTNA Y0 OAF
Inv. Dl aLia Esdy Cak Siple OB - 2 DOOR COARE-4 LTTE Transmbmtan: DU - 4 SPD AUTO TR NAAD A
Varslen/l ariex CFAH -HABE YERHCGN - CAR
BUILD INFORMATION:

Raglae M- MMM  Plani: AF - DEARBORN FLANT RUILD
Comnbryr LA - FHNIEN Fred Dadet Q7-WAR-2001

SALE INFORMATION:

Reglmm: Ki- BHANA Seling Desler:  134325-"

Commiry= UJA - DM Sallig D S6Frays PL
BupwSEEvY  PL

Avetesi Dats: 15MAR-2001 Bod Cowpet Lo *

Sih Date 19SEP200! FleotRetalVCo, Lowsu %

Wawrasty Start Dujes 19-8EP-2001 Modifed Veliicbr  * ,
Orly Warrsmly Dairi 19-SEP-2001 Reaaquiced Vebicls:  * Vahloke Brport Flapn ¥

NYOCROC:
1 -1 1 L 5 : ;] [ PR o m e -0
T FL TN R R0 a1 T a? TW RAE | | oAl ¢+ & N fma [ 158
m iz 1100 ML 4
INSTALLED OPTION INFORMATION:
Alr Coutithomlocg! U - MANUAL AIR CONTITTONER CYW Cadu ]
Adornatar Anup Batlug V5 CVW Clam Cadny  F
Andls Disk: * [Nl astroaamtation: ¥ -IMUA|
Axie Rty BIAET - 3.7 FRVAL DEIVE RATK) Rrron(Deivar Eise): * - [IUA]
Axie Trp BGIAR - NON-LEMTTED ILIF REAR AXLE Mirror(Finge Mk * - [MA]
Battery Amp Batmg= Ml Painkz PHPBE - AMAZON GABEN PEARL CLIEAR COAT
Braks Cadat FEAAD -4 WHL ANTHLOCK BRAKES  Pywewrdniewms: " -[MfAl
Hraks CadaBerrial: . (WA Eadie AL - LOW LINB AMFM STROICASSRTTE
Caltarwiion Codec LZELFFUA Botmd Symtam AH - SUSWOOFERFAMP. $OUND 5TETEM
CobariA cmt); . A Sy T Axiea * - [H7A]
Colar(Trimk O0HE - Thre Miaclectaren AP -
Dellvary Typu a Thes Brand: METAIME -
Priveakall Coadin: . T St DAFZA - PR2NITTR-16 BEW
Wroerl Berk " A] Tracths Canirall AR - ANTESEIN TRACT BEANES WO VD
Pasl Typo A Whanl Bam: *-[NA]
TIRE DOT INFORMATION:
LN MEMEMEAED R BYTHHALEHN
LR: MSTHE MB4SON R MOTHEME4S00
LI: - RI: *

AFARE: HYFEIPCOS0! DOT Plast Masafsctarrn M6 - THE OOODYEAR TIAE & RUBHER COMPANY ; LAWTON ; OKLAHOMA : UNITED STAYES

) BAR2-827=C 3B
hutpiiwww.quality. ford com/aws/egi-binglufvehinfo.pl 4730002
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ESP Cetdes *  Esmdaslon Codni ol -ce

Eif' Covarugehllnix T Eadcrian Cat Typen F

ESP Coveragu(Tuncy: * Embsen Decal SHfy HT)

EHF [0 Xean *  Raphm Fanily; 1PMVDAYRA

ESF Sgrminry Ivix

Any comments? You can contact
e
webmaster
EASZ-227-L 3omm
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memﬂﬂmﬂﬂmﬂ

IPAFPS S IV B Vah Liss: CFAK - BOCTIE (W1 M0 (99-02] Kug Seciad Na:
M!’-—. 2001 Wiwrkoat Dhaxivad: OF - FORD OIVINGH DERIVATIVE Badyfam *
Vbt Typn C Diriee Coucha CFA -2 WHL LH FRONT DRIVE Exgiot: C/BG - ZETBEC L.0L DOHC BF.
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INSTALLED OPTION INFORMATION:
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INFORMATION: Mm.

Ve IMZUTTEXIUBM 19 Vel Ldnes TAI - EXPLORER 1PORT THAC P27 [01-15) Ky Burinl Ne: 8600001042

Swisl Tom: X2 hlawket Dortel:  T/F - PFORD DIYIFION DERIYVATIVE Dy Sty *

YTpa T DrimCede T/ -4 WHL LA PAKT TIMB [RIVR Eogbvs TNE - COLOGNB 481, SOR
v, Datn  SAIGK BadyCabiglc  TYWF - ¢ DOOR WIPECKUP BOX ‘Trnenisiv HIC- 5 5P0 ATRAG AR

YasiaBeriw  TVEF - FORD ZPRIRS

Baghm! NA - PSR  Flask: AM - LISVILLE MLANT BUILD
Cymiry: LA - RN Prad Dacer 02-NGY-2001
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Arvivel Dana OTNOV-2001 Hwd Carped Lease: ~ *
Sate Dt QEHOV-2001 Pieat/MutaliCo, Lonm L

Warrsaty Swart Dater 12902001 Medifed Vikicia .
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Alr Dol lng T/ - MANUAL AIR CONDITIONER. ¥ Gl * . [NPA]
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. Ak EaEa BAAMD - 4,10 ANAL DRIVE LATIO MrranDriver Bisn Al THIVER POWER MIERCR
Ak Trn BOIAS - NON-LINTTED 5L RAAR AXLE Mirrst(EagrSei  AD - FASS POWER CONYHX MIRROR
Batory AmpRaling  ME Eslet; FH2IF - ALVER PROYT G
Erake Code: ¥ [MA) Power Ankmrm: ¥ - [M/A] '
Beuks ColuServimls ¥ «[NiA) . Ralia; BA - ELETK FAEM STROVCSTRAMBCICLE
Calibestion Cadat LA1LAA0A Bamsd Exvivam; " - [NtA] .
Calor{ et " - [A] . Bowpn Tagdam dale * - (4]
Color{ Tria Doz - Thre Mamafactarar: Al - (HIODYEAR,
Dalivery Typed " Tioe Rrgmds ABCUCEWNH - WRANGLEE FT/E 1095
Drivabaly Colla o Then ey DAIWA - FISS0R-16 OWL AT
Pront Surty - % NRA Trocten Capirel:  *-[MA]
Bl Typon AW+ UNLEADED FUEL CAFABILITY  Wiwel Boax: *. [HAA]
TIRE DOT INFORMATION: :
LF:  43CUCSWRIT RF: 4BCUCTVRYMIL
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i = RE: -

EPARKr ABCUCSWEIT0L DOT Pant Miimmfttnren 48 -JO0DYBAR, CAMADHA ; TNC.  HAPAMEE ; ONTABIO

~
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GENERAL YEHICLE INFORMATION: (Related Clgims)

ViN: IRMCUNSILUBNSE?  Veh Lins TAU? - EXPLORER 3PORT (U207) [01<Z] Rag Sirial Na: *
Modsl Year: 2001 Market Dertmd: TP - FORD DIVISKON DBAIVATIVE  Body Sbel:  *
Viek Typu: T Torbra Dads T - 4 WHL L/H FART TIME DRIVE Emgliom TWE - COLOGNE 4.0 SOHE
Tav.Demler: 54031 Body Cab Syl TIWAC - 2 DOOR WASBON Trasonbedan T/TC - § SPD AT BAG ASET

VirshonSaria: TEF - FORD ZERIER

BUILD INFORMATION:
Reglimy KA -SRI Plank AN - LOUEYLLE FLART BUILD
Coummiry) 194 - HIFSHEENN Pred Dabe 22-88P-2000

SALE INFORMATION:
Baglvm: MA -GHHY Selling Deler: 18301 -+
Coumiry: USA - SMEAMSS Bulfing Dir SPree: *
Bayur SEPrare . .
Arrhihl Duixs Bod Cokped Lasse: *
Sale Dbz 20-SEP-2000 FleatiotaliiCa, Loasey L
Wiarvaoky Ethet Dule! 1 -SEP-2000 Ml flad] Veleele »
Oclg Warrandy Tiwtet 20-SEB-2000 Raseqolrsd Vahlche:  * Teblol Exgact Flun

YOCOEOC:

——————— l—-—==-n-1- -3 | ¥ ] T | 4 |

T ATIAI ) Ml 110311 OO0 BN THEMND MY 21082 1 JNINOAT AL 1 [ 19

i ¥ -4 i
INSTALLED OPITON INFORMATION:

Al Canditialug TP - MANUAL AT CONDITIONER GYW Coddet " . A

AMarsstne Anp RByitg: B CYWCasCode: C

Amdls Diric o [NA) sbrorasntation ¥ -[TUA]

Axle Ratin: EAIn - 3.7 FINAL DEIVERATIO Mirror{Driver Bllls}: AW - DRV HD SET SAIL CHROME NIARDR
Axin Typa BGIAB - NON-LIMITED SUIP REAR AXLE Mirrsr(Pagyr Bide): AW - PANS HAND 22T LA MI-CONVEX
Bathry Amp Hallpgr  ME Palnt FNFLA - MED. TOREADOE, C/C

Braka Cuds: " - [RiA] Prwwr Anisam: »_NiA)

Prales Cude{Barvios): - [NIA] Falln; T - AWM ETROCD CHAKGERICT.E
Calibeation Conlle: LUFLAGOA Eoand Eysltin: AR - AUDIOPHILE B0UND SYSTEM
Colar{k oosst): " = 1A Swypn Tandem Axis: " - [WAj

Coloc(Trim) " - [NIA] Tiry Mmwslagimar: A - FIRESTONE

Deffyary Tym: . Thrn Brand: L)

Trriveshalt Coda D Thra Sioat CAWA - PLISTOR-18 OWL AT

Fraot Baty * . [MIA] Tramine Contrali  * - [M/A]

Twed Typut - (A Whae! B * . [A]

TIRE DOT INFORMA TION:

LN *  n .

LK " Ak .

LI * Bk .
. BFARE; * DOT MastMmyfsinre:  *-"

ESP INFORMATION: EMISSIONS INFORMATION:
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GENERAL YEHICLE INFORMATION: (Related Claimg)

VINI IPMYIUROELIUBAGIL0 Wik Line THU? - EXPLORER SPORT (U2IT) [0142] Bay Sarist Na: "
Mol Yo 201 Market Diviva:  TYF- PORD DIVIEION DERIVATIVE Bodrielk "
Vil Ty T Dyivs Oades THE -4 WHL LM FARTTIMECRIYE  Engine TME - COLOMNE 40L SOMC

bur.Deale: MBS Body Cab Btyl:  TIWRC -2 DOOE WAGDN Trymbwlan TIC - 5 3P0 AT BAG ASLDE
Yoo/ TTEN - FORD SERUES :

BULLYD INFORMATION:
Tagier: NA - HHHE Tl AN - LOULSVILLE PLANT BUNLD
Coursiry: UA -~ SENHSEEE Prod Dy 21-0CT-2000

SALK INFORMATION:
Ruglmn: MA- WM SullagDeslen  ISHEI-*
Cowmiryz US4 - #EISMNNE Salllng Dir B rym +

Bayer SFram .
JAurriril Diin: 26-00T-2000 Rad Cavpet Lidine -
Sal Divkic T-0CT-AN0 Pk RatallCy. L L

Warraaty Stact Date: 26-OCT-2000 Madited Velick:s  *
Drig Warranty fer 2-OCT-2000 Romaqeeired ¥ehlole:  * Vehieie Exgoct Flagi N

YOUEQC:
L - 3 | | F T | | | -1
o0 TEL M & e e Doirdd sodl DA A0 B HaMr Jlvar m: 1 u
e 7 k4 BT 1
INSTALLED OFTION INFORMATION:
Tt CorBthenbingt /B - MANUAL AIR COMDCTHONER. GV Cold - oAl
Alarwator Amp Eaflny: EK VW Claia Cnl: ¥
dibe Dlsicy (M) Trnirerssnioien: ¥~ [MA]
Al Hhe: BGATE - 1.73 FIMAL DRIVE RATIO  Pelbrrwr{Deirar Bide): AW - DRV HD-28T BATL CHRERIA MIAROR
Aada Type: BAIAC - LIMITHD SLIP REAR: AX1H Mirrec{Fangr Slda: AW - PALS HAND SET" SAIL MIR-COMVEX,
Pattary Amp Bailagi MK Paiat: PMEIF - SILVER FRGIT C/C
Braks Ot & _IN/A) FowirAsax: ¥ -[FUA] :
Bruich Chda(Becrionll  *-[N/A} Maalbo: BE - BLETR PUEM STHOCT TR HRICLE
Calh rthem Coda: IU7IA00A Hwrwmel Byuturs: " . [NFA]
Crler{Aoctanth *- Al Bwpa Tamidom Axkr * - [FA]
Coeler(Trimp * - [Min] Tiee Maselectwran AT - FIRBSTONR
el hry Trpte . Tira Beands o
Drivarhatt Cadni ] Tira Bign DAIWA -P2ELTOR-16 OWL AT
Froat Beat; * . [MiA] Trastien Camirah ¥ [NA]
Fucl Tren * - [NiA] Wheal Ban: * - [HA]
TIBE DOT INFORMATION:
LF: - R -
LR: ¢ ER: *
L ¥ or: .
SPARE: * DOT Pixyt Musuiucterar: *-*
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EEF Codw: 'H Rrmbilea Cods: ™ - T8
EAP Coversga(hiag: LO0 Emiodsn Canl Type: 1

ESP Covarnga(Theush 072 Esmbslen Decal Sulfix: HPL

ERF Mas Yurs 2000 Engioa Famiy: | P CTIMEE
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RAL VEHICLE INFORM. (Related Claims)
b ] IPMEZLTTSE| 25 AM30T Yeh Ll T3 - EXFLORER (U132) [01-02} Eng Berial Na: *
Badel ¥apr: 2002 Pt Perivedt TF - PORD DIVISION DERIVATIVE BodyShel:  *
Veb Typu T Drive Cua: T - 4 WHL-LH PART TIME ORIVE Enginc: TAVE - COLOCINE AL, SOHC
Iny, Dmmler: Hai Bady Cab Seylu TAND -4 TOOR WADON Tramnitlos' T/T) -1 3P0 AUTOTAANE N
e s ¥ el T/EF - FORD EEAES

BUILD INFGRMATTON:
Bagione MA - FRMSRETNE  Plar: AY -ST. LOUIE PLANT BUILD
Caaniry: USA - SN Prod Deis: 09-APR-T00 1

SALE INFORMATION:
Hoglon: NA - SN Selllng Dl [ THEL
Corantey: USA - HNNINFE Selllug Dir StProm *
Hnysr Sivem .
Arsival Dnlac 10-HTA-3001 Bnd Carpad Lesrs -
Salln Thariy: 25-JUN-2001 Flapt/BawiiCs, Taaga: 1.
Warraaty St Daizs 10-TUL-2001 R0acMind Velslebs -
Orlg Worrsety Dty 25-JUN-200! Bepcnirsd Vahkile B Vahicl Expars Pl N

YOOROC:

1 -2 : | 4 5 E T -1 bl Ean it ey
TASFAIGIDTIIASTTS I € ORI 5 B MM 5TY & F ER E 4 INSIDLM 1¥AFT ET4MEF & H .+ -
ndl 0 H RO x i

INSTALLED OFTION INFORMATION:

Al Conditienlnp T#1 - DUAL ZDNB ALTO TEMP CONTROL AC GYW Cadu . _[HUA]
Alcsrmntoe Amp Ruting BE CVW Chaa Ol Z
Anito Divki * - [NFA] Insrymoristoar - [HAA]
Axta Ratlo: * - [HfA) METorilirirer Sibeh * - [NA]
Asle Typel * - [HiA] Pilrcac(amgr Sl = - [HAA}
Battwy Amp Reling: L Paink EMSPS - BITATE GREEN CAC
Rovulon Cioiliet * - [WAA) Pawe knimisy % - [NiA] :
Brele CodelServieer  *-[N/A) Radiet I - AB/FM STRIVCD CHANGERACLK
Calluration Gedet IUSIAROA Suam Hywten AB- ALTHORHELE SOLNT SYSTEM
Cater{Acoomi): LAY Ehatpm Taxbtun Axi: * - [MIA]
Caler{Trl}: DOMH - . Ty Mumndnctartn Al
Deliviry Type: v Thes Heanat) MKILINE -
Drivesialt Caden D Tim Sbeci DAIYI - EMNTOR-18 OWL A-§
Freat Sest: " - [NIA TraclBed Contrall ™ - WA
Fel Type: .- QA Wheal B - Al
TIRE DOT INFORMATION:
L  MESLINGING EF: MEMLINRLG0L
LB WESLINAN BR: WEKMIKELS0L
m I .
- TIRE & H H '
SPARE: MESLANEDO0H mm ﬁi‘gﬂmﬂﬂ?m RUBRFE COMPANY ; UNHIY CITY ; TENBEEEE ; UNITED
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w EMISSIONS INFORMATION:

E5T Cads: Evmiation Cnda; TH.TH

E5F CavarapeiMibml: lm Embcsicu Cirt Trps: 1
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GENERAL YEHICLE INFORMATION: (Related Claims)

YIN: IRLEUTIBXIZADMIR Yeh Tt ‘THS - EXPLCRER (U157 01 -02) Eag Strisd Ho: ®

Made Yean  I0M Market Darbrd;  TF -PORDDIVISION DERIVATIVE Badriem *

Vuh Type! T Tebra Cuada: TE -4 WHL LHPARTTINECRIVE Englmat TME - CYILCGNE AL 20HC
. Dealer: 8403 Brody Call Blyle: THD - & DOOR WARDN Trasoninlen: TITT -5 BPD AUTO TRANE N

Yarslon/Baring TFF- FGED AER1ES

BUILD INFORMATION:
Regian: MA - RN FMast: AY - 3T. LOULE FLANT BUILD
Camrviry: LA - NN Frud Duete: T-JAN-2001

SALE INFORMATION;

Foghons  MA - iAWY Seling Taaber: 1MI25 -

Canniryr U2 - SHTHII Seling IHr B¥ror: FL-
Buyar BbT'rov: FL

Arrivid Dusa: 12-JUL-2001 Rl Corpes Lopss:  *
Hikt Db 26-APR-I00| FioetRatahiCs Lanex P
Warroly St Dote: [2-JUL-S00L Mwdiied Vehdoker  *
Ovlg Warranty Tinte; 26-APR-200] Rescqubred Vakice: B ¥alichs Evpart Flag: N

1 3- =3 i L 13 7 L] L] O
OTRIAAETRARILIITIE N GRILMGDSS K A 2 3 ATE L CAIT MR Heor 4 H EL
me 1K 2 k- L] LR ] &

INSTALEED OFTION INFORMATION:

Als Condtionkgi TVE - MANTIAL AR COMDITIONER GV Cofer " [NIA]
Aurnator Anp Esing BE OV e Cule 2

Andbe Dok, * - [MA] Irmirmrganctiors 9 [M/A]

Axds Radie: * _[NfA) Mirrar{Tirher Slile}: * - [M/A]

Ayl Tape: »_[Nra) Mirrer{Pongr Aldal; " - [FifA]
Batery Awg Rafiogn  EL Palot: PHARC - HARYENT QOLD CIC
Bouko Conls: * . [HrA] Fowar Antenne: * - [NrAL

Brikt Colifcrvisit ¥ -[MA] Bl AZ - BLETR AWM STRODIECIOLE
Collirathn Cadey [US1ARIA Esund Syriem: » L [NFAJ

Calerihoomnt ) *- : Suapm Tandew Aode: * - [N

Calor(Trim)i DIDHE - Tire Manalbchean  AJ - MICHELIN

Toellvary Typa X Tiow Bramds ..

Drivaphali Cadan 1] Tire Fam: DALY - PRISANGE-16 OWL. A-S
Frant et ) | Trictem Contrek:  *-[MNIA]

Fusl Tpe: *_ WAL Whiel Bnaac = [NiA]

TIRE DOT INFORMATION:

LF: o RF; "

1R " RE: "

11 LR 0 "

EFANE: " DOT Fhiol Mawistturdn  *-*

ESP INFORMATION: EMISSIONS INFORMATION:

http:#erorw.quality. ford_com/awsfogi-bin/jlu/vehinfo.pl ENG2-027-c dges /3002
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BT Coaler 4 Ruolasis Codaz ™ -TH
ESF CoveragalMIhe): ¥  Embsles Cort Trpa: 5
ESF CavaropalTlam): *  Eminloo Détsl Saffix JuZ
FAP Plan Year: *  Englm Funiy: IPMXTOADRFR
ESF Bigratyry Dmix:
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GENERAL YEHICLE INFORMATION: (Related Claims)

Vi tREEITIRIAEAIITH ¥eh Line T - EXPLORAR (U132 BI02]  BagSeridiMer *
Biade) Vear: 2003 Market Dorfrad: TP - FORD TIYIEIOH DERIVATIVE BedrBhelis  *
ok Typa; T Drive Cod TV -4 WHL LH PART TINE DRIVE  Engion; TINE - COLOGHB 46 J0HC
Inv, Denler: L445) DodrCabfiplc  TVWD -4 DOOR WAGON Trammsssen! TIT) - 3 5PD AUTO TRANSE N.

TurvlcaBcriar T - FORC-AERIES

BUILD INFORMATION:
Haghom NA - Bt Flaot: AY -8T. LOUTE PLANT BUILD
Cunairy! USA - FRNOMENE Frad Date: T7-MAR-301

SALE INFORMATION:
Hoglom  NA - SOWONEN BubyyDailey  LEOAT) .
Canntey! USA - SN Selling Dir StPrave *
Buyer BPrev -
Arvival Dwiar I-IUL-3C01 Red Cacpur Lo *
Sals Thwis F=-JUN-2001 FieetiRatalVCo. Lisae L
Wrrsaly Stani Duiss 11-JUL-2001 MhnSilled VehdeTed - . -
Orig Warraoty Dete: R0-JUN-3001 Rencyuived Yelieles B Veldele Expact Flagt N

YOCOROC:

TTATEIATINILAT TS B & d2C110% K M Ia F IR b JIFIEST PRI HHE L B | :§
Ml T K AT x A
INSTALLED OPTION INFORMATION:

Al Conliticaluy: TB - MANUAL AR CONDITIONER. GVY Cade: == [WA]

Alwrmsicr Amp Ruilng: B OV ClanCedu 2

Awtlo THalc (WA Iasrusiiniition: ¥ - [NAT

Axs Ballo: . [MIA] MlcronDrivir Slkoa): * = A}

Axla Type: * - THIN] EllcrOnPimgy ER0RE " - [IUA]

Brttery Amp Bating; L Talc PHFIA - MEE. TORBADDR OC
Beaks Calls . [MA] Paww hovemss "o [NAA]

Braie Code{Sarvicaly  * - [NA] T BH - ELETE PREM STRONCETEDISOCLE
Ol Duraciap Cade JUSIAPDA Bownd Kystam| * . [WA]

Clarikecrary ' Snmpn Teadem Axle * - HA]

Ol TTHmk ezs - Tirs Manaluetarpr;  AJ - MICHELIK

Daliwary Typs * TraBomd: -~ METFDHEX - CROSA TERRAIN 1042
Deivashalt Code: 1} Tire Blwta DAY - PZRER- 16 W1 A2
Frent Seat! * - Al Treolen Cormrol:  *- [WA]

Fuul Trpe * - [rA] Wiel Base: *- [NA]

TIRE DOT INFORMATION:

LF: MATPDHEE 101 ¥ MITPOHEX | 101

iLix: MATEDHEEX 101 RE: MEIPDHEXLION

i . RE .

SPARKE: MITPDHEXIXD] DOT Fleni Mamslecharen M3 - MICHELIN BOETH AMERICA ; THC.  CREENVYILLE ; SOUTH CARSLINA

ESP INFORMATION: EMISSIONS INFORMATION:

ERe2-327-C 2888

http:fwww quality ford com/aws/egi-binflu/vwehinfo.pl 41302
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8T Coder H Ewlaalem Codet ™ -TR
ESF Cowropalle) 100 Ercasmn Cert Typr 3

ESF Coversge(Timak 074 Enimie Decal Busle: L8

RSP Plan Yar: 201 Engirm Fanilly: 2EWDCTORLRS

ESF Bgeatwre Data:  L2-APR-2001

Any comments? You can contact

_ | EAB2-8I7-C 3885
httnzfwww . cquality.fornd comfawsfem-binflufvehinfo,pl _ ' 413082
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Vehicle Information Report

#‘IJ’.

WM

IPMYUTORTIUBTING}  Vih Lina THU? - BXPLIRER SPORT {UA07) [01-02] Eng Sarial No:
mu!-n 2001 Maurket Dartred:  T/F- FORD DIVIBIDN DERIVATIVE  Body Shelkz  *
VT T Drivs Cadla: T8 -4 WHL L/ PART TIMBDRIYE  Englos: TANR - COLOCINE 4,02 BOHL
Erv.Dasler:  B4T Bady Cabfiple;  TAWE -2 DOOR WAGDN Trantmiedom: TFTE - 5 SP0 AT RAD ASLDA

Yarslsolerisc THF - FORI» BARIAA

Roglam:  MA -FNNRAN  Belling Donkiri 13971 -*
Coantryr USA - FHEHEN Ralling Dy Sty *
g Siffren *
Asrzivel Dwie: A1-0CT-NE0 Bad Cargend Lassun L
Salls Dk 25-00CT-2000 FlelfEsizlCs. Laum: L
Warvasty Start Date: 3] -OCT-2000 BMadified Vahiche .
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BUILD INFORMATION:

Eaglacs NA - NPNNSF  Piah AR - NUNKFLLE FLANT BIALD
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Tar, Db 02743 Boddy Calt Biyler T/BD - SUFER, SINGLE CAD (SUPTR CAB) Tramamisbew T/DX - 4 3PD AUTI TR NAAL AOCKT
: VorsowBarken  TZAM - 190 FENIEA
- BUILD INFORMA TION:

Raglons MA -SARNNS Pl AR - HORFOLE FLANT BTOLD
Cowntry: U5A - HANAMES Prod Date 03-0CT-2000

SALE INFORMATION:

Noghows A -S0onmerid Solllag Tslerr  L4NME-_®
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Axke Typ BGIAC - LIMITED SLIP REAR AKLE  Micver(Pamge Sidai * - (NVA]
Entiery Amp Eaflggn  EL Palwh PHIIAA - ERONY 30010 O
rnin Codia FEAAR - 4 WHL ANTHLOCK BRAKE] Fawer Anlemmm *=[¥A]
Trwke ColelBwrvicak - [NA] Rl AT~ ELETR PREM AMPM STEG/ACITIALK
Cailbeatine Codis (ES10 Howmd Gysinen:  *-[NVA]
Calar{hcomii . [NIA] Guaps Trenddam Al " - [F¥A]
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GENERAY YEHICLE

INFORMATION:
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BUILD INFORMATION:

Raglom NA - WM Flsh M - CNTARK] FLANT BULD
Cowamiry CAN « SHNNONH Prod Dww ORMA- 2301

SALE INFORMA TION:

Roghow NA- S BelingDmbers 143508- *
Cuunirn USA - MSMF Balling Tir H¥Frarvr M1
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Aurvivall Dtz 1%MAR-2001 Dl Corpaf L )
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Warrsuty St e 23-FUN- 2000 Biediied Volicin -
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GENERAL VEHICLE

INFORMATION: {Relnted Claims)
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YaIypse T Diclvw Calin TE - + WEL L PART TEME DRIVE Eaglan TS -NAVSTARTILONVEI TC YR

Inv. Dealery 93993 Baty Cwh Biylea m-mmmmmmm-#?mmm&m
YirsloSntae  TIHD - 250 SERSY

BUILD INFORMATION:

Fogien  NA - Flasic Al EENTICKY TRUCK PLANT DUILD
Comotrp THA - BN Frod Dt 03-PEB-2001

SALE INFORMATION:

Righism HA - SN Sollng Dovlan 171151 -*
Cruniryi USA - MENN Sellay Tir i Tren CA
Bugyar MPrev CA
Arvival Dudi LE-FHB-2000 Red CorpetLomm  *
Bale Tharies Li-TIN-D00] Pt Mliatal L. Lo B
Wikteimty 3t Dot LO-TUN-2000 hilsdifiad Valleta .

Ovig Warramty Duiin [-IUN-2000 Rumeplewd Vollcle:  * Valiide Expact Flag N

YOOEOC:

IEN1EILNGL L 132 1101817 X BTN ALISTYET IRE BB TIWEMHOr PEE EHE L 0 T
Lriwizh JU5A FFICA 1
INSTALLED OFTION INFORMATION:
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Braks CodaSarvied - [MVA] - BE - BLETR. FREM STROCITEDRICLY
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GENERAL VEHICLE

INFORMATION: (Related Claims)

¥YIKi iFTROC I PR IECS 3553 ¥olt Lim TFET - FIOHDY S0 508 50 105-02] Eny Serlal N1 1600605

Ml Yooy 2001 Mariod Duriveds = - [NFA] Ryl *

YoaTypm T Drive Collny Tre - 4 WHL L/H PART TIME DRTYE Engiom TS -NAVETAR TILOHNVYDITC VS

Ixv. Daalery (370 Buly Cob Biyiw TTOD - FUPER STNGLE CAB (SUFER CAB) Tremerslnleae T/'YF -5 5PD MAN THANS T MSHIDL
Yicshion'Serins  TTBD - 13 AERIES ’

BUILD INFORMATION:

Rl MA - WM Plasie Al - KENTUCKY TRUXCK PLANT BUILD
Cosndryn [EA - WHANN Frod Dt (6-MAR-XNH

SALE INFORMATION:

Heglom NA - SN Bellug Dadlen 17480 -
Cousiry) USA « NWNHNY Beling D Ba¥rom OR
Bayer BUFran R
Arrirnl Pt 16-MAR-2001 Red Corpet Lasom  *
Buls Dutst DA-TUM-2001  FRWEHAIS. Livws B
Wisrmniy Biart Do BE-JUN-H0]  Modifiad. ¥irhlehn *
{ Drly Warrsaly Dades 03-UN-200] Dawcquicnd Valide:  * Vablale Expari Flap N

YOLO/ROQC:

L 2 - | | L | 1 ¥ | ] | |
ATILeAIARY YdAE & 1NT 13PAESd IE MENANEG 7T IL0I1 TN W eQ b
1TFIKT 00k MR
INSTALLED OFTION INFORMATION:

Alr Conithontiung: T - MANUAL AR {TRNTIONEE.  GVYF Codon *- WAl
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e Dax * o [WAT Insirementxtionn  * - DUA]
AxleRalin EGAFS - 3T) FINAL DRIVERATIO  Mfnrer{Dvives Bila): " = [UA]
AxiaTyps EGIAC - LIMITED 8LIF REAR AXEE  Mirrer{Pangr Blish * - P/A]
Balbiry Amp Hnllagn  HA Pl FNETA - MED:, TOREADDR. C/C
Braks Codm FEAAR - 4 WHL ARTHLOCK BEAKES Pewsr Auinase ¥ = [}A]
Brale Coleiforrions - [WA] Ealls AP -ELECTEDNIC ARVERFETREVT,OCK
Calibrnibe Cads LETICEA Beund Bratas: * - [KFA]
Calpr{Asmnix ¥ . A Seipa Teawdem Axls * - [RIA]
DularyTrbsnh DOIZY . Tirs Bl * = [iA]
Deltvecy Typet 0 Thiw Mk ANIE - LTZURIE. |5 AW A-T
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TIRE DOT INFORMATION;
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GENERAL YEHICLE

mmmnﬂu: mml

N LFTEWSLFSIEAL120S Vi Line: T« FRSUEIVASDAUSS0 I0.02]  Toog Seviad Ko LAZIESIE

Medel Teur 2001 Sarket Dartvmls *- D¥A] BedySedlli *

YaTym T Dowimise  'TE -4 WRL LA PART TIME GRIVE Englae TS NAVISTAR T.3. OHY DI TC VA DEL

Tom, Dasses 8207 Swdf Cab Siyles T/OC - DOUHLE CAB (CREW CAE) Trnmmubasboat: TR - 4 SP ALTO 451100 (DIEEEL APPLI)
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BUILD INFORMATION:

Reglomt NA- SN Plast: Al -KENTUCKY TRUCK FLANT BUILD
Comairy; USA - SANSINIF Frod Dnfy; | -ALG-2IG

SALE INFORMATION:

Tagioar M - AN Billng Deulen 143030 - *
Cumutry: USA - SN Suling DMr EiPron MI

Arrivel Dainn
Sole Dl

PugrBfvom WA

L7ALG-2000 Pasf Corpet Lo~ *
X-OCT-3000 ThatRetalliCy. Lonses &

Wirrsaly Biart Dt 20.0CT-72000 Mol Vo ©
Ovig Wacrmmty Tviey 20-OCT-300 Resoquired Yelelsr  * Vel Expoxt Fag N

YOC/ROC:

-l
&

T A0NIRE x Ava MaddTE oF xx 1dpixzie AawgT 214 A m AEERONTAVAE] D Emh 4 B )

AlrCondMdaming:  T/B- MANUAL AR CONGITIONER  GYW Cade * . [N

Aeranier Amp Exling: 15 VW ClanCodm 9

Axclle Tiels “.pea) Tnbrecainllen: ¥ - [MI4)

Juche Radkcn BOAFS - 373 PINAL DRIVERATID  Micrer(rivee Jive * - P/A]

Azl Typu BGIAC - LIMITED SLIP FEAR AXLE  Mirrec(Tragy Sie ™ [NA]

Buttwy Amp Ruting  BA : Puintz ENYWS - OXFORD WHITE Wi GXCWiH
Bumkes Codes PEAAB - 4 WHL ANTELOCK BRAKES Power Anbmzm - JNA]

Rrnke CaduFarvick  * - [WA] Radle: M - AMFM STRO/CD CHANGER/CLE
Collbepsion Codes  1F7I9504 Swd Spuiem  *-[NA]

Colar{Acomst): - A} Sumpn Tidem Axker * - PHA]

Colar(Feit . P¥A] Thw Brmadl AC - FIRBSTCNE

Deltvecy Types A Tiew Bipns DUYE . LTHATIR-4E OWL AT BEW
Delveskalt Coim D Traciko Coutlvads - [NiA)

- Frantl e (WA} Wheel Base: *. A

Fool Typw AT - DIESEL FUEL CAPABILITY
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GENERAL YEHICLE {(Related Claims)

¥ TR FrEnLRT] Vel Linn T - FIOHDRNY A0 [99-00] Eng Sectal Moy LS102548

kadel T 2001 Markat Durlred * - [HrA] Nodpiladr *

TYhIme T Diyirvm Coolm TVE - 4 WHL L/H FART TIHE DRIVE | =7 ] TS -HAVISTAR TAL OBV DI TC VR I

Inw. Dl B1TdL Budy Cpb Blyie m-mmwmmm TR - 4 TP AUTH 4R 100G (DIEEL: ATTL
Versatarles TACD - 350 SERIES

BUILD INFORMATION:

Haglom MA - AN Plasi: Al - EENTINEY TRCK FLANT BIALD
Cowpiryr LA - SN Prad Datw 03-NCY-2000

SALE INFORMATION:

Fagloni A - NN Balllng Deaderi 134476 -
Cimtiryz UG - AW Balling By £/ FL
v Rffram M.
Arrivsl Thylin IE-NOV-ID00 Bed Ciwpet Lumes~ *
Bals Dadei 06-MAR-2001 Flinekintull s, Laign I
Warrnaly Biard Dot 00-MAR-2001 ModEed Fahicle -
vl Warrnaty Dt 6-MAR-2901 Barpeired Valighn  * Valldoly Repart g K

1 2 ] i 1 £ T 1 »
‘WU 33 M IO SMIANSATT IR FET MOITIEH M EMID AN T
IrmTde 1 RS Y 1

Al Coamall Hhpmiongy T - MAMCIAL AR OONDTNNER GTW Caddm Nl
Allwranion dung Rallng: IE SV Dl Caidr 4
Andtls Dbl . Inctremamintion: ¥ - [NWA]
Axks Badlos BOAR - 473 FIHAL DRIVE RATIO MirrargOebver Bidap * - UA]
JAxis Typm BGIAR - NON-LIMITHD SLIF KHAR AXLE Mirver(Pwgr 3iah * - [NA]
Bty Aug Bafing: ~ BA © Palmb PNNLW.
Benliew Cadm FEAAR - 4 WHLANTHUOCK BRAEFS PFeoww Animmm +-INIA] B
Bk Cuia{Barvicnlc  * - [IA) Badim DE - HLETR PREM STROVCATRAICALE
Calllerntion Codet 1FTIOSO Gonmd Spetemn  *-[NiA]
Tober{Aoomstn *-NA) Buaps Tamalom Axie * - [NIA]
CodatTrim oMY - Thrs Bt AC - FEBTORE
Dallvar'y Typn 1] Thre Blem DMYK - LT2EATIR -1 4E O'WL A-T BA'W
Drivealall Codlei ] Trackws Camtrale ~ *- [N/A]
Fronl Sanh . [NA] Wheel Basw: WA
I Faal Typ Al - MERRL. FUEL CAPARAITY
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GENERAL YEHICLE

mmﬂﬂﬂi w

ViR, IFTWFOIRMIRAION Ve Liner  THF7 - FASONIVASOMSOSSS (H0-002) By Sured K LASTINF

Dol Yz 2001 Market Dartvod * - [NUA] Bedp Buli *

VaType T DrimOvin TE-AWHLUHPARTTIMECRIVE Engimer  THDS-MAVICTAR 7L OHV b TC VA DAL

Tnv. Deaars 03365 Bady Cubs Bigle: TR - VGLE CAR {RAGULAR CAB) Transwlndens TIDE - 4 5P AUTO 4R100 (IESEL AFPLY
Yeoha/Sute T/CD - 350 SERIES

BUILD INFORMATTON;

Reglost KA - WM Flmh Al - EENTICEY TRURK PLANT BUTLD
Couniryt LTSA - NN Frod Dajae 14-AUG- 100

SALE, INFORMATION:;

Daglaws NA - AR SelllagDealrey L1MS2-+
Conoiryr USA - AN Scling Dic $tPFrow: XY
Purar Bfren KY
Arrival Duist 5-ANG-2000 Hedl Carped Losies *
Bale Duwine 02-DEC-2000 Flant/Retl 0. Lamp X
Warrsely Start Duies 02-DEC-2000 Aodiie Vel
Dvig Warrsmiy Duin (2-DEC-2000 Banopeired Fabicln  * Vol Export Flapy N

Y a 3 4 ] ¥ 1 |1 o
FIIIE1HEILT Bl NIGREZ ar ™ MELrMS wiod ind P Dedlasl W R M3 r
irm 4 K EITR TFRAL |
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GENERAL VEHICLE

INFORMATION: (Related Clabms)

L1 IFTWRIIPTIEDTI Yl Linn TIFT » FROHDASAASOEN0 100001 Rt Berial Nez 18582

Mndal Tamar 2001 MEmckat Dwtval: * - DUA] Bely Bl *

TohToom T OrbwOsdu TR-IWHLLMHREARDRIVE  Eaglen TS - BAVESTAR 7.31, GHY 0 TC ¥E Dol

Tov. Doslay= 1771 Ry Cab fityls T/BC - DOURLECAR (ONEW CAB) Tromsmimbter T4 « 4 $9 AUTO JR100 (DEESEL APPLI
YendeuShclen TCD - 350 SERIEA

BUILD INFORMATION;

Hapwm N - NN Fhoh Al - XFNTUCKY TRUCK FLANT BULLD
Cannirys LEA - SRR Frod B 21102001

SALE INFORMATION;

Eagen  NA - NI Balliag Doalic: 15308 -*
oty LA - SAOMIN Balllag Dir BtPren DK
TrarBiFon DK
Arvival Datin @-IUL-300t Eel CorpsiLéssm  *
Balls Dbt 9-AUG-RD0] Rest/RulaliCe. Lanast B
YWarrmniy linrt Dbt £9-AUG-200 Mlied Yohicl  *
Cirig Wiarramty Dules (5-AUG-2001 Remoguired Valiedae  * Yiekiels Export Fiap N
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Vehicle Information Report
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# 32

GENERAL VEHICLE (Relsted Claims)

INFORMATION:

VRN FTSWIIFSLMASIEN: Vek Ll TAT-FRYBDOSNNON[9940]  Kay Beriel Net S5016751

sl Yoz 203 Mkt Dartrads * - [4A] Body P *

YTy T DriraCotas  TB-4 WHLLEHPARTTIMEDRIVE Englnm 1/ - NAVINTAR 7.0L O4Y DUTC V8 BAL
T, Brvsbes 4437 Body Cah gt T/EC - DOUBLE CAR (CREW CAD) Trmmmmimbons T/D& -4 58 AUTO 4100 (DIESEL APPLI)

Varsloa'Sech:  TACTE- 35 BERIEER

BUILD INFORMATION:

Faglon: HA - 8NN Flank Al - CUAUTITLAN PLANKT PUILD
Catniry: MAX « SRS Frod Dyis -AFR-2001

SALE, INFORMATION:

Raghum: HAHEHNNE tallng Deader:  151902-*
Coamtryn 1754 - ARNNT Saliing iy Ay T
P BtPron TX
Arriesl D I-APR-J00 AR Carpil Lo *
Sl Tininy 2ARAFH-20H FlootRatallCs. Lasow B
Warraaty Biari Dadey 20-AFR-300 Ml Vallsle .
Orig Wacraaty Duire 20-APH-30H Rascquived Valiche  * Vidbels Fxpuct Flag; N

YOCROC:

THIMMMTIITD = M1 ORSLINS PA EH JMDIEAICINTET ANED B B HDO0aREL M dmk A B

W O R €181 ITHTE 1
INSTALLED OPTION INFORMATION:

Abr CondiBningy T'B - MANUAL ATR OOMNDITIONER. VW Calm " _¥A]

Alrrpler Amy Reling: 11 - GYWamCole 5§

doalle Dk " - Al Insrmnomtions  * - YAl

Aalle Ralior BIAID - AT FNAL DRIVERATH)  Milore{Tiriver Siis * « [FIA]

Al Typu PASALC - LIMITED SLIP REAR AXLE Mirrer{Pagr Sda) * - [FIA)

Bathery Lamg Ruting:  BA Palwh BRART - HARVEST GOLD Wl
Wrnlee Codex PFEAAE - £ WHL ANTILOCK BRAKES Pawer Anbammm " - [mA)

et Coda(Survicale " - [FFA] Tallcn BE - ELETR PREM STRO/CSTEDISCCLE
CalFerntion Codae TFTI968A e Byxiesn - [MA)

Calaw{hcromiy: ¥ [hra] Sempn Tandam Axier * - [NiA]

Calar(Trim * - [NA) Tirk Dokl AC-FEESTONE

Ballrary Trpm a Tirs Slem DSIYF - LTMYTR-16B A-8 BIW
Dirroshalit Cudes o Towotloa Contrel: *-[N/A)

Frowt Smh *- oA Whisd B " [OA|

{ Fuul Typm AJ - THRSH], FURL CAPABILITY
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TIRE DOT INFORMATION:
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HPANE: VNWELXMDMN]

ESE INFORMATION; EMISSTONS INFORMATION:

ESF Codiny

ESF Coveramelhiai
EiF Coramge(Tiau}s
ESF Mk Yy

AR Sigeeaiury Duiey
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il sales et Typ '
Ewiovira Dored Sufilix) *
Zugicn Fumilin s
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From: Dan Rothwelar [DRothwel €

et Friday, March 08, 2002 3:24 PM
vo: Mark (M.}

Ce: Stevan Limtiace; ‘Don Altaonian'
Subject: PPFE sanect evaluafion

Mark, I recelved tpday 4 DEFR'a Irom 2 diffezent Tributes from New
Hamprhire.

2 of thew ars off of Customer Accects YIN 4 4P2CU001XIFKMOETI0. Thay ara the
most raceant 2 replaramanta of 4 total ., Copies of the RO's are included with
the parts. .

Hezre ip the text from the hotline fila.

H2000N1 HOTLINE RECORD {REVIEW1) 03 /0B/02

12:10:42

Pi%a : NOEP13T
Hotlina Ref Mo.: 02%0034 Status: 53 SUGGESTRED - Cupbtomer Contacts: 2
PG Ref Ho.....: Caller: MANNY ' Time Zone: ET
Job Codm.......r D331 TECENICILAN Branded. .: N
Location.......: 51518 ‘TULLEY MAZDA Fhona: 603 BEEB -~ D550 Mt

FIN. .. o oaao.r ARZCUCBIXIKMOGTIAD MDL/AYR: TRX Ef A /01 Frod Dt:
1%/11/00

Repair Milaage.: 23B5H {ust: ACCETTA, JUNE In Srve:
10/24/00

Hotline Subject: 1/10 BE MIL OH P-0401

Category Code..: F FUEL AND EMISSION

Symptom Codes..: 520 DOES NOT TURN OFF /& 640 IMPROPER QOPERRTION
Conditicn Codea: 401 DTC 402 DTC
Symptom Preg...: € COMETRIST C CONSTANT

Did you duplicate aymptoms?: ¥ (¥ or N} Mumbar of Rapalr Attempte: 3
Cwocribe Symptoms and Conditions:

MIL oif P-0401

S20cDM, HOTLINE RECOED [REVIEW2) 03/08502

12:13:57

Piz6 NOEP137

fAotline Ref Mo.: 0250034 Status: 5¢ SUGGBSTED MDL/YR: THX B 2 /Ol



e e ]

BOI Reff No.. ...z Caller: MAKNY
Yorline Subjact: 1/10 BE MIL OF P-0481

RI Mo for prior repair attempta:

Deporiba attemptad rapalra.....:

THIE TEE THIRD TIME BRCEK WITH THIS CCDR, REPARIR SEEMS TO BE EFFECTIVE FOR
FOUR MONTHS. WATER WAE FOUMD INSIDE EHENAOR.

RI Raf Ho Suggested Repaira Try EREEf
od03529 P40 /P0402 - MIL ON DUE TC DEFE SENSORS

S2C0EH BOTLINE RECCRD [(REVIEW3) pasoeso2

12:13:28

P95 NOER137
Hotline Ref Mo.: 0250034 Statup: 56 SUGGESTED MODL/YR: TRX EBES A /01
POY Ref Nao.....: Callar: MARNY

‘ocotlion.......: 51516 TULLEY MAZDA Ffhone: 603 838 - 0550 Ext:

Hotline Subjact: 1/10 BE HIL ON P-0401

Othar suggeated repaira;

REFILACE DEFE SHMIOR.

Cﬂllhﬂ'ﬂk Dﬂtﬂ----------:

Entared By: KULP gls10/02 Laat Reawv By: XULP 91/710/02
The 2nd set of 3 iw off of another Tripute customsr Haxmond that had 2 DEFE
raplacements. VIN # JdF2CU081XIRMA2315%. Thia Tribute we don't have any
hotline infortuntion on but tha RO's are included as well.

I nesd arn adfress to send chese parte to you a¢ if vou can get it to me soon
I will ship them to you.

Thanka,
Danial H. Rothwellar
iazAda Morth Amarican Oparaticns

Fixed Operations Technircal Speclalist
Dffice: 732-868=2135

ERe2-827-C 37T



Fex: + '214-442-5222
callular: 732-547-8578




Froeland, Mark {M.) :

sty Wad 'mr-{ﬁiwnﬁ.mn‘aam
4 - ' ! :
L o meﬁm M}

Subject: Falled DPFE

On or about Octobar 24th | waa ghven a retumed falled DPFE from the fledd. [ installad thie part on ones of my
2002 1PF vehicles (578WB45). Aftar inatalling # an the vehicle | procesded to svaluate 1t for drivabiity and
any servica codes, On the first irip out | could tell that in e skete of fallurs the EEC weas commanding full EGR
fiow though the eystem, due to heavy surge at road kad spoade. On my drive home at the end of the day the
"check angine® light came on {PO401) Insufficient EGR fiow.

The next moming after | drowa about 7 mies at about 40-50 mph | came to & stop. | iImmadiately did a quick
accel (traffic) and the vehicle quit 8o | coasted off to the slde of the road. After puiting the selactor in neutral |
triad to do a restart but got nothing. The odo was all daghes and a no oank condiion was obgarved. 1 got out
of tha vehicle and opanad the hood and disconnected the DPFE, the wehicta woukl then crank and stut The
vahicle was drivan into work with the sansor disconnected.

Since that day the vehicle has besn ratumed to the original production part and no reccoumrences have been
noted. :

That part was supplled to the OBD group along with a vehicle only to have no repeats, from thare it want to
Kaviko.
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EFARFSAI W64 CIAK = POCRES: (CH L0 -0 Eng Foyied Nox *
HY_'.I i Mm OF « FORD DIVISION DERTVATIVE Bady Sl *
Vab Tomm < Drbre Coillat CfA = 2 WHL LH FRONT ERIVE Engim QEQ~ ZETEC 100 DO KX
Ly, Dulyrs AT Body Cal Syl OFC «dl DO, AN -6 LITE Trasiniorn O - +3F0D AUTO TRAMI 4

Yarzshonlerian OOF « SEREER 33

BUILD INFORMATION:
Kaglam: NA - HWNNSERN Piapis AL - WA'YHE PLART BUILD
Commtry: UBA - ORISR Trad Dt 00-OCT-2000

YOCOROC:

1 o | 4 L 11 7 4 | &
MMM & 2 Glreas B auTaas MRir 73 KRN 1 ATO453 w LI ] al
FANI Y MR T Haow LT
INSTALLED OPTTON INFORMATION:
Al Comd Mienlng: O - MANUAL AR CONDITIONBR, GV Cudal *-INAd
Allorsatur Amp Rasing: A VW OsmColw M
Ay Dirks * - [rira) Ieminappristen  AJ - HEGH SERIEE ANALOG CLIPSTHR
ol Radle: * - [MiAl Mirraci{Drirer Sy AR « DRIVER PCWER MIBKOR
Aste Trpn - [MUAA) Mirvac(Pymgr §ldg)1 AL - PASS POWER CONYEX MAROR
Battery Anp Raltng: 43 Palnty P - HLVER FROST O
Bruks Codsy FEAAR - d WHL ANTLLOCK RIAKEE Powar Anltyara *-[MiA]
Omke Calelfsrricsl = - [MAA] Ealin; -
Calbkrution Codle: JAK LATSA . P — * o [NEA]
Calur{Aseini} * - [KiA] Suepn Tonsbom Asdas * - [HFA]
I el 000k « - Tirs Masulesiuren  AC - FIRBFTONE
Dalivacy Typa: L Tirs B -
Pictrasiob ]t Codet * Tire S DATAC) - 004TVE. 16 BTW RUN PLAT
Wrast Susti - (NA) Trostiea Cowtret  * <[]
Ful Typmt Ll L Wil Roort * - [N/
TIRE DOT INFORMATION;
LA - ] .
LR * RRr .
P ] * &I .

]

ESEINFORMATION: EMISSIONS INFORMATION:

hitp/fworw quality.fond.com/aws/egi-binfilafvehinfo.pi FRB2-227-¢ 3748 42302
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B Cades *  Edshasion Cude: O -em
BN Cuverageiliony *  Ewitabis Cart Type: ]
B Carmrmgal(Thoaly, ' Ewibisles Deeal Salllxe HLa
ESF Flan Taar: *  Ewgirn Famiin IFMXY020¥F3
EAT Higwrade re Dwivi
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Vehicle Information Report

GENERAL VEHICLE INFORMATION: (Related Clajms)

i IFAPPDLIFI N2 Volt Llui OB - MUSTANG (ANSS) [MAS]  Fng Byrlal M *

Madel Tom: 2001 Market Darivadi CF - FORD DIVIS[OF DERIVATIVE Bedy Bal: *

Ve Tros c Duiva Cadim CE - 2 WHL LM ERAR DRIVE Engler: T - 30, OHY BFL NA ¥e 3Al

v Dualer: D32 Bady Gl Byl C/A] - 1 ODR COUPE-{ LITE Trorsmbmian: TDU - 4 5P0AUTO TR HAAD A
YorlsalBerix CIAR - BASE VERZION - CAR

BUILD INFORMATION:

Eagimc MA-#ANANAN Flast:
Cossibry: A - OO Prad Dabe 12-DEC-2000

AF - DEARBDRN FLANT E1NLD

SALE INFORMATION:
I Eagitee  MA -FNNMN  SNiag Dealar LZl4M-~
Comntryi DA - HSHNNG Sollay Dir SiFra: (A
Buyur BifFren .
vl Draie; 25-DEC-2000 Radl Tt Laskie "
ﬂm LFEH-2001 FlalEsialiCs. Lanar 1
Wirranty Bt Babe 13-FEB-2001 Wiacdiliad YVahicde: .

Orlg Wicvatty Dube [3-FEB-2001 Rescquiced Vbl ¥ Vebiels Srpart Yiag: ¥
YOGEOC:
: { 1 L 3 Ll -l 4 1 L, B =0
MR A gapican e Q@EIZ Y R & BIMTE 4 om0 w1 il
WFlL 32 11DA J0GA 4
INSTALLED QPFTION INFORMATION:
sl Canditiaring! o - MANLAL A CONDATIONEN VW Cadac " DUA]
AMiradior Amp Rutlng: V6 GYW Cha Cudx  F
duville Dk - [HfA) ltremewiative: " - [VA]
Aale Rutic: EIARC - 13T ANAL DRIVE RATIO Mirrer{Drirar Fhlleii = - [PWA]
Asle Typt: EAB - NON-LUMITEDN S1G AEAR AXLE Mirrec(Fuage £384]1 ¥ - [NVA]
Batberr AmpRating:  MF Paint: BNZIC - SILVER. MET O 1}
Braky Codi: *-HA) Pawir Aobiakt " - JUA]
Sraks Codnfurvicy);  * -~ [NTA) R FB - CO+ RADIO WYTH 6 RIIC CHGR
Callktrtiva Cada (HTL] T Suamd Syvivan AH - SUB'WOOFERAMP. BCUHD EYETHM
Calar{ Asnt )} # . [NiA) Bempa Tarsinm dxis= ¥« [NIA]
Calor(Trimk " [NYA] Tirs Masmfackire: AR - DUMLOP TERH
Dulbwery Typa: 0 Tien Brmad) -
Dylveiealt Cadaz - Then Pk D300 - MCHSTR-19 nEW
Froat Sout: * - [NfA] Trecha Conirwht  *- [HIA]
Fuull Typa= = - [MFA] Wimall Buisimi *- A
TIRE.DOT INFORMATION:
LE; * KK .
LR * Kia *
LI * KL *
L]

b ESE INFORMATION: EMISSIONS INFORMATION;

http:#fwww.quality.ford com/aws/ogi-binsjtu/vehinfo.pl
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Vehicle Information Report
R ot *  Emisien Ovdei OB -C8
5 CoverageCMiim): v Emiwtes Ot Trpu F
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AWS Online Reports
Vehicle Information Report :
Chooso the Server: & AWS 2.X Production
Model Year: [2001 1
Vin Code: |[{FARP4O411FL39125 |

e m e
.-:I":!':':'_‘l':ll_llll' .

Detailed Claim Information :

Chooze the Server: & AWS 2 X Peoduction

Model Year: hmE

Reacquired Vehicle Repair Report:

Choose the Server: ® AWS 2.X Produiction

VIN Code (US VIN only) |
[ o] -

T‘raoeqbility ;

Choose the Servers # AWS 2.X Production

hitp:/iwrwrw.quality. ford. comfawsfaweiu Liveports himl ER2-077-C a4 W2



AWS Online Reports

Compenent Type: [EN [l Model Year: [y Sertal Numberss [
*wre wikdeardy _ fo maick [ charoctar or % ko match any sequence of characters)

OR

vh'l_ mﬁ: I i L e et

“ura wildeqrds _ fo morch | chararter ar % to macch oy fequance of characrers)

Page 2 of 2

1. Vehicle Inf . 2. Detail Clai LR irad Veicle Repsi
Report List Report

‘This gite has been accessed = times since May 18, 2001
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Vehicle Information Report

GENERAL VEHICLE INFORMATION: {Related Claims)

WENt {FAPPH4 P 3624} Vb Lins R - MUSTANG (EN9S) 334-0)]  Eng Seclal M1 *

fached Taney i Rimriat Diari vk OF . FOAD (HYMION DERIVATIVE Bedy Bally ¥

Yk Tapts c D Coda: O/ -1 WHL LA RHAR DRIVA Eagipn OLN - LB GHY EF] HA Y4 QA2

L. Praalon: OBEls Boally Cab Bopla: Rl - 2 DOOR COLUPE- LITE Trasmimlan; CDU = 4 BFD AUTO TR MAAD A
Vanlsa/Serien AN - BATE YEREION - CAR

Ergianl NA - FNNINN Pt AF - DEARBORN FLANT BLALD
Countryl TAA « M Fral Duete 20-M07-2000

SALE INFORMATION:
Eoglant NA - MENSNN  Belling Daplar LIiGdE -=
Caupars 115A - HNH Sglling Dix B0 rer: MA
Barper BPrav Ma
Arcival Datai 1C-DEC-X00 Kl Cacpat Lottt *
Salls Duls: 11-FER-T001 FieeVEetalCs. Leasn R
Varraniy Start Duin: 2 |-FEB-2001 bnRiled Vebbelel *
Orig Wavinty Diddl 3]-FER-300] Esssguired Vabicls: * Wahiola Erpari Flge N

YOC/ROC:

1 2 3 -t L U 1 ’ ’ 0
MHUrl 3 Hnadda PR X 1umdil La L 11mHE 4 L 1
il 1o Mok : i
INSTALLED OFTION INFORMATION:

Alr Capdiianing O - MANUAL AR CORDITIONER VW Cade: *- [WA|

Alaranter A vy Rxilng: Vi CYWChauColn F

Al Teln * . [NtAl Teiruesiation:  *+ [NA|

Axde Katla; BARC - 137 AHAL DRIVE RATS Mirror(rivar Bidal: * - [MIA]

Al ‘Lypes BGJAR - HON-LIMITED ILT AEAR AXLE Miror{PamgrSideh = - [NIA]

Bavery Amp Ratings 1D Palat: PNZIC - SILVER MET CX #2
Tevke Cadn * o [HUA] Fowir Lobasc: "= [Hial

Benlm CodelBarvicar  * - [NUA] Eaks ML - AMFH Ch CHORMULTT META A
Callbvruiien Codut 1ZRIarA G 5y AB - PREMINM BOUND SYSTEM
Cobarfoomi} * - N Sumpn Tamdam Axier ¥ - [NIA)

Calar(Trim): 00TV - Tirs Mannlnetorar: AF - DUNLIP TIHE

Dulirary Trps: 0 Tirn Armncl; =

Privevhafi Cxle " Tire B ENGOS + NLUITR 15 BAW
Fromt Benk: VA - SEAT-JPORT-DAV/PASE Tracties Caxirak  * - [NIA]

Fuul Typer * . (A Whaal Basr: -y

TIRE DOT INFORMATION:

LR ' im *

L& "R *

LD * RE *

EFARE: * DU Fast Manclscowrsnn  +- ¢

FEP INFORMATION: EMISSIONS INFORMATION:

hitpritorerw quality. ford.com/awalopl-binfln/vehinfo.pl 4125002
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ERF Cadet *  Foislas Codel CC-oxT
B Cararage{MEat *  Emistan Cort Typu 5
B CyrurigeiTiest]: *  Eabslat Doecall Saftin HI
EEF Man Yearr *  Eajginy Pasilly: IFHXYIEVHS
NP Bignaiure Dein
Any cormments? You can contact
;II ':I.‘
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Vehicle Information Report

GENERAI VEHICLE INFORMATION: (Related Claims)

L IPAPPMNIIWI 240 Vabh Linst CIAK - FOCUS {CWIT0) [¥9-0] Bt ol Mot

Msdai Yebry  20M . MartiDwiwdi  CF-FORD DIVISION DERIVATIVE Bedy Bhel:  * R

Vah Yo c Drive Codas A - 2 WHL L FRONT DRIYE Erghurs /B - ZETEC 200 DOHC BF

Iv. Demlart €779 By Cob Sigher  CYFC -4 DOCH SEDAN-§ LITR Traowsbnion CI00 - 4-300 ALTO TRANS 4
VaxslaSacion C/DE - SERIEA A

BINLD INFORMATION:

Fagions  NA - HHMNSNS  Maxh AZ- WAYHR PLANT RUILT
Camriryy LA - SNFHNNAN Prod Dyl 13-SE2000

BALEINFORMATION:

Bagans HA - SOOMINI Bolling Desbeor:  1T3829.+

Chumiryt TIA - SHNNSIS Seliuy Div FUFrom CA ar
S BTy CA

Arrival D -4EF-2000 Bl Corpei Lomss:

Bt Datt OMOCT-2000 PlasyRataliCs, Lossy X

Wwrraoty Bert Dafe 08-0CT-2000 Mgl Vobicly "

Dty Warrnaty Duley DROCT-2000 Kescynined Pebilclss ¥ Vaobiith Rapuri Flagzs N

YOCEOC:

1 3 1] | iy L] ¥l i il [}
FHMIMLINHINMEE & 1 XXoa: N IDEEM IR 7 31N T TN 1 ™ E ) 11
rar § AON T x

- .
Alr Contitioningt O/ - MANUAL AR CONDITIONER GVW Cate~ *-¥A]
Alremstar Amp Katlagn A CYWCamColn F
Andiy Disky . [NA] Imtvemanintien:  AZ- HIOH SERIES ANALDO CLUSTER
Ak Ralict [N . MirrartDriver Kidal AD - DRIVER FIWER AIRROE
Axle Typs * - INA] Mirver(Pmgr Siel1 AD-PASS FOWER CONVEX MIRROR
Bawwry Asp Kmingn BB Palen PNZIF - NILVER FROST CC
Brube Coie: . PewwANTRKE ¥ [N
Broks CuiniBorviken " -[N/A] Rl B -
Callwngion O . LAKLAZA Sot By " [Ma]
OsbariAcwi) . Suapn Tomfu Axdy; * » [NA]
OrleriTrin: e - : T Mimmiactarer; CC-
Dnlivery Trjw a Thrs Brmmli .
Dirtveshalt Codet . T il DOGHY - [4Su0Ri -1 AEW
Froad Swmh . [MAA] Tractiam Cawirs: ¥ -NA]
Pl Ty *-INIA] Wl Ram! * 2 JNEAL
JIRE ROT INFORMATION:
LA * M .
Ly *RE .
LL "Rh ’
L]
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an Latchup Mechamsm in Complementary Bipolar Power ICs
Triggered by Backsule Die Attach Glue

J.A. van der Pol', J-P.F. Huijser", R.B.H. Basten"

wm'mwm Email> Jacob. vanderPol@wyn.sc. piiiips.com
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Abstrant

It 3o shigorn thit |n commplementary bipolar power IC3 Satchep can be camed by u thyristor formed bry the V-FAP

power iremmistor &t the frontedds of the die sd n Ag-filled ghoo e attach st the backeids of the die (used to provide
a good thormal contant between the die and the Cu-hostslnk. The thyristor {n ttiggored by saturstion of the- V-INP
pawac trassiators or by, forward blesing the bacialde diods betwesn Ag-filled gluo and p-type sitioos. The sifict 1s
Tt cam o slimineted by elther loaving the backaide Aosting or by spplying beckakde

taeperaione
mm&wqﬂtﬂmﬂuhﬁqmﬂn—dﬁ 1mmmsam Ld. All rlﬂ:u

1, Inbroduction

Latchop [1] & a knows reliability 1iak im oom-
plomentary bipolar power processes (fostuxing both
vextics-PNF wnd voutioal-NEN power tmosistors) s
in thase technolo-

compleniary

biptle procies Wy oiore smiceptible to katehup
than CMOS procasses a3 the prasence of n- and p-
type burind layers prevents the use of p° opi/p™ bow
olmuic (s 0,01 Oom) bolk spliexin] swbeirates. The
ryziesces are locasod st the frontside (top alde) of the

- gbey ooe Tig. 1 and 2, snd oxn be kigpored by ooments

Injactesd by both oxtenud spikes a2 wall as by saburs-
icm of internal bipolar tremsistorn. Noin that b hemh
matomotive spplicaon onvironments thess Injeation
correnta oo be well ovix 1 A, Goncoally many de-
moznace wre talom to provent luch-
up from nacwrrling {ike the mes of guerdrings, Nmite-
tica of bipolar bensistor sxtorstion comwats and by
gromnding the schetraie ax good as poasible. Becanes
ﬂhﬁpﬁlﬁhﬂpﬂdqhtmﬂumdm
duct ¢ulification progiass for complementary bi-

pdrpuulﬂu.qumlndhhhhmﬂw
Cooncll {ABC). :

Blectroaic

R

I.m.l

Pl mmlﬂummﬂnﬁﬂhm

plomeatary bipolar I showing the V-PNP
md V-NPN tramsictor. :

Bipolar power Cs are afeen pacikaged In Singlo-
In-Line (SIL) power packagea whers the low-doped -
p-aubatrele 1 attched to & coppey (Od)-husataduk bry-
& dlver (AR -Mied cpouy glwa to actibove bow ther-
mal reslitance values, In the applicatiol the Co heat-
alak is posanlly cxitaoind to e pround potsotiel
(ot ax tha p zobeirats),

-lll-hn-ﬂnr o199 mmummm
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Flg. 1: Bchamatic view of an electrical solente sho-
wing councctioes in fig. ] betwoss the vari-

In thin paper we will show diat this packaging me-
Bhod gives riz to & mow lchup failwe mechmbin
whare Iatchap i not imducod by triggaring oo of the
known thyristors s the kop slde of tho dia bat by
wriggeving of an umexpeciodly proscet pammsiti thy-
riatoc locwted between the fromtsido asd the (n-typo)
Ag-fillad glos conteixing tha baclxida of the dis, ses
Ag. 3. 'The phanomenon will be daseribed la more
datail In the paper sl options Enr it allesiasdion
- will ba presented. Conssquenzes for quelifiostion
toatng will b discwesed, '

i Ocrarremceal s —rﬂﬂemm _.

ramfaide and backeila of ihe dis-

'ﬁﬁm'lhhumqg_mhhﬁudn:_

pm double’ metal complamontary bipoter

. prostie -
featuring both V-NPN asd V-PNP pocwr imnalatses,

This trasuistors are build i & 10 jn thick, 2 Cem n-
type o Inyer on top of & 373 pim thick 4 Gom p-
sibetraie, Isolation batwoon diffeicat n-opl Biande
ks achisved by decp-Pibwricd P (DEVEF) junctica

inokation, The bume af thee V-PNP tranplstor in formed

by 8 Nuws (NW) diffision in thé 5-epl layee and the
troneintor [sofated from the p° subetrate by o doep bu-
ried-N (BNDY diffowigen, ve fig. 3. The bipolar guine
.. by affthe active V-PNP assistor Ti focied by the
SP-{NWiw -opl)-BP diffusion, the paritic V-PNE
wexralwey T3 fored . by e BP-BND-p"

3 -aubsirate
und the paasitic V-NPN taplstor T2 farmed by the
(NWifa'-ep)-BP-BND Effusions, se0 fig. 4, typloal-

Iy oqual 60, 120 sodé 11 reapectively st 29°C. At the
cad of the pocess all w-doped diffimlon lryors are

removed rom e beclaide. of tha die by & wat dll-
con aich uring » SEZ spin cither, The paposs of
this iz in eliminate uewanted prr-diodes taat may be

the soures of minoriy carrler (elsotron) ijecton

when the substrete poesdal ¥ lifted o.pdue b0 -
rudon evety of the V-PNP power tramalstor. These
injevted electrans may distarb the proper fuscticsing
of the clrenit )

oy

Fig, 3; Schematlc view of a cross ssotiom of e com-

IC showing the V-FNF

traredaioe &3 well na tha Cu-hosteink and Ag-
fiTled opaxy ylee.

Vaupply -

—
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The KCx mre sobescoently packaged Lo & SEL-px-
wer package. Hero the o7 substrate backeide is ot
tached to & Co-hastink by sn spoxy ghm conisinlng
Ag-filloa 1o achiave low thermal roglstance valucs,
scalfig. 3amd 5,

Ag-fillod gloe layer also can uct as the amitier of &
parasittc NPN transistar {T4 In fig. 4) batueen the
fronialdo and backside of the dio where the the p'
sobrirsts acts s the bass sad the deap buried-N -
(BND) hsolation of the V-FNF trasalaio as oollonk,
see fig. 4. Fig. 6 shows the bipolar gain of tis tran-
uipwor g8 3 function of the exnittor ourreat. for o small
ix srectore. Dospiie the vory thick basa (= 375
) the NP gals Ty, mages from 1Y o 100 &
25°C. Note that tho by, scales with the coflactor sres:
in real clrcuits by, values op to 0.5 have boon ohey-
vad. Note that both tha dioda sad the NEN chamacts-

ves, pet fig. 6, ar well aa the NPN oomest gals (hy)
characteristics, ses fig. 7, depsnding on the spaciiln
process flow. The fact that the NFN galn in fig. 7
Increases with Injectad corpent i charactachuia for

.Ellll'li'_l

wafer, a) prinded backuide, b) wet etched
haoksldo snd o) as b) bt with an FINO, trout-
ment peaiting kn o thicker nitive oxide layec
On tha waler backside. -




o5 Mmhhl#d!lﬁnﬂﬂmﬂuﬁ“ﬂ!”ﬂﬁﬂm

Aa shown in fig. 4, the parmaitio NP traralstar
T4 krma in combination with the V-PNF teansistor
TI a thyristor betwoan the frontsbdo and the hackxids
of the dis. As the paraxithe V-PNF kaa lilgh gain, the
thyrietor boop gadn it larger than 1 sad thes Inokop
BN OOCT.

By, 7: Galn of the pacasltic NPN transister forinad
by the Ag-filled spoxy plue layer: ot the back-
dde (araitter), ' sobsrets (Baee) and BND-
Inyer ot the frookside {catlector) s & functian
of the backakic sanlitor corrent for the Bt
woatments of the waler backaide w In Hg. 6

(Vi ™0V, Voumuuei V, Tu25%C),

3, mmm
umm'm'

.nﬁmmmhmﬂwhwhﬁiuﬂn '
volags and thus forward

nﬁumh:gwﬂpmdmtin l!llwuhmhn

iiﬁm#WmHﬂu

lnﬂmw
mhwwmmdh?m

powir irenilstor. ‘This oGours reguisly diring 8.5 -

-k engine stant event of & car where the volte-
0 cun rop 2 Jow ss 6V, In this cze 2 halo
mhb]wdhlpﬁuhdqﬂp'm»
multing In & significant Iifting ‘polen-

tial, Comseqiany, the backekin diode T4 i forward

bissed and plaotpons ars imjected inta the sobutraio
snd coflecied by the BND-layer, see Hg. 3 and 4,
Ty it A volEgs Anop actons Ry Which Focoss
parasitio PNP tamistor T3 to awich on, & curmont
now flowa from e emiser of the Y-PNFP powor

. transistor T1 ta the substrabe via T, camsing & volte-

o deop across Ry, When this voltags sxceed the
farwand voltage of tha backalda dinds, the parssltic”
NPN tmuisior T4 mey reman conducting even
when the ¥-FINF walwratiun ¢vent ks over, Paraaitlc
NP tesitslsior T2 thes starts to gpersts in reverss
and os 5 rasalt hmmnﬁﬂdﬂlﬂth
delve trmnsistoe T1 and & thyrdxtor is being badld-un.

T

Desmch — Hy _
iy

tronment NPN
Siwabwr. T4 .
"Ag-filiad 05107

120mA
1-1-19" QOmA - -
03  TiomA .
a1t IR

=104 :&3&- |

..E.;;%%f%%%%

Table 1: mummmnﬂm
nriﬂo;f;mhﬂ;mm'
mwmdﬁﬂnﬁm -
de a5 ¥ . 6 4 for variows dlomtiach +
materialn

Thﬁnbmmﬂnnﬁnwm
urreal Trom the backtide diode fuuue siccods 4
certaln trigger valwe L, whils tha back-tab ls at OV,
The offect 1i strongly témpersbare dapendeont, me
fig. &, a8 both the sapemion ozt of e V-FNP

- iP
acsaseof the gain of the hipolars and thie diop of dic:

da forwand voitiges with leameriroe. Fig. § hows

thwmmﬂnmp=
blﬂ!‘ . '

EREQ-B27-C 3T28
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4 Bimdastion of the beckalde rigased Mtchup

Thoro exist scveral possdbilities o provent the |

sbovo described letohup mochimbsm. The St & to
disconacat the Cor lisasisink ftom the grousd prien-
tal thoreby forciay the emitier of T4 1o be floatisg.
This cam be acitioves] by sither leaviog the sxtarsal
howisink @0 which e Co-besttink 1 stiached fow-
Eng or by placing o thin eject:ically lsolating sheet
babwoas Bhetis. 'This Is & vary rotim salutlnn bat curs
mrost be taicen niot b ditoriste the thermal imperiapoe
chowacsaistics. The sebond Ls 1o use wa Isolating epo-

xy give mswad of & gloo costalning Ag-Ailem,

L

[2]. Ths comveponding KV) charmcteristics are
abown ip f1g. 10 and It can be clesrdy scan that the
diods firward voltape b redoced to sbogt 0.XV,
Furthermon, » fhe Schotky dicds & » majority
cmrist devioe [2], ha TiNiAg backakls metallizathon
decressua the blpoler galn of the panadtic NFW
traasintor T4 by moce than o factor 100, ses obls 1.

by

b}

Flg. 9: 58M crom section showlog a) 2w beckride -
of the dis, the 100nms thick TINIAY Bacinids
metaliixation, the 10um thick sliver flled
epoxy ghue layer snd the sbpper heatsink and
b) in more Al G bacioide dis - TINIAg
interince. .

ER-027-C 3784
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5, Topwct oo Inichep qualifieatien terting

Ot recults clowrly sugpest thet & aember of Im-
proventants mre required for the Imchup swet procedn-
e of (madlum} power 1Ca, Featly wo recommend
that during the samderd lpichop toel proccdure the

bockside of the dis {or wny leadfmpar thet makes -

slectrical contactsf & the diepad &5 in the cass of
cartain modlom poseer packiagss) must bé cogiaciod
0 ground potontis), Secondly wo recommend aleo
mestmecat of the beichop iy corroat whils in-
Jocting from the backwide dlods st maninvem sppll-
catian tampersture. The triggor corrent pass/fll ori-
terfa for thic case ara sabjaci of discussion bt pro-
hably should be >300mA.

AR RS ALEL :
gl - . L
O R ----u-ql
1 . . .
Kl “'f"i' p ablac BN
LRI AL S,
S I o
i ‘I'-u-nlly I- b LT .—I|I
Rk s L M
1 woaasate Y v

rature dopondent. [ can be elinjnasted by eithor lea-
ving the backslde flcating, fhus elimiasting the pars-
pliic NP, or by apphying baskalds mats]lirstion
which sirungly redoces the bipoker gein of the paos-

gitlc NFML

Consequeaces for latchep qualifiomtiom weting
wre that during the stxndand iciup ket procedus
e hackuide of tha dis (or sy leadfinger that makes
cltotrical postacked 10 tha diepad =1 I dee cesc off
cerials medivm powes packages) oamt b conmcted
o ground patentisl. This 1s currpotly not prossribed
In the existing kafchip wat specifications. Forthar-
mare it woald makos sensa & an additional test wiom
the Iihap trigper currept by messurcd while Injoc-
ting fiom the beckeble diade {all st manimnm: sppll-
cation drpesatoe).

7. Raferescm

1] RR Troutmes, Tatchup in CMOS ¢ :
nmmwum.mum

[21 S Sxe, Thyscs of Somconduceor davices’,
2nd wditicia, Iuhnwl&uu.ﬂwfﬂh
(1981}
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Application Note™ MSAN-107
Understanding and Eliminating
Latch-Up In CMOS Applications

Caontenits

= Semivonductor Devios Gonalderationa

+  Background on SCR's

Parasitic Bipolar Structures in the 1SO-CMOS
Topolofy

Qutpui SCR Structuroe

Input BCH Structures

Evatem and Clroult Conslderationa

A "Worat Cage" Syatam

Inverion/Fumaval of System PCB's "Live"

Problems Associatad with Mulll-Power Supply
Voltagee and Assoolated Dacoupling Clreultry

Davices Driving Otheré on Separate PCE's
Davioas Driving Lang Address or Data Buses
Awbon Cables - A Speciat Cage _
Systeme with End User Accesalbie Inputs
Digital and Anning Devicss tn Sama Systom

= m & = & &

Introduction

The purpose of this Application Ngte & o ewalet both
thoge deaignata who are lamMar with %o use of
CMOS8 davicea as wall aa thosa consklardng CMOS
designa for the fieat ime.

Attracied by the many advanieges offared by CMDS
devices, deaignera using mam for ihe Nret Bme are
often unswere of, or am owrly seneitve © the
phenomencm of lateh-up. Understanding s fow tacte
will resohs both of thess shumticns. Basically
apsaking, any anglog or digiel devica fabicated in
ona of the many COS procasaes svallable, can be

. mads to lsch-up ¥ atreswed smwrely snough.

Howavar, when peoperly appiled, CMOS davices are
quite incengitive 1o actual condiions Ihat axst in
moat aystamia. Further, If a kv slmpla

am iwkan at the deslgn stage, than Istch-up can ke
compleioly avalded,

Lateh-up is definad g the creation of a low
impadance path betwesn the powsr supply miis by
the irggering of parssftc, fourlayer bipoiar
siructures (SCR'm} Inharant in CAAO8 input and
output cicutiry. In Hie note, detalls of these ECR
gruchuran are axamined In e contaxt of Misls
ISO-CMOS  bechnology. By dewmioping amn
understanding of the aspaate of olrouit and wystsm
design related to the tiggaring of thees SCR'E,
danigr mathads and guidalines can -be acgulrad to
graatly mduce the probability of latoh-up coourrance.
By implenmenting the suggested techniques and
ghoultry, the designer oan gain the adventages of
CUDS clroury without majss concem ebout laich-up
raleted probleme.
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MSAN-107

Samiconductor Devica Conslderations

Background an BCR"

- Prior to discussing laloh-up In CMOE devicea, 1t is

atvartagsous to briafly revigw the haale theory of
BCH operation. This v be helpful In developing an
understanding of the relationships batwean &dermal
okcult end system condiions and tha resultant
triggemyg of Intch-up In OMOS devices, The basl
SCR struchirs la that of & our-layer device sa shown
In Fig. 1. The deviow has thres terminals; Ancde,
Cathode and Gate. Fig. 2 shows how the 8CR can
bs modalled with two bipolar transistom, ana NPN
and one PNP. In the normal mode of cpamion, the
SCH s twmad on by injacting sufficlent cumant inte
the bass of Gy to tum thie transistor on. When thia Iy

© dane, begine to draw ocllectar currant via the

junation of Cy. As = rasult G, also
fuma on, Injscing addiional curtent nte Qq'e base.
Thie In tum causes Qg to twm on harder, aupplying
more base cument to Q. Thia positve fedonck
amangemant sustains conduction, and ensurea that
the SCR connues to corduct avan if the gete
ourmsnt [ inkacrupind, .
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le ogntrollad In normal appdcatons.  Thera are
various othar ways that sn SCR may ba triggerad.
Thaze must be sxamninad az they sre directy relatesd
to latch-ug problama,

Looking at Flg. 2, It can be sesn that the losd cument
and the two amitisr ourants of Gy and Gy are all
squal. Also the load curment la equal te the suma of
the two colechor currants and m laskage clitrant from
Gg's coflecior #o e bama {|lcpog)- It can be ahown
{refer to Appendbe) that:

1+8)(1
oo, [y ]

Whem B, and Bp are the curant galna of Gy arxi Gy
respeotively. _

Normally, with no baee current aupplisd to Qy, the
inad current will be ema¥ since Tha lealage "]
amall, a= are the ourrent gaine {B,, By} ot

value o collsetor ourranl. - If however, the cument
paine Increass i the point where the product, 8
Ba, appromchee unfy, then e load cument wil
become vary lwpe, limisd only by the load

vafous applisd condiions that will caute this to
happsn. Increasing #e lcad voliage bsyond the
beaakovar voltage, Ven, Wil have this afféct. As the
anadecathode voltage across the SCH Inomasss,
the oollector-emitter volimges of Gy and Qp aleo
tha

]

Incteass, - Thie comasponds o Incrassed in
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tevarse blas Incransss, ihe snemy of the minorty
cafrflere inorsasas causing more camees o be
dislodged, which in tum pick up energy. This
continuas until $e junction undergoes an avalanche
breakdawn ragulting In. an Increasa in the collactor
cumrants of < and G,. The vesuliing Increasa In By
and B, caues the SCR to lakh on.

A vary mpid ckangs In the anods o cathods valiage
of an 5CA can eleo causa it to tigger. Thia la known
an the “dv/at® affecst. The Ny-Pa Junotion, belng
revaresd biacad, chibiis 2 capacitance. Thia
capaciianca varisa with the reverse blas voliage
applled acroes the juncton. Hance the ourrent
through tha caprotior is describad by:

d{C\Va0
@ @
The jurcton decrenpds  with

tapaciiance, ©;

increasing reverae blaa and hence the second term
of squation: (3) i negadive. i, howevar, the rete of
changs of npplled voliags s large snough, the lrst
term of equatian {3) will dorninate and the cument
through the SCR will noresse. H e currant
incroases aufficlantly to caues the ByBy produdt to
approach unily, then the 3CR will Iatch on,

The effects of lempareture muat aleo be noted at this
point. Increasipg tampemiuee will causs an Increass
in both the leskage cumment through the SCR and In
tha curtent galna By B, of tha two Yipokar translztors,
A wmuch, the magnituds of the driving forcs recuired
to tum tha BCH on wil decresse with horeasing
tamperature. In gthar words, tha SCR wil be mom

enally triggorsd aa temparature Inoreases for any of
tha lrlgglrlrg machaniams desoribéd.

Cocollarien axist batwaan sach of the three mathods
of-wiming an 8CR on ag deaoribed, and the weys In
which the perasitic BCH structurse of CMOS devices
are triggered. The mremal mods of tggering an
BCH Is by injeciing oument Inin s gets tsrrnioml.
This ootrespords o forang cwrent inko the inpute ar
ouiputs of & CMOS devics by applying volegas that
go outalde of the power supply ralle  This is by far
the moet common form of latoh-ug irggaring. The
avalanoche breakdewn mwsochanism described aleo
appies dirotly to CMOS devicas, although he
poourmenos ia far lssa prevelant. Excasshwe vollege
on the powsr supply pins, whathet coninuous or
translant, mey rasult In Istch-up occurrence. It ie
mino thaorstically poaslible to rigger parastilc SCR
devices by the dv/dt method e a reault of high
spand translents on the supply ralis. However, this
Wil rwrely happen in & roal applcaton, Eh:huf

MSAN-107
thess Wpgering mathoda wll be axamined In the
next saction In the comtedt of e IBO-CMOSB
topology for both the output and Input struchurss.

Parasitic Blpolar Strustures In the I90-CMOS
Tapology

Aa with any GMOS tachnology, |80-CHOE conteing
cartain paranito bipolar sinectures associalsd with It
ouipul devioss and Inpud protection clrcultry. Thase
pasasitic trangistors are [meroonnected In such a way
as to form faur-layer davicos. As such, SCH devicos
aro prasant &t bow the Inputa and outputa of
IBO-CMOE clroulte, Theas devices are pormally in
their off sigte and wil ramain off og long as the
absciute maximum ratings of the devices ars not
excanchad,

Oulput BCR Structures

A lypical 180-CMOS output driver contelne one
N-channal MOEFET with [ts scurce Sad o Vs and
one P-channsl MOSFET with i source thed kb Vo,
mudmhldﬂummmﬂnmnm :
together to form the X and the gates
mﬂmhmhlﬂmn 4), mmm
of these transistors In cloas pro:miy resulis In the
formation of . a pamsiic SCR connactad dirsety
across the power supply mlls. 'When triggered, thls
SCH presents a low mpadance 1o (he powar supply
causing axcasaha cumant to flow. This situstion In
potentially degtriotive, resiting In damage to band
whae or metal supply tracke on the dle due to
localizad overheallny. Tha GCR W kormed as
follows. A vertioal NPN iransigior rasulte from the
labrloation of the N-channe! device, The N-
substrate serves As the collsctor and ke blaosd at
Voo The P- waoll aets a3 the base and tha souroe
and drain N- ditfuslons are the smitkees of the
tranelstor. One smittar ia tiad to Vyg and the other to
the output. A wids base laleral FNP traraisior [s
fermad whan a P-channgl devies s [nested clops to
a N-channel iransistor. The P-channe] sgurce and

FRR2-BIT=C 3TIA
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dmin difusiona arm w0 amitters of the tmnaistor:
o Hod to Vs and the ofher to the oulput. The N-

' gubstrals ach as tha Eass and hencs, i8 In common

.

with the collsctor of the vertical NPN. Tha P- wall Is
the collactor of the PNP which is also basa of tha
NPN. Due ta the sharsd diffusions, e vertioal HPH
and |ederal PNP tmneistors are effactively connacted
ga an SCR (Fig. 5). Thia paresitie SCA Is connaetad
directly across tha supply mlls.  Hence, when
triggeced, it oan causs sxoesalve mirveiit W flow. The
8CR la normally tamad off for nominal operating
supply wvoltagas and with all sutput within
tha powar supply Umits. Thia SCR may ba sodernally
trigganed causing the oulput structure to lstcheup.
The trigpering mechanism can ba any cne of those
mrtionad In the praviose section.

Quiput voltages being forced oulslde of the power
supply limita le the most common cause of output
latch-up. Two parametars are defiwd-at this point
for uee In suhsequant decusslora. Thews srs Ly
and V. Ty ls e currant which must flow through
the output struchurs to causs jaich-up 10 coour. ¥y
Is the voltage exousion oulalds of the powar aupply
rafis at the ouipikt pin thet resuls In | ﬁnwhg
through the output etructkurs, [n ot mrﬁ

WV are the oonditions =t the cuiput gin thnt u.-II
reault in letch-up triggering. Thess sams paametars
alec apply to Input ledch-up (ead nait pection).
Conalder first an output voltage which goes below
Vgg by mors than ¥y, This causas the P- wall to
ouipit bass-gmitter Juncticn of the verdcal NPN
tranabstor o become forward blased. Blnoe e acte
aa the SCA gate, irggering cocurs, Current |s pulled
from Vg theeugh the kateral PRP and ks injected into
thw P~ well, causing a looalized drop across this
Hiffusion. This voliags drop wil forwerd hisa the
basg-omiter junction of the NPN which la referenced
o Vigg. Ont thin accurs, ldeh-up will be sustalvwd
and a low Impadanca path e crantsd from Vop o

Vos

A nobs must be takan bers In regamd ta ta amount of
ovar-wiltage required to trigger letch=up, In the
abave pamgeeph, It was mentioned that voltages
sxcasdng e supply ralls by mom than Vo, wil
cause a olntent |y to fiow and hence friggar
latch-up. The guarantvad valuea quoted In the deta
ghaat are 0.9V and 1OmA respactivaly for thase
parametars. Thess Imite ara usad in prducton
tanting and hence, appasr in the Absolorte kiximum
Ratings for MITEL devices. In practios, it la mors
Rcaly to require from 4.6V to 2V of owar-voltege and
from 5 19 zevaral hundead milllamps of current to
causd outplit [adeh-up to ooelr. For Input akoh-uvp to
occyr, it can take ssverl voity of over-voltage and
slmber corents ta induce laich-up dus to tha sarles
raslstance of the Input protection clrouitry {Fg. ).

Whan the Voo aupply ral is axceadsd by 5 voltaga
graeter than V, ;, a simiar sst of avants ooours, In
this cess, the ouiput o subsiate beme-emitter
Junction of the lateral PNF bacomss forward biased.
Colaclor currant from thls tmnelsors Injacted Into
tha F- wel, again cnming s lxtaml volings drop.
Thie drop cmusss the P- wall fo Vg,
refarenced bseg-amlter hncion of the NPN to
becoms forwar] hiassd. This tranmlstor's collecior
cwrant, puled from the substrate, causes o Intarel
valtage drp scross the subatmte. This voltaga drop,
in turh, Wil forwvard bias the Voo 10 dubeinide
bass-amitter Junolion of the PNP. Thue, latch-up wil
bo sustained even i the ompat ovarvoltage
cordifon 18 removed and & low Impadance peth
agaln axieta batween Yoo and Ygg. -

Thare are two ather couses of output lateh-pp that
are looa lkely to gotur, but nonathelses must be
notad. Tha firet of theaa In the regul of avanrvolingas
on the power cupply pina, BEmgeeiwe vollsge
batwaen Vpp and Ygg (1.9.. graater than the abeclute
maxmuen rafing) can cause an  avalanche
brealdown of the reversa blasad aubstrats ta P- wal
collsctor bapa Junction of ke bipoler trereiston.

&\Rg“. y
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Thia will cauae the SCH o rigger as outlined in the
previous sactian. The sacond triggaring machaniam
will be apparunt In very fow systema, Very faat
voltage splkea on the powsr supply rile can Induca
a “dvid" tripgerng of tha SCR, alwo. ns outlined
eafiar. Thie can potantialy result in circuit damage
by translente which in thamasives woukd not have
sufficlent anergy to coues damaga due to localtred
power diselpalion. Once triggered, the ECA may
remein stohed on untl the supply wuga la raducaed
below_ i sustalning voliage or If % ourant la
raduced balow Ita holding cwarent,

Input BCR Structures

Paragitic SCH structures can slao rasult dus io the
Eabrication of CMOB Input protection clrouliny. Ths
ISC-SMOE Input protection alrcuk echamatie e
dghown In Flg, 8. As shown, thers s a detributad
tiode connectsd t0 Ve and anathar dioda ta Vag.
The perisa resisior 18 primarly Intended for etatic
proieciion, bk alse provides Iatch-up protaction,
Thix dlodes ars sonneotsd togather at tha input noda.
An BCR siructurs results whan he Voo relorenced

diods s fabricated In closa proximity (o an Necharsel
trangletor {Flg. 7) or when tha Ygg referanced dloda
Is located coae to a P-channet devica. (Flg. 8).

it is Important fo node hare the diference hatween
Input and output SCA struchures. The oupuwt SCA
waa connecied directly batween Yo, and Vgg, and
hance, iz more [lkely to be destuctive once
triggared. The Input SCH struchire J& connected
from the Input noda ta one of the aupply raks. Thus,
for mn jnput to remaln leiched, the clrouliry driving
the nput muet ba capable of supplying the sustaning
carent of the SCR. For this latch-up o be
daatruotive, tha input driver miust be capable of
eupplying large amounte of current. A polentialy
more  cangenus  aluation oooure when &
vamplimentary traneistor, W e one orming the
BCR, Iz located neprby. A eeocndary SCR etruature
resite from thie and it la connacted across the
supply salls (Flgs. 7 and 8).

Coneldes tha Vay referenced diode situation first
Tha scuroe ad drain diffusions of the P-channsl
tranaletor form the emitters of & lateral PNP
tranalator. The substrat acls as the base and the
P-diffusion of the dioda is the ocllector. This dicds,
with the subsirats, farms & vertioal NP tranelstar,
Tha twe frensistors are interconnactad as an 8CR
dus to common difualon areas. I an applisd input
voltege is below Vgg by more than Vi, then the
gate-cathods Junofon of the SCR will becorne
forwmrd biased and fum the 8CR on. This Iatch-up
condition will contnue e long aa thie Input oondition
paelsts or ¥ the Input cioultry can supply e
mialmum holding oument An muntioned, a
potenifally more hazardoun sitluation can develop If
an N-channel iansistor |5 also locatsd nearsy. The
P-unll of this rahslsior asrves as & pacand collactr
of tha lateral FMP imnalsior. ‘When the Input voltage
gasa nagalive, the pate of the 8CH Is tumad or as
mantioned. Howevar, this pacond colacior now
injects currant into the P- wall causing a sacond SCR

2 sy SN
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Foroed 10 e e g
newten Vi (Voits) | T (1)
Qutputs above Voo e | 200
OIIIIJI.HNIDWVE 10 ﬂﬂ_l
Inputs abova Vpn . 1.8 .11
[Truta below Vg 25.0 25
— T NS e ThioT
_ Voltages and Currents

? structws to %ich on. This device l8 ocannected

aomaes tha powar eupply rads and henca, oan be
desitucive, Thie game ettvation can result with the

Vop refarenoed protection diode. In this case, 3CA-

siruchires will be tiggerad by voltages which exceed
vn.n hv mora than 'i‘w

A% was mertiched eaiern, the astual valuss of Vi,
mndk I, am typloaly much greater than the 0.3V and
10mA Emits on tha data aheets. Table 1 shows some
of the numbars partalning to the current production
vorslon of the MD7453C540AC, ona of MITELs Oclal
kterfacs dovicos. As can ba moon It reguirea
voltagas from 1.0V t¢ 1.8V and currants from 9 to
200 # trigger cutput Iatch-up. On the Input eida,
it requires 1.6¥ for Vi, end BOmA for Iy In the Yoo
case. For the Vgs casa, I Is only 26ma, but vy, ls
28V and honoa thie situation would wirtually navar
axiet In a aystem. It has bean empirically deteemined

_ that If a devios axhitha values of I, excaeding a few

volte, than thia devios will be extramely insensiies 1o

Bystem and Clrcult Conaiderations

In tha majority of systama and circulta using CMOS
davican, isich-up should not ba a2 major cawss for

A

concem, Belng awara of the sourcea of faich-up
problama will ald ths degigtwr in even further
reducing tha probabilly of adch-up damige to hie
cimuits. Implementing some of the pracautionary
measuree Bupgested i tw Bllowing mactions wil
onsure a treubla-frae syatein, '

The aepects of syatam and clrcult deslgn that can
resull in latoh-up occurence will ba exarmined In the
conded of a “worst caae" aystemn example. In other
words, sywtema contnining combinadone of the
aiributes of the axnmgale eyetam will ba mora Rkely
to wxpasiehce latoh-up probleme.  Thea redationehlpa
betwesn thess systems aapects and the reeultant
latoh+up tigpeding mechanlems wik ba desaribed.
Suggestions will be mads Inteni upon mducing the
riek of rggering the parasite SCR's thraugh careful
daaign techniques. The proteotion circulta, which wil
bha I|Eustreted, should heip in preventing clrcudt
damage in case lateh-up eoours, & should ba notad
at hie point, thet In ayskeme whara the Input snd
cutput pina of ihe CMOS devican nevar (o outalds of
the power supply rafs slther duwing powsr-up or In
oontiruous operation, lateh-ug s not llkely o evar
cooour. The first step, then, 1a o define & eystom
which contains virlous componente that quaRfy it for
a “worat cass” rafing in a letch-up senes.

A “Worst Case” Bystam

A clrcuit or eystem which has af of the ®ollowing
aitributes andior capsbiliies & more llkely to
soparisnca latch-up prablama. This ke not o say that
latch-up ie Inevitable In eyatems contalndng many of
wae aiiibutes, only that the dealgnar must by
aware of potantial problams end teles staps at the
deskin stage t¢c mckd them. The following liet
summarizes the syalem aspacts mogt lsly to be
assoolated with Etch-up prollsma:
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1] Syetem operationdmaintenance procedurss
allow inewetion o remial of printed circult
cards with syatam power applied.

B] Tiw mystem is powsded by mulipla aupply
voltagea {s.g. £ 12V, + 5V, and Gnd} or has »
mudti-supply at sams wvoltage [sg +BY
raguiated, +5Y unragulatad),

3) Clrculte ulilze complex capecive deocoupling
techniques particulary aseociated with multiple
power aupply voltages,

4] Intagrated clreulls on one symiam PCE drive

other devices on diffarent PCBY vin &
baskplans, dbbon cable, ste,

5] Deavicez driva high capaaitive lpade such as
iong date or addrass busaos,

8] System contalns high apasd address andor
data buses o sufficient length to cause thelr
inductve propartiss to bazoma significant at the
fraquancies In queetion {rbbon eables are w
prime axampia).

" 7) Bystam has slectronkc Inputs that are direciy

acoeasible by the end user of the wystem,

d] Dighnsl devican ara driven from analog devices

powared from higher supply voltages, utizing
input dlodes ko clamplng.

Each of the abova eniries will now be examined In
terms of it potantlal for tipgaring latch-up. The firet
lour Iteme s vary intardapandant. While each of
ihoee Wl be given conelderation in separsis
seciions, groes referencing wil be adenshe. The
remaining ttame are relstively Independent and thia,
will ba looked at in ralative lacladon.

inserilon/famoval of Systom PED's “Live”

Inserting or remcving pinted drcult cacda from a

powered-up syetam can triggsr lawh-up In severmal

different wave i certaln precaulions ars not taken.

One potatial hazard thet can oceir le for an Input or

cliiput adge terminal ¥ maks contect before tha
paower supply plee sz connected, If driven by a
davics an another crcult card, this Inputfoutput pin
could have a voltage eppliad to it wih no supply
voltaga to the device. Even i thie situation sxdets for
ohly n short pariod of time, then letch-up may te
friggared whan the power supply pin la conpactad, it
is Important to nota thal thres-atste gutputs are slso
vulnemabis in this skuaticn, Buch quiput drivers caly
poagnt o high Impadance b0 woliagee within the
dovice eupply rlle. VoRepee on thase cutputs
sxcaading the supply can Indesd trigger stoh-up.

I

AR

’

wll

Cna soluiion do thie problam is to siightly sciend tha
powar supply terminals with reapact to the mmalning
adgs teeminals on the PCB {Fig. 9). This will snsura
thal power aupply oanneations ave the drat made and
last brodmn on Ineertion and remowel of the PCB

reapectively.

Plugping a ooult card ve ndo a ayetem with
muit-powor eupply voltagea can rasuit in tha
application of powe! supply over-voliages to certaln
devicas. Conaslder the loonl decoupling sohems
shown In Flg. 0. | & PCB oontalning such
decoupling wae plugged Into a system Ive, than the
Kliowing stusticn could result. Assume that ell
capacitore are discharged and thet €, la much
gragter then C5. [t ko powalble that whan the PCB la
Inaarted, the +12V terminal malaa connactlon first,
fhen tha ground, and lastly the +5V connection ia
made, In thie sttuation, Cy and C; are momentarily
connactad In sofies, The +1B woliz appliad to C
oausaa the voliags at the ground polnt to Inoreass In
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meoordanon with the charga aharing betwean C, ano

G This voltage could approach 12 volts since

When the ground temninel makes

' cohneotion, the voltage et tha nominel &Y mil wi

)

Jumg up by the amount of vollage inkfally present at
e ground point .. almowt 12V}, This rasutls in an
ovar-voltage eandition being appiked 1o the devioss
aupplied by the 5V rail. |f the applled voltags
oxoeeds the absclute wmaximum rating lor thess
devieas then latch-up mey be triggered by the
aAvaiancha breakdown mechaniam deecribed In an
sarllar section. Thie problem le more likely to be
avidant in esystame with power aupptiss difering
grently in magnitude cince patential over-voltages
can Dascome quite laigs. A piime sxample i@ B
telaphone ewdtohing system which would typically
copialn & ~48Y supply as well aa +3V and ohear

aupply voltages,

Thiz problem oan also ba owercoms by denfing the
edge terminala on PCE's. In this oxae, there must be
mate than ona kevel of Indentation to ensure that the
power supply connactiane ars made In 4 gequende
that will alleviata this problem. The aafest way to
accompliah fhia ke W0 have powar aupply connections
made in the order of eecending voliags magnitude
{Fi. 11}, For example. [n . sysism with a +3Y
supply andi12v suppiiee, the greand dine should
maks oconnection ficel, she +5Y wupply next and
finally, the +12V and -12V suppiliqy at the aamp time.
This ascandng order of magnthxdes snaures that no
over-voltages aoour even if one of the power suppias
pudle the olher through the decoupling oapeciiors

The grewund Hine should always mals corneotion firsk -

te anaks that n posithw supply doss not pull &
nogative one or vies versa. - Connacting oppoaing

" power supplles {s.g. 112V] ot the same time wil

.4

aqaure cancelliation of the aefieats of thair connection.

In syetamms which hawe luge numbar of power
supplies to comand with, % may not ba leaslbla to
provids the required number of Indantalons on the
PCE. In this cass, a carsful anchysla of the
decoupliing uead must be done to establish potental
problevn  arams.  Wherd possibls, dacoupling
copaciors on differant sypplian should be of equal
magniiuds. Thia will tand to minimize over-witages
duce & equal charge sharng betwesn tha
i after all posslble precsuflons have
baen taken, thero s st & posalAiity of powse aupply
overvoltages occuming, than # may ba necesasry to
provida some form of ourramt limiing or local
ragulation to pravent clreult damaga.

Tha almplest form of peotection le to conhect a
resistor In sories Wil the power aupply (Vo or Vag)
pin of the devioas in question (Fig. 12a). The glzs ol
thia raalator oan ba chogen to alther prevant lateh-up
from occuning or to tiroult damegs when
inich-up doas occur. I latoh-up la to ba prevanted
then the minimum reslsior valus s chosen A
Tolows:

Vv -Vp
A= Supply = VDO o,
oo,
where  Vgypoy=  Maximum Supply Voltege
Genarated
Vogus =  Abealute Meximum Rating
: for Voo
|m - Eupply GMﬂ'ﬁ'm

This will ansura thit Vg, i@ tever exxseaded at the
device.

Te simply provent doa to lateh-up, the
reaistor la chosen o (imit the supply curment to & few
hundred milllampa st e mexdmum appdied voitage.
There are & few feciore which must be taken ko
cotisideradion -when the madmun value for this
roglator ln selacied. Tha source Impadance of the
povss mupply wil ba mcresssd by the smount of the
added reaitante, Thin will raslt In & decegss In
e currant souroing or slniing capacity of the
duﬂu.dmndnﬂanmﬂmrh rasiator i in the
iné reapactivaly. Thara lo wlegs &
npmcﬁang ingreasa In the output propegation
delay, proportional to product of the protecion
raslstor 6nd the load capastianos. Finally there la 4
deorsasa In the nolse Immunity of the device
propuortiona? to the product of this resletor and the
total Instantersous supply cument {induding. the
ouwipd cutants). For dsdces soch =a e
MDT4S0XXX, Ithnl{umnnul;lﬂdmﬁll rauistor b
placed In the Voo ina-ae there Is mora avallabl
notae immunity for high level outpuia (whmmz'
TTL ar ather MD7ABCKXK devices),

ERe2-B827-C 3T79
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i & cyfrsnt-imitng reclsthr cannot bs upad due to
conetraints on outpat drive, speed or nolee KMMUnIty,
fon the alernative ls fo comnact & zenar diode
betwaan Vpn and Vgy 1o pravent overvoitsges
acrose the device (Fig. 126). A cumeni-lkimiting
ragistor may il ba necassary, but e value can ba
vary amall, limitad only by the powsr handing
capacity of tha zaner dloda.

There is ona iast potential hazard that oan devalop
due to five” Inewrsion of PCB's. On boarde with fide
luuldnnuuplnn. plugging the card In can rasull in

fast translont on the powsr supply
qu:ll of devican on e board. Thase trenchants
could theoretivaly reault in triggering latch-up dus 1o

" the dVidt effect desoribed sarar. This problem can

be avolded by decoupling the power supply on the
hoard with syificlontly krge capaciion t2 slow down

i
i
]
i
i
t
i3
:

high frequenoy dsooupling will ususlly ma:ly'lhn
problam,
connaciad ap cloge b the davics Ae posibls scroes
tha power supply pina will shunt moat of th
fraquenoy anangy to growmd (Fig. 13}. Conneclion of
fiyback diodes arounki Induclive joads Iv also
mcemmandad t0 ik back EMF sungee,

34
ag

A 00 b O.TpF ceramic capachor

Problams Assoclsted with Mult-Powsr Supply
Yoltages and Anpoviaied Decoupling Choulry

In systoms that heve more than ona independont
powdr aupply, care must be taken to ansus cormct
seqmncing during powerup and powsrdcwT
cyclea, This le required to prevert input and outpst
cver-voitage condiiona from developing.  Conslder,
for axampls, a devies powerad from a +BV eupply
that has iis ouiputs connechd to a devica powsrad
kom 8 +7V aupply. Undar sigady stete oonditions,
the oulput levels from tha 5 devices woulkd Hle well
within the supply voltegs of the 7V device. Howewr,
I during powse-Up tha 5Y supply was to sxosed the
TV supply, then the output voltage of the 3V devios
ooukl excead the Instantenecus aupply voitage of the
TV devios (Fig. 14). This owrwoltags oould cause
the 7V device to leich-up. A almilar situation can
aceur bebwesn twg davioss powared by sapamte
supplsa of aquel megnitude such as 5V reguisted
ard 5Y unrequisted suppilss. In thiz cass thers Ia
fw sdded conaem whan thess-sinte outpuls ane tod

- Thess olfpuln amm wlso subject o
over-yoltage triggerng of keoh-up. Such cuipite
prosant s high impedancs only to signete lying within
the power supply vottages, 1t must be eiresssd thad

5
HA02-827-¢ 1T
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gure o
thess over-voltage oonditions naod only axist for a
wary briasl pariod of Ame to trigger Ietch-up. Thug,
sven Wanelant over-voliages cdering powss-up may
poes a probism,

Ta aneure proper powsr aupply saquancing, careful
attantion muet be pald to the sclestion of desoupkng
componsnts beth at the Inidal design atape and
when dealgr revislons are dene. Thia apples o both
maln powar supply decoupding as well as local board
decoupling.  While propar asquenalng mey be
wvident at makn distribution polnts, keoal sequencing
can ba altered by lage capaciiors on Indhviconl
boarda, Boarde which hawe a large DO power
rafuiramant ara Ekely to have such ddcoupling and
hanoe, must be lookad ot carefily,

One way of snauring that power supples track when
turning on or off i3 10 connect a diods from the lowar
aupply wolinge o the higher one In the case of
unaquil pupplige {Fg. 18). Thin Wil cause the
suppies to frack within one dicda drop untf they
atisin proper lsvels. In the case of twe agual
suppiles, two dlodes can ba connactad back to back,
forcing supplles to fmck, independant of which
mupply domas up first,

Devicss Diiving Others on Separate PCBs

Whon Ilegrated droulta In & eystem driva other

udmﬂununammFCB'shhnhudmlmahr
smmple}, then the oconsiderations pgiven In the
previoue twe sactions must be applied globally o tha
aystam. This waa alrasdy mentioned In tha saclion
on pluiging In PCE'S Mve". That ls, when a PGB In

" ;. plugged Into & backplana with the ayalem power

)} opplisd, thera 3 tha danger that an Input or cutput

' ) pin will contack an activa Ine on tha backplane

A-40

bafory the powsr supply conneclion e made. The
wiulion W thia problem, & mentioned, Res in
indarting the 10 sdge tarminalons with respect 1o
pewer supply terminale on the PCR,

Power aupply escquencing should be ghwn specisl
olisrtion I sysiome with dedoos that driva
offtbosrd. The saume criwria appllss here a5 wog

mui-supply syafams. However, cara
must aleg be tmlen in =ngls wupply systems. In this
oasa, large amowrta of looal decoupling can cauds
tha pupply voltagas on some boarda In #he eyetem to
ramp up slowar than on othars. Oevioge on boards
whose power mupply rempa up quickly, cen Imprees
an ovar-yoliaqe on davices on athar boarde. If this
WhM|mumh then |aich-up mey be

ored.

Whaneve pmbh, local decouping ehould be
oquallzod on off boarde within the ayslem to
minimiza $eaa aflects.  In eystoms where al
oft-board drivars ara thrse-sinte deviogs, a simple

ERe2-027-C 3761
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aolution axdets, AN outputs should be kept In & high
impedance stale during powse-up and powar-ckasm,
Thua, no currant will be avallabie to trigger latoh-up
even If ditferential supply woltepas develoy from
board to board. AMammiwely, current lmiting
reslstors can ba connacted In serkes with any iInpute
or outpite that may be sublected 1o over-voltapes.
These realatora ara glzed to limit current to lees than
10mA:

(Vour - 0.8V)
10mA

R=

wham Ypeg = miodmum Irstanianecis
voltage differentdsl between powsr supples

Tha slde effscts of comnacling thess meeictors a2 tha
gRme 85 mentionsd prenfousty for power supply
ovar-voliage protecion. Thars will be raguctions In
currant drive hrom oulpuls, In apaed, and kn noisa
Immuntty on outputs driving DC ioads through thesa
roslators.

Devican Driving Long Address or Dain Busss

Long addraas and data bisss can exdibit quite largs
oapacitances. Devices which drive euch bussa or
. have thelr Inputs Hied to one, can ba sublected to
over-voltage conditions. Thie |8 espeoially frue I
large DG cument loads are switched on the same
PCB [eg. & group of LED' during & ey taat),
Cver-voltages can dawdlop an follows. The chanpa
In the power aupply clment causss a lbcakrsd
yoliege drof on the supply pine of the devicesa near
i the davice drawing te load cument. Yhis |a a
ragult of the finlte reelslance of tha power supply
fracks and oontact reslstence of any connactors. Al

the same time, the bus capaciancs tanda to hold tha
voltage on the inpute ard oulpiiz connacted to the
bus &t the tull supply voitage. | a aufficent voltage
diferentidl develope between the bus and the kocal
power gupply, then the bus capaclianca wil
dizcharge via the Input and fatpat structras. This
Lurmelt an attain 8 maghihxis of tens of milllampa
and henga tiggar latch-up (Fg. 18}

Varkua pracaulions can be faken o redikes the
ohunces of this problem occuming. Reducing the
pwer sUpjHy realstancs and bum capaodances oan
ba done &t tha time of inltal denign. Wida powsr
aupply tracka and low contrct reslgtancs connacton:
should be uzsd whenaver possible. Busee ahould be
kept 68 short ae posgible and have the largest
possibla spacings betwaan the linee. | this problem
sill msulin dua to eyatsm restmints on PGB layout,
than tha conneclion of a decoupling capacitor acrans
ha powar supply pina of the devices lakchihg-up
houkd help {Fig. 17). The siza of the capanttor
dependa upon the magniude of the local current and
the kical raelutance of the powsr supply. Nomally a
10wF capaciior Wil clear yp such probloms and
should not interfere with the local power supply
sacuencing on mogt PCA's. .

Thera is ore othar way In which en inputfoutput
over-yoltage can occur on long busea. Thers axista,
on such buses, kkerirack espachanco as well ae
capacitanca ko ground. Whan two adjscant racks
ars at oppaalte iogle kewle (ore at 5V, the other at
ground), thia capacianos charges to the full supply
volinge. When the track nitially at ground potanta)
suddanty goaa high, the signal la couplad through
the capadtor o the other track. Tha vokage on thie
track increasss from lta lnitial value of 5V Impreesing
over«oltagas on any davicee connected to thie track.

N

: F . |
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Minimizing interimck capachance by Interiesing
- olgnel and ground tracke should be done wheraver
'poard space  psemits. Abemativaly, entamal
demping diodas can be connected on tracks
axhibiing thase valtage sxeursions. The diodes may
need ba Schotiky diode= K regular omee do not
clamp soon snough toprevent cummsat flow through

panl Dacaup o LY
ElluhlngEﬂgon

YO siructures. Faguler alllcon dicdsy may sl ba

- uawnd if they are referencad to voltagea Inket by 0.7V

1 from the supply ralla. The clamping circult shown in
Fig. 18 should ba quite sifactive, but a2 san be gean,
thia circult will dissipate power. This may or may o6t
be & problam depsnding on the overall systam
requirements. The dacoupling ceapaciiors halp to
sbaoeh 1ha high freguancy ensrgy. The resigtor
valpas shown ara eqlected for & BV supply end
should ba scalad kor other supply woltagea.

Ribbon Cebias - A Spacial Case

A ribbon cable 15 & speolel capa of long bua
sirucihira, The problama mensoned In the provious
section also apply hers, Howevar, i the rbbon cable
Is of aulficlant langdh, then its inductive propartias
bacome gignifioant. The distributed inductsnoce and

form & eecond arder cireuit whioh can
"itg” when driven by feet, dgisl signals. The reault
i the gemeratien of damped orclationa cantared
ahout tha positiva and nagetive supply ralls (Fig. 19).
" The poaliive and negative exoursions cutside of the
supply ralls imprass over-voliages on inputa and
oyptpyis connactad to the riblion eabla. [f of aufficlent
amplitude, thess over-volinges may trigger latch-up.

_ Sohing the problem oan be a8 simple as tarminating
_ sach end of suoch cables with resiaion fo reduce tha

Mﬂmﬂpmm pg shown in Fig. 20.

HZ

Theee diodes wil cdgmp any gonembed
overvoltages, H the problam parsicte, it mey ba
neceszary to wae Schotiky diodes to eneurs that the
extemal diodes oonduct bslors the Inputfmm
structures do.

Syswmms with End-Liser Acconsiblo Inputef
Dutputs

An sdirems condifon of- inputiouipt cvar-vobimge
can develop W ayotéma which have end user
aceseslcls O ports. The user may apply algnals to
thasa porte when the systan power augply ia not
tumad on. Davices i the ayalem conndciad ta thess
porta ara Bkely {o latch-up whan the power ls tumaed
on due to the curent Bowing through fhe 10
mruobses. FAassleiors can be conneoted In aeries
with thess LO's to limit the owrent during thees
pariods. A menioned, theea rasistore will heve
diract affact on the speed and nolsa parformance of
thess ports. Latch-up mey also be trigpered i the
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Howevar, performance conatraints on the port mey
be guch that the cument-lkmiting resletors chonan ara
too small b peotect againat seven faults such as
sockiertal oonnection of the AC malns aupply.
Protaction againet auch faulte can be provided by
copnoction of exepnal clamping diodas In the
mannet autinad for fbbon cablss.  Again, Schottky
dioclen mieay be requined.

if tautt condifions ara fkely to ba vary severs, It iy

* be nacessary to refarenos axtsmad clamphig dodss

to voltages ineet by 0.7V from the power aupply {Fig.
£1}. These diocas will conduct before the input/
oulput etructuree of the.davica an the port whenaver

an gvar-yoltage conditon mdsl. Thus, no current
will flow jo irigger lakch-up. Tha rafarence volinges
ars lnsat by 0.7V to aflow the usa of regular, low-coat
dicdaa. Due io the potantislly large curments flowing
Shrouigh the protection diodes, & olamping ciroult
similar to the one In Flg. 16 Is not feasible. The
cuiput resletance I thie oase needs (o be
subsatentiaky |ower.

Dighal and Anslog Devicas In Sams Systam

[n ayztama which have digital and analog devioss
powsrad by difforant supply voltsmgan, thers |a the




b
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patential

bazard of owar-voliage conditions
daveloping. Considar, for exampls, the case of an

anajog compantor from H10V driving a
dighal device powsrad from a +10V eupply. When
tha compamtor cutpul gaes low, |t will appicach -10V
and pull the digital Input below Vgg (0V). If the
comparator can pull enough current, then lateh-up
‘may be tiggered, Puiting = reslator n sedes with
the Input vl limit the curent and preveat latsh-up.
However, it I not & recommandsd procadurs to uss
the Input dodes an olamping ofouita. A more
gsdvisable solutlon Is to e & reslative dhider ae
ahow Ih Fig. 28. When the camparator output gasa
low, the dividar will have 20V aorose it Hal of thia
voltage will be deoppwd across sach realstor ng thal
the dighal iput sits at 0V, Whan the compasaor
output goss high, no curtant flowe the
divider =o that the digital tnput sits &t Vo, Since the

© GMOS nput has an exiramsly high Input Impedence,

tha wvalue of thess reeletore can be vary large
{»100K) & minimize powar consuanption.

: l‘.‘-‘nncluulnn

In the vast majority of clroults and myatems

)

smploying CMOS devices, latch-up wil 0ot be &
major concem. When simply appiled according to
manufacturars® recormmendafione, CMOE dovices
e not ouwrdy pansitive o the normed clroult
condiifons that exdst within a system. What has baan
etempied in this application note. in & develop an
undarstanding of the dch-up phenomenon and ita
cousss to assist desigraes In avoiding poteniial
pitfalls cavessd by & simple lack of knowlsige.

Having briafly reviewsd the baslo theory of ECR
npsmiunlngmnl and as it applles to CWOS Input

and oulput etfoctures, an undsratanding of the
mechenism of laich-up wan developsd. Taking a
clogs look at varous sspects of systemn snd chcuk

< depign haa revemled thet variola precauiionary

mogatres taken at the design wage oan greatly
A-ld

reduce the ek of Imich-up occulrences. In OReRd
whara aysien  parformance or fashema crente
potentialy hazamious slusons beyond the
dexignara oconfrol, the Implsinentation of almpie
protaction oireultry will again minimize problamas,

Through the use of camfyl design practioss,
augmantad by prodection drculiry whan needad, e
designer can uss CMOS asanaiog and digital
integrated circults externslvely. System and clrouit
reflablity wil no knger be & funclon ufmuh-m
rafated prnblumn

Referance

t. 88 Dewsn and A Staughan, "Fowsr
Semiconductor Clroulta™, pp. T7-84, John Wilay
and Sona, 1575,

Appandix

Tha illowing #a a dervation of aquation (1) of the
mnhtm. Fig- 2 |3 redaranced for thie purposs,

Tha cclinator and smitier cuments of Qy and Qp are

ralated bry:
lo, = wilg, lo,=tle,,

Looking at Fig. 2, It 6an ba ssen that the load ourent
and the dmitter curvents of Q1 and Q2 am all equal,
Adaa the foad amrarnt la aqual to the suma of the twa
collector cuneiis and & kakage oumerd from Og's
collector io tte baye {Ipggz). Thorelcre:

= i+ logt loso,
= oyly, + UIJEE;" lcao,
= {tyHatg) ll'f"'- |ml

1-{oy +0g)

Tha pallegtor-smittar curvent galns { o ,cp ) can ba
aprapesd In tema of the opliactorimas cument

guins (B Bg) ae
oy o
El.lhlﬂtulhﬂ thesa Into the aquation abowes yiskds:

lesog
B +

148,

s By
1+By

= Imu,[(“ﬁ]'.{'*ﬂn]
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Special TC Resistors —‘w\—mics, INC.

Temperature Compensating orTemperatura Sensing

Althaugh wirewound resistors are uaually sedected for their light toleranca snd low emperatune cosfficlent of
resistancs capabiities, it iz sometimes necaesary 12 use a high temperature cosfiiclent restator to compensate for
other it componernts or K measurs tempertiura. Any of our standard resistors can be specified with a
spacial TCR. If you have a unique application or perkage mquiremans, ou applicaficns englnearnng depariment
i+ ready o eealst in vour design. The following table lcts saveral commen temperature coafiiciant mnges. Thar
ars nisd mary other aioys svalinhin with spacial temparaturs cosfficients. Availahiity of sloye, howevar, does not
Fmit the ability to abisin speclal temperatune confliciame up o +5000 FFWPC. Intermediate weluss can ba obtained
by utiizing variows manufacturing techniques and by selecting and combining realstance wires of varous alioys. The
uppes resistence mnges obiainable are imited, for the most pat, by the kow resistivity of thess alloyn.

Temperature m S " Heslitivity i —y um-:.
55 deg C. b 428 teg 50757 | 4 4 g &40 +125 deg €. ¢ ““" W f""" < | Fectors

#5 45 10 = +5 4 10 800 +25 1.0
D+ 20 0+~ 20 300 -45 0.30
+80 + 20 +80 + 20 880 +80 . am

+ 14l - B0 + 140 o~ 5 875 +20 84
w180+ 30 +100 #- 30 180 -7 .23
+400 +- 40 +380 #- 40 et +20 0.76
HIS0 4+ 50 +H50 + 50 90 - 26 0.1
+T00 += 200 +700 -+ 00 a0 -22 008
+850 ++ BO +B50 +/- 80 470 -39 050
+1000 +/- 100 +1000 +/- 100 420 -2 0.53
+1400 +~ 300 +1400 +- 300 30 - 14 004
+1800 +- 200 +1400 < - 200 500 +08 0.63
+2800 +/- 200 12800 +- 200 420 -27 0.62
+3500 +4 300 +3500 +- 300 204 35 0.97
+ATI0 4 500 43000 +- 200 10 Rl 0.01
+AT00 - 500 +ABUR += 300 120 - 40 0.15
+4000 +/- 500 +5000 44~ 50O 80 -22 0.00
+5000 +- 300 +E00G +/- 300 42 -22 0.06

* Thermal EMF p¥ /"C referancaed to copper &t 0 °C. )

*To obtain max resattanca avalable, muliiply the maximurn value found for type chosen by this factor.
“~Praforrad Tampanaure Cosfficlont wirs is reads, svailable for most resistance ranges. Tha other alkoys may
require longer delhary times and highsr minimum quantifes. Coost Factony.

PR
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Surface Mount Resistors —\W_zmlﬁc& INC.

Series SM

Features
High tsmperaturs molded encapsulation
All waldad construction
Fex tarmination for absorking thermal expanaion
Tinned copper tarminals
Avalisble In non-inductive styles

Eloctrical Specification
Powsr Rating: .5 io 2 waita
Realstance Rangs: 0.01 ohm to 2 K ohims
zsro ohim {jumpeis) avalieble
Tolerance: .1% to 5%
Temperaturs Coefficlent: _
+= 100 PPM~C from 0.1 10 10 ohms
+- 20 PPMAC from 10 ohms to 2 K chms
Load Life: 1% AR maximum
Short Time Overdoad: .5% AR maximum
Temperaturs Cycling: .5% AR maximum
Molsture Realstance: 1% AR maximum

Power Derating

1
M
T 1 L
[ 1)
D F ! ®
L ] ¥ ®
#
m ™ 185 i HE m L
Amblent Tamp. Deg. Calskse
Ly Recommendesd Aambiser
Temparsium 100 'G
. '. TN g airy :‘ml ‘m. qarbai ] Lo w‘;:‘:
SMH 5 A 1o 400 220 200 { 210 | 110 { 430 | .40 | 080
SM1 1.0 0110 1K 20.2 250 { 260 | 140 { 50 | 090 | 100
£M32 2.0 Al 102K 524 A10 | 435 | 180 | 240 ) 100 [ 418
SMZA 20 0180 .5 ¢om e | 475 | 800 | 140 | 8085 | A1) { B
]" mnmw __~Maxinm working volizge delenmined by weing 008 CYAmeMr Wi
e pi )

Rl e e e A o LT B VRS TAPE B
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Custom Applloat!ons —M\—z-tronics, mﬁ.

Listed ars just some of the options avallable:’

Current Sensing Shunt 4 Terminal
Moided Aluminum Housad Flexible Leads

Surge Gapable Flameproof

Compesnaating and Temparaturs Sensing

Fusing

Matching: Toleranca, Ratio or Tempemture Cosfficiont

Hesactance Gontrolled
Speclal Inductiva rasistors
Non-standard Valuas

Conatruction Options:
Slicone Coated

Epoxy Molded
Aluminum Housed

Lead Options:
Axdal
Hadlal
Special Matariale
Spacial Lengthe

ORDERING INFORMATION

Inerganic Cament Coatad
Ceramic Cora
Flberglass Cors

Fomed

Lugs
Surface Mount

WHERE TO ORDER

1. Style & Wattage

2. Fesistance Yalues -
3. Tolerance

4, Packing

Example:

Fid

K-tronics, (nc.
PO Bax 43069

Blabae, Arzona 85803
1;::,#:“ (820) 432-5388

(520) 492-3354

Allipformation contained in this cetalog is subject to changa or modification at any ime. it
Is tha customer's responsiblitty to verify the sultability of our products for their epplication.
K-tronica will provide samplea for evaluation upon request.
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Packaging Methods —yw—z-rtronics, INC. | e

|
Packaging Avallable: :
Polysthylsna piaatic bag {(axial resistors) Tape and resl
Bulk pack and layer pack (¢eramic realsiors} Ammo pack
Magazine pack {kubes) Custom packaging upcn request
| . - : ]
Axial Tape & Reel

Feel to the latest revision of "EIA-298"
Other tape spacing and piich avaliable on request

a e L - NGt Unite pae Reel . = - qac o] s b
TR —— W] L1 i
b & ‘.i‘| Hm" “‘."-'r:'_f'.f? ﬁv"i‘- F"ﬁw‘f" Lt Rt IR el i e

WWH, WW1, WWtA, MA1A 3000 4500

WWZ, WW2A, GF1, GPZ, MR 2800 4000

WWa, GP2 2000 3000

WWIA, 750 1500
750

Surface Mount Tape & Resl

Fisel to the latast revislon of “ELA-481"
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Low Resistance Resistors _‘W—z-tﬂnlﬁ!& INC. ‘ -3

i Application
Senes M H Current sensing circufts,
instrumenta, power amplifiers,
r—‘ﬂ A== D regulators, switching anx linear
%m+ pover supplies
B Features
Metal slamant rasistors
Excellent load [e siablllty
. ! Inhera non-ind
Series TMR H;,m“i".m.u.“"“"..uu
Two or four terminal
Low tempersture cosfilclent
F—* & o Tinned copper leads - 1 Ibs pull
ke Melded bodies
8 ¢ Electrical Speclficatlon
Power Rating: 1 to 10 watt
Power Derating Realstance Range: .005 to 0.5 ohin
1 Tolerance: 1% to 10%
1 Tem Coefficlent:
E Serlas MR: 50 to 400 PPMYC
! e Sarles TMR: 40 PPMPC max.
s . Max. Oparating Temperature: 275°C
# B0 Dielectrlc Strangth: 500 VAC
Short Time Overload:
g L;:;:; o 5 seconda et 5x Rated Power
Insulation Aeslstancs: 10,000 MO dry
=% it g | & . .
' e a8 " _
) 1 10,1 T 136
HR1A 1 21 0.1 AT JA18
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New Latchup Mechanism in Complementary Bipolar Power ICs
Triggered by Backside Die Attach Glue

1.A. van der Pol, J-P.F. Huijser”, R.B.H. Basten®

* Wgfarfab AN, * Conssumer Systems Nimegen, Busail: Jacob.vanderPold aym.rc.phitipe.cons
Philips Senkvndintors, Oerstweg 2, 653AZ Nimagsn, The Nuheriands

Abstract

It i shown fwt In complementary bipclar powar K02 latchup can ba cansed by a thyrisoc formad Try the V-PNP
power trenaletor at the frantsida of the die end & Ag-fied gine dis attach af the backside of the die (zeed ta provide
a good theomal costact hetwen the dle and the Cu-heatsink. The thyrintor is triggerod by sauration of the V-PNF
power tamaistors or by Borward binxing the backsids dlode between Ag-filled ghue und p-type silicon, The clfect s
strongly mperature depeadant. |t eam be ollminated by either leaving the beokntde Soating or by applyieg backede

metallizasion. Consequences foc Imehup qualification teating aro disvurted. © 1999 Elssvier Sclence Ltd, All right
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sign and ixyoot meeasres aro lakea 10 prevesd luch-
op from coowrring Hke the use of goandrings, Fmit-
Hon of bipalar trasslstor wtastion comants snd by

Bipalar power ICx are afes packaged in Single-
In-Lino (SIL} powsr pacicages whare the low-dopad
paobstrate is attechod te a copper (Cuo)-hassak by
8 siver (Ag)-fillcd cpexy gloe o achiore low ther-
mal resistance value, In the spplication te Co beat-
sink b generully contacted o the proond poicotial
(st oy e p” wobsivate).

DO327 [4/00/5 - 308 Buat seuisec. © 1998 Klarvbar Sracm Lol All righes rewavod.
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Esnmring both V-NPN ind ¥-5F §
ml-. I L.,..-M 13 -'m
spl Liyar oa top of & 375 pm thick 4 Cam p-
mmmﬂ botwans dliferent 1 opl bluads
I achieved by doop-PibutiedP (DPABE) junctica
isolation, The base of the V-PNF irmasintor 1 formed
by & N (NW) dilfuesion in the a'-epl Luyer sad the
transistor lanleted from the ™ subsirate by & deep be-
thed-N (BND) Jifkusion, see fi3. 3. The bipoter g
Ty of thn active V-PNP toasissoc T1 formed by the
EP-(N'W/a"-ap0-BP diffisious, the peraskic V-PNP
tansiwer T3 forned by te BP.BND-p-sochetraie
ad the pacpaids V-NPN trassbx ‘T2 formad by the
(NW'-apd)-BR-END diffasiom, see fig, 4, typlesl-
1y equal 60, 120 xnd 11 respwotively at 25°C. At tha
and of the peootss all o-doped diffusion txyers are

e balld in & 10 jin tek, “znnn*ﬁ‘-' g

LA, vax dir Pol ot &,/ Mieeoalecivonicy Rullaiiiity 39 | 1999) M350

removed from the backsids of tho dic by s wet sil-
con eiech wsing & SHZ spia stcher. The parpose of
thds ia 1o slimiseto wrwented po-diodes that may be
tha soera of misority curler {slectran) injection
whew the pubwrxte poteotial is Efed a.5.dos o ssto-
matian avents of the Y-PNP pawer transivior. ‘Thess
injected slevtrons may disterb e propes Daetiosing
of e circalt,

T uirmian

M !

A i wpecy 1o

wlapinak-

Fig X Schomptic visw of o cross sction of the com-

playentary bipolar IC showisg the V-FNP
m-mﬂmwaﬂhf
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Tha ECs arc swbssquandy packaged In & SIE~po-
wer pachage. Herw the o7 subsitrte backaide s at-
tactand to & Cu-hiatsiak by 8o apoxy ghue contilsing
Ap-fillens W schisyy kKw thrmal resizancs vilees,
2cc 1.3 aod 5,

MF’I-T..::II\J-I "'"gna.: : A v

Ag-flled ghos Inyer also can act a3 the emnitter of 3
parmsitic NPH tramalstor (T4 io Sy 4) between the
fromvide and backside of the die whem the the p°
mubtirate acty s the base asd tha desp busisdN
{BND} schetion of the V-PNF transixtor s coltetor,
sca fig. 4. Fig. & shows the bipolar galp of ths trwr-
istor as » function of the emitter gament for & small
fast srociore. Desplis the very thick bess (= 379
jm), the NEN gain he renges from 104 0 10% mt
22°C. Nota that the by, sealea with the collactor stes’
in read eircuits by, valuos mp to 0.5 have heon obeer-
yad, Now that both the diode and the NPN charsoto-

on tha wafer tackeide.

ER=-R2T-C 3THA
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As shows in fg. 4, the pacasitic NFN transistor
T4 forma in cambination whh the V-PNP trasaistor
Tllthyﬂmhnmhhnﬁendﬂwm
of the die. Ax the parasitic V-PNP has high gain,
nydmrlmpphhllrpﬂmludﬂulmhnp

binsed snd slectrons ace imjectad Into the schetraes
wd collected by the BND-Iayer, s fig, 3 sad 4,
Tl couzes a voltage drop scross Ry whieh forces
pacaitic FNP [panalsior T3 o awich oo, A cument
naw flows from the eaibier of the V-PNP' power
trastsimnr T to the solteon via T3, caasing 2 vohte-
g drop acvois By, When this voltige exceed the
forwand voltags of the baciaide dinde, the parasitc
NPN tanshior T4 may resnin conducting even
whes the V-PNF setumtion svest Is over, Paaltic
NPN trasadsior T2 than stacts W0 cpevate In roverss
xnd a8 & regult the ooflector cxrrent of T4 will st 1o
drive ransbstor T1 and a thyrixtor is befag boild-up.

Cwo wy to trigger the tryristor is by forcing the
Co-lumtsink to 4 segative volisge awd dnn forwand
blasing the backxide diode T4 and fajecting slacivany
into the wubstrata. In table | typkal tigger comoon
ara shown for & typlcal peodvct in this secdmalogy.

3.2 Saturation of V-PNP uansiitory

In & resl mmomotive spplicxtion, the tyyristor
oam be triggeend by severs soation of the V-FINP
power iansistors. This ooows mguisrly dwisg o.g.
s Sagine sbirt sveM of & sir where the sapply wolta-
§e cax drop a4 low a 6V, In thiy capy w large hole
owrent is injootad into tha tow dopod pr-subetvae re
muitheg In & slgnificent Hifting of the substrom potes-
tal, Conségquently, the backside dods T4 o faremnd

Backalda  Dis attach Ha Buchaide

treatment NPN  liolup imig-

S| wafac . T4 pocourTent

Exched  Ag-fliled 0.E10% 120 ma
EpiRy

Bichads  Ag-filled L7107 S0mA

HNOY  ooxy

Gelnded  Ag-filled 03- 130 mA
spaxy KM [

Bichad TillAg 30F H3A

' baskalia

mataliiation

Table 1z Gain of the parssitic NPN T4 and hetchup
trigger curment at 25°C fior 0 typicel product
in caeo of injection from ¢ backside diode

. danrinfig’§ and for variows dis atisch

m:pmmml..uhqﬂlm.ﬂm
Mhdmnﬁmhhhh-

thee: guin of the bipolers mod the deop of dio-
hmwmwﬁslhn
thax for our typlcal prodwat lasolup will occwr fir

T,

£Ae2-827-C 3708
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4 Tcairation of tae backeide triggersd Intchop
mnchankin -

Tham caist sevaral possibllitien % provent the
shove deacribed ncimp meohasdsm, The first is o
thsconoect the Co-heatelak fram the ground potea-
tis] thacebry forcing the wmitter of T4 1o be fosting.

This can bha achioved by either lsaving the exierasl
bestsink «o wiich the Cu-beatslnk is xitached floa-
ting or by placing a thim siacizically baolatiag shoet
botwesn tham. Thi1 s & vary robust solotion bet sare
mast b takan not 00 detarises the tarmat impadancs
characiecinics. The secoad ia ta use wa Isolating cpn-

xy gluo insead of u giwe comalaing Ag-fillers.

{2} The lag I(V) charactorlatics are

carreapand
shown o G 10 asd & can be claarly acen tha the
diodo forwsnd voltage ia reduced w shout 03V,
Purthermore, a8 the Schotdey diode is 3 majarity

Pig. 5 SEM cyous seotion sierwing a) the backade
of the dis, e 100am thick TINIAg backeids
metalBxtion, the lcr'mﬁ-.t sliver filled
spaxy glue Inyer end the copper beataink and
b) In more detall the backeide die - TREAg
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.!. Impact ou latciinp qualifieation terting

Ontr reuzts clasrly suggest that & sursher of im-
provements are required for the lechup tegt procedu-
re of (medlom) power Koo Firstly we pecommend
that during the maodsrd laichup tost procadues the

backside of the dis (or sy leadfinger thet rmales

elsctrical coatacted & the dlapad a3 is e cass of

bably ahould bo >3)0mA,

ratee dependoot. It cam bo climiniexd iy cltber [oa-
ving the backside floating, thes «llmdnaticg the pars.
stic NPN, or by applying beckside meiallimion
which stroagly radneat the bipolar galn of th pars-
sitlc NPIN.

toating

Counsequences fix latchep qualifiostion

are that ducheg the sandard bociop test procedurm
the backeide of' the dio (or miy badfinger that mbke:
dlectrical costscied & the disped ik In tha case of
cartxin mediom power packige) most be contacted
potontial, This b curremiy ot presoribod
in the cxisting Ischep st ypacifications. Farther-
more i would make ssasa to o sdditional tagt whomn
the [ninkep trigyer aurent i messared wiils |[ajec-
ting Erow the backalda diode (sll m mexiomum sppll-
cation termperstnre).

7. Raleretees

[1] RR. Trovtman, Latchup o CMOS wkolmology',
Klawar Acsdeanio mﬂmﬂﬂﬂ

[2] SM. San Phyrics of Semicondocior davices',
2ad edition, John Wilsy & Sons, New Yﬁﬁ.
{1981)

RAB2-027-£ 2708




material
innovations

mer film's thinly veiled
n disguises strength

Hﬂ'spnnihlnfnrs product to be
considered & breakthrough tachnology
four decaces removed from i first
application—and Speciatty Coating
Systems (SCS) of Indlanapolis doss—a
thinky vellag polymer fiim known as
Farylene coating is on its way to beoom-
ing & ket trend for autometve rmanufac
turers interested in providing 4 reffable
measune of prataction fer components
wpesed to the harsh envionment of
today’s sophisticatad sngies.

For yaars, the compary says,
designers have eaplored varlous
options for protecting electonic
engine cayices, ncluging protective

housings, liquid ceatings, &nd encapsu- -

fatlon. Unsealed housings alsa have
been examined and proved ta be
argely inetfactive, zilowing contami-
nanta and moistum 10 faach Imto and
damsge aritkcal devices. By oomparls
som, viscous liquld coatings posa -
machanical chaliangas due to differ
ances in tha thermal cosfficient of
£xpeEnion, which axist betwean any
oating end the device Hzelf. Thia
canditlen often results In fractured
laaes and Mmechssncat damage. Encas-
sulated parts may alksc suffer from
simllar thermal enpansion problems, as
wiell as poor heat dizsipation.

In 1ts place, the vecuum-depositad
pakymar film—First discoeed some 40
years ago by Unkon Carbide Com—&
galning recognltion with omponent
manufacturars, primanly because it
passessea qoodd bamrier properties in
eXtramaty thin layers, SC5 says. Proved
effective in numerous avlation, aaro-
space, and medical devioe applizations, it
resists chemmnical stteck fiom organic
solvents, inorganic reagents, and acids.
The diehectric strermgth
2 layer 25.4 wm (1000 pin
greater than 5000 V.

chammgf gas phu;e

. Thets 13 na liguld phase
In the process, and o catalysts, sohents,
or gther envioamentaily restricied
materials are requined. The average
cures] thickness of & corvertional liguld
winfermal coating is generally in the
range of 0,005-0.010 |n {0.13-0.25 mm).
Aat surfaces are often treated at that

mhmmhmﬂfwmﬁngm
EpuvenDanioar

as this SARAQYr.

thickrwass for hard-to-reach applications
such A outside corners, Sham points,
and around edges.

Complets protactive encapsuiation of
an ohject i actileved with a Farylene filrn
thiciknmss of 075 um (30 pind or less.
Pecause the coating 1s nonliquid, it doas
nat pocl, bridge, or exhibit meriscus
propertes when applled to surfaces. Film
thickness vares IMte fram point ta polat,
whethar maasured an planar suefaces, in
CHRYICES, o an cutsidz corners. In
addition to its dietactric and barrier
propertes per unlt thickness, Parylane
coating offers extratng chamical Inart-
ness ard freaciom from pinholes,
according ta 5C5. Parylene is eastly
deposited on such diverse substrates 43

ST 52



o material innovetions

silicon, glass, metal, paper, nesin,
plastics, ceramic, and farfites. Its
mechanical damglng and inading
effects are minimal due 1o its
extrernaly low mass.

The Parylere raw matarial, di-para-
xyhdene dimer, s a white aystaline
poveder. Dimer is first vaporized at
approvimately 150°C [A00°F) befare
belng molesulary desved or pyrolyzed
In a second process phase gt ahout
GB0*C (1250°F). This forms the
diradical, pare-xylylane, which k
introdued it the roam-temperatune
vacuun depostan chamber a5 &
monomeric gas that polymerizes
evenly on substrates.

Substrate temperatured remain at
& near-ampient level in this gaseous
process, and the coating grows as a
conformal fim on all exposed
surfaces. There are ng cure-related

single operation at a typical rate of
0.200 pindh (5.08 pmh).

Farylene coatng axists in four
vanations known as N, C, D, and 5C5
Mewa HT. Each of these polymer
precursors has 3 unique malecylar
form and particular strengths. They are
all apphied in the same manney, with
miner differences in the mte of
polymerization. Several benefits exist
with each of the vakations incuding:

u eralse of its

IN & MOncmer

the highest

pen ng powwer of the Parylenes
and is able 4o coat relatively deep
recawaas and blin

A threa-step provess [t ysed by 505 o progiue Pos3Esses 2 chlorine atom an the

Parylene. bergena ring, giving this variant a
campination of electrical and
physical properties that include very

hydraulic or fiquid surface tension forces  nthe vaduurn chamber and can te low permeabllity to moisture and
In the Parylene coating cycle, corfrolied accyrately to £10% of ja finel

Parylena thickness b related to the thidkness, Flm thickneswes fram 4,0-3000 %m
amount of vaportzed dimer and dwell tima i 40.1-78.0 pm) can be appled in & chicrine atoms on the berzene ring,-

A2 SERTEARN 2000 il

« EIC Power Supphas. 43000V 1 100 AMPS

MUSTANG |

DYNAMOMETER

Wi Mmus Esmgdynes. cmam
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Real efficiency
at a reduced size!l...
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embedded controls software dﬁelapment tools
everything from one integrated environmerit

automatic production code generation
hardware-in-the~loop-simulation
rapid control prototyping

optimize your software
reduce development time by up to 50% .-
rely on our experience - 7,000 systems worldwide -

*yisit us at Convergence, mention this ad,
and receive a FREE GIFT while quantities last

contact us at www.dspaceinc.com/aei.htm
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28700 Cabat Dria - Suita 1100
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offers increased temperature performance compared to
Parylenes N and €.

» Extenged tamperatura Tange—SCS Mova \-[T, a proprietary
fiuorinated Farylene deweloped by 5C8, has advanced proper-
ties for demanding apelications requirng higher temperature
performance and resistance to ultraviolat radiation,

One of the earlest autemotive applications of Parylene was 25
a coating jor a pressure senscr wsad in manitaring the airfuel
mixture In intake manifolds, The lydrocarbon resistance of
Parylene film in & very thin layer allowed the delicate eleciron!c
censors to corminue e operate accurately

The materlal is apprapriate far extending racing £ngine il
pan and vaive cover gesket [ife. Frequent disymembly of racing
erwjine carmponents leads to gasket damage, as doss nomal
tharmal cyding,

Fandene has been key to the perfarmance of mary space
craft components, Including elernents of the iars Global
Surveyor spacecraft camera, the International Space Station
vision symem, and the jon engine in HASAS Deep Space probe.

Patrick Pontical

Side mirror foam
from Schefenacker

An extRrior mierer taing foam for the structural housing i
A ightweight schution hes detwuted on a passenger vehicle
in Australia,
*Foam supperts the plestic surface snd unltes the twe parts
together with Mo fastanars, making h very rgid to withstand

rkix fomm-Filied extevior mirror weighs 20-30% less than 2
comventions one.

(l #  iect the needs of next-genarelian
1echnologos Saing ueed I Iochey's

The alternative
you didn’t know
you had.

Frogucts Groyp — e gaftch
marutacioe hat pushss al
tha right bultone,

Wi Tz angyineand who truly
ooliabonade with you, sharing
produst-denign  Insight and

axpm'lha thel help you avid
problare ek on Solld R&D ta

adomoblies, trucka ang buser. Custom
solutiare — prowirsd and molded azsambioa,
sloctro-pomponent oemers, ergonomic and alac-
1rame owitchos = st eduasd your deelgn 1me and
sascmbly coata. And precishon production around
the workd, or reliabie. Wgh-quelity ssitches whara

and when you nead them,
To \earr more, aall M And realty be

in the know,

MARQUARDT
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vibrations,” Rob Gilbert, Regional Managing Director-The
Amerias for Schafanacker Imzrnatlonal, sald during a
technolegy showcase evert at the company's Marysville, M),
extarior mirer manufacturing center,

Without the usual mirror frame's structural elements, the
foam version weighs abourt 20-30% [e=s than a conventional
side mirror. * Uldmately, although not a reality yet, we Iintend to
makg the product for less money than todays production
costs,” sald Gilbert, 24ding, ™A%’ e alresdy QUOting CLSTOMES
in North America, apd we anticipate that North America will be
the next market [mroduction.”

Second-generation technalogy will use & foam bracket
base, which sttaches to the vehide. A third-generation of the
foam-fllked frame wili replace the molded, painted exteriar
with a colored pressure-formed film, which is attached and
supported by the foam. "S5a we'll have a foam core, and &
colored ervizenmentally resistant exterior fim surface,” sald
Gllbert, noting the third-generation product s likely to be
seen around WY 2007,

Schefenacker clalms about 8 30% share of the world
autemotive Imterlor and exterior mirme market.

Kami Buchholz

Leatherlike
coverstock material

An autcmotive Intarior materlal dascrbad as a breakthrough
by the company that has axclusive rights to market and
make 1t In North America can be wsed for seating surfaces as
well a5 door trim, instrument panels, steering wheels,
coracles, and shift knahs, A comfortable feel with good

Cenaclian Ganaral-Towsr's new intertar coverstock is
desigred far usa in irstrament pans’ ang other appifeations,

meksturg-absspllon
and rélaasa aroper-
flet moke the
Canadian Ganeral-
ToweT L\d, polymer
the most destherlike
nonleathar materkal
avaifable, aczording
to the comnpany. 1t
wil: be offered as
bodh a PYC and
thermoplasth
polyoletin coverstock.

Canadtan General-
Towenr was granted
rights for the product,
from Tekyo-based kismitss Technofine Co. Lid., which
Intredused it o the Japanese sutomakers.

Te maks the unique converstock, naturally coourring organic
materils are praduced in a paterted process and combinad ol
with spedal resing. Good mosture abscrption and release 7.
properties reduce damminess, providlng comfort and func tion-
dlity close to those of the natural materals.

Patrick Ponticel

The polymer is the most feathes
fika of nordwather material, suys
Canadian Ganeral-Towsr.
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Trip Report
Focws—No Crank

Melbourne, FL
July 11,2001

Adendees were Horique Ganderis from Eavlico, snd Jim Ogezely sad Cattry BEsnsck from Fonl. The
schnicisn at Eally Fard waz Kaevis Philltps, Master Techpician, The sam wodked on the vehiche on July
9 and 10.

Prigr to cur arrival

The Focus waa locaied al Eelly Ford. It had & no crank repart. Esvin steted that the velinls was sat
parchasad at Kally Ford but st Palm Bay Ford, The vehlcls wax fing taken to Palm Bay Rond doe to a
check sagina light Palm Bay Foed did sot look at the vehicle, ad the owner continoed to drive the vehicle
for s week. The vehicle no lvagar oparsted while deiving in the city, and it wes towed to Kelly Bord.

The teckmician could n<t gt an odometer reading from the veldcle. The teclmician repiaced the PCM,
homever it waz not the corract PCM for the wehicle. This PCM wasx fiar a aplit port sagine, If the
exlmician cowkd nbvin sm odometer reading, ho could gt the englae to swrt by going through s procedure.
He would bawe 10 download the yohicle configurstion Isio the PCM and then it wonld start. However, once
the veldcle wan turnad off, 1t wonld sot turn on. Has slso statnd thar ho would have 1o sbyot ottt the PAT?
{olegtramio sedurity) through a breakirut box. The thort would typass esaarity,

A third PCM wes installed into the vehicls, The sogine would aok start. There wan wn odomede: repding.
One weak prios, the tachaiclan waa instractsd to pil all vensors connected o Vref. The cogine wonld stll
oot siErt. The vehdels wis porchased back from the cuestomes.

Team Pregent ]

Cothy and Enrique arived at the Kelly Ford. The car wookd not start. The DF reasor wan disconnectod,
yet the car would et start. A jumper cable was installed to meastre readings, The power spply input wis
moding 4.3V, while the ssnsor rending was 194 m¥. The odameter was blank. The snsor wos
discomnected and the odometer read 4785 miles.

The seusor pit-pin Reslstancs measurements ant a1 follows.

Powee to Ood: 1569 ohm
Gnd & Cuiput: 374 Kobm
Power (o Cutput: B74 kohm

A beasor brought froon Kavikeo Pactocy bwd the foliowing readings:
Power to Gnd: 4.3 kobhm

G to Outpit: 12,3 Mol

Power to Outpot: 12,3 Mchm

Tho harmess withett our cessoy had & rending of 5 Volts g Jspat i oo segecr aad the cotpot ins was. -
mading 5 vols. The hatnees did have  pull-up peadsior of 4.7 kobas A oew sens0r wan Insilbed however,
the vahicle sl did not start. ‘The original sensor was temed for cumrent draw on the dmock. It pulisd 30
ok, which is the omxlmuns readley the drck allaws, A seasce from the factcry war teated end had &

reading of epproximately 7 mA., The origioal sensor was dotormined to keve & problem.
Firn Qygezaly errived aficy fhe ganser was dateroroed fo bave & problem.
The techniclan cams with the NTiS (New Qensration Start Tegtar), He wit aow sble i commusicats with

the vehicle. Ervin is only atle to comtmunicate once an odometer is prosoat. The PCM had ite odginal
programming code In it, which wea not the cags with the 2" PCM. He davmloadad the stror code but it
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wia associated with a fona] il sensor. Tha eepsor wes disconpeceed. The senser waa reconoecsed.  He
cleared the code. 'I‘hunlimdiduptm The vehicle wis pulled ibto the shop, doe to & rtorm wriving,

Oece In the shop, he connectad the car's computer K andtbar plece of aqulpment, bt wea nivt peadad
becure it bowd ity oviginal mods, The techmician sisted that wn eogine no crask was 5 new probles. The oo
cmok waa assoclaied to s tranemisslon sexsor that bad ity connactor off ax well, Ouce the tranonioion
mnsor waa coznactsd, it would start. The wehicle now bad a 3% POM and & saw DF sewsor. “The vobicle
weat turned off sid on several Hunes with sg problenis. The othes mochemics wero amazed that tha cursed
wehicle was alive.

Tho original PCM was isstalled and the Teys wore re-progremased 0 maich. The vahiclo sterted. The
orlginal sarbor ws tnrtalled aad the odameter wout blank sod the vehicle did lllm-dm:tmumk.
Once romoved, the vebicls would start, _

Tha new sangsor was installad once move. An oscillloscons wis conseciad to Gind of the samsor apd chasais
ground. The oscilloscope waa opecated 1o battery mode ta ander to have & dostiag Gnd. Thare wors no
floctantions in the vigoel, Nex both the 3 volts supply md tho output of the scosor were dlsplaysd on the
csciTlosnope, The vehicle was tmmed on and off scveral fimes. mmmmmm
o] hendlighty were ol hored ot No ugvasssl wignaks swene neoandsd.

The sospect sensce was then placed inko 8 Gramd Manquis. The velnele staried.

‘Tha Focus was taken fivr 2 teat diive with the odginel PCM aod nerw sensat. The toeraln Whin mwtly fist.
Tha oaly incline taken waa oo the caasewsy. The vehicle was driven for 15 miles, The xm would pull
the vehicle over tam it on snd off soveral thnes to try to induce & failue. Hard sccalerations wers also

attcmgiod, bt i) fiilors W geacratad.

%ﬂﬂmmpﬁqh?ﬁ. The Parta and Servics investory was Iscpectad £
date endes cariler than 1815, All ensnes wern of & Laer vintage. Ford stated that thay wonld sfiempt io
Piuco this seasor oo soverit vehicles to detarmins iF they are sagecptible & ¢ thort
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Freeland, Mark {M.)

Yemt: s, May 10, 3004 11:67 AM

ro: ] mem

Sublect RE: 8ix Blpme TMDF Die Improvenmant Astiana
Mark,

Lima has re|sctad ovar &) paris for falling thelr end of ine test. It appesrs that the volimgs as measyred in
A/D counts |s out of range end in some casgs as high as 1023 counts.

"The sensors Wwara given a qulek chegk &t the FMEI dept et room temnp and the readings wees normal on afl but
1 eansor, which waa ratiimad to Kaviico. Al the other sensors are still with lan Crawley.

lan is planning on taking & irip to Lima at some point & ssa how thay are tested. The stvategy thay are using
on tha stand i lewving the valve closed for about the first 100 seconde of the tast, applying full vacium to the
valva for 4 seconds, and looking et the sensor output, theh retuning the valve to the closed poaition.

lan fs aleo planning on reviewing the hot tast stand strategy and callbvation with the hot teat enginear.

- It seems Cethy Bengek s having similar ssuea with the 3.8L Esgex angine,

At the moment, | would hava to say the investigation hae ylelded no resulis, but mora invastigation ls nasded,

Regarda,
fow Weanes
James B. Maurer
-Engine 8-8igma Team Leader

- Foel Metaring Dapt. V Engine Englnesring

Phone (313) 380-3872, Fax (313) 280-40684
Text Page: (313) 795-5210
Emal: jmaurer@Ford.com

—{rigimal Maosage—

PFromm Fromiand, Marx, (ML,

Senta wmm,mmam :

Tm Maurer, James (1.

Subjact: mmmmmwm

Jim,
Do you know lan Crawtey? Could you follow up wit him to find cut what hes transpired about the Lima plant

T retumet
Thanks
Mark
—Original Newmas——
P Don Ayara
Sarh Mornbey, My 07, 2001 12111 PM
Tor Bob Wallol; Mark Presland {E-mell)
(= makinefiord.com
“shjac RE: Six Sigma THDR Die Improvement Actions:
Mark -



"I high nsrmber of plant rstuma you noted are mainly from Lime Enging Plart, Wa have had a few from other plants
from time to ime. The anaiysis of tha parta from Linma at aur facility heve shown thom tobe THIL | beleve lan Crawlay In
tha EGR systame group has basn working on determining the problam at Lima. Yeuw may want to comact him.

Hegands,
Jon
~—Criginal Maseags—-—
Frome: Bl Wielal
Eant Thursdey, Mey 03, 3001 Rd48 PW
e i Eroniand,
[ Wk Ford hloks' Co (E-mall)
Bubject AE: Sk Sgma TMDP Die Improvement Actione
Don,
Howr would you anewser Mark's question?
Bab
-=L)riginal Mass

Rge—
From: Fresland, Mark (M.} {SNT P:mireeln1®ford.com}
Bant; Thureday, May 03, 2001 500 AM
To: 'Bob Welkal
Bubject: RE Six Sigma TMDP Dia Improvemernt Actions

Thanks Bob,

Can you give me the story on the angins plant retume, thare are a kot of theml Has anyone from
you'ra shop had any discussions with the plams and f so what have we lsami? :

| abso forwandad the info on the retumna to Jim Mewrsr.
Regards

Mark Fresland

6-Sigma Black Belt Candidate

Phywics Depariment

Ford Research Laboratory

P.0). Box 2053

MD 3028 - SRL - Room 1517
Dearbom, MI 48121-2053 USA

cmzil; mitechn] @forlcom
Tel: (313) 594-7645

ER22-83T=C 3887
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Eresland, Mark (M.)

From: Qates, Freaman (F.C.)

Iond: Frtay, Nowembar 30, 2001 11315 AM

fos Gates, Freaman (F.C.); Frasland, Matk (M.); Johraon, Jea (J.H.); Akins, Mary [M.); Vamar,
Caral (C..); Owsns, Karen (K.E.)

Ce: Schiading, Kurt (I.J.}; Kleatermeyar, Ken (K.0.); Glordano, Mika (M.A); Popcff, Danlal (DM.);
Hermann, Thomes {T.4.); Alles, Sheran {8.A.); Kunde, Olat {0.}

Subjact AE: Fairlare Ford Focus w' mulipls DPFE senscr meplecamants

Wa were succassiul In securng the vehice yar the woaekend for further analysis by providew the customer
wkh a rental. Sharan Alles and 1 will be plkking up the car eardy this aftermoon.

Frovame aivr

Sanlor £GN Sysiame Tachnloal Speoialiet

Tal Fax (31

R o

—Original Message-—

From: Giste=s, Freeman (F.L)

2ant Thirstxy, Hovember 29, 2001 3:17 FH

e Fraslnnd, Mark {M.]; Johneon, Jow (.H): Alns, My (M.} Vernar, Caral (C1): Owana, Kanan (K.E)
L+ H] Schiedng, Surt (K.1); FKoskermayer, K (LF.]; Gordano, Mike (M) Popdlt, Danial (DML}
Sulrjach Falrisne Fond Foouss wi mulisis DPFE caneor replacemats

&

a result of tha spaciil esrvice massape wa have intlated to tha fisld, I juat got & call from Fairtans Ford on
Michigan Ava. hara h Dearborn, This vehlcle has had 4 DPFE sensor replacemsnie, al P0401 codea ML
only, no driveahilly complaintz, The mileaga and dates of fepair are as follovwe:

Aug 7 e155mi.
Oct 2 - 10,838 ml.
OoH7— 11,816 mi.
Today - 14, 753ml,

The vehicie is still at the dealer awalting Instructions for disposifian, Addlilonally, the servica 1ech. has replaced
the sensor agan (4th} but came across the spedal servica message and declded 1o cell before he gave the
vohkla back to the customaer,

Sinoe the fefkura intetval |5 very short, | am tempted to eupply tha dealer with the revisad sensor {antH-lateh)
~ and keep frack of the performance, Wa aleo potentially have the aption of looking at the vahlde $o examine
e wiring ate._. to suppliment the work that has baeh dane on the other "buyback™ vehicles

ANy commentsT?

Frasumy Galer
Hankn EGR Syeiema Teghnical
'rummﬁummw

FREE B C-130 CW-173



- Pagr*of2
L] IMERDSITTAS 4L Vil Lt Cllaly - TALRUSEAPLE (I 85 [00-E2] Eng Serisl Ko *
Ml Pomt1 2000 Mkt Dachwsd: Ol - LAl DIYIGON DERTYATIVE Belybbal: *
T Trpw C Dhvs Coda CiA-« TWHL LT U TTRIVE Eagine Ll - 0D 3.0k, DOHCER RA s O"HAAD
Moy Dulers 1013 Bady % gl CPA -4 DOOR SHNANALITE Trosscimben COX -4 SMD AUTO TRARE MAAD AR
Yelow/Eralon: i - SABLE B VERSIWNT

BUILD INFORMATION:
Raghow: Hi - BNANG ety u-Mmm
Cailnixys URA - BN Prod Dt Y7-TAN- X0
SALE INFORMATION:
Boglvay  MA-ANHWAN  Bating Daskur: 15 *
Coculrys TA - BN Exfing [Br ATrer; GA

Bayer BVTrem GA
Arvival Patm JF-JANSIN0 Bed Cxigel Lanm: 7
e Thatug D1TLAA000 FieetMerall Co. Lusm: K
Warraaty Suzt Dete 91-TUL-J00 Risdifled Valddcd:  *

 Dnlg Wareandy Bukes O8-TUL-M0D Runcqulrad Vablade: ¢ Vikide Enpart fimg: ¥
YOC/EQC;
1 2 2 = & ¥ -& ”
ESSTMELLUIT & T 33 IaMT IEN LRI T W PfE AEEIE 4 W™ JHE ]
DEFT & . mRA T n
Intipz/ferww. quatity.ford. com/awa/cpi-binfghy/vehinfo pl 0211172002




B Coline L L .

R Cormageihillaly ¥  Easbibih Cort Type! r

B Cavarnge(Tiosh * EmimbenDacelBulltn  OD§

ESF Flon Tooe: ¥ Fugiu Facliy: TR VIIVEE
X Bignidwrs Batsr

§ quﬁwjmﬂ.mhwdﬂgihnﬁlﬂmfu.pl 0271172002




3L -

. Ve Infonuation Repost * "vlof2
- . - . E ‘. Lt B - .
- Vehicle Information Report
VI [FMYGOIKBESTS  VehEims Tie) - ESCATE(UOG[I0M]  Beghcthlle: JIGL0BT
Moddd Yer: 7001 | MukmDatvds  TR-POSD VRN TRRIVATIVE Bedy Shll: . ¥,
VaTypu T Trdve s Tk -2 WHLLEFBCNTIRIVE  Engiws LE - YD 305 DORCEFTHA V5 G7HAAD -
Eav.Desler: 05556 BodyCihfiye  “DYWD-4DOKH WAGCH Yyazookmion: TH - 4 SE6 ALTTO TRANE NAAD CDE
Vople/Salss  TEP-PORD SERIEY :

BUILD INFORMATION: '
Ragltn: NA-SNNWNH Ptz AT-EANSAS YUY PLANT FULD .
Coumtrys USA - SN Prod Date 16-9EP-3000
Beghn: HA-SHMEMOH SclisgDuia 11D+
Canokcyy TBA - PHNNIN Ediing Tz St%rer: CA.

By BfFren Ca
Arrival Dwta 05-OCT:2000 End Corpet Lousn: 7
SaleDtee " 06-OCT-20N0 Wieatattdl/Cs, Lonme: R
Wicraaly Start Dater $5-00T5000 Mindifled Valalcle: .
Ouig Wearmniy Daden DS-OCT<2000 Koanquired Vebichn  * Fokdde Fzpari Rlagy N
YOO/ROC: _

=1~ 1 1 4 —5"" : = T | O ) T :
TOiAETARL0IYT K B 4 1Amisen 15 B B9E B m.lum?mﬂi Lo i 21 ’
imTL & . iz ®E T T
LY
02/12/2002

hitpe/fwrerw.quality.ford.com/aws/cgi-binjin/vehinfo.pl




. Vel Informsticn Report .
INSTALLED OPFION INFORMATION:
Afr Cauditivaing: T -MANUAE ABLCORDITIDHER VW Codi " *-UA]
Altervater Ay Kating: C GYW ChmCailc. T
AndeTisk: ».[HIA] Iivoombcions - RYA]
Aaile Rutloy = [RAT Mirrer{licira- Bk AD - DRIVER POWLE MiRRCH
dxke Trpu ¥-rray Mimep{Bengralday AD - PAYE WIWER CONVEY MIEROR
Bathry Anp Bnitngr A Pabaty PNB33-LT. FARCEMENT G0LD C/C
Bk Caiet FRAAR - 4 WHL ANITTLOCK HRAKES Prwer Anbema;  "-[MEA]
Bewke ColalBarvicah  *-[MRA] Radier BE-ELETE. PREM STRONCSTRDISCILE
Calftrmitios Cuda: SEILASIA Seond Byytoms AR~ AUDIOPELE SCUND YT
Colmiioemni - [F¥A] Smpa Tendem Axls: * - [IA]
Coilar({Tyim): - [NF4) e Basadk A - FIRESTNE
Dell vy Types: 0 TireSipa; | DAL . FrrsSifoke. 6 0w, A4
Drrbvebnd) Codst n Tractlen Cooizah  *-[AL-
Front Saalr .. Whel a1 " _[HfA]

L *gs!nfz

hitp:/fwwew . quality. ford.com/awsfogi-binfjla/vehindo.pl

021272002




05t o-ize-zoua

Vehicle Information Report

Par-1of2

GENERAL VEHICLE INFORMATION: (Refated Claims)
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