WP2 Project F: FlowFET Modeling and Simulation



Scientific Project Achievements


The FlowFET project has provided a wealth of data on modelling and simulating microfluidic devices. The complementing expertise of partners has resulted in interesting results which could not have been obtained by the partners separately. Current status is that probably 3 papers on this project will result; one is already accepted (DATE05, March 2005). In the remaining of this section short descriptions and conclusions on the different parts will be given. Detailed data is available in the appendices.
D12-MESA:

An already fabricated FlowFET device manufactured at MESA+ has been used as vehicle for this project on microfluidic (fault) modelling. Geometrical data, such as channel cross-section, and overall structure have been provided. Also the voltage settings for proper operation, technological parameters and physical proof of operation were shared. This was used as starting point for the simulations of the partners. 


Next, the process steps for manufacturing the device were made available and scrutinized to identify potential defects. This study was complemented by experiences during measurements. It resulted in a list of faults and an estimation of their size. This was used as basis for fault simulations of the other partners.
D4-MESA:

For reasons of ECAD compatibility with major IC design frameworks, VHDL-AMS was chosen for modelling microfluidic devices. Strong point is that analogue and mixed-signal components, which are often succeeding non-electrical components, are already modelled in this language (in Europe).

While working on this subject, approaches used in MEMS tools for deriving behavioural models from FEM calculations were taken as example. Major difference is that in this project, also fault models had to be incorporated, requiring easy access of the designer to potential fault sources. A two-stage model has been developed, first calculating Vg versus Zeta potentials, with fault parameters as co-parameters, and next a data extraction routine from microfluidic data to derive the transported volume. Initial simulations results have been provided in the fault-free and faulty cases.
Conclusion is that more models are required for the simulation of complete MEF arrays.
D12-CCRLC:

The major findings of the study can be summarised as follows:

(1) The results indicate that it is necessary to simulate the entire 19 mm long micro channel to obtain accurate flow predictions within the FlowFET.

(2) Use of a shortened computational domain in the vicinity of the gate electrode (to reduce the computational cost of the simulations) leads to considerable underestimation of the maximum velocity within the FlowFET.

(3) The thickness of the oxide layer has an impact on the operating conditions within the FlowFET (a 20% change in the thickness of the oxide layer leads to an 8% change in maximum velocity under the gate electrode).

(4) The CFD simulations (using the full 19 mm computational domain) indicate that the total volumetric flow rate through the micro channel is only weakly dependent on the voltage applied to the gate electrode. The simulations for the full 19 mm micro channel show that the effects of the FlowFET are confined to a localised area around the gate electrode and that the overall flow through the channel is governed primarily by the longitudinally-applied electric field.

(5) It is anticipated from the simulations of the shortened micro channel that if the gate electrode is comparable in size to the length of the channel, then the effect of the FlowFET will extend further upstream and downstream of the gate region. The voltage applied to the gate electrode will then have much more of an impact on the volumetric flow rate through the micro channel.

(6) The simulations have assumed a discontinuity in the zeta potential at the entrance and exit to the gate region. In practice, the variation in the zeta potential will spread over a transition zone but very little is known about the spatial extent of this zone. It is expected that the length of the zeta potential variation zone could have important consequences in modelling the flow characteristics within the FlowFET. 

D1-IMT:


IMT Bucharest performed different simulations using CoventorWare2004, for 3D electro-osmotic flow in a microchannel Flow- FET device, using NetFlow Module. The design data (fault-free & defect) were provided from MESA+.
The results have been compared to the results of the other partners, obtained with different simulation tools, as CFD-ACE+. 


In fault free case, a parameter analysis was performed (with parameter variation), for obtaining the velocity distribution as function of different values of zeta potential. The gate position is set at y=18 µm. On the surface channel under the gate, the change in velocity depends on value and sign of zeta potential on this surface: for a positive zeta potential, the direction of flow is opposite by comparison to the main flow. For y=12 µm, the values are appropriated for all considered values of zeta potential.
D2-IMT:


In the faulty-device case, the effect of one type of fault was analyzed: non-uniformity of oxide layer on top of electrode. As effect of non-deal Chemical Mechanic Etching, layer differs between 10% and 20% of original value. This fact induces changes in capacitance between electrode and fluidic, and consequently, a change in zeta potential on the surface corresponding to the gate region. The simulations were made for 10% thicker layer, and 20% thicker layer. This fact induces changes in capacitance between electrode and fluidic, and consequently, a change in zeta potential on the surface corresponding to the gate region. The simulations were made for 10% thicker layer, and 20% thicker layer, and have been compared with results for the normal layer. The channel depth values at y=12 µm are also appropriated. The maximum difference is obtained for a channel depth of y=18 µm, under the gate.


In both cases, fault-free and faulty, the velocity distribution in microchannel was investigated, paying a special attention to the region under the gate electrode. The velocity distribution is described as function of zeta potential under the gate electrode, and of thickness of the oxide layer on top of electrode.
General:


Based on the detailed design data and the list of possible faults in the FlowFET (MESA+), microfluidic simulations have been carried out at CCRLCC and IMT. After synchronization of the parameter values and boundary conditions, the results of the simulations are similar, reinforcing their reliability. Based on these fault-free and faulty device simulations (oxide only), work was carried out by MESA+ to use part of this data for the development of a VHDL-AMS model. Preliminary results show a relatively low susceptibility to defects (oxide only) in the FlowFET.


Also a list of issues that have to be investigated further to go for a STREP proposal in September have been made, among them the transport of the fluid far away from the electrode, the influence of closely-neighbouring gates, the behaviour of cross-point fluidic channels and the influence of the other faults. 

For simulation at MEF system level, VHDL-AMS models have to be developed, an actual application field and industrial partners have to be detailed. Also possible microelectronics has to be considered to enable multi-domain simulations of the entire system.
Contribution of Project to DfMM


The contributions of the project to DfMM have been in several areas. Important is that cross-fertilization of knowledge has taken place: European microfluidic experts have exchanged knowledge in terms of understanding of these structures but also of the tools they use. We have now comparisons between simulations with CDF and CoventorWare of microfluidic devices. Even more important is the cross-fertilization that has taken place between European technologists who manufacture these devices and characterize them and the modelling people. In addition system designers have been involved in translating the previous knowledge of both into models that can be used at system level, including electric signal processing and control. The current partners did not know each other previously.

As bonus, we are now very well aware of each others institute capabilities and reliability as partner. In this project we have concluded that there is sufficient interest / potential, capability and trust that a continuation project is justified to go for a STREP project in September. 


Via our website we have now an entry point for other European partners and industries. Several contacts were made with local industries which are in general interested in our work. Hence it is clear to them where they can get advice and help by experts. We have also generated interest for DfMM via our first publication at DATE.  It was noticed that several American researchers/reviewers are very interested in developments in DfMM (more specific our project) and are getting nervous of European concentrated efforts in micro-fluidic systems.

This project also has a direct contribution to developments in the WP1 project on BioSense Arrays, especially where high-level modelling and simulation is concerned. For instance, the basic implementation of this fluidic array is directly being influenced by our project.


































