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Deliverable abstract 
 
 
Standardization within STREAMS Task 7.5 aims at providing a bridge connecting research to industry 
by promoting innovation and commercialization through dissemination of new ideas and best practice. 
This deliverable analyses international standard organizations, consortia and documents that should be 
considered in the perspective of the fabrication and industrialization of a microfluidic cooling system for 
electronic devices. Binding regulations developed by the JEDEC committee JC15 are analyzed to 
identify any restrictions or constraints concerning microfluidics use in electronic components. In addition, 
SEMI standards are analyzed, especially the standards linked to the microfluidics task force initiated in 
the 2000’s. Finally a discussion with Carricool project partners is summarized, with suggestions on new 
data to explore. This deliverable is the preliminary report for a larger document constituting the 
deliverable 7.7 that will be issued at the end of the project (M36). 
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1 – Introduction  
 
 
According to the European Commission (2008), “standardization” is a voluntary cooperation among 
industry, consumers, public authorities and other interested parties for the development of technical 
specifications based on consensus. Standardization complements market-based competition, typically 
in order to achieve objectives such as the interoperability of complementary products/services, and to 
agree on test methods and on requirements for safety, health, organizational and environmental 
performance. Standardization also has a dimension of public interest, in particular whenever issues of 
safety, health, security and of the environment are at stake. 
 
In the context of improving Europe's competitive performance through innovation, there are close links 
between standardization and research. Many research projects deal with issues such as interoperability 
of technologies, defining specific techniques that may need to be included in standards, etc. The results 
of research projects can be invaluable to standardizers, and, conversely, research projects need to have 
state-of-the-art information on standards that are available or that are under development. In some 
cases, the standards activity itself may generate the need for additional research, for instance into the 
appropriate test methods for a product. 
 
Standardization within STREAMS Task 7.5 aims at providing a bridge connecting research to industry 
by promoting innovation and commercialization through dissemination of new ideas and best practice. 
This will comprise circulating of new measurement and evaluation methods, implementation of new 
processes and procedures created by bringing together all interested parties such as manufacturers, 
researchers, designers and regulators concerning products, raw materials, processes or services.  
 
This deliverable first analyses the landscape of international standard organizations, consortia and 
documents that should be considered in the perspective of the fabrication and industrialization of a 
microfluidic cooling system for electronic devices.  
 
Then, specific documents are described. Activities within JEDEC Committee JC-15 include the 
standardization of thermal characterization techniques, both testing and modelling, for electronic 
packages, components, and materials for semiconductor devices. But the embedded cooling of 
advanced Microelectronics devices is not addressed at this time. This dimension is actually found in 
SEMI standards that has benefited in 2003/2004 of a Microfluidic task force to determine the critical 
common needs in this area and develop technical standards. Further data are found in collaborative 
project developments and in industry /research specific consortia. For instance, a discussion with the 
CarrICool project partners is summarized to give an external point of view on this standard topic. 
 
Finally, we will describe the next tasks to be accomplished in order to provide at the end of the project 
a more detailed report on the standards with robust recommendations. 
 
 
 
2 – Worldwide standard organizations and consortia related to microelectronics and fluidics 
 
 

2.1 – Joint Electron Device Engineering Council (JEDEC) 
 
JEDEC is the global leader in developing open standards for the microelectronics industry, with more 
than 3,000 volunteers representing nearly 300 member companies. JEDEC brings manufacturers and 
suppliers together to participate in more than 50 committees and subcommittees, with the mission to 
create standards to meet the diverse technical and developmental needs of the industry. JEDEC 
publications and standards are accepted throughout the world, and are free and open to all. JEDEC is 
accredited by The American National Standards Institute and maintains liaisons with numerous 
standards bodies throughout the world. The JEDEC committees that can be relevant for STREAMS are: 
JC-14, responsible for standardizing quality and reliability methodologies for solid state products used 
in commercial applications such as computers, automobiles, telecommunications equipment, etc. It also 
includes standards for board-level reliability of solid state products used in commercial equipment. 
JC-15 scope includes the standardization of thermal characterization techniques, both testing and 
modeling, for electronic packages, components, and materials for semiconductor devices. 
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JC-63 defines standards for multichip package that address unique electrical, mechanical, test, and 
architecture issues relating to die-to-die design and manufacturing for commercial applications. 
 
 

2.2 – Semiconductor Equipment and Materials International (SEMI) 
 
SEMI is a not-for-profit global industry association, representing the suppliers of equipment and 
materials used to manufacture semiconductors and many high tech technologies (ASICS, MEMS, 
photovoltaic, flat panel display, etc.). SEMI is the global industry association serving the manufacturing 
supply chain for the micro- and nano-electronics industries, including Semiconductors, Photovoltaics 
(PV), High-Brightness LED, Flat Panel Display (FPD), Micro-electromechanical systems (MEMS), 
Printed and flexible electronics and related micro- and nano-electronics. For more than 40 years, SEMI 
has served its members and the industries it represents through programs, initiatives, and actions 
designed to advance business and market growth worldwide. SEMI brings together industry experts 
through a number of committees to develop globally accepted technical standards. These Standards 
Technical Committees provide the forum for the essential collaborations that must be achieved to move 
new and existing markets forward efficiently and profitably. Choose a committee below to learn more 
about activities including charter and scope where available in that area. 
 
3D Packaging and Integration Committee  develops standards for materials including prime silicon, 
glass wafers, temporary and permanent bonding material, materials for interconnection. Standards for 
heterogeneous and multi-chip packaging technologies and associated metrologies. 
 
MEMS/NEMS Technical Committee works on unique requirements of standards for MEMS & NEMS 
devices that cannot be handled by existing technical committees. The integrating ability to interact with, 
or measure the properties of fluids, has created a new class of microfluidic products that create new 
sectors and applications. SEMI Standards Global MEMS Technical Committee received input from the 
Microfluidics Task Force in 2003/2004 to determine the critical common needs in this area and develop 
technical standards. 
 
 

2.3 – European Committee for Standardization (CEN) & European Committee for 
Electrotechnical Standardization (CENELEC) 
 
The European Committee for Standardization (CEN) is a business catalyst in Europe, removing trade 
barriers for European stakeholders such as industry, public administration, service providers, 
consumers and other stakeholders. Through its services CEN provides a platform for the development 
of European Standards and other specifications. More than 60.000 technical experts as well as business 
federations, consumer and other societal interest organizations are involved in the CEN network that 
reaches over 480 million people. 
 
The European Committee for Electrotechnical Standardization (CENELEC) is officially responsible for 
standardization in the electrotechnical field. CENELEC fosters innovation and competitiveness, making 
technology available not only to major businesses but also to SMEs through the production of voluntary 
standards. Through the work of its 31 Members together with its experts, the industry federations and 
consumers, Electrotechnical European Standards are created in order to help shape the European 
Internal Market, to encourage technological development, to ensure interoperability and to guarantee 
the safety and health of consumers and provide environmental protection. 
 
 

2.4 – CarrICool Project (FP7-ICT)  
 
CarrICool is a European project with the objective of a modular interposer architecture providing scalable 
heat removal, power delivery and communication. In CarrICool, advanced More-than-Moore 
components required to scale to energy efficient ExaFLOP computing performance are developed and 
integrated into a modular and multifunctional interposer. Four critical packaging elements are 
implemented on the CarrICool interposer: i) improved structural and electrical performance will be 
provided by expansion matching and high wiring density; ii) low thermal gradients for Beyond-CMOS 
and silicon photonic devices will be provided by integrated, single-phase, water-cooling cavities; iii) high 
granularity, distributed Buck-converters using integrated, high-quality power inductors will support 
energy-efficient power delivery to heterogeneous chip stacks; iv) off-chip bandwidth will be enabled 
through low-cost and low-loss passive optical coupling to silicon photonic wave guides. 
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The CarrICool consortium gathers ten partners from global companies, European SMEs, institutes and 
academia across seven European countries. The coordinator is IBM Research GMBH (Switzerland). 
 
 

2.5 – MFManufacturing (ENIAC Project) 
 
MFManufacturing is the European initiative for the standardization and manufacturability of complex 
micro-fluidic (MF) devices. The MFManufacturing project has been accepted by the ENIAC Joint 
Undertaking (JU), a public-private partnership focusing on nanoelectronics that brings together ENIAC 
Member/Dutch, French and United Kingdom States, the European Commission, and AENEAS (an 
association representing European R&D actors in this field). 
 
The objective of the MFManufacturing project is to bring the manufacturing of microfluidic devices to the 
same level of maturity and industrialization of electronic devices, enabling them to address more widely 
in the healthcare needs. The anticipated standardization in the microfluidics field will focus on increasing 
maturity of both functional and fabrication process aspects: 
- Gain of maturity in MF functions focusing both on novel functional modules and their interoperability, 
- Gain of maturity in manufacturing process: focusing on a distributed pilot line, on novel hybrid 

integration processes and on increasing maturity of some selected manufacturing processes, 
This will have an effect on availability, reliability as well as accessibility and will result in device cost 
reduction and improved time-to market. These conditions will enable large scale uptake of microfluidic 
devices in the markets identified. 
 
 

2.6 – Microfluidics Consortium 
 
This Consortium brings together stakeholders in Microfluidics from across Europe and the USA to learn 
about state-of-the-art, recent applications, market dynamics as well as to collaborate to address key 
issues which are constraining growth and scale-up 
 
 
 
3 – Review of standards and documents related to th e field of STREAMS project 
 
 
In this part we list and describe the existing standards found within JEDEC, SEMI and other database 
that are considered relevant in the context of STREAMS project. They include documents related to 
generic information, documents related to the thermal performance and finally documents related to the 
specific fluid co-existence with the electronic devices. 
 
 

• JEDEC - JESD69B: Information Requirements for the Q ualification of Silicon Devices 
This very generic standard defines a minimum set of data elements that describes the component. It 
includes quality, reliability, electrical and mechanical performance data, materials used within the 
component and general requirements:  

- General information: technology & device type, package type (…) 
- Die fabrication process, supplier, location, metallization, number of level, protective coating, 
UBM composition and die substrate material 
- Package assembly: supplier, location, substrate type, die-to-die and/or die-to-package 
interconnect, die attach, terminal finish and solder ball material 

Introducing microfluidics in the interposer will necessitate to establish a proper terminology in order to 
adequately define these data. 
 
 

• JEDEC - JESD51 
This family of standards define methodology necessary for meaningful thermal measurements on 
packages containing single chip semiconductor devices 
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• JEDEC - JESD51-13 – Glossary of Thermal Measurement  Terms and Definitions 

This document provides a unified collection of the commonly used terms and definitions in the area of 
semiconductor thermal measurements. The terms and definitions provided herein extend beyond those 
used in the JESD51 family of documents to include other often used terms and definitions in the area of 
semiconductor thermal measurements. 
 
 

• JEDEC - JESD51-12.01 – Guidelines for Reporting and  Using Electronic Package Thermal 
Information 

This document define electronic package thermal information to be reported consistently by suppliers. 
It serves end users to be able to understand, interpret and use the data reported, as well as compare 
the thermal performance of various packages under standardized test conditions. Standardized thermal 
values include: 
θJA chip junction-to-ambient air thermal resistance 
θJMA chip junction-to-moving air thermal resistance 
θJCx/θJBx conduction thermal resistances (top/bottom) 
ΨJT junction-to-top thermal characterization parameter 
ΨJB junction-to-board thermal characterization parameter 
 
Temperature measurement locations used to determine these values are shown in Figure 1. The 
junction designation represents the location of the temperature sensitive device in the die used for the 
measurements. Finally this guide defines compact models construction. 
 

 
Figure 1 - Typical temperature location designations.

 
• JEDEC - JESD51-32 – Extension to Thermal test Board  Standards to Accommodate Multi-

Chip Packages 
This document addresses the need for extending the existing thermal test board standards to 
accommodate the potential of higher electrical connection needs of multi-chip packages (MCPs) and 
the associated wire routing to implement these connections. 
 
 

• JEDEC - JESD22-A120B – Test Method for the Measurem ent of Moisture Diffusivity and 
Water Solubility in Organic Materials Used in Elect ronic Devices 

This standard provides a mean for determining the moisture sorption properties of organic materials 
used in the packaging of electronic devices. It gives procedures for measurements of characteristic bulk 
material properties of moisture diffusivity and water solubility in organic materials used in packaging of 
electronic devices. Apparatus, test samples shape and procedures are detailed for absorption 
measurement, solubility and diffusivity calculation, desorption, calculation of functional fit for moisture 
diffusivity & solubility. 
 
 

• SEMI - MS6-0308: Guide for Design and Materials for  Interfacing Microfluidic Systems   
The Standard provides guidelines for general fluidic interface design and materials selection that can 
reduce redundant effort and lead to improved design, manufacturability and operation.  
- Design guidelines: Basic criteria for µfluidic interconnections considering fluid type, pressure, flow 

rate, surface conditions, materials and compatibility. Scaling rule for dimensions. 
- Materials Guidelines: Matrix of materials compatibility for commonly used materials and fluids. 
- Interface guidelines provides example of design and materials of some fluidic interfaces, such as 

illustrated in Figure 2. 
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Figure 2 - Fluidic Printed Wiring Board internal flow passages. Flow passages fan out to small fluidic connector 

ports (red), similar in size to RF electrical connectors. (Sandia National Laboratories). 
 
 

• SEMI - MS7-0708: Specification for Microfluidic Int erfaces to Electronic Device Packages  
The specification describes the connection attributes and interface requirements between Electro-
Fluidic Integrated Circuits (EFICs) and macro-sized interface boards. The standard is intended as an 
enhanced capability to state-of-the-art electronic device technologies incorporating a combination of 
electronics and fluidics. It defines an industry-standard for fluidic interfaces with electronic devices. 
Enable devices from different vendors to interconnect via an open architecture. The standard contains 
four mutually exclusive sections of requirements: 
Part A – EFIC Fluidic I/O Design Constraints 
Part B – In-package (micro-to-micro) Fluidic Adapter Design Constraints 
Part C – Fluidic Routing Card Constraints 
Part D – Mini-fluidic Adapter Constraints 
Part E – Fluidic routing card dimensions 
 
Design examples of one implementation adhering to all the constraints are shown in the Figure 3. 
 

         
a)      b)    c)  

Figure 3 - (a) Exploded 3-D View of EFIC Package, (b) EFICs with Fluidic Routing Card & Printed Circuit Board, 
(c) assembly layout with mini to mini-fluidic adapters at top. The bottom layer (layer 1) is a printed circuit board 
with 2 EFIC’s. Layers 2–10 are the fluidic routing card, and the two blocks at the top are mini fluidic adapters. 

 
Assembly of the fluidic device and test methods are finally discussed and example of manufacturing 
process sequences for an EFIC are given. Final assembly description is given in Figure 4. 
 

 
Figure 4 - Functional description of Assembled Parts. 
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• SEMI - MS8-0309: Guide to evaluating hermeticity of  MEMS packages  

Hermeticity is primarily important to reliability of MEMS devices, similarly to integrated circuits. This 
document is intended to provide an overview of hermetic packaging with emphasis on the evaluation of 
hermeticity of the smaller internal volumes typical of MEMS. This guide is relevant for gyroscopes and 
accelerometers; RF MEMS switches; optical mirrors and switches; pressure sensors; resonators; filters; 
and microfluidics devices including valves and pumps. This guide defines reliability categories by 
application requirements, as illustrated in Table 1. 
 
 

 
Table 1 - Reliability categories by application requirements 

A indicates that the performance of the device is directly related to the package hermeticity 
B indicates that package hermeticity is required only for general reliability 

C indicates that hermeticity is only required to protect the MEMS during the assembly and surface mount. 
 
 
This guide explores the following fields: 

- Hermetic sealing methods and materials description: bonding techniques etc. 
- Seal integrity evaluation: acoustic microscopy, X-Ray inspection, integrated sensors, FTIR etc. 
- Detection and measurement of hermetic Package Leakage: He leak, radioisotope, RGA etc. 
- Test equipment, considerations and recommendations in Evaluating hermeticity 

 
 

• MFM - Design Guideline for Microfluidic Device and Component Interfaces (Parts1&2) 
The goal of this document is to facilitate the process of designing new microfluidic sensors, actuators, 
connectors etc. by providing guidelines for the seamless integration with other microfluidic components 
and systems. Its purpose is to present developers a standard by which they will improve the chances of 
their device will be accepted by the marker / fits to other products. The paper is said to be “application, 
materials and production technology agnostic” and gives guidelines for: 
- axes and reference point for chips, 
- microfluidic ports, 
- chip formats, 
- exclusion zones for clamping or gluing chips, 
- dimensions of sensor / Actuator building blocks, 
- operational conditions / application classes, 
- chip thicknesses, 
- edge connectors, 
- further miniaturization of chips and connectors. 
 
 

• Discussion with CarrICool Project Partners 
The question of standards has been discussed with CarrICool IBM researchers (T. Brunschwiller). 
Following suggestion and remarks have been expressed: 
 
On the materials side: 
- IBM considers the moisture diffusivity as a crucial topic in Carricool, as there is obviously a moisture 

concern for the adhesive directly contacting the liquid interface. Existing standards are considered 
not sufficient enough at this time. They have developed their own test method for adhesive material 
screening. A multi-parameter study will be described in details in a IEEE CPMT journal to be 
published in Q3 2017. 
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- Corrosion is also a strong matter, for example when solder joints made of SnAg or SnCu are in 
located close to the fluid. Again standards are not there yet, as the embedding of microfluidics 
transfer the corrosion problematic from the system level to the module level. 

 
On the thermal side: 
- IBM suggest to take a look at the ASHRAE database. Founded in 1894, the Society and its members 

focus on building systems, energy efficiency, indoor air quality, refrigeration and sustainability within 
the industry. Database will include standards for cooling in data centers, with quantitative boundary 
conditions 

 
- IBM also suggest to take a look at DARPA activities, especially in the frame of the ICECOOL project. 

Intrachip/Interchip Enhanced Cooling (ICECool) program seeks to overcome the limitations of remote 
cooling. ICECool explores ‘embedded’ thermal management by bringing microfluidic cooling inside 
the substrate, chip or package and by including thermal management in the earliest stages of 
electronics design. Developments include a di-phasic approach with up to 6 bars overpressure, 
implying strong constraints on the joining materials. Erosion/corrosion in the microchannels is also 
studied 

 
On the assembly and reliability sides: 
- Tables from SEMI and JEDEC are interesting but may be not as relevant as in the past. Because 

the junction temperatures are lowered with microfluidic cooling, the temperature swing is moderate 
compared to air cooling solutions: classical thermal cycling tests have to be reduced otherwise they 
might be too pessimistic in IBM opinion. 
 

- Assembly standards and testing procedures will be important, especially for Original Equipment 
Manufacturer (OEM), who will have to provide compatible devices. The interface with pumps has to 
be carefully studied (not the case in Carricool project which only consider a technological 
demonstration) 

 
 
 
4 – Next actions  
 
 
This deliverable has presented the preliminary benchmark of standards organizations worldwide and 
research / industrial consortiums that are involved in the activity of standardization around the 
microfluidic topic. We have highlighted several documents relevant in the context of the STREAMS 
project. These documents include generic temperature-related standards but also more specific 
standards linked to the fluid co-integration. 
We are now analyzing these data in more details in order to establish in which way they can be improved 
or completed. All partners will establish contacts with the cited organizations or consortia, as already 
initiated with CarrICool project partners. Active participation in the annual SEMI Brussels Forum is also 
considered. Finally, we will take a look at national standardization organizations such as AFNOR 
(France), DIN (Germany), SFS (Finland), UNI (Italy), NEN (Netherland) to see if they have relevant data 
on the field. These standardization bodies will also be informed on a regular basis of the relevant project 
outcomes which may serve as inputs for existing standards updates or new standards definition. 
 


