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1. Publishable Summary 

The collaborative FP7 ICT STREP Interflex targets the development of reliable assembly and 

interconnection technologies for building a flexible electronic “system-in-foil”. The research and 

development focus is on the interconnection technologies between flexible components and 

flexible foils (2D-Integration) as well as between these functionalized foils (3D-Integration). 

Heterogeneous integration technologies are developed for a variety of components to realize a 

complete system. A modular architecture is developed where the backbone of the system realizes 

communication, energy harvesting and storage. Functionality is defined by the integration of 

tailored sensor module(s) to adapt the system for different applications.  

Involved components have disparate geometrical and mechanical properties spanning from 0,7 

mm x 0,7 mm2 such as thinned ICs (e. g. microcontroller, power management chip) to larger foil 

components (components with their own foil substrates, e.g. thin film batteries) as well as large 

area foil modules of 50 x 60 mm2 (photovoltaic panels, sensor array) or other printed circuit foils 

(PCF, interchangeably used with the term “wiring layer”). 2D and 3D-integration technologies are 

developed and combined in a process chain adapted to interconnection materials and thermal/time 

endurance of the components.  

The technology demonstrator is an energy autonomous sensing system for measuring indoor air 

quality (temperature, dew point, humidity level and CO2 level indicator), capable of wireless 

communication of the measured data. It includes homogeneously integrated passives, antennas 

and sensors, i.e. they are generated during the fabrication of the printed circuit foil. Two backplane 

printed circuit foils of ~180 x 100 mm2 with mechanical and electrical interfaces define the size of 

the system. The top foil is PEN (polyethylene naphthalate) with front side screen printed Ag wiring 

and accommodates two PV panels. The bottom foil is PI (polyimide) with double sided fine pitch 

(80µm) Cu wiring. Front and back sides of this PCF are interconnected with blind hole microvias. 

Three silicon chips (ICs) are assembled on the front side so that they become sandwiched 

between the backplane foils. Four separate PCFs accommodate rechargeable thin film batteries 

and are integrated on the back side of this foil together with all passives. Finally a PCF (polyimide 

with Au metallization) with organic sensory layers on interdigital capacitor transducers is mounted 

on the same foil and defines the functionality of the system. The system-in-foil is obtained by the 

subsequent integration of the two backplane foils. Vias and anisotropic conductive adhesives are 

used for foil-to-foil interconnections. The demonstrator is conformable to a bending radius of 90 

mm. 

The development of the interconnection technologies in Interflex has impacts in various aspects. 

First of all it underlies the technological fundamentals of interconnects compatible with flexible 

systems for a large spectrum of components. This development enables integration of functional 

diversity into electronic systems that can physically adapt themselves to their environment well 

suited for applications in ambient assisted living, ubiquitous computing, telemedicine, etc. through 

integration onto objects or their building materials (e.g. textiles). Autonomous system(s)-in-foil will 

find applications for buildings, automotive, etc. to save energy (climate control systems), monitor 

quality of living conditions (air quality), and patient monitoring (telemedicine). A system-in-foil 

provides a large area system with a very high packaging density simultaneously replacing cables 

through 3D-Integration. 

The project activities, the consortium and part of the results are visible to public on the project 

website, http://www.project-interflex.eu/. 

http://www.project-interflex.eu/
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2. Selected Final Results 

The objective of Interflex is the development of interconnects between flexible components and 

flexible foils as well as between these foils to realize a system-in-foil with broad functionality: power 

harvesting and storage, sensing, communication. The functionality necessitates a large number of 

components with a range of properties in terms of geometry and robustness (e.g. endurance to 

processing conditions). In a hybrid approach with inorganic (e.g. silicon dies) and organic (sensory 

layers) components, both homogeneous and heterogeneous integration technologies are 

developed. Existing components are adapted to the foil based system (e.g. flexibility): silicon dies 

are thinned down to below 25 µm, amorphous silicon based photovoltaic panels, thin film batteries 

and extremely thin organic sensory layers on foils are used. Part of the capacitors, resistors, 

inductors and antennas are generated during the fabrication of the backplane foil (homogenous 

integration). Part of the passives is integrated heterogeneously. Technological solutions are 

developed based on the constraints set by the components and unified into a process flow with an 

overall processing temperature below 130°C avoiding soldering process. Standardization activities 

in the field of flexible electronics belong to the objectives. 

Final results are outlined below with demonstrators starting from the system architecture to 

components, assembly and interconnection technologies and process flow, design rules and 

reliability results. The final demsonstraor of the project is shown in Figure 1. 

 

 

 

Figure 1 Final demonstrator of the Interflex project. 
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2.1. System Architecture 

 An energy autonomous indoor air quality sensing system as a technology demonstrator that it 

is able to communicate the sensor data to an external reader (Figure 2). 

 Functionality is described in Figure 3. 

 Three subsystems: Energy, Sensing, Communication, providing functionalities for energy 

autonomous smart sensor systems such as for air quality monitoring with wireless 

communication capability. 

 System size (Figure 4):  

o 1st Generation: 185 x 163 mm2   

o 2nd Generation: 185 x 97.5 mm2 

 

Figure 2 System logic view of the system-in-foil. 

 

Figure 3 Scenario sequence of Interflex technology demonstrator. 
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(a) (b) 

Figure 4 Technology demonstrator layout with passives integrated (a) heterogeneously,  

(b) heterogeneously and homogeneously. 

2.2. Components 

2.2.1. Photovoltaic (PV) Module on Flexible Foil 

A flexible amorphous silicon based Photovoltaic (PV) module harvests the available light energy at 

indoor illumination. PV module provides energy depending on its dimension and it is function of 

three factors: 

 ambient light level 

 efficiency of PV cells constituting the module 

 energy system demand (or expected functionality) 

 13 elementary cells connected in series during production.  

 The total thickness: 195 µm, including front and back-side encapsulation (95µm ea), see 

Figure 5. 

 Illumination range: 300 and 500 lux (EU standard office light level), see Figure 6.  

 Designed as single component to be integrated onto the foil based system. 

 
(a) (b) 

Figure 5 Flexible PV array (a) with Si-carrier right after production, (b) after lift-off  
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Figure 6 I-V and P-V Characteristics of the final flexible PV arrays at 300lux (F12 illumination) 

with the main electrical parameters. 

2.2.2. Thin Film Batteries (TFB) on Flexible Foil 

Thin film batteries (TFB) store the energy harvested by the photovoltaic arrays and supply it to the 

system. TFB technology adopted in Interflex project is based on a lithium anode, a LiPON 

electrolyte, a TiOS cathode and an encapsulation system for protection.  

 See Figure 7 for the cross section and the layout of a TFB, active area is 0.25 cm2 with 

>1mA/cm2. 

 See Figure 8 for the layouts used for the production of elementary cells.  

 See Figure 9 for the electrical characteristics (1st Configuration refers to 1 cm2 active area, 

2nd Configuration refers to 0.25 cm2 active area). 

  

(a) (b) 

Figure 7 (a) Cross section and (b) layout, of thin film battery used in Interflex. 
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Figure 8 (a) Charge/discharge profiles of TFB on PI. (b) Capacities vs current densities for 

different TFBs configurations. 

 

Figure 9 Evolution of TFB production layout through the 1st, 6th and 18th month of the project. 

2.2.3. Sensors Subsystem 

The demonstrator of Interflex system technology has the functionality of a sensor system for the 

key parameters of indoor air quality: temperature, dew point, humidity and CO2. Typical ranges for 

indoor air quality monitoring, usually needed to control heating, ventilating and air conditioning 

(HVAC) installations are: 

 Temperature: 10 – 35 °C 

 Rel. humidity: 30 – 70 % 

 CO2: 400 (natural CO2 concentration) - 5000 ppm (threshold limit value) 

Temperature, capacitive dew point and capacitive humidity (r.h.) sensors are homogeneously 

integrated on a flexible substrate (Figure 10): 

 Temperature sensor: Meander shaped resistor 

 Humidity sensor: Capacitive, interdigitated capacitor with a humidity sensitive film  

 CO2 threshold indicator  

 Dewpoint sensor: Capacitive, interdigitated capacitor (IDC) indicating a dewing condition on 

the surface 
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(a) (b) 

Figure 10 (a) Layout of sensors on a flexible foil, (b) realized sensors on a 50µm PI substrate 
with Au thin film electrodes. 

CO2 Threshold Indicator 

 Active material: mixed polymer (3-aminopropyltrimethoxysiloxane - AMO. and 

propyltrimethoxysilane – PTMS) dip coated onto the substrate. 

 Sensing principle: chemisorption of CO2 at the primary amine groups. 

 See Figures 11 and 12 for measurement results and the calibration curve at 25°C. 
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Figure 11 (a) Humidity sensitivity of bare IDC structure, (b) sensor read-out with sensory layer. 
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Figure 12 Calibration measurement (25 °C sensor temperature). 

2.3. 2D-Integration Technologies 

The system-in-foil consists of a combination of several foil “subsystems” with given functionalities 

that are combined mechanically and electrically, referring to “integration”. 2D-integration refers to 

the integration of components (such as ICs, PV-arrays) which may also be foil based but smaller 

than 10 x 10 mm2 in size.  

 Figure 13 shows a schematic of the Interflex system-in-foil technology demonstrator.  

 It is built up of four wiring layers (WL). WL1 and WL2 are the main assembly layers, equal 

in size. WL3 is part of the energy sub system and carries the thin film batteries; WL4 

accommodates the sensors. Each subsystem comprises of various components such as 

ICs, foil-based components (components that have own foil substrates) and 

heterogeneously or homogeneously integrated passives.  

 The components are either adapted to the flexible nature of the system (such as ICs that 

are thinned down to 25µm so that the silicon die becomes flexible), or are already flexible in 

nature. Certain components necessary for the electrical function of the system but cannot 

yet be transferred into a flexible form, e.g. Quartz, high value capacitors, are integrated in a 

way that does not severely limit the mechanical flexibility of the final system. 

 Integration of ICs: 

o Two types of bare dies are integrated in the Interflex demonstrator: Two low pin 

count voltage regulators with four I/Os for the energy subsystem and a high pin 

count micro controller (µC) with 63 pins.  

o Both types are bumped with gold pillars of 25 µm height and the silicon is thinned 

down to a final die thickness of 25 µm.  

o A flip chip assembly process is developed for the 2D-integration onto WL1 and 

optimized for each die according to the pin configuration and die size.  

o Figure 14 shows both ICs on the foils. For the voltage regulator a yield of about 90% 

and for the µC of about 50% could be reached. 
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 Integration of Thin Film Batteries (TFB): 

o The energy storage subsystem of the technical demonstrator consists of a 32 TFBs 

which are foil based and mechanically flexible.  

o The TFBs are first mounted on a separate PCF (WL3 in Figure 15) accommodating 

8 TFBs to form a (known good) battery module.  

o Electrical interconnects for each TFB on WL3 are realized with an isotropic 

conductive adhesive paste dispensed as a line from the TFB terminal to the wiring 

of WL3 (Figure 15b) which in turn in integrated onto WL1 as described below. 

 

Figure 13 Overview of the wiring layers and components forming the 3D system-in-foil. 

  

Figure 14 View of the ICs integrated in flipchip configuration through the 50 µm PI backplane foil 

(WL1); a)STLQ with 4 I/Os, b) microcontroller with 63 I/Os. 

 Foil-to-Foil Electrical Interconnects 

o Electrical interconnects from foil components to the backplane foils as well as 

between the backplane foils are realized by either a via fill process with an isotropic 

conductive adhesive (ICA) as shown in Figure 16a or deposition of the ICA so that it 

covers the pads on both the component and the backplane foil (e.g. PV module in 

Figure 16b).  

o WL3 to WL1 interconnects are realized by the via fill process. Laser drilled vias on 

the electrical terminals of WL3 (Figure 15b) are filled with ICA by jetting where 

single drops of the electrical conductive material are deposited to fill the via and 

establish the foil-to-foil electrical interconnection. Interconnects between the 

backplane foils are formed using the same principle (Figure 16c). 
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(a) (b) 

Figure 15 (a) Pick and place tool developed for TFBs; (b) assembled battery module (WL3). 

 

  

(a) (b) 

 

(c) 

Figure 16 (a) Cross section of ICP filled via for foil-to-foil electrical interconnection, (b) ICA 

forming an electrical interconnect from the PV module to WL2, (c) top view of filled 

vias between WL2 and WL1. 

Laser drilled vias for 

electrical interconnections 
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 Integration of Sensors (WL4) 

o The sensors are electrically and mechanically integrated onto WL1. The electrical 

interconnection is ensured by an anisotropic conductive film (ACF) between the 

pads of both wiring layers (Figure 17).  

o For enhanced mechanical integration, pressure sensitive adhesive is applied 

circumferentially onto WL4 avoiding coverage on electrical pads. 

 

Figure 17 Sensors (WL4) integrated onto the backplane (WL1). 

 Heterogeneous Integration of SMDs 

o For the electrical integration of non flexible components, mostly standard passive 

components of size 0402, the same ICA for the via fill is used.  

o The ICA is jetted onto the copper pads of WL1 as single droplets followed by 

assembly of components are and curing of ICA.  

o The mechanical robustness towards bending of the bonded components turned out 

to be very reliable even for bending radius lower than the specified target radius of 

9.5 cm (Figure 18). 

 

Figure 18 Heterogeneously integrated SMD components on WL1. 
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2.3.1. Roll-to-roll Fabrication Process for a Double-sided Wiring Layer 

 In the Interflex demonstrator the double-sided wiring layer (WL1) builds the interconnecting 

substrate for a number of heterogeneously integrated bare die Si-ICs, single sided wiring 

layers and foil components as well as for homogeneously integrated passives (Figure 13).  

 It is formed as a large area PCF based on polyimide (PI) with electroplated copper wiring 

lines (thickness: 5 - 7 µm) on both sides and copper microvias (diameter: 80 µm) for 

interconnecting top and bottom side wiring.  

 Special features are the ultrafine-line wiring area (80 µm pitch) for direct bare die 

integration of a thinned microcontroller on the top side, a printed dielectric mask to ease 

adhesive-based assembly of the chip-size packaged radio chip, the homogeneous 

integrated antenna and capacitor, as well as the screen printed resistors on the bottom 

side.  

 It enables line width and line spacing clearly below 40 µm at a typical copper thickness 

between 5–10 µm. The key process steps are lithographic patterning of a thin sputtered 

copper layer on a PI foil substrate, electroplating for reinforcement of the wiring lines and 

aligned laser drilling for building the microvias. All process steps for preparing a double-

sided wiring layer were established in a roll-to-roll mode. 

 Homogeneously integrated passives 

o Homogeneous integration refers to the integration of passives directly onto the foil 

as non-packaged components during the production of the foil.  

o In Interflex three different types of passive were realized as homogeneous 

integrated components: capacitors, inductors, resistors. 

o Homogeneously integrated capacitor: designed as a plate capacitor on WL1 with 

two opposing metallized electrode areas arranged on the front- and backside of the 

PCF, the foil substrate fulfills the function of the dielectric. Additional finger 

structures on the right and left side of the capacitor are designed for an optional 

laser trim step.  

o Homogeneously integrated inductors: 970 nH and for 3400 nH inductors, 30 of each 

type, with average values of 956 nH with a standard variation of 2.0 nH and 3425 

nH with a standard variation of 7.3 nH, respectively.  

o Homogeneously integrated resistors: 4.7 kΩ und two 10 kΩ resistors are screen-

printed directly on WL1 with a controlled post-curing step to meet a max. 5% 

deviation with fine trimming. 

2.4. 3D-Integration Technologies 

Integration of PCFs (printed circuit foils) and foil components with an edge length > 10 mm is 

referred to as 3D-Integration. The term printed circuit foil (PCF) is derived from the common term 

“PCB” in standard printed circuit board technology. 3D-integration refers to the building up the 3D 

structure in form of a multilayer system-in-foil. The idea behind this is the stacking and electrical 

interconnection of at least two PCFs, two foil components or a foil component and a PCF, involving 

the following steps with a mutual interdependence: 

 alignment 

 mechanical connection  
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 electrical connection 

 

Figure 19 Technical concept of the pick&laminate approach 

 

Figure 20 Workflow of the pick&laminate process: a) loading of the carrier foil; b) alignment of 

foil chuck in x, y,  direction; c) setting of foil chuck; d) lamination by lateral roller 

motion; e) foil laminate. 

A “pick&laminate” approach is developed compatible with a roll-to-roll production line, when foil 

sheets have to be integrated on a web. It is shown schematically in Figure 19; the workflow is 

explained in Figure 20. It is derived from the basic principle of pick&place for dies but uses instead 

of a rigid placement tool a framed carrier foil (foil chuck) as handling tool for the foil sheet to be 
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laminated. It is based on a flexible, transparent foil chuck as carrier for a PCF or foil component, an 

x, y, -device for foil alignment and a video camera to control the alignment process. The actual 

lamination step is done after the alignment procedure by a roller device that is placed on top of the 

foil chuck (Figure 21). The concept for the electrical 3D interconnection of two foil layers is based 

on foil-to-foil vias and a via fill process. This presumes that the vias are drilled through the top foil 

before lamination. After lamination they are filled with a conductive material e. g. by dispensing, 

jetting or screen printing and cured by a temperature treatment. The workflow of the via fill process 

is shown schematically in Figure 22. In case of using the over-the-components-edge-dispensing 

process, conductive lines are drawn by dispensing a conductive adhesive from the pads on the top 

side of the top PCF over the edge down to the landing pads on the top side of the bottom foil.  

  

(a) (b) 

Figure 21 Two important steps in the working sequence of the pick&laminate approach: (a) 

alignment of foils, (b) roller lamination. 

 

Figure 22 Workflow of the via fill process: a) the conductive material is dispensed into the via 

hole; b) after curing, a reliable electrical interconnection between top and bottom foil 

is formed  

2.5. Reliability 

For the reliability evaluation of a system-in-foil under mechanical bending a specific testing device 

was designed and constructed. It is capable of carrying out a cyclic bending test with real-time 
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measurement of electric resistance (Figure 23). The sample is mounted onto the drum on the right 

hand side and fixed in a needle adapter on the left side to provide electrical contacts via probes.  

 

 

 

 

Figure 23 Bending test epuipment Figure 24 Drums (58 mm, 100 mm,  

198 mm diameter) for bending test 

  

 

Figure 25 Screenshot of the   

 Testpoint-Routine 

Figure 26 Screenshot of the Infotech-

Software 

 

The needle adapter is equipped with 36 spring contact probes to contact the pads on the system-

in-foil. Bending radius is defined by the size of the drum as shown in Figure 24. For electrical 

measurements during bending, the system-in-foil is contacted by the pins and rests on a separate 

foil mechanically fixed onto the drum. By rotation of the drum around its own axis and its 

simultaneous movement towards the pins, electrical measurements can be made at any degree of 

bending avoiding stretching in the device under test.  

The cyclic motion of the bending device is software controlled with a GUI (Figures 25 and 26). In 

the software one can specify the measurement position for the flat and the bent state and a 

number of steps in between where the motion pauses for electrical measurements. It is possible to 

do the measurements at any given frequency.  

Bending Test Results 

Bending tests on component, subsystem and system level have been performed at various 

bending radii. No significant change on VOC of photovoltaic components up to 1000 cycles was 
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detected at a bending radius of 13 mm, neither a significant difference between active side up and 

active side down bending (tension vs. compression in a-Si layer). 

On sensor components, there were no failures of either ‘face-up’ or ‘face-down’arrays, even after 

4000 cycles at radii down to 13 mm. 

TFB components shows less than 5% decrease in capacity after 50 bending cycles at 25 mm. 

TFB, PV and foil sensors are less sensitive to bending than expected. In bending tests on TFBs, 

the failures are in the interconnects, rather than in the TFBs themselves. 

Reliability of foil-to-foil vias are examined in more detail. It is observed that mechanical bending is 

not more critical than temperature cycling. Plasma treatment of the foils prior to via-fill renders the 

interconnections very robust against bending and temperature cycling. Detailed analysis and end-

of-life experiments are being carried out in a PhD thesis. 

Reliability Tests of Thin Film Batteries 

Reliability of the TFBs including encapsulation quality, bending test and 3D simulation are tested. 

In particular, mechanical tests have been performed at different conditions (0.65cm, 2.5cm and 

5cm) for over hundred cycles. Figure 27 illustrates an example of convex and concave stress (face 

up face down) on 3 and 4 cells, respectively. The effect of bending on electrical performance of 

TFBs is evaluated by the measurement of the discharge capacity losses. The average losses 

ranged from 5% to 8% indicating that the TFBs are able to fulfill higher requirements in terms of 

flexibility. 

 

Figure 27 Concave and convex bending tests carried out on TFBs. 

2.6. Layout and Design Rules, Evaluation of Industrialization Potential 

The creation of a Computer Assisted Design tool ensured the compatibility of interconnections and 

therefore the final assembly of all parts of the system-in-foil. This tool is released and works under 

Cadence Design Framework II Version 5.0 environment, a widely used software platform at 

semiconductors companies. A DRC (Design Rules Checker), a LVS (Layout Vs Schematic 

extraction including parasitics), and a Post Layout Simulation tool are available for designing a 

system-in-foil.  

Figure 28 gives an example for the specifications of the design of the vias. The defined set of 

specifications allows to set up the layout verification tool for multifoil systems. 
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Figure 28 System-in-foil design rules for foil-to-foil vias. 

Evaluation of Industrialization Potential 

The assessment grid depicted in Table 1 outlines a guideline to evaluate the maturity level of main 

process steps for building the technology demonstrator. This assessment is done at R&D stage 

where industrial manufacturing yields are not yet available. Thus the definition of “industrialization 

potential” has to be understood considering a possibility to start or not, in a short term or long term 

period, requiring qualifications potentially leading to industrial manufacturing processes. The 

process steps can be then classified in three main groups as listed in Table 2. Concepts for foil-to-

foil mechanical and electrical integration and assembly of foil components are proven during 

Interflex project but their capability to go for industrialization and mass production has to be 

demonstrated. 

Table 1 Assessment grid for process maturity level evaluation 
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Table 2 Interflex process steps maturity level. 

Group 1

Ready for   industrialization

Group 2

Industrialization feasibility to be proved

Group 3

Further developments needed

- PI substrate preparation (wiring, µvias…) 

- 2D components assembly

- Wiring flexible layers lamination

- Inter foil vias manufacturing

- Ag Screen printing processes (wiring)

- Testing operations @ subsystem & system 

levels

- ICs preparation (DBG) for flex assembly 

- Flexible PV processing

- Foil components 2D assembly

- Foils lamination processes (PV final coating 

by film)

 


