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A B S T R A C T

Almost four decades of investigations have opened up many avenues to explore the production and utilization of
planar (i.e., microchip) gas chromatographic columns. However, there remain many practical constraints that
limit their widespread commercialization and use. The main challenges arise from non-ideal column geometries,
dead volume issues and inadequate interfacing technologies, which all affect both column performance and
range of applications. This review reflects back over the years on the extensive developments in the field, with
the goal to stimulate future creative approaches and increased efforts to accelerate microchip gas chromato-
graphy development toward reaching its full potential.

1. Introduction

Microfabrication technology has ushered in a new era of miniature
analytical instrumentation, which addresses many of the analytical
needs of point-of-care, homeland security, drug testing, space explora-
tion, and field applications. Microchip gas chromatography (GC) differs
from conventional GC in that it typically is characterized by shorter,
non-cylindrical columns that are microfabricated in planar substrates.
Channel cross-sectional geometries can be rectangular, square, trape-
zoidal and semi-circular [1]. The theoretical promise of such tech-
nology was brought to light by both Golay and Giddings in the early
1980s, and was later re-emphasized by Spangler [2–4].

It is interesting that even though the first micro-analytical device
made was a GC, and the last four decades have shown a significant
growth in microchip GC research [5], the performance of microchip-
based GC is still not on par with conventional bench-top GC. On the
other hand, other microchip-based analytical systems, such as capillary
electrophoresis (CE), have greatly benefited from miniaturization and
found acceptance among analysts. This is largely because microchip CE
does not involve intricate column geometries, challenging interfacing
technology, stationary phase coatings, and temperature and pressure
requirements, as does microchip GC [6,7].

Remarkable progress in microfabrication technology has allowed
the etching of channels in a variety of planar substrates [8–13]; how-
ever, there is still no common consensus among researchers about the
best geometry [14], ideal dimensions [15], choice of substrate and so
on for the microchip GC column/channel. Furthermore, interfacing
injectors and detectors to microchips has been a major challenge, and is

still not satisfactorily resolved. In the majority of cases, adhesives such
as epoxies or glue-based materials are used for attaching leads [16–21],
which limits methods for deactivation [22,23] and prevents the use of
microchips for analysis of non-volatile organic compounds [24]. The
adhesives are either degraded at high temperatures or they shrink/
crack and begin to leak after thermal cycling [25]. Finally, there con-
tinue to be issues with producing a desirable and uniform deposition of
stationary phase film on the walls of microchip channels due to diffi-
culties encountered in statically coating and maintaining uniformity of
the stationary phase in the channel with its multiple turns and non-
cylindrical geometry [6,7].

Most reports published in the area of microchip GC developments
are dedicated to column technology [8–11,23]. However, it is well
understood among GC researchers that to improve the performance of
GC, both the column and interfacing technologies must be improved
together [25]. This review, therefore, covers both fundamental and
technical developments in microchip GC column technology and the
challenges and advances made in interfacing GC microchips to injectors
and detectors.

2. Column design and channel geometry

In the first microchip GC paper by Terry et al. [8], the authors re-
ported that the cross-sectional profiles in silicon depend on its crys-
tallographic orientation, as well as the etching process and conditions.
For silicon, the most popular microchip substrate (Table 1), there can
be two different types of cross-sectional geometries as determined by
the fabrication process: isotropic and anisotropic (described in more
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