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Abstract
As announced at previous AMICSA workshops in 2012 and 2016, the European Space Components Coordination (ESCC) system has evolved in recent years in order to improve its Qualiﬁcation methodologies. In order to save time and efforts and remove any possible duplications o repetitions, an effort is underway to transform the current ESCC scheme, based on the implementation of two independent stages of actual component tests (electrical, environmental, endurance).

This paper describes:

- the principles of implementation of Single Phase Qualification (SPQ) as set in the latest update (up to its issue 10) of ESCC 9000 (Integrated circuits: Monolithic and Multichip Microcircuits, Wire-bonded, Hermetically Sealed and Flip-Chip Monolithic Microcircuits, Solder Ball bonded, Hermetically and Non-hermetically Sealed, and Die)
- the progress in the preparation of the Assembly and Test Houses (ATH) certiﬁcation scheme. 
Both developments will streamline testing requirements and may therefore open opportunities for a fast-track to full ESCC Qualification for Microcircuits.
I. ESCC 9000 issue 10 (february 2018)
A. Scope of insertion of SPQ in ESCC 9000.
The insertion of SPQ is limited to hermetic, wire-bonded, Integrated Circuits. This implies that the formal Qualification of Flip-chip and Die product is still to be achieved through the implementation of two separate stages of test, as defined in ESCC 9000 and ESCC 226900.
B. SPQ in ESCC9000 Iss. 10– A helicopter view.
The insertion of SPQ requires initial assessment activities followed by a Qualification test stage:

(a) Initial assessment
The initial assessment reviews the manufacturer’s status of conformance with general ESCC requirements. These include: - a commitment to maintain the mid-term availability of product in the market,
- a commitment to maintain qualification, 
- the implementation of ESCC-specific Quality Assurance requirements and other documentation requirements.
The initial assessment reviews as well the component in question regarding its construction, performances, compatibility with the Space environment and intrinsic reliability. In particular, on the subject of the component’s  reliability, wafer-level and component-level requirements are developed in the ESCC 9000 specification with the aim to establish satisfactory operation of the qualified microcircuits up to 18 years operating life at Tj ≤ +110°C. In lack of suitable test data evidence, at this assessment stage, in this respect, the duration for Operating Life Test (OLT), to be performed as part of Qualification testing, may have to be doubled up to 4000 hours at Tamb = +125°C.

The initial assessment’s requirements have developed policy agreed in general in recent years for the whole ESCC system, with the aim to assess better the qualified components for their compatibility with their use and application. This includes, for example, a more explicit -possibly harder- approach, which has been developed in this update of the specification, to verify by test the component’s capabilities with regards to: mission reliability, radiation hardness or its assembly onto a printed circuit board.  With the development of SPQ, an assessment of the microcircuit’s capability to withstand typical mounting techniques is now required as a prerequisite to advance further into Qualification. Similarly, Radiation evaluation test evidence and Construction Analysis reports, obtained in line with mandatory test method requirements as set in applicable ESCC specifications, have become necessary inputs at the time of this initial assessment.
The initial assessment concludes with a Manufacturer Data Review, an “extended audit”, where the ESCC Executive confirms adequacy and completeness of the data. It may be noted therefore that no manufacturer’s self-certification is possible in this respect, as this is a general rule for ESCC Qualification. The Manufacturer Data Review in fact substitutes the Evaluation phase specified in general in ESCC for other technologies and opens the door to the only stage of Qualification testing required.
(b) Qualification testing Phase
A revised chart F4A in ESCC 9000 defines Qualification testing through the identification of sequences of tests, test methods and sampling requirements. The various tests are gathered in different branches in the referenced chart, as subgroups (SG). It is really worth mentioning that microcircuits submitted to Qualification testing have to satisfactorily pass first the ESCC 9000 production control inspections and screening tests as applicable, identified in the specification’s charts F2A and F3A, respectively.
 The main changes introduced in this update of ESCC 9000, compared to its previous issue 9, are described in the rest of this paragraph, in consideration of the test required for each SG.
- Environmental / Mechanical SG. Test condition letter C (-65°C/+150°C) is now specified for Temperature Cycling in accordance with MIL-STD-883, Test Method 1010 (where it was letter B, -55°C/+125°C).
- Endurance SG. The possibility that the duration of OLT may need to be extended up to 4000 hours has been implemented (where it was 2000 hours). The sampling size has also been increased, up to 45 pieces, for OLT at the time of (initial) Qualification Testing.

- Assembly Capability SG. An Internal Gas Analysis has been added (MIL-STD-883, Test Method 1018).
These changes, introduced in the chart F4A as explained, have resulted in a more demanding set of requirements in some aspects. In exchange of this slightly additional effort, the whole test sequence previously required as a first evaluation test stage in ESCC 2269000, has become obsolete for hermetic, wire-bonded integrated circuits in the ESCC Qualification system. It may be noted as well that the revised chart F4A, supplemented by charts F2A and F3A as explained, requires the implementation of all tests usually required for microcircuits qualification for the most demanding missions  (for example, all tests defined in NASA’s EEE-INST-002, Section M3, except its SG6, are now required in ESCC 9000 from issue 10).
C. Opportunities and risks.
As highlighted at the time of AMICSA 2016, overlapping the previously specified two stages of test (evaluation as required in ESCC 2269000 + Qualification as required in ESCC 9000) was not really forbidden in the past, but it rarely happened in formal Qualification. It was often understood that proceeding to Qualification testing without the product knowledge and other assurances obtained in the Evaluation stage might introduce too high a risk. 

However, experience in many satellite projects, as obtained in the last 20 years, has proven that certain risks do not actually materialise that often if an adequate EEE Parts Engineering approach may be implemented at the level of part’s specification, radiation evaluation and procurement inspections. In addition, maturity has been achieved among most established component manufacturers supplying space parts, so their understanding of the space market expectations and needs is usually very complete. This implies that some of these manufacturers are often performing extensive product evaluations before they bring any new space products to the market. This sometimes means that the sort of test evidence that might be obtained from a traditional ESCC evaluation test phase may have actually been gathered already, independently, by the manufacturers, who may then be open to share it with the ESCC Qualifying agencies at the time of an initial assessment, as explained. As a result of all this, confronted with cost and schedule limitations, implementing a “success-oriented” lot qualification in parts procurement is not an infrequent practice. This has not eliminated of course the risk that a flight lot fails tests, or that the component’s expected performance and capabilities cannot be obtained from a specific lot. To a certain extent, in the move to SPQ, the ESCC system has started to mirror that space parts procurement approach, and, hence, abandon a nearly absolute aversion to component reliability or workmanship risks. The risk is, as in the case of real life parts procurement, that a formal Qualification project actually fails to achieve its desired target if the specified Qualification test regime is just too demanding for the technology or component in question. In a way, using a SPQ scheme will prove (again) that the certification of an achieved formal Qualification “only happens when it happens”.

In a similar fashion, it is acknowledged that advancing to a SPQ approach may imply a higher risk that Qualification testing actually encounters failures, as one of the outputs evaluation testing may be to limit the scope of qualification, or refine specification component ratings or performance characteristics. In addition, experience shows that a (possibly) slower, two-stage Qualification approach actually gives manufacturers and agencies the opportunity and time to develop and stabilise adequate test strategies, methods and means, with a proper level of documentation. With the introduction of SPQ, the risk that a new test set-up actually fails to serve its purpose may therefore become more real if there is less time to design and verify it. This sort of risk becomes obviously more serious in the case of relatively new manufactures or component supply chains, which imply outsourced operations. In these cases, the lack of an adequately developed and stable supply chain may actually lead to a failed Qualification campaign. In this respect, when implementing a SPQ, the manufacturers and qualifying agencies need to perform a solid, detailed and systematic review of the product and test baseline before the Qualification testing starts, as this is a first-time-right approach.
The new SPQ methodology for microcircuits qualification still tries to obtain massive reliability and quality assurance by component testing. However, the revised ESCC 9000 focuses more on setting a suitable minimum acceptance test limit (the revised chart F4A, actually more demanding than it was) while it leaves it to the manufacturer to compile a satisfactory and convincing-enough product file, a data set, his “internal qualification”, to be reviewed and approved in an extended audit. The expectation is that this move might increase the number of fully qualified parts and technologies, which would still be supported by sufficient assurance by test and would benefit as well from the well-established set of ESCC Quality Assurance requirements, which have ensured that ESCC Qualified parts have performed reliably for decades in so many missions..
II. assembly and test houses certification
At the time of writing, efforts are in progress in order to define ESCC requirements for the certification of the capabilities of Assembly And Test Houses (ATH). The general certification scheme to be used in this case is called Process Capability Approval (PCA) and is introduced in ESCC 25600 specification. This PCA approach has been developed and implemented already in the case of hermetic and non-hermetic hybrid (typically “chip and wire” on a substrate) manufacturing lines in Europe, in accordance with requirements set in ESCC 2566000 and ESCC 2566001, respectively. In the case of ATH certification, it is expected that an ESCC specification for such process capability approvals may be finished and published before the end of 2018.
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A better understanding of the ESCC system can be achieved by checking the information published at the mentioned website (https://escies.org), through the reading of ESCC 20000, by sending specific questions or requests to secretariat@escies.org or by attending an ESCC training session, such as those organised periodically by ESA at its ESTEC establishment, which are free of charge.
