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ABSTRACT

TFFF systems are used for separation of biological and
synthetic materials with different molecular weights as well as
colloidal particles such as cellsand proteins. Miniaturization of
conventional macroscal e T FFF systemsismadepossiblethrough
utili zationof micromachiningtechnol ogies. Miniaturizationof the
TFFFsystemhastheadvantagesof reduced samplesize, reduced
power consumption, and decreased analysistimefor equival ent
results.

INTRODUCTION

TFFF is an elution separation technique similar to
chromatography excepttheseparationfieldisnormal tothesample
andcarrier flow. TFFFutilizesthermal diffusionastheseparation
fieldinstead of mediumsfoundinchromatographic separations.
A schematicof the TFFF systemisshowninFigurel. Separation
of suspended particlesaretypically performedinasolventcarrier.
Higher molecular weight particles react more to the thermal
gradient and compact moretightly against the cold wall than do
lower mol ecul ar wei ght particles. Becauseof thelaminar vel ocity
profile of thecarrier, lower molecular weight sampleswill havea
higher averagevelocity. Thedifferenceinaveragevel ocity results

in the spatial and temporal separation along the TFFF channel.

The TFFF system possesses unique characteristics makingit
moresuitablefor someseparationsthanconventional system. In
TFFFspeedandelution, asinchromatography, arecombined with
well devel opedtheory and gentleness, asi ncentrifugation, togive
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Figure 1. Schematlc of a therma field-flow (1
fractionation (TFFF) channel.

In order for a
separation in a
TFFF channel to occur, there must be adifference in molecular
weight of thecomponents, asampl esel ectiveperturbationof the
sampl estowardonewall,andalaminarvel ocity profilethatresults
in a different average velocity of each constituent of a given
sample. [1]

Theresolution of two samplesisinversely proportional tothe
channel width. Asaresult, for agiven separation, theresol ution
time is shorter, or, for agiven timetheresolutionishigher for a
smaller channel.[1] Micromachiningtechniquesareavailableto
reduce this channel width to dimensions that macromachining
techniques are not capable of.

METHODS
Thep-TFFF systemwasfabricatedonasiliconwafer. A silicon
dioxide (SiO,) mask wasthermally grownand patternedtodefine

input/output points. Theportswerethenanisotropically etched
throughthesiliconwaferinKOH. TheSiO, wasthen used asthe
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define the Figure 2. Plate height for unretained sample. The carrier

channel walls. was DI water, the sample was 0.1uL. 100% acetone.
A glass
microscopeslidewasaffixedtothetopof theSU-8tocompletethe
channel. After completing the fabrication of the p-TFFF
separationchannel,thecompl etesystemwasassembled(e.g.fluid
interconnects, power supply, flow meters, anddetector) andtested.
Using the u-TFFF devicefabricated asdescribed in thispaper,
thetotal plate height wasdetermined asafunction of flow ratefor
an unretained sample. DI water wasused asthe carrier and pure
acetonewas used asthesample. Theflow ratesused were 2.34,
15, 1.0, 0.6, and 0.3 mL/hr. An acetone sample, 0.1nl, was
injected into the input port at time zero for each flow rate. A
detector measured the absorbency with respect to DI water.

RESULTS

Channel height has been reduced from 127um (macro-TFFF
system) to 50um (u-TFFF). A power of only 10 W was required
to maintaina20°Ctemperaturedropacrossthechannel wherethe
hot wall wasat 47°C. Thisdropismorethantentimeslower than
that reported for a typical macro-scale TFFF channel.

Plate height was determined as a function of average carrier
velocity (Figure 2) and compared with results from the p-EFFF
system[2] and TFFFtheoretical results. Thep-TFFF plateheight
characteristics follow thecurvesthat arefound inthe p-EFFF [ 2]
channel as well as the theoretical curve for the TFFF system.

CONCLUSION

A micromachined thermal field-flow fractionation device has
been successfully fabricatedandtested. Commonmicromachining
fabricationtechniqueswereimplementedwithgoodcontrol of the
channel geometry and reduced the channel width beyond that
whichconventional macro-machining processescapableof. The
integrated heater power consumptionwasdecreased by about 10
over common conventional TFFF systems. The p-TFFF system
exhibited plate height attributes similar to thosefrom the y-EFFF
system, macro-TFFF system, and theory.
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