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CALL TO ORDER

Chairman Marco Garcia called the meeting to order at 8:00 AM at the Adams Mark, Columbus, Ohio.  A quorum was declared present.  .

Introductions of all present were made.  Attendance roster was circulated.  Paul Petersen moved and Fed Laracuente seconded a motion to accepted as is the minutes of EIA G-11 Meeting #102

STEERING COMMITTEE REPORT

The Steering Committee met on September 11, 2003 at 6pm.  

There will be a few changes to the G-11 agenda timing caused by a break to attend the “Lead-Free” presentation at the G-12 meeting.  

The next meeting will be 15 and 16 January 2004 in Scottsdale AZ.  The tentative location is the Holiday Inn, Sun Spree Resorts

PARTS - TECHNOLOGY/EVALUATION - TASK SPONSORS REPORT

Capacitors – J. Brusse (Presented by M. Sampson)

See the hand out. 

Circuit Breakers - W. McNabb 

No significant activity reported - by W. McNabb.   Task 03-301 assigned.

Coils, Transformers - M. Ptak

No significant activity reported.

Connectors - No Sponsor

No report presented:  Beware; DSCC reports that many of the connectors and backshells are going to industry standards.  MIL-PRF-38999 will not change, but there could be problems with pins and accessories.  (We need a volunteer to attend selected SAE groups to protect ourselves.)

Filters and Networks – J. Brusse (Presented by M. Sampson)

See the NASA hand out.  There was one GIDEP on hardware supplied with Filters made to the requirements of MIL-PRF-15733 supplied by Spectrum Control.  The hardware has pure tin finish.  DSCC is making changes to eliminate pure tin, but there may be problems with under-plating.

Fuses and Lightning Arrestors – W. McNabb
No significant activity reported.

Hardware – P. Peterson

No significant activity reported.  Mr. John McCarrick (johnmccarrick@dla.mil) indicates that his office is becoming more proactive in assisting both the using and military groups.  He indicates that the hardware that was requested to be re-activated has been.  

There are still some duplicate documents between military and industry these are slowly being eliminated. The duplications are because the industry document must be released before the military can be cancelled.  Therefore there will be some period of overlap.  There was much discussion about using the correct CAGE code when parts are procured.  You could have a problem with procurement.  There are still questions of whom to procure from and qualifications and maintaince of product.  

Insulators And Insulating Materials – M. Ptak

No significant activity reported:  There was one GIDEP Alert GN-A-03-01 wave-guide gaskets.

Oscillators And Crystals - S. Hammond 

No significant activity reported

Relays – Steve Hammond

No significant activity reported:  There are two GIDEP alerts (EX4-P-03-01 & EX4-P-03-02) on TYCO (CII) relays.  Problem is related to the tension adjustment on common contact causing the relays to fail life testing.  CII is still investigating what changed to cause the failures.

Resistors and RC Networks – M. Ptak 

No significant activity reported 

Switches - W. McNabb 

No significant activity reported

Terminals, Lugs-No Sponsor 

There are problems with pure tin with bare terminals.  There are a lot of pure tin plated terminals.  There are hand held X-ray fluorescence (XRF) machines that can be used to detect the presence of Pure Tin material.  The equipment can show pure tin while a cross-section show tin/lead.  Crimp type lug have may also have problems due to the crimp action inducing stress and the devices do not get additional heat to reflow the tin.  

Wire and Cable - No Sponsor

No report presented. 

LIAISON - AS RELATED TO THIS COMMITTEE ONLY

Liaison report for Lead Free – J. Brusse

Changing Title to:

Monitor Industry activity for Pb elimination  
See handout

G-12 Follow-up Activity – P. Peterson

G-12 reported that they were working on the following subjects: Lead-free, CTE-mismatch, and ascertain if piece part reliability MIL-HDBK-217 be updated? (It is a funding issue)

MIL-HDBK-454 – K. Cottongim
A new draft is out for comments.  

MIL-HDBK-965 - K. Cottongim
No activity with the handbook.  The DSCC Standardization group is not being disbanded, but its future is still being talked about at DLA.

G-12 Solid State Devices Liaison – Paul Peterson

MIL-STD-883 will go to the next full revision first quarter of 2004.  Many of the MIL-PRF-38510 sheets that have been cancelled will be reactivated.  MIL-STD-217 is still an issue, but it appears that there is no funding within the Navy to update the document.

EIA EOC Liaison – M. Sampson

New assignee   No report presented.

GIDEP Liaison - No Sponsor

No report

GOVERNMENT REPORTS

Air Force Component Part Activity – Rich Yannitti 

No report presented.  

Army Parts Activity – J. Carver (Absent)

No report presented.  

DSCC Parts Activity – K. Cottongim

See handout.  There is a change in specification creation.  The appearance for amendments update will look like full revisions.

Two new CID’s have been started for Low Voltage 0603 and 0402 ceramic capacitors.

Kemet is moving all military products out of the USA to Mexico.  They are also opening a facility in China

Vishay-Dale is closing the North Fork facilities and consolidating other facilities.  Some military product will go to Mexico.  Details are not finalized.

Space Parts Activity – J. Siplon

Issues reported in other areas within this report by part type.  

It was reported that MIL-STD-1546, MIL-STD-1547 and MIL-STD-1580 will finally be updated and should be out in mid 2004.

Navy Parts Activity – D. Tabit

See handout.  
SPECIAL TASK REPORTS:


Task 02-102

Look into MIL-W-22759 for possible out-gassing issues of the ETFE material.  –  D. Beverly  Closed

The problem is corrosion on the body of the pre-wired MIL-PRF-83513 connectors.  Problem believed to be in the out-gassing of the wire insulation material (ETFE).  

Task 02-108

Change in surge current test order  –  M. Radecki  Tracking
Mike to investigate the reason for changing the surge current test performance order in MIL-PRF-39003 solid tantalum capacitor specifications.  The issue is why surge current testing was moved to after Weibull grading on /6 and /9.   Ref: testing in /10.

New task assigned to determine if surge current testing should be incorporated as mandatory on all 39003 devices.  Task 03-203 

Task 02-109

Monitor Industry activity for Lead elimination  –  J. Brusse  Closed

Monitor and report back on industry activities on the elimination of Lead (Pb). (See handout for activities). Task closed. Add Liaison report on Lead Free to the committee.

Task 02-110
Generate a letter asking DSCC to provide an engineering study for a test method for Ultrasonic evaluation of capacitors for incorporation in MIL-PRF-123 and MIL-PRF-49470 for “T” level.  –  M. Garcia  Closed

Use the previously provided Ultrasonic test procedure for this task.  Ref. DSCC project 5910-2202.  DSCC sent out survey with very little response.  DSCC will send results to Marco for coordination with G-12. 

Task 02-112
Create an initial draft of the option to use FR-4 board material for all testing in MIL-PRF-55342.  –  D. Cross (Absent)  Tracking

Standardization of the board material would provide a constant for thermal testing and calculations.  D. Cross working with suppliers.  Initial draft due in March 2004.  

Task 02-114

Generate a survey of the usage on hardware  –  P. Peterson  Closed

The problem is that many of the MS hardware are being canceled without a replacement part.  The task is to determine what the problem parts are and were to put the effort.

Re-survey completed with responses from nine companies. Close this task.  New task to draft letter to DSCP requesting notification of changes of identified specs. Task 03-204 (Paul Peterson, Marco Garcia)   
Task 02-115

Track DSCC efforts in both smaller capacitor sizes and lower voltage capacitors.  –  M. Radecki  Closed

Two new CID’s have been started for COTS Low Voltage 0603 and 0402 ceramic capacitors.

Task 02-117

Track DSCC change to MIL-PRF-39003/10 and 39006 for revising the polarity marking.  –  K. Cottongim   Closed

To mitigate installation problems, standardized polarity marking on devices.  MIL-PRF-39006 out MIL-PRF-39003 will be out soon. 

Task 02-202

Track the changes to MIL-PRF-49470 as related to changes to the “T” level Voltage conditioning.  –  M. Radecki Closed

Rev “B” issued 1/13/03. 

Task 02-204

Track the move to give the G-12 committee the Oscillators.  This includes aiding DSCC in deciding which groups would have control.  –  M. Garcia 
Remains Open 

G-12 working on how to do the move.  At this time they are thinking about leaving oscillators with G11.  Should have additional information at the next meeting.

Task 02-205

Track G-12 changes to the hybrid requirements of MIL-PRF-38534.  –  M. Garcia
Remains Open

 No update.  

Task 02-206

Create a letter with details for the torque connector problems MIL-DTL-5015  –  M. Ptak and M. Garcia  Tracking

Letter prepared and sent to NAVAIR. 

Task 02-207

Survey G-11 and G-12 members for usage of organic fluxes.  This flux type is beginning to be used because of the mixed lead/terminations finishes. -- P. Peterson
Closed

No update. 

Task 02-208

Create a list of capacitor manufacturers and capacitor problems for inviting manufacturer to G-11 meetings to facilitate resolution of the issues. – M. Garcia 
Remains Open

Task 03-101

Revise requirements to test circuit method for Voltage Conditioning in MIL-PRF-123 Capacitors relative to the use of fuses vs. series resistance.  Also, look at the use of blown fuses during last 48 hours to determine failure. Telecom required with supplier(s), J Siplon, J. Brusse, F. Laracuente and M. Radecki - Remains open

Telecom to take place before the end of October 2003.

Task 03-102

Survey the user community for any data on moisture failures of solid tantalum chip caps.  Task sponsor to summarize results to make a recommendation to revise qualification tests.  (Wes Hubbell, J. Brusse)  Remains open

Survey issued a waiting returned surveys.

Task 03-103

Review MIL-PRF-31033 for possible inclusion of planar filter arrays used in filter connectors. - J. Siplon, M. Sampson - Closed

Technology not compatible - Closed.

Task 03-104

Send e-mail to Daryl Lakins at GSFC requesting that EPIMS be brought back on line as soon as possible. - M. Garcia  Closed

Letter sent response anticipate being online by 3Q03. 

Task 03-105

Look into developing standard test requirements for filter connectors.  Members to provide sample specs to Jocelyn for review.  Jocelyn to send E-mail to members requesting drawing inputs and/or requirement. - (J. Siplon)  Remains open

Still need member specifications to review!

Task 03-106

Contact DSCP to request shelf life is added where appropriate to all specifications where material has limited shelf life.  -  M. Ptak  Closed

Letter sent.

Task 03-107

Generate a letter to DSCP-ITB recommending MS specifications for hardware be reactivated. This activity will be contingent on resubmission of survey in Task 02-114. - P. Peterson  Closed

Survey complete. Replaced by 03-204 

Task 03-108

Evaluate revising slash sheets on MIL-PRF-55342 to reflect higher power rating. (W. Hubbell, M. Garcia) Tracking
Task 03-109

Look into cage code definition/policy for assigning. - K. Cottongim  Closed

No policy that says CAGE must be plant of manufacturer, could be corporate CAGE Code. 

Task 03-110

Look into C of C and how/where they are defined. - K. Cottongim  Closed

Closed. Kendall will but a sample up on the DSCC web site.

Task 03-201

Maria Ptak to coordinate technical presentation by Kemet on polymer tantalum cap. (Assisted by Fred, Steve and Ron)  Closed

Presentation given.

Task 03-202

Send letter to Gene Maisano (DSCP) to have G-11 notified when mechanical drawings are being cancelled without replacements.  Paul Peterson  Closed

DSCP has agreed, but requested a single point of contact.  M. Garcia is the point of contact.

Task 03-203

Survey whether surge current testing should be made mandatory for MIL-PRF-39003.  F. Laracuente.  Remains Open

This is for all slash sheets.  Re-issue survey.

Task 03-204

Letter to DSCP to request identified hardware spec. be reactivated.  Paul Peterson Closed

DSCP indicates they have re-instate the identified items 

Task 03-205

Survey whether users are using MIL-PRF-15733 /34, /41, /58, /59, /62.  Also is MIL-STD-704 appropriate for these devices.  W. McNabb - Closed

Survey users to see if they use filters in DSCC report. Also ask them if test specified are appropriate.  Results provided to DSCC.
Task 03-206 

Survey to determine if MIL-STD-1646 (Servicing Tools for Electric Contacts and Connections Selection and use of) is used. Is so, petition owner to reinstate. - Paul Peterson  Closed
MIL-STD-1646 lists tools appropriate for connectors has been canceled, can it be reactivated.  See new Task 03-306. 

Task 03-207

Send a letter to DSCC to review surge current testing of tantalum chip capacitors. - Joe Flarity  Remains open

Reference total series resistance in the burn-in testing now at 1 ohm.  A Supplier indicates they can do 0.3 ohm.

Task 03-208

Letter to Chris Denham to encourage more company participation in G-11 meetings.  M. Garcia – Remains open.

NEW TASKS:

Task 03-301
Bill McNabb to generate a survey asking if switching characteristic should be applied to Circuit Breakers.

Task 03-302
K. Cottongim to check on a standard method to correlating changes and how to dissimulate Engineering Project (EP) studies.

Task 03-303
M. Sampson to check the possibility of creating an out-gassing test method for PTFE and ETFE wire material.  Reference out-gassing problem with MIL-W-22759/33 wire.

Task 03-304
M. Ptak created a caution note and a letter requesting Mr. Tabit to add the caution note in section 6 of MIL-W-22759 wire specification.

Task 03-305
D. Tabit to investigate adding a caution note in section 6 for out-gassing in the MIL-W-22759 wire specification before the document is converted to an SAE document and/or request the SAE group to do so.

Task 03-306
P. Peterson to a Created a letter requesting conversion of MIL-STD-1646 to a MIL-HDBK-1646.  

TECHNICAL PRESENTATION

Provided by Mr. Bill Long of Kemet.  See handout. 

NEW BUSINESS

No new business

TASK SUMMARY


New Tasks: 

03-301 03-302

03-302 03-304

03-305
03-306


Old Tasks:

02-102 Closed
02-108 Tracking

02-109 Closed
02-110 Closed


02-112 Tracking
02-114 Closed



02-115 Closed
02-117 Closed


02-202 Closed
02-204 Remains Open

02-205 Remains Open
02-206 Tracking

02-207 Closed
02-208 Remains open

03-101 Remains Open
03-102 Remains Open

03-103 Closed
03-104 Closed


03-105 Remains Open
03-106 Closed



03-107 Closed
03-108 Tracking

03-109 Closed
03-110 Closed


03-201 Closed
03-202 Closed


03-203 Remains Open
03-204 Closed


03-205 Closed
03-206 Closed


03-207 Remains Open
03-208 Remains Open
ADJOURNMENT

Motion to adjourn was made by M. Sampson and seconded S. Hammond by.  Motion passed.

The G-11 meeting was conducted in accordance with the EIA Legal Guide and in accordance with the EIA Manual of Organization and Procedure.

Marco A. Garcia

Chairman

Wm. L. McNabb (Acting)

Secretary

Attachments:  See Appendix

Appendix A

Handouts and Presentations

1.)
NASA Reports
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2.)
Task 02 - 109
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3.)
Liaison Report for Lead Free 
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4.) DSCC Reports
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5.)
Technical Presentation



[image: image5.wmf]"EIA 

11Sept2003.ppt"


6.)
Presentation Support Document 1
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7.)
Presentation Support Document 2
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8.)
Presentation Support Document 2
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9.)
NAVAIR Report
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10.)
G-12 PB –Free Presentation


See separate file!

9

_1125807899.ppt






September 11, 2003



KEMET Business Confidential

















KEMET Business Confidential

KEMET’s development of the AO capacitor is a cooperative, technical program with Showa Denko LTD. (SDK) of Japan.  We are building mirror images of the product.  Second sourcing is established.



















Where are our 



Where are our 



Manufacturing Facilities?



Manufacturing Facilities?



KEMET currently has 11 manufacturing 



facilities worldwide



Four plants in the US



Seven plants in Mexico



KEMET - Ceramic Chips



Plant Locations



Global Headquarters



Employees



USA 



   2000



Mexico 4500



Total



   6500



Monterrey



Matamoros



North and South



Carolina



Victoria
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KEMET’s development of the AO capacitor is a cooperative, technical program with Showa Denko LTD. (SDK) of Japan.  We are building mirror images of the product.  Second sourcing is established.



















KEMET Milestones



QS-9000



QS-9000



1996



Monterrey, Mexico, 



p



Monterrey, Mexico, III



1994



ISO9000 Certification



1992



KEMET's IPO



KEMET's IPO



1991



Monterrey, Mexico, Plant Start-up



Monterrey, Mexico, Plant Start-up



1987



Senior Manager Buy-out,



becomes KEMET Electronics 



Corp.



Senior Manager Buy-out,



becomes KEMET Electronics Corp.



1986



Fountain Inn, S. C., Plant Start-up



Fountain Inn, S. C., Plant Start-up



1981



Shelby, N. C., Plant 



Start-up



Shelby, N. C., Plant Start-up



1979



Greenwood, S. C., Plant 



Start-up



Greenwood, S. C., Plant Start-up



1969



Multilayer Ceramic Capacitors added



Matamoros, Mexico, Plant Start-up



Multilayer Ceramic Capacitors added



Matamoros, Mexico, Plant Start-up



1963



Simpsonville, S. C., Plant Start-up



1959



First Solid Tantalum Capacitor



1930



Vacuum Tube Getters



1919



Kemet Laboratories Founded by



Union Carbide, in Cleveland, Ohio - Grid Wires



ISO9000 Certification



1997



KEMET



®
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KEMET’s development of the AO capacitor is a cooperative, technical program with Showa Denko LTD. (SDK) of Japan.  We are building mirror images of the product.  Second sourcing is established.






















All capacitors utilize the same basic 



mechanism in their structure



Electrode Plates



Dielectric



The value of a capacitor is measured in farads.  For 1 farad 



of capacitance, 1 coulomb of charge is stored on the plates, 



when 1 volt of force is applied.



 



1 farad = 1 coulomb / 1 volt



1 coulomb represents ~ 1 x 10    electrons



19



KEMET



®
















KEMET Business Confidential

KEMET’s development of the AO capacitor is a cooperative, technical program with Showa Denko LTD. (SDK) of Japan.  We are building mirror images of the product.  Second sourcing is established.






















Capacitor



Main Areas of Application



Decoupling



Filtering



Coupling



Timing / Wave Shaping



Oscillating



KEMET



®
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KEMET’s development of the AO capacitor is a cooperative, technical program with Showa Denko LTD. (SDK) of Japan.  We are building mirror images of the product.  Second sourcing is established.










Typical Capacitor Applications














Computers



 - Power supplies, motherboard, 



peripherals (printers, modems, add-in 



boards, etc.)



Telecom



 - Cell phones, networks, answering 



systems, etc.



Automotive



 - Engine controls, ABS, air bags, 



radio, sensors, etc.



Industrial



 - Controls, processors, test 



systems, avionics, scanners, etc.



Military



 - Weapons, guidance systems,



etc.



Distribution



 - All of the above



Contract Manufactures



 - All of the above



KEMET



®










ESR Ranking



Lower is Better

Ceramics

Al-Poly

OS-Con

Ta-Poly

Lower ESR



KEMET Business Confidential

The ranking of ESR for the various types of capacitors will show the ceramics to be the lowest, followed in ascending order by the aluminum-polymer (AO), then OS-Con, the tantalum-polymer, then on to the other types.









Volumetric Efficiency

(C/V)



Higher is Better

OS-Con

Ceramics

Al-Poly

Ta-Poly

Increasing C/V



KEMET Business Confidential

The ranking of volumetric efficiency for the various types of capacitors will show the ceramics to be the poorest, followed in improving order by the OS-Con, then the aluminum-polymer (AO), then on to the the tantalum-polymer.









Capacitance Range

4.7µF- 1,0000µF Low-ESR T495 MnO2

1µF- 47µF Ceramic



8.2µF- 470µF A700 Al-Poly



15µF- 1,000µF T520 Ta-Poly



330µF-1,500µF T510 MA





1µF-1,000µF Comm. T491/T494 MnO2





Increasing ESR

220µF-1,500µF T530 MP





KEMET Business Confidential

Capacitance range available from several types of capacitors includes many overlaps for certain capacitance values.











KEMET PRODUCT PORTFOLIO

TANTALUM & ALUMINUM SURFACE MOUNT

		T491 Industrial Grade

		T492 Military Style CWR11

		T494 Low ESR, Industrial Grade

		T495 Low ESR, Surge Robust

		T496 Fused

		T510 Ultra Low ESR Multiple Anode Ta

		A700 Aluminum Organic Polymer

		T520 KO Ta Polymer Cap

		T530 Multiple Anode Ta Polymer 

		T525 KT Ta Polymer Cap





KEMET Business Confidential





A700 Series   AO-CAP

		Aluminum  Parallel Plate Polymer Capacitor

		Potential Advantages

		True SMT Al Capacitor

		Very Low ESR

		Lower Cost

		No Derating Required

		Less Cap Roll-off

		Better -55 C ESR



Cut-Away View



KEMET Business Confidential







Aluminum Chip

Capacitor Part Number



		Example: A700D107M006ATE015

		A: Aluminum

		700: Solid state chip cap

		D: Case size (V, D or X)

		107: Cap code (10=significant digits, 7=number of zeroes)

		M: 20% tolerance

		006: DC voltage (16, 12.5, 10, 8, 6, 4, 2.5 or 2 volts)

		A: Failure rate (A=not applicable)

		T: Termination (standard, lead free)

		E015: ESR 15 mOhms min @ 100 KHz
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KEMET Business Confidential

KEMET’s development of the AO capacitor is a cooperative, technical program with Showa Denko LTD. (SDK) of Japan.  We are building mirror images of the product.  Second sourcing is established.










AO Capacitor





Timeline for product development.  First the “V” case product, then the “D”, and finally the “X” case products.


Eventually, we will begin to increase the voltage capability to 16, 25, or 35 volts.











Sheet1



				Cap				Volt				Case				Part Type				ESR  mW				DCL



				uF																Typical				uA



				10				16				7343-20				A700V106M016				22.0				6.4



				22				12.5				7343-20				A700V226M12R				25.0				11.0



				33				10				7343-20				A700V336M010				17.0				13.0



				68				10				7343-31				A700D686M010				11.0				27.2



				150				10				7343-43				A700X157M010				8.5				60.0



				82				6.3				7343-20				A700V826M006				17.0				20.7



				120				6.3				7343-31				A700D127M006				13.0				30.2



				180				6.3				7343-43				A700X187M006				9.0				45.4



				180				4				7343-31				A700D187M004				13.0				43.2



				330				4				7343-43				A700X337M004				9.0				79.2



				150				2				7343-20				A700V157M002				16.0				18.0



				220				2				7343-31				A700D227M002				12.0				26.4



				470				2				7343-43				A700X477M002				9.0				56.4











Sheet2



				











Sheet3



				














Cap Volt Case Part Type



ESR  m



DCL



uF



Typical



uA



10 16 7343-20 A700V106M016 22.0 6.4



22 12.5 7343-20 A700V226M12R 25.0 11.0



33 10 7343-20 A700V336M010 17.0 13.0



68 10 7343-31 A700D686M010 11.0 27.2



150 10 7343-43 A700X157M010 8.5 60.0



82 6.3 7343-20 A700V826M006 17.0 20.7



120 6.3 7343-31 A700D127M006 13.0 30.2



180 6.3 7343-43 A700X187M006 9.0 45.4



180 4 7343-31 A700D187M004 13.0 43.2



330 4 7343-43 A700X337M004 9.0 79.2



150 2 7343-20 A700V157M002 16.0 18.0



220 2 7343-31 A700D227M002 12.0 26.4



470 2 7343-43 A700X477M002 9.0 56.4
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KEMET’s development of the AO capacitor is a cooperative, technical program with Showa Denko LTD. (SDK) of Japan.  We are building mirror images of the product.  Second sourcing is established.










Means





Looking at SSST results.  The polymer introduction (T520) created like failures at 80% of rated voltage compared to 50% of rated voltage for tantalum with traditional MnO2 cathode systems.  This created the basis for changing the recommended derating of the T520 (and T530) to 20% (use at 80% of rated) from the traditional 50% derating of the MnO2 based systems.


With the aluminum, their capability at 100% of rated is better than the results at recommended voltages for both tantalum types.











				



				MnO2



Production 




(27 batches)



				KO-CAP
Production




(37 batches)



				AO-CAP
Production




(78 batches)







				100 PPM @
(%Vr)



				69%



				92%



				191%
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Mold Package

Black Plastic Epoxy Molding
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The assembled package is molded in a black epoxy for mechanical robustness, and high speed pick and place.
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‘D’ Case – 100 uF


Ceramic


with


½ Rated


DC Bias





High capacitance ceramics, in order to achieve higher capacitance values, sacrifice the thickness of the dielectric.  These dielectric have voltage coefficients that (very conservatively) may lose 20% of their capacitance when used at one-half of rated voltage.  There is also a problem with cracking the larger ceramic chips when surface mounting, and afterwards.  The AO capacitor offers an alternative to the ceramics.














Capacitance vs. Frequency
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KEMET’s development of the AO capacitor is a cooperative, technical program with Showa Denko LTD. (SDK) of Japan.  We are building mirror images of the product.  Second sourcing is established.










RC-Ladder in Aluminum Electrolytic


tc1 = C1 x R1


tc2 = C2 x (R1 +R2)


tcn = Cn x (R1+R2....+Rn)


(Cathode)


Plate


Aluminum 


R1


(Anode)


Acid Etched


Anodized


Aluminum Plate


Rn


R2


C1


C2


Cn


Electrolyte Resistivity


C = K x A/t





In order to improve the volumetric efficiency of the aluminum plate capacitor, the anode foil is acid-etched before the anodization process.  This acid-etch creates deep tunnels or channels into the surface of the foil, thereby greatly increasing the surface area of the dielectric element.


This also creates a deep channel that is filled with the electrolyte solution to create contacts to the cathode side of the dielectric.  As this solution is resistive, an “RC-Ladder” effect is created by this structure.  The capacitance roll-off will cause the capacitance to decrease with increasing frequency.
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Calculation for Actual Capacitance


Where:


Ip	=	Peak current


dt	=	PS Response time


dv	=	maximum allowable voltage change


ESRtot	=	parallel ESR for all capacitors or


		ESReach/Total


(2)





The formula is now modified as in (2) to show that the ESR parasitic component of the capacitor steals some of the allocated voltage deviation specified by the processor.
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KEMET’s development of the AO capacitor is a cooperative, technical program with Showa Denko LTD. (SDK) of Japan.  We are building mirror images of the product.  Second sourcing is established.










Calculations


			 Calculation  finds capacitance based on 		allowable voltage change minus the 		allocation for the IxESR voltage drop.


			 The larger portion of dv used by the 		IxESR, leaves smaller portion to the 		capacitance. This requires higher 		capacitance to hold the dv margin.


			 A negative capacitance indicates that the 	IxESR allocation exceeds the dv and the 	calculation is attempting to restore it.






































dv


dv


dt


High ESR


Low ESR


High Cap


Low Cap





The slope of capacitance dvdt and the step voltage associated with the ESR must now meet the required dv allowance as summary voltages.


The solution to the allotted dv can be met with higher capacitance (lower dvdt slope) with higher ESRs, or by lower capacitance (steeper dvdt slope) with lower ESRs.


Nature moves in the wrong direction for this association in that lower capacitances of a given type inherently have higher ESRs.


















AO-CAP

Aluminum Organic Capacitor

		Extremely Low ESR

		Non- Ignition Failure Mode

		True Surface Mount Al Capacitor

		Solid Counter-Electrode Material (No Dry Out Failure Mechanism as in Al Electrolytics)

		Very Little Capacitance Loss at High Operating Frequencies

		Competes with High Cap Ceramics on Performance and Cost Basis

		Can be used at Rated Voltage, De-rating not required

		125°C capability
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AO Electrical Tests

I. ELECTRICAL CONDITIONING -- 100%

	A. Voltage Conditioning  1.33 Vr 125°C 4 Hrs

	B. Rapid Burn-In ( For V case size only )

	   	Elevated temperature (85°C), 

		Voltage 1.0 times rated voltage minimum

	   	Absolute conditions are proprietary

	

II. ELECTRICAL SCREENING -- 100%

	A. Capacitance @ 120 Hz, 25°C

	B. Dissipation Factor @ 120 Hz, 25°C

	C. ESR @ 100 kHz, 25°C

	D. DC Leakage @ Rated Voltage, 25°C

	E. DC Leakage @ Rated Voltage, 85°C (For V case size only)

	F. Redundant Cap/DF/ESR/DC Leakage Verification at tape and reel



III.	SAMPLE TESTS -- Every Lot

	A. QC FINAL Electrical - (parameters as above in Section II)  

		0.04 AQL, Level II, Normal per MIL-STD 105

		A/R = 0/1

	B. QC FINAL Physical/Mechanical/Workmanship

		0.4 AQL, Level II, Normal per MIL-STD 105	

	C. Surface Mount Test

		Electrical pre- and post- 1 cycle IR Re-flow @ 220°C (in solder joint)

		50-70 sec above 183°C 

		Every lot:  n=160, A/R=0/1
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AO Reliability Testing
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Sheet1


			Test Name			Test Conditions			Post Test Limits  IL = Initial Limit


									Delta Cap			DF			ESR			DCL


			125°C Life			125°C, Rated Voltage  0, 250, 500, 1000, 2000 Hours			± 10%			IL			2x IL			1.25 x IL


			125°C  Storage Life			125°C, 0VDC   0, 250, 500, 1000, 2000 Hours			± 10%			IL			2x IL			1.25 x IL


			Load Humidity			85C/85%RH.    Rated Voltage 0, 250, 500, 1000 Hours			+30/-5%			IL			2x IL			5x IL


			Passive Humidity			85C/85%RH.    0VDC 0, 250, 500, 1000 Hours			+30/-5%			IL			2x IL			5x IL


			Thermal Shock			-55C/+125C.  5 min max transfer, 30 min dwell 0, 500, 1000 Cycles			± 10%			IL			2x IL			IL


			Surge Voltage			85°C, 1.32 x  rated voltage 1000 cycles			± 10%			IL			IL			IL


			Temp Stability			+25°C			---			IL			IL			IL


						-55°C			±15%			IL			1.15xIL			n/a


						+25°C			±5%			IL			IL			IL


						+85°C			±15%			IL			IL			2 x IL


						+125°C			±20%			IL			IL			2 x IL


						+25°C			±5%			IL			IL			IL








Sheet2


			








Sheet3


			












AO-CAP Technology Drivers

		Enhanced Electrical Performance 

		Lower ESR

		V Case  =  25 mOhm   <=  15 mOhm

		D Case  =  15 mOhm   <=  10 mOhm

		X Case  =  10 mOhm   <=   8 mOhm

		Lower Leakage

		Higher Voltage Ratings

		8, 10, 12.5,16, 25 V ratings

		Increased Volumetric Efficiency

		Higher Cap 
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The final SMT package.

The cathode silver coating of the pellet is attached to the cathode leadframe by a conductive (Ag) adhesive.

The tantalum wire rising out of the pellet is welded to the anode portion of the leadframe.

The package is molded in a plastic case, marked and finished.
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Overview of  tantalum process.











KEMET T510 Capacitor

Multiple Anodes for Lower ESR
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% Anode Penetration vs. Thickness


Approximately 80% of volume lost resulting in ~20% of Reference Cap


About 50% of volume lost, or 50% of 1/3 ~ 17% of Reference Cap 


High frequency loss of penetration


No Signal














Reference


Cap





Simple geometry says if a pellet has a given penetration at a specific frequency, then the percentage of the anode volume (capacitance) reached by this penetration could be improved by making the anode thinner.


Here, the thicker anode allows a 20%  penetration of the total volume, but by reducing the anode to ~1/3 of the original thickness, this same depth of penetration might result in a 50% volumetric efficiency.


It’s evident from this depiction that the thicker anode yields only 20% of the original capacitance, while the thinner anode yield 50% of its 1/3 original capacitance.  The net effect is a difference of only  15% (1-17/20) at his frequency even though the original capacitance difference was 67% (based on thicker).
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Multiple Anode Penetration


Decreased high frequency loss of volume


Three narrow anodes lose 1/2 of original, or result in ~ 50% of Reference Cap replacing single with only 20% of capacitance retained. (150% improvement)


No Signal


Low


Frequency


Penetration


High


Frequency


Penetration


Reference


Cap





To make up the loss of volume that the thinner pellet offers to the structure, three parallel pellets might be connected to re-establish the volume of the original, thicker anode.


Now the loss of capacitance with the same penetration will yield 50% of the original capacitance, or a 150% improvement over the original pellet.
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The final SMT package.

The T520 is a single anode structure that mechanically looks identical to a single anode device with MnO2.  The difference lies in the replacement of the cathode material with the conductive polymer deposition.

It remains a surface mount component, with improved electrical performance and eliminates the ignition problems that are associated with tantalums and the MnO2 cathode structure.









T520/530 Series 

KO-CAP Technology 

		KEMET Organic Capacitor (KO-CAP)

		Conductive Polymer Cathode

		Replaces MnO2 

		Reduces ESR 

		Non-ignition failure mode

		Can be used up to 80% of Rated Voltage

		Series Name/Sizes  

		T520 (Single Anode) 	T, B, V, D, X Sizes 

		T530 (MAT) D, X Sizes 
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In addition to the elimination of ignition problems, the material itself is more conductive (less resistance) than that of the MnO2.  This makes the resistive elements of the interconnecting cathode structure much lower.  This lower material resistance is immediately evident with lower ESRs in the capacitors; but it is also evident as the capacitance remains through higher frequencies than that of the MnO2.









MnO2 vs. Polymer

Test card with capacitors subjected to 2x Rated Voltage, applied with reverse polarity and > 20 amperes current capability.
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Pushing the devices to quick failures with unrestricted current and reverse bias highlights the non-ignition failure mode of the polymer.









"Ignition"
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The self-healing needs sufficient current and it needs time – too much current and it has no time to heal.  Restricting the current with series resistance (0.1 ohm per volt) or suggesting it not be used in a high surge current environment can create this time-current dependence.

The failure starts the same as self-healing: current concentrated to a finite location within the MnO2 starts the conversion and release of oxygen; but the current is so high that the dielectric starts to heat up also.  The dielectric changes to a crystalline state and spreads out radially from the initial site.  The crystalline dielectric is conductive, eliminating the finite path for the fault current.  The heated tantalum in contact with the dielectric rapidly combines with the abundant oxygen released (from the MnO2).  This avalanches, more volume gets involved and the results are self-destruction.  This rapid oxidation may be called an “ignition.”









Polymer Self-Healing

 Evaporation of Conductive Polymer Layer 
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Polymer
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The self-healing mechanism for the polymer is one of two actions.



One theory suggests that the polymer materials vaporize after reaching a certain temperature, thereby eliminating the contact to the leakage path.



The second theory suggests that the polymer chain absorb oxygen from the free space, thereby increasing the resistivity to the leakage path.  This manner of healing is very close to that of the MnO2.	
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Polymer Improvement: Roll-Off


T520B107M003AS


T491D107M004AS





Again, the effects of the RC-Ladder with lower resistive elements.
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KO Electrical Testing

I. ELECTRICAL CONDITIONING -- 100%

	A. Rapid Burn-In

		Elevated temperature (85°C),

		Elevated voltage (1.32 times rated voltage minimum)

		Absolute conditions are proprietary

	B. Surge Current 

		Temp: 25°C

		Voltage: 100% of Rated Voltage

		Series Impedance: 0.5 W Max

		# Cycles: 4

	C. Voltage Conditioning

		Temp: 45°C & Temp: 105°C

		1.32 Vr

		24 Hrs



II. ELECTRICAL SCREENING -- 100%

	A. Capacitance @ 120 Hz, 25°C

	B. Dissipation Factor @ 120 Hz, 25°C

	C. ESR @ 100 kHz, 25°C

	D. DC Leakage @ Rated Voltage, 25°C

	E. DC Leakage @ Rated Voltage, 85°C

	F. Redundant Cap Verification at tape and reel



III. SAMPLE TESTS -- Every Lot

	A. QC FINAL Electrical - (parameters as above in Section II)

		0.04 AQL, Level II, Normal per MIL-STD 105, A/R=0/1

	B. QC FINAL Physical/Mechanical/Workmanship

		0.4 AQL, Level II, Normal per MIL-STD 105
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KO Reliability Tests

		Test Name		Test Conditions		Post Test Limits  IL = Initial Limit

		 		 		Delta Cap		DF		ESR		DCL

		85°C Life		85°C, Rated Voltage  0, 250, 500, 1000, 2000 Hours		-20/+10%		IL		IL		IL

		105°C Life		105°C, 0.8 x VR   0, 250, 500, 1000, 2000 Hours		-20/+10%		IL		2x IL		1.25x IL

		105°C Storage Life		105°C, 0V dc 0, 250, 500,1000,2000 Hours		-20/+10%		IL		2x IL		1.25x IL

		Load Humidity		85C/85%RH.    Rated Voltage 0, 250, 500, 1000 Hours 		-5/+35%		IL		2x IL		5x IL

		Passive Humidity		85C/85%RH.    0VDC 0, 250, 500, 1000 Hours		-5/+35%		IL		2x IL		5x IL

		Thermal Shock		-55C/+125C.  5 min max transfer, 30 min dwell 0, 250, 500, 1000 Cycles		-20/+10%		IL		2x IL		IL

		Surge Voltage		85°C, 1.32 x  rated voltage 1000 cycles		-20/+10%		IL		IL		IL

		Temp Stability		+25°C		---		IL		n/a		IL

		 		-55°C		±20%		IL		n/a		n/a

		 		+25°C		±10%		IL		n/a		IL

		 		+85°C		±20%		1.2 x IL		n/a		10 x IL

		 		+105°C		±30%		1.5 x IL		n/a		10 x IL

		 		+25°C		±10%		IL		n/a		IL
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KEMET T530 Tantalum Polymer

T530X337M010AS    10 mOhm

T530X477M006AS    10 mOhm

T530X687M004AS    10 mOhm   

T530X108M003AS    10 mOhm

T530X158M003AS      8 mOhm
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The final SMT package.

The T525 is a single anode structure that mechanically looks identical to a single anode-polymer device (T520).  The difference lies in the replacement of the pellet structure within the plastic packaging.









T525 Highlights

		+125°C Maximum Application Temperature.

		ESR Stability is Key Feature

		Per EIA guidelines

		Non-halogenated mold compound.

		Lead free as standard offering.

		Lower ESR.

		Non-ignition.
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Main features of the T525 distinguishing itself from previous product offerings (including the T520 standard products).









Component Marking



KT
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4K

(KT)

KEMET

High 

Temp Ta

Polymer

Rated

Voltage
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Indicator

Picofarad Code

KEMET ID
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Laser-marked, black epoxy case with distinguishing “KT” designation.









Environmentally Safe

		No KEMET products contain any polybrominated biphenyls

		T525 Series contain No Bromine

		T525 will be issued as Lead Free

		Level III JEDEC Std-020B

		Meets UL Non-Flammability Specifications





KEMET Business Confidential

Environmentally safe materials in structure.  In spite of removal of bromines (added as fire retardant), the new epoxies still meet UL non-flammability classification. 







High Performance Solutions
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Quick Compare


DR	Derating Required


SP	Special or Limited


			Al-Elect			Ta			Ceram			Al-Poly			Film


			SMT			No			Yes			Yes			Yes			No


			Polar			Yes			Yes			No			Yes			No


			C>100uF			Yes			Yes			Yes			Yes			Yes


			+125°C			DR			DR			X7R			Yes			SP/DR


			Lo-Freq			Good			Good			Poor			Good			Best


			Hi-Freq			Poor			Good			Best			Good			Best


			TCC			±15%			±15%			±15%(X_R)			±15%			±5%


			VCC			No			No			-40%@Vr			No			No


			Piezo			No			No			300-30k Hz			No			No


			Crack			No			No			Yes			No			No


















































































High Performance Solutions
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Quick Compare


Ranking  1 = Best, 5 = Worst


			Al-Elect			Ta			Ceram			Al-Poly			Film


			ESR
			5			4			1			2			3


			ESL			5			4			1			3			2


			DCL			5			2			1			4			3


			Self Healing			Yes			Yes			No			Yes			Yes


			Wear Out			Yes			No			No			No			No


			Vol umetric
Efficiency			3			1			5			2			4


			Over Voltage
Capability			3			4			1			2			5


			Cost			2			4			1			5			3


			Pb Free			No			Yes			Yes			Yes			No


			Failure Mode			Open			Short/Ign			Short			Short			Short
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High Performance Solutions
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High Performance Solutions



www.kemet.com

		Latest News – Product Releases & General Info

		SPICE Models (Performance vs Frequency/Temperature/Voltage)

		Failure Rate Calculator (F/R comparisons at different stress levels)

		CapacitorEdge - Part Number Builder, Competition Part Number Cross Reference, Delivery Stock Check

		KnowledgeEdge - Searchable Technical Assistance

		Product Datasheets/Catalogs 

		Engineering Bulletins & TechTopics

		Listings - Sales Offices & Distributors

		Shipment Tracking
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High Performance Solutions
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Where are our 


Where are our 


Manufacturing Facilities?


Manufacturing Facilities?


KEMET currently has 11 manufacturing 


facilities worldwide


Four plants in the US


Seven plants in Mexico


KEMET - Ceramic Chips


Plant Locations


Global Headquarters


Employees


USA 


   2000


Mexico 4500


Total


   6500


Monterrey


Matamoros


North and South


Carolina


Victoria


% Anode Penetration vs. Thickness


Approximately 


80% of volume lost


resulting in ~20% 


of Reference Cap


About 50% of 


volume lost, or 50% 


of 1/3 ~ 17% of 


Reference Cap 


High frequency loss of penetration


No Signal


Reference


Cap


K


E


M


E
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Announcement

e E—

July 1,2003
KEMET announces acquisition of Greatbatch-Sierra product lines

e re plsased o amouncs hat KEWET has aoquied he Greatbath-Sisr (Siara-KD) non-madicalHigh-volage and highamperture caramic
capachor and ENI (Elaero-iagnsi Intarfarenca)fier produc ins e Wisan Greabatah Techncigias, . Wiin eIt weske, i
producsfom thase es il b sipp=dfom and invoced by KEMET. The manufactung linee il acualy be movee o KENET faifes cver
Spproximetaly 3 four-mnh paiad batwasn August and Novsmr,with e ront-&nd oparaions csied i Fountain I and he eckand n
Wamiarsy.

The addion of e Grestbalh-Sisma produc nssis an imprtantstsp in KEMET s acsomplishment ofhe alsgscbjctive o boaden
Figh perfccmanc solton i Suppor ur cuslomers'ser ncreasig echnica rquiamente. We baleve hal KEWET @ demensirted isry of
aualty,relbity, and onms dierywil anhancs th fschlegy we ars cAui,

Wikon Gresttch Technolies, withopseaions in New Yok, Marland, Massachueet,and Nevada i ¢ lading developar and manufacurrcf.
Power coureas and components used i pacamaters and othr implaniabls madical devisss and special batlriss fornonmadical pplatns.

Hore i a summary of th productnes incived:

Products invalved

® Highollage Leadsd Caramic Capaciors 10k vc)

i Vollage Coramic Chip Capasics (800 VDG - 10K VD)

 Hih Temperature Lsaded Coramic Capacicrs +200 and +250 degres O
NOTE: Oy knonm sourcsofgreatr han 200 degree C version of s product

o EmFe

Warkets Sarved

o Wity
o Ramepacs













KEMET Milestones


QS-9000


QS-9000


1996


Monterrey, Mexico, 


p


Monterrey, Mexico, III


1994


ISO9000 Certification


1992


KEMET's IPO


KEMET's IPO


1991


Monterrey, Mexico, Plant Start-up


Monterrey, Mexico, Plant Start-up


1987


Senior Manager Buy-out,


becomes KEMET Electronics 


Corp.


Senior Manager Buy-out,


becomes KEMET Electronics Corp.


1986


Fountain Inn, S. C., Plant Start-up


Fountain Inn, S. C., Plant Start-up


1981


Shelby, N. C., Plant 


Start-up


Shelby, N. C., Plant Start-up


1979


Greenwood, S. C., Plant 


Start-up


Greenwood, S. C., Plant Start-up


1969


Multilayer Ceramic Capacitors added


Matamoros, Mexico, Plant Start-up


Multilayer Ceramic Capacitors added


Matamoros, Mexico, Plant Start-up


1963


Simpsonville, S. C., Plant Start-up


1959


First Solid Tantalum Capacitor


1930


Vacuum Tube Getters


1919


Kemet Laboratories Founded by


Union Carbide, in Cleveland, Ohio - Grid Wires


ISO9000 Certification


1997
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Test Name Test Conditions


Delta Cap DF ESR DCL


125°C Life


125°C, Rated Voltage  0, 250, 500, 


1000, 2000 Hours


± 10% IL 2x IL 1.25 x IL


125°C  Storage Life


125°C, 0VDC   0, 250, 500, 1000, 2000 


Hours


± 10% IL 2x IL 1.25 x IL


Load Humidity


85C/85%RH.    Rated Voltage 0, 250, 


500, 1000 Hours 


+30/-5% IL 2x IL 5x IL


Passive Humidity


85C/85%RH.    0VDC 0, 250, 500, 1000 


Hours


+30/-5% IL 2x IL 5x IL


Thermal Shock


-55C/+125C.  5 min max transfer, 30 


min dwell 0, 500, 1000 Cycles


± 10% IL 2x IL IL


Surge Voltage


85°C, 1.32 x  rated voltage 1000 


cycles


± 10% IL IL IL


Temp Stability +25°C --- IL IL IL


-55°C ±15% IL 1.15xIL n/a


+25°C ±5% IL IL IL


+85°C ±15% IL IL 2 x IL


+125°C ±20% IL IL 2 x IL


+25°C ±5% IL IL IL


Post Test Limits  IL = Initial Limit
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Multiple Anode Penetration


Decreased high frequency loss of volume


Three narrow anodes lose 1/2 of original, or result in ~ 


50% of Reference Cap replacing single with only 20% of 


capacitance retained. (150% improvement)


No Signal


Reference


Cap


Low


Frequency


Penetration


High


Frequency


Penetration


All capacitors utilize the same basic 


mechanism in their structure


Electrode Plates


Dielectric


The value of a capacitor is measured in farads.  For 1 farad 


of capacitance, 1 coulomb of charge is stored on the plates, 


when 1 volt of force is applied. 


1 farad = 1 coulomb / 1 volt


1 coulomb represents ~ 1 x 10    electrons
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Polymer Improvement: Roll-Off


1


10


100


0.0001 0.001 0.01 0.1 1 10 100


Frequency (MHz)


Capacitance (uF)


T520B107M003AS


T491D107M004AS


Cap Volt Case Part Type


ESR  m


DCL


uF


Typical


uA


10 16 7343-20A700V106M016 22.0 6.4


22 12.5 7343-20A700V226M12R 25.0 11.0


33 10 7343-20A700V336M010 17.0 13.0


68 10 7343-31A700D686M010 11.0 27.2


150 10 7343-43A700X157M010 8.5 60.0


82 6.3 7343-20A700V826M006 17.0 20.7


120 6.3 7343-31A700D127M006 13.0 30.2


180 6.3 7343-43A700X187M006 9.0 45.4


180 4 7343-31A700D187M004 13.0 43.2


330 4 7343-43A700X337M004 9.0 79.2


150 2 7343-20A700V157M002 16.0 18.0


220 2 7343-31A700D227M002 12.0 26.4


470 2 7343-43A700X477M002 9.0 56.4


AO Capacitor


Capacitor


Main Areas of Application


Decoupling


Filtering


Coupling


Timing / Wave Shaping


Oscillating
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Quick Compare


No


No


No


±15%


Good


Good


Yes


Yes


Yes


Yes


Al-Poly


No Yes No No Crack


No 300-30k Hz No No Piezo


No -40%@Vr No No VCC


±5% ±15%(X_R) ±15% ±15% TCC


Best Best Good Poor Hi-Freq


Best Poor Good Good Lo-Freq


SP/DR X7R DR DR +125°C


Yes Yes Yes Yes C>100uF


No No Yes Yes Polar


No Yes Yes No SMT


Film Ceram Ta Al-Elect


DR Derating Required


SP Special or Limited


Computers - Power supplies, motherboard, 


peripherals (printers, modems, add-in 


boards, etc.)


Telecom - Cell phones, networks, answering 


systems, etc.


Automotive - Engine controls, ABS, air bags, 


radio, sensors, etc.


Industrial - Controls, processors, test 


systems, avionics, scanners, etc.


Military - Weapons, guidance systems,


etc.


Distribution - All of the above


Contract Manufactures - All of the above


KEMET


®


Typical Capacitor Applications


Quick Compare


Short


Yes


5


2


2


No


Yes


4


3


2


Al-Poly


Short Short Short/Ign Open Failure Mode


No Yes Yes No PbFree


3 1 4 2 Cost


5 1 4 3


Over Voltage


Capability


4 5 1 3


Volumetric


Efficiency


No No No Yes Wear Out


Yes No Yes Yes Self Healing


3 1 2 5 DCL


2 1 4 5 ESL


3 1 4 5


ESR


Film Ceram Ta Al-Elect


Ranking  1 = Best, 5 = Worst


Means


 MnO 2   Production    (27 batches)  KO - CAP   Production   (37 batches )  AO - CAP   Production   (78 batches)   100 PPM @   (%Vr)  69%  92%  191%   FR   @ 50%Vr   (PPM)  13  2  0   FR @ 80%Vr   (PPM)  458  11  1   FR @ 90%Vr   (PPM)  1700  19  1   FR @ 100%Vr   (PPM)  2943  438  3      


tc1 = C1 x R1


tc2 = C2 x (R1 +R2)


tcn = Cn x (R1+R2....+Rn)


(Cathode)


Plate


Aluminum 


R1


(Anode)


Acid Etched


Anodized


Aluminum Plate


Rn


R2


C1


C2


Cn


Electrolyte Resistivity


C = K x 


A


/t


RC-Ladder in Aluminum Electrolytic


=181 x|
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‘D’ Case – 100 uF


Capacitance vs. Frequency
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Calculation for Actual Capacitance








tot


ESR    


p


I   -   dv


dt    


p


I


    µF











Where:


I


p


= Peak current


dt = PS Response time


dv = maximum allowable voltage change


ESR


tot


= parallel ESR for all capacitors or


ESR


each


/Total


(2)


Calculations


•


Calculation  finds capacitance based on 


allowable voltage change minus the 


allocation for the IxESR voltage drop.


•


The larger portion of 


dv


used by the 


IxESR, leaves smaller portion to the 


capacitance. This requires higher 


capacitance to hold the 


dv


margin.


•


A negative capacitance indicates that the 


IxESR allocation exceeds the 


dv


and the 


calculation is attempting to restore it.


dv


dv


dt


High ESR


Low ESR


High Cap


Low Cap


[ A700X477M002ATEO10
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Capacitance (µF)


Tantalum Capacitors


Powder


Sinter
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Ceramic/Tantalum/Aluminum 
High CV Solutions for Power � T530 
This article represents the fourth part of a six-part presentation on the development of high performance capacitors for high power, high frequency applica-
tions.  It will detail the development of product solutions from the T495 through the T530, including aluminum and ceramic developments. 


In the never-ending quest to improve the performance of the tantalum capacitor, KEMET continues this effort with the 
T530 surface-mount capacitor.  With the focus on reducing the ESR of these capacitors, the T530 combines technologies intro-
duced with the T510 (multiple anode, tantalum anodes with MnO2), and the T520 (replacing the MnO2 with a conductive poly-
mer), to create a 1000 uF chip capacitor with typical ESR below 7 
milliohms.  


The RC-Ladder, cathode materials, and 


geometry 


The capacitive elements within the tantalum pellet structure 
offer the cumulative charge storage for the capacitor (the total 
capacitance).  The cathode material and the geometry of these 
paths dominate the resistive magnitude connecting these elements.  
The deepest capacitive element defines the worst or highest resis-
tive connection to these elements.  The loss of capacitance with increasing frequency begins with these deepest elements (Cn).  
These are the first elements to stop responding to the circuit�s current stimulus.  As frequency increases, the next deepest stop 
responding, and this continues with increasing frequency, until the outermost capacitive elements are the only elements respond-
ing (C1, C2). 


Reducing this effect and moving the response to a higher frequency is simply a matter of reducing the resistance connecting 
these capacitive elements to the external contacts of the device.  We 
can accomplish this with two proven methods:  first, we can change 
the geometry of the pellet to reduce the length of the connection to 
the deepest capacitive element; and secondly, we can reduce the 
resistivity by changing the cathode material. 


Both of these factors have been implemented, independently, in 
prior designs.  The T510 utilized multiple-anode designs to reduce 
the effective ESR.  These devices were, effectively, multiple low 
ESR pellets (T495 pellets), with manganese dioxide cathode sys-
tems, packaged into three and six pellet chip designs.  This design in 
the three-pellet structure reduced the penetration depth to the deep-
est capacitive element by one-third compared to the single anode 
structure.  In addition, the three pellets are in parallel and like resis-
tors in parallel offer an effective resistance of one-third of each in-


dividual element.  The six-pellet structure offered one-sixth the penetration depth, and one-sixth effective resistance in parallel 
when replacing the same effective volume attainable in a larger, single anode structure.  At the time they were first released, 
these offered the lowest ESR capacitors in the industry. 


With the introduction of the conductive polymers in the T520 series as a replacement material for the manganese dioxide 
cathode systems, the lower resistivity of this material realized single pellet tantalum capacitors with ESR levels approaching 
those of the T510.  The material change alone nearly duplicated the parallel pellet effect. 


The next step is to combine the polymer with the parallel pellet structure. 


Product Update 
KEMET Electronics Corp. 


April 2002 � Part 4 


MnO2


Surface Silver
Termination


R1 R2 Rn


C1 C2 Cn


tc1 = C1 x R1
tc2 = C2 x (R1+R2)
tcn = Cn x (R1+R2...+Rn)


Tantalum
Wire


Surface Silver
Termination


Tantalum
Wire
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T530X108M003


T530X/T510E/T491E 1,000 uF
Capacitance vs. Frequency
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T530 � Parallel pellets with polymer cathodes 


We were able to achieve a 1000 uF chip structure with the �X� case dimension 
(7.3mm x 4.3mm x  4.3mm), using three pellets in place of the single pellet.  This is a 
deviation from the T510 in that the 1000 uF chip is in an �E� case structure (7.3mm x 
6.0mm x 3.8mm), though it be at a slightly higher voltage (4 VDC versus 3 VDC  for the 
T530). 


From the attached graph, 
the ESR at 100 kHz is around 
6.0 milliohms for the T530X, 
13 milliohms for the T510E, and 56 milliohms for the T491.  The 
minimum ESR achieved by these devices is 4.3, 10.6, and 43 
milliohms, for the T530X, T510E, and T491E, respectively.  The 
capacitance roll-off is affected by this difference in that the T491E 
has the most capacitance loss at 100 kHz (�93%), the T510E has a 
lower loss (�48%), while the T530X has the least amount of rolloff 
(�19%). 


Both of these factors will allow the designer to require fewer 
capacitors of the T530X than any of these three.  The piece count 
may be similar between the T510E and T530X, but keep in mind 
that these  chips are very different in size (board real estate more 
efficeient with the �X�), and cost (the �E� case uses six pellets 


instead of three, and this has a huge impact on manufacturing 
efficiency).  


Polymer benefit � no ignition 


As with the T520 series, the polymer carries another effect 
that is importanct to designers � no ignition.  The absence of 
large amounts of oxygen found within the manganes dioxide 
materials can lead failures to exhibit exothermic type of ignitions 
on failure.  This propensity usually increases with the volume of 
the anode, but the polymer eliminates this effect. 


Unlike the T520 in which the standard offering was rated at 
+105°C, all of the T530 product will be processed to enable its 
maximum application temperature to be +125°C. 


Applications 


The leakage currents of the T530 will restrict some applications; like the T520, the leakage currents will be three times 
those typical of the manganese dioxide cathode system.  In battery decoupling, this additional leakage can diminish the battery 
life and require more frequent charging.  As a rule, tantalum capacitors should not be used in high impedance circuits.  Gener-
ally, for the MnO2 system devices, the self-healing can be severely effected if the currents are restricted to levels below 100 mi-
croamperes.  For the polymer-based system, this current level must not be restricted to less than one millampere.  In a 10-volt 
circuit, the MnO2 based systems should have less than 100 k-Ohms of series resistance, and the polymer should have less than 
10 k-Ohms of series resistance. 


This product is built for +125°C operation.  It has the non-ignition characteristic of the polymer cathode system.  It can 
handle much larger ripple currents, as its ESR is so much lower than conventional, single anode structures.  It is ideally suited 
for power supply (switch-mode power supplies, or SMPS) and regulator circuits.  The T530 device approaches an �ideal� power 
decoupling capacitor. 


 


T530X/T510E/T491E 1,000 uF
Impedance & ESR vs. Frequency
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FSC 5905 RESISTORS


The following specifications have been approved and dated:


		Specification

		Description

		Date

		Notes



		A-A-59714 slash sheets

		Resettable fuse resistors

		14 Jul 03

		Add dash numbers for straight or kinked lead and new suppliers.



		03011 to 03016

		Zero ohm chips

		24 Jul 03

		NEW



		A-A-55088

		Flameproof, Fusible resistors 

		9 Sep 03

		New supplier added.



		MIL-PRF-39035/1


MIL-PRF-39035/2


MIL-PRF-39035/3


MIL-PRF-39035/4

		Variable, Nonwire wound, Adjustment type 

		6 Jun 03

		Inactivation of /1.  Correction of dimension in /2 & /4.  Revision of /3.



		87009

		Axle lead Zero ohm jumper

		22 Apr 03 

		Cancel, Use A-A-55501.



		MIL-PRF-914

		Resistor networks, LCC

		4 Sep 03

		Terminal substitution, & Resistance to Bonding test changed to Resistance to Soldering Heat.





The following specifications/drawings are being revised/created:


		Specification

		Description

		Justification



		03003 to 03009

		Carbon film, High pulse

		NEW



		03025


03026


03027

		Fixed, Film, High voltage Chips

		NEW



		MIL-PRF-55342 & slash sheets (new slash sheet style 0302 )

		Fixed, Film, Chips

		Revise to switch failure rate level testing to fiberglass boards.



		87041 & 87045

		Variable, Resistors

		To be cancel, lost of supplier.



		MIL-PRF-ZEROO & slash sheet

		Zero ohm, Chip Resistors

		NEW MILITARY PERFORMANCE SPECIFICATION



		03019


03020

		Chips, Bulk metal foil, Ultra precision, Style 1210 and 1712

		NEW



		03022

		Chip, Values less than 1 Ohms, Style 0603


(similar to DSCC drawing 02010)

		NEW





Points of Contact for FSC 5905:


Andrew Ernst  -  Phone: 614-692-0552
E-mail:  resistor@dla.mil


Dennis Cross  -  Phone: 614-692-0553




Jesus Garcia   -  Phone: 614-692-8754



Defense Supply Center, Columbus


DSCC-VAT


Post Office Box 3990
                


Columbus, OH 43216-5000               


Fax:  614-692-6939 


DSCC-VA - Document Control Unit


Internet address:http://www.dscc.dla.mil/v/va/index.html

DSCC-VAT - Electronics Components Teamhttp://www.dscc.dla.mil/v/va/vat/index.html

TASK 02-108


Surge current test in MIL-PRF-39003 and MIL-PRF-55365.


See Mike Radecki comments.


TASK 02-112


Two test boards for MIL-PRF-55342


Revise specification to switch failure rate level testing to fiberglass boards.  Qualification and conformance for ceramic boards shall be retained.  Termination B is to be perform on fiberglass boards.  A 2nd draft is due out by in end of the fiscal year with a short review period.  Dennis Cross is point of contact.  Recommend task remain open.


TASK 03-108


Revising MIL-PRF-55342 slash sheets to reflect higher power rating.


Project is to be deferred until MIL-PRF-55342H is dated.  Recommend power rating are welcome at this time.  Dennis Cross is point of contact.  Recommend task remain open


5910 – Capacitors


Task 02-108  Change in Surge Current Test Order (MIL-PRF-39003/4)


The basic requires surge current in CSR21 (/9), CSR33 (/6), and CSS13 and CSS33 (/10) only.  In slash sheets 6 and 9 surge current is performed on a 100 percent basis following Weibull grading.  For slash sheet 10 surge current testing is performed prior to Weibull grading.


In the September 02 meeting, we understood Bill McNabb to state that the change in the order of surge current testing was needed for the /4 (CSR91) capacitors.  A review of the /4 specification reveals that no surge current testing is required.  What is the request?  Are we asking to add surge current as an option?  If so, what order is desired?  We are still awaiting the request of what is desired.  Fred Laracuente is also working on a survey to determine if surge testing should be done on all 39003 styles (task 03-203).


New DSCC Drawings 03028 (0603) and 03029 (0402) Ceramic Chip Capacitors Sizes and Lower Voltage Capacitors based on MIL-PRF-55681


Engineering practices study initiated 4 September 2002 to determine what user want added and what manufacturers are willing to add to MIL-PRF-55681 didn't produce the desired results.  Manufacturers were not willing to add and qualify new parts.  Since users want new parts, drafts of 2 new DSCC drawings have been generated and are being reviewed by the qualified sources of MIL-PRF-55681.  AVX has shown interest in the drawings and expects them to possibly replace 1000 user drawings.  The drafts list all the commercial BX 0603 and 0402 values currently offered by the manufacturers.  This will most likely need to be reduced since all the commercial parts are not expected to be able to survive life testing.


The drawings require the parts to meet all electrical, environmental, and mechanical requirements of MIL-PRF-55681.  They are also required to have MIL-PRF-55681 group A testing performed and have an option to have group C testing performed.  The part or identifying numbers (PINs) are set up to include capacitance value, tolerance, voltage, termination finish, and whether or not group C testing is to be performed.  These drawings are only being coordinated with the manufacturers.  Once agreement is reached, the drawings will be dated and distributed.  There has been much request from users to offer these parts in a military specification.


If these drawings are successful, other drawings may be generated to include additional values and voltages for existing MIL-PRF-55681 parts.  Once these parts start to get demand the manufacturers may be more receptive to incorporating them into MIL-PRF-55681.  Once this is done, the drawings will be cancelled.


MIL-PRF-31033 (Discoidal Capacitors) - This document provides the specification requirements for discoidal capacitors used in MIL-PRF-28861 filters.  Comments from AVX, Aerospace and NASA regarding destructive physical analysis and visual inspection of the revision's initial draft are currently being worked out.


MIL-PRF-55365 (Tantalum Chip Capacitors) - Revision E was dated 29 May 2003.  Weibull PDA was not incorporated (see next paragraph).  Revising this document was quite a task and took over 2 years to complete, but the improvements to the resulting document are believed to be very beneficial.  The changes were very extensive and are marked in the left margins with asterisks.  Moving of surge current option to basic from specification sheet, addition of case codes to PINs for all new specification sheets, addition of reflow conditioning and thermal shock to group A inspection, new test condition for resistance to soldering heat, and surge current and product level substitution are just a few of the enhancements.


The 3 manufacturers are compiling Weibull test data on all 15V and higher CWR06, CWR09, and CWR11 capacitors produced since 1/1/2000.  This data will be used to determine an appropriate PDA for Weibull grading.  The data is due now and will be reviewed to hopefully implement the PDA by the end of the year.  The raw data is proprietary and will not be able to be released.


AVX is now qualified to the new CWR19 and CWR29 styles on MIL-PRF-55365/11 (28 February 2003).  These are CWR09 size parts with extended range (CWR19) and low ESR (CWR29).

MIL-PRF-49464 (Single Layer High Frequency Chip Capacitors) - Comments are being incorporated into the specification.  This specification is being extensively revised to rejuvenate it as requested by Presidio Components.  This specification was previously cancelled due to the lack of a source.


New Capacitor Specifications


We are very responsive to requests for new specifications, drawings, or recommended additions to current specifications.  Any requests should be emailed to us for consideration.  Our goal is to help standardize specifications to prevent multiple user drawings.  Military specifications and drawings can help reduce costs, product lead-time, and aid in the supportability of final product.  


Michael Radecki
Ken Bernier


Defense Supply Center, Columbus
Defense Supply Center, Columbus


DSCC-VAT
DSCC-VAT


Phone: 614-692-0561  Fax:  614-693-1644
Phone: 614-692-0561  Fax:  614-693-1644


michael.radecki@dla.mil
kenneth.bernier@dla.mil

FILTERS AND NETWORKS (FSC 5915)


MIL-PRF-15733  -  The revision on this general specification is not yet completed.  Primary effort has been directed toward revising all the specification sheets associated with this document.  Comments to the initial draft have been compiled and are currently being dispositioned.  This revision should be completed by December 2003.


Changes to this specification are primarily editorial.  Major technical change is elimination of the insertion loss check test.  Text on the prohibition of pure tin is being rewritten for clarification and emphasis.


MIL-PRF-28861  -  The revision on this general specification is not yet completed.    Comments to the initial draft have been compiled and are currently being reviewed and dispositioned.  This revision should be completed by December 2003.


Changes to this specification are primarily editorial.  Major technical change is introduction of the MIL-PRF-31033 requirements on the discoidal capacitor used in the filters.  Text on the prohibition of pure tin is being rewritten for clarification and emphasis.


MIL-PRF-31033  -  This document covers discoidal capacitors intended for use in MIL-PRF-28861 filters.  Comments to the initial draft are currently being reviewed and dispositioned.  See capacitor report for further info.


MIL-PRF-15733 specification sheets.  The following specification sheets have been revised since the last G-11 meeting; /28, /33, /40, /43, /44, /46, /51, /56, /57, /61, and /67.   Initial drafts on revisions to MIL-PRF-15733/54, /63, 64, and /66 are currently out for review and comment.  Although a few technical changes have been included on a few of these specification sheets, the changes have primarily  been editorial and format in nature.  Text has been added to these sheets (where applicable) to emphasize the prohibition of pure tin on the case and hardware.


Awaiting input from the G-11 survey on the MIL-PRF-15733/34, /41, /58, /59, and /62 (Task 03-205) (see below). 


REQUEST FOR INFO (see Task 03-205)


MIL-PRF-15733/34, /41, /58, /59, and /62.  These specification sheets are also in process of being revised.  However, these particular specification sheets have requirements in place for transient and spike tests per MIL-STD-461 and/or MIL-STD-704.  The requirements called out in these specification sheets related to the MIL-STD-461 and/or MIL-STD-704 no longer exist in those standards.  


No other filter spec sheets have these transient test requirements including the newer high rel MIL-PRF-28861.  Are these legitimate/necessary test requirements for filter piece parts? Would there be an objection from the user community to eliminate these test requirements from these specification sheets?


MIL-STD-202


Notice 1 to MIL-STD-202G was dated 18 July 2003.  This notice made corrections to editorial errors in Method 106 (Moisture Resistance), Method 107 (Thermal Shock), and Method 112 (Seal).  This notice also incorporated revisions to Method 303 (DC Resistance) and Method 305 (Capacitance).  The revisions to the DC Resistance and Capacitance test methods changed the measurement temperature tolerance.


The notice 1 to MIL-STD-202G is available on the DSCC website or the ASSIST website.



http://www.dscc.dla.mil/programs/milspec/default.asp


http://assist.daps.dla.mil/quicksearch/specifications

FUSES (FSC 5920)


A-A-59236, A-A-59236/1 (FUSE, INCLOSED LINK, AUTOMOTIVE BLADE TYPE, 42-VOLT).  Developed new Commercial Item Descriptions (CIDs) on these fuses.  Dated June 6, 2003.


A-A-55545, A-A-55545/1, A-A-55545/2 (FUSEHOLDER, EXTRACTOR POST).  Canceled these CIDs due to a five year review and no activity on these items.  Dated August 1, 2003.


A-A-55546 (FUSEHOLDER, BLOCK, CARTRIDGE, CLASS CC, 30 AMPERES (A), 600 VOLTS (V) AC, ONE, TWO, AND THREE POLE).  Canceled this CID due to a five year review and no activity on this item.  Dated August 1, 2003.


A-A-59306, A-A-59306/1, A-A-59306/2 (FUSE CARTRIDGE, CLASS T).  Developed new Commercial Item Descriptions (CIDs) on these fuses.  Dated July 17, 2003.


CIRCUIT BREAKERS ( FSC 5925)


MS25304D (CIRCUIT BREAKER - AIRCRAFT, TRIP-FREE, TOGGLE, 0.1 to 50 AMP, TYPE II).  Specification canceled without replacement.  Dated June 5, 2003.


Revised the following DSCC Drawings to update format, correct discrepancies, incorporate notices of revision, and correct sources of supply as needed:   


87055D (CIRCUIT BREAKERS, MAGNETIC, LOW-POWER, SEALED, TRIP-FREE, SHOCK ENHANCED, ONE POLE, AUXILIARY CONTACTS).  Dated 19 MAY 2003. 


87082C (CIRCUIT BREAKERS, MAGNETIC, UNSEALED, TRIP-FREE, FOUR POLE, AUXILIARY CONTACTS (0.2 TO 50 AMPERES).  Dated 19 MAY 2003.

86094E (CIRCUIT BREAKERS, MAGNETIC, ILLUMINATED ROCKER TYPE, AUXILIARY CONTACTS, TRIP-FREE, SERIES TRIP, SINGLE POLE (0.05 TO 20.0 AMPERES).  Dated 19 JUN 2003.

86095D (CIRCUIT BREAKERS, MAGNETIC, ILLUMINATED ROCKER TYPE, AUXILIARY CONTACTS, TRIP-FREE, SERIES TRIP, DOUBLE POLE (0.05 TO 20.0 AMPERES).  Dated 19 JUN 2003.

86096D (CIRCUIT BREAKERS, MAGNETIC, ILLUMINATED ROCKER TYPE, AUXILIARY CONTACTS, TRIP-FREE, SERIES TRIP, THREE POLE (0.05 TO 20.0 AMPERES).  Dated 19 JUN 2003.

POINTS OF CONTACT FOR FSC 5920, 5925, 5955

DCSS-VAT  William Sindelar



DSCC-VAT  Fred Lester


Defense Supply Center, Columbus


Defense Supply Center, Columbus


3990 East Broad Street




3990 East Broad Street


Columbus, OH 43216-5000



Columbus, OH 43216-5000


Phone: (614) 692-0556




Phone: (614) 692-0548


Fax: (614) 693-1644




Fax: (614) 692-6939


EMAIL:  william.sindelar@dla.mil


EMAIL:  fred.lester@dla.mil


DSCC INTERNET ADDRESS: http://www.dscc.dla.mil

G-11


DSCC Report


CONNECTORS.


Circular connectors:


a.  MIL-DTL-38999K amendment 3 has been dated 22 August 2003, and available from ASSIST. 


     Many new changes.


b.  Several projects dealing with overage documents at various stages. Removing cancelled


     references, updating format, etc...Some already dated. Some at final draft stage. Some are left to do.


c.  MIL-DTL-83538B (rail launch 3 piece connector set) is in the final draft stage. Hope to date and


     publish by Dec. 03.


d.  MIL-DTL-38999/51and /52 dust covers for MIL-DTL 38999 series IV have been published.


e.  MS27467L has been reactivated at the request of the Navy.


f.   MIL-DTL-28731 (contacts for rack & panel connectors), several slash sheets are in the final draft stage.


g.  MIL-DTL-83527 (rack & panel connectors), several slash sheets are in the final draft stage.


h.  Several projects are planned in the electrical outlets area (MIL-R-2726), in the telephone connector 


     area (MIL-C-55074), in the telephone jacks area (MIL-J-641) and in the telephone hardware area (MIL-P-642).


POC on the above is Abdo Abdouni at: 614-692-0565.


Radio frequency connectors:


a.  Nickel plated RF connector part numbers are to be added to MIL-PRF-39012 and MIL-PRF-55339.  A note will


     be added stating that these connectors are not to be used in areas where Passive Intermod (PIM) my be a


     concern.  The adapter spec 55339 will be first with the new PIN's.


b.  SMP connector spec sheets will be developed in the coming year.  The SMPM to follow.


c.  EIA is working on new interface gages for the SMP connectors.  Hopefully to be completed by the end of this


     year.  The interfaces themselves have been finalized through a coordination meeting and are available in


     MIL-STD-348.


POC on the above is Ron Gary at: 614-692-0568.


Rectangular connectors:


a.  MIL-DTL-28748 slash sheets 1 through 6 and a new slash sheet /17 are in final draft phase.


b.  MIL-DTL-28748/15 and /16 two new slash sheets for miniature hexagonal rack and panel connectors.  


     These slash sheets eliminate MS sheets and add new insert sizes and hardware accessories. 


c.  DSCC drawing 89065 general detail drawing for high density blade and fork connectors, will be dated this 


     month.


d.  Initial drafts are being prepared for MIL-DTL-83503 and slash sheets /7, /20, /21, /24, and /25 


     (flat cable connectors).  These documents are being revised to replace the test standard MIL-STD-1344 to 


     EIA 364 test standards and removed cancelled references from the documents.  


e.  A new detail specification will be going out for initial draft in the immediate future covering “Nano” connectors,


    .025 inch contact spacing.


f.   MIL-DTL-21617 is dated 24 July 2003.  Changes include replacement of cancelled military specifications,


     replacing MIL-STD-1344 with EIA 364 test standards & generated 29 new slash sheets.


POC on the above is William Carpenter at:  614-692-0573.


Printed wiring board connectors:


a.  Revising MIL-C-55302 (PWB) specification sheets (108 total) to replacing obsolete references, make 


     dimensional and editorial corrections.


b.  MIL-C-21097 (card edge connector) Basic and specifications sheets.  Converting to detail status, replacing


     obsolete references and making dimensional and editorial corrections.


c.  MIL-DTL-83513/28 thru /33 (Micro miniature connector), revising to clarify termination layout arrangement.


POC on the above is Ralph Antonelli at: 614-692-0565.


Misc area:


a.  Initial drafts are out for MIL-DTL-55116 (basic plus 14 slash sheets).  Mostly to update obsolete references,


     but also changes 3 tests in basic.


b.  MIL-DTL-38159 is in the final draft stage (updating obsolete references).


POC on the above is Lee Surowiec at: 614-692-0530.
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Ceramic/Tantalum/Aluminum 
High CV Solutions for Power � A700, Aluminum-Polymer 
This article represents the fifth part of a six-part presentation on the development of high performance capacitors for high power, high frequency applications. 
It will detail the development of product solutions from the T495 through the T530, including aluminum and ceramic developments. 


To produce a truly surface-mountable aluminum capacitor, KEMET Electronics realized that new design technology would 
be required.  Using a polymer material, similar to the one in its new KO-CAP tantalum polymer capacitor, to replace the wet 
electrolytic historically used in aluminum capacitors, KEMET has created a low-ESR aluminum capacitor that is fully surface-
mountable, the A700 series AO-CAP. 


Aluminum Capacitor Basics 
The greatest contributor to ESR in aluminum electrolytic capacitors is 


the type of cathode materials used in its construction. The traditional con-
struction used for aluminum electrolytic capacitors involves the uses of a 
rolled foil (anodized), blanketed with an absorbent spacer soaked with the 
electrolyte, then with the cathode plate as shown in Figure 1. 


Redesign Using Polymer Cathode 
KEMET had recently found great success using polymer to replace the 


MnO2 cathode material in its new line of polymer-tantalum capacitors, the 
KO-CAP, and we felt using a similar polymer to replace the wet electrolyte 
in aluminum capacitors would create a low ESR device that was truly sur-
face mountable.  


The application of a conductive film over the surface of the dielectric 
through polymerization develops a thin covering of the surface.  This thin 
covering did not lend itself well to the rolled foil construction, and to 
overcome this, we utilized a stacked foil arrangement as shown in Figure 2.  


The process collects multiple foils after processing through acid etch, 
dielectric formation, polymer coating, carbon coating, and silver coating.  
A weld bonds the aluminum base metal (anode contacts) to one end of the 
leadframe.  We use a silver epoxy to combine and attach the outside silver 
layers of the plates to the cathode portion of the leadframe.  We finalize the 
package with a plastic molded epoxy, creating case sizes with the same 
standard dimensions as the tantalum surface-mount chips currently avail-
able.  


Performance Improvement 
The material and construction technique utilized with KEMET's poly-


mer aluminum capacitor have resulted in a huge reduction in ESR.  With a 
47-uF at 6.3 WVDC device, we are already achieving ESRs below 10 
milliohms, which was previously unheard of for an electrolytic capacitor of 
this size.  With the decrease in ESR, we are able to achieve a capacitance 
roll-off that takes place at much higher frequencies than traditional alumi-
num, as well as tantalum chips in this capacitance range. 


Figure 3 shows the dv/dt response for a 47-uF polymer aluminum ca-
pacitor compared to a "surface mount" wet aluminum electrolytic capaci-
tor.  Remember that the capacitance roll-off and ESR levels both influence 


Product Update 
KEMET Electronics Corp. 


June 2002 � Part 5 


Figure 1.  Diagram of �wet� al-electrolytic. 


Figure 2.  Molded aluminum-polymer device. 


Figure 3.  Dv/dt response of wet vs. polymer. 
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how much voltage decays when placed in a decoupling application.  The wet device used for comparison was a can, packaged in 
a plastic case that gave the same solder pads as a 7343 surface mount tantalum.  Chosen because it represented relatively the 
same size package advertised as being "surface-mountable,� at 10 µS the dv of the wet electrolyte capacitor is 14 times greater 
than that of the polymer based device.  In simpler terms, to achieve the same response of the polymer, 14 of the wet aluminums 
would be required.  With a response time of 100 µS, this advantage diminishes to a factor of 4. 


Cost Benefits 
Even with the significant performance improvements illustrated 


above, cost is almost always the determining factor affecting com-
ponent choice in designs. Figure 4 breaks down the number of ca-
pacitors required using a dv of 60 milliohms, a dt of 10 µS and a 
current demand of 16 amperes based on the capacitance and ESR of 
each device.  The capacitance available at the required dt (depend-
ent on capacitance roll-off) for a number of tantalum chips, the new 
aluminum A700 series, aluminum-polymer capacitor and some 
MLC structures, is included within the bars.  


The one MLC structure that shows only 18 required (the same 
number as the �perfect� capacitor) might be desirable until we look 
at the cost of these 18 devices.  These are stacked 3640 ceramic 
chips, soldered together as a package to a DIP type of leadframe.  
These 18 pieces represent a total area of 1,672 mm2, and the 20 
7343 chips represent an area that is 654 mm2 � less than ½ of the 
board real estate. 


Figure 5 uses the number of capacitors required in Figure 4 
and translates it into the total cost of components required to meet 
the listed dv/dt constraints.  All the percentages represent the 
relative cost for each device, based on a reference of the 20 A700 
chips from Figure 4.  As is illustrated, the A700 series AO-CAP 
polymer-aluminum capacitor provides the best solution of all 150-
uF choices offered, followed closely by the KEMET T520 series 
tantalum organic capacitor. The �near-perfect� stacked ceramic 
chips represent a cost factor that is more than 14 times that of the 
aluminum-polymer. 


Additional benefits 
The aluminum polymer requires no voltage or temperature 


derating.  It is rated to a maximum temperature of +125°C.  
Typical over-voltage failures for the tantalum, tantalum-polymer, 


and aluminum polymer will create nearly 100-PPM failure rates at 65%, 115%, and 240% of rated voltage, respectively.  The 
reverse voltage capability on the aluminum dielectric is nearly three times that of the tantalum (55% of rated voltage for alumi-
num, and 15% of rated for the tantalum). 


Figure 4.  Pieces required as solution to dv/dt requirements. 


Figure 5.  Relative solution costs. 
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Ceramic/Tantalum/Aluminum 
High CV Solutions for Power � T520 
This article represents the third part of a six-part presentation on the development of high performance capacitors for high power, high frequency applications. 
It will detail the development of product solutions from the T495 through the T530, including aluminum and ceramic developments. 


MnO2 � The brick wall 


We improved the ESR performance of the T495 by manipulating the 
process and materials, and the T510 with geometry changes, but we have 
not changed the largest contributor of the ESR within the capacitor.  
Consider that in the two plate structures (anode and cathode), the anode 
is comprised of tantalum with a resistivity of 12.5 microhm-cm of resis-
tivity and the cathode material of MnO2 with 5 ohms-cm of resistivity.  It 
is quite apparent that the cathode material is dominating any contribution 
to the ESR of the capacitor. 


It would be easy to replace the semi-conductive MnO2 material with 
a conductive material such as nickel or silver to get an appreciable de-
crease in ESR, but the resulting capacitor would not be very desirable.  
The MnO2 has a secondary property besides its presence as a conductive plate element within the capacitor.  Electrolytic capaci-
tors have dielectrics created as an oxide film of their base material.  Tantalum and aluminum offer two of these bases, and the 
dielectrics created have some flaws in this extremely thin film.  Initially, the cathode contact was a paste solution that was 
chemically close to the electrolyte used during the chemical formation.  If a flaw occurred in this wet system, the bias was in the 
same polarity as the formation voltage, and a weak or thin spot in the dielectric could reform additional dielectric film at the 
fault site.  This effect of reforming the dielectric at the flaw site offered a self-healing capability to the capacitor.  


In the dry system involving MnO2, the dielectric has the same propensity to 
flaws as with the wet.  The saving element of this cathode system is that when cur-
rent is concentrated into a flaw in the dielectric, it is also concentrated into a finite 
point within the cathode system.  This concentrated current creates a local hot spot 
near the fault.  If the current is high enough, oxygen is then released from the 
MnO2, converting this material to a higher resistivity composition such as Mn2O3.  
Once this conversion takes place, the current is shut off from the fault site.  This 
self-healing action is the secondary and very important property of MnO2 in the 
surface-mount tantalum capacitor.  The heats of solder are not sufficient to create 
this conversion, and the solid-state characteristic of this material prevents boiling 
and vaporization as evident with a wet system in some solder process and time. 


Any replacement of the cathode system must allow duplicity in this self-
healing property, or eliminate all flaw potentials within the film system.  Good conductor materials as cathode contacts will 
greatly diminish the ESR, but the leakage created in such capacitors would be ludicrous. 


Polymer film conductors 


Polymer materials have been around for many years, with recent developments in making these normally insulative materi-
als become conductive.  The �anti-static� spray for clothing is one development where the conductivity of a fine film allows 
charge build-up to be dissipated to much lower levels. 
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A variation of this treatment was created with several polymers that we 
weighed for this application.  The polymer base that we chose was one that gave us 
good conductivity when treated, but retained a high temperature capability for the 
power applications we were targeting.  These films do have a vaporization point and 
we wished to take advantage of this effect to enable a self-healing capability of the 
cathode structure.  When current is concentrated into a fault within the dielectric, the 
current can create heat in the cathode contact, and this heat can create a vaporization 
of the film in contact, thus breaking electrical contact to the cathode plate. 


Realizing the KEMET Organic Polymer T520 


Processing up to the application of the cathode is the same for both cathode systems, and the processes after the cathode ap-
plication are almost identical.  The cathode application changed from a dip, dry, and pyrolysis, to a polymerization.  There is 
one negative feature of the polymer cathode.  Because it has lower material resistance, smaller leakage sites that activated the 
self-healing of the MnO2, do not activate the polymer.  This results in higher leakages in the polymer parts than comparative 
parts with MnO2 (the difference is about a factor of 3). 


The High Power Solution 
We go back to the microprocessor solution and determine the number 


of capacitors required to maintain the bias integrity and calculate the costs 
involved in each of these solutions.  With these calculations, we looked at 
the ESR levels as well as the capacitance change with response time (we 
can calculate the time response based on the frequency captured data).  
When using 470 uF capacitors to satisfy these requirements, the piece 
counts decline from 62 of the T491X, to 46 of the T495X, to 21 of the 
T510X, and finally down to 18 of the T520X. 


Performance by itself should give little impetus to change, but savings 
in board real estate, inventories and the solution cost should.  The cascade 
of pricing from the T491 solution down to the T510 solution (everything 
referenced to the T520 solution) is nearly constant, with a much larger step 
down to the cost of the T520 solution.  The T520 has ESRs very close to 
those realized with the T510, but because the T510 is such a costly device 
that the drop to the T520 solution is the greatest. 


Applications 
The leakage currents of the T520 will restrict some applications.  In 


battery decoupling, this additional leakage can diminish the battery life and 
require more frequent charging.  As a rule, tantalum capacitors should not 
be used in high impedance circuits.  Generally, for the MnO2 system de-
vices, the self-healing can be severely effected if the currents are restricted 
to levels below 100 microamperes.  For the polymer-based system, this 
current level must not be restricted to less than one millampere.  In a 10-
volt circuit, the MnO2 based systems should have less than 100 k-Ohms of 
series resistance, and the polymer should have less than 10 k-Ohms of se-
ries resistance. 


The elimination of the high concentrations of oxygen within the MnO2 system also eliminates ignitions as a failure mode 
for the polymer device.  The failure mode is still short, but there is no cataclysmic failure mechanism with the polymer.  In addi-
tion, because there is less stress within the structure of the polymer part during the manufacturing process, the recommended 
application derating has been dropped from 50% for the MnO2 devices to only 20% (use them up to 80% of rated voltage) of 
rated voltage for the polymer device.  There is still a temperature derating of the voltage above +85°C, and a declining failure 
rate with time, because we have not changed the dielectric or eliminated the self-healing mechanism.  The standard product is 
rated for applications from -55°C, up to +105°C.  A custom-specification suffix (C-spec) indicates a special process in manufac-
turing that allows operation up to +125°C. 


Electrical Conditioning
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Pb-Free Legislative Actions


1. State of Maine Enacts Legislation:


Reference:  Quoted from GEIA G-12 meeting minutes May 2003 (Colorado Springs, CO)


Lead-Free Legislation
Mike Cooper (General Dynamics) reported that legislation is beginning to be introduced here in the United
States that would mirror the requirements of the European Union WEEE and ROHS directives. There is a Maine
bill, LD7431, that applies to any product that has electricity running through it. The bill requires manufacturers to
be responsible for collecting and recycling of old products, which would be a significant effort and expense. It
also discusses the labeling the products to list any hazardous materials and instruct users on how to return
products through the manufacturers collection and recycling system. The bill also would prohibit manufacturers
from using mercury, lead, cadmium, hexavalent chromium, brominated flame retardants and poly vinyl chloride
unless previously exempt. Ric Erdheim, Senior Manager of Government Affairs for NEMA, testified against LD
743 before the Joint Committee on Natural Resources. His testimony discussed the inappropriateness of the
very large scope of the bill and the lack of data showing harm from the use of the proposed banned substances
in products.  Need to review Moisture/Reflow Sensitivity Classification as part of this effort (see 6.36 G-12 PEM
Subcommittee).


1 LD 743, “An Act to Protect Public Health and the Environment Through the Collection and Recycling of
Electronic Waste” Sponsored by Representative Judd Thompson
http://janus.state.me.us/legis/LawMakerWeb/summary.asp?ID=280008950


LD 743 (HP 549)
"An Act To Protect Public Health and the Environment through the Collection and


Recycling of Electronic Waste"
Sponsored by Representative Judd Thompson


Status Summary
Reference Committee Natural Resources


Last House Action 5/6/03 -  PASSED TO BE ENACTED.
Sent for concurrence. ORDERED SENT FORTHWITH.


Last Senate Action 5/7/03 -  PASSED TO BE ENACTED
Last Engrossed by House on 4/30/03
Last Engrossed by Senate on 5/1/03


Governor Action Signed by the Governor
Chapter 150 


Final Law Type Public Law
Date 5/14/03


2. United States:  Environmental Protection Agency (EPA) Toxic Release Inventory (TRI)


There is currently no federal Pb-Elimination Legislation Enacted/Pending for the United States.  However,
On January 17, 2001, EPA published a rule that classified lead and lead compounds as persistent,
bioaccumulative, and toxic (PBT) chemicals and lowered the previously existing 25,000 pound and 10,000
pound reporting thresholds for lead and lead compounds to 100 pounds per year.


Now, manufacturers (in noted industries) who use in excess of 100 lbs/yr of Pb in manufacturing must now
report their usage and waste management practices to the EPA as part of the EPA’s Toxics Release
Inventory (TRI) Program established by Congress under section 313 of the Emergency Planning and
Community Right-to-Know Act of 1986 (EPCRA), and expanded by the Pollution Prevention Act of 1990.
ref:  (http://www.epa.gov/tri/guide_docs/2001/lead_doc.pdf)
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3. Europe:  WEEE and RoHS Initiatives made Official Dec. 2002.  Compliance with these initiative
required by July 2006.


December 2002 the European Union signed/agreed upon the formal Directives known as:


A)  WEEE:  EC Directive on Waste Electrical and Electronic Equipment (WEEE) and
B)  RoHS:   EC Directive on the Restriction of the Use of Certain Hazardous Substances


These directives will have the impact of prohibiting the use of Pb in "most" electronic equipment (solders,
finishes, etc.) sold in the European Union.


4. Japan:  There are incentive rules for recycling in Japan that make financial decisions about going Pb-free
more attractive for suppliers.  I am not clear on the details of these rules.


Some Industry Organizations Reviewing Pb-Free Issues


Joint Group on Pollution Prevention (JG-PP) http://www.jgpp.com


JG-PP is a partnership between the Military Services, NASA and DCMA chartered by the JLC to reduce or
eliminate HAZMATS or processes within the acquisition and sustainment communities. By establishing these
partnerships, JG-PP addresses the common problems through shared efforts to produce joint solutions.


JG-PP has a Pb-free solder project.
The purpose of the Lead-Free Solder project is to demonstrate and validate lead-free solders to replace
conventional tin-lead solders used on circuit card assemblies, cannon plugs, connectors, and other electronic
applications. The risks to defense contractors and weapon system managers of continued use of tin-lead solder
include: compliance with current environmental regulations, concerns about potential environmental legislation
banning lead-containing products, risk of trade barriers and lost sales, reduced mission readiness, and
component obsolescence with lead surface finishes. For example, recently U.S. lowered the Toxic Chemical
Release reporting threshold for lead to 100 pounds. Overseas, the directive in Europe and similar mandates in
Japan have instilled concern that a legislative body will prohibit the use of lead in electronics soldering. Any
potential banning of lead compounds could adversely affect mission readiness overseas. Because no single
lead-free solder is likely to qualify for all defense applications, it is important to validating alternative solders for
discrete applications now. A formal design of experiments has been established.  Experimentation expected
to commence in late 2003.


National Electronics Manufacturing Initiative (NEMI) http://www.nemi.org


NEMI has several projects aimed at "environmentally sustainable electronics".  Their Pb-Free Assembly Project
was completed in 2001 and for Pb-free solder assembly they recommended the following solders be targeted for
"industry standard":


•  Sn3.9Ag0.6Cu (+/- 0.2%) for reflow
•  Sn0.7Cu for wave solder


NEMI also has various Tin Whisker Projects:


NEMI Tin Whisker Test Method Forum:


NEMI is continuing efforts to evaluate candidate test environments to accelerate the growth of tin whiskers.
Objective is to recommend an industry standard set of test conditions to assess the whisker propensity of
various finishes.  NEMI has drafted a test procedure for assessing whisker growth potential of a given product.
They have submitted the test procedure to JEDEC / IPC for consideration of developing a standard through
those organizations. The test procedure states that acceleration factors have NOT be determined and therefore,
the tests are NOT intended for making reliability predictions for any given application. Test procedure
recommends that multiple test conditions be used to judge whisker potential (t-cycle, elevated temp+humidity,
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ambient).  Precise test conditions and duration of test are still under investigation and subject of debate amongst
the group.


In addition to developing the test procedure, NEMI has planned follow-up experiments to validate that the
proposed test conditions are somewhat effective.  Experiments expected to commence in late 2003.


Industry organizations in Japan (JEITA) and the United Kingdom (ITRI- Soldertec) are independently performing
experiments like NEMI with similar objectives.  NEMI is sharing data with these organizations.  All three groups
met in May-June 2003 (in Japan).  Together they issued a public statement that they generally agree upon the
types of environmental tests that may stimulate whisker growth and they agreed to share their independent
findings.  Still no consensus has been reached regarding the fundamental mechanism of whisker growth and as
such, a definitive test method is still not available.


NEMI Tin Whisker "Modeling" (Fundamentals) Forum:


A second NEMI committee is conducting fundamental research to try to unlock the mystery behind the driving
force for tin whisker formation.  This forum has been closed to essentially only those paying members of NEMI
(plus a few non-paying participants actively providing expertise/resources).  I do not have direct access to
information from this group to be able to provide an update of their activities.


NEMI Tin Whisker Consortium of End-Users (new Jan 03 open only to NEMI members)
No info to report due to "closed" nature of this consortium


SolderTec, Ltd. of ITRI contact:  dominic.lodge@tintechnology.com


SolderTec is conducting Tin Whisker Research in the United Kingdom.  This group, though independent from
the NEMI Tin Whisker Groups, is conducting similar research in attempts to identify potential environmental test
methods to judge whisker propensity of various specimens.  Test conditions being investigated include 85/85,
50/85, T-cycle (-40C to +85C) and ambient storage.


NASA Goddard Tin and Other (Zinc) Metal Whisker Homepage   http://nepp.nasa.gov/whisker
November 2002 Photo of the Month:


Tin Whiskers Growing on Pure Tin-Plated Armature INSIDE Electromagnetic Relay


NASA Goddard and NEPAG continue investigation of the tin and zinc whisker phenomenon.  The referenced
NASA homepage provides a comprehensive collection of information on the subject including:


•  Basic Info about Metal Whiskers
•  NASA GSFC Advisories
•  NASA GSFC experimental findings
•  NASA GSFC guidance for reducing the risk of tin whisker related failures
•  Photo galleries of electronic parts with whiskers
•  Extensive list of reference materials on tin whisker research including many downloadable files
•  Links to media reports of whisker induced failures
•  Whisker Videos
•  And Much More…
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CALCE Pb-Free Efforts                           http://www.calce.umd.edu/lead-free/


Summary of CALCE Lead Free Effort:


In October 2000, the CALCE EPSC Consortium initiated a comprehensive multi-year research effort to
investigate the enablers for and the consequences of replacing the current binary Sn/Pb eutectic solder in
electronics with the ternary Sn/Ag/Cu lead-free solder. The status of these projects is presented here.


•  Constitutive Behavior of Sn3.8Ag0.7Cu Solder:
•  Durability Behavior of Sn3.8Ag0.7Cu Solder:
•  Influence of Board Plating on Intermetallic Growth in Sn3.8Ag0.7Cu Solder:
•  Compatibility of Electronic Components with Sn3.8Ag0.7Cu Solder:
•  Tracking of Lead-Free Mandates:
•  Tin Whisker Alert Team:


Military Users/CALCE Tin Whisker Consortium


In May 2002 a consortium consisting predominantly of representatives of US Military missile system
manufacturers formed a consortium to discuss the issue of tin whiskers.  NASA's NEPAG is a vital contributor to
this consortium.  The group has made several useful contributions in its short life to date including a www site
hosted by the University of Maryland's CALCE Consortium located at:


http://www.calce.umd.edu/lead-free/tin-whiskers/


Accomplishments of the Forum to date (most available at above www site):
•  GIDEP AAN-U-02-114 (July 11, 2002):  providing an overview of the tin whisker concerns/risks
•  Consortium "tin whisker position paper" re: Concerns about Tin Whiskers (past, present, future)
•  Tin Whisker Overview Document
•  Summary of Field Failures attributable to tin whiskers (MIL, medical, space)
•  Preliminary Tin Whisker Risk Mitigation Strategy Guidelines
•  Hosted a Tin Whisker (Pb-free) Workshop at University of Maryland (Oct. 2002)
•  Ongoing survey of EEE component suppliers regarding plans for Pb-free product offerings
•  Ongoing testing of various conformal coating materials as potential whisker inhibitors
•  Trying to secure DoD (MANTECH) funding to support "quantitative" assessment of mitigation strategies and


fundamental modeling of growth mechanism(s)






_1125807776/2003-Sept-CALCE Pb-free Supplier Survey.pdf
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Actel 
Corporation


FPGA No plans to 
discontinue SnPb at 
the present time.


as per with 
Pb 
package


N/A 97%Sn-
3%Bi


N/A 100% tin 
for leaded 
package 
and for 
BGA 
package 
95.5% 
tin,4% 
Silver,0.5% 
Cu


245-250C all BGAs 
are level 3 
and for 
more info 
please see: 
http://www.
actel.com/a
pps/guru/d
ec99/kb63
0.html


SnBi is an option.  
The standard lead 
finish is SnPb.


SnBi is an 
option.  
The 
standard 
lead finish 
is SnPb.


N/A Actel plans to continue to offer SnPb as the 
standard lead finish for the foreseeable future.  SnBi 
finish parts will be identified by an "X" suffix on the 
part number. For leaded package i.e. PQ,  NO 
nickel flash plating between base metal & final lead f


Advanced 
Micro 


Devices Inc


4/21/2003 
from Web 


Site


SOIC, 
TSOP, 
PQFP, 
SSOP


Yes, See 
FAQ_Pb_Free.pdf 
from web site


Na 100Sn BGA 95Sn4Ag0.5Cumatte N/a Yes NA see 
http://www.amd.co
m/us-
en/assets/content_t
ype/DownloadableA
ssets/FAQ_Pb_Free
.pdf


http://www.amd.com
/us-


en/assets/content_ty
pe/DownloadableAss
ets/whisker_study.pd


f


Yes, 
Posted on 


Web


NA NA source http://www.amd.com/us-
en/assets/content_type/DownloadableAssets/FAQ_


Pb_Free.pdf


Agilent 
Technologie


s 
Semiconduc
tor (formerly 


HP)


08/07/03 Plastic 
Isolation 


Products, 
Optocoupl


ers


http://liter
ature.agile
nt.com/lit
web/pdf/5
988-
9977EN.p
df


Pure tin Matte tin Yes Implementation is 
scheduled on 
November 01, 2003


Yes, High temperature 
and Humidity test, 


TA=85degC, RH=85% 
was selected as 


qualification tests.  It is 
said that no whisker 


was found in their test 
in the 


document,"Agilent 
Plastic Isolation 


Products, Frequently 
Asked Questions."


Allegro 
MicroSystem


s Inc


Hall Effect 
Sensors/P
ower Int 
Circuits


No current plans 
although plant does 
have capabilities.  
Currently sub-
contracting some 
pure tin plating for 
select customer


95/5 
SnPb


100% Sn 
Matte 
Finish on 
subcontra
cted work.


Depends 
on 
customer 
demands


Matte Henry Charest outlined plating process in phone 
conversation on 12/18/02, after initial contact by 
phone on 10/23/02.  Allegro has not seen must 
demand or interest in lead-free processes by 
customers.  Currently a small line of 100% Sn 
plating work is bei


Altera FPGA There are currently 
no plans to 
discontinue any 
products with SnPb 
finish


Copper 
Alloy


None Sn, SnCu, 
SnAgCu


Matte No No Now (P/N will 
bedifferentiated)


Yes Yes Yes No Altera lead-free devices will meet the JEDEC 
standard of 245 reflow temp. Lead-free devices will 
have a new P/N. "For Product planned to be offered 
as Lead Free" questions, please refer to the previous 
section for answers, as all lead-free products are av


American 
Microsystem
s, Inc (AMI)


Emailed 
4/21/03


Currently offer SnPb 
plated finish and 
SnPb BGAs, lead 
free production 
restricted to qualified 
production assembly 
houses.


Sn, 
NiPdAu, 


BGA-
Sn/Ag 3-
4%/Cu 
0.5%


Matte Response by email 4/22/03


Analog 
Devices Inc


All Leaded 
Plastic 
Parts


Copper 
Alloy


None Sn Matte Yes Being phased in 
based on customer 


demand


In progress Considerin
g offering 
SnPb as 
an option


Copper 
Alloy


None Sn Matte Yes For all but 
some 


customer 
specific 
product, 
on hold 
until Jan 


2003


In 
Progress


Considerin
g offering 
this option


Analog Devices is very sensitive to their military / 
high reliability customers needs.  They have 
postponed the general conversion to pure Sn twice 
now because of these concerns.  They are 
considering all options, and have not made firm 
decisions yet.  It


Atmel Corp. Flash, 
EPROM 
memory, 


programm
able logic, 
industrial 
processor


s, and 
ASIC's


None, will not 
discontinue.


CU 194 None Sn Matte None that 
we know 
of


yes not for 
most 
packages


end of year 2002 
unless requires 
earlier by customer


NO Yes YES will 
not 
discontinu
e


NO yes We are not discontinuing the Sn/Pb finish but will 
be affering both Pb-free and Sn/Pb versions by the 
end of 2002. It is up to the customer to decide 
which plating to order.The whisker test is not done 
by Atmel but it is done by Atmel's assembly 
subcons a


Atmel 
Grenoble


Broadban
d Data 


Convertor
s, Power 


PC


None, Will meet 
European leadfree 
requirement by 2006, 
with no current plans 
to discontinue SnPb


Atmel-Grenoble is currently invetigating solutions to 
implement later, the European reuirements are no 
lead starting in 2006.  Atmel will be in a position for 
discussion with Customers in Q2 of 2003, at the end 
of their first investigation phase.


Austin 
Semiconduc


tor Inc.


08/08/03 http://ww
w.austins
emicondu
ctor.com/


No.  ASI is 
investigating lead 
free solder options 
but does not 
currently offer. Most 
of our devices are 
available with gold 
lead finish (gold 
plating over kovar). 


Contacted Wayne Penazek at Compass marketing, 
sales rep.11/06/02.  Again emailed for inquiry.  
Datasheets don't include any information on plating 
materials.Most of our devices are available with gold 
lead finish (gold plating over kovar). (received email


AVX passives NA May have 
Ni  barrier


Pure Sn, 
Au, Pd/Ag


NA yes, but 
check 
part.


Check 4/21/03 Capacitor have pure tin others are 
not clearly defined on 
web.http://www.avxcorp.com/docs/Catalogs/techsu
m.pdf


Catalyst 
Semiconduc


tor


08/08/03 PLCC, 
TSSOP(8


pin), 
TSOP, 
PDIP, 
SOIC, 
MSOP


 http://ww
w.catalyst-
semicond
uctor.com
/document
s/greenpa
ckages.pd
f


Both Sn-Pb and lead-
free will be offered


Pure Sn Yes Yes As a lead-free, halogen-free package designation, 
the followings are listed on the website.(checked on 
08/07/03)  "G" for PLCC and TSSOP(8pin) package.  
"H" for TSOP.  "H13" for TSOP.  "H14" for TSOP.  
"L" for PDIP.  "V, W" for SOIC-JEDED, "X" for 
SOIC-EI
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Central 
Semiconduc


tor Corp


Emailed 
4/22/03


http://ww
w.centrals
emi.com/i
ndex.html


We'll offer both 
finishes until all/most 
customers have 
switched to Pb Free.


Sn Response by Steve Radgowski 
[SRadgowski@centralsemi.com] 4/22/03


Compensate
d Devices 
Inc.  (CDI)


semicond
uctors


None, no plans to 
discontine or convert


Cu 
Substrate


200-300u 
inches Ni 
on some


90/10 Sn-
Pb, 
thickness 
range 
form 300-
1000u 
inches


Division is now known as Microsemi-Lawrence.  The 
are no lines being converted to a leadfree finish and 
no plans to change the present lead finish at his 
time according to Jim Nardone.


Cirrus Logic 
Inc


Replied to 
Request 
4/28/03


http://ww
w.cirrus.c
om/en/


Will depend of 
volumes.  No plans 
to discontinue at 
present.


Cu Sn Matte


CTS Corp. None, no plans to 
offer the CTS 752 
Series leadless 
resistor networks 
with lead free solder


YES YES NO Tin whisker testing was done, and at this time there 
are no plans to offer the CTS 752 Series leadless 
resistor networks with lead free solder. Excel sheet 
was returned.


Cypress 
Semiconduc


tor Corp.


Leaded 
Plastic 
Parts 


assemble
d in house


Copper 
Alloy


Ni NiPdAu Na Na Yes Phase in.  Fully lead 
free by Jan 04


Na Na Yes Na Copper 
Alloy


Ni NiPdAu Na Na Yes Phase in.  
Fully lead 


free by 
Jan 04


Na Na Na Yes Na One PCN issued, two PCNs to be issued week of 
9/30/02


Cypress 
Semiconduc


tor Corp.


Leaded 
Plastic 
Parts 


assemble
d by 


subcontra
ctors


Copper 
Alloy


None Sn Matte Unknown Yes Phase in.  
Requesting 


roadmaps from 
subcontractors


None planned by 
Cypress.  Requesting 


test plan from 
subcontractors


Not 
determine
d at this 


point


Yes Na Copper 
Alloy


None Sn Matte Unknown.  
Will 


request 
from 


subcontra
ctors.


Yes Phase in.  
Will 


request 
roadmaps 


from 
subcontra


ctors


No None by 
Cypress.  


Will 
request 


test plans 
from 


subcontra
ctors.


Not 
determine


d yet.


Yes Na


Dallas 
Semiconduc


tor Corp.


04/22/03 See MAXIM SEE MAXIM


Emhiser 
Micro-Tech


VCO's, 
Transmitt
ers/Amplifi


ers


None, has not 
considered leadfree 
solder processes


96.3% Sn 
3.7% Ag 
Sn63 
Pb37


ERI has not considered leadfree solder processes for 
SM or ESSM products supplied to RMS.  
Component products (VCO's) are using SN96 
(96.3%Sn 3.7%Ag) solder with astandard Sn/Pb 
plating on the PCB.  Telemetry products utilize 
Sn63/Ag37 solder on Sn/Pb pla


EPCOS AG 08/17/03 Transform
ers


pure Sn October 1st, 2003 These lead-free transformers can be used both in 
current leaded-solder processes and in new lead-
free ones. 


Epson 
Electronics 
America


08/07/03 SON http://ww
w.eea.eps
on.com/go
/products


Copper 
alloy


N/A Sn-Bi, Sn-
Ag*


N/A N/A Yes


Epson 
Electronics 
America


08/07/03 SOP, 
SOJ, DIP


http://ww
w.eea.eps
on.com/go
/products


Alloy 42 N/A Sn-Bi, Sn-
Ag*


N/A N/A Yes


Fairchild 
Semiconduc


tor Corp.


08/17/03 All 
possible 
products


www.fairc
hildsemi.c
om/produc
ts/lead_fre
e/product
_offerings.
html


Yes.  All possible 
products will be lead-
free by the end of 
June 2004.  After 
the transition period, 
the Fairchild's 
standard products 
will only be available 
with lead-free finish.


Sn may 
have Ni 
barrier


Sn on 
most,NiP
d,NiPdAu, 


small 
number of 
subcontra


cted 
packages 
may use 


Sn-Ag-Cu 


For pure 
tin, matte 


tin is 
selected


Yes See the 
PCN#200
32701 for 


more 
details of 
MSL for 


each 
parts


Many products will 
be lead-free by the 
end of 2003.  All 
possible products 


will be ready by the 
end of June 2004.  


The detailed 
implementation 
date for each 


products is also 
listed in 


PCN#20032701


Yes.  Medium 
temperature bake at 


50degC for 1344 
hours.  Post bake 


inspection was 
performed at 1000x-
5000x magnification 


to verify the no 
whisker growth.  
The test data is 
availabl upon 


request


Product offering 
http://www.fairchildsemi.com/products/lead_free/pro
duct/index.html.  In accordance with the phases in 
this lead-free transition, associated PCN will be 
issued.  Each conversion phase starts at the 
beginning of a new date code period.  Thi


Fox 
Electronics


08/07/03 www.foxel
ectronics.
com


None N/A N/A N/A N/A Received reply from Brad Fox, indicating that they 
are only reclaim and refurbish components with a 
Sn-40Pb solder compound.  Currently, they are not 
dealing with lead-free products.


General 
Semiconduc


tor Inc.


None, Will provide 
solder and pure tin 
finish as same time.


Sn Contacted Luscombe Eng, Sales Red, Ruth 
Robinson, rarobinson@lec-az.com 11/21/02 See 
Vishay General Semi.


SOJ (<32 
pins), 


QFJ, P-
VSON, 
SSOP, 
HSOP 
(26pin)


Copper None Sn-Bi N/A N/A Yes Already in mass 
production


P-VQFN, 
HSOP, 
TSSOP


Copper None Ni/Pd/Au N/A N/A Yes Already in mass 
production


SOJ (>32 
pins)


Fe-Ni alloy None Sn-Bi N/A N/A Yes Already in mass 
production


TO Fe-Cu None Sn-Cu 
dipping


N/A N/A Yes Already in mass 
production


C-QFP Fe-Ni-Co None Pure Sn Matte Yes Already in mass 
production


Hittite 
Microwave 


Corp


08/12/03 http://ww
w.hittite.c
om/index.
cfm


No.  Will stock both 
lead-free and lead-
based parts.


Will address case 
by case on "as 
needed" basis. 
Transition is 


expected to take 2-3 
years


Sent email for inquiry on 08/11/03.  Received email 
from Jeff Lane on 08/11/03


Hitachi 
America Ltd. 


(Currently 
RenesasTec


hnology 
America)


08/011/03 www.ame
rica.renes
as.com


Pb-free products is 
ready to manufacture 
since April 2002. For 
the products in mass 
production, switch to 


Pb-free with 
customer's approval.  
For new products in 


consideration 
currently, Pb-free is 


To identify the Pb-free product, 9th position 
character of the product number will change from 
"0" to "1".  For plastic packages, marking of plug 
(year part lot number) will be changed from "1-9, 0" 
to "A-K" respectively.  For cylinder type products, 
the 


Hitachi Semiconductor America has merged with the 
system LSI operations of Mitsubishi Electric U.S and 
create Renesas Technology America, Inc, on April 2003.  
In order to differentiate the products from conventional tin-
lead plated products, "Pb-free T," 


Lead-free terminals 
have been completed 


for all product 
families
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Honeywell 
SSEC


http://ww
w.ssec.ho
neywell.co
m/


Au/Ni Contacted Honeywell SSEC Email aerospace-
info.ssec@honeywell.com 11/27/02, follow up 
12/05/02


ILC Data 
Device Corp


hybrid 
microcircu


its, 
discrete 
surface 


mount & 
through 


hole 
products


None, Not presently 
using but evaluating 
lead-free alternatives


Ni/Au          
Sn63/37P
b


Not presently using but evaluating lead-free 
alternatives.  Concerns regarding high melting point 
of lead-free alternatives.  No solid candidate for lead-
free alternative at this time.  DDC has used 
95Sn5Ag on a limited number of board products.   
On appl


Integrated 
Device 


Technology, 
Inc.


Emailed 
4/22/03, 


phone call 
4/25/03


Do not plan to 
maintain two 
separate lines.


Copper 
Alloy


Sn Emailed logichelp@idt.com on 4/22/03, Reponse 
4/25/03


Intel 
Corporation


08/11/03 http://ww
w.intel.co
m/researc
h/silicon/le
adfree.htm


see 
STMicroelectronics


Intel product groups are responding to product 
specific  customer inquiries regarding lead-free 
products.  Some products that Intel is shipping 
today will be ‘end-of-life’ before or shortly after July 
2006. Intel does not intend to develop Pb-free 
versions


International 
Rectifier 


Corp


04/22/03 http://ww
w.irf.com/


Sn Matte Emailed 'PAdamson1@irf.com' on 4/22/03 current 
answers based on leadfree.doc found on website.


IRC a TT 
Electronics 


Group 
Company


Thick Film 
Current 
Sense  


resistors, 
Type 
LRC,  


.001 to 1 
ohm, 
1206, 
2010, 
2512


Indefinite- driven by 
market demands


Copper Nickel Tin Matte TBD Yes After Q2-
2003


No Q2-2003 Yes Yes Yes URL: http://www.irctt.com/pages/index.cfm


IRC a TT 
Electronics 


Group 
Company


Thin Film 
R-Nets 


MIL-PRF-
83401 


DIP, FP, 
LCC, SIP


No Cu Nickel Gold N/A N/A Yes No Current N/A N/A N/A N/A Cu Nickel 96/4 Tin 
Silver


N/A N/A Yes When 
needed


No N/A N/A Yes N/A URL: http://www.irctt.com/pages/index.cfm


Kemet passives None, lead-tin 
surface finished will 
remain unchanged 
for military parts


ContactedKemet online request for contact…said 
lead-tin surface finished will remain unchanged for 
military parts. Vick Jones is rep contact.


Kemet mlcc 
commerci


al 
procducts 
and hight 


rel/mil 
products 


as 
specified. 
AO-CAP 
product 


line.


Launched Product in 
2001. Product was 
always lead free.


Cu/Fe 
Alloy 
(97/2), 
and 
Ag/base


Ni Sn plate Matte 
Finish


Don’t 
measure


MLCC 
yes, AO-
CAP still 
under 
evaluation.


Still under 
evaluation


MLCC 1993, AO-
CAP-2000


YES from NEMI yes, ask 
NEMI


YES, all 
Ta surface 
mount 
products 
can be 
converted 
to Sn 
plated 
terminatio
n at 
customers 
request.


NO Waiting clarification of comments within the word 
and excel files. Contradict eachother?!?


Lattice 
Semiconduc


tor


Programm
able 


Devices 
Analog 


Ics, 
FPGAs


None, At this time, 
Lattice has no 
specific timetable for 
offering "lead-free" 
products.


Margie has indicated that Lattice does not currently, 
or have any timetable for supplying lead-free 
products.  Assembly sub-contractors are currently 
researching alternative materials and manufacturing 
processes aimed at complying with various lead-free 
i


Leech        
(builds 
relays)


relays Leach uses tin/lead 
finishes only when 
required by customer 
and this represents a 
very small part of 
their business 
(preferred finish is 
nickel); when tin/lead 
finishes are 
specified, Leach 
utilizes a minimum of 
5% lead content; 
there are no plans to 
disc


Nickel is 
the 


preferred 
finish. Can 


offer 
Tin/Lead if 
specified 


by 
customer.


N/A N/A N/A N/A N/A Leach has no data on 
tin whiskers that they 
are prepared to share


Yes N/A Pure tin is 
not 


offered.


Leach currently does not offer any products utilizing 
pure tin plating and hasn't since late 1997; as many 
of Leach's products are manufactured to meet either 
MIL SPECs or customer specifications, these tend 
to be the major drivers for change; however, Le


Linear 
Technology 


Corp.


No lead free 
products offered or 
planned. No plans 
to change


Logic 
Devices Inc.


None, We are not 
discontinuing SnPb 
Finish Products


tin plate yes no n/a YES NO Logic Devices will Build Lead Free Product Only Per  
Customer's request. We Will be supporting our 
customers with regular process product. We will 
issue a specal Part number to out lead free product. 
(11/20/02)


Maxim 
Integrated 
Products


04/21/03 NA Sn Matte Yes Test to 
Level 1


Lead-free offerins see http://pdfserv.maxim-
ic.com/arpdf/QUALPLAN.PDF
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Micrel Inc Communi
cation 


Devices, 
Controller


s, 
Linear/Int
erface, 


Regulator
s/Voltage 
Reference


s, 
USB/Pow


er, 
Semicust


om 
Devices


None, No time frame 
identified


Sn Matte Lead_Free 
parts can 
be ordered 
to special 
part 
numbers 
now.


No Contact 
Micrel 
Sales 
Rep, 
Bager 
Electronic
s @ 480-
968-7406


Kamie Smith stated that no parts are currently 
supplied lead-free but Micrel has lead-Free capability 
for all packages but TO-220 and TO-263.


Microchip 
Technology, 


Inc.


08/11/03 PDIP 
(8pin), 
SOIC, 
MSOP 
(8pin), 
SOT-


23,TSSO
P(8pin)


http://ww
w.microch
ip.com/do
wnload/ap
pnote/ther
mal/00233
b.pdf


No plans to 
completely eliminate 
Sn-Pb lead finish.


Pure Sn Matte Yes Offer lead-free 
devices on select 


devices as an 
alternative option


We anticipate that both pure matte Sn and Sn-Pb 
lead finishes will be offered for several years to 
come.  Devices are offered as Pb-free will have an 
additional designator (the letter "G" as in green) in 
the part number when it's ordered. Sent email on 08


Micron 
Technology 


Inc.


Semicond
uctors


None, Plans to begin 
lead free in spring 
2003, SnPb finish 
will remain in 
production


90%SN10
%Pb


yes Cu Alloy 
(Flash, 
SRAM) 
A42 
DRAM


none Yes matte sn, 
Tm 232°C


0.50% yes January 
2003 
production 
on 
schedule


yes, in 
progress, 
9 months 
at ambient 
with no 
whiskers, 
see NEMI 
matrix 
results 
http://ww
w.nemi.or
g/PbFreeP
UBLIC/


yes, only 
under 
NDA


YES See lead free presentation Dated October 2002, new 
lead free devices will have unique part numbers


Micron 
Technology 


Inc.


None, Plans to begin 
lead free in spring 
2003, SnPb finish 
will remain in 
production


Contacted Micron Dram through online message, 
request for contact. Also contacted Allyson from 
Quatro associates. 11/21/02


Microsemi 
Corp


Transient 
Voltage 


Supressor
s


No plans to convert 
to lead-free finishes.


95/5 
Sn/Pb 
plated or 
63/37 
solder-
dipped


Walt Englund spoke with me over phone and sent 
follow-up email.  MS is driven by customer demand 
and experienced little or no pressure to eliminate 
lead from their lead finish, therefore they have no 
plans to switch to lead-free..


Mini Circuits 08/12/03 No plans to 
discontinue Sn-Pb 
finish.


Pure tin Yes The date of 
implementation is 
dependent on the 
availability of 
commercial quality 
substitutes.  We 
cannot at this time, 
forecast this 
availability, but are 
actively pursuing 
suitable alternatives 


Emailed waiting reply 11/07/02, 11/18/02, 12/05/02 
forwardign my request to the QA manager.  
Received email from Ron Beagle at Application 
Engineering Department on 08/12/03


Motorola, 
Inc.


TBD, 
Availabili
ty of Pb-


free 
parts is 


determin
ed by 
device 
type


No Plans to 
Discontinue SnPb 
Plating at this time


Based on 
Package 
type, 
Generally 
Copper


N/A Sn, 
Sn2Cu, 
Sn3Bi 
depende
nt on 
assembly 
location


Matte Max 500 
ppm


Yes, MSL 
is 
depende
nt on 
Package 
type


Generally 
No, 
depende
nt on 
Device 
type.


None, dependent on 
device type, 
Prototypes available


YES YES Depende
nt on 


device 
type


YES, 
these 


decisions 
are 


driven by 
our 


sector 
marketin


g and 
Business 
groups.  
Inquiries 


are 
directed 
to your 
local 
sales 
office.


Based on 
Package 
type, 
Generally 
Copper


N/A Sn, 
Sn2Cu, 
Sn3Bi 
depende
nt on 
assembly 
location


Matte Max 500 
ppm


Yes, MSL 
depende
nt on 
Package 
type


None, 
depende
nt on 
Device 
type.


Develope
d internal 
standard


YES YES Depende
nt on 


device 
type


YES, 
these 


decisions 
are 


driven by 
our 


sector 
marketin


g and 
Business 
groups.  
Inquiries 


are 
directed 
to your 
local 
sales 
office.


Motorola has completed qualification on a 
number of devices.  Pb and Halogen free 


component availability is dependent on device 
type.  


National 
Semiconduc


tor Corp


Cu 194 or 
CU 7025


None 100% 
Matte Tin


Matte Not 
specified


Yes Matte Tin is an 
option as of March 
2002.  SnPb is the 
default if lead finish 
is not specified by 


the buyer.


Yes Yes 
(paper 
made 


available 
to CALCE 
whisker 


tests 
explained 


under 
"Package 


Level 
Qualificati


on" 
section)


Yes Not 
Necessary 


- Matte 
Tin is 


delivered 
on a 


request 
basis only 


at this 
time.  All 
standard 
parts are 


SnPb 
plated at 
this time.


Cu 194 or 
CU 7025


None 100% 
Matte Tin


Matte Not 
Specified


Yes No 
definite 


plans for 
across the 


board 
conversion


Using 
NEMI 
reflow 
profile


Yes Yes Yes - 
Actually 


Matte Tin 
is the 


option that 
needs to 


be 
specified 


at this 
time.  


SnPb is 
the 


standard 
lead finish.


No.  No 
definite 


plans for 
across the 


board 
conversion 
at at this 


time.  
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Nichicon 08/18/03 Electrolyti
c caps, 
Tantalum 
caps


www.nichi
con.co.jp


Complete supply 
lead-free finish 2003. 
E-Cap:Sn for large 
cans and miniture, 
SnBi for chips. Also 
PVC change to PET 
sleeves. Tantalum: 
Sn, SnCu, or SnAg


Fe na E-cap: 
100Sn or 
99.5Sn0.5
Bi. 
Tantalum: 
100Sn, 
Sn1.0Cu, 
Sn3.0Ag


60C/95%, 2000 hrs, 
20x magnification 


inspection (Ecaps), 
100x (tantalum caps)


No label change for only lead-free or PVC change. 
Label change for lead-free + PET sleeve change. 


Label reads "Pb Free" and "PVC less"


OKI 
Semiconduc


tor


08/11/03 www.oki.c
om


Phase in.  Fully lead-
free by the end of 


2004


Sent email on 08/08/03


On 
Semiconduc
tor (formerly 


Motorola)


08/18/03 Analog 
Product, 
Bipolar 


Discretes, 
Logic, 
MOS 


Power, 
Broadban


d


www.onse
mi.com


Unclear Cu na 100%Sn Matte Yes, 
Surface 
Mount 
Packages 
are 
qualified 
to 260C


See PCN #12797 issued April 8, 2003 "Pb Free 
Plating" will be on the package labeling, "G" suffix 
will be used. Transistion date July 1, 2003


Pantronix None, not supplied 
any devices to RMS 
Tuscon that required 
solder plating


Bret Buckler, stated that Pantronix has not supplied 
any devices to RMS Tuscon that required solder 
plating.  I will contact Bret to determine if other 
products have been or will be supplied to other 
contractors with a leadfree finish.  LPB 11/06/02


QFP, 
H(S)QFP, 


LQFP, 
HLQFP, 
TQFP, 


HTQFP, 
PLCC, 
SOJ, 


TSSOP, 
HSOP, 
VSO, 


HVQFN


Pure Sn Matte


SO, 
SSOP(8, 
32), 
TSSOP 
(8, 32), 
HTSSOP


Ni/Pd/Au N/A N/A


Protek 
Devices


08/11/03 http://ww
w.protekd
evices.co
m/


Sent email to David W. Hutchins, Application 
Engineer, on 08/11/03


Q-Tech 
Corporation


None, Q-Tech uses 
only SnPb solder for 
our tinned lead 
requirements. We 
have no plans to 
replace this process


found correct contact Craig Albright 11/07/02


Q-Tech 
Corporation


None, Q-Tech uses 
only SnPb solder for 
our tinned lead 
requirements. We 
have no plans to 
replace this process


Kovar Ni Gold 
plating is 
standard--
SnPb 
when 
specified


YES YES NO Q-Tech uses only SnPb solder for our tinned lead 
requirements. We have no plans to replace this 
process. Q-Tech does not use pure tin in any 
process and has no plans to move in that direction.x


Simtek 08/08/03 Ceramic 
LCC, 


Ceramic 
DIL


http://ww
w.simtek.
com/Tech
nology/tec
hn-
qualrel.ht
m#simtek
productinf
o


Alloy 42 Nickel Au N/A N/A Q1, 2004


Simtek 08/08/03 SOIC, 
PDIP


http://ww
w.simtek.
com/Tech
nology/tec
hn-
qualrel.ht
m#simtek
productinf
o


Copper No Pure  tin Matte Yes Yes Q1, 2004


SO, SOT, 
PQFP, 
LQFP, 
TQFP, 
TSSOP, 
QFN, and 
VQFN, for 
internal 
production


No Ni/Pd/Au N/A Yes Introduction of lead-
free devices is 
ongoing.  
Completion is 
scheduled in 
second half of 2003


For internal manufacturing, tin plating is preferred.  
Through subcontractors, ST will also provide pure 
Sn, Sn-Cu, or Sn-Bi plated connections.  Double 
options for leadfree package is reflecting different 
production lines not an available customer choice


Done by 
Stmicroelectronics, 
Philips, and Infineon.  
They concluded that 
the matte-tin whisker 
free conditions as 1) 
tin layer thicker than 
7micron controls 
whiskers below 50 
micron length, 2) no 
whiskers after 


ST 
Microelectro


nics


08/11/03 http://us.st
.com/stonl
ine/prodpr
es/memor
y/eeprom/
ecop0303.
pdf


Phillips 
Semiconduc


tor


08/11/03 http://ww
w.semico
nductors.p
hilips.com


/


Lead-free products will be identified by a special 
package ID to differentiate them from the current Sn-
15Pb plated products.  Lead-free production is 
scheduled to begin in Q1, 2004.  Customers may 
contact if lead-free products are required prior to this 


There is a detailed 
target timeline in 
each package type.  
See the associated 
webpage for more 
detailed information 
at 
http://www.semicon
ductors.philips.com/
acrobat/other/green
_roadmap/lead-
free_conversion_pla
n.pdf, 
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SO, SOT, 
PLCC, 
PQFP, 
LQFP, 
TQFP, 
TSSOP, 
PowerSO, 
QFN, 
VQFN, 
DPACK, 
DIP, SIL


Pure tin Matte Yes


Post 
plated 
coatings 
for SMDs 
and 
insertion 
packages 
(Subcontr
actors)


Pure tin, 
Sn-Bi, Sn-


Cu


For pure 
tin, matte 


tin is 
selected


Yes


Teledyne 
Analytical 


Instruments


None, No plans to 
change process to 
lead free


We do not routinely sell Integrated Circuits in 
Surface Mount packages on a routine basis (as 
loose items).  If we do sell them, in is only in the 
context of providing spare ICs to our customers who 
need them to repair circuit boards that are typical 
part


Temic 
Semiconduc


tors (an 
Atmel 


company)


08/18/03 SOIC-
8pins, 
PQFP-
208pins


Sn-Cu N/A Yes


Temic 
Semiconduc


tors (an 
Atmel 


company)


08/18/03 LAP Ni/Au N/A Yes


Temic 
Semiconduc


tors (an 
Atmel 


company)


08/18/03 PDIP, 
SOIC-8 


pins, 
TSSOP, 
LQFP, 
PLCC, 
TQFP, 
TSOP, 
MLF


Pure tin Matte Yes


Texas 
Instruments 
Semiconduc


tor


04/22/03 SOIC,SO
P,QFP,Po
werPAd,P


DIP


SnPb offered on 
some packages. 
FAQ states "We will 
continue to support 
existing leadframe 
finishes as long as 
demand supports the 
manufacturing 
infrastructure. "


Cu NiPd,NiPd
Au


Under 
review


TI web site was used to supply entries.


Toshiba 
America 


Electronic 
Components


08-Aug http://ww
w.toshiba.
com/taec/
press/to-
343.shtml


Plan to shift a 
portion of 


manufacturing to 
lead-free by the end 


of 2003


Vantis Corp 
(Currently 


lattice semi)


08/11/03 TQFP, 
QFN,


http://ww
w.vantis.c
om/


Continue to market 
the Sn-Pb plated 
parts until the market 
place demand and/or 
price makes them 
obsolete


Sn-3Bi N/A N/A No. 
Qualified 
with peak 
reflow 
temperatu
re of 
250degC


Currently 
qualified 
to level 3 
in 
accordanc
e with J-
STD-020B


Phase-in Email sent on 08/11/03 for more detailed 
information, received email from Dan Young, 
Application Engineer.on 08/12/03


Vectron 
Laboratories


Frequency 
control 


products


All with the exception 
of Military and Space 
products.


Immersion 
Gold over 
Nickle 
used on 
select 
group, 
Immersion 
Silver 
being 
evaluated.


Not 
considerin
g Dull or 
Bright Tin 
finishes.


No, Intent 
is to 
survive 
235 -
240oC 
reflow.


Under 
evaluation 
at this 
time.


Under 
evaluation 
at this 
time.


Under 
evaluation 
at this 
time.


Conversio
n timeline 
is 4th Qtr, 
2003.


No No, but 
Vectron is 
aware of 
the danger 
of Tin 
Whiskers 
and has 
elected to 
pursue 
alternate 
finishes.


Initial contact was Joe Milo, Applications Engineer, 
Gary Williams provided answers to survey 
questions.  The CO734, EMXO, all CO-4xx type, all 
VS-xxx, V-types and J-type product lines are being 
supplied in Pb free finish.


Vishay Dale 08/17/03 Resistor 
Chip 


Arrays, 
CRA04, 
CRA06, 
CRA 12-


series


Pure tin All chip arrays will 
be manufactured 
with lead-free 
terminations 
beginning August 
31, 2003


This information is based on the PCN, issued on 
July 02, 2003.  Document number: X1-C-03-502


Vishay 
General 


Semiconduc
tor


semicond
uctors, 
power 
diodes 


and 
rectifiers


None, Will provide 
solder and pure tin 
finish as same time.


Copper 
Alloy


none solder 
plate: 85% 
Sn 
15%Pb


matte yes No Yes yes no copper 
alloy, O.F. 
Copper


none TIN matte below 
0.05%


yes None 2003 Q3 None Yes Yes Will continue to provide SnPb finishes and can 
provide pure tin samples for customer evaluation if 
requested.


Vishay 
General 


Semiconduc
tor


08/17/03 Dipped 
radical 
MLC 


capacitors 
series VP


Yes.  New orders will 
be all this pure tin 
plating 


Pure tin The changing will 
be implemented for 
all new orders from 
now on


This information is based on the PCN (04/2003-VP, 
document number: X1-C-03-603)


See the 
detailed 


informatio
n for each 
product 
category 


at 
http://ww
w.atmel.c
om/quality
/acrobat/C
SPFRDM


P.pdf


http://ww
w.atmel.c
om/quality
/acrobat/C
SPFRDM


P.pdf


Goal to achieve Pb-
free for all packages 


is 2004


150degC for one 
hour, 3) no whiskers 
for matt
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Xilinx, Inc. FPGA, 
EPROM


Not considering 
discontinuing SnPb 
at the present time.


Olin 7025 
or F-tech 


64T


No SnBi 
(~97/3)


N/A N/A Yes TBD Offered only as an 
option, SnPb 


remains the default 
finish


N/A N/A Yes, 
currently 
SnPb is 


the 
standard 


lead finish.


N/A Olin 7025 
or F-tech 


64T


No Matte Tin Matte Not 
specified


Yes TBD No Yes:   
Amkor 
has, or 


will 
perform 
testing.


Quang will 
verify.  If 
yes, he'll 
forward 
Amkor 
data.


Yes, 
SnPb will 


remain 
the 


standard 
lead finish.


N/A The move to offer lead free products was driven by a 
Japanese customer.  They began offering select 
parts with SnBi lead finish because that's what the 
customer had requested.  They plan to migrate to 
Matte Tin since it's becoming the lead-free industry 
s


Zilog Inc. None, does not 
currently supply any 
lead-free products


Reliability/Quality Assurance department has 
confirmed that Zilog does not currently supply any 
lead-free products, but they plan to convert to pure 
tin by mid-next year.  Zilog will provide more details 
on the new finish as they begin the qualification p
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Capacitor Alerts/Advisories


All of the following GIDEP documents can be summarized as follows: "Vishay Mallory (Greencastle, IN) will close by the end of 2003.  Last opportunity to
place orders through Mallory expired in July 2003.  Mallory is either a sole source or one of only two sources for various MIL-spec wet slug tantalum style
capacitors covered under MIL-PRF-39006, MIL-PRF-3965 and MIL-PRF-83500.  Vishay Tansitor is the second QPL facility.  Many of Mallory's MIL products
are already qualified by Tansitor.  Some, however, are not and many only become available as commercial products or perhaps via DSCC drawing as
described by the following summary table


QPL STYLE PLAN PROPOSALS
83500 CRL01/02 Discontinue Mallory product. Last time buy. None.  NO SECOND SOURCE EXISTS
3965 CL66/67 Discontinue Mallory product. Tansitor is QPL source
3965 CL55 Discontinue product. Last time buy. Initiate DSCC Drawing on Tansitor product.
3965 CL10/14/17 Discontinue product. Last time buy. Initiate DSCC Drawing on Tansitor product.
39006 CLR10/14/17 Discontinue product. Last time buy. Initiate DSCC Drawing on Tansitor product.
39006 CLR65/69 Discontinue Mallory product. Tansitor is QPL source
39006 CLR79/81/90/91 Discontinue Mallory product Tansitor is QPL source


GIDEP Doc # Date Manufacturer Summary
EA-D-03-38A
EA-D-03-38


07/17/03
07/11/03


Vishay Mallory DIMINISHING SOURCE:
Various wet slug tantalum style capacitor product lines including MIL-PRF-39006, MIL-
PRF-3965 and MIL-PRF-83500.  Final orders accepted in July 2003.


EA-D-03-33 05/28/03 Vishay Mallory DIMINISHING SOURCE:
 MIL-PRF-39006 wet tantalum slug style capacitors.


EA-D-03-32 05/28/03 Vishay Mallory DIMINISHING SOURCE:
MIL-PRF-3965 wet tantalum slug style capacitors.


EA-D-03-31 05/28/03 Vishay Mallory DIMINISHING SOURCE:
MIL-PRF-83500 wet tantalum slug style capacitors.


EA-D-03-30 05/28/03 Vishay Mallory DIMINISHING SOURCE:
Various wet slug tantalum style capacitor product lines including MIL-PRF-39006, MIL-
PRF-3965 and MIL-PRF-83500.  Final orders accepted in July 2003.







Electronic Industries Association
G-11 Component Parts September 2003 (Columbus, OH)


Capacitors Task Sponsor Report


Submitted by:   Jay Brusse/QSS Group, Inc..                  Jay.A.Brusse.1@gsfc.nasa.gov


Capacitor Specification News
Specification Comments


MIL-PRF-123
Multilayer Ceramic
Capacitor, High Rel


AVX has announced their intention to drop qualification for the SURFACE MOUNT M123 ceramic chip capacitors.  Lack of demand
has been cited as primary reason.  Last orders were to be accepted up to Sept. 1, 2003.  Product will be obsolete as of Oct. 1, 2003.
Affected product is:


MIL-PRF-123/10    CKS51          (Alternate Sources:  Kemet and Presidio)
MIL-PRF-123/11    CKS52          (Alternate Sources:  Kemet)
MIL-PRF-123/12    CKS53          (Alternate Sources:  Kemet)
MIL-PRF-123/13    CKS54          (Alternate Sources:  Kemet)


MIL-PRF-39014
Mulitlayer Ceramic


Capacitor
Slash Sheets 16 - 19


The following feedthrough type slash sheets have been cancelled without replacement due to loss of sole source (Tusonix) many
years ago:


MIL-PRF-39014/16      CKR75  CANCELLED
MIL-PRF-39014/17      CKR82  CANCELLED
MIL-PRF-39014/18      CKR76  CANCELLED
MIL-PRF-39014/19      CKR83  CANCELLED


MIL-PRF-31033
Multilayer Ceramic
Discoidal Capacitor


Rev A. Initial Draft still out for comments
•  Main reason for revision is policy to review specs on a 5-year cycle
•  Spec intent is to have a QML system for these capacitors intended for use in EMI filters such as M28861.  These discoidal caps


not typically used as individual parts.
MIL-PRF-55365


Solid Tantalum Chip
Capacitor


Rev E dated May 29, 2003.
Major Overhaul of document includes:
•  Addition of pre-Group A 100% reflow profile exposure + thermal shock to assess weak internal bonds.
•  Change to the Resistance to Solder Heat test method to more aptly represent the typical mounting conditions for SMT tantalum


caps
Some issues were un-resolvable prior to dating of document.  These include:
•  Incorporation of a PDA requirement.  Action pending for manufacturers to supply Weibull fallout data as basis for establishing


PDA limits.  Anticipate revisiting issue in late 2003/early 2004
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Submitted by:   Jay Brusse/QSS Group, Inc..                  Jay.A.Brusse.1@gsfc.nasa.gov


EMI Alerts/Advisories
Alert Number Alert Date Manufacturer Summary


VV-A-01-06D 05/19/03 RFI
Corporation


MIL-PRF-15733 and MIL-PRF-28861 styles LDC 9801 to 0130:
*This amendment is issued to document that RFI's corrective /preventive actions in
resolving past issues associated with gross leak check testing extends to non-QPL
hermetically sealed filters. In addition, this alert is amended to document that
incorrect oil (silicone oil rather than mineral) was used to perform gross leak test on
QPL and non-QPL hermetically sealed filters.


EMI Filter News
Specification Comments


MIL-PRF-15733
EMI Filters, General


Purpose


Rev H Initial Draft was released for comments in late 2002.  Comments being reviewed/dispositioned.  Key changes include:
•  Removal of the "Check Test" for Insertion Loss (measure at low, middle, high frequncy)-- This change essentially requires the mfr


to measure the insertion loss at all frequencies dictated by the slash sheet instead of at 3 frequencies only as in the Check Test.
•  Addition of part number identification explanation
•  Move of Part Type Designation info from section 1 to section 6


Very few major technical changes being proposed.  Mainly a format change.  Pure tin prohibition being beefed up as slash sheets are
modified.
•  Dated in May 2003:  /30, /56, /57, /65, /67, /72, /73, /74, /75
•  Dated in July 2003:  /28, /33, /38 Am#1, /40, /43, /44, /46, /51, /61
•  Initial Draft in August 2003:  /54, /63, /64, /66


MIL-PRF-28861
EMI Filters


Rev. C Initial Draft released for comments in late 2002.  Comments being reviewed/dispositioned.
•  Major change is introduction of MIL-PRF-31033 (Ceramic discoidal capacitor) requirements for Class B filters and also its use to


replace the M123 requirements for Class S filters.
•  Emphasis to be added to "pure tin prohibition" language specifically to ensure mounting hardware is included in prohibition
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NASA GSFC Advisories


Advisory Number Alert Date Manufacturer Summary
H6-P-03-01
(GIDEP)


08/21/03 N/A Zinc Whisker-Induced Failures of Electronic Systems (with Special Emphasis on Facilities
Employing Raised "Access" Floor Systems)


NASA Goddard Space Flight Center (GSFC) is issuing this Advisory to describe a failure mechanism
that has affected electronic equipment (e.g., power supplies, memory storage devices, servers,
routers) in facilities that utilize raised "access" floor systems with zinc-electroplated understructures
(see Figure 1). During a recent one-month period a NASA data center experienced at least 18
catastrophic power supply failures in newly installed mass memory storage devices. The ensuing
failure investigation determined the most probable root cause of failure to be electrical short circuits
induced by tiny conductive metal filaments known as ZINC WHISKERS that bridged exposed
conductors within the power supplies. The source of the zinc whiskers was identified to be the zinc-
electroplated steel UNDERSIDE of the raised "access" floor tiles and possibly the zinc-electroplated
floor support structures (pedestals and stringers) used in this facility. The review further determined
that the zinc whiskers were most likely dislodged from the floor structures during the floor
handling/bumping activities involved in the new equipment installation. Subsequently, loose zinc
whiskers became entrained in the data center airflow with some ultimately being deposited inside the
affected equipment where they were able to induce the observed electrical short circuits.


NA-GSFC-2003-04 06/25/03 N/A Terrestrial Sources of X-Ray Radiation and Their Effects on NASA Flight Hardware.


This is a general NASA Advisory concerning terrestrial sources of x-ray radiation and their effects on
NASA flight hardware.


The risk of radiation damage to even sensitive electronic parts is minimal except in special
circumstances such as the use of unusual equipment with high radiation levels or part examinations
with very long time exposures (see attached report).


An overexposure to x-ray radiation could result in a degradation of electronic parts, thereby
compromising mission success.
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NASA EEE Parts Assurance Group (NEPAG)   http://eee.larc.nasa.gov/forum


OBJECTIVES
•  Establishes an Inter-Agency working group of lead parts engineers from NASA Centers and JPL for


Agency-wide coordination of parts issues
•  Develop Information Technology-based communication system and tools to increase efficiency
•  Create a knowledge-base of part supplier quality
•  Develop assurance tools for COTS parts
•  Partner with DoD in reinvigorating the MIL system
•  Maintain a current NASA Parts Selection List
•  Influence Non-government Standards bodies through active participation
•  TO REDUCE INCIDENCE of EEE PARTS FAILURE


MAJOR ACTIVITIES
•  Developing EEE Parts Derating Guidelines
•  COTS/PEMS Evaluation:  2 Evaluations in Progress - COTS PEMS microcircuits and COTS ceramic chip


capacitors.
•  COTS Ceramic Capacitor Evaluation includes:


•  17 lots (6.3 V thru 50V) from 4 different sources (2 MIL control lots).
•  Base Metal Electrode vs. Precious Metal Electrode technology


•  NPSL Maintenance: Maintaining the NASA Parts Selection List (NPSL)
•  Specification Reviews:  Addressing NASA needs/concerns associated with MIL specification changes
•  Failure/Problem Investigations:  Investigating Parts Problems of NASA-wide importance
•  Partnering: w/ multiple government agencies (US Air Force, Navy, Army) and International Space Agencies


(ESA, NASDA) on issues of common interest
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NASA Goddard Tin and Other Metal Whisker Homepage
http://nepp.nasa.gov/whisker


How Zinc Whiskers Growing on Raised "Access" Floor Tiles
 May Cause Electronic System Failures


Consult GIDEP Problem Advisory H6-P-03-01 dated Aug. 21, 2003 for details!!!


NASA Goddard and NEPAG continue investigation of the tin and other metal whisker phenomenon.  The referenced
NASA homepage provides a comprehensive collection of information on the subject including:


•  Basic Info about Whiskers
•  NASA GSFC Advisories
•  NASA GSFC experimental findings
•  NASA GSFC guidance for reducing the risk of tin whisker related failures
•  Photo galleries of electronic parts with whiskers
•  Extensive list of reference materials on tin whisker research including many downloadable files
•  Links to media reports of whisker induced failures including several commercial satellites, pacemakers,


items monitored by the Nuclear Regulatory Commission and missile programs.
•  Tin Whisker Videos
•  And much more…
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OTHER TIN WHISKER RELATED ACTIVITIES


Military Users/CALCE Tin Whisker Consortium


In May 2002 a consortium consisting predominantly of representatives of US Military missile system manufacturers
formed a consortium to discuss the issue of tin whiskers.  NASA's NEPAG is a vital contributor to this consortium.  The
group has made several useful contributions in its short life to date including a www site hosted by the University of
Maryland's CALCE Consortium located at:


http://www.calce.umd.edu/lead-free/tin-whiskers/


Accomplishments of the Forum to date (most available at above www site):
•  GIDEP AAN-U-02-114 (July 11, 2002):  providing an overview of the tin whisker concerns/risks
•  Consortium "tin whisker position paper" re: Concerns about Tin Whiskers (past, present, future)
•  Tin Whisker Overview Document
•  Summary of Field Failures attributable to tin whiskers (MIL, medical, space)
•  Preliminary Tin Whisker Risk Mitigation Strategy Guidelines
•  Ongoing survey of EEE component suppliers regarding plans for Pb-free product offerings
•  Trying to secure DoD (MANTECH) funding to support "quantitative" assessment of mitigation strategies and


fundamental modeling of growth mechanism(s)


Future planned activities include quantitative experiments to judge the effectiveness of various whisker mitigation
strategies including use of conformal coat materials and hot solder dip of whisker prone surfaces.


National Electronics Manufacturing Initiative (NEMI)
http://www.nemi.org/PbFreePUBLIC/index.html


NEMI Tin Whisker Test Method Forum:


NEMI is continuing efforts to evaluate candidate test environments to accelerate the growth of tin whiskers.  Objective
is to recommend an industry standard set of test conditions to assess the whisker propensity of various finishes.  NEMI
has drafted a test procedure for assessing whisker growth potential of a given product.  They have submitted the test
procedure to JEDEC / IPC for consideration of developing a standard through those organizations. The test procedure
states that acceleration factors have NOT be determined and therefore, the tests are NOT intended for making
reliability predictions for any given application. Test procedure recommends that multiple test conditions be used to
judge whisker potential (t-cycle, elevated temp+humidity, ambient).  Precise test conditions and duration of test are still
under investigation and subject of debate amongst the group.


In addition to developing the test procedure, NEMI has planned follow-up experiments to validate that the proposed test
conditions are somewhat effective.  Experiments expected to commence in late 2003.


Industry organizations in Japan (JEITA) and the United Kingdom (ITRI- Soldertec) are independently performing
experiments like NEMI with similar objectives.  NEMI is sharing data with these organizations.  All three groups met in
May-June 2003 (in Japan).  Together they issued a public statement that they generally agree upon the types of
environmental tests that may stimulate whisker growth and they agreed to share their independent findings.  Still no
consensus has been reached regarding the fundamental mechanism of whisker growth and as such, a definitive test
method is still not available.


NEMI Tin Whisker "Modeling" (Fundamentals) Forum:


A second NEMI committee is conducting fundamental research to try to unlock the mystery behind the driving force for
tin whisker formation.  This forum has been closed to essentially only those paying members of NEMI (plus a few non-
paying participants actively providing expertise/resources).  I do not have direct access to information from this group to
be able to provide an update of their activities.






