EA02025

09/10/03 LETTER TO ODI

REQUEST 10

BOX 13
PART A-G
PART A



ThENHTSA 017380




Auguat 19, 1591

Gary Daker

Texas Instrumanta
MS 132-32

J4 Forest St.
Attlabora, MA 02703

Ee: Prassurs ewitch, avtomatle trananisaicn

Dear Mr. Baker,

Enclosed you will find sheaet asamplas of Kepton® JO0HN, and
S00HN, for svaluaticmn. [nfortunately, we havs not made a
laminats of Kapton* and Teflon PFA in a similar conatruction
to thea HO0OFH1AL.

Howevar, ipltial teat=s comduocted lamt vear at Du Pont
Enginesring Test Canter in Wilmington may prove sncouraging
for uza of Kapton® alone in this spplication.

] have included the resulte an the attached page.

Bhould the properties of a laminate structure prove
desirable, it may he poasibla to axplove ways aof improving
the fluoropolymar to polyimids bond.

It I n;n ba of furthar asms=istance, plaass Tasl frese to call
me at DoDwifdmgdis,

2ok €77 +¥1b

Thanks again for your continued lateramt in Du Pont's Kaptonx
Polyimide Film.

Sincerely,

Ebvrnd C

Edward C. MaoRanzle
Sales Repramentative

* Du Pont Registerad Trademark

TINMTSA 017350A



Auguat 19, 1553

AUTOMOTIVE TRANSMIS3ION FLUID TESTIKG OF KAPTON# FILM

Tast conducted using Daxron ATF, off shelf, aocak tests at
300 dagreas F.

CONTROL 1000HRE
ELONG (%)
J0o08Y a47.4 0.3
200FR8LS9 1.1 Bg§.1
MODULDS (psi)
S00HN Jravra4d 431564
200FNB1LS 208728 2584870
TENBILE (p=i)
00BN J0847 29158
200MNHe18 c47L4 13401

OWELL: spzszantially nc changs after 1000 hrs.

Contral paints are averags of § data polnts.

All test pointa are average of 3 data poilnts.

Additlonal info regarding teat procedurws is availsable un

ragusast.

This information is aoffared withoot chayge as a sarvica %o

customerx, ia bamed on our testing and experience and im

balievad to be reliabla. Hoever, Du Pont Company makas no
; =f gaurentee aa to resulta achisved by others and aasumes no

" ckligation or liabllity in oonoectiomn with the uase of this

information, which 1s intended for use by persona with

tachnioal akills snd at their own discrsation and risk.

Datermination of product suitabllity ism tha responalibllity

cf the unar.

o LoD
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TEFLON® Fluorocarbon Film
PFA Film Properties Bulletin

Aprll 1982
. Desedd & Pewelly, Jv.
. ) Luler ol Repnanstsrn
DuPont High Perfornasmcy Films
Dottt Foritamenry Mlina :
LR, fove 21 & Dohant ol

r:._:::.:::r.'-““. . ‘

il
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[EFLON® PFA fim ks g e
a .= PFAfikm containa no plasticizers o
mmmm * Yery low pawer factor and dielectric  Other forelgn materisls
ormed, heat bonded, welded, mwmm-m + Cooventianal and
netalized, lambaded—cambined wide ranges of temperatime snd techriques caa be used for
vith dozens of other matendals, proceming; basle composition and
ﬁmhﬂﬁwml:h Wide thermal rungs peoperties will vt b fveaced
m » Coptinoous sarvice temperature: = Rigid quabty control by Du Poat
mlqrmﬂu = 2407 to +2607C (=400° to 450" mﬂm phuge, voldiree
. ey Gliwer B 8O to 310°C (572° 1 BOOAF) The cooveniatee of TEFLON
[ | urocarbon Lo easy-to-use fim
mummawm * Hat salable Eacilitates the design and fahrieation of
ind sotvent resistaet t5 vistually Al | pgochenical toughnase or of igh parformaniajoba. 1t &
paeeous Puceine, snd osctain comglex.  * Superior antiatick wmd low frictiona]  ie PSRRI S 7 TRE e
- nuch ae properties bended. antbeick
hiorioe and t clevated » High resiatance to impact and ﬂimﬂmﬂmhm’
teeaperatures and preatures. temlty . uppimﬁmnmui;pemln
. mli“'"“m“m + Usaful physical properties ot i:rbmdh:tnmnrhuﬂludum&
mﬂdhﬁemﬁwmﬂﬂu
e ™ Long thus westerability* ol & trua meltgrocesile fugrocarbon
' + Inert to cutdoor expowre 4 by the wide chalce of product
* Supariorrellshibly snd retentionof L hh ittt o alravioles
propacties over large avess of fim
. dddeciric omr
EMH for
0.02% mm fim (6500 volts per mil
for 1-o0i Alm) '
Tabial Types snd geuges of Du Poat TEPLONS PEA Sim
Ayuge [ 1] 100 200 1] 1000 2000 ] (]
Thialrimin :
mhe W 1 1 B 10 2 [ %
el 00006 B0 o2 0,008 ame  ame 0.000 f.0m
micromalery. el _ 115 . 28 50 115 0 0 1500 P e L
Appreaximsin Ares Paviar
o] 1m0 . -] 1] ] ] 45 15 1
() mEDO 120G 840 2.500 1,290 5 ne 130
mifkg » 1] ] 4 2 B 03 g2
Type LP '
B Comemitte - Ty P — - -

Firra e svaiiniie In wichha o 6 inah g 4 inchr, Sae ourment plas Hat ior wikkha by soeciic gy aad type.

*Trpa C M ot sl v aminer mon
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Table i Surmwary of propertes of TEPLOW® PFA fllm

Typleal Valus?
Praperty Tawr Nwthed Bl Uniits Inah-Feund LUinits
Torale S1rength et break ASTW D-BE3 21 Nimwnd 3000 pl
.-" Elangaton & Brask ASTM O-B3 i
L) ¥ield Point ASTHA D982 12 MPy . 1700 psi
3 Elamta Moduius ASTM Dt 430 MPa 000 pal
P Impuct Maistance Du Pem 8.2 x 104 14 nstymil
w o resamni
- 4 It tastr
Friding Endurascy [MIT] ASTMDO-Z1M 100,000 cydan
Tasr §trangthesinital Gras) AETM C-1004 490N  BDOgeemu
Ta Strengtr—Propagating {Eimandor AT D122 LTEN  TH i
Mak Point mum%miu AT-A10C P =0"F
wl
- Tharmal Canductivity CanoaFioh 0. 188 WWim = K| ¥ i + il & 0 o
E Spacifk Hest - 1172 Mkg * 028 Sl = Ml
E Dimanaionsl Sy Wi hillw % siwinkege
a2 150°C TR m.\im
Oowyger Indea ASTMW O-2083 "%
Dltmniric Strengo Shomams, ASTH D148 200 Wimm A0 ¥
b i o 23T (7R, B30 mem U Inch) athod A
g dlameer seoivode, ©.79 mm [ sch)
= recius, 50 Ha, 500 Vs e of risa
o 0.025 mm |1 i} fim .
= Ciplgeyic: Comatarit ASTM D-1BG 20 n
5 | 25C e, 100 Ha s ) Mz
‘d“ Chaslgation Faexy, ASTW D-150 0.0002-0.0007
BC (P, 100 Fa e 1 Mk .
Volure Reiathity, ' AGTM D287 »4 % 10" ohim = centerster
~LP b JOPT A0 1 ABAF]
Molxtry Abssrpiion - «00%
Pormaskilty, pas: ' ASTIA D1434 aime + Jih = e
_‘I caton ddde ’ 14 x 4H
1] niogen 10w 108
E. Loy ATwnil
E Peraasbilty. vaparc AETM Ebd gh'nlull @MoG i = 34 h)
walar 2 013
TEFLON b chuuritaly inart snd solvent ressow to vingually sl gheeriosts. ool it sfiell matsks. gasaous fluorineg,
sl St Simioii heiogemiigd comipoungy. suzh e chioring i ot Sdenkiich SO 70 DRI
| oty ASTM D-1508 2180 kg 1 134 Mt
. Corthclant at isation ASTI D4 Bhd T 4%-03
g Hnatlc Hisv-to-staal)
& Rtmactiva Incie ASTM D43 1780
SolarTrarsrniasion ASTM B34 %
= Por (LOBG rram £2 ol S nk 24P (T7°F) urven itversiics wpecifie)
1kmnuﬂnww-nn_-mwnnm
TI-NHTSA 017357
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A TEXAS INSTRUMENTS - M & C i3
COARECTIVE ACTION RETURN TD:
THIB HEBPONGE 15 DUE 18 Kan Bary WS 11-11
WORKDAYE AFYER RECEWPT PC’ e srumants Incavponad
AT YOUR FACILITY 34 Forast Siregt
4 Attisboro, MA 02703
Dﬁlﬂ: H | Im

1. Do you understand the specification requiramentis) for the characterietiole) rejectad 7 'rsuﬁ no[]
Ko - desoribs COnORM

RECEIVED
HAY 07
PROCUREMENT ASSURANCE
i the requirement la not understood, what spacitio area of imierrRadon nosds cnilicaio?
T1 print unciesr
Tl purchase order
Biandarde of eoceptanos
Cher -

2. Plexae Kentify the sctions you have aken & contalin or mit the nas=conioamencs it your taclity untll a

corractiva action & i plade. incliuda commants on invantory, iIn-trinsit matscial, and T1 Inventory. .
TT s Derm EvacuaTing fﬂurﬂ_ NEPL ATEMER | Fon THE Cread i
CekeT, QWICH S Oela  Thbnidpen s iR rAaT Do w7 i e THE
Frg MHeHD A0 SIL T USE THE ctAsre. Cadrd, 47 sl Tames
AP ALY =G ey TR ClewR WARETTRE A ENTELY | S

THU A FARME  cBhels  woice 36 N (e CoRes.  THE P

r s Mo  SrsAéeR , B SHRces CLIMNATE SRR JMiresn
CAsCh D urLraits 'mﬁws.'j'} Ay Ay THE UHSE sad TRrS Aewtiroas

THELE s e AN D oA TE FAMRVoU T o altsaeAen b &l S Reri . L g i P g d T S0
Froftn — Wite ArecrT Amm Fa Pruied An REPoite Ay Taremid L DG D st
What waa the Effscitily Date of tis contakment ackon ? /74 1./ 1992, TS D

3. Has your process, machinery or operstion baan significamily changed since this pan number was quiified
byM&C? '

Ne

TLNHTSA 017359
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4. Heva your measurennt methods or Inspaction aquipment signilicantly changed since this part umber was
qualtiad by M&C 7 Ploass suts your prosent Massasmant method,

s C HARGE - -

IPTCAL  INSPRTTIE]

me&mhmerT
Pravd<T oihs Dampeed (1 TRANS/7 - heessie Cavse . Droprsh
DJearie; SHIMING -

P

Offver than "incriaad Inspection,” what epecifio saon(s) Wi b taken 1o pravent the delect irom recurring 7
Rercice Cangpinin Copes wTH TR FLas7Ic, Cokes

What was the Effectivity Date of thie comective action ? A28, /¢/ "2

Have you suxiied or weriied iat the above corrective 82801(s) wil e eflective In oorracting th problem ?
SHeoin) EFFUBIIVE N DimicAR SITULTINS .

#f your cwent procsas or quakty aystem i no longer capabla of meeting M & C's spoolfiostions, contact the T
Purchasing sgent or Procurament Assurance Engineer .

auppuen'ai.ualr: Epuﬁﬂa & Mﬂlt[f’ TME: S -2 fgﬁmmﬂﬁi’
{ plsasa print )

DATE COMPLETED : 5_"/;!%2_

TI-NHTSA 047360
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DuPont Electronies

S
P Bon B2
Wik, Dielewent BA-001
RECEIVED
sy 21, 1982 JuL 27 6%
PROCUREMENT ASSURANCE

Mr. Kan Berry, MS 11-11
TEXAS INSTRUMENTS, (NC.
34 Forest Sireet

Altlsborn, MA D2703

Daar Mr. Bamry:

The Circleville manufachaing plert hes completed its review of the sample
returned with RDM 007745, The sample of Du Pont's Kapton® S00FN131 fim (11 Part
No, 27225-1) had a foreign abject trapped within the film laysrs. Tha plant Investigeton
réevealed thet the object was from a hydrocarbon elastorner, such as polybutylona,
Isoprens, or sthylens-propylana dlens, transferrad to the film from comtact with rolls In
tha procesy or camied by the air.

As Clrolevilin's Miks Yunker mantioned In his latter of Jily 7, our progucts
undergo slectronic/optical Inspection o idemtify opague aobjects and holes. An object
larger than 50 mils in ks larpest dimanslon ks considered & defect. The black speck
returmed by Texas instramente measured 15 mils in the largest dimension, and was not
considensd a defect by existing standards for Kapton® FN131 fim.

H you have additonel questians, or if further discuselon on speciications or our
process ls required, please call me at 203/871-7429, or wa cowld meet at your
convenianca.

Shcarely,
£ tumid €. M Kewgi

Edward C. McKenzie
Sales Representative

e

i . coe e = TINHTSA 017364
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CIRCLEVILLE PLANT

PO, B 89
Cindeville, OH 43113

cC: E,C.McEangie,Cann.
M.T.Lawandouskdi . ENF191207 . Wilm.

July 7, 1992

My, Ken Barvy
Tazas Inetrumanta
Aetlebore, Maes. 02703

Dear Mr. Barry:

Tha rewind inepection aystem used for Kapton® uses o laser to datect aithar
opafque objezcs or holes.

Tha agquipsent includea lane identifiers and lights to assiac thas operator
in locating the object that activatad the laser.

If an opaque object is larger them 50 wila in its largest dimension 1t ie
considerad a delect.

Ae auch it is markad and Elagged wo that it can be removed in a subasquant
operatiom ag the £ilm {s alit to cuscomar's ordars,

The black apot recurnsd by Texas [nstTuments was only 15 mila in the largest
dimepsion, g0 it is ot considered a defect by exiating staadazde.

1f you have any further questisnw abeut the inspection mathod or the definirion
of a defact in Zapton* film, plesse do nor hewsitate to call Ed McKenzim at
203-871-7426 or ma At 614-474-0127.

Slucaraly,

J. M. Tunker

TI-NHTSA 0173688

Cliarting ¢ Course for Excellence romat ne.ion

—_—— e m-——— = - . —_——



L] F- A
PANTS gi,?-&? 5~/ REY. 2 nff’ SO0ORS DR,

ORSCATPTION %ﬁ; B m/ou(t—.z-?z




Texas
INSTRUMENTS

Materdcis & Controk Group
Auguet &, 1992

Mr. Hamy Gumm

£. L Dy Pont
Rie. 23 South

Du Pord Rd.
Circlavile, OH 43113

Pacr M, Gumm,

At agrend during our July 31 corwenalion, | om ssnding you the Ka firvs from fou
typical broke fuld precsurs pwitch folunes. mmmmmmmmhmn:
at 135 C. The broke fuid tested i an after-morket DOT 3 fuid, Gunk Heavy Duty Brake Fuid
(Rodiator Spaciatty Co.), Wuhmw.-lmmm;pplyﬂmﬁmthuwﬂtﬁmhgh
which the polyimide ks attocked severely.

We e thves Kapion fiims stacked together cs the switch diaphragm. Tve lobeled the side
that contacts the brake flid directy. The fiuee firm ae roiated with repect 1o one
ancther. | toped the kxyea togeihar to retain the stocking and otentation,

We hape that you wit heip us undentond whot cousss the upturs of thase fime during our
cycie tesling. Llook forwand to hearing frorn yow. Thank you Tof your anistance.

Y -

et Dave Czom
Stave Offiar

TI-NHTSA 017387




CIRCLEVILLE PLANT .
PO, Hox 59 CC: K, C. HcEanzls. Comp.

Girclvilla, OH 43313 e E e

Augquat ag, L4992

Mr. John E. Boennan, Bh.0.
Taxan [egtoumsntd

14 Foradt SErewt
Attlaborg, Hessy. 02703

Daar HNr. Brasnmni

Thaniks for asnding the Kapton* Ciln Ifrom foor typical braks Eluid
peudsuce swicsh fatlures. Yeu indicarsd the 00FM1)L filax vupbucs during
cyela tapting at 13%°C. )

Taping the thres layers of Kaptem* film ussd to smke the disphrage in its
:fr:inl.nl.l. stackipgy and arisntaticn wag sxtresely belpful ia understanding tha

OuE initisl ohasevetioes of cthe Eallurm Lpdicats {1) that the film i
dasaged Ln cha same location on all thrxes lsywrw, (3] the aige of tha comck 1n
thy disphtage is abouk tha sass on all thtes loyears. The loasticn of the
failure in all four sedssblisx is in tha nams geographical arsa.

Bamsd an thass obsarvatisns, I thisk the ruptiurs iz cmsed by highar
dtrandes occurriog ac the failure site. IEf you coomld look at yourdebign end
tind anything chat might csose this localized pressurs, wes omy ba able bto Eipd
a4 soluticon. HSoms things chat might ba iovealwsd would be thicknssd tolacences
of placay used in ssgenbly, oriping predfures, or othar proosesing peczssters
that could creakw this condition.

IFf I amn be of Further assistancs, do ogt hesicate calling me at
(e14)4T74-0357.

Aincecely,

orncion U, Alroarea..
Aarriscn V. Cueml

dsnlor Mackating Spwcialist
ETIda Poot du Maldays & Ca,, Inc.

Charting a Course for Excellence tomguaan v

TI-NHTSA 017368
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CIRCLEVILLE PLANT

PO Box By of: E, . NuFanaise, Cann.
Cirdweille, OH 43113 ey, £ g
Auguet 20, 1992

Me. Jehn E. Bramnan, Ph.b.
Texan [ratimments

34 Torest dhTege
Abtlaberd, Haak. 02703

Thanks for sending the Lsptoe* film frem four typdecal braks flndd
pevsmrs switch Salluzes. Tou indlcaced the HOFTLIL films copturs during
eyczla taating at 133%C.

Taplag the thres layaws of Kapboa* flle oxed to saks the dlsphrage o its
:uml stecking and arisntation was sxtresely balpful in osdessisnding the
al .

Lle iz
armuk in
the

ur initial cheacyatioms of the Tallure indicate (1) that the
dassged in the sams location on all thees Lyyers, (2] the size of
the disphrage is sboot the sape om mll thres Leyevs. ey Locatioy
Failure in all four aseemb] ies is in the ssme

Eaaad on thasa sbsarvmtisne, I thinw the
streddsd ooduzting at the feilors sita. LI you conld &t Pxr™duk and
find anything that might canss thia localiswd pressurs, mxy be sbls find
a solution. Sams thicgs thet wmight be inwolved would ba rhicdkoesl £oLlsnddg
of placen usad in asswsbly, crimping preasures, o other procsasiog parmmetscy
thak coold arests thiy oonditio,

'Y

f
EIE
it

i
B

' I1f 1 zan ba of further sssistance, 4o not hemitats rmlling = =t
(G144 T4-020T.

Sincaraly,
Alonnidon, V.
Haxrisgs ¥. Ougms

Senior Mariating Spacialise
E I ¢ Mmt dy Mesours & Co., Ima.

Charting a Course for Excellence ————
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11:00 AM
07. 07 82 TEXAS INSTRUMENTS - M & C

- CORRECTIVE ACTION REQUEST
YV REAPONS]
|mu I!Mlll‘r
E.I. DUPONT mrrmmmu-
- . . . o - ?-'11;_1,... D
MIKE YUMRER . M! -:u‘ms LR e
v _— aon ;oL oL ST '.'. _ -ﬂ::_ ot '-'I et i

1. Do you unvaeratar o 1he apaciiaption reduivemeni(e) 1of @ shaveciaristion; rejeemd 1 YES[] N0
Bl = S0paried o meoNrm: .

Nt reduivesmnant L not wadersioud, whit ipnailc eran of Information neads cluifastion?

T pring unolear
T pLichusd ot ad
Stananecs of oz caplanoy

wmmumﬁﬂ

¥ In plivcn. Iiudk Comments o Your irvantary, i-wanslt metwigl, ind T1 imamory.

Whast waks e I botivily Dase of 1hig contalmeant sotion 7

K mﬁm FIaciinry 6f parolion bash Wgriinlly CRAGET SNoe P56 DAl NUTDar wai quiiied
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L Meve your i Lrivment mesheds or inspection aquipmant snilonntly changed Knos NNk part Rumber wes
Quiiiac by WA C 7 Plaaps Rl pOUr Dresphl PMLLINHTIN Mo,

Fmﬂﬁhml“ﬂl“l

ll- Ot than "inon mend inepamion, what spacile actdonds) Wil e 15 be prevewt 14 delect from recursing ¥

What wws e £ %ciivity Date of iy sterastive wation T

Havs poy NSd or variay thal the sibeve serrecive soliants) will be afaciive In cormecting e probiem ¥

W your ssvant preceet tr quality sysiint s e lomgur capebie of maetiog M & Cy spaoiGoations, caniact Ww T)
mmulmmm.

BUPPLIEW'S ADENT :
Toloass vt ) IOk
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Tol DAVID CIARN ZARM STEFHEN B, OFFILER EBG1
ANDY McKENNA BPRT AGNES CARDOZO ADC
From: JOHN £ BRENMAN uzJBe

Bubj! Xapten Film Update

I talimd with Harry Gunm of DuPFont yesstarday afterncoon. He saild they wers
cutting the samples for our testing, and that thoss samples would be mailed
+o me today. He also said that their operating procadurs is £a run all
sanplas and controls 3t the same tiss. Wa have to decide if wa want tha
1000 hr Samples to ba run before ANY testing can be done. He falt that a
camplete evaluation wauld have the 1000 hr s les in thew. 1 agrass, and

1 welcoaw your thoughts. - a 42 MI;E‘M

Wa’re pulling things together in Adv. Dev. to bw preparsd for tha samples
whan they sarrive. UWe are organizing to get tha tast running as zoon ag
posasible after the samples ars here.

Jahn

— I T e - e — T - ——— -
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HEOYEHIGEL SACFEYY BOYE SOEEY

L |. DUFONT DR NEMOURS & CO
POLYMER PRODUCTS DEPARTHIENT

ELECTRAONICS DRFANTMENT
10T MARMET STRELT
WILMINGTON, DR 1M83

TELEFHONE MUMBERS

MEDICAL EMERQENCY BMS—441-337
FRODUKT WFORMATION B08—441-T515
TRANSFORTATION EUERGENCY 304—414-000

MAYERIAL IDENTIFICATION

PRODUCT NAME

CHEMICAL NAME

CAS REGISTRY NUMBER
TSCA INVENTORY STATUS

DOT HAZARD CLASS
SHIPPING NAME
RREPARER

Eapton® Pelyimids Film
H, v, 0% FPC, :
, PET, PST-C, YN, XC,
Aromatic Polyimide
plus up to 1% dimethyl scetarmide

2508-81-7 ole o

All logredixnis are listed in the TSCA
Subttance [nventory.

Nat regulated

NA

C B Stoutfer

HPP-A, HPP-LT, <=
XFPC, SX4M, XT

o, |}

.

DATE  Asgost 21, 1990

F—

HAZARDOUS COMBONENTS
MATERIAL Dimsthyl scetamide Alweuinn Carban black
CAS RO, 127155 14281 1323504
CONCENTRATION % Upto 1% 5% % n:!
OSHA PEL 10 ppmiakin)y* 0w wial Ili:I..:i: ASmyp)
ACGIH TLV 10 ASmgin’®
DUPONRT AEL X E NE ASmgin’

*Tha “skin™ potation serves as & raminder that exposurs can rasnlt throngh skin
ebsorption &z ‘well as through ishalation, and that appropriate precastions
shosld bo taken to prevent both types of exposure.

SUBSTANCES PRESENT AT A CONCENTRATION OF 0.1% OR MORE CLASSIFIED AS
A CARCINOGEN BY IARC, NTP OR OBHA: Nome

PHYSICAL/CHEMICAL DATA
APPEARANCE Tranzparent film, light smber color
ODOR None
MELTING POINT Nozs
SOLUBILITY IR WATER Inscluble
VOLATILE CONTENT 1% max
SPECIFIC GRAVITY >4

TLNHTSA 017378




EIRC_AND EXPLOSION HAZARD DATA

FLASH IGRITITION TEMPERATURE NA

UNUSUAL FIRE, EXPLOSION HAZARDS Chars but does not burn ia air.
Kapton® will burn in an wtmosphere of 100% ozygen. Static charge may
build up during haodling of Kapton® film.

HAZARDQUS COMBUSTION PRODUCTS Carbon monoxide.

SPECIAL FIRE FIGHTING INSTRUCTIONS Not erequired

EXTIRGUISHING MEDIA Water, Carben Dioxide, Foam, Dry Chemicals

HAZARDQUS REACTIVITY

CONDITIONS TO AVOID  Tempersturss sbove 400°C without adequate
vantilation .

MATERIALS TO AVOID Nopa kEnown
HAZARDOUS DECOMPOSITION PRODUCTS Noas under normal condltions.

. Al temperatures above 400°C the major off-gases are earbon mozoxide and
carbon dioxide. : .

HEALTH HAZARD DATA

Read "Safety in Handling and Use® Bulletin B-72084 before siing Kaptom®,
ACUTE OR IMMEMATE EFFECTS: ROUTES OF ENTRY AND SYMPTOMS

INGESTICN  Not 2 probable routs of exposare.

SKIN No britstion sxpacted. Less than 1 ppm dimethy] acetamide was
axtracted from film by distillad water at 409C for 4 hoors,

EYE Not a probabie route of exporere. Mechasionl Lirjation.
INHALATION Not a probable route of szposure for fllm. For the polymer
from which this film is made, Du Pont recomuneads treatiag polymer
dust as & suisance particalate, and has setabllshed an AEL Illlls!l3

Hﬂldﬂﬁlhﬂﬂhﬂ?h{lﬂﬂlﬂpﬁhﬂ

X Ehalaion or Ingeetion mot s probatie routs of sxposers.

& or aot a Touty
tmmnﬁﬂhmnﬁdﬁmpndnw.hmd
skin ﬂnmﬂtlwn.

« Flub eye with watsx, n physicisn

CHRONIC EFFECTS Nooe known.

TI-NMTSA 017377
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STATE RIGHT TO KNOW LAWS

No substsnces on ths ststs hazardous substances list, for the states indicated
bolow, are maed iz ths mapufacture of products on this Material Safety Dats Shost,
with the exceptions indicated. Whils we do pot specifically analyze thets prodwots, or
the raw materials used In their mapulacture, for substances on various state hazardous
substapess Lsts to the best of our knowiedge the producs on this Material Safery
Data Sheet coatain no such substances except for those specifically listad balow;

SUBSTANRCES ON THE PENNSYLVANIA HAZARDOUS SUBSTANCES LIST
PRESENT AT A CONCENTRATIOR OF 1X OR MORE
Dimethyl acetamide (1% maximum) C and XC typst eantain carbon black
(2-30%). MT types contyin alumina (39% maximom).

SUBSTANCES ON THE PENNSYLVANIA SPECIAL HAZARDOUS SUBSTANCES
LIST PRESENT AT A CONCENTRATION OF 0.01% OR MORE: Nons known.

HON-HAZARDOUS INGREDIENTS PRESENT AT A CONCENTRATION OF 3%
OR MORE REQUIRED TO BE LISTED BY PENSYLVANIA:
Falyimide flim CAS 25038817

WARNING: SUBSTANCES KNQOWN TO THE STATE OF CALIFORNIA TO -
CAUSE CANCER: None known

WARNING: SUBSTANCES KNOWN TO THE STATE OF CALIFORNIA TO
CAUSE BIRTH DEFECTS OR OTHER REPRODUCTIVE HARM: Nons kmown

SUBSTANCES ON THE NEW JERSEY WORKPLACE HAZARDOUS SUBSTANCE

LIET PRESENT AT A CONCENTRATION OF 1% OR MORE (0.1% FOR

SUBSTANCES IDENTIFIED AS CARCINDGENS, MUTAGENS OR TERATOGENS):
Dimathyl acotamide (19% maximum) C and XC sypes coatain carbon biack
(2.309%). MT types contain alamins (35% maxisumt)-

T-NHTSA 017378
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MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE None known.

EROTECTION INFORMATION
EYE Safaty glssscs recommonded

SKIN Gloves mcommended,
VENTILATION Local sxhawst for apsrations above 200°C.
RESPIRATOR Not required for normal procasting.

I
DISEQSAL .
SPILL, LEAK OR RELEASE Pick up to prevent slipping hazard

WASTE DISPOSAL Landfill or incinerats ln compliance with fadernl, state,
and Joesl regulations.

AQUATIC TOXICITY Insoluble.
STORAGE CONDITIONS Store away from flammable materials. \

The Information in this Matsrial Safety Duta Sbeat relntet only to the
specific materinl (v) designated bevein aad does not relute to uss in combization
with sny other material or in any prooms

NA = Not spplicable
NE = Not sstablished

AEL w= Dy Pont Companys Acosptabla Exposure Limit
- = Now or revisad Information In this soction whea <™ js io right margin

SECTION 313 SUPPLIER NOTIFICATION

This produst contalas the fo toxic chantlcady subjact © the reporting -
requiremants of ssction 313 of the Punping and Community Right-To-
~ Know Act of 1585 and of 40 CFR 372 :

MT types contals up te 396 slumina (1344-25-1) encapulsted in polymes

This information must be tscluded ko all MSDSs that are copiad and distribwted far
thiz smaterial

i ¢ — ——

TI-NHTSA 017379
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This wanual is the proparty ofi
E.I. du Pont de Hemours, Circleville, OH

It may ba frasly consulted by our customers and by
agreasd product cuality and quality aystems certifying
organizations.

Eeproduction as a whola or in parts ls prohibhited, nor
can 1t be given to third parties without the spacific
permission of the Worldwide High Performance Film (EPF)
Businass Managar.

Lutnn:iin:: by
S bbb s/l
Date

L.K, Millikin

Clrclaville $lte Manager
e e
Date

R. Huttan
Worldwids HPFF Business Mogr.
Rapton-Taflon

Mogm £ Yol  S3fis
W. R. Gaddia Cata
Area Superintendent Finishing,

Quality Contral
¥Managemant Reprasantative

NW/274 4

Date

ator
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Holdex
IS0 Clark

BSI, U/L, or (Sa
K=T Stanegrapbar

fuality systems Administrator (Qsh)

HPF Fin & QC Area Supt.
Ramovad

Production Control Supervisor
g.C. Laboratory Suparvisor
HFF MIg Arxea Supt.

Resoved

HPF Integrated Op. Araa Supt.
Worldwida HPF Business Mgr

Teflon Operations Supervisar
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Eavisions to Ouality Manual
Data Ravision Bection Pagwe Modification
B/2&/91 1 All All Ganaral; Praasssssment
10/1%792 2 1 3 Ramove coples 5,9
10/15/92 2 3 & Rev product thicknasses
10/18/92 2 3 7 Added Prod Contr. Ref
10/15/92 2 4.1 g Regoved Tach., Mgr, BS Sup
Addes Distribution Nar
10715792 2 4.1 10 Ramcvad Tach Mgr
10715792 2 4.1 11 Added Maint Supv
10715792 2 4.1 12 Added Int Audite to QSA
1c0/158792 2 4.1.4 14 Added ref teo Q5POO18
10715792 2 1.2 16 Added QSF 0017, 0418
10/15/92 2 4.12 29 Added Tach Rep, 2nd Para.
10715792 2 4.13 a0 Ram. rapaated santance
10/15/92 2 4.14 11 Added Mylar Prod Contr
10/15/92 2 4,15 32 Added new locations
05 /06793 3 1 2 Revised Names, Titles
05/0&6/93 2 1 L Changed Titles
05/06/93 3 2 5 Added new page for Rev.
0%/06/93 3 2 6 Raviaad paga numbers
05/06/93 3 4.1 g Drop SP-ST, Chg Name
05706791 3 4.1 10 Chg Title Oper Mgr
05/06/93 3 4.1 11 Chg Titles, Rev Resp.
05/0&/913 3 4.1 12 Chg Titlas, Rav Resp. '
05/06/93 3 4.1 13 Chg Titles, Rav Resp.
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Datme Revision sactlion Page Moditication
05/06/93 3 4.1 14 Chg Titles, Rev Rasp.
05/06/33 3 4.1 15 Added Hesp to Dow. Contr.
¢5/06/93 3 4.12 30 Chyg'd Sr Qual Engr to Lab
' Bupv., Auth for Disp.
A%/06/93 3 4,13 31 Droppad "plant”,last Para
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3.1 IMIRODUCTION

The Kapton-Teflon plant at Circlevilla manufacturass Xapton
polyimide films and Teflon films. Chemically, Kapton im a
pelyimide polymer maksup that is the result of a
pelycondensation reaction. The rssulting base £ilm, typs HN,
ia a tough aromatic polyimide f£film that is an axceptionally
strong, hsat resistant film with an axcellant conbination of
mechanical and elactrical propartias. The plant nakes two
othar ganaral types of Kapton, type FN, which is a haat
gazlabla grade. This product ixz achlavsd by combining type
HN Kapton with Teflon FEP fluorocarbon resin, through a
laninating or coating process. Type VN filas exhikhit tha sane
tough polyimide propertiss as HN, with supsrior dimsnsicnal
atabllity at slaevated temperatures. Kapton films are scld in
thicknessss of 0.3 mils to 11.0 nils,

Taflon f£ilms ara produced from varicus fluorocarbon resins
including FEP, PFA and Tefrel, sems of whioh are pigmented.
The pesllets ars malted and axtruded into & Taflon film for
subsagquant processing in treating, laminating and slitting.
In addition to tha differant resin typas, the plant affars
Paflon filxse in thicknesses ranging from ¢.5 mils to 225.0
mils. It is sald into saveral markets whare it is unique
axong plastica. It is tha mast chanmieally inert of al)
plastics, withatands both nNigh and low temperature extremas,
has superior elactrical properties, has superior anti-stick/
low friction propertiss plus wany mors unigus
characteristics.

Same of the applicationa or markets for Kapton from the
electrical and electrical industry flald are: fisld coll
insulation, subatratas for flaxible printed circuits, notor
and ganaratoy arpature slot linars, magnet wira insulation,
transformar and capaclter insulation, magnetic recording and
pregsure-sensitive tapss, and wire .and cable insulation.

A few of the applications far Teflon include a ganeral
purposa ltems such as Cell culture bags, plain and metallized
nicrophcona alectrats and a variety of releasa applicationa;
censntable filme for laminated balting, high-parformance
prassure-sensitive tapes and protactive clathing; chemical
procass filma for tank linings, thermoformed rupture disc
saals, and thick gaskets and drop-in mold liners; and
aarcspace ccmpoalte molding releass filma.

TI-NHTSA 017388




Kapton*a=Taflant* GQuality Manual Section:
Revieion:
Faga:

o L L

of 386

d.d  FULROAN

The Quallity Managanent System as defined by this Quality
Manual is applicabla to a&ll Xapton* and Teflen* production
and support facilities locatesd at the DuPont site in
firclevilla, OH.

This manual is intendad as & ganaral ovarviaw of the FKaptont=
Teflon* (uality Managsment Systen and doas not include
gspecific inforpation related to the actual sxecution of many
of the Quality System festures. This manual is the
respenaibility of the Quality Systems Administrator and im
reviewad/updated at least avary two ysars.

2,3 Gensral Refsrances

+ IS0 9002: 1987, "Quality Systens--Model for Quality
Assurance in Preduction and Installation®

* Circleaville Safaty How

* Circleville Genaral FProcadurss How

* Clrclaville Site Manufacturing Plan

* PUM Manual

*+ Kapton General Specification Bullstins

# Teflon Ganaral Spacification Bulletins

3.4 gontrolled Dogqumante Refersnced

* Xapton-Teflon Quality Manual

* Kapton-Taflon Quality System Procedures (QSP's)

* Kapton-Taflon Area Procedures (AP's)

* Knptnn-Tgflﬂn Oparating Procedursa (OP's)

# Kapton-Taflon Standard Operating Conditions (50C'a}

4 Kapton=-Taflon Area Forms, Raferanca chartis, Decislon Trees
and similar formg usad and described {n area procedures.

* Business Services Purchasing Manual
* Business Servicea Quality Manual

* Mylar Productisn Contral Manual/Procedures
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4.1 YAMAGEMENT RESEONAIDILITE
4.1.1 Quality voliay

The guality policy of the Raptona=Teflon~ plant ia the
fallowing:

ha Kaptons-Taflon® plant will ha recagnizaed as
providing the best valus to customers through quality

leadership and continucus improvemant in all our
products and sarvicas.®

R. Hutton
Worldwide HPP Businsss Ngr

10 May 1993

TI-NHTSA 017307
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4.1.2 oOrganization

The kasic Organization Chart of the Kapton®-Taflon* plant im
as followna:

Elant Manager

——S8hift Suparviaors

parators

——0ay Suparvisora
——Lakoratory Techniclans
——Technical Assistants
—Mechanics
——Schadulars

—ChArtors

—Oparatars
—uProduction Enginears
—-Chenists

——Quality Enginears
—-Aran Spacinliasts

—5ystams Support

—Human Eegsources atyd Sits Sarvices Mapagar
—Farsonhal Superintandsent

'—Buainess Bsrvices and Bupply Chaéln Mapager

t—Purchasing and Cuntract Administration Supervisor

Esmantinl Materials Accountant

——Information Syatamm Supsrvisor

l—Distribution Manegar

T-NHTSA 01738
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4.1.3 Respotisibllities and Authorities

An outline of the responsibilitiss and authoritias of tha
diffsrsnt functiona on the Organizatien chart is ag Follows:

¢ Plant Hanager
Has the res aibllity of providing overall leadsrship for
tha plant slte in ordar to accomplish the strategio
objactivas of tha business sarved.

o HFF Worldwida Business Ngr.

Ovarall nanagarial reaspensikillty for tha Haptonw and
Taflon® produots.

Aucthorization of top lavel docunentm and the Quality Poilcy
of the refsrenced product lines.

o HEF Namufagturing Arsa Superintendasnt
Cverall rasponsibility for tha manufacturing oparations

Authorization of the procadurss and documents relating to
activity in his areas.

Reppeneibility for and participation in pariodic Quality
System reviews for thair armas: '

i internal raviaws

* axtarnal raviawvs

Dafines assigrmants of the PFroduction Engineers, chemist,
and specialists.

Cverall responsibility for arsa procass development
afforte.

Authority to accept matsrial by concesslon in concart with
the Process Engineer.

Cverall responaibllity for the Xapton-Tarlon maintanance
operation, including calibration of process egquipnent.

o HPF Integratsd Oparations Area Suparintsndent
Overall responaibility for Production Control.

Authorigation of the procedurss and documants relating to
Production Control. Defines assigrments of Production
Control Supv, CFM Enginears and Speclalistas,
Responsibllity for and participation in periocdic Quality
Systam reviews for Kapton-Taflon: * lntarnal revievs

* gxtarnal reviave

TI-NHTSA 017388
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4.1.3 Responsibilitisa aznd Authoritiss (ocont'd)

o Arsa Suparintendent-Production and Technical-Finishing & QC
Dasignated Kapton - Teflon Ma nt Raprasantative who,
irregpective of other responsibilitiss, has full authority
and responsibility for ensuring that the requiremants of
IS0 9002 ara implemented and maintained.

Overall respensibility for tha Kapton - Teflon Finishing
oparation.

ovarall rasponsibility for the Quality Control lakoratory.

Authorization of tha procedurss and documents relating to
Finishing and Quality Control.

Rasponeibility for and participation in periocdic Quality
Syeten reviaws for specifisd arsans:

* internal reviews

+ gaxternal reviews

Defines assignmants of the Production Englneers, his
suparviseras, and Project Engineers

o Production {(Area) Hupsrvisers
Safaty and Envirconmental in the procass araas.
Provide scheduling of aguipment maintenance.

Monitor and suppart for the plant operation, lncluding
coordinating procass outage.

oversse tha supplies for the procass lncluding raw
matarials

Coordination of housakeaeping.

o Maintananos Buparvisors
Ssafety and Environmental in the maintanance arsas.
Raviaw scheduling of equipment maintenance, schedule pacpla
Monitor and support for the plant «paration
Responsible to provide rasources as reaguired to see that
calibration of process equipmant is complaeted according to

procadures.

Coordination of housakeeping.

TI-NHT3A 017330
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4.1.3 Responaihilities and Authorities (vont'd)
o O Lab !uhtrvilnr
Administrative responsibility of tha laboratory.
Maintenance of lakh equipment and supplies.
Manages all raw matarial specifications and testing
‘Initiatax action ta digposa of non conforming product
Hﬁintnin product releass system; product reaviaws
Custoner inguiries and concarns; cumtcmer certification
o Production Enginests/Cheminst
Routine support for tha processes.
Design and revision of aguipment and cparating aystams,
Corractive actlan on pracass upsats.

Daaign and follow up of Test Autherizationa.

Davelop and maintain standard operating conditions and
procadures.

Monitoring process operation and review of procaas
documsntation.

© FProoess Developwsit Chemists/Engineers
Dagign and implanentation af manufacturing expariments.
Froceass devalopmsnt and support tha Kapton—-Taflon procassas

Aaalst in design and revising eguipment for the Kapton—
Taflonh procassen

Davelop laboratory baaic data for Kapton-Taflon procasses.
2 Quality Bystam AMminiastrator
The monitoring and coordination of the quality system.
Ensure that the reguirsments of ISO 9002 are implemanted

ard maintainad, at the direction of the Managament
Represantative, espacially Intearnal Auditing Systam.

TI-NHTSA 017391
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4.1.2 Responsibilities mnd Authoritiss {ocomt'd)

-

o Projsct Enginsars

Provide enginsering dasign on procaas squipment for
prajecta.

o Senior Tachnical Enginesr, QC
_New and ox reviped product tests and eguipment.
For calibhration method on sguipnmsnt used to tast producet,
Intarlabhoratory Checks and Intnrlﬁbnratury Method Control
o Praduction Opsrators

Parform agtual work taakes for a given area of
manufacturing, testing, materia) handling, ste.

Operators grncnus qualicy data plrtnining to each phasa of
their particular opeaxation.

Make soma routine quality measuremants of product va
spacificacion.

Dacument and fils tha raquirad processing history
information for sach lot.

cast fllms according to Standard Cpsrating condltisna and
Procedureas.

Obtain £11lm samplea far lab analysis.

bocyment process conditions as reguirad.

Specific responeibilitias are defined in area pracaduras.
© Laboratory Tachnioclans

Parfornances of rawv material, in-procass, and product
analyails, as reguired.

Recording results of tasts and relsasing preduct or
assantial ingredients per standards provided.

% Bohadular, Production Control
Review ordars to epmures they are stated correctly v

Notify CBC of shipment delays and documsnt any changes.

TI-NHTSA 017392




Kapton*=Teflon® Quality Manual Smction: 4.1
Revision: 13
Page: 15 of 36

4.1.3 Rasponsibilities and Authorities {(cont'4)
o Control Hechanios

Responwible for calibration saystems; for the control af
inspaction, meaguring, and twst squipment usad to varity
tha confcrmancea of equipmant used in tha processes.

Primarily rasponsible for inetallation, repairing,
maintaining, and calibrating aquipment.

o Document Controllers

Responmible for maintaining and contrelling all the
dosuments in their area of rilgnnlihility. Thie includes
numpbaring, formatting, and having ravisvad bafara
axpiration.

Whera Document Controller is also training coordinator,
responslbllity also includes coordinating and maintaining
oparatar training.

4.1,3 Rasponaibilitiss and Authoritiss (cont'd)

Additional responsibilitias, authoritias, and intarralation-
ship of personnel managing, performing and verifying work
affeacting quality are defined by Job Descriptions (as
maintained by Training Coordinator), docunsnted procedursas,
and the communicated wishes of =aild perscnhel's direct
nanagamant .

The Araea Superintandent, Quality Contral will sarve as the
Manageament Raprassntative who, irvaspective of othar
reaponsibilitiss, shall have defined authority and
raEponsibility for ansuring that the requirements of the
Quallty Managamant System, as dafined in this Quality Manual,
are implemented and maintainad.

4.3,4 MNanagemsnt Review

Tha Quality Management Systan defined in this Quality Manual
will be raviewed, at least annually, to detarmine its
continuing suitabllity and effectivenese. This review will
include the Site Manager, the HPFF Worldwids Businses Mgr,
sanlor heade of the Employee Relations and Business Services,
the Management Reprasantative, HPF Arsa Supts, the QSA, and
others as requested. Such revisws will include an aszsassmant
af the results af vendor performancs, concessions an product
raleazs, customay complaints, ouwtstanding corrective actions,
and extarnal and intarnal guality zudits. Rescords of these
reviews will be kept in accordanca with appropriata sactions
of this manual.

Additicnal details ars in QSp 0018,

T-NHTSA 017383
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4.2 OUALIIX ZISTEM

Eaptonv=Taflon® Quality Mmnual: cutlines the alemants
and chjactives of the Plant Quality Management Systeam
and how it complies with tha IS0 9002 standards.

Quality System Prooedurss:

Provide tha ainipum featurss neaded by Functional
Araas to gatiafy and comply with the alemsnts and
objectives of tha Plant Quality Hanagament Eysten.

Contazin spacific infarmation whears a2 uniform systam
has bean adopted acrosms ths Functional Arsas.

Khare no unlfornm systam has boen established, the -
Quality System Proceduras will explain what tha
ragquirements ara for a givan fsature. Funotienal
Areas are than abla to devslop their own saystama and
will document them in Area Froceduras.

An Index of Quality Syatam Frocedures iz on the next
page

Arsa Proosdursa: axplaln In specific tarmes how an armss

satizfles thove requiresments detaillsd in the Quality
System Proceduras.

Operating Proceduras: a step by stap inatruction on
how to perform a specific job.

Standard Cperating Conditions: a sat of conditiona
that are used to producs a given product on a given

type of squipment,

Tast Methods:i atep by step instructions on how teo run
apecific tasts in the laboratory.

Procduct Relemss Shests! controlled set of release
standards used by the laboratory tc relsasae pruduct?

8litting apecificatiovns, slitting charts, atandard
forma, flow charte: Part of the Quality Systen
documantation explained by Quality System Procaduras
or Area Procadures as neaaded.

TI-NHTSA 017384
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PRODUCT IDENTIFICATION AND TRACEABILITY

STANDARD OPERATING SYSTEM
PROCESS EQUIPKENT CALIBRATION
LABORATORY EQUIPMENT CALIBRATION
CORRECTIVE ACTION

QUALITY RECORDS

INTERNAL AUDITS

TRATHING

FORMAT FOR AREA PROCEDURES
NONCONFORMING PRODUCT

TEST APPROVALS (Th'Ss)

FORMAT FOR OPERATING PROCEDURES
EXTERNAL QUALITY AUDIT PROCEDURE
PRODUCT SPECIFLICATION SYSTEM
MANAGEMENT REVIEW
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4.3 CONTRACT REVIEW

Contract, as stated hare, rafars to an ardar for product
placad by Marketing through a Customer Service Centar (C8C),
who in turn places an order with ths plant. The Kapton-Teflon
quality system starts with the recelpt of the order from the
Cuatonar Service Center. Orders ars received electronically
by ths plant.

Orders, ars raviswed on tha plant aite aftar recaipt to
ensurg that the rogquirsmants of the customsr (CEC) are
adequatsly stated or documanted, and that the plant has the
ability to meat those requiremsnts. This review is psrformed
by the Production contrel function. If additional
requirements are nasded, cor if the plant doss not possezs the
ability to mest tha regquirenents as statsd, the regulrements
will ba revissd to accurately reflect tha product which tha
customer will receive. Such revisions will ba coordinated
with the custonmer as neadwxl.

Racords of the orders and review will be maintained hy

Production Control in accordance with Section: 4.15 of this
manual.

If a ghipmant data cannot be met, the C5C is notified and
noties is documented.

Additional datall 13 given in Preduction Control Procedures.

T-NHTSA 017306
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4.4 DOCUMENT CONTROL

All documanta and data vhich ara uasd to satisfy tha alamsnts
and objactives of tha plant Quality Managenent Systanm will ba
controlled. control includes tha following:

<

Review and authorization by spscified individuals
pricr to issua

Partinant coples of documents at locations wvhare thay
are nasdad and uszed _

Docunentad index and distributjon list for aach type
of documsnt

Reamaoval of ochsaolasts docunents Ifrom cilrculation

Ralssua of doounents whan 2 c¢hange ia neacassary.

Escause doocunants are ussd throughout the Quality Managament
Syetem, rasponzibilitias to control doocuments can be found at
many levals of the cparation.

Dacumant contral will be administersd according te GSP 0002.

L TI-NHTSA 017387
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4,5 ERURCEASING

Purohass ragquisitions are initiated locally and executed as
ordsrs locally or submitted to Matsrxial and Logistics
Ragional arfice for astunl procuramant. Each functisnal araa
i= rnlzunllhln for ldentifying thoss rsquirements and
verifying the asuitability of thess materials.

Purchasing dooumsntatlion includes a complats dsacription of
the item, suggastad vandor, charges codes, authorizations for
tha purchasa, and dalivery information. Specification mmbars
are included on tha ordar if it is for a raw paterial.

Vendors are aslactsd bassd onh thair ability to supply the
product as nasded in a timely wmannar. Vandors have agraasd on
specifications for the matarials thay providsa. Vandor
perforpance is avalustad routinaly. additional datalls ara
glvan in tha Buzinass Ssrvices Purchasing Manual, and

Q8E 0003,

TLNHTSAD
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4.5 JFURCEMSER AVRPLLIED PROCUCT

Qurreantly, no matsrials supplied by customers are
incorporated into a Kaptons=Taflont product. If matarials
are provided by custamers in the future, the Araa racaiving
thosa materials will be required to verify, stora, and
xaintain thoss naterials as nesded in conformanca with the
Quality Managanant Systan. Tha astablished centrols for this
naterial will be devaloped Lo gnsure that tha matarial
provided by tha customer bacomas part of the product which is
dalivered to that customsr.

TI-NHTSA 017309
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4,7 RRODUCT IDENTIFICATION AND IRACEABILITY

The Kapton#-Taflon* plant maintains a system of idantifying
product at all stagas of production such that all final
products can ba traced to the vandor lot nuaners of the raw
matarials ussd to produce that product. Incoming matarials
ars ldentified with a unigue matarial name and numbsr. Upon
receipt of materials and during tha nanufacturing process,
unigqua lot numbars ars utilized or assigned to provida
traceahility. Once film iz producad, mill roll numbars are
assignad. New numbara ars assigned whenaver film is convarted
to a diffarant product or prealit to a diffarent size.

Since cast rolls ara produced on a continuous procsss,
tracing raw material lots or Solvent Recovery Matarials is
tine depsndant.

Additional detail is given in QBP 0004,

THNNTSA 0174pq
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4.8 FROCEHG CONTROL
4.0.1 Gezaral

All Kaptone-Taflon* processss Wwill ba run undear a atata of
contralled conditions. Thema processas are shown
schematically on the following three pages. Functional areas
ars responsible for sstablishing thess controlled conditiona
which include:

o Production achedulas, bamsed on orders and forecasts,
are communicated by Production Control to tha araas.
The manufacturing areas use thass sochsdules to plan
product changes.

o Documanted work instructions, Arsa Procadurss (APs)
and Operating Procaduras (0PN}, axplajin how tagks ars
to ba parforoed whara the lack of such instructions
could significantly reduce the product's laval of

guallity.

o0 Specified operating conditions, callad Standard
Oparating Conditions (20Cs), which describe
wWhars procsss paramaters should be set

o Control of proceas parassters to the graatast gxtant
within apacifisd ranges

g Oparation of the procsspes cutside of spacified
rangaes only aftar obtaining autherization

o Routina nmonitoring of thess processsas to ansure
procesw stability. Monltoring technigques include one
or nora of tha following:

hutomatic control leoops
Manual controls
Computarized control systams
Statietioal coantreol charts

o hdditional detaill ie given in QSF 0045 and Area
Froceduraes

4.8.2 HNev Equipmsnt or Procass

Any product manufactured oh nevW sguipmsnt or by 8 new procass
is produced under the plant TA (Tast Authorization) aystem.
This syatem provides tha documentation and approval aysten
for using a non-standard process. This systen 12 described in
mare dataill in Q8F 0014.

rauirsh 01740
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4:9 INSEECTION MID TESTING

Material is inspectad and/or tested at thras stagss in the
production process: reosiving (raw materials}, in-process
ipartially convarted matarial), post-procass (fully convartad
matarial or final product). For any of chass typss of
tasting, the following information will ba documented:

o Fragusncy for performing the inspsction or tast
o Proocedura for perforaing tha inapection or tast

0 Speocifications for passing/failing the inspaction or
tent

o Prooass for handling material which has passed tha
inspection aor test

o Process for handling material which has failed the
inspaction or taest (sea 4.11)

© Tha authority for releasing product

Tha results of all inspections and tests will be recorded to
serve &8 avidance that the material truly passaed the
appropriata tast. Produotion areas that run testm on produoct
in the arsa wlll be responsible to forward rasults to the lab
for recording on appropriate lab records. Tests run in the
lap will ba rescordaed by tha lab tach. Tasts run in Finishing
will ba recordsd on appropriata forma in ths Finishing Area.

No matarials will bsa camplataly diaspatched to thas naxt
production stap until all tests and inspactions have baen
axecuted. If urgant production needs ariss and untested
matarials are usead in a subksaguent processing step, the
raquired tests will still bhe performed and those natarials
will ba identifisd so asz to allew for racall in the case that
tha materials 4o not pass the inmpsction or tast.

Additional datall can ba found in QSP 0003 and Quality
Contral Arsa Procsduras.
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4.10 INBPECTIION. MEASURING. AMD IEST EQUIENENT

All squipment used to datermine the disposition of tha
Kapton*-Teflon* materials or product will ke calibratad to
the raquirad accuracy in order to ensurs the ability of this
agulpment to measurs desired materisl and product
characteristios.

Tha calibration of all zuch equipment will he maintained
ragardlass of whather it is ovnaed, borrowed, or leasad by any
portion of tha EKapton#*=Taflont plant.

Functional areas nesding such eguipment will identify and
salect agquipment capable of neating the accuracy needs.
Actual calibraticn of thiz equipmant will ba parformad Ly
trained individuals and will includas:

o A prascribed interval for calibration

o Documanted calibration procedurss

o Usa of certified aquipment which, whars possible,; is
traceahls to national standards

o Documantad actions to be taken when agquipnsnt is
found to ba out of callbration

o ldentification of the calibration status directly omn,
Or as near as practical to, the calibrated aguipment

© Records of the squipment calibratiocn.

o Appropriate anvirommantal conditions for calibratien
and usags of inspacticn, measuring, and tegt

sgquipnent

Additional detail may be faund in QAP 0006 and QSF 0007, am
well as in Maintenance and Quality Control Ares FProceduras,

TENHTSA 017408
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4.1} IMSPECTION AMD IEAT ATARUE

Muxterial is identifisd at all stages of production ky the
functlonal arsasz t¢ indicats tha tasts wvhich have basn
completad on that matarial and the rasults of thosa tasts.
The inspsction authority will releass product aocording to
spavifications. Thia ia to ansurs that only material which
has passad inspection and tast will ba used in further
prnctllinz. Tha relesass status of semifinishesd product is
racorded in tha PICS computer aystam, and is available to tha
arans. Nill roll tags will also carry the releasa status of a

mill roll.

Additlonal information may be found in Q5P 0004 and various
Arsa Procaduress.

TI-NHTSA 017407
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4,12 CONTROL OF KA /9 ZRODUCT

Material ar product which doss not conform to the
apecifications established for passing an inspection or tast
will ba identified aa nounconforming product. Thia
identification will be docuxsnted and the wpaterial or product
will ba avaluated, segregated (when practical), and disposad
of through acosptad channals. Various computar aystams and
proceduras are in placs to prevent inadvertsntly shipping
non-conforming product.

Final disposition of nonconforming product resides with the
QC Lab Bupsrvisnor with authority from the appropriats
Technical Reapresentative from Marketing, as regquired.
Nenconforming product may bm:

© Reworked to improve conformance to the pasa/fail
speulfications

o Retested in lab if test is suapact

9 Acceptad by tha customear on concessian

o Ragradad and used in an altarnate application
¢ Rejected or acrappad

Raworked materlals are testad in accordance with the
ragquiraments of Saction: 4,9,

Additional detail i1a dascribed in Q8P 0013,

TI-NHTSA 017408
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4.1] GORRECTIVE ACTION

Documsntad proceduras ava maintained by the functional azsas
for the following:

¢ Investigating the causa of noenconforming product

-] analI::ng custonsr complaints and mervice reports to
elizinate axisting or potantial sources of
nonconfornances.

Any functional arsa which identifies nonconforming product is
respongible for daveloping and axecuting correctiva actions
to pravant future nonconformances. This will ba done to an
axtant corresponding with the dagrea of saverity andjfor
Fragquancy af ths nonconformanca.

The initial raspotnibllity for corrsctive action is in thw
hands of the manufacturing oparatora. In instances whare
there is an zdjustsent to the process vhich can ba mads, the
oparations arsa is rasponsible for attempting to gat the
process back to ain and dooumenting what was dona. If thay
ara not suocsssful, or if a catastropha occurs, the
approptlate Process Enginesr le notifled.

Corrective actions which hava bean initiated will be reviewad
by tha arsa instituting them to dstermine their
effactivanass.

Changes in procedurss resulting from corrective actilons will
ba documented by the functional areas in conformance with
Saction: 4.4 of thise quality manual, and area document
control procedures.

Additional detail may ba found in QSPF 0008 and varinu- Araa
Proceduras,
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f.14 HANDLING, STORAGE. RACEMGING AND DELIVERX

Handing, atorage, packaging, and dalivery of materials and
products will ba done in accordance with documented
procedures. Arsas performing these tasks will bea required to
maintain these procedures.

Bandling is conducted in a way that prevents damaga or
dateriocration of thes matarials and product.

Storaga fTacllitiem are secure and designed to pravent damage
or dstarioration of tha materials and product. Functjional
areas racaiving or dispatching matarial to thasea storage
areas will stipulats approprimte nathods for doing so.

The processes and equipment used to pack, pressrve, and mack
product are centrolled by tha functicnal arsas to ensurse the
fulfillment of preduct requirsments.

The Kaptons=-Taflon* plant arrengas for the protection of the
product's quality aftar final inepsction and test including,
when regquired by the ordsr, delivery to destination.

Delivary ig the responepibilikty af tha Traffic function, which
is part of the Mylar Production Control Organization.

Additional datails ara deseribed in Arsa Procedurses.

TI-NHTSA ¢i7410
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4.1% QUALITI RECORDD

Records are naintained to attast to the fact that materials
and product actually mest their astablizhed specifications.
Also, records damonstrate tha propar and affactive cpsraticon
of the Quality Managemsnt Systam.

Tha plant and tha functional areas are rasponsible for
maintaining tha gquality records which thay generate. Proper
proceduras for collacting, identifying, flling, storing,
maintaining, and disposing of quality records arse
sstablished., Retention timas for all records ara documentad.

The fallowing are gquidslines of records kept with ths
following featuras of tha Quality Nanagemant Systam:

Bacaxd Location
o Hannilnnnt raviews of the Quallty Control
Quality Managsnment System Supsarintendent
o Contract reviave Production contrel
Busainaas Sarvices
o Approved suppliars Purchasing
0o Corractiva Action records Araa Files
o BSlitting charts Production Control
o Product idantification at Quality control
givaen production stagas PICS
o calibration resulte Maintenance
QCc Lab
o Non-conforming Productien Control
productas and materials oC Lab
o Internal gquality audits Technical File

Quality Systen Ad.
o Training racords Area Fllaem
Thase reacords are stored and maintained in such a way as to
pravant loas or dateriaration. Also, they should ba
reasanably avallable.

Additional detail can be found in QSP 0009 and various Area
Proceduras.

TI-NHTSA 017411
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4:16 INTEENAL QUALITY AUDITE

Intarnal audits are conductsd by the plant in ordar to
detarnina the affectivensss of the Quality Managarmant System
as wall as complianoe to established practices. The scopa of
these audits vary, but ars intanded to addrass thosa items
which ara thought ta bha meat crucial to the guality of thae
product. Internal auvdits are conducted in sach area at least
twice per year. Thass audits are conducted by individuals
indspendent of the work being performad, and are trainsd in
anditing technicuas.

A documantad procedure is maintained which explains the audit
process. Tha results af thasa audits ars docunented and
brought to tha attention of the approprilata individuals who
ars regquirad to take actlions in ordar to correct identifisd
dincrepancies. -

More datails of this systan are deseribad in gQSp odia.
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4,37 IRALNING

Training systemg ara maintained by tha functional arsas to
angure that individuals psrforming work crucial to the
quality of the product ars appropriataly instructed in the
methods for psrforming thomss tasks.

These training systems include Lldentification of the training
nesds, plans for the training process, and qualification of
parsoinal. Records showing the laval of qualification of
cartain plant persohnel are waintainad.

Additional datails can be found in QSP 0011 and various Arsa
Proceduras.
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418 STATISTICAL TECAMICUNS

Funotional areas will maintain procaduras as nasded which
identify and explain appropriats statistical techniquas which
ara used to control uotes ang ssas. Tha following

ara axamplea of statistical techniques that ars usad wvhare
appropriata:

© Shewhart Control Charts
¢ cusum Contrel Loops
o Process Capability sStudias

Details of where these are use are described in the
appropriate Araa Procaduras,

TI-NHTSA 017414
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DuPont High Performance Films
May 19, 1993

Mr. David Czam
Tercas Instrumonts
MS i Z-iy

34 Furoul HL,
Attisboro, MA. 02703

Dear Dave,

lnmpunutnmuqmdmu.mdm:wﬁll uupuﬂ-mn the
Quality Mawel for owr manufhcturing facllity for Rapton® pol
fuoropolymer Mms, m:ii.mmmmnmmmmtmwm
4.8 describas the procexiures by which we comtrol our proceses. Flow oharts-are o
inghuded depicting thu buslc steps itvolved In the marfucture of our film products.

E

A fow addidonal comments:

Thicknvey - Kspton® SO0FN131 {TT part #27235-1) it & lminate construction of 3

mil polyimids flm with 1 mil of fiuoropolymer Bim on each side. The thickness of aach web

" is contimuously measured on lie aad this informadon i5 used s feodback, through
proprietary computer control system to sdjust the die lip openings. The threo webs ars then
Iaminsied In & wpwrate process, with point thickness of the fingl laminate rmsired to sssute

conformance to specifications.

Attachod s 8 copy of smtistical datn recently supplied to Texas Instrumenty Quality
Assunitos, Ngarding S00FN131 lawinae. Remlts wew dorived flom thickness

moasursmants of pamples faken from all production in calendar yexr 1992.

All luninate fMime e 100% & rowind
e D O R
pinholes, debris and other fibm defucts, The Finlshing Ares uses this swp to Jocrte ad
remove the defsct. The inspuction critoria are:

Holoor sy Sstestsd hals i & 8200, A Dipygend e somssrval dusnng siling. Tl
Inapection squipment is capabie of detecting holes 5 nillos or hucger,

"opquuw inolusions, and wrface contuminata. ‘The oquipiaant deteols
opaquo objoct down to 25 mils, and alarts the operator to its location
hthlwlll T i remevnr, If possible, in the case of s eowfhce dafect.
Current specificasions call for sny opaque olject In tie fim, SO mily or
larger to be fagged and removed daring slicting.

L dha Pt 8 Pt Dy 0 vvimsed s Ronymiod st

TI-NHTSA 017418
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I hope this infhrrmgtion will prove ussful in your efforts. Although many sspeots of
the manufsctura of Kapton® fllme are proprietacy, Il do 2oy best lo anwwer any further
questlons you might have.

I lock forwazd to the vislt to Attleboro on May 25, Perhapn at this tima we can
discuss further ways in which DuPont cen naint Texas Instruments 1n opening markeds in

Japan.
Auaciely, .
Fgind O 1oy
Edward C. McKenzle
Senior Technical Setvics Represectative

o T Rnifaclmoider
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3.2 LHIRGRUOTION

Tha Kapten-Teflon plant at Ciraolesville manufacturss Kapton
polyimide films and Teflon 2ilma, Cherloally, Xapton is a
polyimide polymar makeup that is tha rasult of a
Eulyuundnnnnt on raagtion. The rasulting basa £llm, typs HN,

# & tough sromatioc polyinide film that is an exosptionally
strang, heat resjstant film with an exoellent combination of
nﬂﬂhlhiﬂll and slastrisal piopwellus. Tha plant makes twoe
other gensral typsas of Kapton, type FN, which is a heat
sealable grade, This product is achievad by combining type
HH Kapton with Teflon FEP fiucrecarbon resin, through &
laminating or coating proceas. Type VN filma exhibit thae sane
taugh golyiuidn propacties e HY, with superior Alwensionml
stabllity at alevated texpsraturas. Kapton films ara scld in
thicknessac of 0.3 nils &5 11,0 ailu.

Teflan films are produced from various rluoxoearbon raminm
including FEP, PFA and Tefrel, sone of which ara pigmanted. ..
The pellats ars melted and sxtruded into a Feflon f£ilw for
subkaguant procoas Ly trqgtiuta lasinating ano siitting.
In addition to tha differant resin typet, the plant offars
Taflon filme in thigknesses ranging 0.5 mils to 225.0
mils. It is sold inte sevaral markets vhers it ls unigue
amony plpptions: Tt im the mnst cheplcally inort of all :

lastics, withstands both high and lov Camparaturs axtremas,
gﬁl lugnriur alactrical propartiss, has supsarior anti-seiok)
low friction propsrties plum many morm unigus
characteristios.

Eoma of ths applioations or markets I[or Repton from the
slectrical and electrioal 1ndu:t:! field axe: field ooil
insulation, substyrates for Flexiblse printed gircuita, motor
and generator armaturs slot liners; magnet wire insulatien,
transformar and capaclesr insulativh, saynutlo receording ana
pressurs=sensitive tapes, and wire and cable inmulation.

A few of the applications for Teflon inoluds a gensral
purposa ltems auch as Call culturs bags, plain and tetallized
micpophens alailiele s o vaclecy O relsass applications)
camentable fllns for lasinsted belting, high-paxrformance
preassure-sensitive tapss and protactiva clothing; cheniocal
process films for tank linings, thermofernad rupture diss
senle, and thick gaskets and drop«in wold liners; and
asrosphos composits molding calease £ilns.

TI-NHTSA 017418
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4.8 FROCERS CONTROL
4.5.1 dGaneral

All Kaptonv-Teflond processes will be ryn under a stata nf
vontrollea oonditions. Thass processes ars shown
aohematically on tha following threse pagef. Funotional aveas
are ragponeibls Tor eatahlishing thooco contwsllad sanditicue
which includet

A Production schodulop, basad an wi'dern and forecaste,
awe semsunicale=y by Fouwduotion vontrol to the arasw.
Tha manufacturing areas usa thess gchadulas to pisn
proaugt changed.

o Desumentedl wurk lnetructions, Araa Procadures (Are)
and Opatating Prooadurss {QOPs), sxplain how tasks are - -
to ba parformsd whare tho laock of sush Lfnstyuclivae
anulg significantly reduce the product's lavel of
quality.

2 fnenifierd Aaparating coanditions, sallsd Otainle.d
Operating Condltions (BoCe), which describa
vhaze precsss pagrapetars shaiid he Ast

o JControl of process paramaters to the greatest axteant
within specifiad ranges

o Oparation of the processes outsjide of wpecified
Eanden nnly afrer ahraining suehesdsabinn

2 Rautine manitnring of thooo presessis &2 bliswew
procass stability. Monitoring teghnigues include ons
Nr nnra aof tha followiag:

Autosatic control loops
Manusl controls
Cosputericed control systams
Statistiocal control charts

v hddivional detail ia givan in g5P Q008 and Araa
I'rocagureas

4.8.72 Nawy Egquipaant oxr Frocess

Any produgt panufantursd on new oguipmant or WY & ReV Pduvwss
im produead undar the plant Th ([eg% Authorjsabion) ayslem.
his l{rtnl pravidss Ww Juvumeolallug ana approval Yhlen
for vaing a nen-atamdard process. Thic cycton 1o dasaribed in
more datall in QSF 0014, :
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PROCESE FLOW=RLAIN FILM
KAPTON TEFLOH

1)
IIAIH:M.I - m*“

| |

msulj%ln “%
CASTYING .
1 CASTING
luﬂmﬂ

™
RITFIM

=]

FI0Ns = TEFLeus ARSIOTERED TRADEMARK of ou PoNT
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COATER PROCESS FLOW=CCATHD AND LAMINATED LANERATEE
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FILR
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PROCESS CAPARILITY ANALYSTE
{TI Fart Ne. 27223=1)
DATEs 3/5/9%

BDOFM1TY

WIDTH (I[NCHES)

g . PP — —

BRI T e R R -

FMYINT 149
.03l BTD S.003513% 39TD
Q.795 ava 0, 754042 AVE+HSETD L
a,.748 MIN 0. 7ATILD AVE-3ISTD LEL
0.76L MAX
crRU 4,1710%4
CPL 4. 480310
>» CPY 4,1710%5
FOINT THICKNESS (MILE)
COUNT: 14
0.08¢ 37D B.24 JETD
4. 990 AVl 3.13 AVii+3ATD UEL
4,710 MINM i.48% AVOE~38TD LSL
5,140 MaAX
CEU 2.9%.h4E
CPL 1.420
>r CPK 1.462%
UBl.1 Upper Bpecificatiaon Limit
LS. Lower Bpeciftication Limit
CFK1 Froceas Capabillty Lndex Medsurs
CFUiI CPFK Uppar
CF. CPFK Lower
T Standard Deviatian

O.745
Q.74

179113
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Coeat figh Duriowmnsy Flme
LA, Bt 3 Duant Mot
T
m Cirdboviin, I frHt
Tol. I 340
o WAL 4T
DuPont High Performance Films
My 19, 1999
M. David Cxarn
Taks Instroments
ME 12-29
34 Forest St
Astiebora, MA (2703
Duar Dava,

In respones 10 your roguest of My 13, ociossd you will find —oarpts fom  the
Quality hiumial for cur wemafhotering facBity for Kapion@t polyimide sad Tollow®
Sosropolymor s, Seotion 3.1 i an latroductios with product teckgrouss], sed Motion
4.3 deacribes the procsdores by which we conirol cor procsssss.  Flow charts are alao
inchaded daploting the basio steps irrcived e the mesuiboture of cor Sio products

A fow sdditional comxments:

Thicknms - Eaproal 300FNIIL (T pan #27235-1) b & Juminate constrootion of 3
i} polyioide M with 1 il of Suofopolymer Sbm on sach 3630, The thicknom of each wab
ls contipneasly messured om e md this fwmation s need 8 foedback, through a
proprietary computer costrol system to aijust the dis p opmaingd. The three webs are thea
inrainated in 5 separsts procsss, with point thicinees of the inel landnate messured to e
couftewiamon o specifications,

Attgched is & topy of satistio] dets recantty suppliad to Tams Inewurseon Quoalicy
Awmrmcs, ngarding SOUFNN1Y] iaalasts. X wais derived from  fthigknaas
mewresnty of samples taken fross oll production B valender yesr 1992,

Piim hepection: All laminste fins s 100% inspecied using & rvwdiad bmpeoctor
wmipped with sleotrosio/optical detection squipmest which is ceed 1o loosts amd “rup*
plaboley, debtls acel othar fm dolbets. T Finisking Ares ween this wap 1o loosts sed
mawd the delbct. The bagpaction oritasis. ave:;

Folcy: dimected hole s & dalect, aad Sagged S removsl sinisg The
gmmh.:umnrmu-s::-p

"Opaque objects®; iechadons, mnd acios concpliants. The squipmest detects
any opsaos chijsol dows to 29 sslls, sl slerts the oparater t0 i Laoktion
im theey wab. It is nevwtroad, i possible, in the case of & surfios defect.
Coryamt speciioations cull for xay opae object in the i, 50 mils or
larger to be Daggad and romowed during siltiing.

Tk i Pl ol A gy M-“'—'
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I hope this nfoenecion will prove ussibl ia your afflarts, Akhoogh masny sepeots of
e odboture of Eapion® fims e proprisiary, TE do wy box 10 aaiwer sy Sevther
quastions you might bave.

I Sook Shrwerd to the vt 10 Atdeboro on Miry 25. Parhaps iz this time wa caa
discoes Rorther wayw in which DoPont can amlet T Instromonts la apaniag naricss in

Jupan.
Sincarely, .
Lt O 11Ky

Edward C. McEaxis
Bembor Tookmital Barvice Reprayhative

TI-NHTSA 017424
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2.1 INERORICEION

Tha Kaptoo-Teflon nt at Clralaville asmufacturss Xapton
polyimide f£ilms mEl;-:rlm fllms. Chanioally, Kapters im n

polyinide r saxeup that is the remult of a
lyccndensation rasction, Thae reasuiting bass Ellm, typa HW,
& arcuatic polyimide fils that is an onally

BErLNg, ¢t vamiptant PLlw with an exoallant o tion of

machanicnl and alectrical propartiea, Tha plant makes two
otbar al types of Kapton, type PN, vhich iz 3 hsat
ssalable grade. This product is achisved by combining typa
HH Kaptan with Teflon FEPF flucrocarben ramin, [
lusinating or coating procasa. Typs VX filus swhihit the same
tough polyinide properties ss HB, with supsrior dimsosional
stability at slsvatsd temperaturss. Xapton filas are sold in
thicknasses of 0,7 uile to 11.0 milm,

Teflon filwe ars produced Irom varions rlusrocarbor resins
inoluding PEP, PFA snd Taf2el, scms of which are .
The pallets ars seltsd and extruded into s Taflon £iim for
lu.h::xu-nt procsasi in treating, laminatcing and slitting.
In itian to the different resin typss, the vifarn
Taflon films in thicknesses ranging 0.5 mils to 235.0
®wils. It is wold into severml sarksts vharse it L unigue

plastiosn. It is the most chemically inert of all
plantios, withetands hoth high and low talparature awtaremas,
has ll.\rrlar aslsotrical propertiss, has supericr snci-gtick/
low friction propertiss plus many sars wnigue

characteriatios.
fome of tha ications or markate for Eapton from tha
elagtrianl alectricel Srdl f£ield arat fiald oall

inmulation, substratas for Zlexible printed oclroults, moter
and gsnezutor sraaturs slot linars, pagnst wirwe hnili:l.lm.'
transformer and capacitor insulation, magnetic recording and
prassura-gansitiva tapes, and wire and ocahle i

A faw of the appllostions for Teflon include & gensral
purpssa jitasns puch &g Call cultars Bage, pilsln and aethllised
wlorophons aleatrets and a variety of relaass applicetions;
cagentable Films for laminated belting, Righ SEmANS
pressure-sensitive tapes aml protsctive olothing; chemical
prooass filme for tank linings, thersoformed rupturs disa
sonls, and thiok z:.mtl and drop=in sold linexe; ami
dsroaphce composits molding creleasse fllms.
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Page: 33 af 38

4 FROQERR OONTAOL i
$,9.1 danaral

=Taflont procespan will b run dnder a state of
isd conditicns. Thesa proossses ars shown
schamaticoa an tha followihg threm pagas. Fupctional arsan
::ﬂhrupm- la for sstablleh thase controllsd conditionw |

o Prodaction sobadulss, baswd on oxderw and foxrwoasts, ]
a4 comunicated by Produdstion Oontrol te the Araas. :
The mamafasturing sroas uss thase schedules ta plah
prodost changes.

o Dogumantsd work lnwtructions, Aras Proosdurss (APs)
nhd Operating Froceduras [OPs), u:p.‘l.nin bhow tasks ars
to ba parformed whara the lack of suah i.nltrutlm-
mﬂ t;i.q'n.:l.ﬂ.u:tlsnm.z.v raduce tha prmwti s laval of
-y . :

o Specified vpeareting conditicnm, callsd Standarad |
mﬂ.nﬂ conditions (90Cs), which dascribe .
proosss paramstars should ba mst I
|
I
|

o murw—-mﬂutmmnmtmtmt
within speclified ranges

o Oparation of the proossses cutalde of specified
vanges only artar obtalning iul:nul.utign.ﬂ

s Routins sonltoring of thess procasmas £ sheurd
procass stability. Monitoring technigues include one
or nore of the following:

Automatic gentrol loops o
nnlm'l't-rlm nl:nt 1 tamp L

rel BYR F
stutincical controal obarts ‘

o Miditional detsail is given in GJ3F 000B and hkres
Procadures

4.8.2 Now Bpuipsast eor FProssss

Lnrprﬂmnnu:mturﬂﬂnnﬂmimtﬂr & naw prooals
produced undsy the plant TA (Test Muthorization) mﬂ.

‘I'hi.l provides the doogpantation and spproval systam

for ua a non—standard proossa. This system Ls dasoribed in

NOES dmi.l. in Q&P 0014,
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FROCEEGE CAPABILITY AMALYSIR
BSOOFNLEL (TI Part No. 2722501}
DATE: B3/B/95

WIDTH {INCHEH)

s bl - i 4

COUNT ¢ ia%
f.051 BTR 9,004 XATD
a. 731 AVEH O, 70542 AVEHIETD usl,
Q,7AR FIN . P7a7313 AVE-3E5TD [ |
.74l MaX
Py &, 17i0WE
(- % . 880510
L~ o 5. 1710%%
POINT THICKNESS (MILS)
COUNTI 14
R.280 ATD Q0,24 INTD
4,093 AVG .13 AVEH-IRTD (1.
4,710 MIN &.4% AVE=-3HTD Le
e 140 MAX .
(od 1) RaDalbibh
o, 1.4A28
»» CFE 1.&238
ML Upper SpeciTication Limit
Ll hOwer Specification Limit
CA¥: Pepowss Cagdbility Indexk MEasurs
o OFE Upper
EFL1 CPY Lower
2Ty Etandard Deviation

sin s

i




TO: ANDY MCERENMNA, T.I.J.
PAX: 011-81~5%50-78-0331
FR: AZIZ RAHMAM, T.I.A.
FAX: 50B-699-3153

PH: 508-699-1650

DP: 5/19/93

# OF PAGES TO FOLLOW: 8

ATTACHRED PLEASE FIND SOME DETAILS ON KAPTON PILM
PEOEI!BIIIG FROM DUPOMT. M_nl_m_mum

EEHEIE'.I! ".'El'.l' "Im' ‘DIHI‘I‘ '.'I.'IIE m m THEN m
GENERALITIRS WITH NISSAM/UNIAIA. ACTUAL  CHMEMICAL
FOLYMERIZATION/CASTING/EXTRUDING FROCEZSES ARE FROBABLY
DUPONT FROPRIBTARY.

REGARDE
AZIE.
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Fapton*-Tafion~-8F Raain

009y :
HENLKHT
Hamw s DBusinsss Bector Location
£ Miee Texn TsTRoments  Cobeceviie
Total Hasber of Pages (Inoluding Cover Gheat) 8-’

HPECIAL INSTRUCTIONS/INPORMATION TO RECIPIRNT:

buPont,; Clcoleville Kapton*-rTafion*-8F Resin Fax BKo. - El4-474~0680
Varifiontion mmbar - GI4-AT4-0443

44* CONFIDENTIALITY HOTE “**

The dosuments aocompanying thim telecopy trénsuission oontain inforpation from
Dukont 1/MED which g cohfidentini amd/or Iegally privileged. The {nformation
1s intended only for the uss of the individual o¢ entity named on this
tranemigalon shest. If you ars not the intendsd rscipiant, you ars hereby
notifisd that any disclosure, copying, distribgtion, or the taking of any
action in relianos on the contents of the Yelacopled informatiosn is strietly
Prshibitsd, mid Lhal Lbw Ssuuewils whoold P8 returnes tTo DuFent IfMBD
immedistaly. In this reqard, if you have received this talecopy in arror,
plecwe notify us by telephonm (5I4-474-0443) Lrmediately o that we can
arzenges for the raturn of tha original douuments 4 us &t no cost to you,

*Dufont Reqistered
arting a Course for Excellence TINHTSA 017431
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DuPont High Performance Films
May 19, 1953

Mr, David Czarn
Texas Instramonts
M3 iz-2y

34 Fuival Hi.
Attisboro, MA 02703
Dear Duve,

In response 1o your request of Mxy 13, enclosed you will find exoerpts
Quality Manual for owr memufacwring fality for Kepoa® polylmide snd

fucropolymer fitmg, Seciion 3.1 is m introduction with product tackground, and sectt
4.8 describes the procodures by which wo control our procosses. Flow charts are also

Included deplcling the baslc steps Leavoived {0 the memafscsare of cur flm prodocts,
A fow additional commerds;

T

Thisknoss » Kapton® S00FN131 (TT part #27225-1) is a lsminate constructlon of 3
mil polyimide film with 1 mil of fluoropolyrner Alm on ench-side. Tt thikivess of cach web
is continoously rssassred on fine and this information Is used as fbodback, theough 4
propriotary computer control system 1o sdjur the dis lip opanings. The three webs are then
lamizstod in & separats process, with polnt thickness of tha fistal Juminkte msasured (0 SHUMe
confbirnance t0 specifications,

MlllmﬂmmmmemMIm
Assursnce, regarding SOOFN13L Lminss. Remits wers derived from thickness
meanuements of smples taken from 4l production in oslendas year 19932,

Film Inspegtion: AN laminate films are 100% inspected using & rewind inspector
equipped with elsotronio/optical detection oquipmant which iy used to locats and "map”
picholos, debels and cther Sim defocss. The Finlshing Arck uses this map to Jooate xd
reznove the defect. The lsspection criteris are:

Holsor eny deteettd hals is 2 deRa, atd flagyond fin iouwrval Juningg litliogg, The
Inapection equipment I capsbls of detecting holea $ miles oc Iarger.

"Opaqus objocts™ Inolusions, and smrfhce contamninate. The oquipnient dotects
any opaque object down 1o 25 mils, and alerts the operator to its location
o tha weh 11 is renwved, (F possible, in the case of 4 surfuce defact.
Current spacifications call for suy opscpie object In the film, 50 mits or
larger to be fingged and romoved during slitting.

Ti-NHTSA 017432
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1 haps this information vAll prove useful in your ¢fiorty. Although mazy nspects of
the manufecturs of Kaptor® Blms are propeietary, Il do my beat to answer any further
questions you might have.

1 Jook forward to the visit to Attleboro on May 29, Perhaps at this time we can
discuas Axther ways In which DuPont can aisist Texas Instrumends in opening marksds in

Japas.
m“".’l

Bdward C. McKansle
Sealor Tochnical Service Represntative

na- T3 Redthnoidor

foll
(BM.005)
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Kapton*-Taflon* Quality Manual section:
Revinion:
Page:

= b L

of 36

3.) LHMIRCRUCTION

The Rngtun-warlun plant at Cirolevilla manufactures Rapton
polyiwmide films and Teflon filwa., Chemically, Kapton is a
polyivicde pﬂl{llr makaup that im the rasult of a
fulyunndnn-at on rsaction. The ragulting basa £1ilm, type HN,

s a tough arcmatio polyinide f£ilm that im an -xungtinnully
stroig, heat reasistant film with an sxoallent comblnation of
m.Ehlniﬂll and alsserical ptupwilies. The flnnu makes twWo
cthar genaral typsa of Xaptoh, typs FN, which im & heat
wanlable grade, This product is achisvad by combining type
HN Xapton with Tefloen FEP fluorcoarbon resin, th a
laminating or coating prooess, Typs YN £ilmg exhibit the sawe
tough Eﬂlyinldn propartises sy HM, with supsricr dimansional
stablility at slevated tamparatures. Xapton filmg are sold in
thisknessac of 0.3 mile €= 11.0 wilu.

Teflon filws are producsd from various fluogrocarben rasinm
including FEP, PFA and Tefzel, soms of which ara p nted.
The pallats are malted and sxtrudsd into a Taflon film for
subgaguant P!ﬂﬂllllhz in Crealtdy, lasdinating ana siiveing.
In addition to tha differant resln types, the plant offars
Taflon films in thicknacess ranging from 0.5 pils to 223.0
mils. It is 30ld intc several markets whers it ias unigun
ancng plastice, It fa the most chemically incrt of all
plastica, withstande both high and low tamparaturs axtremes,
has nugtriur sloctrical propertiss; has superlor anti-stick;
low friction propsrtiss plus many nore unigus
charaotesistics.

Soma of tha applications oy markets for Kapton from the
alectrical and alaotrioal inaultrI field ars1 field ocoil
insulation, substrates for flaxible printed circults, motor
and ganerator armaturs slot liners, magnet wire insulatiaon,
transformer and oapaoitsr fnsulation, wagnetic recerding and
pressure—-ssnsitive tapes, and wire and oable insulation.

A few of the applications for Teflon inalude A ganeral
purposs ltens such as Cell culture bhages, plain and matallized
niorophens sliitisle aild a varlecy O ralaase applloations;
camgntable films for laminated belting, high-perforaance
pressurs=-sensitive tapes and protective clothing; chamioal
process films for tank linings, tharmoformad rupture diag
seals, and thick gaskets and drop~in nold linars; and
asrosapsce composite molding ruleass filns.
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Kapton*-Teflon® guality Nanual factionr 4.8
Revision: 13
Page: 231 of 36

1.8 PAQCHARE QDNTRADL
d.8.1 Jeasral

All on*=Teflon* procsasad will ba run wnder a stata af
vontrollea conditions. Thass procasses are shown

sohematicully on the rullnwin! threa pages. Functional arsas
are rl!PPﬂlihll ror eatanliching thooo cantrellsd ssnditivue
which Ineclude:

. Production schodulop, bassd an (idrern and forecaste,
ava ssmsunizatwl Ly Pruoduotion UONtros €0 the arsas.
The wanufscturing areas use these s¢hedules to nlan
Procuct changes.

o Dooumented wurk instructions, Area PFrocsdurss (AYs)
and Opsrating Procadures (OPs), explain how tasks are
to ba parforusd whare tho laock of gush instruclivis
could significantly reduce the product's level of

guality.

o Hnaniftied rparating conditions, salled Dtasnlacd
Cpurating Cenditions (80Cs}, whiah demoribe
vhisza process pazametets shatld hr ast

a Control of 488 paramstars to the greatast sxtant
within spacified rangem

e Opsration of the provessas cutside of spacified
sanitea naly aftar antalning ankhewlpasdan

g Rontine pnitnring of thooa presssssa ¥4 dllevaw
process atabllity, Monltoring tschnigues inoluds one
e mnre of tha folleulnyi

- Automatlic control loops

= Manual controls

« Computerized contral systans
- ptatiastica) control charts

w Addieicnasr uwtail is given 1n Q5F Q005 and Aren
1rrocedures

4.4.3 wWaw Fquipment ox Froocess

Any product panufantured on hew oguipmant oF by & DAV il ovwss
is produced undsr the plant TA (jogt Mitharfzatinn) syatws.
Yhis surton pwavidas the Jucumsuballvn i approvel aysten
for using a pon=-standmrd process. Thic cyctom io dasavibed L
more detaill in g&P ooid. :
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Kaptan*-Teflont Quallty Manual Section: 4.8
' Revision: 3
Paga: 24 of 18

PROCEEN FLOW=PLAXMN FILN
KANYON TEFLON

HT!#I'M!

|

POLIERIEAT Hw
CALTING
J l

ARG
EHEPECTION |

H'I‘H!H.‘l

nreriig

FACKI MO

IKIM I

AFTON® = TEFLONs REGLETERED TRADEMARK OF DU PONT
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FROCESS CAFARILITY ANALYSIE

SCOFNLYL {(TI Fart No.
S5/8/9%

DATE

WIDTH {INCHESE)

Pl g ey —— L N Rl

0.001L BTH
Q.731 AVA
0.748 MIN
Q.74 MAX

7.080 3TD
& .890 AVA
4.7L0 MIN
3.140 mMAX

" POINT THICKNESE (MILS)

e Bl e s e - N N O Nl o o P

2T EZ =1
AMUNTI 149
0.,00T&1T 3ATD
0.754047 AVGE+SETD 151
A. 747313 AVR=ISTD L8
Py 4.171094
CPL. 4.48%318
»» CPK 4.17510%9%5
[
COLUNT: i4
.24 IBTD
53.13 AVE+IETD UsL
4,583 AVO-IATD LSL
cxU 2.311848
oPL 1.42%
»2 CPK 1.429

Usl.: Uppar Specification Limit

LBl

Lowsr Specification Limlt

CPK3 Fracess GCapability Indaxk Measurw

CFRUI
L
aToi

CPK Upgar
GPK Lowsr

Standard Deviation

0,7k
Q.73

3.3
.3
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DuPont High Performance Filims
| May 24, 1993

Joln Lucas

Textaz Instrupents, Inc.
34 Foreat 5t.
Attleharo, MA 02703

Dear Mr. Lucas,

As & naxct step in our efforts to esriify DuPoet's Kapton® J00HN polyimids film, [TI
Part No. 27225-4), | have enclosed the following information:

1. Quality Maousl for Kaptoo® and Teflon® fim products.

2. Statigtical information on paint thickness and width of the 300HN product. -The
point thicknass data was taken from 3rd quarter '93 lib measurements, and width
from the initial vt upa of ulit rolls sant to TI svar the past yesr.

3. Actoal width and point thickness measurements on recent production. This
mairrial is clenrly idemtified on the shipping carton with the TI part no. 272251
AND the DuPont Iem No. 34498 This carton ig in the wwrehouss at
Sxylesville, RI awaiting sivpment.
Thank you fhe this oppornmity to build on our parinanhip. If you have any
questions or I ean be of firther nstigtunce, plaase call me, at 614-474-0730,

{L-.h_. -J”C--};-u'

Edward C. McKonzio
Senlor Technical Servica Represeniative
Lt -t TS
fall
Enclogars
(EMNOG)
TI-NHTSA 017438
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*ROCESES CAFARILITY RAMNALYSIS
JOOHMN (TI Fart No. Z7223-=4]
DATE: 3/24/593

FOIMNT THICKMNEES (MILES)

DL 37
3,028
2.400
J.1340

UL -
Lal e
CFKL
LR

gl

2T

COUNT &0

STD 2.111 IETD
AVE I.148 AVB+ISTD LSL
MIM Z.927 AvE=IETD LS
MaX

CPU 2. 5485

b A T

3 GFK Z2,3&9

Jpper Specificatiom Limit

—awWer Spmcificatison Limit
Frocess Capabilisy Index Meaasurse
CPK Lpper

r TPK Lttt

Standard Deviatiorn

S 300
2.700
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FROCESE CTAFARILITY ANALYSIES
SOOHM (TI Fart No. Z72ZE3-4)
DATE:r 3/24/097%

WIDTH (INCHES)

COUNT: f9
0,002 BTD Q.004892 ZISTD
. 749 avaE 0.7%4075 AVE+38TD UsL
1,743 MINM 0.744293 AVG-ISTD LEL
.7EE MAX
cCFU 3836291
oPL I,.103710
»r CQPE X.103710

UEL1 Uppmr Sgecification Limixt

LSty Lowsr Spacification Limit

CPK1 Frocass CapaRility I~adex Measurae
CEUr CRE Upper

CRL: CPK Lower

FTD: ztandard Daviation

D.7h&
0.754
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5/24/93

Taxas Instrunsnts Part Na. ZT228-=4

Rapton* J00HN, Du Pont ltem Mhumber 344B53

Ragarding the followinz data:

Poiot thickness measurementa ware taken using a Thwing-Albert
VIR slactronic thickness tasmter, Modal II. 2 mesasurement par

roll.

Wideh nsasurements wers taksn using & Nikon profils

projector., Model V12.

Roll » Point Thickness (mlla)
1 3.03, 3.01
2 3.03, 3.04
3 3.02, 3.04
4 3.03, 3.02
5 3.03, 3.02
q 2.01, 3.02
T 3.04, 3.08
a 3.03, 3.03
a9 3.02, 3.03

10 3.04, 3.03
11 3.0Q0, 3.03
12 3.03, 3.04
13 3.08, 3.04
14 3.03, 3.08
15 3.03, J3.0%
18 3.03, 3.04
17 8.04,. 3.04
18 d.04, 3.04
19 3.0, 3.08
20 3.07, 3.07
21 3.03, 3.086
22 3.07, 3.ce

* Du Pont regimtarad trademark

Width (inches)

0.748
0.7448
0.748
0.748
0.748
0. 748
0.T4E
0.748
0.750
0.748
0,748
0_T4B
0.748
0.748
0. 747
0.74B
0.749
0.750
0.740
0.748
Q0.74%9
0.748
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DuPont High Performance Films

Ka ptonE polyimide film
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Ganerz- information

Kapten™ puily inide Tl pesacsses & umigu
conthitalmnd o prapertias which make i ideu
tor u vanety of applivations in many dilleren
indusires. The ability of Kapton® w maintuin
s excellen physical. electnival. and mechani-
el propertics vver a wide temperature mng
has upened mew desien wd applivation sreus
plustic (il

Eapton® i synthesized by palvmerizing un
aremiatic disnhydride and an sromutic diamine.
Tt his excelilent chemical resistanee: thene are
no known organic solvenis for the film.
Kupton® does not melt or bum as it has the
highest LL-94 flammability rang: ¥-0. The
pulstanding propertizs of Koplon® permit it 1
be uzed at both high and lew wmpersiare
extrernes where uther organic palymeric
mulerials would et e Munctional,

Adhesives are available Tor banding Kupon®
tor ilself and to mewls, various paper types, and
other fihus.

Kaplon' polyimide film cun be used in o
variaty of electical and electronic insulation
applications: wire and cable twpes. lored
e0il insuiation. substrales for Maxible primed
circuily. mutor slol lnors. magnet wine jasls-
tion, transformer and capacitor insulation.
magnatic and pressure-sensitive wpes, and
lhing. Many of these applications are based
o the exycellent balanee of electrical, theml,
mechanical. physical. and chemical properties
of Kaplan® over o wide mnge of lemperatures.,
1t in this combination of uscful propertics al
lemperature extremes that makes Kaplon™ a
unigue industrial material.

Three types of Kapton® are deseribwed in this
bulletin:

+ Kupten” Type HN, ajb-polvimide film has
buen wsed succesifully in applications at
ICmperitures s low js- 265 °C 1 430°F)
ik s Riggh as JO0HC LTS T

" Gereral Information )

Type HN M van be Lo, e sed,
punched. formed. or adhesive coted. 101
avuiiable os 7.5 pmo0.3 mib, 1235

(0.5 mily 19 .75 et 25 g 1 il
Sy 2 mib 75 e c3 il amd 123
5 mili [lims,

Rapton® Type YN, all-polyimide tilm wnh
sll of the praperties of Type BN plos
superiet dimensional dabiling Type VN -
wvailable as 125 pm 105 i), 19 um
U075 mill, 25 pmo b mils 300pm 2 mib,
T8 pon o X mild, and 125 piv o3 mul Gl

Kopton® Type FN. a Type EIN Tiim cosped
vn ong ur both sklex with Tetlon® FEP
Tluarepolymer resin, imparts heat ~eala-
bility, provides o misture bumrier, and
enhances chemical resistance, Type PN s
avaifuble in & number of combinations of
palyimide and Teflon® FEP thicknesses
{see Table 1),

Note: In addition to these throe topes of
Kapton'. films are availuble with the (ol
ing atribures:

-+

*

aklislat

Lhermiily condoctive
palyimides Tor Tioe Jine viveaiey
cryugetic inyulation

COrong resisignt

pigmented For colur
canfurmable

vther Dlms wilored 10 el cusiomen,”
ety

Duta tor these films are coversd in separale
prouduct tulleting, which can be obtained it
your DuPont representative,

The Chemical Abstracts Service Rewistry
Numher for Kaplon® pelvimide film is
|250234-53-7).
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Physical and Thiermal Properties

Rupeett iy bnde Tilims revann thaie physical Congrlete data are nod available al these
Praperiic- el o w e lemperiture range. They  extreme vontditions. and the nugorite o el
hatwes e e in tield appliciuiogs where the  vul dan presented in tis section falls e
envine bl lemperaires ware as low as 23w RO T w92 Foorange

2048 U =432 Frand as high as HE)V Ci732 ).

Table
Phyaical Fmpﬂﬂin of Knpton' Tﬂn 100 HN Film, 25 um {1 mil

Typical Valus nt

Physical Proparty 23CIT3F} Z00 382 F} Taat Mathad
Ullima:e Tenelle Scrength, MPa ipall o 231 (33.500r 134 120.0000 ASTM D-BE2-21. Rbertiue s A
Yield Point at 3%, MFa (pail 80100001 41 16,000 ASTM D.AR2 91
Strees 1o Produss 5% Elun;:n;;n I"I'I.EFa :.:E.T "1} :13,UUDT i &7 13,00M _-Erin"i:':-_anz 91
Uliimats Elongation, % _ _-_‘32 B3 __—-_q:_-_A‘ﬁl':ﬂ -D-_‘EJ-_B;
Tensite Madulus, GPa psl) 25(70,0000 2012900000 ASTMOSEZ 1
I_mpar:t Strength, N.cm if1 [b] 78 10,58} DIJPGHI Pneumam: In1|m| ! TI-'EH
Falding Endurence (MIT], cycles 285,000 ASTM B-2178.89
Tebr Strangth—Propagsting {Elmendorf,, N flbfi 007 10.02) _ ABTMD 152249
Tagr Sirangth—iniial [Graves), N (b ] ' 1,211.8h ASTM Q100220
Daneily, g'ce or giml ; ___“ 1.42 o T ;__f_ETM D-1006 59
Coefficient of Friction—Kinstic iFilm-to-Film| g8 ASTM D-1 lﬂéd an
Castficiom of Frictlon—Statlc (Film-to- Fitrm 08 T 7T asTmpassieg
Refractive Index 150211'1_[1&“! . F_D__ . g ___: o .; i _A-‘Sﬁ?}msu
Poisgon's fatio 0.34 ) - ) Avp. Thﬁ;.s..r“nim

_ ) Elongama a1 57, 10
Low Tempersture Flex Life [ =T IPC T 680, Method 2 6.16

*Openaysen 2242 25 - 1600 a4 - B ink; Jaw Sedirabian: 10680 mim oL g Jawy Spoed: S0 Ml il oo LR oabe rebhe 1o L
tensde firengin And slongalion messured o break,

Tebls 2 :
Thermal Propertiss of Kapton Type 100 HN Flim, 25 4 m {1 mil)

Thatrmal Praparty Typlosl Velua Teat Canditlon Toxt Method
Mealting Pgint Mars Mang AETM E-704-958 11080
Thermal CCIEHIGI-H |.'|t_|::f 20 ppmy £ - 14038 G h ASTM D-E&E--E? .
Linear Expansion 11 pprny Fi iF 1o 100 F| o
Euzﬁll L L] The:mai Canduchivity, ASTM F-433-77 119871
Wmk 0.12 20e K
"ale

e s C 2487 ¢ 10 3c
Spﬂclﬁc Hant dy Ki:nlag l:]___. 1.08 ll:_ll._-l.'alﬁ__ ___ --H: . Duﬂnmntual-t‘:_a.l::rTmmry
Flamrnal}lllw _ -0 ] o UL-94 {Z-8-85)
Shrnkage, % 017 Wi M 160G (PC TM 850, Method 2.2.44

—— LM MOaminada o ASTM DE214.8)1
Hqgl Eaa_la_t:ill_w _ ] Nal Haa: Saalahla
Limiting Dnyg-_: Indax, % ' 37 _ i i ASTM D- znsa 67
SoerFlast  Pass " "IPCTM850.Msthad 24134
Smuhe Generation oM = <1 NBS

o . i Smoke Chamber NFFA-75E

Elaﬁﬁ Tranawt;n_Tumpu;ammqur A Eﬂmﬁl;;;‘i;':;;l-lllﬂn oecurs 1 Kagton  betwean 380 C Iéﬂl Fy ained ;13 r:. 1 'I:r F

anl s asEurnad 10 Be IRE Giass PEN%NHeN Temparmiure. [Marent measowanan
ln:hmqu.; prodwéer differam mesukts walhin g alowe W ure ra Myfir.

i
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Tabla 3

Physical and Tharmna! Proparties of KXapton™ Typa VN Film

Typlcad Valus for Film Thicknons

25 pm S0 am T8 ym 126 1m Tast
Property Umill  Zmil}  Eml 5 mH Mothod
Unirnate Tand e Strangth, MFe Zan 132 i n L5TM D-BEZ 81
ipgit JZLB0D 40001 (335000 335000
Uimate Elongetion. % 72 B2 B2 82 ASTMDB8291
Tear Strength—Prapanating (Eimengort), & 0.07 0.21 0.38 0.58 ASTH 01920 49
Tuar Steangth—Initial {Gravac), N BT 8.3 163 488 ASTMD 100490
Falding Enduranes IMIT1, < 10" cyclen 285 58 % 5 ABTM O 2176 a9
Danalty, gice or g/mik 142 142 .42 142 ASTMD 1505 50
Flammability 94V-D B4V-0 B4Y-0 94v-0 UL-94 2-8-B51
Shrinkaga, %, 30 min &t 154°C (302 F} 0.0z 0.09 0.03 0.0z IPC. TM BEQ
Method 2.2.44
Limiting Otyoen Intex, % 3 43 ag 4B ASTM D-2883-57
Tabils &

Physical Propertias of Kaptan® Typa FN Film*

Typianl Value for Fllm Typa**

Property 1ZDFNBIR 120FND 1S 2B0FNOE
Uitimeatis Tenala Strangth, MPa (pal}

2T AT 207 130, GO0 162 (23.500] 200 (28,000

200 °C 3pZF} 121 (17 500} BB (13,0001 115 117,000
¥ield Point &t 3%, MPa ipsll

23.C{"YF 81 [9.0001 45 (7,080) 58 (5% B0

200°C 1392°F 42 |5,0001 43 16,000 35 {5,000
Sirays at 5% Elongation, MPa {peil

20'C{TAFI 78 111.5001 45 19,508 7611100

200°C (X2°F E3 18,0001 41 (A0 48 (7,000
Ukimete Elongetion, %

23 Ci73-F) ] | gk

200 C [39°F) &0 H.| mo
Tensile Madulue, GPa ipail

23'C IT3°F) 2,48 (388, o) 2.28 {130,008 2 .82 {380,000

200°C (392 Fi _1.62 1235.000] 1.14 11860000 _ 1.2 (200,000 )
Impaet Strangth at 13 C (I3°F),

N cm i 1 76 10,58} B8.8 (0.611 1568 (1.181
Tear Strength—Propegating tElmandorfi,

M Tkl 0.0 002 0471011 0.E7 (013
Tear Strength—imdal [Greves!, N Lofl 11.842.B6) 11.E12.8] 17 B 140
Palylmida, wt % :Tu) 57 11
FEP, va % n 42 27
Denaity, giec or giml 1.53 187 1.57

*Toat medhooa for Tabie & are the game e bop Taphe 1.
rHecause a numbsr of combBinetions al golyimide Mim and Muoarocarcon coalng wed wp t0 the A tONAN GALIAS, it 18 nACeSEA Y '
drlimguish among them, & three- gl Bys1e1m 15 UsmE 17 win e e midde digh reaprasanty e Aorninkl ThSkeas of INE buse
¥apton” film i mulp. The fiml and thied diges repragent e nominal thicknegs of the costirg of Tellon  FEP fluampolymer res.
in mils. The symbal 2 18 wied 1o repreapant 13 pm 0.6 mil and 9 to repeasent 2.8 pm {07 miil Exarepie: 120FNETE a A 1 20-gduie
struciure consisting of a 26 um {1 mill baea flm witha 1.3 pm 1001 mill costing of Teflon” on aach ade.
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Mechanical Propertias

The wsual values of fensile streneth, lensile
modulus, und aitimete elongation al varimes
temperatures cun be obtained from the typical
siress=»1rain curves shown o Figunes ! and 2.
Such propertivs as tensile strength and muduius
are inversely proportional to emparature,

Flgure 1. Tenslle Stress—Strain Curves, Typs HN Fim, 25 um (1 mil}

w herguas elonzation reachies o muasimwm il
at about MK 50 -F1 Onher factors, such s
humidicy, Tilm thivkness. aimd tensile clongation
rutes were found to have only a pegligihle
effect vn the shape of the 237074173 Fioune,

{ -
16 - —. - - —--.3s0
3z 23°C {75°F) ]
oa | 200
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|
5 !
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i f
1] 1 ] L ] : ] 1 ] o4 _J o
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Figure 2. Tensile Creap Properties, Type HN Flim, 26 pm 11 mil|
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Hydrolytic Stability

Rapion  pols nnede i is mucke by aocomdensi-  FETLI RTSUrE S L edHan e perlor

Lo redsd it thoerekare, ils propertivs ane nunce. A deerease o e lemperalure aid U
alfovted by sater, Alilwgh long-lerm expe- wirter ol WAl reduee the rase ol Kaplon
SR W Patding waler, o shomn in the cunes in properts reduction, whersis higher ioperalure
Figures 3 aml 4, aill reduee the leve] of ilm und prossore will pwneise ie-

properttes, uflicient ensile and clongution

Figure 3. Tensile Strength After Exposure to 100 C 1292 F) Water, Type HN Flim,
25 um {1 mill )

-
1
| AgEr- —— —_——— - s s —— - —— - 3h))
i
! iz l*-
28 k- , 200
24 ! T ;
- 160
F

16 :
- 104
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R .
. 4 50

Tensila Strangth, kpsi
Tensike Stresgth, MPa

a i | 1 | ] 1 § ! | —— e . .
; 0 02 04 pB OB 10 12 14 16 185 20 22 24 15
' Time In Bollivg Water, x 107 h

b -

Figure 4. Ultimata Elongation After Exposurs to 100 C 1212°F) Water, Type HN Film,
26 um {1 mH}
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Bimensional Stability

The duttenonad stabiies of Kaplon pals e
f1lm depends 1 1o Bt ——the ol
voetticient o thernad expansion and the
residual wireswes placed in the tilm during
ek, e e itses Kiprai (o

shirinh o s Fiesd expuomune b ooy aind lemper,
tures us indieited in the bar graph o laupe 5.
Once the il has been exposed, the il
vitlues for the thermal coeiTicient of lincar
capamsion as sl in Table S can be ey peaied.

Fgure 5. Resldunl Shrinkage vs. Exposura Ternperature and Thickness,

Type HN and VN Films

6 ——— -~ T T T
U g
| 14 = iDWizuu'-Cl' :
' f 125 | @l nuoer 126

Typical Shrinkagea, %
=
=]
ks

Y-

1.47

f o8-
i .
[ .
0.4
I
: ﬂ-23
p2f @17
%1} 5042) 75 (%) 126 15}
1 Flim Thickness, pm {mill
——— a -

"Type YN shrinkege is 0.03% for all thicknazess,

Tabla B
Thermal Coefficismt of Expansion
Type HN Film, 26 um (1 mil}

Thermally Expansd
Tomperaturs Bange. C1{Fl oG
23100 (73-2121 18
100-204 12712-392) b
200300 [392-572) 48
00-400 (572752} T8
23-400 (T3-T521 45
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Thermal Aging
The uselul b ol Kupon” polyimide filimis 2 tme zero and 325 O al7 F o the wensly

Funetion of fudh lemperature and oxygen strength is 234 MPsa 34000 peinand the
concenttleen. e geeordance with UL-744B elongation is 674¢. The resulis ure <shown in
test prowedures. the thermal lite of Kapton® Figures fi-X.

wars deternured ol various temperatures. Al

Figure 6. Tensile Strength ve. Aging In Air at 3256C (B17 Fl, Typa HN Film, 25 im {1 mil)

100 — ——

Tansdls Btrength Retained, %

o | 1 ] ] . [
0 200 400 BOO B0H) 1000
Tema st 325°C I617°F). h

Figure 7. Ukimate Elongation vs. Aging In Alr ot 326°C {617 F), Type HM Flim,
26 pm {1 mil)

1
| 100
|

Elongation Retainad, %
2
I

L T

600 BO0 1000
i Timn at 326°C (83?°FI. h
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Figurs 8. Retalnad Diglectric $trnnﬂth at 326 C (817 Fifor 25 um (1 mll} Fiim,

Test Mathod UL-746B

120

e e ———— .

DHalsettic Stremgth Retalned, %

500
Time at 326°C (617°Fl, h

1000

The life of Kaplon” polyimide film ol high
lemperature is signifivantly extended in 4 low-
oxygen envirenment. Kapion® is subject i
oxidative degrodation. Hence, when il was
lested in a heliom environment. its useful life

wis uf least an order of magnitude preater than
in air. Using 2 DuPonl 1080 thermal anals sor
systent, the weipght loss chanikleristics of
Kapton™ in air and hellum at clevaled tenpei-
tures gre shown in Figures 9 and 10,

Figure 8. Welght Loss, Typa HN Fllm, 26 pum {1 mi)*

I
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: I
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. 100 200 300 ADO 500 508 00 800 o0 1000
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|. Tampeewtura, °C | °F)

*Rane al lemperature ree o © 0 Fhwas 2 S (6.4 F
4y
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Figure 10. Isothermal Walght Loss, Type HN Film, 25 wm 11 mil|

Table &
Tima Raguirad for Reduction in Ultimete
Elongation from 70% to 1%
Type HN Filtn, 25 um {1 mil|

Tamperaturs Alr Environment

450 C (A4g F1 2 haurs
426 C A Fi 5 hioure

" 400 C {750 FI 12 haurg
ECITIER 7 days
260 C (284 F) & days
335 C (B F) 1 manth
3an ST R 2 manthe
278 T1BA0 Fi 1 year
IEO C (430 F) 8 yoare

. 40Q°C (752 FI He
- &G0 B4 27F1 He
400°C (752 'F1 Air

BOGC (932°F) He

4E0°C {B42°F) Air

S76°C (1.087°F) He

B - '
i ;
EAOC (1,022°F) Ha
a0 3 3
. \ BOOC {1.112°F) He
! SO0PC [932°F) Air
100 ™ — * BEOC(V.022°F} Alr . .
0 00 ZO00 300 ADD 500 00 700 800 900 1000 1100
Time, min

1]
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Electrical Properties

The most commmen clectrical properties of
Kapton™ polsimide flm of various gauges ine
shown in Tahbes & and 7. These valees wene
mesared A0 23 CA73VFyand 500 relative

humidity. The elTect al such factors g- hunl-
ity . temiperatare. whd frequenes on thew hisie
values can be found in Table 8 and Figures

-1

Tabla 7
Typical Electrical Propertiaa of Kapton Typas HN and ¥N Films
Proparvy
Film Gauge Typlcal Valus Toxt Condition Taxt Mathod
Disfectric Srengih W oam kY rmim | [Vamil 50 Hiz ASTM D-14% 01
25 m i1 mil} 503 17,7001 1747 alact rodste
O pm {2 milf 240 5, 1004 500 Wigey rieg
7oum I3 mil 106 15,2001
125 um L5 mil} 154 (3. 9000
Plaiwctric Canstan? TkHz AETM D.150-82
2Gpm {1 mil} 3
B (2 nl] 34
T8 pm 13 mill 33
125 um {6 mill 359
Didsatiparion Fastor 1%Hr ASTM 0-150 92
26 um {1 mill 0.0018
5C pm (2 mill .40z
6 pm 1a mul] 0.0020
125 pm {6 mil} g.a02a
Volume Rexintivity Ll-cm ASTM D-257 91
26 wm [1 mil) 1% - 10"
B3 um (2 mill 1.8 10"
75 wm (3 mil 1.4 = 10"
125 um s mil} 1.0« 10"
Tabis B
Typical Elsctrical Propertise of Kapton® Type FN Film
Property 120FNDIS BN 19 230FNDIS
Digtegtric Strength, Yam (Wmill 272 (6,900 157 {5,000 197 {6,000+
Dlalwctric Constant i1 2.7 1.0
Digsipation Fagtar 000156 00013 00013
Yoiume Resistivity. ibcm
at 23 C{73-F! 4 - 10" 2.3 < 10" 19~ 15"
at 200°C t382°F) 4.4 510" 8.0 3.7 . 10+
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Effect of Temperature

As Figures 1317 imdicate, @xireme chunges in
emperatuse huse relatively linde eftect on the

eaellenn o temperatuee electrical propreriic-
ol Kaplon ™ puels imide (1im,

Flgure 14. AC Dialestrie Strangth vs. Températurs, T'.ll'pr! HN Film, 25 pm |1 mill

12,000
I
! = s00 |
! -
x*
£ i -&.000
5 300 25 ym {1 mil)
{6,000
200 -
.E -4,000
2 0 127 pm 5 mill
2 o 2.000
a | ] L L 0
-200 -100 0 100 200 aco
(=378 (~148 {3 1212} fag2y (BT
Temparaturs, °C (°F|

AL Dislactrie Strangth, V/mil

Figure 18. Dilelectric Conatant vs. Tamperaturs, Type HN Flim, 26 um {1 mil)

a6
f %
-~
a4 |- \
g 3.2 |
alu —
i N
.
28} -
105 Hz
2_5 | | 1 |
=100 0 100 200 abo
1=138] (32] {2121 1392} (872}
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T).NHTSA 017486




Fiz .o18. Dissipation Factor ve. Temperature, Typas HMN Film, 26 um (1 mil}
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Figure 17, Volume Reslstlvily vs. Tamperaturse, Typa HN Fllm, 2B um {1 mil)
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Effact of Frejuency

The eliiect ol treyuency on the values ol the [ tor Type HN Tilon, 25 pm o) miti and
diefectric consiant and dissipation Metor at Figures 20and 21 for HNG 125 w13 nuh,
vitrioas isodherms are shown in Figures 14 and

Flgure 18. UOlelsctrls Conetant vi. Fregquency, Type HN Film, 26 um {1 mii

: 38 = e e e
i G ——— @132
: = 23'C{T3F
; 34 F — _A0'C 1-40°F)
; 3] e |l
- 100°C 1212 )
| § 82 I
P8 !
[ 2 1
1
2 30 F | 200°C 1397 F)
' 29 a'
t 260°C (482°F1
28 | 300 €572 F
27 L i i
| e 10? 104 108
! Frequiey, Hz
o ———
Figurs 8. Dissipstton Factor vs. Frequency, Type HN Film, 25 um {1 mill
| _ — e
1
! | BPL (32°F
|
250°C; 1482°F)
! 0.010 :
i | 22°C 73°F)
0.008 =40°C 140 F)
§
_§ 0.008 -
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. r :
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I
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Flgura 20. Dialactric Con:iant va. Frequancy, Type WM Fllm, 125 m 15 mil*

Diglectric Constant

36
s
"!ln.‘ A
4 .
iz ", ..\
—
32 B
3.1 ' |
10’ 10° 10? 10"
Fregquanoy, Hz

Figure 21. Dlssipation Factor ve. Fraquency, Type HN Fllm, 125 wm {S mil|*

Disafpation Factar

0.010

0.008

0.006

0.004

0.002

Ay
b /
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b f

I |
10’ 10" 16" 10"
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*Technical Report AFML-TR-72-39—Curve A is B00H Kapton™ as recaived end measured et 28 C (77 Fi
ang 45% RH with tha etectric fleld in the plane of the sheet. Cures B is the same meagurament akter
conditioning the flm at 100°C {2124F] for 48 hours, Padarmance of S00HN iz beliavad to bBe aquiva-

lent to BOGH,
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Corona Life

Like a1 organie s riabs Kaplon s attache
By a corona discharge. and when eswposed
comtimuously e i wil] ultimatels fail
diclectrivallv AU maderate feveds al vamng
ceypospTe. Jovees insulted with Kapton ™ have
sury ised opobo 30000 R, giving reasonable
aseurane that hriel cxposare 41 2 ceroma will
et signiieantiy adTeet the dife of o proqerls
designed insulution sysfem based on Kupton'®,

Corong threshoid valiuge and intensity are
{fiumetions of many purameters. invluding
insulation thickness. air gap Unekmess., and
device shope. Consull with uw DuPont Llechnical
represenialive on the soutobility of Kapton® for

speciiie applicaliens s hete oocena i he
prosenl.

Figure 22 ~howes the fife Tor 23 pmi 1 nal
Runn ™ HN pobvimide 1iim as a tupetion o’
vibige LRS00 Heo As e coroni slirting
fes el is upprosched. the Kapron ife cuese
flattens, indivaeing a long hite, 16 should e
emphasized thut the superior tbeml amd
et ne=proal e fides of Kaptan© insu-
lted mrivgenet wire. wrappers. and slal arabimnon
cun be utitized without fear of coruna in
properhy desigaed systems, Rapton® com by
usizd ulone or in combination with other
in~ulation malerigls.

Figura 22. Voktags Endurance of 100HN Kepton ™ Polylmidae Film*
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Chemical Properties
Tapdeal ciewcal properties of Kapton® Twpes The chermical properttes of Ts pe VN [l are

HN and B tiims are piven in Tables Tand T similae o twse of Type HNC
Tabla 10
Chemical Propertias of Kapton Tvpe HN Fllm, 25 .m (1 mill
Typical Valus
Tanaflo Elongution Tt Tasr
Proparty Rutuined, % Astninad, %= Conditlon Mathod
Chamdcal Arshatance
Iscpropyl Alcohel 28 HL 10 min at 23°C IPC Th-658
Toluana | " Maihod 2.2 38
Mathyl Ethyl Kelons 4 40
Mathylana Chiorldef
Trichloroethylers [1:11 BH BE
2 M Hyorochlorke Acid W L
2 N Sedlum Hydrosida 82 54
Fumrguy Rsaiyianos Nonanutrlant IPC TM-BED
Method 2.6 1
Molsturs Absarption 1.8% Typost HN and YN S0% AHetd3 C ASTM D-570-81 1 1986:
2.0% Types HN and VN Immargign far
M hpt 23 C (T3 F]
Hygrossapic CofRoiant
of Exparmslon 22 apmc* RH 23°Ci73-Fy, 20-808; AH
Farmesbility
Gas mir2inMPa eedIG0ar Zéhatm AC(TIFL 50%AH  ASTM D-1434 &2 1950
Cerbon Dlowida E.B4D {5
Oxygen 3.800 ]
Hydrogen 28,000 50
Mitrogren ) a
Ha lium 83,080 415
Viapor @iy 24 h} g0 -2 Al AS5TM E 86-52
Water £a 1.5
Tabla 11
Chamical Properties of Kapton® Type Fl Flima
Property 130FNG1 8 TB0FMO1E SOOFNOE
M sture Aksorption, %
at 23 €473 Fr, 50% RH 13 a8 i}
—_ 38 AH o 25 1.7 L2 N
Wiater ;asr Permeability,
gim 2 17.5 4.8 2.4
G100 w0 2d b 1.13 Q.52 0.18
474560
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Radiation Resistance

Bevause o = cseellent rdistion tesistane,
Kapton© 1+ treguently used in high rdiation
enviratire - wher J Mexible insulating
taaterial 1~ reqeired. Inoouwter space, Kapton”® is
usad both alone amd in ombination with other
materials fur applications that reguire radiation
resislanee al migimum weishe, U.S, Govern-
mett luhoraiorn, wes data on gamma and
neutron rndiation expesure of Kapon® are
summitised in Tables 12 and [3.

Tesing the suitability of Kapton ' For noe]ear
reactors and lineur accelocalors involves
exposyee G an advene chemival environment
in addition 10 radimion. For example. loss of
coclant secident (LOCA ) 1ests for qualification
in containmenl ateas in nuelear power plunts
expuse the sysiem to steam and sodium hydrox-
ide, both of which tend 1o deprade Kapton®.

Accerdingly. when Kaplon® iy tsed o naiclo e
power sy stems that reguine vortificat wn
IEEE-323 and -333, engineered desigos that
protect Kapton® from direct exposure b [ 004
sPRys are required.

The excellent plirviclel resistinee of Kapton
in the high vacuum of oower spawe is demon-
struted by the daka in Table 140 In the canh’™s
atmasphere, however, thene is o synergistiv
etivet upon Kapton ™ if it is Jdinccily exgmsed o
sme combinations of whryiolet radiution.
oxygen, and water, Figure 23 shows this oo
as a loss of elongation when Kapton® was
expased in Florida test punels. Figume 24 shows
Ihe loss of elongation as a funetion of exposure
time in an Atlas Waatherometer, Design con-
siderations should recognize this phenomenon,

Tabls 12

Efect of Gamma Radiation

murs an K
(Cobalt 80 Source, Osk M

m Palyimida Film

Control 10* Gy 10"Qy 10" Ay 10" Ay

Praparty 1 mil Alm 1h 10 h 4d a2 d
Tanslla Strength,

k1 Pm 07 X7 214 Fal ! 162

psi < 1070 30) 130} () §] LERD! izh
Elnngetion, % 80 8 g 9 42
Tarsile Modulus,

NP 2172 175 kb 1) 3375 2903

tpai 107 14601 [475} {280} (475 W21
Yolume Aesistivity 4.B &.6 5.2 1.7 1.8

Llom » 10 gt 2000 C 1392°F)
D merric Constant 145 ans isa am 3.50

1 kHe a1 2'C (T3F}
Dieslpation Factor 0.5020 0.0023 0.0024 0.00a7 002

i WH; o 23°C (73°F)
Chalastrie Strengih 168 211 218 2 264

Wi k¥ mmi

Table 13 o
Effaot of Elasctron Elﬁ::ll.ll'ﬂ on I(l‘g:un Palyimids Fim Mbced
tron and (am
B a 107 Gy " Gy

5 2 10" nautrons/omys Fitrm Carkened Flim Carkanad

Flux &t 175°C {347 F and Tough

TINHTSA 017461
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Table 14
Effect of Ultravinlet Exposurq on Kapten Polyimids Film*

140 h Expaosurs

Tanale 3t noth, ‘o ol [nitial Yawe Retained 100
Elongat.c  :of Initial Yalua Retained T

“u AL er P aMEt, 25 1000 e Hg b B0 O 1122 FuL U anB@iny mehai 20 space! aoeibighe o 2600,

Figure 23. Effact of Florida Aging on Kapton Polyimide Fllm
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Exposurs Time. h

Figure 24. Effgct of Waathering an Kapton® Polylmidae Film (Atlas Waatharomatar|
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Flm Type lotormation

Kapton Film Type Information

Tabla 15
Type and Thickneas
Nominal Thickness Arud Factor
Typa pm mil mikg g
A0HN 7.6 0.3 93 455
BOHMN 127 0.5 = 272
7EHN 181 075 &r 181
100HN 25.4 10 - 28 1w
NOHMN Ly 20 14 Bl
JH0HN 78.2 1.0 9.2 45
E00HM 127 50 5B 27 o
RAVN 127 04 &5 m
TavN 18.1 0,75 al 181
100N 26.4 1.0 28 136
200N 50.8 2.0 14 a8
300vN 4.2 in 9.2 1]
SO0wN 127 5.0 B.5 27 ) N
100FNDES 264 1.0 23 110
120FNB18 0.5 1.2 Kl 104
180FNBES 3 12 1 K]
150FND13 3681 1.5 18 77
200FMDT1 B0 2.0 11 54
Z200FNP13 50.8 L 1 ___5.4
260FND23 83.6 2.5 10 44
J00FMD21 7a.2 3.0 B0 a2
ADAFNA2D 78.2 3.0 8.0 ®
HOFND22 101.8 4.0 55 27
ADOFMD3T 1014 4.0 8.1 3H
S00FN131 127 50 1.7 i
EO0FNG51 w2 a.a 4.4 A |

Namvinal Canstruction, Type FI _

In the Kapton' Type FN order code of three ((E1 mil). Example: 120FNA1S isa 1 8)-panpe
digirs., the middle digil represents the nominai slruclure cotststing of 4 254 pm ol mib) base
thickness of the base Kapton® in mils. The frse  film wich o 254 g mily eoating of

und third digis represent the nominal thickness.  Telon® on cach side, JHusred i0 Table Lboare
ol the caating of Teflon® FEP flucropoly mer several examples of the many filny ypes

resin in mils. The symbol 8 is osed o represent  available,

12.7 pm 4.5 mil and 6 te represent 2.54 wm

Table 16
Type FN Fiim Constructiona

Conrtruotion
FEP HN FEP B

Typn wm mil P mil im mil
100FM0OBS 12.7 060 127 Q.50
120FMNBTE 2.54 0,13 5.4 1.00 .54 010
1hOFNEEE ] . 12.7 .50 12T 060 12.7 _ﬂ.ﬁﬂ o
150FMD0T8 5.4 104 127 .50
200FNDTT ' i%a 1.00 254 1.00
200FNS1D 127 0.50 5.4 1404 3 a. Eﬂ. L
250FND29 50.8 2.00 12.7 0.50
SOFNO B0.B 2.00 .4 1.00
I00FNS2D 127 080 B8 200 127 050
ADOFNO22 E0A 200 50.B 200
ADOFMDAY 182 3.040 264 1.00

BOOFN 131 5.4 1.00 TE.2 .00 5.4 1.00
GOOFNDST 127 b.0D 25.4 1.00

23
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Safety and Handling

Safety and Handling
Unheaied Kapton® pelyimide Ailm is insoluble

IN Mokt common onganic solveals aiter immer-
sion for up to 8 year. However, Kaplon® i»
diszolved by strong acids, such as [uminy i
and voncentrated sulfunc acid, particularls on
heating, and 5 bydrodyeaed by alkati and
superheated sleam.

Kupton® Type FN exhibits beiter chemicad amd
txidalive resistance thin Types HN and V'S,

Kapton" film can be used safely al elevawed
lemperatures with proper venlilation, Al
clevated temperatuncs, Kapion® can relcise
small amounts of MN-dimethylacetamede
residusl selvent. Adequate ventilation in
accordance with OSHA (29 CER 1910.10(Kn
will provide safe hendling und use.

For additional information. users should retor
to the fuliowing bullmins: Kapon® Palyvinhde
Film—Sufe Handiing, &-720%4 and kapion®
Polyimide Film—Praducts of Deconipositica.
H-168]2
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TEXAS
INSTRUMENTS

Auguat 13, 1993 »

M, David P, Relfschnelder
Accoumts Manager

DUPONT IMAGING/MEDICAL
12 Mesdows Lane

Wilmdngion, DE 19807

Dear Diave:

Thask you for youf quick remponso in sciting ep u plast visl. The cituation, & you know, fum bacome
critical, and we need 10 act quickly o bulld our cusomer's condidence in Japion mage.

T1 vishtors will nclude me, John Brenmen, abd possibly Agoes Cardozs. Johs b our rexident phmtles
expect im Advanced Dovelopment, The objeci|ves of onr vislt, as 1 soe them, follow:

o Tour the Kxpioa, mmnufacturing sed Kapion/Teflon lamingting, finrs o folly onderstand (he procencs
and eelr congroty for Bems moh as:

Strempth (IITE sod Blongatios sl heesk)
Finkokes. & [nchorions
Thickness varistion

) Thwderstand Kepion chestintry s i telows wo power sizeddng Duld compatibitity. We nood » sroag
technical position o the we of Kapios in power seering applications, supporizd by DulPont snd TY s
Dutn znd DulPonts expertlis in Eapton chomdsicy.

o Map oql & sirelegy for:
A, mmmnmumnmmw

B. mm;mmﬂmmmuthmm
vizintics roo-to-re and within ma? We will mad data K ogr castooier,

Whet bs the sine dixiribation and Begreency of pisholes?

How dots “worst case” Eapion pecform in onr ewitchor?

Ave otiwer aeiinss naeded 30 imperve: preventosidetectine madindy for
pinbola/incioyions?

g0

TIERAR HETRUMENTE SHCORFORATED » M FOREET STREET » ATTLIENCAC, S DITOR Tl.‘“ 01'?4“




Mr. David P.Reifachoeder

Augunt 13, 1993
Page 2.

o Pt & plam bn place for T1, DuPont US and Toegy DulPost Japan &0 be. "oos volce" . ..
informution shared with owr end Cesinmess nocds. i be conslaent,

o W wookd ke to leave with:
1, "Waorst Casa® Kopton (both mosolitéie 3 mil and Tiedon Lastesiesd 1-3-1) for T teating.
1 wihnummmmmummmmmm
fuid.
3 W+ for determinisg (documosting) sirrngeh varkdion, pinkols sy distribetion, wc.

Our cusionsc meeting s towiatively schodeliod for the wock of Scpiamber 13, 29 wa seed o bulld 8
strong case before them,

Sincemrly,

Ti-NHTSA 017480




3:45 - 500
900 - 9:20
920 943

945 - 10:45

10:45 - 11:43

11:45 - 12:30
12:30- 130

1:30 - 2:30

2:30 - 300

Circleville, Obio
August 25, 1993
AAENDA
Arcive it Circlaville
Walcome Kevin Corby
Overview of Procos Pd McKenzin
Plant Tour
- Tallon® Scott Sampaon
- Kaptoon® Pmol Camphell
- Laminator BCM
- Flnishing Caal Haoger
- QCLabh Tearrell Holloway
Procass Capahifity
- Thickzem, Temdle
Elongations
Lunch Fhm Room
Defisct Dataction Gerhard Maroscher

TINHTSA 017470
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Memoramdurn

August 27, 1993

0 Vishwa Shukla
Frarcols Podovard

cc:  Dave Czam - Tom Charboneau
Chals Wagrer Rick Condin

Fr: John Brennan
Re: Trp Report, Du Port Kopton Facly, Circlenvile, OH

Dave Czomn and | visted the Du Port Kapton Faclity In Circlevibe, OH, on August 25,
Ouwr Infent wos to galn Information on the procassing, quallty control, ond perfomance of
¥apton film. Kapton s aaming a bod reputation for use In automotive fluids of Nigsan and
this reputation s filtering down to M&C's pressure swihch products. Yapton's negative
stonding s completely unwaranted, based on TI's and Du Pont's kab tesHng and Trs switch
paformance. Our vt eidorced our confidence In using Kapton on power steerng
switehes.

The Circlevile plant houses the complete processing of Kapion from polymerkzation
down to firmn siting and packaging. Yo rnoka the base potyimide Kapton fim (HN type), the
polvimide moromen am mixed into G sohvent and cqst Into a fim.  Solvent Is then died off,
followed by polymerization of tha monomans.

Clrcleville makes Teficn FEP flm by melt extrusion. If the film ls 1o be used In making
Kapton laminctes, it undergoss o plasma reciment during processing. This reaiment clters
ther FEP surfoce chemisity, making i posslble for the filmn to adhere to the polvimide base.

Atering s quite extensive on these processing fnes. Both lines have 20 p filters aof the
ond of the exiudens. Dy Pond filters Kapton monomens to ? p of the greciest, Theay fiiter the
solvent fo 1.

Lomingtes are mode on a three weab laminator. The FEP layers ore heated to near
thair snahling points and bondeaed by nip rolls 1o the polvimide.

Al ralls of 1he FN fim are fspected on a rewind Inspection station. Becouse of the
high volumes produced, Du Pont Inspech only every skdh rol of HN fim,  {(We cumenily use
N film on the Ine-mounted switches, HN fiim i being considered {or the pump mounfed
parts.) The films pass by two kasens in this Inspaction. One loser identifles parilculate defacts,
dand the other lcser Identifies craters (pinholas that don't go complataly threigh the film).
When q loser spots o defact, the oparatar locotas and tags the defect. The defect is cut cut
of the fitn durng stiting.

Bodh the Teflon ond Kaphon ines have the standard process comdrols expected In
polymer procesing. The Kopdon ne s tesiing on Innovation for filn quaollty contral. A
battery of 12 cameras with a 0.0025 Inch pixal slze Inspects tha fim gt 1he and of the Xapton
palyrnerization tne. Aa defects are dentified by the cameras, the processing fine is odjusted
t¢ ediminate the problem, This fechnique has kantified the root couses of two chronlc
Kapton defeck and elminated thermn permanenity.

MNssan hos exprassed concem about pinhole defects. Ou Pont & adamant it
pinholes ('voids” that pats completely thwough the film) do not eist n Kapion, Craters
(volds® that pass only partly through the flim's thickness) do exist. However, Du Pont s

TI-NHTSA 017471



insistant that no craters less than 10 mks In diometer exdst in the flm and that the rewlind
inspechon catches craters karger than 10 mils, Du Pond proviced 1992 data for XI0HN fAim, in
which 101 rolls of fillm wete Inspacted. On average, there |s 1 ¢crater per 33750 sq. . of fim.
his B squivalent 1o | crater per 8,640,000 pressure switch pars. The worst rolls Ghers were 2)
had a defect rgte of 1 grater for 3800 sq. ft. or 1 per 972,800 switch pors. Baor in mind that
these defects ware gitted out prior to shipment.

Du Pont's explanatiors abzout crater creation ond the nonexisteree of craters smaller
than 10 mils remaln unclear.

Du Pont provided the results of automotive fiuld expoiuwre testing on Kopton flims. One
test wias exposured In 300 F. Denaon ATR.  Thiz feat showed complafe retention of tenslle
shrength and IHle kss In etongation affer 1000 hours of exposure, These rewlts reinforce the
testing conducted ¢t 11,

Du Port anclyzed fims removed from Waoko switches. Nissan become concemed
about Kapton becawse of the poor performance of these switches. The Woko diaphvogma
ora ot lke ours. Thel diaphrogm conslsts of two layens of Kapton bonded together by
dlkone adhasive. A fuoropolymer fim i plaoced locse on fop of the Kaplon sondwich,
Although the Kapton layers are from Chrclenile, the fluaropolymer kayer i not, - Futhermore,
the fluoropolymer kKiver & not FEP, but PTFE, a critical difference.

FEP [& Huornated Ethylane Propyiens. I can be metted and processed from the rmalt
state. PTFE stands for PolyTetroHuoroElnylene. it s Huordnated Ettwlene. PIFE can not be
melted. it can be procassad orly by sintering or dispenslon cooting. Efher procesing
techrique lBaves voids—PTIE Is porous. This porosity may cradte lsaking probiems In Woko
switches. Tl switches wion't have thot problem, bacause our fudrapctymer layer |s FEP.

Tasks | need to camplete for this project are:

Understand the crater formation and slze exglanations.
Obton o review of Kapton chemisiry from Du Pont.
Test Kapton pleces relumed from service.,

Organize Du Pont and Tt fluld aging resulte.

Frd more Information about PSF chembstry.

Put together Q reviesy of PTFE iocessing ond porasity.
Tast Kapton pleces retumed fromn cycling tests.

MOt

Pieqse confact me If you have questiors or if there's anyvihing else | can <o on thi
Issue,

Take Cara,

TI-NHTSA 017472



INSTRUMENTS
September 2, 1993

»TEXAS

21, snd 9 Hin 0 thaek all who participaied. Ay you know, e
e TE and DoFoot coold devolop & ples © addesa opf

i s 1
Pes... yiiay #giiz! .m
ik i 1
3

2

of JOMIN S daln md a1 SOOFN13L daia (DUPONT 9/13)
SOR-UT-J + TRUEX Tri0T » CABLE TIDONE
TI-NHTSA 017473

month
Incinds sl

T MapTFLRENTE NPT = b FONENT STWINET © ATTLERCNAS, Mk SETN
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Repon



Bow S JO0MN snd 300131 Ohts &b n form Sl om be

.“mmmm

woss L) 10 Geterming what fhots
Nisoan e 1) 10 omo that DuPont

Wio reviewed e lssicwl facts thet we byl oo Theky Dolfost’s coniacts with tes Iapssme plysss.
ﬂﬂﬂhuﬂlw
Dugont (TIC) mvl TKE or

Mot domlle wary not svsliahie and wo
of duin havn b shared betweon Tovny

U3 londs axy Dumwe oocveapondesce,

a

disphogos wes 2 mll

wil EdS np off D Myets of 3 mll |

cascam. Dot ssalyned i

it

Wo aleo covlowd whiat wo kv of the hlakcey of the
uﬁ he

mekievinie frase e
HK M prodoced at O

ten T'm confiloat dws TI a0d DuPout will bo
T-NHTSA 017474

Doinrmize what facks of dubl binet: Benat slained oiwoos TDC sivd JTRC or Missin (DUBPONT)
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INSTRUMENTS

Seplember 2, 1993

My, Edwad C. McKoozio

5. Tedhmical Sarvice

DuPom High Performnes Prodacts
U.S. Rone 2) & DuPoor Rosd
PO, Box B9

Cloclevitls, OH 43113

Dexr Bk

‘We bad n very productive visl Angesx 25, snd I'd Wies w0 @uak a1l who partickeed.  As yom Enow, the
oin phjective was © boter ondavsied Lhe process so TT aod Dulfost could develop a plan (D0 addoss oor
cusimer's acas of question. Those oo s

Kopton usays fn power stoering spplications
pinkols desection

:
;

coupoasy o Wld amd 9/15, and & visid In

tt we heve at least & rough dolt of the reportts) prepamd. T will be sesporsdbis fn coupiling a1l
{nformarion fa & fiasl packege, and DuPoncy axsipmece will be gy necded In assershiing the facts sed dale
Ax we've discosssd, actns] dms In taboler mdior pphdcal foom will be most vacil,

a We discumed Kopioa compatibllity with powor siewing fsid. PSF

ATF, which DuPtet has mwed for agog sse o the puat. 1000 howr, 300 F aging deot was prescomsd
and it showed 0o sppasent kst of streogth occnored sy 1000 Powar
seering swisch malyssn which showed no visoal Kapeon degredaticn afer spproabmaety 10 years ad
100k miles ' service. TT requesed Dupant to determvios if (he actdal 34” x 34" disphagms from (heee
soipchan conkd be teeslls teiedd By DoPom

E
E
s
|

Nissan baa askedt that DuPont provido as opltion of the wea of Kapios in oor power stoering protause
ewich, flrid and stvemggth of tws Kapson, T in peralle] is condeciing peeisase
cyciing wstt and Finle Flessyu Anslyses 1o seppaort this

Review iest dets and FEA's with DuPost (TI 9/10 for FEA's ongoinp for fest reaniin)
Lester stating techeical opimion of Kapion wsage i TT3 mesame switches. (DUBONT %131)
Derming if Dofont can o 34" x 39 Glm samples (DUPONT 93)

o DaPont reviewsd binosical edl e date foen 300HN film.  UTS, % sdongation. wd madales
0 macking and tossverse dinection is docomesbed sl fiod for sach teill roll. Dasa collection has alao
recently beon established for S0DFNLY] Mim. DuoPod agreed o usiosries daodeal swecgth dets and
proposs o minimum UTS sad % ciongation e will be sdded w TE's peinte.

Actions:
Repart of & month hivory of 300HN O duw sod el S00FN131 da (DUPONT %/13)
Repon shoul] fochels sil dute.

TEXAR | NETFUNENTS IRCOAEORATES = i FORLET FTAREY + ATTLERORC. MA DETR
ANR-AIN-3A00 = TELEX 210841 » CANLE TEXM

TL.NHTSA 017475




[
a

wul inspection flow for 300HN ond SO0FV131 Oy im & foose Shat can be
shasedd with TT's end cosoymens (DUPONT 910

0 Wo roviewed e Hmitod Eacts that we had oo Torsy DoPost's conmcts with the Japsnase playne,
hiliost cledails wess not ayvallsbie and we agresd st the main chjectiven werd L) & dotermdue vt ficts
or dain beve been shared between Tarey Dapost {TDCT) end JKC or Nistan sod 2.3 o aemsons thal DuPont
US leads any famme corespondesce.

We sl reviewid whal we koow of the hsary of the Eapion concers.  Duloot talyeed the disphragn
materisls from the competiive switch. The smitfeyesd disploagm was made op of two yens of 3 mil
HN e prodeced st Chrelevilie, bold sgather by silicne adhoshve, The second diaghoagn was 2 mil
PTEE.
Artione:

Desaming what facty or data kave been shered bxtwern TDC and JKC of Nissan (DUPONT)

Ed, in ciosing, I'd Hize w0 redwwnts my thanks to you sad yoor wem. I'm confident thai TT and DuFong wil] be
shie w woak iogether 0 soppon the costinncd wse of Kapton in oor poodocts,

%’.{'M—h——"
David Comem

Design Enginceciog Sopervior
Precision Costrols

(50%) 599-3558

TI-NHTBA 017476







BS-"I.W‘BS- 14137 E] DUPOHT K-T-5F CIRCLEVILLE 2ai

Lo TS
@D o, DY L9 3473
| pata _1-/0-FD
CIRCLEVILLE PLANT
P.Cx Box B9
Chrcheville, OH 43113

Kaptont=-Yaflon*=RF Rasin

o0FT
— |
Hniva Busipass Sactor Loatlion l

Dupont, Dirglevwilla Esptent-Teflon*-SF Aenin Fax Ho. -~ Sl4~474-0000
Tatilication nimber = GI4-4T4-0443 -
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Baptamhar 10, 1993

David Caawn

Texas Instrunents
M3 13-28

34 Yorsat Bt.
Attladbora, MA 02708

Dear Dave,

Attachad iw the Followinm information par vour praguast!

Paga

1-2 Pinhols dstaction in Kapton® £1lm

a YT Hola Parformancs

i-8 Prooosss desciption

T Procaee flow chart

8 Susstary of pontaot with TDC [JV parther in Japan)

Mera info Monday: an tanallss and slonmuticns. and opinicon om
vEs in »ower stsapring Fluld.
Flaasa review and lat v know how alss wa aan halp.

Bincersly,

TI-NHTSA 017479
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g 19y 14:389 EI DUPCNT K-T-8F CIRCLEVILLE B3

Eavtamber 10, 1883

PINHOLE DBTECTION TH KAPTON® FILW
TYPRS J00HM. BODIN1AL

Tasan Instruments will only be suppliad £ilm which haw
beoan 100X inepsoted. Any pinholo detectad will ba flaggsd and
renoved in the subsggusnt slittineE oparatlen.

Currantly. Hapton® #ilm is inspacted on sn off-1ins
inwpsctinn rewinder, using a propeletary laser inapscobicon
evstom devalopment by Du Pont. This ayotam takas advantags of
the fsot EaptonP bLlooks certain wavelsnathe of light. Thums 1f
Kavtbon® is pamsed batwesn a light souros of this wavselangth
and a detsctor. a hishly affactive bmathod of dabsobine tha
erepenoe of pivhalen oan be conmtruotad. Tha inspsction
s¥otam has logatad m 1 mil dismetsr winhole whioh was
srpomly lntroduwosd in the £ila.

Onos detscted. the sveten ldentifiss ths ares of film
whars the hole ip detwoted. snd atops the film in front of &
livhtad inspection area. The oSparator marks.the looation with
taps, Ilage the end of the wmill »oll, and loas tha location
into the defect nar whioch acoosppanias the roll.

Calibration: Thes lasar systew is undersoes routloms
praventative maintenancs based on 180 schedules. The oparator
sats ssnsitivity ver standard oparating vroasdures.

Cocourrancs of Boles in BOOHR:

BEscamt studiss by Civolevills parscsrnsl have oonoluded
that tho formation of holes Less than 10 mils in diavmtar da
oot ooour in the manufecturs of 3 Bil filwm at Cirolsvilila,
This coroluslon is based on ower 8 woears of ressaron Iinta the
oaves of suoch filn defante, and e oulmivation of safforts to
davalop wn or—-line high resplution camerva inspaction evetsm.
This wratam, which will Laoone fully operational by aarly
DAXT ¥ear. has earmlitted the ceeorbtunity 0 look at litarally
wilisonm of sguars fest of Tilm. and have detalled plotorial
infarmation stored for cbesrved dafaota.

Forthar detall is nob avallabls dus to the propristery
naturs of the manufacture of Espton® film. However, thia new
inforwation has lwd to battsr understanding of ths dynsnlos
of our process. snd the naturs of the polymerisation
rogotion.

Atvtaghed 19 a year &4 dats summaxry of tha pinholas
varfornanga on 300HN and BOOTH 131 filn. The data is cabtained
Irom the defoot msap gemerated by the inspection rewirnders,

TI-NHTSA D17480




29-108-93 14:39 ] UM R=1=8F LikLLEVILLE Py

To sumnariss the pinhols performapos:

Ro. of Holes Ho. of Bolla Total Avarase/

Datepted Inspastoed Bg Footase fq Fo
EQOTHLAL ] 13 ZA0000 1 par BEDDO
B00HN i3 20 BECD00 1 mop 15000

I vou vamove Erom vonsideratblon the T rolle whigh
nooounted for 3 of the datectsd holes in the inspacted 32
mil. wa swparisncsd an averagsa of 1 hols ver 4 mill rolla,. or
130000 mouara fast of film. :

While we feel it is not posslbles o "sieeantas” holes
fran fllm. we do fesl that 1f the fllm is inspactad. wa Gan
locate and vemove the infrequent holam which do nocoup. Da
Pont is almo committed to ocontimoma imprévasent. as
dascnsteated by the advant of the o1 Ling culara systam.,
which will greatly sohanos ouy ability to looata and ko
raspend to problems am thay ooour.

TI-NHTS8A 017481
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HAolw Parformancs: BOOFN1SY YTD 8/93

a5-18-93

{inme/Type Mill Rall

14:39

E{ DUPONT K-T-SF CIRCOLEVILLE

pate Holesa/Dubblas

EOOPNH131 4118040 02/22/03 H
S00FN131 4118041 02/23/83 0
BOOFH1SL 4110042 02/22/88 0
SOOFN131 4115048 063/33/893 o
BOOPNIAL 4110044 02723794 1
50011 4118184 0B/23/83 Q
BODMI131 4115228 06/11/98 1
BOOFN1IL 4118324 06/17/93 O
BO0FN131 411/247 OTAOT /08 o
SOOPNLAL 4118248 Q7/08/08 1
SOOFHLAL 4118300 08/05/83 D
SOOFNLA) 4118301 08/0G/8a Q
BOOFN1IAL 4118308 08/25/8Q 1

Hols Parformancs: 300HN YID #/83

Gama/Type ¥M1)1 Roll Data Holes X Bubblea

JO00HNA 8121804 04/13/03 (1]
S00HNH 8131808 O4/16/93 0
SOOHNH B131811 04/18/03 o
S00HRH 81214132 04/18,/83 0
SO0HRH 81216528 0B/31/93 0
S00HRH 2121927 06/31/53 1
JOCHNH #1219268 O6/31/8Q 1
JOOHRH 8121920 OA/NL/03 2
S00HNH £121830 08,01./83 0
SOOHNH 8121833 08/02/93 o
SOOHNH 5121842 N8/00/93 '+
IOOHMNY 2121940 08/08/82 0
S00HNH 8121950 08/08/03 20
SOOHRNK 8121951 06/00/RA 18
S00RMRA B1Z18B2 OBAN/WS 1
S0OHNH B121680 0B/13/83 1
SO0HRH B1Zi§61 08/13/69 1]
O OHKH B1Z1662 06/13/93 4]
SOONMH 8131984 08/14/03 o
B00MNK 8121988 08/10/93 o
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Frooesos DHeoaripbion
Eapton®™ JODHN. 800FN1A1

Earton® polvimide film is mymthaaizad from s nmolvoondsnastion
roantion betwesn an sromatic dianhrdryde and an aropatio
dismire. Tha reosulting bass £1lm. type HE. is a toush
avonatle polvimide filw with an sxoslilent cosbinatian of
macharical. slsotrioal., and chamiloal prapartiss. The produat
18 mads in thickneasss from 30 gasa (3 wil) up %o SO0 gume (5
wil), Rapton® 300HN iam also usad am tha suhstate for the.
SO00MN131 laminata.

Prooess Flew
I. Chamionl Area:

Raw waterials sre mixed with a salvant and vassad throush a
marTias of Tilvars and holdine banks, %o being the solution o
propatT visocoklity. Tha final ster before ocambting is to add
oatalyets in a final nixing oparation.

II r ﬂ“‘i]‘.l

The polwiner solubion. held at low tawpavaturs iz cast throash
& dio onto drus. Whioh 1a &t & hisgher tsrpsteturs. This
abrrpt temperaturs chanss baging the inidisation proosas.
Aftar the filas travels payt way arounsg the drowm, 1t hae
smuffiolent strangth %o support its weimht, and is transferred
%5 & gorice of aly hastesd mones whioh remove additional
aolvent. Tha film than antera a serlies of haat nonea whish
finish tha wolvasrization raaction and lower tha solwent
contant o peopar levalw. The T1lm sxits the oven and is
wound in roll fors on n twe turrent winder. with avionsted
sransfsr ocarvahility., Resh rn of poduct is coveidersd 4o bha
ona let. broken up into ssveral “mill rolls” of abouk THO to
800 1be. to parmit subescuant handling and processinE of tha
£4lm. '

III. Gama Conbrol

Prisary thickness conbrol for tha film in apoomp) Lshad by
wmeRmuring the Lilm usins rediation sooecs baesad Measurex,
whioh travorses ths wob. Tha thioknass signel 18 nontinmoungly
fad benk to a prapristary computer progeam. This PROEMEAA
analywen the thickness informatitn and sands sovyraotive
oonktrol sisnals to adiust the dis lip oesnines.

T-NHTSA 017483
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At bhis point. ths filn im sent to storaps, awsiting off lina
inspaotion. mlittineg tn Fill sustomar ordara, or fTupthay
prooasaineg (laminsting or ooatingh.

IV. Taflon®™ 160 mame filwm

“Taflon” Fluoropolvmar f£ilse used in GOOTNIS1 lawminates are
produned from FEP (fluoronmted athalyne-propylsne)
aopalymer. "Peflon” FEP sxhibite flow charmotsvimtlos similar
o aoemmonly used thermovlastio remine. slliowins melt sxtuslon
inko filos whioh have mood snrfacas and homdEenatoe
struotures. avoldina problase sush am sinterinsg, vold content
and crvetallinity associated with TFE rgsine. Taflonks FEP
Tilm ims chenically inert and slovent resistent to vittuoally
all ochenloale axonpt molten alkall matalas. fluorins at
alavatsd wemparaturea. and sertain complex halodenatad
oonpounds at slsvated temparaturss and prassures.

Teflon FEF rosin ie prooasssd thromsh o selt axtrender. and
foroed throumh a dis anto & hwated quanch drum. The film is
ooaovoyad through ovar & Series of ralls throush a Heasurax
to msasurs thioknass and is wound into rolls. Tha Maasursx
fands bAck inforsation T0 AR mitomatic gages aontrol ocomputar
(sinilar to "Kapton”) to olosa the loop and providae
adjusteent o the dis lip openine.

The 100 gage film is then corona treated in & proprleatary
procads 40 enhanos the surfacs tanslon. in prevaration for
lamineticon.

V. Lamination

The BOOFH 131 laminate is prodiussd in ons pasa o8 & 3 wab
laminator. A oombination of heat and prsssura s uasd %5 30In
Kapton®™ 3O with 1 wmil Teafleon® FEP filwm on sach aids.

VI. Procasa/Quality Contyol

Du Pont s Kapton®™ Teflon™ mamufacturing facilitiss ar« 180
G002 certifisd. with paripdio inspaotione o assars

compl ienos. The sits proosssas ara Mm undar s wtate of
oommtrolled conditions wich include '

- ppoduption sohedules. Dased on opdars and forooamts.

~ Documented work instructicns. Avoa Procedures and Opeeating
Procsdurss. sxplain how tasks are &5 ba parforesd whers
ln.u{inf suoh prooedurss ojld raduocs tha produsad”™s lovel of
quality.

"= Btandard Operation Conditions whoih dascribes whers prooass
paranstarn should Ba sat.

——————r

TI-NHTSA 017484
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- Contral of prooess parsamobtors within mwolfloc ranges.

= Routine moniterins of these proowssss €O aNEUPS PTOCSRE
imhu!l.litr. Honitering technigues inclods one or morse of the
SLiowing:

= automatis esntrol loops

- manual oontrolm
~ computerized control systetw
- stabhiobioal control sharts

Phwaionl provartiss ars tosted in the Quality control lab.
usins sample retalnas that are tekent from sach mill roll
produced. The Freguoncy of tesbinm isa deterained satemtically.
based on hintorionl data on shift of properias dus o ochansans
in proosps oonditions.

TI-NHTSA 017495
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PROCESS FLOW

KAPTON 300HN, 500FN131

Monamare
Bolvent

Catalysie

SU0HN

A00HN

' oy — i e i v e
e e 2 TR
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NIGOAN BRARKE DIAPHRAGME

Toray DuPont Conpany (TD2) im & BO/BOX joint venturs
batwesn Toray and PuPont with Kaptons polyimids film
narmfagturing fugllities lopated in Tokai, Japan. Howevar,
all Teflont coated or laminated product is manufactursd in
Cirolevilles, Ohio since TIX' does not have thie ocapabllity.
This is important becsause all the gquality statistios snd pin
hole data shared with Texas Instcruanents at Circlevills
appliss to the file gaesd in thls applicatlon in Japan. It 1B
also important to recognime the on-line Lnspection
development program and, henod, ths sxpertise on pin hols
oharacterization resides at Circlevills.

Kapton* 1is ussd by b Japanssa diaphregm marmifactunsrs
Mpplying tha Japaness automobils industry. The ultimate
application and car manufactursr ars kept asoret. Heither TDD
or PuFont was swarse that Kapton* wae baing used in this brake
fluid applioation until fallurss begen to bs reported.

The supply chain for the Niesan brakes disphragm goes
through severa) Japaness intarmediariea to WACDO who makes tha
switoh. The switoh is usad by JRC in thelr hydraullo brake
booster used by Nissan,

Bacause 0f tha ssorecy ajgrosment hetwesn Nissan, JRC, and
WACD, we have not been abla to get samples of failed
dlaphragse. Howevsr, we are awars that the construction we
szaxined in Qirclevills 1a the pre-~rscall, pre—July 1962
WACO deaign whioh will faill after 210,000 flaxs in brake
fluid, f=lling to 100,000 flesxa iT watar is lntroduosd.

Nigsan s anlutlion to the problem was 4o introduce o new
design from WACD in Auguet, 1997 using Teflon® ocated Ksptont®
{919). This withstends over 800,000 flexa. TPC is reluctant,
afteor only one yoar of aotual saxperiencs, to deolars tha
problem solved. However, there have besn no peported fallures
with the new design.

Thars is no quastion Nissan"s visw of Eepton® was
nagatively impacted by ths brake dlaphraipm failurs. Xaptonk
has performed woll in power steerling and alr cooditicning
applioations and the redesigned ewitch usiog Teflon®
laminated t0 EKapton® has torrscvtad the brake diaphrags
rroblen 8o far. The twasige harse is that the mataricils
suppller, DuPont, wust be a partner in the design of the
applioation to ipeurs our materials are seleocted and appliad
o moast the roguirsd nesds,

[41°)
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Pavid Ozaepn

Teaxas Instrumanta
M5 12-38

34 Forast 5t
Attlebrreo, MA 02703

Tear Dave,

Enclamsad vou will find aparating proosduraz for the
rawind inspestion of Kepton®R film. and seattinge o A
calibration roll for the verificomtion of perfermanns. The
arean ham sumpanded the uses of o calibhration dus tn
rapeatability. It is msn unfortunate fact of film
manifacturing that tha mora a rell of film te handlad., tha
cuality of the filn deagrage=., Additional airbkornae
contaminatag ware attracted., makinae comparipone of defant
mapa difficult.

1 also have mpaken with =avaral rewingd oparatore. After
the mensitivity ims amt per the 500'm. at the start of sach
mill roll of A Aiffmrent gagm and/or tvepa of Film. & =mmall
hela im punchead 1n the file with & pin (12-20 milel o vearifv
tha agquirment vicke up the defect. & black marker is nlan
vaad to repramsant an opaquae defect. Bhould tha saguipment €ail
to looate the dafect, maintenancs e czllisd. '

The overating area 1is awarsa of the nasd for a fnrmal ized
procedure to oheck rcalibration. 1n order to meast [RD
requirement=. I have added TI ‘s concern=, and will uprdate vou
on Oour progareass.

Sinosraly.

Cotn d (AT
Edward C. MeEanzia

TI-NHTSA 017483




OP-RW-09584

Effective Date: 08/01/92
Expliration Date: 09/01/94
Pages 1 of 2

DOCIMENT TYFR: K-T Rewinder Area Operating Procedurs
DOCIRMENT TITLR. Lamer Oparation

SCOPR/PURPOER: Operation of Laser for Mill Foll Inspection

LROSE REFERENCE: OP-RW-0280 , OP-RW-0861

EIPTANATION OQF CHAMOR: Revias, Updats and Format for Currsnt
Cparation.

AREA SUPERINTENDENT, K-T FIHIBHIHG:_KLQM

TRAINING COORDINATOR, E-T FIHIE{IM:_&MJ

:mah/smart na. 214
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Effactiva Datms: 08/Q01/92

Expiration Date: 08/01/94
Page 2 0f 3

S;:"T-ﬁﬂfd.‘i /, -?-’ 3 {’;”Tﬁ'f’v fﬂfzdﬁea’f"rf‘faey F AT R L TR

-

4.0 Erocadura

4.1 FPower supplise

4.1.1 Bresksyr for individuval lassr unita - ncrth mnd waet of
the weat reawinder.

4.1.2 Line oonditioner on sach electronls eonmcle.

4.1.3 Powsr supplies - inside power supply cabinet (nerth
door of laser housing).

T-NHTSA 017480
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Effective Date: 08/031/92
Expiration Dmte: 08,0194
Page 3 of 2

PROCEDURE:

4.2 Thread—up

4.2.1 Shuttsr muat ba cloasd to ocpen mouth deors of the lamsr
housing - shutter handles is located inside the power
=apply cabinet=top left.

4 2.2 Thread film through cablnet par thread up guids on
machinas.

4.2.3 Cloas socuth cabinst doors and open shutter.
4.3 Edge Mamks

4.3.1 Mapks =arve to block the lasar bheam and sheould be
adjuated if film width ohanges.

4_.3.2 Adjustment rods for sdge masks ara locatsd inmide ths
pawer supply cabinat-lowar laft =ide.

4.3.3 Ha=ks =hpuld overlap the film adgs approximataly ona
ineh_

4.3.4 Manual masks with an opagque matsrial may L= needad for
narrow widch filma.

4.4 Sotting Sensitivity of Lamer on Defect Detector.

4.4.1 The lasar mensitivity will have to be sst on thres
pots, These pota are marked { small defect, large
defast, and pinhols ). One other pot is marksd
" emulxion " the swtting on thia pot is turned all
the way up.{ 10.00 1 this will stay the saos.

4.4.2 Seneitlvity (Holme leval) im feound by turnlng the
mansltivity pot down until rad. indicator llight bBlinka
 then ingreass pot askting " 50 to 7% " untll ind-
ipator light gosm out.

4.5 Interlecks

4.5.1 "Bypasa" keyswitch must be uvaed to run the rawinder
without input from the lasers.
5.0
5.1 Thia document will be reviewed and reissued at least avery two
VRAT'E.

TI-NHTSA 017484




OF-BW-012

Effective Date: 10-01-91
Evpiracion Dete: 10-01-923
Pogse L of 8

TYPE. Operating Procedure

TITLE: Rawinder Calibration Test Roll Makse-Up

SCOPE/PIIRPOSE: To Create a Calibraticn Test Boll for Rewinder Lamer
Tasting

CROGS BEFERENCES: None

EXFLANATION OF CHANGES: Revised mill roll marking procesdurs and

added parmansnt lag storage location.

AUTHORIZATIONE:

Kapton» Mfg. Araa Superintandent

Area Document Controller

Operating Personnsl A

Oparating Parmannel B

¥[DuPont Reglstearsd Trademark
:mah/smart no. Z1B9
TI-NHTSA 017482




Effective Date: 10-01-91
Expiraticon Dates: 10-01-83
Pags 2 of §

1.0 Intrpdngtion

2.0

3.0

4.0

1.1

In order to have a callbration testing procedurs for tha
Eapton* Rewinders, a calibration test roll must bLe
malntained. The following procedurs will detaill how to sat
up and mark the teat psttsrna and defecta.

Dafiniticns

2.1

Eafaty

3.1

Follow all wrea safety rulas that apply to working in this
Ares.

Erocadura

4.1

4.2

4.3

4.4

4.5

Obtain a upub mill roll from production control.
4.1.1 100 or 200 gage f£ilm types are best

4.1.2 Mill roll will be purchasad by area as a sample
ordear.

4.1.3 Scheduls rewindesr for tima to run roll, with sast
rewinder profarred.

Place mill roll an rewinder

4.2.1 Tag »nd will always be on tag end.

Datasrmine footags to be tasted

4.3.1 Test ssction should be in the mlddle cof the roll.

4.3.2 Approx. 36 ft. will ba lost sach time teet roll is
ran through rewinders for thread-up.

4.3.83 Tast mection should be T50 ££. to 1000 ft. in
langth.

Bun thes rewindsr in By-Pass Modse until test mection im
reached. HNo inapection i=s nesded. Stop rewindsr.

Placs two atrips of 172" white tape soross width of shest.

TI-NHTSA 017493
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BExpiration Date: 10-01-33
Paga 3 of &

4.8 Using a parmanent typs ink mapksr, label the start of
Calibration Test Section

4.8_1

[
a oOm
= N

Mark roll "Calibration Temt—Sides A"
Mark the tag snd of rcll.
Flace a flag markad "Test Section” in roll on tag

end.
Place a plsce of 2" mwasking tape, parked "Tag End”
cn tag end of core.

4.7 Resst footuge counter to "Zesro”.

1.5 BEet rewvindsr to proper S0C condlitions.

4.9 Btart rewinder snd place differsnt size defecta at various
points in roll.

4.9.1

41.9.2
4.8.3

4.9.4

E2top machine and ums a "Bharpia” fine point
parmanant marker to place "black speck" lika
defacts in shast.

Use the point of pen to maks "holea” in sheat .
Continue this at various footages and locatlons
in shest width and mark locatlions of each am masn
by the Laser into computar.

De not tepe dafects or flag mill roll.

4.10 AZter test footags nseded has besr pran, stop rewinder and
mark the and of the test section.

4.10.1

4.10.2

4.10.3
4.10.4

Flace two mtrips of 1/2" white tape aocrosz shest
width.

Use psrmanent ink marker and labal aa "Calibration
Teat-Side B"

¥ark the tag =nd of rell.

Place a flag marksd "Test Section” in rell on
tag =nd.

LNHTSA 017484




4.11

4.12
4.13

4.15
4,18
4.17

1.18

4.19

Effective Date: 10-01-91
EBxpiration Date: 10-01-93
Page 4 of &

Bun a computer print-out of defactms in Calibraticn Test
Sactien,

4.11.1 Enter mill roll I.D. am "taatroll” {one word),

4.11.2 Mark Print=Cut as "Calibration Teat-5lde A,
Rewind Inspection Standardization Boll™.

4.11.3 Thia Print-Out willl now he uasd tc compars
future calibration testing of rewinders.

Run ramajinder of £ilm on unwind with no inspection newsded.

Ramove calibration roll from winder and place it back
on the unmwind to bs ran through rewindsr ugaln.

4.13.1 Calibration test must be ran in both directione to
have print-ocuts of both "A" and "B" aides.

fan £ilm through rewlndsr with no lnapection untll tape
marked "Calibration Tast-Side B" is at the winder.

4.14.1 Be surs that tape ia marked "Calibraticn Test-
aide B", and tag end recorded.

4.14.1.1 HRunning mill roll over or under will sffsct
marking. Flaga marking "Teat Section”
ahould alwaye be on tag snd.
Remat footage counter to zaroc.
Reset rewindesr to 50C’m.

Fun test section and record all defscts into computer.
4.17.1 Do not taps deafects or flag mill roll.

At tha md of the test sesction, mark shest wildth with
tape 1f nesdsd and label "Calibration Test-2lde A".
Mark tag snd.

KEun a computer print-out of defescts.

4.19.1 Enter mill roll I.D. ma "testroll” {one word).

TI-NHTSA 017488
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4.18.2 Mark print—-out as "Calibretion Test—-S8ids B. Rewind
Inspection Standardization Roll™.

4.19.9 Print-out will now ba umed ta compars future
calibration tasting of rewinders.

4_20 Bun remainder of film on rell. No inspection is needad.

4.21 Bamove callibration roll from rewinder and replace in
storags.

4.21.1 Mark roll wrap wlth red taps arpund roll and label
"REWIND CAYTRRATION Roll Do Hot Inventory”, "Do not

Daatroy”, "Property of Kapton Mfg. Superintendent.”

4.21.2 Havs tast calibraticn roll placed in lag location
TFOOC, thims location is remexrved for calibration
rells by production comtrol.

4.22 Rewinder operator will take mill reoll IVI and print-out
shesta to document controllars office.

4.22.1 Document controller will maintaln the master
calibration print-out and a fils system of all
calibraticn tasts ran for certlfication and make
comparisona to master print-ocut.

4_23 Ticklar syatam will be mat for calibration roll toe ba
schedylad through producticn control and ran on both
rewindears on manthly basie.

5.0 REVIEW
£.1 This doooment will be reviswsd and relissuad at least svery
two ywars.
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