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ABSTRACT

This paper introduces a technique based on seam carving to
reduce the area of microfluidic very large scale integration
(mVLSI) chips. Seam carving repeatedly identifies small
slices of the device that can be safely removed (carved) and
patched without adversely affecting device functionality. Us-
ing non-linear seam carving we achieve an average improve-
ment of 4.28x in area utilization and an average reduction
in fluid routing channel length of 53%.
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1. INTRODUCTION
Laboratories-on-a-chip (LoCs) based on continuous fluid

flow microfluidics are widely used for a variety of biochemi-
cal applications. Through automation and miniaturization,
LoCs offer the benefits of higher throughput, lower sam-
ple/reagent usage, and reduced likelihood of human error
compared to traditional benchtop chemistry methods.

The primary component of modern LoCs is the microvalve.
This device is fabricated using multi-layer soft lithography
with two layers of flexible polymer, polydimethylsiloxane
(PDMS), mounted on top of a rigid substrate, typically a
glass slide. The two logical layers of these devices are the
“flow layer,” which transports biological fluids of an assay,
and the “control layer,” which provides actuation capabili-
ties. A microvalve forms where a control channel crosses a
flow channel. By default, all microvalves are open; pressur-
izing a control channel closes all of the microvalves that it
drives. Components, such as pumps, mixers, switches, etc.
can be built from microvalves [6].

Asmicrofluidic Very Large Scale Integration (mVLSI) den-
sities increase [1], designers will require CAD tools to cope
with increasing device complexity. Like integrated circuits,
an mVLSI chip can be viewed as a netlist, which must
be placed and routed, with the restriction that each layer
must be planar. Optimal mVLSI physical design has been
achieved using integer linear programming [10], however, it
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Figure 1: (a) Shows the benchmarks Synthetic 1 after the
baseline placement and routing [5] has completed. (b) is the
same benchmark after linear seam carving has been applied,
while (c) is after non-linear seam carving has been applied.

is unlikely that this approach will scale to large devices.
Meanwhile, tractable heuristics based on planar graph em-
bedding [5] yield solutions that are far from optimal.

This paper adapts seam carving [2], an image size re-
duction technique, to improve the area utilization of low-
quality mVLSI layouts. The basic premise is to identify
seams (paths) through the chip which can be removed with-
out adversely affecting device functionality, shortening fluid
channels that may be cut. Fig. 1 shows a motivating exam-
ple. Fig. 1a shows a low quality initial layout [5]. Fig. 1b
shows an improved layout, which was derived using linear
seam carving, which we introduce in Section 4; on average,
linear seam carving improves area utilization by 1.4x and
reduces the average fluid routing channel length by 13%.
Fig. 1c shows a better result which was obtained with a
more aggressive technique, nonlinear seam carving, which
we introduce in Section 5; non-linear seam carving improves
area utilization by 4.28x on average, while reducing average
fluid routing channel length by 53%

2. RELATED WORK

2.1 Seam Carving
A seam is a path of pixels through an image whose removal

minimally degrades image quality. Seams can be identified
by converting an image into a weighted graph, where each
vertex represents a pixel and each vertex’s weight represents
its relative importance to image quality [2]. Seam carving
then finds the lowest-cost path from one perimeter edge to
its opposite and removes it from the image. The process
repeats until the desired reduction in size is achieved.








