	Microcircuit

Process

Wafer Fabrication
	NPSL Level 1

Class S

QML V
	NPSL Level 2

JAN Class B, QML Q
	NPSL Level 3

883B
	Latent Failure / Reliability Risk Concerns for NPSL Level 2 Parts in Space Flight



	Agency Team Certification of Plant and Operators
	Yes
	Yes
	No
	Does Wafer Fab meet good engineering practices, is plant certified to a standard, are the  operators trained and certified regularly?  Are the Wafer Fabrication modules audited on a regular basis. NPSL Level 1 change requests are controlled by users:  NASA/USAF. NPSL Level 2 are controlled by DSCC, and vendor who may lessen processes via optimization.



	Baselined Process Flow
	Yes
	Yes
	No
	Is process flow continuously monitored for baseline changes with substantiating data?  NPSL Level 1 change requests are controlled by users:  NASA/USAF, NPSL Level 2 are controlled by DSCC, and vendor may lessen processes via optimization.



	Number of Wafer Runs in lot
	1
	No longer controlled (but only from certified fab)
	Not Controlled
	NPSL Level 2 may use as many wafers / wafer runs as they want, from different fabrication facilities, domestic or foreign - and mix together, mix different size wafers/die, change at will. May be mixed further at distributor facilities. Major radiation and DPA concern! NPSL Level 2 TRB can change and just send a quarterly letter to DSCC with their rationalization.



	Wafer Lot Acceptance
	Yes
	No
	No
	NPSL Level 2 product may have varying wafer thickness, thinning metallization, varying glassivation thickness/voids, varying gold backing thickness, and thermal stability not monitored.  These are “early” indicators of ionic contamination, latent failures, etc. Life testing of the device type may be several years between lots, or may never be done if only generic data is used, so latent failures may not be detected prior to launch.



	Wafer Rework Control
	Yes
	Yes
	Not controlled
	A concern for homogeneity, reliability, and radiation hardness assurance. 

	Wafer Bonusing Controlled
	Yes
	No
	No
	A concern for homogeneity, reliability, and radiation hardness assurance.




MICROCIRCUIT RELIABILITY CONCERNS FOR NPSL LEVEL 2 PARTS IN SPACEFLIGHT APPLICATIONS:


-Lack of Homogeneity of chips adds risk re: DPA sample size / confidence level, SEM samples representative?, radiation samples representative/confidence level?, generic qualification/life testing on annual basis via “similar parts”, representative?  Are qualification tests on NPSL Level 1 parts which are completed on each “flight lot” less risky than NPSL Level 2 parts which are completed on a once-per-year to once every several-year basis?

- Possible mixture of wafers/die prior to assembly from different masks/different size wafers/different size die is a homogeneity problem.  Procurement via distribution channel may further mix lot.

- As Wafer Lot Acceptance is not required on NPSL Level 2, thinning metal at steps/contact windows/vias is acceptable, pin holes in glassivation are acceptable, parts with ionic contamination are acceptable.  Process controls are loosened.

- Are Electrical parameter tests measurements completed on DC, AC, and Functionals? Delta Calculations? This varies from part to part, and vendor to vendor.

- Space Quality parts (NPSL Level 1) with radiation hardened designators are geographically selected from center of the wafers to assure oxide uniformity, NPSL Level 2 parts are not.  Radiation results from NPSL Level 1 parts with radiation hardened designators do not apply to NPSL Level 2 parts.  NPSL Level 1 parts are traceable to the silicon wafer run, NPSL Level 2 are not.

	Assembly
	NPSL Level 1

Class S

QML V
	NPSL Level 2

JAN Class B, QML Q
	NPSL Level 3

883B
	Latent Failure / Reliability Risk Concerns for NPSL Level 2 Parts in Space Flight



	Agency Team Certification of Plant and Operators
	Yes
	Yes
	No
	Does Assembly facility meet good engineering practices, is plant certified to a standard, are the  operators trained and certified regularly?  Are the device assembly areas audited on a regular basis. NPSL Level 1 change requests are controlled by users:  NASA/USAF. NPSL Level 2 are controlled by DSCC, and vendor who may lessen processes via optimization.



	Internal Visual Inspection
	Yes

Cond. A
	Yes

Cond. B
	No=Mil Spec,

Yes=Inter-nal Vendor Spec
	Rejects to NPSL Level 1 (Cond A) are acceptable to NPSL Level 2 (Cond B).  Process controls are loosened:  bond placement requirements loosened, voiding requirement loosen, particle criteria loosened, etc.



	Tightened Lot Formation:  Wafer runs


	1
	8
	Not controlled
	NSPL Level 2 allows for multiple operators/machines, contract to outside assembly houses [foreign or domestic]

	Destructive Die Shear Monitor
	2 hours
	4 hours
	No
	NPSL Level 2 loosens process monitors.



	Destructive Bond Pull Monitor
	2 hours
	4 hours
	No 
	NPSL Level 2 loosens process monitors.



	Precap Visual Inspection
	100%
	15 Piece Sample
	Not Controlled
	NPSL Level 2 parts have loosened the visual requirements and use a sample selection.  Escapes could be a quality/reliability concern.

	Non Destructive Bond Pull
	Yes
	No
	No
	Early indicator of bonding problems prior to seal/burn-in temperatures.  Many new bonders have NDBP built in.

	Hermeticity
	100%
	100%
	Per Vendor
	NPSL Level 2 parts have the option to perform at any point after constant acceleration or lead form/trim, which could be “prior” to subsequent screening/handling steps that can damage the hermetic seal. 


MICROCIRCUIT RELIABILITY CONCERNS FOR NPSL LEVEL 2 PARTS IN SPACEFLIGHT APPLICATIONS:

-Loosened NPSL Level 2 Process controls in Internal visual inspection allows bond placement only partially on the bonding pad, particles bridging metal stripes, particle embedded in glassivation, mouse bits in metal stripes, balling, product that was inspected and selected out of NPSL Level 1 are acceptable in NPSL Level 2, …

-Lot formation may have multiple wafer runs, some new/current runs/mask sets could be mixed with older wafer runs/mask sets.  Is DPA sample of the correct confidence level for mixed, and multiple wafer runs?  Is the TID and SEE radiation test sample of the correct confidence level for mixed, and multiple wafer runs? 

-NPSL Level 2 lots could be die attached on many different die attach machines, could be wire bonded on many different wire bonding machines, then brought together and called one lot.  As NPSL Level 2 process controls are relaxed, any one of the machines could have drifted out of tolerance…   NPSL Level 1 requires a lot to be:  one operator, one machine, one shift. 

-NPSL Level 2 parts do not have the bond checked for adherence to the chip on a 100% basis, and have a looser Process Monitor in assembly.  This might allow poorly bonded parts to escape into a flight lot.

 
-Fine and Gross Leak testing is completed in assembly on Level 1 and 2.  However, NPSL Level 2 parts are handled in screening tests (through test socket insertions, though burn-in board loading insertions, and again in final test socket insertions, etc.) with no end-of-line hermeticity testing performed.  NPSL Level 1 parts have 100% hermeticity testing at end-of-line (just prior to shipping to the customer), NPSL Level 2 do not.  Possible leakers could escape into a flight lot.

-X-Ray is performed 100% on NPSL Level 1 parts.   X-ray is not performed on NPSL Level 2 parts.  Wire dress problems, particles, die attach problems, “lid seal damage” could escape into a flight lot.

	Screening
	NPSL Level 1

Class S

QML V
	NPSL Level 2

JAN Class B, QML Q
	NPSL Level 3

883B
	Latent Failure / Reliability Risk Concerns for NPSL Level 2 Parts in Space Flight



	Agency Team Certification of Plant and Operators
	Yes
	Yes
	No
	Does Screening facility meet good engineering practices, is plant certified to a standard, are the  operators trained and certified regularly?  Are the screening areas audited on a regular basis. Are test programs checked regularly/burn-in boards checked regularly.  NPSL Level 1 change requests are controlled by users:  NASA/USAF. NPSL Level 2 are controlled by DSCC, and vendor who may lessen processes via optimization.



	Electrical Subgroup 1-12 Tested


	Yes
	No
	No
	S only includes read and record. Slash Sheet electricals can differ on Level 2.  Parameters can be guaranteed, and not necessarily measured.



	Extended Burn-In (Dynamic, 240 hours)
	Yes
	No
	No
	NPSL Level 2 latent failures could escape into fight lots.

	100% PIND Test
	Yes
	No
	No
	Particles are a concern in Space hardware.



	PDA
	5%
	10%
	Some
	Reject lots from Level 1 are acceptable for Level 2.

	Attributes Data
	Yes
	Yes
	Yes
	

	Variable Data (Read/Record with delta calculations)


	Yes
	No
	No
	Only NPSL Level 1.  Level 2 parts may have excessive parameter drift over burn-in, indicative of possible long term drift out of specification.

	Hermeticity at End-Of-Line
	Yes
	No  
	No
	Only NPSL Level 1 has fine and gross leak checked POST “Handling”.



	X-Ray
	100%
	No
	No
	Only NPSL Level 1.

	Failure Analysis Requirements
	Yes
	No
	No
	S only


MICROCIRCUIT RELIABILITY CONCERNS FOR NPSL LEVEL 2 PARTS IN SPACEFLIGHT APPLICATIONS:

-NPSL Level 2 part electrical parameters such as switching, and functionals at temperature extremes may not be fully checked.  Non-functioning parts could escape into flight hardware.

-PIND is not conducted on NPSL Level 2 parts.  Particles are a concern in space flight for NPSL Level 2 parts as particles have been known to float and short in the weightlessness of space environment.

-End-Of-Line hermeticity testing is not conducted on NPSL Level 2 parts, which have been handled/inserted into fixturing during screening.  Leaking/damaged parts may escape into flight hardware.

- X-Ray testing is not conducted on NPSL Level 2 parts, which have been handled/inserted into fixturing during screening.  Leaking/damaged/anomalous parts may escape into flight hardware.

-NPSL Level 2 parts do not have requirements to perform failure analysis.

	Qualification
	NPSL Level 1

Class S

QML V
	NPSL Level 2

JAN Class B, QML Q
	NPSL Level 3

883B
	Latent Failure / Reliability Risk Concerns for NPSL Level 2 Parts in Space Flight



	Agency Team Certification of Plant and Operators
	Yes
	Yes
	No
	Does the qualification facility meet good engineering practices, is plant certified to a standard, are the  operators trained and certified regularly?  Are the qualification areas audited on a regular basis. Are test programs checked regularly/burn-in boards checked regularly.  NPSL Level 1 change requests are controlled by users:  NASA/USAF. NPSL Level 2 are controlled by DSCC, and vendor who may lessen processes via optimization.



	Frequency of 1000 hour Life test
	Yes

(every lot)


	12 months
	12 months
	On NPSL Level 1 lots:  every lot has a life test, and is qualified.   NPSL Level 2 = may be completed by outside contractor, and may be completed on a “similar generic device” on an annual basis.  (… may be several years (or never again) until your “actual device type” is qualified.



	Frequency of Package Qual
	6-12 months
	12    months
	12    months
	


MICROCIRCUIT RELIABILITY CONCERNS FOR NPSL LEVEL 2 PARTS IN SPACEFLIGHT APPLICATIONS:

-NPSL Level 2 parts may vary and not be life tested on the exact device type for “many years”, but may have similar parts generically qualified.  Latent failures may escape into flight hardware.  
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