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SOFTWARE SYSTEMS FOR DEVELOPMENT, 
CONTROL, PROGRAMMING, SIMULATION, 

AND EMULATION OF FIXED AND 
RECONFIGURABLE LAB-ON-A-CHIP 

DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Pursuant to 35 U.S.C. Section 119(e), this application 
claims bene?t of priority from provisional patent application 
Ser. No. 61/005,460, ?led Dec. 4, 2007, the contents of Which 
are hereby incorporated by reference herein in their entirety. 

FIELD OF THE INVENTION 

The present invention generally pertains to the design of 
lab-on-a-chip devices, and in particular to the speci?cation, 
numerical simulation and physical emulation of chemical 
processing systems therein operating under softWare control. 

SUMMARY OF THE INVENTION 

Features and advantages of the invention Will be set forth in 
the description Which folloWs, and in part Will be apparent 
from the description, or may be learned by practice of the 
invention. The objectives and other advantages of the inven 
tion Will be realiZed and attained by the structure particularly 
pointed out in the Written description and claims hereof as 
Well as the appended draWings. 
An embodiment includes a system for the development of 

a softWare-controlled Lab-on-a-chip (“LoC”) device. The 
system includes a speci?cation language ?le for specifying 
LoC element attributes of elements and interconnections 
among elements, the speci?cation ?le for determining a 
model for an LoC device; an authoring/editing tool for creat 
ing and/or editing the speci?cation ?le; an operating language 
script for controlling the operation of a modeled LoC device; 
a control design tool for creating and/or editing the opera 
tional language script; a numerical simulation system for 
producing a real-time numerical simulation of the operation 
of the model LoC device; a data visualiZation system for 
creating real-time visualizations of data from the numerical 
simulation; Wherein the authoring/ editing tool, control design 
tool, numerical simulation system, and data visualiZation sys 
tem are integrated into a common system sharing the speci 
?cation language ?le and operational language script. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features, and advantages of 
the present invention Will become more apparent upon con 
sideration of the folloWing description of preferred embodi 
ments, taken in conjunction With the accompanying ?gures. 

FIG. 1 shoWs an exemplary tWo-dimensional attribute 
space (tWo-attribute demographic landscape) for LoC 
devices. 

FIG. 2a shoWs use of a recon?gurable physical chemical 
process emulation setup as a tool for developing and concep 
tual testing of a plurality of ?xed LoC systems. 

FIG. 2b shoWs use of a recon?gurable physical chemical 
process emulation setup as a tool for developing and concep 
tual testing of recon?gurable LoC systems. 

FIG. 3a depicts the situation Where With potential candi 
date applications, very feW can demonstrate enough market 
siZe to justify siZable R&D and manufacturing costs and 
risks. 
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FIG. 3b shoWs potential candidate applications of FIG. 3a 

clustered into ?ve such potential recon?gurable LoC prod 
ucts. 

FIG. 30 depicts an example Where several potential recon 
?gurable LoC products immediately demonstrate enough 
potential market to merit both R&D and manufacturing With 
others de?ned to aggregate enough market siZe to merit at 
least R&D. 

FIGS. 3d-3g depict steps in an exemplary commercializa 
tion-enabled scenario demonstrating immense value in pur 
suing recon?gurable LoC design. 

FIG. 4 shoWs the construction of another attribute space 
relevant to the inclusion of recon?gurable LoC devices and 
emulation systems emulating LoC devices. 

FIG. 5 shoWs a softWare-controlled recon?gurable LoC 
emulation system that can be used to emulate a Wide range of 
differing imagined, planned, designed, prototyped, and/or 
realiZed LoC devices. 

FIGS. 6a-6b shoW exemplary overvieWs of the functional 
elements of an embodiment of the invention. 

FIG. 7a shoWs a global vieW of an integrated system for 
simulation, emulation, and in some applications direct con 
trol of a ?xed-design LoC device from one or more common 
scripts and/or ?les. 

FIG. 7b shoWs a global vieW of an integrated system for 
simulation, emulation, and in some applications direct con 
trol of a con?gurable or recon?gurable LoC device from one 
or more common scripts and/ or ?les. 

FIG. 8a depicts exemplary primitive elements that may be 
used in the design of larger chemical process systems as may 
be used in lab-on-a-chip devices. 

FIG. 8b depicts an exemplary subsystem design that may 
be assembled from the exemplary primitive elements of FIG. 
811 such as may be used in the design of a larger chemical 
process systems as may be used in lab-on-a-chip devices. 

FIGS. 9a-9c depict hoW the exemplary subsystem design 
of FIG. 8b may be constructed in steps from the exemplary 
primitive elements of FIG. 8a to assemble larger subassembly 
designs, and using these and copies of them to assemble the 
FIG. 8b subsystem design. 

FIG. 10a depicts a subassembly design that may be con 
structed from exemplary primitive elements of FIG. 8a and 
that may be used in constructing designs for larger subassem 
blies and subsystems. 

FIG. 10b depicts a multi-channel chemical delivery bus 
design that may be constructed from multiple copies of the 
subassembly of FIG. 1011. 

FIG. 11 depicts an exemplary recon?gurable lab-on-a-chip 
system design that may be constructed from an instance of the 
design ofFIG. 10a, an instance ofthe design ofFIG. 10a, and 
multiple instances of a modi?ed version of the subassembly 
of FIG. 90. 

FIG. 12 depicts a graphical layout as may be used in fab 
rication design and/or an animated visualiZation of a simu 
lated or emulated operation of the design of FIG. 11. 

FIG. 13 shoWs a high-level vieW of an exemplary softWare 
architecture Wherein a higher-level control system controls 
any one or more of a target actual, emulated, or simulated 
system. 

FIG. 14 shoWs an exemplary control hierarchy of such an 
exemplary softWare architecture. 

FIG. 15 shoWs an exemplary transactional organiZation for 
an exemplary hierarchy of control. 

FIG. 1611 shows an exemplary message ?ux typically asso 
ciated With a task at various levels in the hierarchy of com 
mands. 


















