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Outline
ɈTitle, Outline, Acknowledgments

ɈDesigning a permanent high density fluidic interface

ɈBiosensor commercialization, SEMIɬMEMS standards

ɬSEMI MS07  general MEMS ɬMicrofluidic interfaces

ɬSEMI MS09   focus on high density permanent interfaces

ɈSpecified dimensions and nomenclature

ɈDiagnostic Biosensors manufacturing process

ɬ2D PCB + Fluidic stack fabrication process available for 
development at modest cost (design + tooling $2.5k / layer)

ɬ~$1000 fabrication process cost will yield 100 ɬ1000 parts

ɬTolerances and Yields being measured

ɈConclusions
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Points of Emphasis

ɈLook at SEMI MS-09 if you are wanting to integrate 
complex Lab on a Chip systems.  

ɈStill much need for Standard validation, improvement, 
and involvement from more manufacturing vendors,  
automation.

ɈDiagnostic Biosensors provides a flexible and low cost 
Lab-on-a-Chip MEMS manufacturing process based, 
in part, on the standard



Why do we need MEMS ɬmicrofluidics 
interface standards?

ɈEnable plug-and-play between various 
components in a microfluidic system. 
ɈEstablish non-proprietary tech foundation
ɈEnable low cost consumable electrofluidics.
ɈProvide some reliability and performance 

testing standards.
ɈProvide guidance on assembly methods 

compatible with biomolecules in the products. 
ɈProvide design and material selection guidance



Standards Organization:  SEMI ɬ
MEMS microfluidics Task Force

#ÖÊÜÔÌÕÛɯÛÐÛÓÌȯɯɯɁHigh density connections from 
flexible tubing to microfluidic routing cards 
ÈÕËɯÌÓÌÊÛÙÖÍÓÜÐËÐÊɯËÌÝÐÊÌÚɂɯSEMI MS9 -0611

Building on interface designs in SEMI MEMS 
MS7-0708 

Link to purchase copy for $100
http://ams.semi.org/ebusiness/standards/SEMIStandardDetail.aspx?ProductID=211&DownloadID=2100



Why join a (SEMI) Standards effort?

ɈA neutral site to find solutions to common commercialization 
problems

ɈShare Intellectual Property risk across many organizations 

Ɉ/ÈÙÛÐÊÐ×ÈÛÐÖÕȯɯɯȃɯƕƔƔɯÖÙÎÚȭɯÖÕɯËÐÚÛȭɯÓÐÚÛȭɯɯȃɯƕƖɯɁÈÊÛÐÝÌɂɯÔÌÔÉÌÙÚɯ
on SEMI - MS09

ɈOpen system for publishing standards and improving them

ɈOpen to all participants through free registration in SEMI 
Standards

ɈGlobal organization [though this particular Task Force is North 
American - based] with participation from all continents

ɈIncrease pace of technology commercialization

ɈEnsure your organization is aware and positioned technically



Multilayered Fluidic Adapter: 
A way to do micro to mini SEMI -MS07

Courtesy Mark Crockett, Appl. Mats.; Chair of SEMI MEMS microfluidics 

interface Task Force

MS07-00-0708 Specification for Microfluidic Interfaces to Electronic Device 

Packages SEMI (2008)



Combining MEMS and Microfluidics
focus on sealing interface
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Come up with minimum amount of requirements 
that would make the standard useful

ɈAn adequate set of specifications that will enable one company 
ÛÖɯÜÚÌɯÈÕÖÛÏÌÙɀÚɯ×ÈÙÛÚȭ

ɈA clear way of naming various aspects of the interface 

ɈExamples of what MUST be specified in order to meet the 
Standard (not a complete list):
ɬLocation and dimension of fluid ports on the fluidic mating surface,

ɬOuter dimensions of the fluidic mating surface,

ɬHeight of the sealing plane above or below the mechanical plane, 

ɬThe material that is present in the fluidic mating surface.



Port spacing, diameter, alignment holes
SEMI - MS09

Pitch, P

Diameter, D

Alignment Hole Spacing, S

Alignment Hole 
Diameter, AD

item value unit

P 50, 100, 200, 400, 500, 800,  1000 mm

P / D 1.5, 2, 3, 4 None

AD 1.0 mm

S 8.0 mm



.ÛÏÌÙɯɁ1ÌØÜÐÙÌÔÌÕÛÚɂɯÔÌÕÛÐÖÕÌËɯÐÕɯ,2ƔƝ

ɈSpecify the material used at the fluidic sealing 
surface

ɈSpecify bonding methods for which the 
interface is designed

Ɉ2×ÌÊÐÍàɯÔÈÛÌÙÐÈÓÚɯ×ÙÌÚÌÕÛɯÐÕɯɁÞÌÛÛÌËɯÍÓÖÞɯ×ÈÛÏɂ

ɈSpecify maximum working pressure



Electrofluidic Device with 4 Ports

Fluidic mating surface 
(in the sealing plane)

Exclusion zone Alignment feature 
(optional)Support surface (in 

the support plane)



4-Port Tube Adapter with Recessed 
Sealing Surface

Fluidic sealing surface 
(in the sealing plane) Edge of the 

Recess zone

Alignment 
feature (optional)

Support surface (in 
the support plane)

Tube in adapter

(Only one of 4 shown)



Example of mating between 4-tube 
adapter and MEMS ElectroFluidic 

Integrated Circuit (EFIC)



Mating between EFIC and Fluidic 
Routing Card

EFIC PCB is green, fluidic routing card layers are blue



.ÜÙɯÊÖÔ×ÈÕàɀÚɯȹ#ÐÈÎÕÖÚÛÐÊɯ!ÐÖÚÌÕÚÖÙÚȺɯ
offering using the Standard



#ÐÈÎÕÖÚÛÐÊɯ!ÐÖÚÌÕÚÖÙÚɀɯ
2D array MEMS Manufacturing Process

Printed Circuit Board

MEMS sensor ɬactuator (silicon)
Wire bond

Flexible 
Tubing

Multi ɬtube 
adapter

Molded fluidic housing Molded 
fluidic 
cover 

Bio-
chemical
spots



Datta, et. Al. COMS 2008;
Microfluidic Platform for Education & Research

COMS 2008;Microfluidic Platform for Education & Research; 
Datta, Goettert, Frische, Alex. Prange, Anika Prange; 

Louisiana State U., CAMD 



Replacing tubes with fluidic routing 
reduces size and complexity

Printed Circuit Board

MEMS sensors / actuators

Flexible 
Tubing

Rigid molded fluidic 
routing structure



#ÐÈÎÕÖÚÛÐÊɯ!ÐÖÚÌÕÚÖÙÚɀɯ×ÙÌÓÐÔÐÕÈÙàɯ
Design Rules and Tolerances

Min. (mm) Max. (mm) Tol . (mm)

Molded layer Thickness 0.2 0.8 0.025

Channel depth 0.000 T ɬ0.100 0.015

Channel width NA 0.015

Layer to layer alignment 0.025???

MT 8-30-2011



Development of 2D multilayer 
commercial packaging for microfluidic 

sensor chips



Measure fabrication and alignment 
tolerances between plastic, mold, PCB



List of microfluidics foundries 
(not a definitive list - in progress)

Glass, metal, ceramics

Ɉ Cidra Precision Services
Ɉ CMC Microsystems 

(Ontario)
Ɉ Siemens
Ɉ Micronit
Ɉ Micralyne
Ɉ MEMS Exchange
Ɉ Sandia Labs
Ɉ EPFL
Ɉ Agilent
Ɉ Biovitesse
Ɉ Affymetrix
Ɉ Dolomite
Ɉ Thinxxs
Ɉ Cascade Microtech
Ɉ Nano Terra

Cut and molded Plastics
(multilaminar construction)

Ɉ MicroPlumbers Microsciences
Ɉ Epigem
Ɉ Micronics 
Ɉ Aline
Ɉ Microfluidic Chipshop
Ɉ IMM Mainz
Ɉ IDEX ɬUpchurch
Ɉ Philips
Ɉ Lab Smith
Ɉ Fluigence
Ɉ Ibidi
Ɉ LSU ɬCAMD
Ɉ Diagnostic Biosensors

Ɂ2ÖÍÛɯÓÐÛÏÖÎÙÈ×Ïàɂɯ/#,2

Ɉ Bio Logix LLC (U Arizona)
Ɉ NFC at U of Minnesota
Ɉ Nano Terra (Harvard)
Ɉ Stanford microfluidics 

Foundry



Sensor Chip and molded PMMA 
microfluidic cover

CAMD

PMMA microfluidic 

covers made by 

Proyag Datta et. al. 

at CAMD ïLSU

PCB by E. Lange; 

Pyxis; Coon Rapids, 

MN



Nanomagnetic biosensor - microfluidic 
card interface design

PCB

Silicon 
DieWirebond

Self Aligning Feature

Adhesive 
Layer

Microfluidic CapChip 
Carrier

Lab Card graphic courtesy of 
Ron Bardell; Microplumbers

Cross section Schematic by 
Proyag Datta, CAMD LSU



Photos of PMMA embossed 
Microparts: 2-Tube Adapters

~ 0.800 mm

~ 1.800 mm

Tube ïto -Adapter Flange, 

dual port, 

Tygon tube gets butt-welded 

to the back side.  

uFluidic Cover with 90 degree - Adapter

CAMD

PMMA microfluidic covers made 

by Proyag Datta et. al. at CAMD 

- LSU



Exploded diagram of full PCB 
microFluidic MEMS device

Fluidic Housing, 
right angle

uFluidic cover, splitter 
design

Bio - spots

4-Tube adapter

Tubes 
(2 inlet, 2 out)



Current Projects

ɈResearch

ɬDetection of flowing magnetic nanowires with Prof. 
Beth Stadler, ECE

ɬMicrofluidic culturing and monitoring of live cells 
with ISurTec 

ɈCommercial

ɬReleased 1st prototype in 2010

ɬEngineering lot in Summer 2011, 14 sets of 36 = ~500

ɬProducts in 2012

Ɉ2- tube adapter, 4-tube adapter



Sensor Assembly and 
Flow Test Project



Prototypes Introduced Spring 2010

ɈGMR fluidic chips with standard 
tubing connections for laboratory use.

ɈMatching bench top data acquisition 
system.



Biosensor Test Socket 
Development



Conclusions

ɈLatest MEMS-Microfluidics standard SEMI MS -09 
provides a set of dimensions needed to specify a 
family of multi -port permanent interfaces combining 
silicon, circuit boards, and fluidics

ɈNeeds continued input from mfg., auto -assembly, and 
device designers

ɈDiagnostic Biosensors provides a flexible and low cost 
Lab-on-a-Chip MEMS manufacturing process



















2-tube adapter



2-tube adapter



4-Tube Adapter



4-Tube Adapter



4-Tube Adapter



4-Port %ÓÜÐËÐÊɯ"ÏÈÕÕÌÓɯÞÐÛÏɯɁ8ɂ



4-Port %ÓÜÐËÐÊɯ"ÏÈÕÕÌÓɯÞÐÛÏɯɁ(ɂ




