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Abstract

Peristaltic pumping is a common process imbal,
biomedical and pharmaceutical applications. However
the actual measured flow is frequently found to be
erroneous with an accuracy no better than 10%hik t
paper we present a design of the precise fluid nimgte
sensing technology using MEMS thermal time-of-ftigh
principle in a close loop with the peristaltic punmgp for
the bio-fluidic analyser. The data indicate that MMEMS
fluidic meter could significantly improve the acaay
and control of the fluid delivery within 5% whichon
only substantially reduces the cost but boosts the
performance of the instrument by better controllthg
sample to carrier liquid injections.

I ntroduction

Peristaltic pumps have been widely used in
biomedical, physiological, chemical and pharmacalti
applications. [1, 2] During the operation of aipeitic
pump, protuberances are driven into the tube wall t
create waves of fixed wall displacement. Regardtgfss
the fluid characteristics, the instability with tpelses in
fluids usually could not ensure a high precision thee
delivery. One particular example of the interestghis
study is the urine sediment analyser. The flugjistem
of the analyser utilizes a fluidic system contrdllby
peristaltic pump that delivers the urine sampleteraf
being diluted and carried with special water based
medical fluid into the analysing chamber. As the
uncertainties for the delivery by peristaltic purape
high, and the reproducibility is poor, the carrlerid is
often prepared in the carrier bath with 25% adddioof
the theoretic volume required for the completiomgke
analysis. This not only increases the cost for earhple

analysis but adding the undesired system management

uncertainties. It is therefore highly desirableh@ave a
higher precision control system for the analysehshat
the accurate amount of carrier fluid could be culted.

In this paper, we discuss a time-of-flight E)flow
metering technology based on the MEMS (micro etectr
mechanical system) sensing technology in which an
integrated TOF flow sensor is used to measurelthe f
flow rate and provide control of the carrier fludélivery
by the peristaltic pumps.

Meter Design and Experiment

MEMS TOF sensor design and fabrication

The MEMS TOF sensors were made on a silicon
substrate where a 1.5pum thick low stressed silidtite
prepared by low pressure chemical vapour deposition
was used as the membrane support under which the
thermal isolation cavity was realized by etchawgay the
bulk silicon materials using deep reactive ion etch
process. Three thermistors disposed on the silitide
membrane were made of platinum via electronic beam
evaporation. Each of the thermistors had a resistan
about 500Q and been separated with a distance of 300
pm. The thermistor at the middle was used as tla he
wave transmitter while the other two thermistoracgld
symmetrically to the middle thermistor were destgda
as the receivers. In this configuration, the serswld
be employed to measure the bi-directional flow. The
surface of the sensor was passivated with a 350oam
stress silicon nitride prepared by plasma enhanced
chemical vapour deposition. Additional thermistor
deposited on the silicon chip substrate can be tsed
monitor the environment temperature for controllihg
temperature of the heat pulse generation.

MEMS TOF meter design

buffer

Figure 1.Explosive view of the meter

The TOF meter for the liquid fluids was driviy an
alternative current circuitry in which a square wav
function was designed for the transmission of tkath

waves and the phase shifts were detected at tleéveec



thermistors. The mechanical structure of the meser
be found in Figure 1.

The explosive view of the structure of theigeed
meter is shown in Figure 1(a) where the flow semsin
assembly (2) is embedded in the base (1) of themet
The sealing plates (3) and gasket (4) provide the
necessary leakage proof. The signal conditioning
circuitry (5) is connected to the MEMS sensing chiigp
the 6 wires that are further sealed with epoxy. The
isolation gasket (6) provides additional leakagsopand
the electronic control board (7) is connected togtgnal
conditioning board through a pin connector. Andaliy
the top cover (8) also can have the display windbie
measurement flow range can be easily adjustedhda t
modification of the flow channel of the flow sengin
assembly for which a close look is shown in Figle).

For applications relevant to this study, the falile flow
rate of the meter is designed to be 0~70 mL/mirt tha
corresponds to a flow channel in a rectangular ehefh
cross-section area of 1.0x1.3 mm. The TOF senspr ch
was packaged at the sidewall of the flow channetrevh
the thermistor elongation direction was perpendictb

the flow direction with the edge as in the formaoplate
emerged in the fluid such that a stable boundamriaan

be well established. The two pools symmetricalacpd

at the two ends of the flow channel in the flow sieg
assembly are made as a buffer to attenuate the puls
flows that are generated by the peristaltic pumping
process.

The electronic interface of the meter inclugesdard
RS485 Modbus digital data communication and analogy
port. A display is readily showing the instant and
totalized flow rate.

Test setup

Reservoir

Figure 2. Peristaltic pumping test setup

The measurements comparison among the sed¢svalu
and the measured data from the TOF meter were
conducted in a configuration as shown in FigureThe
peristaltic pump BL100-KZ15 was made by Prefluiat.|
with a pump rotary rate adjustable from 0.1~100 gnd
a resolution of 0.1 rpm. The reservoir was usefdttie
close loop measurement while the buffer was desdigne
for a smooth flow comparison. During the measumme
the flow was pulled by the peristaltic pump frone th
reservoir through the plastic soft pipe enterintp ithe
flow meter with or without buffered and then retednto
the reservoir. The pipe inner diameter was 2.4 mih a
the fluid media was de-ionized water.

Results and Discussions

Meter calibration

In theory, if a pure time-of-flight principlean be
achieved, then the measurement data of the time spa
that the thermal pulses travel can be used to ledécthe
flow speed of the fluid and the flow rate subsediyen
However, due to many restrictions, a true timeligft
signal may not be easily obtained directly [3]. tdaly
the thermal boundary layer effects but the actual
thermistor responses to the fluid media would péay
significant role in the performance [4], even thbube
MEMS process already allows the reduction of theewi
dimensions that yields a high speed response [5].
Therefore, before the true thermal time-of-fliglattal can
be decomposed from the measurement, the meter shall
still require a calibration such that the true parfance
can be recovered.

Figure 3. Calibration setup

Figure 3 shows the flow meter calibration petlihe
calibration was done with a syringe pump KD Scianti
Legato 110 with an accuracy of +0.5% and a flowgean
up to 88mL/min. The data were collected from thedi
set points on the syringe pump and those read frem
digital interface of the meter.
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Figure 4. Thetypical calibration for the TOF meter

The typical TOF meter output versus the catibn
can be fitted with a'3 order polynomial as shown in
Figure 4. The meter after calibration can retain an
accuracy of +1.5%. During the calibration, the sgsa
pump delivery shall also produce the small waviitet
depending on the quality of the motor used in fsesn.
The data readout from the meter then was processed
using software filter to eliminate such effects. eTh
dynamic range is over 50:1 that well outperformsnud
the flow meters for liquid applications. The dyriam
range of the meter is also dependent on the selesign
on the distance between the thermal pulse generator



thermistor and the receiver thermistor. The claber
distance is better for the sensitivity in low floate range
while the longer distance shall benefit the measerd
in higher flow rate range. In order to expand thieaiic
range, multiple receiver thermistors can be intiegtan
the same chip such that the sensitivity can be miard
and a high-accuracy performance can be achievéiuein
full dynamic range for the desired applications.

Performancefor peristaltic deivery

The feature of the flow delivered by a peligtgoump
is a pulsed one. Therefore it is usually difficiltdesign
a precise control for the desired delivery in thstem. In
particular, the available and commonly used ligflhav
meters in the applications of interest are the tjglas
turbine meters that cannot alter the delivery ef pllses
but to reproduce the flow pattern while sufferingnh the
small measurement dynamic range. The MEMS flow
sensing, on the other hand, is based on an alirefec
metering architecture, and the data could be easily
processed for enhanced precision.

The most commonly used thermal MEMS flow
meters are based on measurement of the calorinaetiac
of the fluid. The calorimetric measurement in piphe
does not dependent on pressure and temperatutee of t
fluid but it utilizes the amplitudes of the thermal
responses that are proneto the interference eXierna

The TOF measurement processes the frequency signals

that are in particular more stable for the low floate
where many disturbances may exit. For the liqlof
measurement, the pressure and temperature effecis a
many cases less important as compared to thatgesy
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Figure 5. Comparison of the measurement schemes at
10mL/min (above) and 30mL/min (below)

Figure 5 shows the comparison of the flow guatt
delivered by the peristaltic pump with and withcat
buffer. It can be observed that the pulsed flovtggatcan
be eliminated by the addition of a buffer that is a
reservoir to ensure the protuberances can be remmove
inside the buffer. This enables the system torobtite
delivery accuracy from over 30% in this particular
example down to less that 2%. From the data pluisve
in Figure 6, additional evidence can be seen fa& th
significant improvement in the stable delivery afte
introducing the buffer reservoir into the fluid
lines before the TOF flow meter. The nonlinear
correlation between the set flow rates by the fadtis
pump and the ones measured by the TOF meter was
changed to a linear correlation with the buffereresir.
Therefore, although the TOF meter can provide faekib
to system with an averaged value for the pulse flow
pattern but the small buffer inside the meter igaapntly
not enough for the delivery of a stable flow. Henice
order to ensure the system delivery accuracy, &buf
would be necessary for improving the performance.
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Figure 6. Correlation of the set flow rate by peristaltic
pump and the TOF metering with and without a buffer

The above measurement data also indicatedtlteat
delivery errors by the peristaltic pump would bawe
large. It is therefore expected that the reprodliigitof a
peristaltic pump would not be desirable as well @#nd
will not be sufficiently improved by simply modifyg
the fluid delivery system with a buffer reservairgnsure
the stable and precise flow delivery of no pulstguas.
Another fact is that the correlations between the
peristaltic delivery and the measurement data byTtQF
meter shown in Figure 6 indicated a large offset
difference would be due to a smaller dynamic raofje
the peristaltic pump in delivery capability thatdadup
the uncertainties for the offset. Therefore to emshe
precise delivery of the fluid for the system coligd by
the peristaltic pump, an addition of flow metertthas a
high precision with a large dynamic range would ebe
must. From the above example, one could concloate t
the TOF meter could very well play such a role tho
improvement of a fluid delivery system.

Concluding remarks

The present study indicates that the MEMS TOF
meter can significantly increase the accuracy afdfl



measurement for a system using peristaltic pump to
deliver or control the amount of fluid. A buffersexvoir
placed after the peristaltic pump shall substdsgtialter

the flow stability from a pulse pattern into a srfotiow
delivery. The MEMS TOF meter features a large
dynamic range, high precision and a small formdact
that can be particularly applicable for small flow
applications. The MEMS technology also enables to
significantly reduce the meter manufacturing coshiass
production.
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