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MEMORANDUM FOR MILITARY/INDUSTRY DISTRIBUTION


SUBJECT:  ENGINEERING PRACTICE STUDY TO REVIEW THE PROPOSAL TO ADD DISPLACEMENT DAMAGE TO MIL-PRF-19500; GENERAL SPECIFICATION FOR SEMICONDUCTOR DEVICES, AND APPLICABLE BIPOLAR TRANSISTOR, DIODE, AND MOSFET SPECIFICATION SHEETS
	Project Number 5961-2012-047

[bookmark: _GoBack]	This EP Study document, dated 27 August 2012, is now available for viewing and downloading from the DLA Land and Maritime website:

http://www.dscc.dla.mil/Programs/MilSpec/DocSearch.aspx

	The proposal is to add displacement damage characterization testing to Group E and update the existing test method 1017 requirements of MIL-RPF-19500.  Additional neutron characterization information will be added to individual slash sheets.  These changes are described in the attached EP study.

	Concurrence or comments are required at this Center within 45 days from the date of this letter.  Late comments will be held for the next coordination of the document.  Comments from Military departments must be identified as either "Essential" or "Suggested".  Essential comments must be justified with supporting data.  Military review activities should forward comments to their custodians of this office, as applicable, in sufficient time to allow for consolidating the department reply.  Since Navy-EC is the custodian for this document, all Navy review activities should forward their comments directly to this Center.

The point of contact for this document is Mr. Jason Hochstetler, DLA Land and Maritime-VAC, Post Office Box 3990, Columbus, OH 43216-3990.  Mr. Hochstetler can also be reached at 614-692-7106/850-7106, or by facsimile 614-692-6939/850-6939, or by e-mail to: Jason.Hochstetler@dla.mil.
	/signed/
	THOMAS M. HESS
	Chief
	Active Devices Team


ENGINEERING PRACTICES STUDY

TITLE:  PROPOSED DISPLACEMENT DAMAGE CHANGES TO MIL-PRF-19500; GENERAL SPECIFICATION FOR SEMICONDUCTOR DEVICES, AND APPLICABLE BIPOLAR TRANSISTOR, DIODE, AND MOSFET SPECIFICATION SHEETS




27 August 2012




STUDY PROJECT (SEE ATTACHMENT 1)




PRELIMINARY




Study Conducted by DLA LAND AND MARITIME








	Prepared by:


Jason Hochstetler






I.  OBJECTIVES:  An engineering practice study is being conducted to review the proposal to add Displacement Damage to MIL-PRF-19500 and applicable bipolar transistor, diode and MOSFET specification sheets.  The purpose of this study is to determine if the proposals that were submitted are acceptable.

II.  BACKGROUND:  A request has been made to include displacement damage testing in the qualification requirements of MIL-PRF-19500.  Current RHA requirements in MIL-PRF-19500 only require total dose, with the implied level of displacement damage not guaranteed.  If the displacement damage test is desired it must be specified in the contract.  Some Space and nuclear hardened systems need parts that are guaranteed for both total dose and displacement damage environments.  The addition of neutron characterization information would benefit users of RHA devices.

A coordination meeting was held at DLA Columbus to determine the feasibility and scope of adding a cost effective displacement damage qualification test.  It was determined at the meeting that adding a Group E characterization is the best option if this type of data is included in the specification sheet.  Additionally it was agreed to not make any changes to the existing RHA classification levels to avoid problems with part substitution and existing parts lists.  Table E-III will be updated to reflect the new available characterization information in the specification sheets.  All new neutron information provided will be in addition to the existing total dose information.  It will be up to the user to determine how they combine the information.  Neutron characterization is dependent on design, so as long as the design has not changed, the additional information will not affect existing part characteristics.  Data will be provided using 1MeV equivalent neutrons in a new group E characterization based on the conditions from the existing Group D1 table.  Grouping of testing is proposed to be based on vertical geometry (base width, emitter depth, and collector width) and bulk properties (resistivity and lifetime).  If these factors are the same then any size die would be considered structurally identical.

See attachment 1 for the proposal to update Table E-II RHA levels and requirements.

See attachment 2 for the proposal to clarify Group D notes for test method 1017.

See attachment 3 for the proposal for a new Group E subgroup to require Neutron characterization.

See attachment 4 for the format of the proposed specification sheet neutron characterization table.

Concurrence has not been resolved for the proposed conditions needed to specify these new requirements in the specification sheets.  Attachment 4 is the first proposed format.  A second suggested format suggested that the count, mean, and the standard deviation be required and then the user could use that to come up with their own information in their desired format.  The attached format includes 3 RAD levels with other comments suggesting 6 levels.  A final proposal to represent the best possible solution is still undecided.

In addition, this study requests feedback on implementing new part numbers or suffixes to reflect this additional characterization to differentiate from what was available in the past.

III.  RESULTS:  All comments on this study shall be submitted to jason.hochstetler@dla.mil and resulting coordinated changes will provide a basis for updating MIL-PRF-19500 in the next spec action.  Comments to this study are to be provided to DLA Land and Maritime within 45 days from the date of this letter.

IV.  CONCLUSIONS:  The final comments on this study will be published in a final EP study report after all submitted comments have been resolved.

V.  RECOMMENDATIONS:  DLA Land and Maritime recommends that all military and industry representatives review the proposed changes to the slash sheets and provide comments



ATTACHMENT 1: Table E-II update to inform users that the displacement damage level will be designated in the specification sheet.





TABLE E-II.  RHA levels and requirements.  1/ 2/ 

	
Radiation level

	
RHA
designation

	
Total ionizing
dose
(RAD(Si)) 3/ 

	
Displacement Damage, Neutron
fluence
(N/Cm2) 4/ 5/

	
M

	
3 x 103
	

	
D

	
1 x 104
	

	
P

	
3 x 104
	

	
L

	
5 x 104
	

	
R

	
1 x 105
	

	
F

	
3 x 105
	

	
G

	
5 x 105
	

	
H

	
1 x 106
	



1/ See E.6.5.
2/ The highest level may be qualified without qualifying any lower level.
3/ Test in accordance with test method 1019 of MIL-STD-750.  
4/ Test in accordance with test method 1017 of MIL-STD-750.  Unless otherwise specified in the specification sheet, the minimum neutron fluence shall be 2 x 1012 N/cm2.
5/ Parametric degradations, as defined in the specification sheet, due to ionizing radiation and due to displacement damage, shall be combined by the user for their application environment.











ATTACHMENT 2: Clarification to note 2 of Table E-VII.



TABLE E-VIII.  Group D inspection (RHA inspections.  1/

	
Test
	
MIL-STD-750
	
JANS
	
JANTXV

	
	
Method
	
Condition

	Quantity/ (accept number)
	
Notes

	Quantity (accept number)
	
Notes

	
Subgroup 1  2/

Neutron irradiation
	


1017
	


+25°C
	


	


	


	



	Qualification and conformance inspection
	
	
	 11(0)
	3/
	(a) 11(0)
	4/

	End-point electrical parameters
	
	As specified in accordance with specification sheet
	
	
	
	

	
Subgroup 2  5/

Steady-state total
dose irradiation
	


1019
	


+25°C

	




	




	




	





	Qualification and conformance inspection
	
	


	4(0)
2(0)
1(0)
	6/
8/
9/
	11(0)

	7/


	End-point electrical parameters
	
	As specified in accordance with specification sheet
	
	
	
	

	
Subgroup 3  10/

Power transistor electrical
dose rate test

End-point electrical parameters
	


3478
	


+25°C


As specified in accordance with specification sheet
	


  11(0)
	


     3/
	


   11(0)
	


    4/



	See footnotes at end of table.




TABLE E-VIII.  Group D inspection (RHA inspections) – Continued. 1/

1/	Parts used for one subgroup test may not be used for other subgroups but may be used for higher levels in the same subgroup.  Unless testing is performed within the time limits of the test method, total exposure shall not be considered cumulative.  Group D tests may be performed prior to device screening (see E.6.5).
2/	Unless by design, waive neutron tests for MOS devices, bipolar elements are an integral part of the device function. waive neutron tests for MOS devices.
3/	In accordance with wafer lot.  If one part fails, seven additional parts may be added to the test sample with no additional failures allowed, 18 devices, c = 1.
4/	In accordance with inspection lot.  If one part fails, seven additional parts may be added to the test sample with no additional failures allowed, 18 devices, c = 1.
5/	JANTXV devices shall be inspected using either the JANTXV quantity/accept number criteria as specified, or by using the JANS criteria on each wafer.
6/	For device types with greater than or equal to 4,000 die per wafer, selected from a random locations on the wafers.
7/	In accordance with inspection lot.  If one part fails, 16 additional parts may be added to the test sample with no additional failures allowed, 27 devices, c = 1.  For devices which require more than one bias, the sample size shall be 11(0) for each bias.
8/	For device types with greater than 500 and less than 4,000 die per wafer, selected from random locations on each wafer.
9/	For device types with less than or equal to 500 die per wafer, selected from random locations on each wafer.
10/	Upset testing during qualification on first conformance inspection shall be conducted when specified in contract or order when specified, the same devices may be tested in more than one subgroup.





ATTACHMENT 3: Proposed new Group E subgroup.  This subgroup would be the location for the neutron characterization testing.  Nine devices were chosen as the sample size to allow manufacturers to use existing data that they already have to reduce cost.


TABLE E-IX.  Group E inspections (all quality levels)




	Subgroup 12

Displacement Damage Characterization
	

1017
	

For RHA devices, each supplier shall submit displacement damage characterization data.  Samples may be taken from any wafer of the qualification lot.  As a minimum, testing shall be at 5E+10 and 2E+12 n/cm2, and one level in between.  If the device degrades less than 5 percent of the specification at the highest fluence level, a single data point may be sufficient.  The data presented in the slash sheets demonstrates parametric deltas that represent a statistical treatment of the data using one-sided tolerance limits, KTL statistics at the .99/90 level (in accordance with table IXB of MIL-HDBK-814).
	

9 devices (for each Neutron Fluence level)









ATTACHMENT 4: Proposed format of the neutron characterization table(using MIL-PRF-19500/255 as an example).

TABLE IV.  Group E inspection

	
Inspection  1/ 2/ 3/
	
MIL-STD-750
	
	Delta Parameter Value 4/ 6/
	
Unit
	Neutron Level
(n/cm2)

	
	Method
	Conditions
	Symbol
	
	
	

	
Subgroup 12
	
	
	
	
	
	

	
	
	
	
	
	
	

	Neutron Irradiation

	1017
	Neutron exposure VCES = 0V
	
	
	
	

	Delta Collector to base cutoff current

	3036
	Bias condition D; VCB = 75 V dc

	ΔICBO1
	0.99
0.77
1.20
	nA dc
	3.6E11
6.1E11
2.3E12


	Delta Emitter to base cutoff current

	3061
	Bias condition D; VEB = 6 V dc
	IΔEBO1
	1.29
0.82
1.26
	nA dc
	3.6E11
6.1E11
2.3E12


	Delta Breakdown voltage, collector to emitter

	3011
	Bias condition D; IC = 10 mA dc;
pulsed (see 4.5.1)
	ΔV(BR)CEO
	4.64
5.22
5.52
	V dc
	3.6E11
6.1E11
2.3E12


	Delta Collector to emitter
cutoff current

	3041
	Bias condition C; VCE = 50 V dc
	ΔICES 
	0.77
0.65
0.93
	nA dc
	3.6E11
6.1E11
2.3E12


	Delta Collector to base cutoff current

	3036
	Bias condition D; VCB = 60 V dc
	ΔICBO2 
	0.94
0.68
1.10
	nA dc
	3.6E11
6.1E11
2.3E12


	Delta Emitter to base  cutoff current

	3061
	Bias condition D; VEB = 4 V dc
	IΔEBO2
	0.11
0.04
0.12
	nA dc
	3.6E11
6.1E11
2.3E12


	Delta Inverse Forward-current  transfer ratio
	3076
	VCE = 10 V dc; IC = 0.1 mA dc
	Δ1/hFE1 5/
	6.84E-4
1.10E-3
3.75E-3
	
	3.6E11
6.1E11
2.3E12

	
Delta Inverse Forward-current transfer ratio
	
3076
	
VCE = 10 V dc; IC = 1.0 mA dc
	
Δ1/hFE2 5/
	
3.64E-4
5.52E-4
1.90E-3
	
	
3.6E11
6.1E11
2.3E12


	Delta Inverse Forward-current transfer ratio
	3076
	VCE = 10 V dc; IC = 10 mA dc
	Δ1/hFE3 5/
	1.83E-4
2.62E-4
8.75E-4

	
	3.6E11
6.1E11
2.3E12


	Delta Inverse Forward-current transfer ratio
	3076
	VCE = 10 V dc; IC = 150 mA dc
	Δ1/hFE4 5/
	7.96E-5
1.14E-4
3.59E-4
	
	3.6E11
6.1E11
2.3E12


	Delta Inverse Forward-current transfer ratio
	3076
	VCE = 10 V dc; IC = 500 mA dc
	Δ1/hFE5 5/
	4.42E-4
5.96E-4
1.79E-3
	
	3.6E11
6.1E11
2.3E12


	Delta Collector-emitter saturation voltage
	3071
	IC = 150 mA dc; IB = 15 mA dc
	ΔVCE(sat)1
	3.4
4.0
8.3
	mV dc
	3.6E11
6.1E11
2.3E12


	Delta Collector-emitter saturation voltage
	3071
	IC = 500 mA dc; IB = 50 mA dc
	ΔVCE(sat)2
	7.9
9.1
16.0
	mV dc
	3.6E11
6.1E11
2.3E12



See footnotes at end of table.


TABLE IV.  Group E inspection - Continued.

	
Inspection  1/ 2/ 3/
	
MIL-STD-750
	
	Delta Parameter Value 4/
	
Unit
	Neutron Level
(n/cm2)

	
	Method
	Conditions
	Symbol
	
	
	

	
Subgroup 12 - Continued
	
	
	
	
	
	

	
Delta Base-emitter saturation voltage
	
3066
	
Test condition A; IC = 150 mA dc;
IB = 15 mA dc; pulsed (see 4.5.1)
	
ΔVBE(sat)1
	
5.2
4.0
5.0

	
mV dc
	
3.6E11
6.1E11
2.3E12


	
Delta Base-emitter saturation voltage
	
3066
	
Test condition A; IC = 500 mA dc;
IB = 50 mA dc; pulsed (see 4.5.1)
	
ΔVBE(sat)2
	
6.7
4.8
2.9
	
mV dc
	
3.6E11
6.1E11
2.3E12




1/  This data represents typical characterization of the process
2/  For characterization requirements, see MIL-PRF-19500, Table E-IX.
3/  Electrical characteristics apply to the 2N2221A and the 2N2222A with all corresponding AL, UA, UB, and UBC suffix versions unless otherwise noted.
4/  For post radiation degradation (total dose and displacement damage) these values, at the users neutron fluence of interest, must be combined with the Group D, Subgroup 2 endpoints per users requirements.
5/  See method 1019 of MIL-STD-750 for how to determine [hFE] by adding the neutron Δ1/hFE with the total dose Δ1/hFE.  Notice the [hFE] is not the same as hFE and cannot be measured directly.  The [hFE] value can never exceed the pre-radiation minimum hFE that it is based upon.
6/  The data presented demonstrates parametric deltas that represent a statistical treatment of the data using one-sided tolerance limits, KTL statistics at the .99/90 level (in accordance with table IXB of MIL-HDBK-814).
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