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K BOITPOCY O YYBCTBUTEJIBHOCTU MHUKPO®OHA
HOBOI'O THUIIA

Ipemtoxen MUKpO(QOH HOBOTO THIIA, OAHOM M3 OTIMYUTENBHBIX YEPT KOTOPOTO SBISETCS MEPEMEHHAs 4yBCTBH-
TEJIFHOCTb, 3aBUCAIIAs OT BEJIMYMHBI TIOCTOSIHHOTO 3JIEKTPUUYECKOro HaNpsDKeHMsT Hakadkd. Kpome Toro, cosmaHo
corJIacyrolee ycTpoicTBO (MeanaTop), MO3BOJISIONIEEe 3HAUUTEIBHO YBEINYNBATh YyBCTBUTEIHHOCTE MUKPOQOHA.
B mporecce aKCIIEpUMEHTOB MMOATBEPIKIACHO 3HAUYUTEIBHOE YBEJINYEHHE YyBCTBUTEIBHOCTH KaK BCIIEJCTBHE JJIEK-
TPUYECKOW HaKauyKH, TaKk U BCJIEACTBHE IPUMEHEHHsI MeiMaTtopa. B Xxo/ie SKCIeprMMEHTOB MOJTy4YeHa BeTMYMHA TyB-
CTBHUTENILHOCTH MUKpOGoHa, paBHast 1990.5 mB/I1a npu Hakauke 1000 B.

Kn. cn.: MukpodoH, HarpsHKeHHE HaKavyKd, MEIUATOP, YyBCTBUTEIBHOCTh MUKPO(OHA, BHEITHHE IIYMBI TIOMEX

BBEAEHUE

Hacrosimast paboTta siBiisieTcs NPOJAOKEHUEM K-
ja paboT aBTOPOB, MOCBSIIEHHBIX 3JEKTPOAKyCcTHYe-
CKUM U aKyCTORJIEKTPHUUECKHM IpeoOpazoBaTessiM
HOBOTO THMa (CM., HarIpuMep, padotsl [1-4] u nenbiii
psaa apyrux pabot). OcHOBHOE BHHMaHHE B padoTe
YAENSETCSl COTJIACOBaHMIO IpeoOpasyloell YacTH
MUKpO(OHA € pPErHCTPHUPYIOIIEH ammapaTrypoil mpu
npueme 3Byka. OCHOBHBIE NPHHLMIBI IIpeoOpa3oBa-
HUSl aKyCTHYECKOTO TOJS B 3JEKTPUYECKHI CHUTHAI
OTIHMCaHBI, HANIPUMEpP, B padore [3] U B psize Ipyrux
pabot aBTOpOB, HaxoAAUMXCs B meyatu. CyliecTBeH-
HOe 3HaueHune B 3(pexTuBHOCTH paboTHl paccMaTpH-
BaeMOT0 Mpeodpa3oBaTesisi IMEET UCIOIb30BaHUE MTPH
MpreMe peXuMa HaKadKW, OMNFCAHHOTO, BHINUMO,
BIIEpBBIE B pabore [5].

PaboTa paccmarpuBaeMoro MUKpo()oHa OCHOBaHa
Ha TOM, YTO €r0 YCTPOMCTBO IO3BOJISIET Ipeodpazo-
BbIBaTh CTOPOHHEE aKyCTHYECKOE JaBJICHHE B pa3-
HOCTB TTOTEHIIMAJIOB Ha 3JIEKTPOAaxX, BHyTPH KOTOPBIX
HaXOAMTCS MOpHcTas cpeAa (ero ycTpoHWCTBO OmMca-
HO, Hampumep, B [3]). OcHoBHOW mpobremMoi mpu
pean3anuy Takoro MUKpo(OHa SIBJISIETCS €ro coria-
COBaHHE C PETUCTPUPYIOIIMM YCTPOMCTBOM, B Kade-
CTBE KOTOpPOTO B HacTosleld paboTe CIyX Wi CIEK-
TpoaHayn3arop Mapku Agilent, a Takxke HE00XOH-
MOCTb ITOJIaBJICHUS] CTOPOHHHX ITOMEX.

HHOCTAHOBKA ITPOBJIEMbI

3anayeii paObOTHI SIBJISETCS CO3/IaHUE COTIIACYIOIIIe-
TO YCTpOicTBa (Ha3bIBAEMOIO Jajee MeIuaTOpPOM)
MEX]Iy COOCTBEHHO aKyCTO3JICKTPUYECKHM IMpeodpa-
30BaTelIeM M PETUCTPHUPYIONIUM YCTPOUCTBOM C IIe-
JBI0 TMOAABICHUS CTOPOHHUX IMOMEX U B KOHEUHOM
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WUTOT€ TOBBIIEHUS TyBCTBHTEIBHOCTH OMHMCHIBAEMOTO
npeoOpaszoBarens. Kpome Toro, BaskHBIM SIBIISICTCA
OIpEJIETICHUE YyBCTBUTEIBHOCTH CO3/IAHHOIO MpUEM-
HOT'O YCTpOUCTBA.

PEINEHUE ITPOBJEMBbBI

Jlist perneHust MOCTaBJICHHON TTPOOJIEMBI OB CO3-
JaH W anpoOupoBaH TpaHc(HOPMATOpP CONPOTUBICHUH
(MemuaTop), MpUHIUIHATIBHAS 3JEKTPUYEcKas cxema
KOTOPOro n300pa)keHa Ha IPUBEIEHHOM PUCYHKE.

OcHnoenble mexHuuecKue XapaKkmepucmuku me-
ouamopa:

BxonHoe compoTuBieHHE YCTpOHCTBa HE MeHee
0.5 MOwM, BBIXOTHOE CONPOTHUBICHHE HE Oojee
20 Owm, koadpdunment nepeaaun oxono 0.98. Yactot-
Hasl XapaKTepHCTHKAa yCTPOWCTBA IMPAKTHUYECKH pPaB-
HoMepHa B auanazoHe ot 20 I'm go 2-2.5 MI'u, npu
JaTbHEWIIeM YBEIMYEHHHM YacTOThl HaOJIIoJaeTcs
MEIJICHHBIN crag Kod(pQuIueHTa nepetadn A0 Beu-
guns! 0.7 Ha yactotre 10 MI'i. B ycrpoiictBe mpume-
HEHBI TPAH3UCTOPHI C /i-mapamerpamu: -t — Ay,
=100 u 2-it — hy1, = 75. Menuarop mosryyaet nura-
HUE OT CTaHAApPTHOTO aJanTepa C BHIXOAHBIM Hamps-
xenueM 12 B, norpebnsiemslii Tok okono 20 MA. s
MOJy4YeHus] HeoOXxoauMoro ko3 duiuenta nepenaqn
TOKa MPUMEHEH COCTaBHOM TpaH3UCTOP (IpH yKazaH-
HBIX BeJIMYMHAX nepenadn Toka He meHee 7000).

C nenplo yMEHBLIEHHS MOMEX MEIUaTop, MpUeM-
HuK Bo3aymHoro nasienus ([1BJ), ucrounuku snek-
TPOIIUTaHHA, BCE COEANHUTENbHBIE TIPOBOJIA TIOMETIIe-
HBI B 9KpaHupytomue 3nemMenTsl. Kpome toro, Ha [IB/]
MPeIyCMOTPEHa BO3MOXKHOCTH MMOJA4YH IMOCTOSHHOTO
Hanpspkenust 10 1000 B nns gemMoHcTpanuu BIMSIHUS
HAKa4YK{ TTOCTOSHHBIM HANpsHKEHHEM Ha BEJIUYUHY
yyBcTBUTENbHOCTU [IB/].
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[TprHIMNMATBEHAS NEKTPUIEcKas CXxeMa MUKPO(OHA M COTIIAaCyIOLIET0 YCTPoiicTBa

SKCHEPUMEHT

Ycaosus 3kcnepuMeHTa

Jns  ompeneneHuss XapaKTEPUCTHK MHKpodoHa
ObUT TIpoBeneH psia dKcriepuMeHToB. CO 3BYKOBOTO
reHepaTopa Ha JUHAMHUK (MCTOYHUK 3BYKOBOTO ITOJIS)
mo/laBajiock HampspkeHue gactotoi 1000 ' (mpw m3-
MEPEHHH YyBCTBUTEIHLHOCTH MHUKPO(POHOB OOBITHO
HCIIOJIB3yeTCSI MMEHHO 3Ta 4YacToTa). 3BYKOBOE JaB-
JIHWE ¢ AWHAMHUKa MOCTYNallo Ha amlepTypy MHUKPO-
¢oHa. DneKTpHyYecKoe HaNpsDKEHHE C BBIXOJAa MHK-
podhoHa MoJaBanock Ha CIIEKTPOAHAIN3aTOp, Ha KOTO-
POM Hapsily ¢ IIMPOKOIOJOCHBIMU IIIyMaMH, COIpPO-
BOXIAIOIMMMHU OKCIICPUMEHT, (bl/IKCI/IpOBa_HaCB BCJIN-
YMHA IUCKPETHON COCTaBIISIONICH B enubenax Ha ya-
crore 1000 I't, moctynaroieii ¢ MUKpOQOHa.

YyBCTBUTEJIBHOCTH 0€3 HANPSIKEHUS HAKAYKHU

B ycnoBuax oTcyTCTBHA HaKaukHM OIpPEIENscs
YPOBEHb [aBJICHHs HA IIOCKOCTH MHUKPO(QOHA p .,

IIpU KOTOPOM CIEKTpOaHAJIMN3aTOPOM HAICKHO UACH-

TU(UIIIPOBAJICA CUTHAN OTKJIMKa MUKpodoHa, Ha 3—
4 nb mnpesbluaronii ypoBeHb IIymMoB. Ilpu stom
YPOBEHb aKyCTHYECKOTO JaBJICHHS Ha alepType MHK-
podona cocraBun 70 nb (wnmm, kak nokazano B [lpu-
noxennu, o (I13)  p=0.0632T1a).

quCTBl/ITeﬂLHOCTL C HANIPS’KCHUEM HAKAYKH
U =1000B

IMpu Hakayke MPH TEX ke YCIOBHUSX OIMpPEACICHHs
HaJIM4YMs CUTHAIA OTKJIMKa MukpodoHa B 3—4 1b npe-
BBIIICHHS YPOBHS IIYMOB MOPOT YyBCTBHTEIBHOCTH
1o JIaBJICHUIO coctaBuil 48 ab, 4TO COOTBETCTBYET
BenuuHe oporosoro aasienus p =0.005024 ITa.

B 00oux ciy4asix BBIXOAHOE HANPSHKEHHE C MHUK-
podona cocraBmio 10 mB. UyBcTBUTEIEHOCTh MUK-
podona (¢p-na (114) Ilpunoxenns) B mB/Ila cocrau-
ma B ycnoBusax Oe3 Hakaukum S =158.1MB/Ila
nu §$=1990.5 mB/Ila ¢ wakaukoii. B emuaunax nb
yyBcTBUTENBHOCTE (10 (I16)) cocraBmia cooTBETCT-
BeHHO L =-16 nb 0e3 Hakauku u L =6 nb ¢ Hakau-
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KOH, YTO cocTaBWiIO paznuuue B 22 nb nnm B auHen-
HOM Maciitabe 03HavaeT, 4To B 12 pa3 uyBCTBUTEIb-
HOCTh C HAKAYKOM MPEBBIIIAET YyBCTBUTEIBHOCTH 0€3
HaKa4KH.

3meck AN cpaBHEHHs MPHBENEM JaHHBIE U3 HC-
touHuka [6] (ctarbs "MukpodoH" B Bukunemun).
Hawnrydamme moka3aTenu 9yBCTBHTEIBHOCTH W3 MHO-
THX TUIIOB MUKPO(OHOB, cOrnacHo [6], UMeeT yroib-
HBIE MUKpPO(GOH. UyBCTBHTENBHOCTh TAKOTO MHKPO-
¢ona cocraBnser no 1000 mB/Ila npu paboueit ua-
crore 300-3400 I'm. Cnexom wzeT mbe303JIEKTpUYe-
cknii MUKpodoH ¢ uyBcTBUTENBHOCTRIO 50 MB/IIa,
¢ quanazoHom 100-5000 I'u. KonneHcaTopHbiil MUK-
podoH pacrosokeH Ha TPEThEM MECTe U UMEET UyB-
creurenbHocTh 5 MB/Ila ¢ quanazonom 30—15 000 I
Kak BHIHO, B peXuME HaKauykM paccMaTpUBaEcMBbIi
MHUKPO(OH MOYTH BABOE IPEBOCXOIUT IO YYBCTBU-
TEJILHOCTH YTOJIBHBIN MUKPOQOH.

BbIBOJbI

B pesynbrare mpoBeneHHOW paboOTHI cO31aH Me-
JIUaTOp, TO3BOJSAIONIMKA JOCTUTaTh 3HAYHUTENBHBIX
YPOBHEH YyBCTBHTEJIBHOCTH MPEIUIOKEHHOIO aBTO-
pamu Mukpodona. OTMETHM TakKe BIUSHUE HAKAYKH,
MTO3BOJISIONIEH 3HAYNTENBHO (COTIACHO TIPHUBECHHBIM
JTaHHBIM IKCIEPUMEHTOB — B 12 pa3) MOBBIIIATE YyB-
CTBHUTEIHLHOCTh MUKPO(DOHA.

Paboma svinoanena 6 UAII PAH 6 pamkax I'ocyoapcm-
sennoeo 3adanus 075-00780-20-00 no meme Ne 0074-2021-
0013 Munucmepcmea Hayku u ebicuteco 06pa306anUs.

HNPUJIOKEHHE.
OCHOBHBIE TIOHATHUA, UCITOJIB3YEMBIE
B PABOTE

Kanubposka ananuzamopa

(ompeenenue OMOPHOTO HANPSIKEHHS, OTHOCHUTEIBHO
KOTOPOTO PaCYUTHIBACTCS JISIMOCTbHAS [ITKAIA
aHaJIM3aTopa)

1. Ha  cnmekrpoanamusatop  cO  3BYKOBOI'O
reHepaTopa  IOJAETCS  DJIEKTPMYECKMH  CHUTHAN
Hanpsbkenuem U, B.

2. Ha cnekrpoaHanmsatope H3MeEpAETCs  €ro

ypoBens B 1b — U,

3rgb *

Tabmmna m3mepennii Uy

3.B MOPCATIOJIOKCHUN, YTO YPOBCHb B BOJIbTAX
UO , OTHOCHUTCJIIBHO KOTOPOTO BBIYHCIIICTCA YPOBCHDb
B 1b Ha CIICKTpOAaHAIN3aTOPC (OHOpHOG HaHpﬂ)KeHI/IC),
nojry4yaem

U, s =201g(U, /U,).

3r n1b

Orcrona uMeeM Juis ypOBHSL OHNOPHOIO Harmps-
KEHHs crieKTpoaHanmsaropa U

U,
U“TlB /20=1g(U3r /UO)a - =10U}”E/203
0
US]‘
wim U, :W ()

st nomydenus Benuunnel U, u3 (I11) 6butu mpo-
BEJCHBI CleAylomme u3MepeHus. Ha  crekrpo-
aHaJIM3aToOp TIOCIEAOBATEIFHO ITOJAABANIOCH H3Me-
PCHHOE  BOJBTMETPOM  HAMNpPSDKEHUE  3BYKOBOTO
reHepaTopa (BEJIMYMHBI MPEICTABICHB B BEPXHEH
cTpoke Tabmumpl), a 1o Belpaxkenuto  (I11)
BBEIYHCISIOCh ~ COOTBETCTBYIOIIEE €My  OIOPHOE

HanpsbkeHue U (HUKHSS CTPOKA TaOIMIIbL).

Kak BuagHO W3 TaOmUWIBI, BETMYWHA OIOPHOTO
HanpspkeHuss U, BapbupyeTCs OTHOCUTEIBHO 3Ha-
geHuss U, =1B c¢ HeKkoTOpoil morpemHocTbio. ITO
CBSI3aHO C BIMSHUEM TIOME€X W HETOYHOCTHIO
usMepenni BenmuuH U, u U, . COOTBETCTBEHHO
CIIEKTPOAHAIM3aTOPOM U BOJBTMETPOM. Takum
obpazom, BEJIMYMHA  OMOPHOTO HaNpPsOKEHUS
CIIEKTpOoaHaau3aTopa Oblia npuHsaTa paBHoi U, =1B.

Yposens evixoonozo nanpsascenua c mukpoghona

[locne ompeneneHusi OMOPHOTO  HAMPSKEHUS
CIIEKTpOAHANIM3aTOpa JIETKO ONPEICIUTh AMILTUTYIY
BBIXOJHOTO HamnpsbkeHus ruapodona U Ha 3agaHHOR
9YacTOTE 0 €ro CYATAaHHOMY C J3KpaHa aHalln3aTopa

sgayennio B 1b — U. .. Benmnunna U, . onpeneinsd-
Xnb b

eTcsd IMyTEM CYMMHPOBAHUS 3Hau€HUs B Ab, COOTBET-
CTBYIOIIETO HIDKHEH TpaHuIlle ACTMOCTHHON IIKaIbI

skpana U ; (yCcTaHaBIMBAaeTCs B HACTPOMKAX CIIEK-
TpPOAHAIM3aTopa), U COOCTBEHHO 3HAYCHUS YPOBHS

nanpsokenue U, B

Hamnpsxenue 3BYKOBOI'O

1.5 2 2.5 3 4.5 5
reneparopa U, B
KamubpoBounoe (omopHoe)

1.06 1.12 0.995 1.06 1.13 0.99

HAVYYHOE I[TPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 2
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ciektpa B 1Ob Ha
Ugs =Up s +U ;-

b 0nb
ITo onpenenenuio, Benuunna Uy, paBHa

okpane anammzatopa U ;:

U
Us, =20lg—

0

Otcrona nmoyrydaeM

UZJE

U=U,10 > , B.

3necs U, onpeneneno Beiie u3 (I11). Yuutsias,
4yro B HameM ciaydae U;=1B, nomyyaeM okoH4Ya-
TCJIBHO B MHUJIJIUBOJIBTAX

U):)IE

U =1000-10 % , mB.

(I12)
Yposenw 36yxo06020 oasnenusn

M3mepenHoe B JIOrapu(MHUYECKUX €IUHULAX P
[nBb] 3Hauenue 3BykoBoro gamieHus p, Ila, oTHeceH-
HOE K OIOpHOMY namieHuto p, =20wmxlla, coorser-

CTBYIOILLIEMY IOPOTY CIBIIIMMOCTH CUHYCOUIAIBHON
3BYKOBOM BOJIHBI yacToTOH 1 KI'Ll, paBHO:

p P
=20lg—"—=20lg-= [nB].
D5 g20yHa gpo [nb]

OOGbIMHO M3MEpPEHHME YPOBHA p,. B JenuoOenax

OCYILECTBIISICTCS. CTaHAAPTHBIMU IIymoMepamu. OT-
ctona it mepeBoaa B Ila m3mepennoro B n1b ypoBHs
JTABJICHUs 00paIaroT MpeAbIyIIee BEpakeHne

p=p, 10" =2.10"-10"*" Tla. (I13)

YyecmeumenbHOCHb MUKPODOHA

YyBCTBUTENIFHOCTE MHUKPOQOHA S ompemensercs
OTHOIIIEHUEM HANpsHKEHUS Ha BBIXOJE€ MHUKpOQOHa
B MB K 3BykoBOMY jAaBiieHUI0 p B [la Ha Mukpodosne,
KaK TpaBWJIO, B CBOOOJHOM 3ByKOBOM Tione [1], T.e.
MpU OTCYTCTBUHU BIUSHUS OTPAXKAIOIINX TMOBEPXHO-
creid. [lpu pacnpocTpaHEeHUM CUHYCOMIAIbHOU 3BY-
KOBOW BOJIHBI B HAIIPaBJICHWU paboueil ocu MUKpodo-
Ha 3Ta YyBCTBUTEIHHOCTH HA3BIBAETCS OCEBOM UYBCT-
BHTEIHLHOCTBIO:

S= g, MB/I1a.
P

B (I14) Benmuunna U BbIUKCISIETCS M3 BBIPAKEHUS
(I12), a Bemuumnaa p — wu3 (I13). I[loaTomy okoHdUa-
TEJIBHO UMEEM

(I14)

Yo +Uss
U 1000-10 20
S=—= S p5/20
p 2-107-10"=

I15)

B nmemmbenax 4yBCTBUTENBEHOCTH MHUKpPO(QOHA OII-
penensiercst kak 20 IECATUYHBIX JOrapu()MOB OTHO-
MIECHUST peaTbHOW YYBCTBUTEIBHOCTH S K UyBCTBHU-
tenpHOCTH S, =1 B/Ila. Bbhruncnenue BbIMoOIHSAETCS
¢ mnomompelo  (pyHKIUU

L= 201gSi, anb, rne

0
S, MB/I1la, — peanbHas 49yBCTBUTEIBHOCTh MHUKPOQO-

Ha; S, =1 B/Ila (wm 1000 MB/ITa). OxoH4aTEIBHO

s

L=20lg—>—. 1b. 116
£7000 (T16)
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ON THE QUESTION OF THE SENSITIVITY
OF A NEW TYPE OF MICROPHONE

S. P. Dmitriev', V. E. Kurochkin?, B. P. Sharfarets’

1Bioproa’uct ltd Moscow, Russia

*Institute for Analytical Instrumentation of RAS, Saint Petersburg, Russia

A new type of microphone is proposed, one of the distinguishing features of which is a variable sensitivity,
which depends on the magnitude of the constant electric pumping voltage. In addition, a matching device (me-
diator) has been created that allows to significantly increase the sensitivity of the microphone. In the course
of experiments, a significant increase in sensitivity was confirmed, both due to a charge pump and
the use of a mediator. In the course of the experiments, the microphone sensitivity was obtained equal to

1990.5 mV / Pa at 1000 V pumping.

Keywords: microphone, pump voltage, mediator, microphone sensitivity, external noise interference

INTRODUCTION

This work is a continuation of a series of works
published by the authors and devoted to electroacous-
tic and acoustoelectric transducers of a new type (for
example, [1-4] and a number of other works). The
main attention in the work is paid to the matching
a microphone converting part with the recording
equipment when receiving sound. The basic principles
of converting an acoustic field into an electrical signal
are described, for example, in [3] and in a number of
other works in print. Of significant importance in
the efficiency of the converter under consideration is
the use of the pumping mode when receiving a signal,
apparently described for the first time in [5],

The operation of the microphone under considera-
tion is based on the fact that the device allows con-
verting external acoustic pressure into a potential dif-
ference between the electrodes, inside which there is
a porous medium (its lay-out is described, for exam-
ple, in [3]). The main problems in the implementation
of such a microphone is matching with a data logger
(an Agilent spectrum analyzer in this work) as well as
a need to suppress background interference.

FORMULATION OF THE PROBLEM

The aim of the work is to create a matching device
(hereinafter referred to as a mediator) between an
acoustoelectric transducer itself and a data logger (re-
cording unit) in order to suppress extraneous interfe-
rence and, ultimately, increase the sensitivity of
the described transducer. In addition, it is important to
determine the sensitivity of the created receiving device.

SOLUTION TO THE PROBLEM

To solve this problem, a resistance transformer
(mediator) was created and tested, the schematic dia-
gram of which is shown in the figure below.
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Main technical characteristics of the mediator

The input impedance of the device is not less than
0.5 MQ, the output impedance is not more than 20 Q,
the transmission coefficient is about 0.98. The fre-
quency response of the device is practically uniform
in the range from 20 Hz to 2-2.5 MHz, with a further
increase in frequency a slow decrease in the transmis-
sion coefficient to 0.7 at a frequency of 10 MHz is
observed. The device uses transistors with A-
parameters: 1 — Ay, = 100 and 2 — hy, = 75. The
mediator is powered from a standard adapter with an
output voltage of 12 V, the current consumption is
about 20 mA. To obtain the required current transfer
ratio, a composite transistor is used (in terms of
the indicated current transfer values — at least 7000).

In order to reduce interference, the mediator, pitot-
static system (PSS/IIB]] in Fig.), power supplies, all
connecting wires are placed in shielding elements. In
addition, the PSS can be supplied with a constant vol-
tage up to 1000 V to demonstrate the effect of con-
stant voltage pumping on the sensitivity of the PSS.

EXPERIMENT

Experimental conditions

A number of experiments were carried out to deter-
mine the characteristics of the microphone. A voltage
of 1000 Hz frequency was applied to the speaker
(sound field source) from the sound generator (this
frequency is usually used when measuring the sensi-
tivity of microphones). The sound pressure from
the speaker was applied to the microphone aperture.
The electric voltage from the output of the micro-
phone was fed to a spectrum analyzer, on which,
along with the broadband noise accompanying the
experiment, the value of the discrete component in
decibels at a frequency of 1000 Hz, coming from
the microphone, were recorded.
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Fig. Schematic diagram of microphone and matching device

Sensitivity without pump voltage

In the absence of pumping, the pressure level on
the plane of the microphone p, was determined.

The sought level was that at which the spectrum ana-
lyzer could reliably identify the response signal of the
microphone by 3—4 dB above the noise level. In this
case, the level of acoustic pressure at the microphone
aperture was 70 dB (or, as shown in the Appendix,
p=0.0632 Pa according to (A3).

Sensitivity with pump voltage
U, =1000B

In terms of pumping and determining the micro-
phone response signal exceeding the noise level by 3—
4 dB, the pressure sensitivity threshold was 48 dB,
which corresponds to the value of the threshold pres-

sure p =0.005024 Pa.

In both cases, the output voltage from the micro-
phone was 10 mV. The sensitivity of the microphone
(formula (A4) of the Application) was S =158.1 mV/Pa
in conditions without pumping and S = 1990.5 mV/Pa
with pumping. In units of dB, the sensitivity (accord-
ing to (A6)) was, respectively, L=-16dB without
pumping and L=6 dB with pumping, which
amounted to a difference of 22 dB, or on a linear scale
means that the sensitivity with pumping is 12 times
higher than the sensitivity without pumping.

Here, for comparison, we present data from the
source [6] (article "Microphone" in Wikipedia).
The best sensitivity of many types of microphones,
according to [6], has a carbon microphone. The sensi-
tivity of such a microphone is up to 1000 mV/Pa at an
operating frequency of 300-3400 Hz. Next comes a
piezoelectric microphone with a sensitivity of
50 mV/Pa with a range of 1005000 Hz. The con-
denser microphone is in third place and has a sensitiv-
ity of 5 mV/Pa with a range of 30—15000 Hz. As you
can see, in the pumping mode, the considered micro-
phone is almost twice as sensitive as the carbon mi-
crophone.

CONCLUSIONS

As a result of the work carried out, a mediator has
been created, which makes it possible to achieve sig-
nificant levels of sensitivity of the microphone, pro-
posed by the authors. We also note the effect of
pumping, which makes it possible to significantly (ac-
cording to the presented experimental data, in 12
times) increase the sensitivity of the microphone.

The work was carried out at the Institute for Analytical
Instrumentation of the Russian Academy of Sciences within
the framework of the State Assignment 075-00780-20-00 on
topic No. 0074-2021-0013 of the Ministry of Science and
Higher Education.

ATTACHMENT.
BASIC EXPRESSIONS USED IN WORK

Analyzer calibration
(determination of the reference voltage, relative to
which the decibel scale of the analyzer is calculated)

1. An electrical signal of U, , V voltage is supplied

to the spectrum analyzer from the sound generator.

2. The spectrum analyzer measures this signal level
U, ;»dB.

3. Assuming that the level in volts relative to

which the level in dB is measured by the spectrum
analyzer (reference voltage), we obtain

U, s =201g(U, /U,).

3r n1b

Thus, we have for the level of the reference voltage
of the spectrum analyzer U,

U,
erﬂE /20=1g(U;r /Uo); - =10U3”B/20,
0
US]‘
or U":—IOU;rqs/ZO' (A1)

To obtain the value U, from (Al), the following
measurements were carried out. The voltage of
the sound generator measured by a voltmeter was se-
quentially applied to the spectrum analyzer (the values
are presented in the upper row of the table), and

the corresponding reference voltage U, (the lower
row of the table) was calculated using expression (Al).

As can be seen in the table, the value of the refer-
ence voltage U varies relative to the value of U =1 V
with some error. This is due to the influence of noise
and inaccuracy of measurements of values U, and

U

3r n1b
a voltmeter. Thus, the value of the reference voltage
of the spectrum analyzer was taken equal to U, =1 V.

by, accordingly, a spectrum analyzer and

Microphone output voltage level

After determining the reference voltage by the
spectrum analyzer, it is easy to determine the ampli-
tude of the output voltage of the hydrophone U at

HAVYYHOE ITPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 2
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a given frequency due to U, value (the analyzer

screen readings in dB). The value U, ; is determined
by summing the value in dB, corresponding to the
lower boundary of the decibel scale of the screen U

(set in the settings of the spectrum analyzer), and
the actual spectrum level value in dB U ; shown on

+U;
By definition, the value Uy is equal to

U
UZ;[E = 201gU—

0

the analyzer screen: Uy ; =U, ¢

Hence we get
UZAE

U=U,102 ,V

Here U, is defined above from (Al). In respect

that in our case U, =1V, we finally get the result in
millivolts

Ui,ub'

U =1000-10 * , mV.

Sound pressure level

(A2)

Measured in logarithmic units p . [dB] the value

of the sound pressure p, Pa, referred to the reference
pressure p, =20 pPa, corresponding to the hearing

threshold of a sinusoidal sound wave with a frequency
of 1 kHz, is equal to:

P p
=20lg——=201g—[dB].
Pas gZOuHa gpo [dB]

Usually, the level p; measurement in decibels is

carried out by standard sound level meters. Hence, to
convert the pressure level measured in dB to Pa, the
previous expression is reversed

p=p, 107 =2.107 10" Pa, (A3)

Microphone sensitivity

Microphone sensitivity S is determined by the ra-
tio of the microphone output voltage in mV to sound
pressure p in Pa on a microphone, as a rule, in a free
sound field [1], i.e. in the absence of the influence of
reflective surfaces. When a sinusoidal sound wave
propagates in the direction of the microphone princip-
al axis , this sensitivity is called axial sensitivity:

S = Z, mV / Pa.
p

(A4)

Contacts: Sharfarets Boris Pinkusovich,
sharb@mail.ru
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In (A4), the value U is calculated from the expres-
sion (A2), and the value p — from (A3). Therefore,
we finally have

Ugus+Us

. 20
U _1000-10 _ (A5)
p 2-107-10"
In decibels, the microphone sensitivity is defined
as 20 decimal logarithms of the ratio of the usa-

ble sensitivity S to the sensitivity S, =1 V / Pa. Calcu-

lation is performed using the function L = 201gi,

0
dB, where S, mV / Pa is the usable sensitivity of

the microphone; S, =1 V / Pa (or 1000 mV / Pa).

Finally

S

L=20lg——, dB. A6
£1000 (46)
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