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ABSTRACT

The goa of this study is to develop an airflow meter sensor for vehicle
intake system detection in internal combustion engines. The study uses
micro-€electromechanical processtechnology to devel op ahot-film flow meter
with an alumina substrate and platinum film heater; the hotline method is
used to create a micro airflow anemometry meter sensor relying on varia-
tionsin resistance of the platinum film corresponding to different wind ve-
locity at the set temperatures. The micro-sensor is less bulky and simpler
structure than ordinary meters, and its small size enablesit to provide good
sensitivity and measurement precision. The aluminaplate used in this study
is produced by polishing an alumina substrate, a platinum film is then de-
posited on the plate to complete the micro-heater used in the sensor. Resis-
tance on the sensor side varies as gas flows through the sensor, and the
instrument determines airflow velocity on the basis of the changesin resis-
tance caused by gasflow differences. Airflow velocity form 10m/sto 60m/s
are used to test. It seems a regular slope resistance varies, indicating the
relationship between airflow velocities varies remain predictable through-
out the sensing range. Therefore, the sensor can achieve its airflow mea-
surement purpose completely. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Dueto the growth of vehicledensity worldwide,
plus surging demand for motor vehiclesin emerging
markets, therewill inevitably be stricter vehicle per-
formancerequirementsin theyearsto come. Inthese
circumstances, the effective monitoring of engineair
intakevolumeand the resulting energy conversion ef-
ficiency will depend crucially on the measurement of
air flow rate.

Electronicfue injection control systemsare ubiqui-
tousinmotor vehicles, and detective sensorsplay avi-
ta roleinthese sysems. Althoughfud injection hasbeen
used onand off for anumber of years, thecurrent thrust
inemission control and fuel conversation has sparked
renewed interest and anumber of carsare now being
offered with fuel injection systems. Fuel injection can
administer amuch more closely controlled mixture.
Whilethismixtureisnot dwaysided, it moreclosdy
approximateswhat isrequired. Thispermitsbetter gas
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mileage, smother operation, more power and lowered
exhaust emissonlevels, etc. Takingar flow metersasa
typica example, flow metersareused to determinethe
amount of air takeninto thecylinder, enabling an auto-
motiveelectronicfuel injection systemto control fuel
injection time onthe basis of airflow and enginerpm
sgnas. Apart from being muchlessbulky than ordinary
conventiona meters, the small size of micro-sensors
meade us ng micro-eectromechanica technology engbles
themto achieve greater precision and sengitivity. Fur-
thermore, mi cro-d ectromechani cal technology and pro-
cesses can overcome past mechanical processing ob-
stacles. Dueto micro-el ectromechanical processtech-
nology ishighly compatiblewith semiconductor pro-
cesses, d ementscan beintegrated with semiconductor
|Csto form single-chip systemsachieving the system
minigturization.

In today’s fast-changing technological society,
peopl e enjoy many more conveniences and comforts
thanintheagricultura society of the past. Automation
deserves much of the credit for thisprogress, and the
automation that has brought modern convenience de-
pends heavily on sensors. Sensors serveto measure
target data, such astemperature, pressure, sound waves,
concentrations of specific gases, wind speed, flow ve-
locity, and magneticfields, etc. Thisdatamust be pro-
cessed by the conversion of input signalsto output Sig-
nals, amplification, and integration beforeit canbein-
terpreted by the system so asto respond correctly and
appropriately to external physical phenomena. Asa
consequence, theability of sensorsto quickly obtain
correct dataplays akey role in automation, control,
and actuation. Thisishow theneed for air streamand
arflow direction sensorsarose.

Airflow rateand direction sensing areimportant in
many fields, including themonitoring onvehicleengine
performance. In past literature on the subject, flow
meterswereusudly classified asthermal and non-ther-
mal sensorsonthebadsof their sengng method. Among
non-thermal gasflow sensors, designsintegrating a
piezoresistivestructurewith acantilever amareattract-
ing favorabl eattention dueto their high sengitivity, high
gtability, and good linearity.

Micr o-electromechanical systems
The physicist Richard P. Feyman first proposed
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shrinking scienceand engineering toamicroscopic scae
at aphysics conferencein 1959, and suggested that
thiswould be atechnological milestonefor thefuture.
Theinvention of theintegrated circuit spurred therapid
expansion and devel opment of the el ectronic dement
industry. Morethan forty yearslater, thee ectronicsin-
dustry isdevel oping process technol ogies capabl e of
achievingeventinier dimensong*3. Apart fromenabling
many technica improvements, thisminiaturizationtrend
hasa so maded ectronic e ementsincreasingly inexpen-
sive. Micro-electromechanica system (MEMYS) tech-
nology isaderivation of semiconductor processtech-
nology, and therefore draws on the advantages of semi-
conductor manufacturing technology*“. MEM Stech-
nologiesare used in an extremely widerange of inter-
disciplinary applications spanning theareas of physics,
chemigtry, eectronics, machinery, optics, and materids
science, etc. MEM Sal so represents an improvement
on conventional mechanical processing technologies,
and offerstheadvantagesof small dimensions, highac-
curacy, large-scale batch production, and low costs.
Furthermore, MEM Stechnology dlowstheintegration
of micro-sensorswith other circuitsor sensorsin order
to achievemore powerful functionsand grester stabil-
ity and reliability!®”. Adamec et al [® fabricated amulti-
axishotwireanemometer with four thermoresistor to
evaluateflow direction with apower consumption of
25mW. Makinwa et al.[¥ presented a circular-type
thermal flow sensor consists of aheater to detect flow
direction and vel ocity. Recently, non-thermal gasflow
meters have been devel oped. These deviceshavethe
advantages of lower power consumption and anim-
proved potentia for integration with other sensors. In
itethepreviousstudiesinvestigated many thermd and
non-thermal typesof flow sensors, those based on hot-
filmshavenot been well discussed.

DESIGN

Theflow sensorsof the study arefabricated on au-
minaand utilize platinum resistors asheating and sens-
ing devices. The sensorstested with different micro-
heater and sensing mechanism orientations, and inves-
tigated the sensing characteristics of single-chip and
double-chip sensorsof different sizes. Themicro-gas
sensorsinvestigated in thisstudy employed anadumina
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substrate onwhich platinum was deposited to produce
amicro-heater and sensing mechanism (Figure2). Be-
cause micro-heaters can continuously produce acon-
trollable, constant temperature environment, providing
astabile power system to the micro-heater can main-
tainthe sensor’s operating temperature at the desired
level. Wind tunnel experimentswere used in conjunc-
tion with aconnected sensor to observethe amount of
temperaturevaries.

Figurel1: Double chip mask pattern (2 mm x 6 mm).

Figure2: Physical drawing of singlechip (6 mmx 6 mm).
Hotlineairflow anemometry meter design principles

Hot-linetype anemometry metersinclude severa
commonly-seen structures: heater, heat sensor, and tem-
perature compensation resistor. Hotlinemetersemploy
threechief sensing principles: constant current, constant
temperature, and constant power.

1. Whenthereisaconstant current, temperature dif-
ferences caused by thefluid generatedifferent Sig-
nas.

2. Whenthereisaconstant heater temperature, dif-
ferencesin output power can beused to determine
theflow rate.

3. Whenthereiscongtant power, informeation concern-
ing thefluid can be determined from the effect of
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thefluid onresistance and current.

Thehotlinewind speed meter proposedinthisstudy
usesaplatinum hegting res stor that generateshest when
acurrentisflowing. Forced convectionwill removethe
heat, changing the resistance of the heat sensor. Ina
normal environment, theproblem of heet dissipation must
be overcome. In Figure 3, the sum of natura convec-
tion QN, heat conduction QC, thermal radiation QR,
and forced convection QF isthetota heat output of the
heater (see Equation (1)). A temperature compensa-
tion mechanism can be used to dedl with the problems
of natural convection and thermal radiation and main-
tainabalancewith theenvironmenta temperature.

QF QC
.,f

Qu

/

V4
o Air flow

Figure3: Principleof hotlinewind speed meter operation.

P=QN+QF+QC+QR )
Becausethe hotlineanemometry metersare prone
to detect errorswhen the environmenta temperature
varies, atemperature compensation mechanism must
be used. Sincetemperature and resistancewill havea
linear relationship within acertain range, appropriate
cal culations can beused to correct thedatain linewith
theenvironmental temperature. Becausethetempera-
ture compensation resistance of ameter isthe product
of the same processes, it must be very closetothere-
sstanceof themeter itsdlf. Equation (2) showsthe gen-
eral relationship between resistance and temperature:

a=R(T-Tc)/R,-R_ 2
R, resistance at temperature T, R_: resistance at temperature
T, a: resistance-temperature coefficient

Design of hotline airflow anemometry meter di-
mensions

Engineloadingistransmitted to thee ectronic con-

Au Tudian Yourual



MSAIJ, 7(4) 2011

Rong-Hua Ma

267

trol unit by meansof intakemanifold sensorssignals.
Theanemometry meter sensor islocated in e ectronic
control unit which aprotected areaaway from exces-
sive heat and isconnected to the system by meansof a
wiring harness plug. Thishotlineairflow anemometry
meter has arectangular shape (see Figures 1 and 2).
Thegray portion consists of theplatinum electrodes; all
dimensionsareinmm. Thedoublechip hasdimensions
of 2mmx 6 mm, and the single chip hasdimens onsof
6mmx 6 mm.

FABRICATIONAND EXPERIMENTS

Figure 4 showsthe chief process stepsinthe pro-
duction of the airflow anemometry meter proposed
inthisstudy. Theauminasubstrate wasfirst sentto a
wafer fab for polishing (to reduce surface roughness)
and cutting to the desired size (50 mm x 50 mm).
Before el ectron beam evaporation, microlithography
was employed to delineate the platinum portions. A
spin coater was used to apply the photoresist on the
substrate. HMDS was first applied for 30 sec. at
3,500 rpm as an adhesive layer, and the substrate
wasdried for 1 min. at 110°C before application of
photoresist using the same parameters. The photore-
sist soft bake required a constant temperature of
110°C for 3 min. Exposure was performed after the
completion of coating. After confirming no defects, a
developer consisting of AZ-400K developer mixed
withwater inal:3ratio was used to perform devel-
opment. A diffusion pump and booster pump were
used to evacuate the vacuum chamber to a back-
ground pressure of 2 x 10 Torr. Before deposition
of theplatinum, alayer of chromium with athickness
of 0.02 um was deposited on the alumina substrate
as an adhesive layer, and electron beam (E-beam)
evaporation was used to deposit aplatinum layer 0.1
um in thickness. The lift-off method was used to pro-
duce parallel electrodes and micro-heaters in the
shape of the pattern (Figure 4). The double chip’s
micro-heaters had resistance values of 20Q, 309,
and 40Q, and the single chip’s micro-heaters had re-
sistance values of 40-80-40€2, 80-80-80%2, and 40-
120-40Q. It can be seen from Figure 5 that the fab-
rication processinvolved the deposition of platinum
micro-heaterson an aluminasubstrate.
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Figure 4 : During lift-off process: (A) before lift-off, (B)
after lift-off.
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Figure5: Overview of fabrication stepsfor airflow meter
Sensor.

RESULTSAND DISCUSSION

Thisstudy performedwind speedtestingusingsingle
and doubl e chips separately. The double chipswere
mounted on aflat surface, and were oriented with ei-
ther front sensing and rear heating or front heating and
rear sensing (Figure 6). Testing was performed using
chipswith different res sancesin different environmen-
tal temperatures to compare the chips and perform
optimization (Figures 7-10). Asshown, theresistance
signasof theincreasesapproximately linearly within-
creasing airflow ve ocity, thus confirming thestability of
the sensor for airflow rate measurement applications. It
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can beclearly seenfrom Figures7 and 8that front sens-
ing and rear heating yieldsthe best performance. Fig-
ures9 and 10 show theresults of pairingsof 20Q2 and
30Q2 and of 20Q2 and 402, which yielded results simi-
lar tothoseof front sensingand rear hesting. Thesingle
chipswerethen subjected to wind tunnd testing. Be-
causeit wasknown from testing the doubl e chip that
front sensing and rear heating yielded the best perfor-
mance, the single chipsweretested only in the front
sensing and rear heating orientation. Theresultsshow
thefaster heat transfer and the faster responseto the
airflow rate. Curveswere plotted of therelationship
between theairflow anemometry and measured resis-

tance (Figures 11-13). It can befound the response of

the single-chip type of theflow sensorsarefaster due
totheir stronger heat conduction effect. Theresultsre-
vedl that the sensitivity increases astheresi stance of the
sensing element increases.
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Figure6: Schematic diagram of sensing mechanism.
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CONCLUSIONS

Thisstudy successfully demonsirated M EM S-based
technology to produce an airflow anemometry sensor,
and a so varied parametersincluding resistance, Size,
direction, interva, and angle, and thereforedeformsthe
piezores stors patterned on their upper surfacesto ob-
servethe effect on sensing characteristics, and deter-
minethebest parameter valuesand greatest sengtivity.
Thiswork will aid the design of future car and motor-
cycleairflow anemometry meters. Thedoublechip sen-
sor waslesssensitive than the singlechip sensor, which
indicatesthat distancewill influencesengtivity. Thedis-
tance between the el ectrodes and sensing el ectrodes
was found to bethe main influencing factor, and the
higher the environmental temperature, the better the
performance.

REFERENCES

[1] S.Kim, T.Nam, S.Park; Sensors and Actuators A,
114, 312-318 (2004).

[2] L.Qiu, SHein, E.Obermeier; Sensors And Actua-
tors A, 54, 547-551 (1996).

[3] F.Mailly, A.Giani, R.Bonnot, P.Temple-Boyer,
F.Pascal-Delannoy, A.Foucaran, A.Boyer; Sensors
and Actuators A, 94, 32-38 (2001).

[4] T.Neda, K.Nakmura, T.Takumi; Sensors and Ac-
tuators A, 54, 626-631 (1996).

[5] K.A.Makinwa, J.H.Huijsing; Sensors and Actua-
tor A, 92, 280-285 (2001).

[6] P.Bruschi, A.Diligenti, Di Navarrin, M.Pioto; Sen-
sors and Actuators A, 124, 210-215 (2005).

[7] Cameron Tropea, Alexander L.Yarin, John F.Foss;
‘Springer Handbook of Experimental Fluid Mechan-
ics’, (2007).

[8] R.Adamec, D.V.Thiel, P.Tanner; ‘MEMS Wind
Direction Detection: From Design to Operation’,
Pro. Institute of Electrical and ElectronicsEngineers
Sensors Conference, Toronto, 340-343 (2003).

[9] K.A.A.Makinwa, J.H.Huijsing; ‘Constant Power
Operation of aTwo-Dimensional Flow Sensor us-
ingaThermal Sigma-DeltaM odulation Technique’,
in: Pro. IEEE-IMTC, Budapest, 80 (2002).

—— P aleriolsy Seience
;4%7%4(44?0%5



