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1.0 FOREWORD

The NASA EEE Parts Sel ection List (NPSL) has been devel oped as a "parts selection tool" specifically geared toward design and parts engi neering

organi zations internal to NASA and to universities and original equipnment manufacturers (OEMs) that do not have the resources for a dedicated quality and
reliability infrastructure in parts engineering. The NPSL is a listing of electrical, electronic, and el ectronmechani cal (EEE) part types and advanced
packagi ng technol ogi es such as Milti-Chip Mdules (MCM which are produced under various governnent and/or industry quality systens.

Since NASA's Standard EEE Parts List, ML-STD 975, was cancelled w thout replacement on May 3, 1998, the NPSL provides a viable alternative for parts
sel ection. However, there are sonme key differences in the philosophy of these two docunents which users nust be aware of:

M L- STD- 975 NPSL

Defines "Standard" and "Non-Standard" Parts Leaves standardization up to the individual flight projects Defines a "Non-Standard Parts Approval Request"
(NSPAR) policy Leaves it to the individual flight projects to approve parts for the intended application Intended to be invoked as a contract requirenent
Not intended to be invoked as a contract requirenment Very stringent requirements for parts listings Designed to facilitate listing of newer, advanced

t echnol ogi es

CEMs that have an established parts engineering infrastructure may elect to use the NPSL to augnent their own existing part selection lists. The NPSL may
be chosen, in part or inits entirety, to be a subset of a Project Approved Parts List (PAPL) or equivalent. The decision to invoke the NPSL shall be made
by the project based on the parts managenent and control requirenents for that mssion. The NPSL itself, should not be inposed as a contractua
requirement, but the associated part listings may be established as approved sel ections by the project.
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2.0 ABOQUT THI S DOCUMENT
2.1 Ceneral:

The NPSL is a selection tool providing designers with a |list of EEE parts intended to neet system design requirenents and NASA Parts Program
quality/reliability levels. It is not mandatory that the parts listed herein be the only selections used to design a system but if a particular function
is needed and a suitable part is |listed, the NASA EEE Parts Assurance G oup (NEPAG recommends the |listed part as the first order of precedence for
selection. Selecting a part fromthe NPSL nay provi de cost savings/ avoi dance for the project because:

The procurenment specification already exists The nanufacturer has had a NASA survey or governnent audit perfornmed The parts are avail abl e under one or
several NASA accepted quality assurance systens Part qualification has been successfully conpleted AIl or nost of the parts engineering has already been
perf or med

The parts listed are approved for use only if NASA flight project approval is given. The document |ists parts according to established quality assurance

| evel s and NASA Parts Program know edge of the product and manufacturer such as qualification history, G DEP and failure trends, and delivery perfornance.
Thi s conbination all ows NEPAG to make a technical assessment of the quality, availability, capability and reliability and to list parts at a corresponding
quality level within this document.

2.2 Wrld Wde Wb Access to the NPSL

The NPSL has been devel oped and will be maintained as an on-line Wrld Wde Wb honmepage accessible via http://nepp.nasa.gov/npsl. The primary objectives
of using the WWVas the platformfor maintaining the NPSL are to:

Provi de broad and ready access by NASA affiliated organi zations world wide Facilitate quick updates, nodifications, and revisions Provide links to
addi tional EEE part information

Users will have to access the NPSL on-line and be able to downl oad the docunment if a printout is desired.
2.3 Configuration Managenent

Under Construction

2.4 Appendi ces:

Appendi x A (when released) will contain guidelines for derating parts. In general, these guidelines are accepted by NEPAG for use on all projects. Flight
projects may elect to further devel op these guidelines into requirenments. Appendix A may not contain derating criteria for all part types, but guidelines
provided can be used as a baseline for project derating requirenents.

Appendix Bis a repository of useful WAMVIinks to additional parts information databases which can be accessed to support parts selection and application
i ssues.
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3.0 USI NG THI S DOCUMENT
The NPSL has been structured into four prinmary sections to facilitate finding the information of interest:
Wel come and User Feedback Section (Banner Page) Use Policy Section Parts Listings by Commodity Type Sections Appendices

The Parts Listings by Cormodity Type Sections contains the actual part selection listings. The part types which will be covered in the NPSL consist of
advanced packagi ng technol ogi es such as MCMs and the commodities defined as electrical, electronic, and el ectromechani cal (EEE) parts. The comodity types
are |listed bel ow according to the Federal Stock O assification (FSC) system

Part Types FSC

Capacitors 5910 Circuit Breakers 5925 Connectors 5935 Crystals and Crystal Oscillators 5955 Fiber Optics 60GP Filters 5915 Fuses 5920 | nductors 5950
Mcrocircuits (Mnolithic and Hybrid) 5962 Rel ays 5945 Resistors 5905 Semi conductors (Diode and Transistor) 5961 Therm stors 5905 Transfornmers 5950 Wre
and Cabl e 6145

Wthin each conmmpdity class the parts are listed in order by procurenment specifications in existence as NASA, DoD, or other space agency (e.g. ESA or
NASDA) specifications. The part listing for each specification begins with a detailed explanation of the part nunbering system These expl anations and the
part listings which follow help the user "build" the appropriate part nunber for the project application. General functional descriptions and generic part
nunmber cross-references are provided to assist the user in matching functionality. The part quality levels, radiation tolerance levels (if known), and the
avai | abl e nanufacturer sources are also identified.

Al t hough extensive efforts have been nade to nmintain the accuracy of the supplier information within the part listings, users are encouraged to visit the
Def ense Supply Center Col unbus (DSCC), http://ww. dscc.dla.m|/progranms/qgmgpl/. DSCC is the Departnent of Defense agency responsible for certifying
suppliers of mlitary specification EEE parts. At this site, users can download the latest Qualified Products List (QPL) for the part type of interest.
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4.0 GENERAL REQUI REMENTS

Sel ection of parts for inclusion in the device listings in this docunent is based on a review of technical data by the NASA EEE Parts Assurance G oup
(NEPAG) for quality and reliability trends. The major criteria used to evaluate candidate parts are

0 Quality system and assurance | evel the products are produced under
o Product perfornmance

0 Product workmanshi p assessnents

o0 Destructive Physical Analysis results

o Failure histories

o Reliability trends

o G DEP alert histories of the product and manufacturer
0 Qualification and screening test results

o Product availability

o Manufacturer audit and survey results

o Manufacturer responsiveness to corrective actions

o Manufacturer delivery histories

Participation by the manufacturers in a quality programsuch as QPL, QW, and |1SO 9000. will not automatically qualify their products for listing in the
NPSL. Listings will be based on results from assessnents of all the najor criteria |isted above. EEE parts-related activities throughout NASA provide
recommendations for listing parts in this docunent.

NOTE: Unl ess specifically stated within the parts selection tables of the NPSL, listing of a device technol ogy herein does NOT inply/guarantee Radi ation
Har dness Assurance (RHA). Applications concerned with a device's ability to tolerate exposure to various forms of space radiation (e.g., total ionizing
dose, single event effects, etc.) should be reviewed and have the device assessed by the Program s radi ati on assurance experts. The foll ow ng resources may
al so be consulted for initial guidance

NASA Goddard Radi ation Effects and Anal ysis Jet Propul sion Laboratory Radiation Effects
4.1 NASA Parts Levels

The NPSL lists products based on three quality |levels defined by NEPAG Level 1, Level 2, and Level 3. The definitions for each Level and the criteria used
to list a part in a particular Level are not part approvals nor is this document a project approved parts list. The NPSL will not provide information on
whet her or not a part neets individual project flight requirenents. Instead, it provides a |ist of products and associ ated manufacturers that neet

recogni zed quality assurance baselines, qualification test reginens, and screening requirenments necessary for space flight acceptance based on | evels of
risk. The part selected nust be assessed independently by the project or the NASA center or CEM s parts organi zation to determne if it nmeets the

requi rements for the project. The parts engineering organi zations at the NASA centers will assist users in making this determination. The Levels herein are
not directly related to mission classification, cost, or schedul e and users shoul d nake the appropriate Level tradeoffs when considering which parts to
choose fromthe Ilist.

4.1.1 Level 1:

Level 1 is the highest product assurance class assigned to parts listed in this docunent. Level 1 parts are those produced under assurance cl asses
recogni zed by NASA as providing the highest possible |level of quality and reliability (e.g. QW Cass V K, JANS for discrete sem conductors, QPL O ass S
Failure Rate Level (FRL) S), from NASA approved nmanufacturing sources, and neeting NASA space | evel parts and packagi ng program assessnment criteria. The
techni cal assessnment results for Level 1 products will show that no known trends exist which have a negative inpact on the quality, reliability, or
performance for space flight applications. The Level 1 criteria is summarized as foll ows:
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0 The supplier's facility(s) nust be certified under a recognized quality assurance system(e.g. QW, QPL, |1SO 9000) and produce products to the space
industry recogni zed hi ghest assurance classes (e.g. QW V, JANS for discrete sem conductors, QPL Class S, FRL S, GSFC S311 specification) or equivalent.
There are exceptions to these levels where this preferred part reliability level is unavailable; these exceptions are shown in the individual part
listings.

o0 A Defense Supply Center Colunbus (DSCC) audit or a NASA program manufacturer survey to the highest assurance cl asses nust have been successfully
conpleted within the past 2 years

o A part procurenent specification, containing the highest assurance class requirenments, nmust exist. Parts nust have been procured previously by a NASA
project using this specification

o Historical DPA and other parts analysis data on the manufacturer's products nust be avail abl e and not reveal poor workmanship trends or rejection trends
o Failure analyses history for the manufacturers products should not reveal problemtrends attributed to part quality and reliability.

o No recent unresolved G DEP Alerts (past 3 years) exist that have a mmjor inpact on the Level 1 products quality or reliability. No G DEP Al ert or NASA
Parts Advisory trends exist on the nanufacturer or product.

0 Avail abl e data on manufacturer performance nmust show no trend for late delivery of products to NASA projects

0 Qualification to the requirenents of the procurenment specification nust have been successfully conpleted. No qualification issues exist and no problem
trends from previous qualifications exist.

4.1.2 Level 2:

Level 2 is the second hi ghest product assurance class assigned to parts listed in this docunent. Level 2 parts are those produced under assurance cl asses
recogni zed by NASA to have a high level of quality and reliability (e.g. QW QH, QPL Cass B, JANTXV for discrete sem conductors, FRL R or P), from NASA
approved nmanufacturing sources, and neeting NASA space | evel parts and packagi ng program assessnment criteria. The Level 2 criteria is summarized as

foll ows:

o The supplier's facility(s) nust be certified under a recognized quality assurance system (e.g. QW, QPL, |1SO 9000) and produce products to space industry
recogni zed hi gh assurance classes (e.g. QW Q QPL B, JANTXV for discrete senmiconductors, FRL R or P, GSFC S311 specification) or equivalent. Any
exceptions to these levels where the preferred part reliability level is unavailable, are shown in the individual part listings

o0 A Defense Supply Center Colunbus (DSCC) audit or a NASA program nmanufacturer survey nust have been successfully conpleted within the past 2 years

o A part procurenent specification, containing the high assurance class requirenents, nust exist. Parts nust have been procured previously by a NASA
project using this specification

o DPA and other parts analysis data on the manufacturer's products nust be avail abl e and must not reveal any significant problens due to poor worknmanship
and nmust show minimal reject rates

o Failure analyses history for the manufacturers products should not reveal problemtrends attributed to part quality and reliability.

o No unresolved G DEP Alert trends exist that have a mmjor inmpact on the Level 2 products quality or reliability. No G DEP Alert or NASA Parts Advisory
trends exist on the nanufacturer or product.

0 Avail abl e data on manufacturer performance nmust show consistent on-tinme delivery of products to NASA projects

0 Qualification to the requirenents of the procurenment specification nust have been successfully conpleted. Qualification i ssues and probl ens from previous
qual i fications nust have been resol ved (not by waiver)

4.1.3 Level 3:

Level 3 is the m ninum product assurance class assigned to parts listed in this docunent. Level 3 contains many advanced el ectronic functions (froma space

flight applications standpoint) and has been created to provide a technology insertion path into NASA flight projects. Parts listed are those produced by

reput abl e manuf acturers under a recogni zed quality assurance system (QW, QPL, |SO 9000) or their equivalent. Typically, only a linmted ambunt of

information is available to NEPAG for these parts and NASA has minimal visibility into the manufacturing and testing of Level 3 product. The parts are

usual |y avail able commercially and have the capability to be used in space applications. The intent of Level 3 listings is to provide products that are

newer, have greater functionality and enhanced performance characteristics, and provi de higher levels of integration. Because the product has little or no
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heritage in space flight application and data is unavail able or scarce, these parts are considered higher risk than the Level 1 and Level 2 parts. Wile
the price of these parts may be less than the traditional Levels, nore engineering evaluation may be needed to qualify the part for the project's
application. The overall reliability and cost of ownership should be considered when selecting these parts. The Level 3 criteria is summarized as foll ows:

The manufacturer has supplied and qualified parts for several NASA space projects within the past 2 years. The parts and manufacturers have been
recommended by one of the follow ng NASA prograns.

0 PSAP o ASAP o ET o0 AIT

A NASA, DoD, or other space agency procurenent specification (e.g. ESA SCC or NASDA QTS) exists. Available data on the nanufacturer shows no significant
probl emtrends such as G DEP Alerts or NASA Parts Advisories, a |low DPA rejection rate for the manufacturer's products in general, and no significant
failures attributable to product quality and/or reliability.

NEPAG r econmends sel ecting a Level 3 product when a higher Level part does not exist and/or enhanced functionality is required to neet system design

requi rements. Parts in this Level are not recommended for use in mission critical applications. Selecting these parts may require further engineering

eval uati on and approval by the project, but some heritage exists. Additionally, having nore projects use these parts hel ps NEPAG acquire the technical data
necessary for noving the parts into the higher Levels.
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Cick on the link belowto see the associated parts selection |isting:

Detail Specification Description

Pol yt etraf | uoroet hyl ene (PTFE) Insul ated, Copper or Copper Alloy Conductor

M L-W 22759/ 9 Si | ver Coated, 1000 Volt, 200deg.C
M L-W 22759/ 11 Si | ver Coated, 600 Volt, 200deg.C
M L- W 22759/ 12 Ni ckel Coated, 600 Volt, 260deg.C
M L- W 22759/ 20 Si | ver Coated, 1000 Volt, 200deg.C (High Strength Copper Alloy)
M L- W 22759/ 22 Si | ver Coated, 600 Volt, 200deg.C (Hi gh Strength Copper All oy)
M L- W 22759/ 23 Ni ckel Coated, 600 Volt, 260deg.C (High Strength Copper Alloy)
Et hyl ene Tetraf| uoroet hyl ene (ETFE) Insul ated, Copper or Copper Alloy Conductor
M L- W 22759/ 16 Extruded ETFE, Tin Coated, 600 Volt, 150deg.C, Medium Weight Insulation
M L- W 22759/ 18 Extruded ETFE, Tin Coated, 600 Volt, 150deg.C, Light Weight Insulation
M L- W 22759/ 32 Crosslinked ETFE, Tin Coated, 600 Volt, 150deg.C, Light Weight Insulation
M L- W 22759/ 33 Crosslinked ETFE, Silver Coated, 600 Volt, 200deg.C, Light Weight Insulation (H gh Strength Copper All oy)
M L- W 22759/ 34 Crosslinked ETFE, Tin Coated, 600 Volt, 150deg.C, Normal Weight Insulation
M L- W 22759/ 35 Crosslinked ETFE, Silver Coated, 600 Volt, 200deg.C, Normal Weight Insulation (Hi gh Stength Copper All oy)
M L- W 22759/ 41 Crosslinked ETFE, Nickel Coated, 600 Volt, 200deg.C, Normal Weight Insulation
M L- W 22759/ 43 Crosslinked ETFE, Silver Coated, 600 Volt, 200deg.C, Normal Weight Insulation
M L- W 22759/ 44 Crosslinked ETFE, Silver Coated, 600 Volt, 200deg.C, Light Weight Insulation
M L- W 22759/ 45 Crosslinked ETFE, Nickel Coated, 600 Volt, 200deg.C, Light Weight Insulation

APPLI CATI ON NOTES FOR M L-W 22759

Fl ammabil ity properties of these wires are controlled by the applicable specifications. However, applications in Space Transportation System (STS) payl oads
may require that the specific STS flammability hazards be addressed. Users are advised to consult the appropriate project systens safety officer.

Due to the cold fl ow phenonena of teflon insulation, the designer is advised NOT to route teflon insulated wires over sharp edges and tight turns, or apply
tight stitches and tie waps to cable assenblies.

Silver coated copper is susceptible to cuprous oxide corrosion ("Red Plague") when produced, stored, or used in a noist or high humdity environnment. The
environment for this type of wire nmust be controll ed.

Some ETFE insulated wire has been found to fail flammability testing in a 30% oxygen environnent.
For cable bundles of 51 to 139 wires, refer to ML-STD-681 for additional color designators.

Use of conductor sizes of 24 and larger are preferred in interconnecting cable and harness assenblies. Wen smaller conductors are necessary, high strength
copper alloy shall be used, (REF: NASA NTS8739. (3G 2) Wirkmanship Standard for Crinping, |nterconnecting Cables, Harnesses, and Wring [Fornerly NHB
5300.4(3Q]). Refer to NTS8739. (3G 2) for design practice assistance.

The insulation material table |inked
HERE
is provided for application assistance.
CAUTI ON! !
Sone fluoropolynmer insulation materials such as Ethyl ene-Tetrafl uoroethyl ene (ETFE) may outgas trace anpunts of fluorine over time. NASA GSFC Advi sory
NA- GSFC- 2003- 03
(Dec. 2002) addresses corrosion concerns for netal shell connectors (especially mcromniature and nanonini ature types) and contacts that are term nated
Wit h
fluoropol yner insulated wire
AND
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stored in sealed plastic/nmetal bags for several nobnths or |onger

In seal ed packages, Fluorine that is outgassed nay react with noisture to formhighly corrosive hydrofluoric acid. This acid is capable of corroding
metal s such as Nickel and Gold which are commonly used finishes for spaceflight connectors and contacts

As a precaution for all flight hardware with pre-wired connector assenblies, the following nmitigations are reconmended by NA- GSFC- 2003- 03
Proj ects should inspect the connectors upon receipt (both the shell and contacts) using appropriate magnification to
verify that there is no corrosion. The existing inventory of pre-wi red connector assenblies should be reinspected. In
addition, all assenblies should be inspected before use. Inspect for darkening of the shiny nmetal surfaces. A
connector interfaces should be covered with protective dust covers. For assenblies that have already been integrated
into flight hardware and that were inspected and found to be acceptable before mating, there should be no concern for
subsequent mal function

The pre-wired connector assenblies should be renpved from seal ed bags and stored in open packages that will allow
any reactive fluorine conmpound (s) to escape. Connector assenblies should be stored in a controlled humdity
environment. The preferable storage area for pre-wired connector assenblies would be in a dry nitrogen atnosphere
Revi sion History for ML-W22759 Listing in the NPSL

01/ 14/ 04 Added Application Note (ref: NASA GSFC Advi sory NA- GSFC-2003-03) on subject of Corrosion of Connectors and Contacts Due to Qutgassing of Fluorine Conpounds from Fluoropolyner Insulated Wre

03/13/98 Initial Release of ML-W22759 Wre Section in the NPSL

Part Nunber Ordering Information, exanple and expl anation

M22759/ 11- 22- 90, where

M22759 /11 -22 -90

M litary Specification Nunber Detail Specification Wre Size (AWG) Col or Code in Accordance with M L-STD 681

Detail Specification Description

Pol yt etraf | uor oet hyl ene (PTFE) | nsul ated, Copper or Copper Alloy Conductor

M L- W 22759/ 11 Silver Coated, 600 Volt, 200deg.C

M L- W 22759/ 12 Ni ckel Coated, 600 Volt, 260deg.C

M L- W 22759/ 22 Silver Coated, 600 Volt, 200deg.C (High Strength Copper Alloy)
M L- W 22759/ 23 Ni ckel Coated, 600 Volt, 260deg.C (H gh Strength Copper Alloy)
M L- W 22759/ 9 Silver Coated, 1000 Volt, 200deg.C

M L- W 22759/ 20 Silver Coated, 1000 Volt, 200deg.C (H gh Strength Copper Alloy)

Et hyl ene Tetrafl uoroet hyl ene (ETFE) |nsul ated, Copper or Copper Alloy Conductor

M L- W 22759/ 16 Extruded ETFE, Tin Coated, 600 Volt, 150deg.C, Medium Weight |nsulation

M L- W 22759/ 18 Extruded ETFE, Tin Coated, 600 Volt, 150deg.C, Light Weight Insulation

M L- W 22759/ 32 Crosslinked ETFE, Tin Coated, 600 Volt, 150deg.C, Light Weight Insulation

M L- W 22759/ 34 Crosslinked ETFE, Tin Coated, 600 Volt, 150deg.C, Normal Weight I|nsulation

M L- W 22759/ 33 Crosslinked ETFE, Silver Coated, 600 Volt, 200deg.C, Light Weight Insulation (H gh Strength Copper Alloy)
M L- W 22759/ 35 Crosslinked ETFE, Silver Coated, 600 Volt, 200deg.C, Normal Weight Insulation (H gh Stength Copper Alloy)
M L- W 22759/ 41 Crosslinked ETFE, Nickel Coated, 600 Volt, 200deg.C, Normal Weight Insulation
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M L- W 22759/ 43 Crosslinked ETFE, Silver Coated, 600 Volt, 200deg.C, Normal Weight Insulation
M L- W 22759/ 44 Crosslinked ETFE, Silver Coated, 600 Volt, 200deg.C, Light Weight Insulation
M L- W 22759/ 45 Crosslinked ETFE, Nickel Coated, 600 Volt, 200deg.C, Light Weight Insulation
M L- W 22759/ 9
Wre, PTFE Insul ated, 1000 V, Silver Coated Copper Conductors, 200deg.C

Part Number Wre Size (AW Stranding (Nunber of Strands x AWG Size of Each Strand) Fini shed Wre Diameter (Inches) Level
M22759/ 9-28- XX | 28 7 x 36 0.043 +/ - 0.002 1or 2
M22759/ 9-26- XX | 26 19 x 38 0.048 +/ - 0.002 1or 2
M22759/ 9-24-XX | 24 19 x 36 0.053 +/ - 0.002 1or 2
M22759/ 9-22-XX | 22 19 x 34 0.060 +/ - 0.002 1or 2
M22759/ 9-20- XX | 20 19 x 32 0.068 +/ - 0.002 1or 2
M22759/ 9-18- XX | 18 19 x 30 0.078 +/ - 0.002 1or 2
M22759/ 9-16-XX | 16 19 x 29 0.085 +/ - 0.002 1or 2
M22759/ 9-14-XX | 14 19 x 27 0.100 +/ - 0.003 1or 2
M22759/ 9-12-XX | 12 19 x 25 0.120 +/ - 0.004 1or 2
M22759/ 9-10-XX | 10 37 x 26 0.141 +/ - 0.004 1or 2
M22759/ 9- 8- XX 8 133 x 29 0.207 +/- 0.003 1or 2

Not e:

"XX" in the part nunmber shall be replaced with the desired

col or code designators

in accordance with M L-STD 681

The followi ng manufacturers are qualified to produce M L-W22759/9 wire.

Astro Industries

Bl CC Brand Rex

Commtscope (Formerly Tel edyne Thermatics)

Har bour | ndustries, Inc.

Intech, Division of Belden

Specialty Cabl e Corp.

Tensol i te Conmpany

Thermax Wre Corp.

Cick Here for Manufacturer Nanes and Addresses

M L-W22759/11

Wre, PTFE Insulated, 600 V, Silver Coated Copper Conductors, 200deg.C
Part Number Wre Size (AW Strandi ng (Number of Strands x AWG Size of Each Strand) Fini shed Wre Diameter (Inches) Level
M22759/ 11-28-XX | 28 7 x 36 0.033 +/- 0.002 1or 2
M22759/ 11-26- XX | 26 19 x 38 0.038 +/ - 0.002 1or 2
M22759/ 11-24- XX | 24 19 x 36 0.043 +/ - 0.002 1or 2
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M22759/ 11-22-XX | 22 19 x 34 0.049 +/ - 0.002 1or 2
M22759/ 11- 20- XX | 20 19 x 32 0.058 +/ - 0.002 1or 2
M22759/ 11- 18- XX | 18 19 x 30 0.068 +/ - 0.002 1or 2
M22759/ 11- 16- XX | 16 19 x 29 0.075 +/ - 0.002 1or 2
M22759/ 11- 14-XX | 14 19 x 27 0.090 +/ - 0.002 1or 2
M22759/ 11-12-XX | 12 19 x 25 0.111 +/- 0.003 1or 2
M22759/ 11-10-XX | 10 37 x 26 0.139 +/ - 0.004 1or 2
M22759/ 11- 8- XX 8 133 x 29 0.202 +/ - 0.004 1or 2

Not e:

"XX" in the part nunber shall be replaced with the desired

col or code designators

in accordance with M L-STD 681

The followi ng manufacturers are qualified to produce ML-W22759/11 wire.

Astro Industries

Bl CC Brand Rex

Commscope (Formerly Tel edyne Thermatics)

Har bour | ndustries Ltd.

Intech, Division of Belden

Specialty Cabl e Corp.

Tensol i te Conmpany

Thermax Wre Corp.

Cick Here for Manufacturer Nanes and Addresses

M L- W 22759/ 12

Wre, PTFE Insulated, 600 V, N ckel Coated Copper Conductors, 260deg.C
Part Number Wre Size (AWG Stranding (Nunber of Strands x AWG Size of Each Strand) Fi ni shed Wre Dianeter (Inches) Level
M2759/ 12-28-XX | 28 7 x 36 0.033 +/- 0.002 1or 2
M2759/ 12-26- XX | 26 19 x 38 0.038 +/- 0.002 1or 2
MR2759/ 12-24-XX | 24 19 x 36 0.043 +/- 0.002 1or 2
M2759/ 12-22-XX | 22 19 x 34 0.049 +/- 0.002 1or 2
M2759/ 12-20- XX | 20 19 x 32 0.058 +/- 0.002 1or 2
M2759/ 12-18-XX | 18 19 x 30 0.068 +/ - 0.002 1or 2
M2759/ 12-16- XX | 16 19 x 29 0.075 +/- 0.002 1or 2
M2759/ 12- 14- XX | 14 19 x 27 0.090 +/- 0.002 1or 2
M22759/ 12-12-XX | 12 19 x 25 0.111 +/- 0.003 1or 2
M22759/ 12-10- XX | 10 37 x 26 0.139 +/- 0.004 1or 2
M22759/ 12- 8- XX 8 133 x 29 0.202 +/- 0.004 1or 2

Not e:

"XX" in the part nunber shall

be replaced with the desired
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col or code designators
in accordance with M L-STD 681

The followi ng manufacturers are qualified to produce ML-W22759/12 wire.

Astro

Axon Cable S. A
Bl CC Brand Rex

I ndustries

Commtscope (Fornerly Tel edyne Thermatics)

Har bour

I nt ech,

I ndustries Ltd.

Di vi si on of Bel den

Specialty Cabl e Corp.
Tensol i te Conmpany

Thermax Wre Corp.

Cick Here for

M L-W 22759/ 16

Manuf act ur er

Names and Addresses

Wre, ETFE Insulated, 600 V, Medium Wight, Tin Coated Copper Conductors, 150deg.C

Part Number Wre Size (AW Strandi ng (Nunber of Strands x AWG Size of Each Strand) Fi ni shed Wre Dianeter (Inches) Level

M22759/ 16- 24- XX 24 19 x 36 0.045 +/- 0.002 1or 2
M22759/ 16- 22- XX 22 19 x 34 0.052 +/- 0.002 1or 2
M22759/ 16- 20- XX 20 19 x 32 0.060 +/- 0.002 1or 2
M22759/ 16- 18- XX 18 19 x 30 0.071 +/- 0.002 1or 2
M22759/ 16- 16- XX 16 19 x 29 0.079 +/- 0.002 1or 2
M22759/ 16- 14- XX 14 19 x 27 0.093 +/- 0.002 1or 2
M22759/ 16- 12- XX 12 19 x 25 0.114 +/- 0.003 1or 2
M22759/ 16- 10- XX 10 37 x 26 0.139 +/- 0.003 1or 2
M22759/ 16- 8- XX 8 133 x 29 0.199 +/- 0.003 1or 2
M22759/ 16- 6- XX 6 133 x 27 0.250 +/- 0.003 1or 2
M22759/ 16- 4- XX 4 133 x 25 0.312 +/- 0.004 1or 2
M22759/ 16- 2- XX 2 665 x 30 0.388 +/- 0.004 1or 2
M22759/ 16- 1- XX 1 817 x 30 0.431 +/- 0.005 1or 2
M22759/ 16- 01- XX 0 1045 x 30 0.479 +/- 0.006 1or 2
M22759/ 16- 02- XX 00 1330 x 30 0.546 +/- 0.007 1or 2

Not e:

in the part nunber shall

col or code designators
in accordance with M L-STD 681

be replaced with the desired

The followi ng manufacturers are qualified to produce ML-W22759/16 wire.

Bar cel

Wre Cable
Bl CC Brand Rex

Commtscope (Fornerly Tel edyne Thernmatics)

Har bour

I ndustries

I nc.
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I nt ech,

Di vi si on of Bel den

Rockbest os/ Supr enant
Specialty Cabl e Corp.
Thermax Wre Corp.

Click Here for

M L- W 22759/ 18
Wre,

Manuf act ur er

ETFE I nsul ated, 600 V, Light Weight,

Nanmes and Addresses

Tin Coated Copper Conductors,

150deg. C

Part Nunmber Wre Size (AW Strandi ng (Nunber of Strands x AWG Size of Each Strand) Fi ni shed Wre Dianeter (Inches) Level
M22759/ 18- 26- XX | 26 19 x 38 0.032 +/- 0.002 1or 2
M22759/ 18- 24-XX | 24 19 x 36 0.036 +/ - 0.002 1or 2
M22759/ 18-22-XX | 22 19 x 34 0.043 +/ - 0.002 1or 2
M22759/ 18- 20- XX | 20 19 x 32 0.051 +/ - 0.002 1or 2
M22759/ 18- 18- XX | 18 19 x 30 0.061 +/ - 0.002 1or 2
M22759/ 18- 16-XX | 16 19 x 29 0.070 +/ - 0.002 1or 2
M22759/ 18- 14- XX | 14 19 x 27 0.085 +/ - 0.002 1or 2
M22759/ 18- 12-XX | 12 19 x 25 0.107 +/- 0.003 1or 2
M22759/ 18- 10- XX | 10 37 x 26 0.134 +/- 0.003 1or 2

Note: "XX' in the part nunber shall be replaced with the desired

col or code designators

in accordance with M L-STD 681

The followi ng manufacturers are qualified to produce ML-W22759/18 wire.

Barcel Wre Cable

Bl CC Brand Rex

Commtscope (Formerly Tel edyne Thermatics)

Har bour | ndustries, Inc. (USA)

Intech 1Cl, Division of Belden

Rockbest os/ Supr enant

Specialty Cabl e Corp.

Thermax Wre Corp.

Cick Here for Manufacturer Nanes and Addresses

M L- W 22759/ 20

Wre, PTFE Insulated, 1000 V, Silver Coated, Hi gh Strength Copper Conductors, 200deg.C
Part Number Wre Size (AW Strandi ng (Number of Strands x AWG Size of Each Strand) Fini shed Wre Diameter (Inches) Level
M22759/ 20- 28- XX | 28 7 x 36 0.043 +/ - 0.002 1or 2
M22759/ 20- 26- XX | 26 19 x 38 0.048 +/ - 0.002 1or 2
M22759/ 20- 24- XX | 24 19 x 36 0.053 +/ - 0.002 1or 2
M22759/ 20- 22- XX | 22 19 x 34 0.060 +/ - 0.002 1or 2
M22759/ 20- 20- XX | 20 19 x 32 0.068 +/ - 0.002 1or 2

Page 17




Not e:

"XX" in the part nunber shall be replaced with the desired

col or code designators

in accordance with M L-STD 681

The followi ng manufacturers are qualified to produce ML-W22759/20 wire.
Bl CC Brand Rex

CommScope (Formerly Tel edyne Thermati cs)

Har bour | ndustries, Inc.

I ntech, Division of Belden

Speci alty Cabl e Corp.

Tensol i te Conpany

Thermax Wre Corp.

dick Here for Manufacturer Names and Addresses

M L- W 22759/ 22

Wre, PTFE Insulated, 600 V, Silver Coated Copper Conductors, Hi gh Strength, 200deg.C

Part Number Wre Size (AWG Strandi ng (Nunber of Strands x AWG Size of Each Strand) Fi ni shed Wre Dianeter (Inches) Level

M22759/ 22- 28- XX 28 7 x 36 0.033 +/- 0.002 1or 2
M22759/ 22- 26- XX 26 19 x 38 0.038 +/- 0.002 1or 2
M22759/ 22- 24- XX 24 19 x 36 0.043 +/- 0.002 1or 2
M22759/ 22- 22- XX 22 19 x 34 0.049 +/- 0.002 1or 2
M22759/ 22- 20- XX 20 19 x 32 0.058 +/- 0.002 1or 2

Not es:

"XX" in the part nunber shall be replaced with the desired

col or code designators

in accordance with M L-STD 681

The foll ow ng manufacturers are qualified to produce ML-W22759/22 wire.
Bl CC Brand Rex

Commtscope (Fornerly Tel edyne Thermatics)

Har bour Industries Inc.

I ntech, Division of Belden

Specialty Cabl e Corp.

Tensol i te Conmpany

Thermax Wre Corp.

dick Here for Manufacturer Names and Addresses

M L- W 22759/ 23

Wre, PTFE Insulated, 600 V, N ckel Coated Copper Conductors, Hi gh Strength, 260deg.C
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Part Number Wre Size (AW Strandi ng (Number of Strands x AWG Size of Each Strand) Fi ni shed Wre Diameter (Inches) Level

M22759/ 23-28- XX | 28 7 x 36 0.033 +/- 0.002 1or 2
M22759/ 23-26- XX | 26 19 x 38 0.038 +/- 0.002 1or 2
M22759/ 23-24- XX | 24 19 x 36 0.043 +/- 0.002 1or 2
M22759/ 23-22- XX | 22 19 x 34 0.049 +/- 0.002 1or 2
M22759/ 23-20- XX | 20 19 x 32 0.058 +/- 0.002 1or 2

Note: "XX" in the part nunber shall be replaced with the desired

col or code designators

in accordance with M L-STD 681

The foll ow ng manufacturers are qualified to produce ML-W22759/23 wire.
Bl CC Brand Rex

Commtscope (Fornerly Tel edyne Thermatics)

Har bour Industries Inc.

I ntech, Division of Belden

Specialty Cabl e Corp.

Tensol i te Conmpany

Thermax Wre Corp.

dick Here for Manufacturer Names and Addresses

M L- W 22759/ 32

Wre, ETFE Insulated, Light Wight, 600 V, Tin Coated Copper Conductors, 150deg.C

Part Number Wre Size (AWG Strandi ng (Nunber of Strands x AWG Size of Each Strand) Fi ni shed Wre Dianeter (Inches) Level

M22759/ 32-30- XX | 30 7 x 38 0.024 +/- 0.002 1lor 2
M22759/ 32-28- XX | 28 7 x 36 0.027 +/- 0.002 1lor 2
M22759/ 32-26- XX | 26 19 x 38 0.032 +/- 0.002 1lor 2
M22759/ 32-24- XX | 24 19 x 36 0.037 +/- 0.002 1lor 2
M22759/ 32-22- XX | 22 19 x 34 0.043 +/- 0.002 1lor 2
M22759/ 32-20- XX | 20 19 x 32 0.050 +/- 0.002 1lor 2
M22759/ 32- 18- XX | 18 19 x 30 0.060 +/- 0.002 1lor 2
M22759/ 32- 16- XX | 16 19 x 29 0.068 +/- 0.002 1lor 2
M22759/ 32- 14- XX | 14 19 x 27 0.085 +/- 0.003 1lor 2
M22759/ 32-12- XX | 12 37 x 28 0.103 +/- 0.004 1lor 2

Note: "XX' in the part nunber shall be replaced with the desired
col or code designators
in accordance with M L-STD 681
The followi ng manufacturers are qualified to produce ML-W22759/32 wire.
Bl CC Brand Rex
CommScope (Formerly Tel edyne Thermati cs)
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Judd Wre
Raychem Cor p.

Rockbest os/ Supr enant

Click Here for Manufacturer Nanes and Addresses

M L- W 22759/ 33
Wre, ETFE Insul ated, Light Weight, 600 V,

Silver Coated H gh Strength Copper Conductors, 200deg.C

Part Nunmber Wre Size (AW Strandi ng (Nunber of Strands x AWG Size of Each Strand) Fi ni shed Wre Dianeter (Inches) Level
M22759/ 33-30- XX | 30 7 x 38 0.024 + - 0.002 1or 2
M22759/ 33-28-XX | 28 7 x 36 0.027 +/- 0.002 1or 2
M22759/ 33-26- XX | 26 19 x 38 0.032 +/- 0.002 1or 2
M22759/ 33-24-XX | 24 19 x 36 0.037 +/- 0.002 1or 2
M22759/ 33-22-XX | 22 19 x 34 0.043 +/ - 0.002 1or 2
M22759/ 33-20- XX | 20 19 x 32 0.050 +/ - 0.002 1or 2

Note: "XX' in the part nunber shall be replaced with the desired

col or code designators

in accordance with M L-STD 681

The followi ng manufacturers are qualified to produce ML-W22759/33 wire.

Bl CC Brand Rex

CommScope (Fornmerly Tel edyne Thermati cs)

Judd Wre

Raychem Cor p.

Rockbest os/ Supr enant

Cick Here for Manufacturer Nanes and Addresses

M L- W 22759/ 34

Wre, ETFE Insulated, 600 V, Normal Wight, Tin Coated Copper Conductors, 150deg.C
Part Nunber Wre Size (AWG) Stranding (Nunber of Strands x AWG Size of Each Strand) Finished Wre Diameter (Inches) Level
M22759/ 34-24-XX | 24 19 x 36 0.045 +/ - 0.002 1or 2
M22759/ 34-22-XX | 22 19 x 34 0.050 +/ - 0.002 1or 2
M22759/ 34-20- XX | 20 19 x 32 0.058 +/ - 0.002 1or 2
M22759/ 34- 18- XX | 18 19 x 30 0.070 +/ - 0.003 1or 2
M22759/ 34-16-XX | 16 19 x 29 0.077 +/- 0.003 1or 2
M22759/ 34- 14-XX | 14 19 x 27 0.094 +/ - 0.003 1or 2
M22759/ 34-12-XX | 12 19 x 25 0.111 +/- 0.003 1or 2
M22759/ 34-10-XX | 10 37 x 26 0.134 +/ - 0.004 1or 2
M22759/ 34- 8- XX 8 133 x 29 0.195 +/ - 0.008 1or 2
M22759/ 34- 6- XX 6 133 x 27 0.241 +/- 0.010 1or 2
M22759/ 34- 4- XX 4 133 x 25 0.310 +/- 0.010 1or 2
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Note: "XX" in the part nunber shall be replaced with the desired
col or code designators

in accordance with M L-STD 681

The foll owi ng manufacturers are qualified to produce ML-W22759/34 wire.
Bl CC Brand Rex

Commtscope (Fornerly Tel edyne Thermatics)

Judd Wre

Raychem Cor p.

Rockbest os/ Supr enant

dick Here for Manufacturer Names and Addresses

M L- W 22759/ 35

Wre, ETFE Insulated, 600 V, Nornmal Weight,

Silver Coated Hi gh Strength Copper Conductors, 200deg.C

Part Number Wre Size (AW Strandi ng (Number of Strands x AWG Size of Each Strand) Fi ni shed Wre Diameter (Inches) Level

M22759/ 35-26- XX | 26 19 x 38 0.040 +/- 0.002 1or 2
M22759/ 35-24- XX | 24 19 x 36 0.045 +/- 0.002 1or 2
M22759/ 35-22- XX | 22 19 x 34 0.050 +/- 0.002 1or 2
M22759/ 35-20- XX | 20 19 x 32 0.058 +/- 0.002 1or 2
M22759/ 35- 18- XX | 18 19 x 30 0.070 +/- 0.003 1or 2

Note: "XX" in the part nunber shall be replaced with the desired

col or code designators

in accordance with M L-STD 681

The foll owi ng manufacturers are qualified to produce ML-W22759/35 wire.
Bl CC Brand Rex

Commtscope (Fornerly Tel edyne Thermatics)

Judd Wre

Raychem Cor p.

Rockbest os/ Supr enant

dick Here for Manufacturer Names and Addresses

M L- W 22759/ 41

Wre, ETFE Insulated, 600 V, Normal Weight, N ckel Coated Copper Conductors, 200deg.C

Part Number Wre Size (AWG Strandi ng (Nunber of Strands x AWG Size of Each Strand) Fi ni shed Wre Dianeter (Inches) Level

M22759/ 41- 26- XX 26 19 x 38 0.040 +/- 0.002 1or 2
M22759/ 41- 24- XX 24 19 x 36 0.045 +/- 0.002 1or 2
M22759/ 41- 22- XX 22 19 x 34 0.050 +/- 0.002 1or 2
M22759/ 41- 20- XX 20 19 x 32 0.058 +/- 0.002 1or 2
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M22759/ 41- 18- XX | 18 19 x 30 0.070 +/- 0.003 1o0r 2
M2759/ 41- 16- XX | 16 19 x 29 0.077 +/- 0.003 1o0r 2
M22759/ 41- 14- XX | 14 19 x 27 0.094 +/- 0.003 1o0r 2
M22759/ 41-12-XX | 12 19 x 25 0.111 +/- 0.003 1o0r 2
M22759/ 41- 10- XX | 10 37 x 26 0.134 +/- 0.004 1o0r 2
MR2759/ 41- 8- XX 8 133 x 29 0.195 +/- 0.008 1o0r 2
MR2759/ 41- 6- XX 6 133 x 27 0.241 +/- 0.010 1o0r 2
MR2759/ 41- 4- XX 4 133 x 25 0.310 +/- 0.010 1o0r 2

Note: "XX" in the part nunber shall be replaced with the desired

col or code designators

in accordance with M L-STD 681

The follow ng manufacturers are qualified to produce ML-W22759/41 wire.

Bl CC Brand Rex

Commtscope (Fornerly Tel edyne Thernmatics)

Judd Wre

Raychem Cor p.

Rockbest os/ Supr enant

Click Here for Manufacturer Nanes and Addresses

M L- W 22759/ 43

Wre, ETFE Insulated, 600 V, Normal Weight, Silver Coated Copper Conductors, 200deg.C
Part Number Wre Size (AWG Strandi ng (Nunber of Strands x AWG Size of Each Strand) Fi ni shed Wre Dianeter (Inches) Level
MR2759/ 43-26- XX | 26 19 x 38 0.040 +/- 0.002 1o0r 2
MR2759/ 43-24-XX | 24 19 x 36 0.045 +/ - 0.002 1o0r 2
MR2759/ 43-22-XX | 22 19 x 34 0.050 +/ - 0.002 1o0r 2
M22759/ 43-20- XX | 20 19 x 32 0.058 +/ - 0.002 1o0r 2
M22759/ 43- 18- XX | 18 19 x 30 0.070 +/- 0.003 1o0r 2
M22759/ 43-16- XX | 16 19 x 29 0.077 +/- 0.003 1o0r 2
M2759/ 43- 14- XX | 14 19 x 27 0.094 +/- 0.003 1o0r 2
M22759/ 43-12-XX | 12 19 x 25 0.111 +/- 0.003 1o0r 2
M22759/ 43-10- XX | 10 37 x 26 0.134 +/- 0.004 1o0r 2
M22759/ 43- 8- XX 8 133 x 29 0.195 +/- 0.008 1o0r 2
M22759/ 43- 6- XX 6 133 x 27 0.241 +/- 0.010 1o0r 2
MR2759/ 43- 4- XX 4 133 x 25 0.310 +/- 0.010 1o0r 2

Not e: " XX"

in the part nunber shall

col or code designators
in accordance with M L-STD 681

The followi ng manufacturers are qualified to produce ML-W22759/43 wire.

Bl CC Brand Rex

be replaced with the desired

CommScope (Formerly Tel edyne Thermati cs)
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Judd Wre
Raychem Cor p.

Rockbest os/ Supr enant

Cick Here for
M L- W 22759/ 44

Manuf act ur er

Names and Addresses

Wre, ETFE Insulated, Light Wight, 600 V, Silver Coated Copper Conductors, 200deg.C
Part Nunmber Wre Size (AW Strandi ng (Nunber of Strands x AWG Size of Each Strand) Fi ni shed Wre Dianeter (Inches) Level
M22759/ 44-28- XX | 28 7 x 36 0.027 +/- 0.002 1or 2
M22759/ 44-26- XX | 26 19 x 38 0.032 +/- 0.002 1or 2
M22759/ 44-24- XX | 24 19 x 36 0.037 +/- 0.002 1or 2
M22759/ 44-22- XX | 22 19 x 34 0.043 +/ - 0.002 1or 2
M22759/ 44-20- XX | 20 19 x 32 0.050 +/ - 0.002 1or 2
M22759/ 44- 18- XX | 18 19 x 30 0.060 +/ - 0.002 1or 2
M22759/ 44-16- XX | 16 19 x 29 0.068 +/ - 0.002 1or 2
M22759/ 44-14- XX | 14 19 x 27 0.085 +/ - 0.003 1or 2
M22759/ 44-12- XX | 12 37 x 28 0.103 +/ - 0.004 1or 2

Note: "XX' in the part nunber shall be replaced with the desired

col or code designators

in accordance with M L-STD 681

The followi ng manufacturers are qualified to produce ML-W22759/44 wire.

Bl CC Brand Rex

CommScope (Formerly Tel edyne Thermatics)

Judd Wre

Raychem Cor p.

Rockbest os/ Supr enant

Cick Here for Manufacturer Nanes and Addresses

M L- W 22759/ 45

Wre, ETFE Insul ated, Light Wight, 600 V, N ckel Coated Copper Conductors, 200deg.C
Part Number Wre Size (AW Strandi ng (Number of Strands x AWG Size of Each Strand) Fini shed Wre Diameter (Inches) Level
M22759/ 45- 28- XX | 28 7 x 36 0.027 +/- 0.002 1or 2
M22759/ 45- 26- XX | 26 19 x 38 0.032 +/- 0.002 1or 2
M22759/ 45- 24- XX | 24 19 x 36 0.037 +/- 0.002 1or 2
M22759/ 45-22- XX | 22 19 x 34 0.043 +/- 0.002 1or 2
M22759/ 45- 20- XX | 20 19 x 32 0.050 +/- 0.002 1or 2
M22759/ 45- 18- XX | 18 19 x 30 0.060 +/ - 0.002 1or 2
M22759/ 45-16- XX | 16 19 x 29 0.068 + - 0.002 1or 2
M22759/ 45- 14- XX | 14 19 x 27 0.085 +/- 0.003 1or 2
M22759/ 45-12- XX | 12 37 x 28 0.103 +/- 0.004 1or 2
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Note: "XX" in the part nunber shall be replaced with the desired
col or code designators

in accordance with M L-STD 681

The follow ng manufacturers are qualified to produce ML-W22759/45 wire
Bl CC Brand Rex

Commtscope (Fornerly Tel edyne Thermatics)

Judd Wre

Raychem Cor p.

Rockbest os/ Supr enant

dick Here for Manufacturer Names and Addresses

M L- STD- 681

Col or Code Designators for Wre

(See Application Note 5 of ML-W22759 Section)

Desi gnat or Base Col or 1st Stripe 2nd Stripe Desi gnat or Base Col or 1st Stripe 2nd Stripe
0 Bl ack 912 Wite Br own Red
1 Br own 913 Wite Br own Orange
2 Red 914 Wite Br own Yel | ow
3 Orange 915 Wite Br own Green
4 Yel | ow 916 Wite Br own d ue
5 G een 917 Wite Br own Vi ol et
6 Bl ue 918 Wite Br own G ay
7 Vi ol et
8 G ay 923 Wite Red Orange
9 Wite 924 Wite Red Yel | ow
925 Wite Red G een
90 Wite Bl ack 926 Wite Red Bl ue
91 Wite Br own 927 Wite Red Vi ol et
92 Wiite Red 928 Wite Red G ay
93 Wiite Orange
94 Wiite Yel | ow 934 Wite Orange Yel | ow
95 Wiite Green 935 Wite Orange Green
96 Wiite Bl ue 936 Wite Orange Bl ue
97 Wiite Vi ol et 937 Wite Orange Vi ol et
98 Wiite G ay 938 Wite Orange G ay
901 Wite Bl ack Br own 945 Wite Yel | ow G een
902 Wite Bl ack Red 946 Wite Yel | ow Bl ue
903 Wiite Bl ack Orange 947 Wite Yel | ow Vi ol et
904 Wiite Bl ack Yel | ow 948 Wite Yel | ow G ay
905 Wite Bl ack G een
906 Wite Bl ack Bl ue 956 Wite G een Bl ue
907 Wite Bl ack Vi ol et 957 Wi te G een Vi ol et
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908 Wiite Bl ack G ay 958 Wite Green G ay
967 Wite Bl ue Vi ol et
968 Wite Bl ue G ay
978 Wite Vi ol et G ay
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Part Nunber/ Ordering Expl anation

I nportant! Application Notes

Revision History for ML-C 17 Listing in the NPSL
Last Revision: 03/18/98

Cick on the link belowto see the associated parts selection |listing:

Detail Specification Type Designation Generic Type Designation | npedance (Chms) Cabl e Type
M L- G 17/ 60 ML7/ 60- RG142 RG142/ U 50 +/- 2 Fl exi bl e
M L-C 17/93 ML7/ 93- RGL78 RGL78/ U 50 +/- 2 Fl exi bl e
M L-C 17/ 95 ML7/ 95- RG180 RG180/ U 95 +/- 5 Fl exi bl e
M L-C 17/ 110 ML7/ 110- RG302 R&302/ U 75 +/- 3 Fl exi bl e
ML-C 17/111 ML7/ 111- RG303 RG&303/ U 50 +/- 2 Fl exi bl e
ML-C 17/113 ML7/ 113- RG316 R&316/ U 50 +/- 2 Fl exi bl e
M L-C 17/ 127 ML7/ 127- RG393 R&393/ U 50 +/- 2 Fl exi bl e
ML-C 17/128 ML7/ 128- RG400 R&400/ U 50 +/- 2 Fl exi bl e
M L-GC 17/ 152 ML7/152-00001 | ------ 50 +/- 2 Fl exi bl e
M L-C 17/ 130 ML7/ 130- RG402 R&402/ U 50 +/- 1 Seni - Ri gi d
M L-C 17/ 133 ML7/ 133- RG405 R&405/ U 50 +/- 1.5 Seni-Rigid

APPLI CATI ON NOTES FOR M L-C 17
Al'l cable has solid PTFE dielectric core. Flexible cable has FEP jacket. Sem -rigid cable outer conductor (shield) is bare copper.
The accommodating preferred connector for the RGL80/U, RG02U and RG93/U is a 50 ohm SMA sol dercup type.

There are no 75 ohmor 95 ohminpedance connectors to accommpdate RGL80/U or RG302/U cable. Due to inpedance m smatch, performance ratings are not
appl i cabl e.

Only SMA Series connectors are recommended for flight use with ML-C 17 cable at NASA Goddard.
(See application Note for ML-C 39012 style connectors for details)

ML7/93- RGL78 and ML7/95- RGL80 have very snull center conductors neasuring 0.012 inches which are easily danaged during stripping, soldering or handling.
EXTREME caution is required during termnation to connectors. Use of cable with larger center conductors is preferred.

Revi sion History for ML-C 17 Listing in the NPSL

03/ 18/ 98 Updat ed the Manufacturer |isting.

03/ 16/ 98 Initial Release of ML-C 17 Coaxial Cable Section in the NPSL

Part Nunber Ordering |Infornation:

Exanpl e of P/N. ML7/60- RGL42, where

ML7 /60 - RGL42

M litary Specification Number Detail Specification Type Designation
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Detail Specification Generic Type Designation Part Number

M L-C 17/ 60 RG142/ U ML7/ 60- RG142
M L-C 17/ 93 RGL78/ U ML7/ 93- RGL78
M L-C 17/ 95 RG180/ U ML7/ 95- RG180
M L-C 17/ 110 RG&302/ U ML7/ 110- RG302
ML-C 17/111 RG303/ U ML7/ 111- RG303
ML-C 17/113 RG&316/ U ML7/ 113- RG316
M L-C 17/ 127 RG&393/ U ML7/ 127- RG393
ML-C 17/ 128 R&400/ U ML7/ 128- RG400
ML-CG17/152 | ------ ML7/ 152- 00001
M L-C 17/ 130 R&402/ U ML7/ 130- RG402
M L-C 17/ 133 R&405/ U ML7/ 133- RZ405

M L-C 17/ 60 Radi o Frequency Coaxial Cable

Part Number

Generic Type Designation

Connect or Accommodating Series

ML7/ 60- RGL42

RG142/ U

SMA, TNC, N

Characteristics

| npedance (Chns) Oper ating Frequency

(Max. GHz) Working Vol tage (Vrns) Capaci tance (pF/ft)

50 +/- 2

12. 4

1400

29. 3 nomi nal

Type Shi el di ng

Tenper ature Range Mn. Dianeter (Ilnches)

Max. Dianeter (lnches)

Fl exi bl e Doubl e Braid

-55deg. C to +200deg. C 0. 190

0. 200

The foll ow ng manufacturers are qualified to produce ML-C 17/60 coaxi al cable.
Bel den Wre and Cabl e Conpany (Vernont)
Commtscope (Fornerly Tel edyne Thermatics)

Har bour | ndustries, Inc.

Rockbest os Suprenant Cabl e Conmpany
Specialty Cabl e Corp.
Tensol i te Conmpany
Thermax Wre L.P.

Ti nes M crowave Systens, |nc.

Click Here for Manufacturer Nanes and Addresses

M L-C 17/ 93 Radi o Frequency Coaxi al Cable
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(Refer to Application Notes 5)

Part Number Generic Type Designation Connect or Accommodating Series
ML7/ 93- RGL78 RGL78/ U SVA

Characteristics
| npedance (Chns) Oper ating Frequency (Max. GHz) Working Vol tage (Vrns) Capaci tance (pF/ft)
50 +/- 2 3 750 32 nex.
Type Shi el di ng Tenper ature Range Mn. Dianeter (Ilnches) Max. Dianeter (lnches)
Fl exi bl e Single Braid -55deg. C to +200deg. C 0.067 0.075

The foll ow ng manufacturers are qualified to produce ML-C 17/93 coaxi al cable.

Har bour | ndustries, Inc.

Tensol i te Conmpany

Thermax Wre L.P.

Ti nes M crowave Systens, |nc.

Cick Here for Manufacturer Nanmes and Addresses

M L-C 17/ 95 Radi o Frequency Coaxial Cable

(Refer to Application Notes 3 and 5)

Generic Type Designation

Connect or Accommodating Series

ML7/ 95- RGL80

RGL80/ U

SMVA

Characteristics
| npedance (Chns) Oper ating Frequency (Max. GHz) Working Vol tage (Vrns) Capaci tance (pF/ft)
95 +/- 5 3 1100 17. 4 nmax.
Type Shi el di ng Tenper ature Range M n. Dianeter (Inches) Max. Dianeter (lnches)
Fl exi bl e Single Braid -55deg. C to +200deg. C 0.137 0. 145
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The foll ow ng manufacturers are qualified to produce ML-C 17/95 coaxi al cable.
Bel den Wre and Cabl e Conpany (Vernont)

Chanpl ai n Cabl e Cor p.

CommScope (Formerly Tel edyne Thermati cs)

Har bour | ndustries, Inc.

Rockbest os Suprenant Cabl e Conpany

Speci alty Cabl e Corp.

Tensol i te Conpany

Thermax Wre L.P.

Times M crowave Systems, |nc.

Cick Here for Manufacturer Nanes and Addresses

M L-C 17/110 Radi o Frequency Coaxial Cable
(Refer to Application Note 3)

Part Number Generic Type Designation Connector Acconmpdating Series
ML7/ 110- RG302 RG302/ U SMVA

Characteristics

| npedance (Chms) Operating Frequency (Max. GHz) Wor ki ng Vol tage (Vrns) Capaci tance (pF/ft)

75 +/- 3 3 1700 22 max.
Type Shi el di ng Tenperature Range M n. Dianmeter (Ilnches) Max. Dianmeter (Inches)
Fl exi bl e Single Braid -55deg. C to +200deg. C 0.197 0. 207

The followi ng manufacturers are qualified to produce ML-C-17/110 coaxi al cable.
Har bour Industries, Inc.

Tensol i te Company

Thermax Wre L.P.

Ti nes M crowave Systens, |nc.

Click Here for Manufacturer Nanes and Addresses

M L-C 17/ 111 Radi o Frequency Coaxial Cable

Part Nunber

Generic Type Designation
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Connect or Accommodating Series
ML7/ 111- RG303

RG303/ U

SMA, TNC

Characteristics

| npedance (Chms) Qperating Frequency (Max. GHz) Working Vol tage (Vrns) Capaci tance (pF/ft)
50 +/- 2 3 1400 32 max.
Type Shi el di ng Tenperature Range Mn. Dianmeter (Inches) Max. Diameter (Inches)
Fl exi bl e Single Braid -55deg. C to +200deg. C 0. 165 0.175

The followi ng manufacturers are qualified to produce ML-C-17/111 coaxi al cable.

Bel den Wre and Cabl e Conpany (Vernont)

CommScope (Formerly Tel edyne Thermati cs)

Har bour I ndustries, Inc.

Specialty Cabl e Corp.

Tensol i te Conpany

Thermax Wre L.P.

Ti nes M crowave Systens, |nc.

Click Here for Manufacturer Nanes and Addresses

M L-C 17/ 113 Radi o Frequency Coaxi al Cable

Generic Type Designation

Connect or Accommodating Series

ML7/ 113- RG316

RG316/ U

SMA, TNC

Characteristics
| npedance (Chns) Oper ating Frequency (Max. GHz) Working Vol tage (Vrns) Capaci tance (pF/ft)
50 +/- 2 3 900 32 max.
Type Shi el di ng Tenper ature Range M n. Dianeter (Inches) Max. Dianeter (lnches)
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Fl exi bl e Single Braid -55deg. C to +200deg. C 0. 094 0. 102

The foll owi ng manufacturers are qualified to produce ML-C 17/113 coaxi al cable.
Bel den Wre and Cabl e Conpany (Vernont)
Commtscope (Fornerly Tel edyne Thermatics)
Har bour | ndustries, Inc.
Specialty Cabl e Corp.
Tensol i te Conmpany
Thermax Wre L.P.
Ti nes M crowave Systens, |nc.
Click Here for Manufacturer Nanes and Addresses
M L-C 17/ 127 Radi o Frequency Coaxial Cable
(See Application Notes)
Part Number Generic Type Designation Connector Acconmpdating Series
ML7/ 127- RG393 | RG393/U SMA
Characteristics
| npedance (Chms) Qperating Frequency (Max. GHz) Working Vol tage (Vrns) Capaci tance (pF/ft)
50 +/- 2 11 1875 32 max.
Type Shi el di ng Tenperature Range Mn. Dianmeter (Inches) Max. Diameter (Inches)
Fl exi bl e Doubl e Braid -55deg. C to +200deg. C 0. 380 0. 400
The followi ng manufacturers are qualified to produce ML-C-17/127 coaxi al cable.

Har bour Industries, Inc.
Tensol i te Company

Thermax Wre L.P.

Inc.

Nanmes and Add

Ti mes M crowave Systens,

Click Here for Manufacturer

resses

M L-C 17/ 128 Radi o Frequency Coaxial Cable

Part Number
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Generic Type Desi

gnation

Connect or Acconmpdating Series

ML7/ 128- RAA00
RG400/ U
SMA, TNC, N

Characteristics

| npedance (Chmns) Qperating Frequency (Max. GHz) Working Vol tage (Vrns) Capaci tance (pF/ft)
50 +/- 2 12. 4 1400 32 max.

Type Shi el di ng Tenper at ure Range M n. Dianmeter (Inches) Max. Dianmeter (1nches)
Fl exi bl e Doubl e Braid -55deg. C to +200deg. C 0. 190 0. 200

The followi ng manufacturers are qualified to produce ML-C 17/128 coaxi al

Har bour

I ndustri es,

I nc.

Tensol i te Conpany

Thermax Wre L.P.

Times M crowave Systens,

Cick Here for
d Addresses

M L-C 17/130 Radi

Part Number

Generic Type Desi

Manuf act ur er

I nc.

Names an

o Frequency Coaxi al

gnation

Connect or Acconmbdating Series

ML7/ 130- RX402
RG402/ U
SMA

Characteristics

Cabl e

cabl e.

| npedance (Chmns)

Qperating Frequency ( Max.

GHz)

Wor ki ng Vol t age

(Vrns)

Capaci t ance

(pF/ft)

50 +/- 1

20

1900

29.9 max.

Type Shi el di

ng Tenper at ure Range

M n. Dianmeter (Inches)

Max. Di aneter

(I nches)

Senmi -Rigid Copper

Tubi ng

-40deg. C to +125deg.C

0. 140

0.142
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The follow ng manufacturers are qualified to produce ML-C 17/130 coaxi al cable
Haverhill Cable and Manufacturing Corp
M cr o- Coax Conponents, |nc
Preci si on Tube Conpany, Inc
Ti mes M crowave Systens, |nc
Click Here for Manufacturer Nanes and Addresses
M L-C 17/ 133 Radi o Frequency Coaxi al Cable
Part Number Generic Type Designation Connector Acconmpdating Series
ML7/ 133- RG405 | RG405/U SMA
Characteristics
| npedance (Chms) Qperating Frequency (Max. GHz) Working Vol tage (Vrns) Capaci tance (pF/ft)
50 +/- 1.5 20 1500 32 max
Type Shi el di ng Tenperature Range Mn. Dianmeter (Inches) Max. Diameter (Inches)
Senm -Rigid Copper Tubi ng -40deg. C to +125deg.C 0. 0855 0. 0875
The followi ng manufacturers are qualified to produce ML-C-17/133 coaxi al cable
Haver hi || Cable and Manufacturing Corp.
M cr o- Coax Conponents, Inc
Preci si on Tube Conpany, I|nc
Ti nes M crowave Systens, |nc.
Click Here for Manufacturer Nanes and Addresses
M L-C 17/ 152 Radi o Frequency Coaxi al Cable
Part Number Generic Type Designation Connector Acconmpdating Series
ML7/ 152-00001 | ------- SMA
Characteristics
| npedance (Chms) Operating Frequency (Max. GHz) Working Vol tage (Vrns) Capaci tance (pF/ft)
50 +/- 2 12. 4 900 32 max
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Type Shi el di ng Tenper ature Range Mn. Dianeter (lnches) Max. Dianeter (lnches)

Fl exi bl e Doubl e Braid -55deg. C to +200deg. C 0. 110 0.118

The foll owi ng manufacturers are qualified to produce ML-C 17/152 coaxi al cable.
Har bour | ndustries, Inc.

Thermax Wre L.P.

Times M crowave Systems, |nc.

Cick Here for Manufacturer Nanes and Addresses

Radi o Frequency Cabl e Manufacturer Listing

Li sted below are links to nanufacturer data sites that nmay provide additional part related information. The linked sites are not under the control of NPSL
and NASA is not responsible for information contained in the linked site. We are providing these |links for your conveni ence only.

Bel den Wre and Cabl e Conpany
Saxon H Il Industrial Park
Thonpson Drive

P. O, Box 148

Essex Junction, VT 05452

CACE Code: 16428

Chanpl ai n Cabl e Corporation
P.O Box 7

W nooski, VT 05404

CAGE Code: 05973

CommtScope, Inc. (Formerly Tel edyne Thermatics)
P. 0. Box 909

ElmCity, NC 27822

CACE Code: 12515

Har bour | ndustries, Inc. (USA)
Route 7

Shel burne, VT 05482

CACE Code: 27478

Haver hil | Cable and Manufacturing Corporation (Sem -Rigid Cable Only)
165 Ferry Road

Haverhill, MA 01835-9998

CAGE Code: 65344

M cro- Coax, Inc.

(Senmi-Rigid Cable Only)

206 Jones Bl vd

Pott st own, PA 19464- 3465

CACE Code: 64639

Preci sion Tube Conpany, Inc. (Sem-Rigid Cable Only)
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620 Naylor MI| Road

Sal i sbury, MD 21801-0013
CACE Code: 82413
Rockbest os/ Supr enant

172 Sterling St.

Cinton, MA 01510

CAGE Code: 90484

Speci alty Cabl e Corp.

2 Tower Drive, P.O Box 50
wal |'i ngf ord, CT 06492
CAGE Code: 60685

Tensol i te Conmpany

100 Tensolite Drive

St. Augustine, FL 32092
CAGE Code: 92607

Thermax Wre L.P.
Landnmark Pl aza

19-02 Wi testone Pl aza
Wi t est one, NY 11357
CAGE Code: 12814

Times M crowave Systems, |nc.
358 Hall Avenue

P.O Box 384

wal l'i ngford, CT 06492
CACE Code: 68999

Wre Manufacturer Listing

Li sted below are links to nanufacturer data sites that nay provide additional part related infornmation. The linked sites are not under the control of NPSL
and NASA is not responsible for information contained in the linked site. W are providing these |inks for your conveni ence only.

Barcel Wre Cable Corp.
2851 Alton Ave.

Irvine, CA 92714

CAGE Code: 28427

Bel den Wre and Cabl e Conmpany
Saxon Hill Industrial Park
Thonpson Drive

P. O. Box 148

Essex Junction, VT 05452
CAGE Code: 16428

Bl CC Brand Rex

P. O Box 498
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1600 W Main St.

Wl linmantic, CT 06226

CACE Code: 71124

Chanpl ai n Cabl e Corporation
P.O Box 7

W nooski, VT 05404

CAGE Code: 05973

CommtScope, Inc. (Formerly Tel edyne Thermatics)
P. O. Box 909

ElmCity, NC 27822

CACE Code: 12515

Har bour | ndustries, Inc. (USA)
Route 7

Shel burne, VT 05482

CACE Code: 27478

Haver hi |l Cabl e and Manufacturing Corporation
165 Ferry Road

Haverhill, MA 01835-9998

CAGE Code: 65344

Intech ICl Cable Inc., Division of Belden
43 Broad Street

Hudson, MA 01749

CAGE Code: 12703

Judd Wre, Inc

55 Turnpi ke Road

Turners Falls, MA 01376

CACE Code: 12703

Preci si on Tube Conpany, Inc
620 Naylor MI| Road

Sal i sbury, MD 21801-0013

CAGE Code: 82413

Raychem Cor p

300 Constitution Drive

Menl o Park, CA 94025

CAGE Code: 06090
Rockbest os/ Supr enant

172 Sterling St

dinton, MA 01510

CACE Code: 90484

Specialty Cabl e Corp.
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2 Tower Drive, P.O Box 50
wal l'i ngford, CT 06492
CAGE Code: 60685

Tensol i te Conpany

100 Tensolite Drive

St. Augustine, FL 32092
CACE Code: 92607
Thermax Wre L.P.
Landmark Pl aza

19-02 Whitestone Plaza
Whi t est one, NY 11357
CACE Code: 12814

Ti nes M crowave Systens, |nc.

358 Hall Avenue

P. 0. Box 384

wal i ngford, CT 06492
CAGE Code: 68999
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Active Parts Core Suppliers List (CSL)

The Active Parts Core Suppliers Listing (CSL) is a listing of manufacturers who are considered preferred suppliers of nmonolithic mcrocircuits, hybrid
mcrocircuits, transistors or diodes by NASA. The CSL consists of two parts:

Core Suppliers List Part |

Introduction Section | - Mcrocircuits Section Il - Hybrids Section IlIl - Diodes Section |V - Transistors

Core Suppliers List Part 11

Japanese Space Agency (NASDA) Listings European Space Agency (ESA) Listings

NOTE: A Portabl e Docunment Format (PDF) reader will be needed to viewthe CSL files on this page. A PDF reader, along with installation instructions, can be
obtai ned free from Adobe Systens |ncorporated.

Part | follows, and includes only those suppliers who satisfy the following criteria:

Are listed in QW-38535 (Qualified Manufacturers List of Advanced Mcrocircuits Qualified Under MIlitary Specification M L-PRF-38535?), QW-38534
(?Qualified Manufacturers List of CustomHybrid Mcrocircuits Qualified under Mlitary Specification List of Custom Hybrid Mcrocircuits Qualified under
Mlitary Specification ML-H 38534?) or QPL-19500 (?Qualified Products List of Products Qualified under Mlitary Specification ML-S-19500) O fer one or
nmore products which are currently listed in either ML-STD- 975 or the GSFC PPL Offer QW/QPL products to quality assurance |evels which are consi dered
suitabl e for spaceflight use Have established a history of providing high reliability parts to NASA

The CSL, Part Il, includes active part suppliers, who are not necessarily QW/ QPL-certified, but who satisfy the followng criteria:

Manuf acturers parts on DESC certified and qualified Iines Have conpiled a satisfactory history of supplying high reliability parts which are currently
procured through contractor (or OEM SCDs Manufacture parts to NASA specifications Are certified and qualified by ESA/NASDA to provide parts to ESA/ SCC or
NASDA speci fi cati ons)

The CSL is intended to assist NASA project managenent, parts/reliability engineers and designers in avoiding EEE part reliability/ m ssion schedul e probl ens
which can result when parts are procured from unproven suppliers or suppliers who show recent trends indicative of unsatisfactory perfornance.

For each manufacturer listed in the CSL, Part |, herein, there is acconpanying information related to the processing technol ogi es and product |ines for
whi ch the manufacturer is considered a core supplier and the nanme/ phone nunber of a conpany representative to whom questi ons may be directed.

The information described in this report was obtained from NASA GSFC Preferred Parts List (PPL-21), NASA Standard El ectrical, Electronic and
El ectronechani cal parts list (ML-STD-975), Qualified Manufacturers List for Mnolithic Mcrocircuits (QW-38535), Qualified Manufacturers list for Custom
Hybrid Mcrocircuits (QW- 38534), and Qualified Products List for Diodes and Transistors (QPL-19500).

For conveni ence, the listings have been grouped by part commodity. Introductory remarks for each section provide an expl anation of the infornation
contained therein. Please note that the manufacturer's listing and the acconpanying information are considered accurate at the time of issue of this
docunent. However, the sem conductor industry is one known for rapid change of technol ogy and devel opnent including fabrication processes and assenbly
locations. As a result, the listings are subject to change w thout notice; revisions or anmendnents will be issued, as necessary.

For additional information regarding this Core Suppliers Listing, please contact:

Ashok Sharma NASA Goddard Space Flight Center Geenbelt, Mryland 20771 Attn: Ashok Sharnma (Active Parts Specialist Code 562) (301) 286-6165 (301) 286-1695
(fax)
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Appendi x A Derating Criteria

Under Construction.
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Appendi x B Additional Parts |Information Links
Li sted bel ow are sone useful Links to other data sites that can be used in obtaining additional part related information:
NASA Parts and Packagi ng Program ( NPPP)

Site nanaged by the Jet Propul sion Laboratory (JPL) -- This Site Contains Electronic Parts Reliability Informati on Studies of Energing M croel ectronics
Technol ogi es Radiation Effects Information JPL's El ectronic Parts Information Network System (EPI NS)

El ectronic Parts Information Managenment System (EPIMS) User | D/ Password Controlled -- This Site Contains G DEP Alerts GSFC Parts Anal ysis Wb Syst em ( PAVS)
NASA Parts Advisories NASA Project Parts Lists Nonstandard Part Approval Requests Manufacturer CAGE code/ address | ook up

GSFC SEU Radi ati on Data Bank
JPL's Radi ation Data Bank

GSFC Procurenent Specifications
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Appendi x C Prohibited Materials Section

The followi ng section of the NASA Parts Sel ection List (NPSL) has been devel oped to identify naterials often used in the manufacture and assenbly of EEE
parts that shall be prohibited fromuse in high reliability NASA el ectronic systems and flight hardware. Users are strongly urged to faniliarize thensel ves
with these issues to minimze the risk of introducing potential problens. In addition to the issues noted in this section, each commodity section within
the NPSL has application notes that are unique to the comodity. Therefore, users should al so review the application notes contained in each commodity
section.

1. Pure Tin Plating 2. Cadmium Plating 3. Zinc Plating
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Pure Tin Plating Prohibition

Policy:

Pure tin plating is prohibited as a final finish on EEE parts and associ ated hardware

Ref erence:

NASA Advi sory NA-044 October 23, 1998 NASA Advi sory NA-044A Decenber 17, 1998 NASA GSFC Ti n Wi sker Honepage
Rat i onal e:

Pure tin finishes are susceptible to the spontaneous growth of electrically conductive single crystal structures known as tin whiskers. Over tine these
whi skers may grow to be several nmillimeters (mm) long. Tin whiskers are capable of causing electrical failures ranging fromparanmetric deviations to
sustai ned plasma arcing (in vacuum) that can result in catastrophic short circuits.

=]

An Example of a Tin Whisker
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Several instances have been reported where tin whiskers have caused systemfailures in both earth and space-based applications including at |east 3 reports
where a tin whisker induced short circuit resulted in conplete failure of the commercial satellite.

The general risks fall into four categories:

Stabl e short circuits in |l ow voltage, high inpedance circuits.In such circuits there may be insufficient current available to fuse the whi sker open and a
stabl e short circuit results. Depending on the diameter and | ength of the whisker, it can take nore than 50 nmillianps (m) to fuse one open. Mre typical
is ~10mA Transient short circuits. At atnospheric pressure, if the available current exceeds the fusing current of the whisker, the circuit may only
experience a transient glitch as the whisker fuses open. Plasnma arcing in vacuum In vacuum a nuch nore destructive phenonenon can occur. If currents of
above a few anps are available, the whisker will fuse open but the vaporized tin nay initiate a plasna that can conduct over 200 anps. An adequate supply
of tin fromthe plated surface is necessary to sustain the arc. This phenonenon is reported to have occurred on several comrercial satellites resulting in
bl own fuses that rendered the spacecraft non-operational. Debris/Contam nation.Wiskers or parts of whiskers may break | oose and bridge isolated conductors
or interfere with optical surfaces

Recommendat i ons:

At this time, the only sure way of avoiding tin whiskers is not to use parts plated with pure tin. Despite procurenent specification requirenments that
prohibit pure tin, errors sonetinmes occur resulting in pure tin plated conponents being delivered. Therefore, users are advised to i ndependently test and
anal yze the plating conposition of the products received as a verification that pure tin plating is not in use. Sinple visual inspection is generally not
sufficient because pure tin plating may appear sinmilar to other plated finishes such as tin/lead or nickel.

Utilization of procurenment specifications that have clear restrictions against the use of pure tin plating is still recomended. Mst, but not all, of the
commonly used mlitary specifications currently have prohibitions against pure tin plating. Studies have shown that alloying tin with a second netal
reduces the propensity for whisker growth. Alloys of tin and |ead are acceptable where the alloy contains a mnimumof 3% ead by weight.

In the event pure tin plated parts cannot be avoi ded, there are sone additional processing techniques that may be used to reduce but not elimnate the
ri sks associated with tin whiskers. The effectiveness of these approaches is variable and nost require further evaluation to determne their suitability
for long duration missions. Exanples of these approaches incl ude:

Sol der dipping pure tin plated ternminations and | eads using a | eaded solder. The effectiveness of this approach at covering all pure tin plated surfaces
can be variable. Application of conformal coat material to pure tin plated surfaces. Conformal coat appears to reduce the growth rate of tin whiskers, but
whi skers are still capable of growi ng through some conformal coat materials such as pol yurethanes. For sone device types manufacturers may be willing to
replate surfaces using finishes such as tin/lead or nickel which are substantially |ess prone to whisker formation.

Cadmi um Pl ating Prohibition
Pol i cy:

Cadmium plating is prohibited on EEE parts and associ ated hardware. |In some applications use of Cadmium plating may be acceptable via a Project approved
wai ver process that includes review and approval by both Materials and Parts Engi neering disciplines.

Ref erence:

MSFC- HDBK- 527, Materials Sel ection List for Space Hardware Systens JSC 11123, Space Transportati on System Payl oad Safety Cuidelines Handbook
Rat i onal e:

There are several reasons for prohibiting the use of Cadmiumplating in space flight electronic systens.

Cadmiumis known to sublimate in a hard vacuum environnment (especially at tenperatures above 75°C). The sublimati on products, which are conductive, can
redeposit resulting in short circuits. The sublimation products may also interfere with sensitive optics. Cadmiumis a toxic material that should not be

used in manned spaceflight applications Cadmiumis subject to the spontaneous growth of Cadm um whi skers. The propensity of Cadmiumto grow whiskers
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appears to be lower than that of zinc and especially tin. Cadm um whiskers (like tin whiskers) grow spontaneously and are capabl e of causing electrical
failures ranging fromparanetric deviations to sustained plasma arcing that can result in catastrophic short circuits. See prohibition against pure tin
plating for additional insight regarding the risks of nmetal whiskers

Recomendat i ons

Cadmium plating is conmonly used on connectors, connector hardware and nmechani cal hardware such as fasteners. |t provides excellent resistance to salt
corrosion and is therefore offered in many military specifications predom nantly for use in naval applications. However, nbst NASA applications are not
concerned with salt corrosion and the risks associated with use of Cadm um plating noted above outwei gh the benefits of its use in spaceflight
applications. There are several alternatives to Cadmiumplating that are suited for spaceflight use. For connectors, electroless nickel plating is
preferred. Gold plating is preferred when the application requires additional shielding effectiveness or |ow residual nmagneti sm Passivated stainless stee
is the preferred material for hardware itenms such as fasteners. Consult your materials or parts specialists for suggested alternatives to Cadm um pl ati ng

Zinc Plating Prohibition
Policy:

Zinc plating is prohibited on EEE parts and associ ated hardware. In sonme applications use of Zinc plating nay be acceptable via a Project approved wai ver
process that includes review and approval by both Materials and Parts Engi neering disciplines

Ref erence: NA
Rational e
There are several reasons for prohibiting the use of Zinc plating in space flight el ectronic systens.

Zinc is known to sublimate in a vacuum environnment (especially at el evated tenperatures). The sublimation products are conductive and can result in short
circuits. Zinc is subject to the spontaneous growh of Zinc whiskers. Zinc whiskers (like tin whiskers) grow spontaneously and are capabl e of causing
electrical failures ranging fromparanmetric deviations to sustained plasma arcing that can result in catastrophic short circuits. See prohibition against
pure tin plating for additional insight regarding the risks of nmetal whiskers

Recomendat i ons

Zinc (gal vani zed) plating is occasionally used on nmechani cal hardware such as fasteners for its corrosion resistant properties. By using alternative
plating materials nost NASA applications can avoid the risks associated with the use of Zinc plating while still achieving suitable corrosion resistance
Consult your materials or parts specialists for suggested alternatives to Zinc plating
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