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predetermined first spacing (r1) is less than 300 um.
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Use of a fluid flow measuring device as a microphone for detecting acoustic waves, said fluid flow measuring device comprising at
least one heatmg element (H), at least a first temperature sensor (S1) arranged at a first predetermined spacing (r1) from the heating element
(H), for generation of a first electrical signal which corresponds to the temperature (T1) of the first temperature sensor (Sl), wherein the

-



vol ume flow. However, hot-wire microphones are insensitive to the 30
direction of the volune flow Moreover, hot-wire m crophones doubl e

t he frequenci es. of the vol ume f1ow variations. In the publication of
R O. Fehr, the application of two therm stors is disclosed to sol ve
t hese problens of the hot-wire m crophones. Wen there is a vol une
flow over one of the two thermistors, the windward therms- 35 tor wll
be cool ed, whereas the other therm stor will receive heat . transferred
by the mnnd fromthe first therm stor. Again, the tem perat ure
variations of the two thernistors are translated into varyin
el ectrical signals by connectlng the t wo thernlstors in WO 96/ 00488
PCT/ NL95/ 00220 - : 2 opposite arnmns
~of an electrical br]dge C|rCU|t.,The m cr ophone described in this
publication is reported to operate only in a frequency range fromO0. 1
to 20 Hz. The dianeter of the therm stors used is reported to be
about 330 [err] (13 mll). Since the publica- 5 tion of this article by
R O Fehr about 25 years ago, no research has been carried out for
devel opi ng a m crophone based on fluid flow neasurements for detecting
acoustic waves in the audible range.. . US Patent 4,932,250
suggests the use of a fluid flow measur- 10 ing device as a nlcrophone
for the detection of ultrasonic waves. No arrangenent is suggested to
det ect: acoustic waves within the- audi bl e range. _ From
several docunents a micro fluid flow nmeasuring device is - known whi ch
conprises at |east one heating elenent and at |least two 15 - tenperature ‘
sensors arranged in opposite positions to the heating el enent; see
e.g. the German patent application 36 11 614, the - European patent

application 0,268,004, British patent application
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2,226,139, and T.S.J. Lamerink, et al., "Mcro-liquid flow sen- sor",
Sensors aggobedsg@t ors A, 37-38 (1993), pages 45-50. In n ,l.ags,ooﬁ{, t hese
docunents reference is nade to a possible use of the flui fl ow sensor
‘di sclosed as a mi crophone. The obj ect of the invention is to
provi de a m crophope C det ect LC i t he
audi bl e freqﬁent% rgaﬁgue1d Qlw mea§%1%§ %vtlge %t owmr%gg rerre s?ggémn

In order to erMRFisiagtuch disierqrheore use is preferably nade of

techni'ques and neans for the neasurenent of fluid flow which are known
per se. A typical_exanple of _a fluidf rwhlchcan
advant ageously be ThEs BFSTHEL I’I@v?ﬁté?'bp’f'ue&ﬁg tc°o Fn§t o°% e Henfish is

descri bedl i nmeapuSing, dévigeas alkmicecrhwhe, M cro-liquid fl ow sen- 30 sor"

Sensors and Act Uagdpbéntiona)’ ﬁ&ép%&%@ manééuéa ofr eherdatt {fdt the ebélve

The invention provides the e of a flui asuri | ng ice as a
m crophone f#Fed8YEE: ?ﬁij’cé% SYHR amAsgus §| ﬁ‘ j give rise FBVU' Suri ng
devi ce conpriclngibtatliess tinoae nemkrhnegore | thee dtke, atwhd3&h vibestsions &re st

terperature seRsplocLiaNdsd &a B btk %&%eggmmqm ine3PAF G- from

t he heating enent generation o I rst l'ectrical signal
whi ch- cb‘?resb‘ifﬁd% YHYERE SigApler Hhar fregrenqiess priging in "cb@nﬁé??ﬁf&?@ sensor
wherei n the pagaRd @iwwdofﬁesﬁéndiﬁ@&bng:dsﬁ dfethe acoustic\¥igaal 00488

PCT/ NL95/ 00220 The en]i(::.on is based on the f?ct that a gres ure wave taném 300 pm
By using techni ques now NOWI- f T oM M cro- el ectronic 'S possible to

construct suR¥esa fewiwave| ave ralaays | argoeHared ewith @nsaequstic wave, the
ni-cro- di MenSERRS wava)l asw&aeaglnmwa iahﬂmlshm l}@lﬁﬁvéaid QGhef prddglirel 5

m cr Oph?gl eig wa \g?olsioweee t%e f&ow waves ”Rg.ceh are %ssoc;ak:gg' w:.tttt ()anngclzo%%tzc
signal comprise the same fregquency pattern as the pressure waves
and are therefore also able to serve as the basis for sound mea-
surement.

The use of a fluid flow measuring device as a microphone is

20 known from R.0. Fehr, "“Infrasonic thermistor microphone", Journal
of the Audio Engineering Society, April 1970, vol. 18, Nr. 2, pages
128-132. This pﬁblication discloses the use of hot-wire anemometers

for the measurement of turbulence. In such devices, a very fine

wire is electrically heated and is cooled depending on the turbu-

25 lence of the air. The temperature changes of the wire are regis-
tered as resistance variations of the wire. The resistance vari-
ations can be detected by suitable electronic measuring cifcuits,

thus providing an electrical signal which is proportional to the
volume flow. However, hot-wire microphones are insensitive to the

30 direction of the volume flow. Moreover, hot-wire microphones double
the freguencies of the volume flow variations. In the publication

of R.0. Fehr, the application of two thermistors is disclosed to
Solve these problems of the hot-wire microphones. When there is a

_ volume flow over one of the two thermistors, the windward thermis-
35 tor will be cooled, whereas :the other thermistor will receive heat
transferred by the wind from the first thermistor. Again, the tem-
perature variations of the two thermistors are translated into
varying electrical signals by connecting the two thermistors in



ratio, up to 10 kHz, was observed in a practical enbodi nent of the

i nvent i GRokiGiygs One heating el ement was acconpani ed by tpegmn;SEHRLR"

ture sensors |l ocated on opposite sides of the heating elenent at a

spaci ng of 40 [err] Good signal to noi%e ratios up to such high fre- 10

quenci es ca 8 gL ef hi Lih hon ccor di O

the inventi V\,ﬁ! lgEa%?’n eqég%v%%}h #Haﬁea? r&ﬂ eI S"n%nﬁ“‘“an

t enper at ured%%ﬁ&ﬁds 1&p§1‘ S Pubdiqatian ¢ i rFeperind to” operate only figy taher

?dvant age Ofrdqhérfcyﬁr&{gapfﬂiﬁmﬁ tbh2d szl IhASdidheter of€¥id @HEdmistéry cut - of f
requency: convent # Sq y o] |l e detect very
| ow frequenme(gs?%fIJ gﬁ@tzfg%étble}éa%‘{;% ?6 ?1%5'“%?]%9%% %Be %‘%g?%nt rigidity

of the frenbtiencobrthifcantiRle pgaR.0. Feh%@bwtg ﬁhymemmomearqhn a

M crophone QGC Yegh NehrkOed MRt @Uxerhevelopm&' 2"mi2BpiidHe - Bhsk¥ oRaRfhigvery | ow
frequenci es, of an acoustlc onverted jntg very, low

f requenci es £loM DeppnemgRts, a%ﬁalraet?ﬁﬁieﬁ 26"“5%1? s ¥R it e

attenuati onrangeo a- | owfrequency electrical - si gnal . The
i nvention also rg §%€§1tt9 g325¥5! E&} 8ED"th ':EEL @f”g #hfia flow d%Q&EE
corrprlsmg aflud w neasuri n

VI ce or det ect| g acous- tic
waves, 1&ai 19 ArHice 8% arré'égiﬂﬂhﬂﬁe getnticn R sityasgmic yares;s
heati ng el emenirrasdembriisis asubgestbdt wmtaéurahoaem:o watéd awigRih athea
first pred i% g_‘gi? spacing from the heating elenent,  for
generation of a first electrical signal which corresponds to t he
tenperature of t¥femfsaverak épprieats Bericspsbiuidifdodi neaphringrdayéce is

mned fi rstmpaomaehl&mbﬁ&astdtameﬁoomeédiagm1eﬁ&mﬁw adl mseqmo 30 (
pri si ng. an el ectroni c_neasur.i ui t for neas

Pl ot ool GnpRidealn SsolBat peRthogh” &' dppbtiee BARHANR £30Hg tebfips
syst em f ur t¢iepentynrees ieng. athﬁarﬁslmm evathot -appiipdtiong 3§ alid6bit e

signal and ﬁfrgi!ééii té{i %BPi;'thf‘di'x @Uiébubo&' %i‘i:ishaBQtéﬁt' apsisResdeRr
connect ed to said a based _ on t he

measur ement 2+@#% f\ﬁrgg‘fq d'ilmgvr/\‘b'vé?%nk' ot ade' ad‘g&g‘?e jaates S ov 8RR n

conbi nat i onsam"{ hSemsors rapd hicteatirsed, A37-38 (199p) .c pagese 4\5&5(9 Te aswectent S.
Wth ag ar r@f‘ﬁlﬁé@‘é‘&o&ﬁeﬁ@ feletlfice Qgt&de to a BdiRibleP sy RY Ehe? Behilane

pressure waves of an acoustlc Si gna can
flow sensor disclosed as a microphone. .

The object of the invention is to provide a microphone which
is able to detect acoustic waves in the audible. frequency range
based on fluid flow measurements.

25 In order to achieve this objective, use is preferably made of
techniques and means for the measurement of fluid flow which are
known per se. A typical example of a fluid flow sensor which can
advantageously be. used in the microphone according to the invention
is described in: T.S.J. Lammerink, et al., "Micro-liquid flow sen-

30 sor", Sensors and Actuators A, 37-38 (1993), 45-50, referred to
above. ' . '

The invention provides the use of a fluid flow measuring
device as a microphone for detecting acoustic waves, said fluid
flow measuring device comprising at least one heating element, at

35 least a first temperature sensor arranged at a first predetermined
'spacing from the heating element, for generation of a first
electrical signal which corresponds to the temperature of the first
temperature sensor wherein-the predetermined first spacing is less



WO 96/ 00488 PCT/ NL95/ 00220

4 ea96e0as8s as a result of which the possibility ewcimngesboxet er m n-

Jdng not only the nmagnitude but also ths absol ute propagation direc-

tion of the pr opagati ng acoustic signa Advant ageous

enbodi nent s ? e of aflwdflowrreasurlngS device as a

m cr ophone, and 0 stem conpri sing a_m crophone based on fluid
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profiles ar |1§L|v o L"ﬁre mg hea?mg ele'?’?gﬁe a%c °r°3??1ng egvg'F ”'Q,_ #3s a

function of tukhe ahnsoméecated on OPPGSIte fidggraf the %emgpﬁmehbsatoﬂ t he

tenper at ure gheiy et ado f;@m@eod signalneatxfmgé :tafagoénugr drels rﬁgﬁoml.ng to
Figure |a as a function of of the flu

Fi gure Yy sisRReies A ﬁ‘é?reé?ﬁ?oa? rﬂ?ﬁf‘e"(ﬁi 'ﬁ“&?\yﬁl?%ﬁﬁ%‘??@h%ﬁ’?’dmg to | ng to
the inventi Oie invention whenfitheirspadingshetwses oiie heatieg ilenentpmodithes arising

in the a@@@@@néﬁﬁo{&ﬁ% 1} fdsluftﬁnlfrb Lpr different fluid flows;
Figure 2a shows d| agqrammat i Cc vi ew of the m crophone 25 according to
Fi gure 1a; | QGY%‘tQ%e s?fovEuanmé?"@B’(‘?‘}ec i5 ithite 5 4§ @f or

generation ca‘xtremely adsw adutcdffi EabquiEngnal comerttiionsl rdpreshonestanee nbor an
acoust 'FS way, Ez'mge:r able to detect very low frequencies of an acoustic signal
because of the :therent rigidity of the membrane or the like mea-
suring the pressure wave. In a microphone according to the inven-
tion, on the other hand, very low frequencies of an acoustic signal
are converted into very low frequéncies of a thermal signal, which

20 is converted without attenuation into a low-frequency electrical
signal. |

The invention also relates to a system comprising a micro-
phone comprising a fluid flow measuring device for detecting acous-
tic waves, said fluid flow measuring device comprising at least one

25 heating element, at least a first temperature sensor arranged at a
first predetermined spacing from the heating element, for
generation of a first electrica_l sign;l which corresponds to the
temperature of the first temperature sensor wherein the predeter-
mined first spacing is less than 300 um, the m.crophone also com-

30 prising an electronic measuring c:.rcu:.t for measuring said first
electrical signal and providing an electrical output signal, the
system further comprising an amplifier for amplifying said output
signal and providing an amplified output .s'ig_nal, and a loudspeaker
connected to said amplifier. _

35 A microphone based on the measurement of fluid flow waves may
be advantageously used in combination with a microphone based on
pressure wave measurements. With an arrangement of this type, both
the flow waves and the pressure waves of_ an acoustic signal can be



(rjreasured by the m crophone of Figure 1la; Figure 3 shows a
i agr am@hiognd4gP’ €seNt ation of a circuit for 30 generq;d?mgg,f, 296‘ acoustic
wa e e i

ve; Fi gures 4a-4d show several alternativ ectrical
| circuits for converting acoustics waves into an el ectrical signal by
means of the m crophone according to the invention;

Figure la sheassreh exaarpesuldf ofi whith (hhef passikidd by caxdats OF deferminsyer gl

par aneters 93% fot low &Lomgalwaeomhafsochﬁmskoﬂue Sbfagition direc- UP is
known per se Tor_the measurenent of gararre ers such as-the physi cal

paraneters Bfomqufdhe Rrogagating agaustis t he magnitude of the flow
in the case of sl@hnﬂag‘ebmmbmimenuhsoa thewise 6f et bud- flow measpgims/ 00488

PCT/ NL95/ 00 t he
set-up gccofzé'l 59 1o Pb‘fﬁ 58 aseahe SYSt co?%v%ﬁm o mcropﬁ&{e

anenoret er basedciop| E3uidrEloye meRFnTemshtS| a5e Qef'?é‘&fll it éP%nﬁ?Re“?F“t and

two sensorscfilimgS2. ‘Both-the ‘heating elenment' H and the two sensors S1,

S2 are located i 2&§Iha Q%'r 11 %&g{%&#ﬁ@e‘ﬂk}lu*&émc&‘ lg@Wide i S fed.

The w dth of the ement I's | ocated at
a di stance {imqieth\ﬂagﬂmsamiph@##éameﬁgr@e?@ﬁfh%“%d’f the migroPEORROr S2 s
| ocat edy OprééJ:&;ﬁdl&oSQBSOEnv%ﬁt%n &rdl shmenaewm]ch are mmpdéd owa t he

heati ng el ene aci n We en sensor Sl

i s indicated Wtfaetf'egéen& e§’it§ gahn% ?tv\i/e“elno Ae_ﬁt ement H and
sensor S2 by r2.1s8 rtherdtawntgs-5| rrpl [ fy ' t he rrEasurerrents the two
sensors S1, S2 Cafpg écﬂr ok CAls28e iRy of a HEBRoPHbRS AREE AURNIELOM t he
centre of the heatin ement H How ever, this is not strictly ‘
necessary. ¥ 5‘%4%’61"5‘“51 S2 and the heating el ement H al so do not

have tasbe | ocat eihurs mesﬂowsletemeratmre profiles arising in the micro-
phone according to  Figure 1a as a function of the distance x;

Figure 1c shows profiles of the temperature of several compo-
nents of the microphone according to Figure 1a as a function of the
velocity v of the fluid; _ ' '

20 o Figure 14 shows a further embodiment of a microphone accord-
ing to the invention;

Figure 'ie shows some temperature profiles arising in the
microphone accord;ng to figure 14 for d1fferent £fluid flows,

Figure . 2a shows a d1agrammat1c top view of the mxcrophone

25 according to Figure 1la;

' Fignre 2b shows an electric'bridge circuit for generation of
an electrical  signal which is representative for an acoustic wave
measured by the microphone of Figure 1a;

Figure 3 ‘shows a diagrammatic representation of a circuit for

30 generation of an acoustic wave; ' '

F:Lgures 4a-4d show several alternatzve electrical circuits
for converting acoust;c waves into an electrzcal signal by means of
the mxcrophone according to the 1nventzon, ' '

Figure 1la shows an example of a set-up for measurement of

35 several parameters of a fluid flow 2 through a channel 1. Said set-
up is known _per se for the measurement of parameters such as the
physical parameters of a gas, e.g., the gas density, the magnitude
of the flow in the case of static flows, etc. As a fluid flow sen-



*15 Figure la. It is also not necessary for the channel 1 to be pres-

ent. Any eorretrl c structure can be chosen, depending on the desired
out put si%A2F0M488, 2 nanner anal ogous to that in the case RS/NL9SH0220
“convent i onal pressure wave nicrophones, suse can he ‘made of geonet - ric
obstructions.in order to obtain the desired rel ationship, which 20 IS

dependent onsaﬂetn&metclqs a&dbrabey wemgﬁbe 16| BVEBEE oft | vl 3L krdAl ther- the
el ectri cal t he heati ng, el emen H i s, heat ed

by neans of 3%P anémongter, lpﬁé’?m@r%r gy sour c“é’ CHGT 2o fn ear'i"i‘—? Pt . The
t enper at ur esand twopfsensprst Gb, s¥hs@pth Jhe Reating miepentecH Flm-tilthedl!lml y. 25
Figure 1b Shg&ﬁs&gesﬁhéﬁgﬁ-e' Todabés txﬁ”‘é’%tﬂhﬁﬁleﬂ ntﬂzhegrpmfaelme f£luidl as a

f t ft t f I t H
L
i's t her ef or e St ol lecrteBeatnaedisthecenagi avamEron the lheating elemgnk H-ahd Curve a

in Figure |bt§@%s$zh%20|3§mﬂﬁatéh éﬁgpa{eatsuﬁfoﬁ% atT aa%:.é’tafnld@ i on of
t he di stance x for the_situatjon there is o flu df 2

through the Eﬂ%nﬁ‘f“‘l the, hFH%’t“gcef'éé‘“e’tthe“'paTtteer?Paﬁfng m*"""‘*F’he heatiR®e in the
tenperature elementhe ehaeaedorlsisisyimiicatedlby referembeusidheriyi dnpoi nt of

t he heat, EL th
e heatyjong %L*F\s%ﬂthéjthng glement = ra@ﬂ ng(fﬁﬁ%fg%%eyr hea Itna£%8;§'p% %9?} e

heat i ng eI enen eof
convecti on, rtheliBA3sBYEReAES .othe two sersargcfl1.0F2 ran t9ashshe u]t?FP'@ﬁﬁl &8%0ci at ed

W th curve ashie digtdmelbway from thBEcen®by &6 ikthé Heatitf 1ORHBUBE Hobe fl ui d

flow 2 i s absent Curves b and c .in FEiqure ow yari ous
Changes int gxﬁ e’rah“ is nowté:éf 4§§cessary. !lhe ser%ors J’P, §9 and %ﬁe
PCT/ NL95/ 002 heating element H alsc do not have to be located iy one line,taganT as a

functionsof trhgud sa angesix 41@5 NG neEEshhPWok 241RS cRinnel 1 td BE ddedld flow
2. For both %}{ V eﬁny genognegf;c s rLtl:éJulrg fclagwlr:e cﬁcsen,_ depending on the
"desired output signal. In a manner analogous_to that in the case of
conventional pressure wave microphones, use can be made of geomet-
ric obstructions in order to obtain the desired relationship, which
20 is dependent on the application, between the flow wave signal and
the electrical signal
During use, the heating element H is heated by means of an
external energy source (not shown in Figure 1a). The temperatures
of the two sensors S1, 52 are measured individually. '
25 Figute 1b shows the change in the temperature in the channel
1 as a function of the distance x from the centre of the heating
element H. The temperature T is constant over the entire heating
element H and is therefore constant between the positions x = -L
and x = L. Curve a in Figure 1b shows the change in the temperature
30 T as e'function of the distance x for the situation where there is
no fluid flow 2 through the channel 1. In that case, the pattern of
the change in the temperature T in the channel 1 is symmetrical
;bout the mid-point of the heating element H.
Aé is kﬁown, heat transport from the heating element H to the
35 surroundings thereof takes place via convection, radiation and/or
conduction. In the situation essoeiated with curve a in Figure 1b,
the convection is zero because the fluid flow 2 is absent.
Curves b and ¢ in Figure 1b show various changes in tempera-



di rect ed towards the right in Figure la. Consequently, the terrpera-

ture at S1is lower than that at the sensor %@2? t he
heat transpor as a result of convectipn takes place only owar ds the
right. . Figure 1c shows the Tenperature of the heating element H,

of theuneiogy Sl of Nhe8ihoo™ 28rvdniBSd 18, farebeor ol 001 Ly v

of the fluid flow 2. For ure 1c asvve positive ve omtgv

cor r esponds % fé‘“fl?uf’(?"f Fo For Brth (Eyed cﬂveﬁ“ﬂs"t heher ifdpid jfiowi guit 1a.
In Figure ldjrethed rtdwvamiscthet bighteim Fieiner ¢a OiConseguiastly| Nthe tempeed-ement H,

Tl the temperal Yt o KL% SE{‘S&r é#— {Karl Rfad %@p%é‘%ﬂﬁ&r s2 bé%fauéi‘e Sensor

S2 and AT the ditference e ween eratures o he sensors S2
and S1;5con&kR uRadt| Frapspertroas ‘Tlre%t of convepgion, téﬁﬁre?lﬁc&al"“%btrangenent
of the senseswar8d uﬁadrﬁﬂtaround "~ “the heating elenent H, the curve drawn

for Th (v) is Sy%ﬁrg Fcash?wsl lthéallg*{éertag o@x. ng%i?; é}le)neijtlso i trical

about the origin gure e ve v of the
fluid fl ow the #gnsor S1mnduefthe giesger )s?-deq & Mél%wfn@wsuﬂmtrhe

_tem;_er atur eSf Qdhet hﬁalaof]aowsﬁnsl:UrSF%uranfE 238 we-ﬁh.g ﬁrﬁehmest;em;e;l& he CU|r4 ves
in Figure ends _on at. gene e y..t he, heating el enent

as wel | % °°rresB?f‘ % ﬁeﬁf“’fir g]ref‘lf'pgré"ggpeg g%‘?‘&‘@ﬁu@ﬁcé‘%’? t‘:’brfgﬁﬁﬁ on and
radi ati on 1a. Imrkiguse | be,atThorindid¢dtes hthef tampetatunecdfdthe heating It is

observed th@iedeﬂt trf‘e'r@r{h%”%ﬁﬁﬂtu%cﬁ Qh@%ethJ 'sﬁlurﬁ £Re teﬁﬁera%fé) sensors
S1 and S2 heat ed ourse, t hat ot her tenperature

profiles t h&% '@ﬁoﬁﬁ‘sf’ﬁ 5 @ﬁ‘? é§' she &ﬁtf%ﬂ% PFt"een the terpenatureficfe ot her
t enper at ur etips sbnsors S lahd St1}; | donseuebtyidns? 2 - T1.define the fluid flow 2

| changel 1 or s symeElil SrlihRRGlE oPufl L6kRa W CufRpULERRE Of the

m crophone 30  accor he rnvention. Ins tion of

one heat- the hth%j‘geFE‘FWF B dheoryrysi rpwy fenuoths ik obss sgametsdcal> as shown
in Fi gboue the :t hexiB81 &fdmbom Ny mrbealbas&ﬁt ahet B1gaApl tcati on of

two sensors % an nI %tt that tiQen ogtthe B t-he _
sensors SI, % H%edmﬁe 'ﬁg%? BEL NS F IR terrpera?ure g‘fw he*B35  fluid
flow 2. be unambiguoysive dfée@ﬂm% ltvhmeesqrempem Feeperatitese9f wHich may
occur g sensors S1 and S2. The precise shape of the curves in Figure ic
depends on the heat generafed by the heating element H, as well as
on the heat transport as a consequence of conduction and radiation,
and calibration will therefore be needed. '
It is observed that in the arrangement according to figure
25 2a, also sensors S1 and S2 may be heated. 0f course, in that case
other temperature profiies than shown in figures 1b and 1c will
‘arise but these other temperature profiles will still unambiguously
define the fluid flow 2 in channel 1. |
Figure 1d shows an alternative embodiment of the microphone
30 according to the invention. Instead of the application of one heat-
ing element H accompanied by two sensors S1“and 82 as shown in
- Figure 1a, the microphone may also be based on the application of
| two sensors S1 and S2 only, albeit that,'then, at least one of the
sensors S1, S2 need be heated relative to the temperature of the
35 £luid flow 2.
Figure 1e shows three temperature profiles which may occur in
the arrangement according to figure 1d. Curve a in figure le repre-
sents an equilibrium state in which no fluid flow is present. For



the arrangenent according to figt.Jr'e 1d. Curve a in figure le repre-
sents anv&g%& &I’I umstate in which no fluid flowis present. For
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7 curve a it is assuned that both?sensor Sl.and sensor S2 are heated
to the same extent, howevers;; that is not strictly necessary. Even when

‘the sensors SuF¥ena i igassied &hath eyh (ReREY SArAngh aPRFCG LRI Bre heated def | ned

curve exi ststbotnehisate teheeﬂﬂfl gmmefl e thad imnealsd&aaindneéessaﬁxr \EQe®d
represents a sta n 2 i Lre

from sensor gﬁe tg\%ﬁr ss%’resngé)rmgzngﬂw glgeﬁesncgftrly eé an ‘mambl%“ Flo’fed b
fluid fl ow 28efimedscwryer egistsi tocwhinh fthej q:.qrpmne cantb%rﬁﬁééblta&eﬁeat from

sensor Sk t 0cgRRS®' réresthlis’ %tii?eorwﬁéﬁnffm.&hﬁow 2 1§t&§§:‘éctéh Wai ¢he f 1 ui d
flow 2 is directed,in the oggosﬂe dII‘ECé e., fromsensor S2 to

sensor S1. TR&Sh r drfyentFR® SBWRSFJF hFpards se‘”ﬂ"‘i ﬁ?e TI‘B“‘I Seafe et t o have
better hi gh moesswented (byr Etuidafitew i h than sddseraiﬂjléihee ridnegEloddartlone

arrangement ag J:ﬂQh&aPc k& GEnsk?- s1 o sddQVEN \ clrbE ALbSAIEHER  kn@ccor di ng

to figure la is the nost sensi - ve one since two sensors are used.
15 | SRR 18 WRIRY SR fAee anﬁﬂF&tﬂ drEhe1 gpPasite iHgeHEoB: t her
sensor 3b or isensdrofm’lsenayr €2 o iskaghr Bhe The argamgenéntoEereidiag to al so

proper |y whe; gpley @18 gladcB8s 16" niked nidh kedlERy Pefilinance 11 Of her

one is used as™ a non- sensor. I n such | atte arrangerrent t he
heat ed el errefthe nadibhet rangen than (hed aasangeResy aczerdmgu te figuremyy. be

sufficient taoa%ectthbhecx(amaéﬁehagac&ﬁmt t&lﬁ&&&e Q4 is the GidRtOdenkie
el enents S1 Qt Q;d use-t-he_ot her el enent only as - a heater.

This situation i s?n?rfd‘xﬁ%l ¥ V5% & ¥R gure 1d, . nean- ing that the
nmost ri gt el emenin rkbe waagenteat anrosdingSEe figuxe ng heating ofeeitthey or

bot h. sensor S1 or sensor S2 may be omitted. The arrangement operates
also properly when only one of the sensors S1 or S2 is heated and
the other one is used as a non-heated sensor. In such a latter
arrangement, the heated element need not even be used as sensbr,

20 i.e., it may be sufficient to detect the (varying) output signal of
one of the elements S1 or S2 only and use the other element only as
a heater. This situation is indicated by "H/S2" in figure 1d, mean-
ing that the most right element may be either sensor S2, heating
element H, or both.

25 Figure 2a shows a top view of a practical embodiment of the
fluid flow arrangement according to Figure 1a. Further data on this
sensor are given, for example, in T.S.J. Lammerink, et al. Micro-
liquid flow semsor, Semsors and Actuators A, 37-38 (1993) 45-50.
The channel 1 can be arranged on a silicon disc 300 pm thick. The

30  height of the channel 1 (as seen in the side view in Figure la) is,
for example, 250 um, whilst the width of the channel 1 (as seen in
Figure 2a) is, for example, 1000 pm. The heating element H and the
two sensors S1 and 52 preferably consist of thin SiN strips having
a thickness of, for example, 1 um, on top of which a metal layer

35 has been vapour-deposited. Said metal layer can, for example, com-
prise a layer of CrAu having a'thickness of 200 nanometres. How-
ever, other materials are possible, for instance a pn junction. A
plurality of metal layers lying on top of one another are also



25 Figure 2a shows a top view of a practical enbodi ment of the
fluid f%ﬁngemnt according to Figure la. Further g 0bJdi S

sensor are grven, for exanple, in T.S. J. Lamerink, et aﬁ Cro-

liquid flow sensor, Sensors and Actuators A, 37-38 (1993) 45-50. The

channel 1 can be arran |l| 0 C 300 mthigk, T hei

of the charffgsihie a?“’sgé‘h ing ? g“"i‘}’déﬁe i ORpe EPESI ) & @3 thts fglrght
exanpl e, 256bmpnisenkttips afhe medetereinqdwees,sﬁam Vil\’ea§1°§§é‘?9 fReely Fi gure
2a) is, fOr;LXAlnEnnea090 SQ.ETB rd2es et i vilued @i‘&nihoﬁt&ﬂdﬂ.&&e 2a by two

sensors S1 and_S2 preferabl sist of thin SIiN stri ay, a
~thickness ofhe A8FteER iy &Y %“‘{ 35 RO S'Ftwgi:ecﬁiaeﬁgt%ﬂ e t:em-35 has
been va:pourpdem setkor Fii dndrm:eltdmamtuwwenﬂ;r S%:xa'mtlteim- The prise

a |l ayer of | G4 G t S 2R NA S -ever,
ot her matter%gr S aré %%é 1{1 E‘@%& i.'iu(r%fstaanccg a pggH& to Tk an . pl ural ity

unctijon
of et al |a9@nsc | maﬁgrms Pst#qsfv BReviioh “%ﬂ d‘ fefe‘?@?‘bé?omss
PCT/ NL95/ 00i2@re 2b. : p055| bl e. The

heating el enent n%%gpgsft e tr"‘Q;sig{x]:?e r?.PSIR@ngdSQNt Q% R2 can® BAPELEE SUrips

of a predeterm ance va bati'ng freely I n"the channel 1.
Sai d r88i stremted \tel exteragle mens\Hith, the gif of>gonpctive conpectian p3ds Ry Ry

?Rg JI(?S for %mofeﬁhgﬂpc&,&g‘emmﬂﬁmghe tem 5 perature sensor S1 and
nperature sensor [ ve T s Rl and

R2 are arranged §n°8?'b°§? maghngef%?mb% to ao%zﬁﬁa%g‘gﬁeﬁ ?\‘L“blrol dge, as

Wi Il be expimi wettaget br rmmeeﬂt ith a FFF@QBGEN%d heating curte‘Each of the

resist ancesdﬁla eﬂﬁenﬁ%lﬁjgeﬁ%t%&%n m ﬁﬁﬁstamze vdlQ6s adh hma RdAtaF nal mean(
with the ai f conducti ve connecti on sui t.abl g cfhosen

di nensi®ns. the sensors S1 W%nﬁ%ﬁ*ﬁb“’?ﬁ’é’ %Eg?'fdnﬁm ﬁq’@r’rxéﬁpefif aohe

predeterm ned.dheéﬁsors, so that measurement of the resistances Ru and Rd :.s a
d:.rect measure for the temperature of the sensors S1 and S2.

Figure 2b shows a diagram of an electrical circuit for con-

nection of the fluid flow sensor according _t_c:_rigure 2a in such a

20 way that an cutput voltage AUo can be generated, which output volt-

age is a direct measure for an acoustic signel which is fed over

the flu:i.c flew sensor according to Figure 2a. Therefore, Figure 2b

shows an electr:.c czrcu:.t which is su:.table, when connected to the

device according to Figure 23, to provide a microphone. In the

25 circuit according to Figure 2b, the connection pad 7 is connected

to a heating voltage Uh, whilst the connection pad 4 is connected

to earth. The resistance Ru is located between the connection pads

3 and 4, whilst the resistance R4 is located between the connection

pads 5 and 4. A series cir;cu:i.t compris:i.ng resistcrs R3, R5 and R4

30 is arranged between the connection pads 3 and 5. Resistor R5 is a

variable resistor which has a junction to which a setting voltage

Ub for the rneasunng bridge consisting of the res:.stances Ru, Rd,

R3, R5 and R4 can be connected. _COnn_ect:Lon pad 8 is connected to a

capecit.or C1 and conne_ction pad 6 is connected to a capacitor C2.

35 During operation an output voltage AUo, which depends on the resis-

tance values Ru and RA of the sensors S1 and 32 respectively, is

ptoduced at the output of the circuit according to Figure 2b. Said

cutput voltage AUo is a function of the resistance variations of



ing voltage or supplying it with a predeternined heating current, sai d
el ement Wyblog rate heat. The resistance values Ru and Rd of 15 the

sensors S1 and , respectively, depend on the tenperatur%gr%‘gsmzzo said
sensors, so that neasurenent of the resbstances Ruiand Rd is a di rect
nmeasure for the tenperature of the sensors Sl and: S2. Figure 2b

shows a di agrtifn TISiSFANCRE CRY j30d| REjandythus Bf Shm -temperatyee tdidfiexsncehe fl uid
fl ow sensor aeciatdbmg of OtHe géﬁsa»rﬂaml Bns 620 £ d0resul@Yod RAL w38 St/itRWL

vol tage AU0 GaBadi@cfena" gﬁ‘f)%r% cﬁ:ocuzg acﬁ\éaélelg to Fig“f%éhf ?‘ﬁlﬂﬂftr ow

measure for an_acoustic signa OV T ow
sensor accor @b opdy #gmeésmmerrhafevq#ese PRYiAtdoms) and not ghewatimn-el ectric

circuit shiclous s:oaﬂageabiﬁ,e:aﬁ&eh &@BH&@I tQéhéon ti€and s2, tﬂe&lfe%r d@&%n ar g' Elggfj(r)e
Fi 2a, r ] n e cjrcuit accordi

2|bgu[ ﬁe COﬂﬂEC?I%I\#CQFt%‘/: °P% ing €rieiiﬂ't1 - '28%48 “t%"i&aWeeat ﬁg‘“?ﬂﬂ“f’a‘t?e% , whil st
t he connecti GH’-MOGF ig %nmmﬂe of thetfjuddrfilow itbroughi tHenohannBl i S

| ocat ed bet waeno# F&uﬁ@@ﬂﬁiﬁ&té&a Bﬁ%pacltors%ﬁ%d“gz iyl Stndd1Guifihgt ance Rd
is |located bgé&gen t connect i on pads ‘A'series Circuit

conprising r PBF% tergan be ysedsy s arranged between the connection
pads 3. d4@d 5. ResW$tipth&eivtcenin Figure) 28] aﬂhheva’rQSt%El’:.ﬂ/\Aﬁhé?hhaB@ﬁ:uaeJ unction

to which a S%&tmagfmgt 06 are Fgrbggfr%sdﬁag%a rl‘?z%”{e'mn “ dg@ﬁf?%%%hétc't ,ngnOf

t he resistances can beé
pad 8 is confBE akions, of the se"E%'fﬁaé"tB‘Pd Se- aH%Faeleﬁn%fcthhéﬁ tragdsBatiign
connect ed t 0 stem,apheispesd G2. clinge ﬁJElMeﬁﬂQfeahéﬁhra@&BM Rlyt @2ge Alo,

whi'ch dependihgrz,p%gespggﬂﬁ 1, r2 bgﬁg&cet%/eal %lgss%_ﬁt% fli(rj\pﬁf o Fﬁﬁensors S1

and S2 respective
accordirg to® Fe” Aze mpti goo ‘great -0&f pibe mseagspapmqq rl s 12 éxenedoon of

the resi stangeeaaar hidH Eeqitihcy vari¥dR8/ 90488 fiuia floy 2 will hardly
e R ————————
: sors S1 and S2. Conversely, however, if the chosen spacings are
very small, variations in the magn:.tude of the fluid flow 2 will
20 result in readily detectable variations in the temperatures of the

'sensors S1 and S2.

In order now to make the device shown in Figure 2a suitable
as a mxcrophone for freguencies within the audible range, it must
be possible readily to detect variations in the magnitude of the

25 fluid flow 2 with frequenc:.es in the audible range. In a mzcrophone
which has been produced in practice, the open spacings ri1, r2
between the sensors S1 and S2 and the heating element H, respect-
ively, were 40 pm. To be applicable as a microphone for the audio
range, the open spﬁcings are. preferably 'léss than 300 pm. Usihg the

30 electrical circuit according to Figure 2b, it was posszble to-
detect acoustic waves up to very high frequencies w:.th this micro-
phone: up to at least 10 kHz, good signal to noise ratios were
found. . ' o

An additional advantage of the microphone based on the fluid -

35 flow sensor according to Figure 2a is that low frequencies of
acoustic waves can also be measured unattenuated with this micro-
phone. ‘A conventional preséure microphbne_ responds hardly at all to
low frequencies of acoustic waves and therefore also reproduces



variations of the sensors Sl and S2. As a result of the use of the
capamtors Cl and C2, the circuit according to Figure 2b is suit-
abl e onlv PHP4E asur enent of vol t age VPor' ations and not WTMNESRPIRY. 5

ous voltage differences over the sensors Sl and S2. In other words,

the circuit .ag Bﬂif‘%h@aﬂ:&lﬁ%@;&b is suitable for measuring the
variations in the magnitude- of_ the fluid_ flow 2 thro h t he channel

1. O course, i n§i‘@§'& st“@%{ﬁa(ﬁlﬁ%‘?“g‘mﬁw&ﬁ}f C3n ARPLLEISE © ARd; 3 ptopd- hi gh
pass filter speakehe1m$ednec1:ed thereto, Witthhwhivh dneflonepumssqrgnr AU @ant he

variations 'bg &J}ﬁ P% H.%dﬁn ampl_:.fi%t'l 3&%;;&&1'59?&410%:?1{& Q'Jxﬁoﬁﬂ’oﬁlgs' at ed

into tenmperature “varlations o he sensors and S2.

Because Sof tased t?’hr‘fél“h‘ll fﬂf?" measurgpesy-s tsﬁew%p%eyfofChéFﬁ;ﬁ?géiﬁtﬁcf &w can be

measur edspr Q:ggﬁd ‘,th@rﬂrx]ﬁqﬁécncy of thd Eadmoesvespem Agplitler 87 RRIEWERy] Pe g

sensors Sl and t e 15 .. el errent Hare tQo great t he

chosen spamhﬁ Bs®r ar fa enstic' éaf‘n %the ré%he%gff vari afll"ons in
the fluid fIOGdﬁIQbeMVIwiﬂFardl y . resul t in det ectabl e t enperature

ﬂ' ffer encef V?L I aﬁ‘h@“ﬁonﬁhai hfa1664-for the §£Hi§t§&:e§nlgli:o$3 1£oﬁy§frsebu, th
owever,, i e chosen spaci ar e S n e
magni t U§e ofTendoF I?ﬁaﬁp]ﬁp %gih“rs e = §°é’s§1 ul n eadai\é?é %

vari at'i ons i=n72ha, tbhpemtﬂﬁégocﬁ an@eR5 = 100 Qerfitbes Blues S, Ru.

I'n order noynbopdralke ddigibiRyi ﬁfefabsm 'théz'rgklfs‘?:agé’e 1P be Bh, Ru, 2S @

m crophone for frequencies within the au i bl e range, it ‘nmust be
possi bl e r e8P RA fFe yathio: t%F% 81"132 r°%n8- magnitude of the 25 . fluid
flow 2 with frequeneilesbe rele&e '@udliséxeonaslgeled Anathd aropihabeFigure Whi ch ‘

has beqlg pr qu %dméz%éw ﬁ!‘fé :ﬁ?uséxjag Qﬁ@géf rall eﬁ.gctric cpﬂ%ﬁ\@en the

sensors S1 and heati1 ng el enent: resgec - were 40
[err] To be WAl whé el | warhatignsy igy bﬁcﬁ?@l’?‘?ﬁt“ﬁ]éfa kg @ensors ﬁhrﬁj’é S2he open

spaci ngs ar @aR s feahkyd |e@§@tr&bﬂny3%lhamelbbtﬂ@ é:’&euB& ar€lpegéibiepl circuit

according to Fi 0SS 1e6L.A6QU waves up -
to very.higfi® f?%a’ugﬁ ﬁégséﬁattﬁ tskf?qg"rﬁ%%‘ f%rence lg“ﬁep f‘ %{ Iq'g Sst 10

. kHz, good sicghnl essentigils featare obs vihat the temmmure difference yaFiadditi onal
| advant 3ge Ofeibhe JF Qﬁ@pgggeréaaaednansﬁ hﬁ-ef ebhvbredd with! ene sa@set according

to Figure 2%%%?&& @&L%Vgt;%r tec%?%eu:%‘ 80 alterna@:c.; %us$olgages,eschgar} al so be

nmeasur ed un
quencies of which correspond to the frequencies in the temperature

changes of the temperatures T1 and T2 of the sensors S1 and S2,
re'spectively. In the arrangement according to Figi:.re_' 2a, the resis-
25 tances R1 and R2, which form part of the bridge arrangement accord-
ing to Figure 2b, are also :.ntegrated in the mzcrophone However,
Ith:.s does not have to be the case. 'rhey can even be entirely
om:Ltted, i.e., Rl = 82 = 00 Oon the other hand, it is also possible
to :.ntegrate the resistors R3, RS and 84 (Fxgure 2b) as well., Of
30 course, said resistances R1 to R5 must be arranged at a distance
from the heating element H suoh that th:.s has no influence on their
resistance value. _
- Figures 4a-4d show some alternative electrical circuits for
converting the resistance variations of res:.stors Ru and Rd into a
35 varying electr:.cal s:.gnal, i.e., e:Lther a vary:.ng current or a
varying voltage. |
Each of the alternat:.ve electncal circuits of figures 4a-4d
are based on the appl:.catxon of a Widlar current mirror or



‘phone. A conventional pressure m crophone responds hardly at all to

| ow frequggekbsus®f acoustic waves and therefore al so reprﬁm,
96/ 00488 /'NL P%&%ZO

‘10 these only with attenuation. M _Figure 3 shows,
di agrammat i Cagddget®) :Lﬁnﬁhlcﬁl ﬁrsistﬁndu aid @Ufthected as- &p@akeierleeﬁ%aect ed

thereto, with which t p nal . Al con erted, nto an
anplified acdfs? i 1gs§% #h S:y!ttﬁ‘gei’% PR é{gﬁ‘bﬁ’e““% smﬁg'cé e?l*[? ?I ow
MeasUr ement s CoHeRton, and redtatar tRer istdopngdted as apemdttearhvesistomidrcy of the

audi o wave) tl:bﬁtsﬁ%z‘ b ©1rh, bdde8 & 2PAnsistors THahaard iaR@akonhected to
characteristic in other words, shows a first order behavi our.

The noni Ral ﬁﬁflféguﬁfr the resistances shown in Figure 2b 10 - are, for
exanple, as foll omse dihlectd00of cirahsiftor Td may3B&)(-ofinedtkd=t&2a power —725

[err], R3 = B&:S:pjgf’sgﬁ %g ] tlg'ggg}8§ FestBhod ) o6 é]fa(mvﬂ Ff%{gfﬁ?h

and Rd are pos Bfefer he resl stance ues o and
Rd are withi ﬁ°t?1§“F€H’&esQ}F°201'569(F*PB? rip figure 4b. In the; egpodinent efcar to a
person skill Edg\lﬁi 1d\c thé ol httoFicUErankbstor2de iis med:geaoae thelgowes at i ve

erood! TR OhpAyEbARCHF il o resdb) iDL 50 S0 01 A0 U

terrperatureo nsors rically.

O her el ect r iavatlapte ibeivwesncthengalligrtor of thegkrapeistoscT] japgd grewadbdagel ow

W th referenggodd ihi QgL 4da- 4d. The only essential feature is that
the tenperature d'Lf rence vgl{ein@-a 20 .. t'g 3 of _t4ge nsors.S1 and S2 are
converted wi th thd" o ByeRs _ ERFO O dRaRTs (4 e SRR PioPs

al ternati ng el thegeollecthe current Io of tpassistes TI. Howeverc oo e:srp(thel to the
frequengises iaRy, é&”@?rﬁ&ﬁﬁem may be RARRerAda 1) Gnt SIGREE an'iEé‘gfe iy and T2
of the sensors SI and spectively. |In the arrangerre accordi ng
to Figure 2 acowfé:tf.xé% iasreszstor to the collector of transistor T2

Figure 4c shows a further alternative electrical circuit, in
which, however, the basic .arrangement of transistors T1, T2 and of
resistors Ru, Rd is unchanged. The collector of transistor T1. is

20 connected to the collector of a pnp transistor T3 through a resist-
or R13. Transistor T3 is conne_cted in a Widlar current mirror con-
figuration with a pnp transistor T4 and with emitter resistors R11
and R12 as shown in figure 4c. The collector of transistor T4 is
connected to the collector of transistor T2. Resistors R11, R12 may

25 be sensors of a further microphone based on fluid flow measure-
ments, like resistors Ru, Rd. Alternatively, either resistors Ru
and R12 or Rd and R11 in combination may be part of microphones
based on fluid flow measurements. Likewise, any of the resistors
Ru, Rd, R11, or R12 may be part of a microphone w:.th just one heat-

30 ing element and one sensor (see figure 1d).

Figure 4d shows a circuit for convert:mg resistance vari—
ations of resistors Rd and Ru into a varying electrical signal, in
which three cascaded widlar current mirrors are used. The first

. current mirror is equal to the current mirror arrangement of figure
35 4b, the output of which is connected to an input of a pnp Widlar
current mirror of transistors T3, T4 and emitter resistors Rii,

R12. The output of the latter pnp Widlar current mirror is_ con-

nécted to an input of an npn Widlar current mirror comprising tran-



25 tances Rl and R2, which formpart of the bridge arrangenent accord-
ing to are also integrated in the m crophone.

this doedggruw&"%ive to be the case. They can even be enti WWZM omtted
i.e., = 00. On the other hand<2it is also pOSSIb|e

|ntegrate the re5|stors R3, R5 and R4 (Figure Zb%n ] course
sai d resi st AHEOES 85t 36 Fand ARittsE %ﬁﬁ*ﬁ?ﬂfédkhst' B §P§n€‘i‘-}13"t°r c'{“’Fom t he
heati ng el epedt ol srafsibtoat T6 hproviddes rthe i sftbuteraberent tTbeof the cir+ esi stance
fvg'r ue. Conxvter'.tl‘llzen%{x% eau‘éanéqoS@&%é%akw%%l \Aeodp%etwﬁa&e circuits

resi stance variations of resistors and Rd into

a 35 varyPhgc@I“é%‘iiPPcﬁl regigtpR to the collegtRyof, trapsister C’Cﬁréhlfe or
¥aryl n95Z0| tgﬂe-esistor R12 in f;Emh4af Like inl ther eatanyenenk exdcordinlg 3 I CUi ts of
i gures 4a- d n h L £alal.on ydhar;, current
mirror ézgurev\bcg%[e%bgg%g R1‘p, R‘.IE, eR1%E)ph{§actah, eit@xt:r gléﬁg k@ in

PCT/ NL95/ oozg@matmn witincapether janenhPe hPardsioft 81 PREFIPRORG HRERE ¥R as an
ehmtier restﬁlgr flow meds@raémndntansi stor T1, the base of Whl ch being
short-circuited to i ect or cied as an
enitter resistor 4% a&”a“taget&ayﬁ ?fﬁ?ﬂgf d‘hé"ﬁ%@t’? 5? g golrc{s3 T1 and
T2 are10onnést €ehtt théy areneasimnt freroperate and haveTmecbﬂee‘emﬁs &han r ansi st or

TL may be CRRDSHLaLthi BrRAMCEontiguratUBPlY Hokiags. VD Lhrough a resistor
R11, as shown in ?EL ure 5 onfigur aocur%g%lt o rce | shown in

flgure 4b. In thétei'r’oo‘iﬂ rPéntmEﬁd that ?’?eglﬁlé‘:‘ﬂ'&s 1BFER cla S“‘iof“’?ranm st or
T2 i's conneghsh 6 idtdude\ipolr trmqiptqrsvohdvuger.vmosrmaghr aJFERSs st or RI12.
An out put V%& ags y&d' %.astead Ay lﬂﬁge dQ€§ egegg}&fé)léh%meqad&fmiﬁ © '

transi stor and groun own |n igure 4 In the
ar r angdfent camtd#qﬁgr%*gf tey figuens, 43148, o'iﬂepﬁ?adgr-gi-ﬁa|referred to H.E.

de Bree, et al., ‘The p-Flown, a novel device measuring acoustical

flows", to be presented at the oonference Transducers '95, Stock-

holm, June 26-.., 1995; H.E. de Bree, "The 'vllheétstone ‘Gadget, a

simple circuit for measuring differential resistance variations",
20  to be published. 2 o -

It is observed that the electrical measuring “circuits of
figures 4a-4d for measuring differential resistance values between
two (or more) variable resistors Ru, Rd may alsc be used in other
configurations, i.e. configurations in which resistors Ru, R4 are

25 no part of a microphone based on fluid flow measurements.

Because of the small dimensions and its low frequency sensi-
tivity the microphone described above offers many interesting
applications, some of which will be listed below.

1. For measuring turbulence the 'applica‘tion of small micro-

30 phones sensitive to very low frequencies is required. The micro-
phone according to the invention meets these requirements.

2. The microphone according to the invention may be applied
in the field of acoustic imaging (acoustic ho:lography) . Acoustic
imaging is a method to measure acoustic fields by means of an array

35 of microphones (for example in 128 x 128 positions). At the moment,
such a method can be carried out by means of pressure mcrophones
However, such pressure microphones ‘are expensive and, moreover,

pressure microphones affect the acoustic field principally. The



is the collector current lo of transistor T2. However, lo in the 15

arrangenea,bg%o"fa&gure 4b may be transferred in an out put y@f/ﬁfﬂﬁoﬁx

.connecting aresistor to the coll ect or % transi stor T2. Fi gure
4c shows a further alternative electric circuit, in whi ch, however,

the basic ar [ 46 b aéséggaaasihéwr& qugftlaga% g&-y‘r*onlgctsggis&%ae@, Rd is

unchanged. The col | ector transi stor conn tot
col l ector of ¥heApstS SAsPERsERrer FIEFARYORRF o MPRAAVEr. since e mdcrophngnsi st or
T3 i s connectstording Wbdkhe - idwentdoh D3 Ifaded CoOM-measuringl LEEE iaBwsMdth a pnp

t ransi st or T%a@agﬂ%%?%t%”%#é E‘rg%‘%%ﬂsftig{%f% mea_surgg.d R12 as shown in

figure 4c. The coO Si stor connected to the
col | ect or5of trans}-sfThe mizroghese saqsesdimg]to the ppyention mgy hensed sinof g

further m croghoBeeldn o€ thydRopghory ihib® Vi@l Cused to niHBilize, thd kBideeSi stors
Ru, Rd. Alternativt%l : gither r sistgrs RU e .ancBi1 R12 or Rd anddel in
conbi nati on n%ﬁ"eﬁ% ﬁérf’ oPP 4R fﬁ'uo § Pulpose, ¥ PuPte rYRATe

measur enent s. whiicheasiesaot deagraded thyewatesi andowhich show ®RifrefuencRixangerofR12 nmy

be part of a 48 @e0PhELE BY tfe bpilicPARN"GRh gel) kndwdlts laCP&Bbn Ak 1ARE Sensor
(see flggée 1?15. Igure 4d shows a.circuit for converting

resi st ant® vat’ the art pef; foy Baying; NG 5Pt SCPRFLAR £RA PE YRR Hip

el ectrical siwgitxbphane accordinghitohthdriaeentdsn ambyd beV chnstrwited eixisensi+ ors are
used. Thefir}gv to wat&Hlrent mrror is equal to the current mrror
arrangenment o (o gure _4b, the output of which is connected to an input
of a pnp Wdlar 4. Theypiczaphase, perorging tanthesdiprentign cpn 3AVRRERAgeR—t er

resistors Rllously be dpbliedlif Qitirluhel§ Tbhmedsaté cicopsticVkiled iauaimNt

mrror iSecCcon- negt ed an .inout_of an npn W.dLag, current nmirror
Corrpri S| ?159 trg\lna_nes, at %é’fbg@% botg E:ress e waves agé Elow waves are
PCT/ NL95/ 0022®measured. At the moment, the flow wave is deducted from thg pres-s T5, T6

and emtter rgasdeStdvesatiifisrdibit 1bB8tivAk| @oWe¥er Uit low frequencies (i.e.
~about 100 Hz) this method leads to errors due to phase shift prob-
lems. The solution of this problem is to measm;:e ‘the volume flow at

20 one location which can be carried out very easy with the microphone
described here. The microphone is very sensitive about 100 Hz and
the seize of the microphone is such that the volume flow can be
measured at one location. _

5. The microphone ac_:cording to the invention may be used to

25 evaluate standing waves in a tube. In such an analysis the reflec-
tion coefficient of materials is measured by means of a standing
wave tube. However, this is a complicated method, which could be
's:i.mp_lif:i.ed by means of a combination of a pressure microphone and a
microphone based on fluid flow measurement.

30 6. The microphone according to the present invention can be
used as a uni-polar microphone for carrying out stereo-measurements
in a single point. Such a microphone could advantageously be used
4n "open line telephones”. Such telephones are used in the field of
valuta and stocks. These are a kind of hands-free telephones, i.e.

35 telephones without a receiver but including a microphone and a
large loudspeaker arranged in a roonm, however, with the feature
that the loudspeaker signal is never suppressed. In a hands-free
telephone, as soon as somebody speaks into the microphone, the



rent of transistor T6 provides the output current 1o of the cir- cuit.
The output current 1o can be converted into an output valt

connect |‘H8 95/0MB% i st or to the collector of transistor T6,FP qr{l%gs;gozzot he

resistor R12 in figure 4a. Like in thel%rrangement according to figure
4c, resistors R11,

RL6 h |
i i anot horlSBIPREES RSTel ie; SRPRRORH e ety Apesiac eppaper B, 1 O

measur enent sising a unipolaxf; hmmmag-@f‘bfa@hecw&\taﬁgéﬁﬂhﬂskaee%réﬁng to
figures 4a-4doidda. sécht BabniddC¥r WMag S@Sfe%ﬁ.ziéa gpeemnﬁ@d ahpyéssipe e

t ol erances than he Weat i}tonga ?é ge cog ée%uratlon of fmghge 2b.

It isto be%ﬁ%@%éﬁ‘dt%@iﬁ’f 839 £ ¥ ppagpEenen Wn to

i ncl ude sbi pakiaing timen Siasgutr s;gnhbam:tebqthNDSFET' s or: JFET' s may be used
| nstead. For mor g dfiahl SopRil ddidalfe 16! R u@h&:ﬁmaycwwfafcordl ng

to figures 4a-4d, e rea s refterre Bree, et al., The
[err] a novéFamF-%é“qﬁm‘Fﬁg Zhe, genprafion of noisg by Propajlens 88dntod at
the conf er enoebofanmtoeeis exahined Ot e wind tulrelnyithumnd?6peeds 4886, H E. de

Bree, "The eat ston et Q) ? |

differenti a?&?egeé)a%cé%\%rl 1 ognsswCh % &%dw ’]%' 1l quﬁy&}Mt It is
obser véd@ t h&hat tihecpix tfipe dis m%ﬁtwf@e@ r&?&P’E“slcoPreSS“’eﬁ Bger¥s the- 4d for
m?asulr): ng didrhéF @t 186 da@?i. Sérﬂneﬂe \ﬁb&@émgeé vwesrved aré Wélé@][z MBEE)

variabl e resistq al so i, qLh nf i.gqugat i ons,
i.e. confi gL#"ﬁﬁf(rS’ﬁ% |¥r*’evw’ﬁ“8‘h°% sdteg?ri%ﬁg he%e gi vﬁﬁy suii:gbciar ttgo%gl a

m cr ophone asédnosudhl am drfWQMastheemhone according tBe@&uWer t he

smal | di mensl;ghs; ABghi1t 8nd,ObddoVEtCRAY stBBSEiT pressuréd ‘éi‘é Wekpenigher ophone ‘

descri bed above offers rrany I nterestin {i s, sone of which
will bd9 iswbile,the frequencies are re ati g}y r}ggs lfrrg%btpfﬁ pgasure-

appl i cati on mehtss réah| bén carpied3Gut vpﬂtnnae saee-ssdnsuxe-ohe-heetgr lconf fgugguenci es

i's requi red gle m cro- phone according to the invention neets these
requi rement & 2. The nicrophone according to the invention may
be appl i ed iBn Thee miezaphoRs ageerddng ctq thei iRyepticBustn benwtedytaphy) .

Acousti c neabufed th¢ acbustifbiddastion ofasustrplamsddbdy. Toetadsy mutneans of an

array 3; Ofeag‘ucre&hggt% Can&gg@é&m %ﬁ}&%p%l&na&n& the

nonent , carried out ans of pressure
mcr Ophones out as close to the body as possible. The :.ntensity sensors accord-

ing to the prior art are too large to do so. chever, a combination
of a microphone based on fluid flow measurements: and a pressure
microphone are able to carry out such measurements.
25 9 An acoustic wave is entirely determined by a pressure wave
-and a flow wave. By a combination of a preSsu’re_- microphone and a
miérophone based on fluid flow measurements, therefore, an acoustic
wave can be measured accurately. Therefore,. -.-'such a combination
offers a better possibility than ‘a pressure -lﬁicrophone only in
30 anti-noise systems for measuring acoustic waves as accurate as
.possible. |
10. The direction of an acoustic wave éar_l be measured by
-means of, e.g., three perpendicular microphones based on fluid £flow
nmeasurements and a pressure microphone. Preferably, in such an
'35 arrangement the microphones based on fluid flow measurement have to
.be constructed to be sensitive in one direction imly.‘



‘However, such pressure nicrophones are expensive and, noreover,

pressur e whsEamrgpnes affect the acoustic field principal I?FF o - VO
.96/ 00488 P @??028%20

13 m cr ophone described here is b‘r}(pect ed to cost only a fraction of
the costs of pr m Imlm S. heQuer, since the mcrophone
according to thﬁmmml ' nn lﬁsedwgn nmeasuring fluid flows it hardl y
affects the acousti & frel't t% Be measured. 5 - 3. The microphone

accordi ng to the 1i.nusetcdf08 flmydbflowSeéehsubing devidecas i £Indctdphbyelrfaphony
which is, e.g, to_qanimze th i ener at i of | ps. For
thi s purpos eé,%tﬁ?éé'?%p cg‘ﬁ%iggca? eve%éq%ﬁ1§e§%i§%1°%$e3 %u%‘r%g é\é&qgﬁecé’g é‘ggesg by water
~and whi ¢h shiew at fleast one haating: edement (H)ypak dedsk|dz fixnr tenpeapiitiecati on of
a gel . knovwgeg@ma (8€y %Qeatns;haldtted £iQst p.-._adémﬁﬁréd aﬁciﬁ%(rhﬁvsrafhma_e sarr;s_
acoustic inmpedance as e crophong, according to _the_ invention
ey b cons HRREREy siRasiRL Tk, 'eBF pnprafich BF R "FurBE CQlctetha) st
M crophone ahich cHorgespondshdoi theeherpmrature 40kt athe first tempeirgtuze appl i ed
in airplanesgendgr @IS r $1dd INAVES ithe Yprededernindd 20Est spﬁ&it{gﬂe

monent , _ bot h res%gre waves and TTow waves are measured. At the
monment , 1% he F'ov#8\d9%F FBaR A% d™ad from t he pres- sure wave at-
different |ocations. However, at |ow frequencies (i.e. about - 100 Hz)

this nethod | eads, [ geedsoLSeflia EbuPhgfictll dorfieols o micrliilfe o1°

. . ac- .
solution of this problemis to neasure ol une one | ocation

whi ch can beeEdHng &8 GAnimybr phezein §he theehing elenephoffd and thgefifsthed here.

The mi ﬁrophqimﬁnpia:ﬁahtma'f1 YSé‘zﬁﬁﬁi M'nloe. ahfeilaactlmyl;lz a28d formed bbeazeieaei:@f t he
m crop e 1S uch thag_ .t Yol U W Cca e neasured at, one
| ocat i o{r)f‘l’.ﬂl resistahce §£r?hgnhnf c?”c%ghaon%rggcg?ugi FFFY (TEPHRIER: FEPrmy be
used to (Ru), respectively, which strips are arranged some distance apart

in a channel (1) along which the acoustic wave is able to propa-

gate, the channel (1) having a predetermined héight and width.

20 3. Use of a fluid flow measuring device as a microphone ac-
cording to claim 1 or 2, wherein the predetermined first spacing
{r1) is less than 50 um.

4., Use of a fluid flow measuring device as a microphone ac-
25 cording to any of the preceding claims, wherein the temperature
sensor (S1) is also heated during operation. '

5. Use of a fluid flow measuring device as a nmicrophone ac-
cording to any of the preceding claims, wherein the heating element
30 {H) is arranged as a second temperature sensor (S2) for generation
of a second electrical signal which corresponds to the temperature

(T2) of the second temperature sensor (S2).
6. Use of a fluid flow measuring device as a microphone ac-
35 cording to any of the claims 1-4, wherein a second temperature
sensor (S2) is provided arranged at a second predetermined spacing
(r2) from the heating element (H), for generation of a second
electrical signal which corresponds to the temperature (T2) of the



25 evaluate standl ng waves I n a tube. In such an analysis the reflec-

Lube.  PORERERY ) ||3ﬂmm||||iﬂmﬁsﬁéfﬂ03y i o coul PPRUSAER,  171 c
M

by rreans of a COITbI IcOI’lLO a pr essureﬁm cro hone and a m cr ophone
based on fluid ow_neasur enment . 0 ne according to
the present ﬁeﬁe‘é‘*]tﬁegﬁe H’%ese“s“ (s&stadﬂ?fs péeﬁﬁe’“b’(ﬂ r ﬁ‘lE')"{‘%o FREFHRf or
carryi ng out(r2t redog rkeas (thens390spn. in a single point. Such a m crophone
coul d advant ageously be used ~in "open line tel ephones”. Such

t el ephones are used in the field of val uta .and stocks. These are a

kind of hands-frde UStephomesiuid él°‘35‘“east’§’r'€prﬂfﬁé%e V@& R ricEophansi ver but
i ncl udi rsg a atcerdipbofe Chatch 8, whereid ahgef:.lretud&p&deemrmar aparadgi (X132 room

however, f gﬁg r signal is never
suppressed ’1}; L‘g&ﬁaﬁc’g%ﬂ%%{ggmd pr&ﬂ% gg ggz’n as sorrebody speaks
Into the m crophone, the - WD 96/ 00488 '

PCT/ NL95/ 00220 8. use of a fluid flow measuring device as la} microphoh®Wdspeaker

signal is suRp %&?g‘g 5‘85?9'%? Hét |_g fc%ggpéﬁﬁg gyel%%a‘oﬁ's' N9y uni pol ar

m cr ophone suc n-aco a k ca a uni pol ar
may be Yeal iingdeirpuitfior rne@guanprwéuterst electrigalpaigmal sand aﬂm!érophone

based on fl ying 4 QredrRacdi solRt SRdabYabo; vafddichg the output signals. of
bot h. 7. The m crophone accor di ng to the invention may be used

for transoni ¢ neasurenents. The generation of noise by propellers and
turbof an notors i9s Yseawi nedfluhd of lawnmeasuringl dewiick as rad miEaptionea ot

the speed ofg to Qﬁwgl St%h %p?@%@nt bPLtichni 'csmgmzﬁﬂﬂiﬂet 10 (

that the ai r OW I S not Acoustlcsgressures are_n
order of 14F°cgmgesusing 3aid ?’r’é&lfe‘ﬁEF‘é*fabb%‘éF 304 s2id fesapd eReptri-
Therefore, tdad signabEndntordesevidingsl ahcelectsicadr yutput tsilghsal t(avbe vo;

“Io).

10. Use of a fluid flow measuring device és_ a microphone ac-

20 cording to claim 9, wherein the electronic measuring circuit com-

prises a bridge circuit and a high pass filter (C1, C2) connected

to said bridge circuit, the latter being connected to a setting

voltage (Ub), the first sensor (S1) being a first temperature dep-

endent resistor (Ru) and the second sensor ' {82) being a second

25 temperature dependent resistor (Rd), said first and second tempera-

ture dependent resistors (Ru, Rd) being 1located in different
branches of the bridge. '

_ 11. Use of a fluid flow measuring device as a microphone ac-
30 cording to claim 9, wherein the electronic measuring circuit com-
prises a Widlar current mirror ("gadget") comprising at least a
first transistor (T1) and a second transistor (T2) coupled in a
“current mirror configuration, the first sensor (S1) being a first
temperature dependent resistor (Ru) and the .seacond sensor (S52)

35 being a second temperature dependent resistor (Rd), said first
temperature dependent resistor (Ru) and said second temperature
dependent resistor (Rd), respectively, being connected as emitter
resistors to the first (T1) and second (T2) transistors, respectively.



used in such an arrangenent. The m crophone according to the inven-

tion i s Syrddenddh: ustlc pressures are Verynibihaol®
While the frequenC| I mﬂ low. Principally, the neasure-

‘ments can be carrie t e one sthsor - one- heat er confi gur-

ation. 8. The m crophone according to the invention can be used
to measur e t Hé- a8¥fiter| eompRifing; anmigroppens cprerisinndy . £lwid cllowy out a

20  neasur enmeBsurifg adéevicat eoanm‘ésntd e;dobswaseaﬁuéerreﬁmneed;&)ef%ar ried
out as cl ose b S T. nt en . Sensors,accor d-
teg Hlﬁ Qéj\x.cg Jﬁ%%;szézgt 8t eas{: ri_eD ng :rn 5 Klg)[ g Sﬁ

ing to the prior art are to 0 So.
a mi crophone Y9aske@ &irst| tﬁW@eﬁW rASHSeR éﬁbhtasrmdaatpaefe‘;%t@redeter-

M crophomse arnfindd|spatihgC a4F1)Y £064 tﬁﬂ%aﬁ”ﬁ%sﬁimﬂt &i) 250: generat:.gn ofn
acoustic vave i.S setntiec%r a fl ow

eter ur e
wave. By a cdnbiiatron o¥°ag C}Fncef’é §ﬁdth§ tempera’?ﬂ’&r Rone
based on f| uick fthe\AﬁMSme@matcre tdensex ofSd) &h_asmggd_m_ﬂm\/abhe can be

measur ed accyradleyminkaceSfddr %paci&!%h(ﬁ cegbigal i théh 300 pm 0T KR! Badkoet t er
possibility than-a gﬁessure m cr ophone qnl anti - noi se systemns for

measuring acdieRs ALHR.\FEEPLISING AR, elegtrpnic Jeas“ﬁd’?s?’rﬁ"&“ for measuring 10 The
di recti or® of sahdafinsst etectaiealc asighsl mﬂsmpt-oddhyg an eleeoricadf cutpug. , three

D Pen o araslher ARB0NSR; P33F0 AR Lydlefl Mtfer conplBARY SITALT.ANY

pressure nicrophone ran
ni cr ophones H&%e&%r?mPFiﬁdeﬁliﬁkdnEMFeﬁwth Hre"ldmg ah campdifieduct ed to

be sensitive cuBpit@ighdleChndra ABhdspeaker (V) LhAMRE to said amplifier
PCT/ NL95/ 0022(9) 15
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of

13. System according to Claim 12, wherein the heating element
(H) and the first temperature sensor (S1), respectively, are formed
by a heating resistance strip (Rh) and a first (Ru) sensor resis-
tance strip (Ru), respectively, which strips are arranged some
20 distance apart in a channel (1) along which the acoustic wave is
able to propagate, the channel (1.) having a predetermined height

and width.

14. System according to claim 12 or 13, wherein the predeter-
25 mined first spacing (r1) is less than 50 pm.

15. System according to any of the claims 12-14, wherein the
temperature sensor (S1) is also heated during operation.

30 16. System according to any of the claims 12-15, wherein the
heating element (H) is arranged as a second temperature sensor (52)
for generation of a second electrical signal which corresbonds to
the temperature (T2) of the second temperature sensor (S2) and
wherein said electronic measuring circuit is also arranged for

35 measuring said second electrical sigmal.

17. System according to any of the claims 12-15, wherein a
second temperature sensor (S2) is provided arranged at a second



1. Use of a flui d—f—f—ew—ﬁeasmhﬁﬁg—devi—ce as a mcrophone for detecting

acousti I d flow nmeasuring device conpri at | east
one hea&vﬁgx'g@g%entl|wu HJHL“ ﬂ ” first tenperature %a@ﬁ@%‘)(sn
arranged at a first A acigg (rl1l) fromthe. heati ng .
elenment (H), for generation of a first electrical signal whi ch

cor r esponds preddteeninedpepaaing ¢r)] fyomithe Iheatingselemenpeltiat oy gener-sensor
(S1) charac gif&%@ h Nedcdah éleetﬂesﬁeéﬁam rmcﬁlao%&e G dhe temlrl) is

| ess than 3 a fluid fl ow neasuring device as
a ni cr ophon®egature” (T2).gf @ﬂg’ﬁ"&“‘b%ﬁ?’f“%éﬂ?‘ﬁ {f® BT iFEREERent (H)
and the fir alined secdxﬁrrpﬁcahgrhemgmses {h3ih) 300r g8 pexdt whezleyn said dlecAred by a
heatingg15 ﬁ&ﬁ Snas biidbit RY affy afrdnbbd teok Riba. Ofaiiesdhance strlp
(Ru), respec % ﬁ st%ips arae ara'r@%ngeﬁ s?orre glﬁ“giir;lgnécae@a%art{il

a channel f)le%ﬂreﬁgl ®APRAL -t he acoustic wave is able' to propa- gate

t he channel (1) having a predeterm ned height and w.dth. 20 3.
Use of afIU|de asur [ M cr, e rding to
claim1l1 or 2, Whegél i tﬁ% A&gcfﬁt%é ?ngn‘gl rst nggg%'ﬁ tHE " fazst ?ﬁ%ﬁgl s less

t han 50 pm termined spacing 41'1 Udsis equad to mhe $QQ9W-‘ rmraéatqrngnes’eenvénas a

m crophgne agz) 25 cording to any of the preceding clains, wherein the

t enperature sensor (S1) is also heated during operation.

5. Use of a fluid flow neasuring device as a m crophone ac- . cording
to any of the prd8edsysgen| stcosdinghé&peclnimhdéhent 1hg wbersiBnthgOelec-(H) is
arranged as (3o ﬂggku&@atp 8L Al eoRBRARE s%%).ageoe;&%aerﬁﬁlmlgn passOf a

second el ectrl ca h corresponds _to the ter‘g)erature (T2) o‘
t he second téﬁfﬁr éf:lrr ngg ec;?gﬁnpct@gztjo said bridge circuit, the latter being

15 connected to a setting voltage (Ub), the first sensor (S1) being a

first temperature dependent resistor (Ru) and the second sensor
(S2) being a second temperature dependent resistor (Rd), said first
and second température dependent resistors (Ru, Rd) . being located
in different branches of the bridge. '

20 '

20. System according to claim 16 or 17, wherein the elec-
tronic measuring circuit comprises a Widlar current mirror compris-
ing at least a first transistor (T1) and a second transistor (T2)
.coupled in a current mirror configuration, the first sensor (S1)

25 being a first temperature dependent resistor (Ru) and the second
sensor (S2) being a second temperature dependent resistor (Rd),
said first temperature dependent resistor (Ru) and said second
temperature dependent resistor (Rd), respectively, being connected
as emitter resistors to the first (T1) and second (T2) transistors,

30 respectively.

21. In combination, a- first microphone compﬁsing a pressure

‘measuring device and second microphone comprising .a fluid flow
measuring device for detecting acoustic waves, said fluid flow

35 measuring device comprising at least one heating element (H), at
least a first temperafure sensor (S1) arranged at a first predeter-

~ mined spacing (r1) from the heating élement (H), for generation of

a first electrical signal which corresponds to the temperature (T1)



6. Use of a fluid fl ow neasuring device as a mcrophone ac- 35 cording to

any of t 1 1-19E i nd tenperature sensor (S2) is
provi ded@?&gﬂ%@ at’mmmmumwﬂ}gmre)r m ned spacing PATEISPPBM t he
heating el ement (H), *fof generals of 1® second - - electrical signal

whi ch corresponds to the tenperature (T2) of the WO 96/ 0048

PCT/ NL95/ 00226 the firsg tempgratgwrpeFenssre (§bhsaheyedn) the hprefeberstisedi ned
second spaci Hgrst spadihg)(Heiis])1ésSshdrhaoo 30 [err] 7. Use of a
fluid fl ow measuring device as a mcrophone 5 according to C aim®6,
‘wherein the first greo[et erm ned spaci ng (rl) is equal to the second
predet ermi ned spaéfndiigigy current mirror ("gadget'd (fomprifsing da¥f |leastremsuri ng

device as a FifStORRASBEr (T1) akD!dligdBodd t2BYsiBkot NEr2§! Bbified fh 2
conpri sing aréug cetronic e §ur-at}9 i gg circuit for_nmeasuring_said first
el ectrical signal and provig-duration. g Lhreh SFEF150R (B SORReStERafs [err]
Vo; 1o). emitter resigt.t?ruge spfidafirkti thahbisboretlyUr andy adsetond MBis-

i orophone ager (rd) GG W8 EhAkilk Srd¥isfor S8TBALS Ao (ELEAEOD ©

measuri ng ci rciut 5  for npeasuring sal rst electrical si and said
second el ect (F2), wherein at; lgast ang pf, spid)\figehg(Bm andceesend (B put

signal (1AUo; registors have). variable resistance value, e.g. due to temperature
dependency.

KRk kK



« 10. Use of a fluid flow nmeasuring device as a m crophone ac- 20 cording
to claim9, wherein the electronic neasuring circuit co i ses a

bri dge NOQ6/MOI88, 4 hi gh pass filter (Cl, C2) connect eghms,%ogidsai d

- bridge circuit, the latter being connected to a setting vol tage (Ub),
the first sensor (S1) being a first tenperature dep- endent resistor
(Ru) and the second sensor (S2) bei n@TS second 25 t enper at ure dependent
resistor (Rd), said first and second tenpera- ture dependent resistors

(Ru, Rd) being located in different branches of the bridge.

11. Use of a fluid flow neasuring device as a microphone ac- 30 cordi ng
to claim9, inatlf | ectronic measuring circuit com prises a

W dl ar currént rT I:gadget ") conprising at |least a first
transistor (Tl)"and a second transistor (T2) coupled in a current

‘mrror configuration, the fiSist senqu (S1)SReing a first t enperat ure
dependent resistor (Ru) and {t he secand sens¢r (S2) 35 bei ng a second

t enper at ure dependent Teststor Rt S@%cr T ST tenper at ure dependent
resistor (Ru) and said secogni-gcpﬂr!eh dependent resistor (Rd),
respectively, 1 connect®&l as et er H;:' resistors to the first (T1)

and second (T2) tjransistors,] respeqt:i :m/el y. 1 . W 96/ 00488

12. System conprigsi ﬁg—a—m-eﬁe-ph-e-n-e--éew-p%bwgqa—u-m-df-bew measuri ng
device for detecting acoustiXmtavek,| Lsaid Xppd flow measuring device

conprising at |east one heating el er{Ent (H, at
X

1

+T

_xm1 -

"ﬂg—lb

'X
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« least a first tenperature sensor (S1) arranged at a first predeter- 5
m ned spacing (rl) fromthe heating elenent (H), for geneEﬁE! @a B a
first el Wex9%6i0e488 si gnal which corresponds to the terrper ?’ z? of
 the first tenperature sensor (Sl1) characterized in that the
predeterm ned first spacing (rl) is less than 300 [err] the m cro-
phone al so conprising an electronic meaguring circuit for neasuring 10

said first electrical signal and providing an el ectrical output si gnal
(AUo; Vo; lo), the systemfurther conprising an anplifier (9) for
anplifying said output signal and providing an anplified out put

signal, and a | oudspeaker (10) connected to said anplifier (9). 15

13. System according to Claim 12, wherein the heating el enent (H and
the first tenperature sensor (S1), respectively, are fornmed by a
heating resistance strip (Rh) and a first (Ru) sensor resis- tance
strip (Ru), respectively, which strips are arranged sone 20 di st ance
apart in a annel ngl. al ong which the acoustic -wave is able to
propagat e, tlh ) havi ng a predeterm ned hei ght and wi dt h.

14. Systen1acco ing to claimigfjor 13, mhg'spn the prédeter- 25 m ned
first spacing (rl1) is |less than({50 15. System-accordi ng
to any of the clains nsor (S1) is

al so heated during operatlon System according to any of

the clains 12-15, n the ment (H) is arranged as a
second tenperature sensor (S2) | far genératlon of a second el ectrical
signal which corrgsponds-to 1 the tlenmperature (T2) of the second

t enperature sensor (S2) and mheréln said electronic neasuring circuit

is also arranged for 35 measuring said se%Qnd el ectrical signal.
)
!

ﬁg—le
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v« 17. System according to any of the clainms 12-15, wherein a . second
tenperature sensor (S2) is provided arranged at a secon so0dzh 96/ 00488
pr edet er WP84%48aci ng (r2) fromthe heating el ement (H)?k’?(,)hrlmgener-

- ation of a second electrical signal which corresponds to the tem
perature (T2) of the second tenperaturge sensor (S2), the predeter-:

m ned second spaci ng being | ess than [err] and wherein said elec- 5
tronic measuring circuit is also arranged for neasuring said second
el ectrical signal. 18. System according to Claim 17, wherein
the first pgede- term ned spacing (rl) is equal to the second
predeterniagg aci %ﬁ (r2). 19. System according to claim
16 or 17, r@jn t ec-3 troni c nmegsuring circuitsconprises a
bridge circuit and a hi ass f (C1, C2) conngected to said

. bridge circuit, the | g1 ef being 15 nected to al seflting voltage (Ub),
the first sensor (S1) bging a firgf tenperature flependent resistor -
(Ru) and the sgcond sen 2) belng aj per at ur e dependent

U)

resistor (Rd),fsaid firsf antl_sec temperatureldependent resistors
(Ru, Rd) being\located - in dijff ferer —&Hmﬁ&%s of the bridge.
_S_. +R1 nu J R2
rS2

Py +S1  +H

J




*20 20. Systemaccording to claim 16 or 17, wherein the elec-
tronic nmeasuring circuit conprises a Wdlar current mrror _conpris-

ing at | M08 r st transistor (T1l) and a second transi® 0

‘coupled in a current mrror configuration, the first sensor (S1) 25 bei ng
a first tenperature dependent resistor (Ru) and the second sensor (S2)
bei ng a second tenperature dependent rffgstor (Rd), said first

t enperature dependent resistor (Ru) and said second t enperature
dependent resistor (Rd), respectively, being connected as emtter
resistors to the first (T1) and second (T2) transistors, 30 respectively.
21. In conmbination, a first m crophone conprising a pressure measuri ng
devi ce and fecond m Zrophone conprisingba fluid flow measuri ng device
for detectihgl BJorstimlves, said flupd flow 35  measuring device
conprising at |=®ast one heating el ene (H, at | east a first
tenperature sensor (S1) arranged at a irst predeter- m ned spaci ng
(rl) fromthe heating el enent 0 n of a first

el ectrical signal which corr ponds to the tenpegature (T1) WO

96/ 00488 PCT R1e first tenperature
sensor (S1), wherein the pre spacing (rl) is less than

300 [err] 22. W _(~gadgely’ }) conprising at
| east a b :
™ FTZ

current mrror

Vo

Ru Rd

1T 7

. 1 _ Io
———
T KTZ
- Ru Rd




«5 first transistor (T1) and a second transistor (T2) coupled in a
current mrror configuration, a first resistor (Ru) connected as

emtter VWOIH488 t0 said first transistor (T1) and a sectid95€0220 tor

* (Rd) connected as enitter resistor to said second transistor (T2),
wherein at | east one of said first (Ru) and second (Rd) 10 resi stors have
a vari abl e resi stance val ue, e.g. dueBV% t enperat ure dependency.
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