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In recent  years, condenser  microphones  which  are  polarized with  an  electret  film (herein
referred  to as  

"electret
 microphones")  are  increasingly used  instead of  condenser  rniero-

phones which  need  an  external  voltage  source  for polarizing (herein referred  to as  
"con-

denser  mierophones")  as  acoustic  mcasurement  microphones,  especially  for sound  level
meters.  This is because electret characteristics have been remarkably  improyed, due to

great progress in electret  source  materials  and  manufacturing  technology. In this paper,
first we  will  present an  outline  of  electret  materials  and  some  evaluation  rnethods  of

electret characteristics.  Then  we  will state  the respective  advantages  of  condenser

microphones  and  electret  microphones.  And  finally we  will  introduce two  samples  of

electret  microphones  which  were  designed for sound  level meters  by Rion Co., Ltd.
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           1. INTRODUCTION

  In general, the  fbllowing conditions  are  considered

necessary  for microphones used  for acoustic  mea-

surement  :

1) Flat frequency response  and  wide  frequency

   range.

2) Long-term  stability  and  resistance  against  any

   external  environmental  changes  (temperature,
   relative  humidity and  static pressure) or  me-

   chanica1  shock.

3) High  sensitivity  and  small  size.

4) Wide  dynamic range  of  measurable  sound  pres-
    sure  level.
5) The  manufacturer  can  produce  quality micro-

    phones  in suMcient  quantity.

  To  satisfy  these conditions,  condenser  micro-

phones  have been widely  used  fbr acoustic  measure-

ments  until  recently.  Howeyer,  fbr measurements

of  ultrasonic  or  infrasonic frequencies and  fbr ex-

tremely high sound  pressure levels, other  types  of

microphones  are  also being used.

  In recent  years, electret microphones  are  in-

creasingly  being used  instead of  condenser  micro-

phones  as  acoustic  measurement  microphones,  es-

pecially fbr sound  level meters.  Electret micro-

phones have  been  used  in electrical  devices for
commercial  and  private use  (tape recorders,  trans-

ceivers,  interphones, etc.)  since  the  1960's. How-

ever, it was  not  until the  1980's that  the stability  of

the electret  film's surface  voltage  became acceptable

for use  in aceustic  measurement.

        2. ELECTRETMATERIALS

  About  1920, Eguchi was  the  first to discover the

electret  phenomenon  using  carnauba  wax.  Al-

though  it was  clear  that  many  materials,  for example,
wax,i,a)  ceramics  and  high rnolecular  compounds,S")

can  be polarized to become  electrets,  in many  cases,

molecular  compounds  are used  for acoustic  equip-

ments.  In particular, fluorine-contained polymers

FEP  (Fluorinated Ethylene Propylene)9) and  PTFE

(Poly-Tetra Fluoro  Ethylene) are used  frequently.

Typical material  constants  of  PTFE  and  FEP  are

shown  in Table  1. As  a  result  of  our  experiments

under  many  poling conditions  (temperature, voltage,

current,  time, etc.)  and  several  methods,  a  polymer
which  has high yolume  resistance  and  low relative
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Table  1Typical  material  constants  of  FEP  and  PTFE.

Material  constants (Unit) PI"FE FEP

Specific gravity
Meiting  point
Highest temperature  for continuous  using

Linear expansion  coeMcient

Volume  resistance  ratio

Djelectric constant

Dielectric loss
Dielectric breakdown  intensity of  eLecuic  field
Elongation percentage
Tensile modulus  of  elasticity

Water absorption  coeMcient

  (eq
  (eq(10-5/eC)

 (flcm)

 (kVfmm)
   (%)
(10S kglcm2)
   (%)

2.142.2e
   327
  260

   10>101s

 <2.1<O.Oco2

  18.7200-400

  4.1

  o.oo

2.i2-2.17
 265-275
  204
 8.3-1O.5
>2 × lele
 <2.1<O.OO02

19.5-23.4

 250-330
  3.5
 <O.Ol

dielectric constant  is good for makjng  a  stable

electret.

       3. ELECIIRETEVA[LUATrEON

                 METHOD

  The  fbllowing items are  considered  important fbr
evaluating  electret  characteristics.

3.1 Surface Voltage of  the EIectret Film

  Homo-charges  are  trapped  in the polarized PTFE
or  FEP  flm,9' and  its charge  density distribution is
denoted  as  an  unknown  function p(z) of  charge

depth z. Therefore we  can  suppose  a model  which

only  a  layer of  charge  density a  is trapped  at the
mean  depth <z> like Fig. 1. a  and  <z> are  denoted
as

            a=S:Op(z)de,  (1)

            <z>=(j:Oup(z)de)/a. (2)

So, the  surface  charge  density a.  and  the surface

voltage  Vk can  be written  as

               4-<z>
                     a,  (3)          as  ==

                 di

           Vk== di.fay,) 
dii,iZ>

 a,  (4)

where  e and  eo are  the relative  dielectric constants

of  electret  film and  air respectively.  When  surface

voltage  is measured  using  an  usual  surface  voltage

meter,  di is much  greater than  di. So, Eq. (4) can
be written  as

               Vk=  di-<Z> a.  (5)
                     eeo

  From  Eq. (5), the  foIIowing relations  are  evident.

The  surface  voltage  of  the electret  Mm  becomes
lower  when  the dielectret constant  becomes smaller
or  when  the  mean  depth  of  the charge  becomes
deeper.

Electrode

Cg

c

         E

Electrode

6

g8

Fig. 1 Model  oftheelectret  film. 4: Thick-
  ness  of  electret  Mm,  di: Thickness  of  air

  Iayer.

3.2 Thermal Current (Discharge Current) of  the

    Electret

  When  an  electret film is placed in an  oven,  both
surfaces  are  shorted  while  the  temperature  is in-

creased  at  a  constant  speed.  A  thermal  electret

current  will  flow from  one  surface  to the  other  sur-

face. We  can  predict the  mean  depth  ratio  of  the

charge  from measuring  the thermal current.  The
block diagram of  the measuring  setup  is shown  in
Fig. 2.
  It is considered  that the thermal  current  I is

caused  by the mean  depth change,  so  from Eq. (3),
it is represented  as

              -I=A-iz-  iil <.>, (6)

3M
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Fig. 2 Block  diagram  of  thermal  current

  measunng  setup.

where  A  is the surface  area  of  the  electret  film. The
total charge  Ci of  the  thermal  current  is denoted  as

            Qi-I idi rAZ <z>. (7)

  Using Eqs. (5) and  (7), we  can  get the  fbllowing
equatlon

            <z> er/A
            di 

=eeD(V21/di)+e,IA

 
'

 (8)

Therefore, because we  can  calculate  the charge  ai
from  the result of  the thermal  current  measurement

and  can  easily  measure  the surface  voltage  7L. we
can  determine the mean  depth ratio  of  the  charge

<z>/di. This ratio  depends on  the material  and  the

manufacturing  method  of  the electret.  The  mean

depth ratio  of  the  charge  of  the  electret  Mm  used  for
electret  microphones  for acoustic  measurement  is
from about  O.3 to O.5.

  Some  thermal current  curves  of  electret  flm  under

several  poling temperatures  are  shown  in Fig. 3. If
the peling temperature  increases, the  peak  tempera-
ture of  the thermal current  curve  also  increases. As

a result of  our  experiments,  an  electret film whose
therrnal  current  curve  has a  high temperature peak
is considered  stable.  However,  if the poling tem-

perature becomes too high, the surface  voltage  ef

the electret  film is not  suMcient  for microphones

because the  mean  depth ratio of  the charge  becomes
toodeep.  Therefbrethernanufacturerhastochoose

    Material:  FEP  12.5  #m

El Temperature  Increasing  Speed;,
                           

ec/min.

                       2.1AvoZ

 -10o:
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 -30H2

 
-4ots
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220℃

t.ttt

70℃
'

130℃ lsb℃

o

Fig.3  Example

  various  poling temperatures.

50  100

Temperature

  of  thermal

 150(oC)current200

under

an  adequate  poling temperature for making  a  good
electret  film.

3.3 Resistance Against High Temperature and

    Humidity, and  Estimation of  Lifetime

  Before using  an  electret  film fbr microphones,  we

have  to check  that  its surface  voltage  is stable

enough  fbr a  long time period and  will  not  change

with  changes  in temperature  or  humidity.

  FEP  and  PTFE  electret  Mms  polarized under

optimum  conditions  are  very  stable  so  we  cannot

effectively  measure  any  charige  in their surface

voltage  under  nQrmal  conditions  (temperature: 
-

 10
to 500C, relative  humidity: less than  90%  RH).
Therefore, we  must  first measure  the' surface  voltage

decay of  electret  films under  very  high temperature
and  high humidity conditions  using  an  Qven  which

can  control  temperature  and  relative  humidity  with

suficient  accuracy.  Based  on  these results,  we  aim

to  predict its lifetime at  room  temperature and

relative  humidity. Two  examples  are  shown  in

Fig. 4 and  Fig. 5. Figure 4 shows  the  surface

voltage  decay at 1800C, and  Fig. 5 shows  the  surface

voltage  decay at  80eC, 95 %  RH.

A>'v

   500zz
 400abp

 300elo>

 200::.

 
100o

ua

Fig. 4

 Condition:  180  
"c

PTFE  FEP  
-

s-------s-.--

-.--- s---Ns----.s----

1 2 3 4

   Tirne  Cheurs)
5

    Surface voltage  decay of  the electret

film under  high temperature  condition.
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 A  Condition:  80･"C,  95 %RH
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Fig. 5 Surface voltage  decay of  the electret

  film under  high  humidity  condition.
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  Where  a  surface  voltage  is denoted as  a  function

K(t) of  time t, because that Vk is proportional to
the surface  charge  density, so  it is considered  that
its decay is represented  by the  fo11owing equation")

             Vk (t)= Pl exp(  
-.t),

 (9)

where  Vb is the  initial sunhoe  voltage  and  T  is relaxa-

tion  time.  T  can  be written  as  a  function T(T)  of

absolute  temperature  T4,5)

            T(T)  =7(O)  exp(  kET) , (lo)

where  
'k

 is Boltzmann's  constant  and  E  is activation
energy;  Thereforei after  measuring  surface  vpltage

decay at several  different high temperatures,  we  can

get some  relaxation  timeS fbr each  temperature.

Drawing  a  line connecting  the  relaxation  times  plet-
ted on  a  graph,  and  extending  that line to the room

354
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temperature rQgion  on'the  graph, we  can  predict
the surface  yoltage declray, at room  temperature. A
sample  graph  is shown'  in Fig. 6.

  The  relaxation  time df IVTFE  at 250C, T  (298)
determined by  this method  is 110 thousand  years

(109 hours). Assuming the sensitivity  level change
if an'electret  microphone  depends only  On  the

change  of  surface  voltage  of  the electret  Mm  used,

it will  take more  than ten thousand  years for a

decrease of  1 dB  in sensitivity  level at room  tempera-
tut:e. ,Even if used  continuously  at  50"C, it will

take  more  than  1oo years for the  sensitivity  level to

decrease by 1 dB.

  When  

'optimum
 poling conditions  are  selected,

even  though  the /surface voltage  decay of  FEP  is
slightly  faster thap  that of  I'TFE, the both of  them

are  considered  to have  suMcient  lifetimes fbr micro-

phone use.

  However, we  could  not  predict exact  lifetimes
under  high humidity  conditions  at  room  tempera-

ture due  to the  fo11owing reasons.
1) It is diMcult to control  an  oven  at  high humidity

    without  condensation  and  with  high aecuracy

   at temperatures oyer  800C. Therefore, we

   cannot  draw an  estimation  line with  suMcient

   accuracy.

2) It is diMcult to keep the air  in an  oven  clean.

   The surfhce  voltage  decay of  the electret film is

   therefore  accelerated  by  air-borne  dust particles.
  When  there  is dust or  flaws on  the electret  film
surface,  the surface  voltage  will decrease quickly.
Therefore it is important to keep  the  electret  film

clean.

3.4 Surface Voltage Decay in Solvent Atmosphere

  To  produce mierophones,  solvents, adhesives  or

detergents are  sometimes  used.  We  placed samples

in a  supersaturation  atmosphere  of  these  materials

for 66 hours at  room  temperature, and  measured

their surfaoe  voltage  decay. In fbur solvents  used

for this experiment  (toluene, methyl  alcohol,  butyl

and  thinner-in  order  of  decreasing effectiveness),

the  surface  voltage  was  between O to 5 %. However,
with  some  alcohol detergents, ct£ iano acrylate  ad-

hesives and  rubber  adliesive, the  surface  voltage

became almost  O V.

  The  characteristics  of  the electret  film depend on
the rnaterial,  the production method  and  the pro-

duction conditions.  Therefore, the manufacturers

have to choose  the best material,  method  and  condi-
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tions for making  stable  electret  films, based  on  ex-

periments and  investigations. Howeyer,  details of

the  exact  method  and  conditions  in which  the
materials  can  be produoed  easily  and  unifbrmly

have not  yet been published due to policies of  the

respective  companies.

    4. ADVANTAGESOFELECTRET
             MICROPHONES

  An  obvious  diffbrence between condenser  micro-

phones  and  electret microphones  is that condenser
microphones  need  an  external  voltage  source  for

polarizing whereas  electret  microphones  do not.

4.1 CondenserMicrophones

  There  are  both advantages  and  disadvantages in

using  an  external  voltage  source.

  The  sensitivity of  the condenser  microphone

depends directly on  its DC  bias voltage.  Therefbre,
the rnain  advantage  of  condenser  microphones  is
that it is very  easy  to check  and  control  the DC  bias
voltage  supplied  from the external  source.  Measur-
ing the surface  voltage  of  an  electret  film built into
a  microphone  is not  impossible but diMcult. In
this regard,  condenser  microphones,  not  eleetret

microphones,  are  suitable  for laboratory standard
microphones  used  for calibrating  other  microphones.

  However,  the disadvantages of  using  an  external

voltage  source  are concentrated  in the  following two
  .polnts.1)

 A  voltage  source  is requires  to supply  the DC

  bias voltage.  .

  Any  AC  component  in the DC  bias yoltage  be-
comes  a noise  component.  The  best method  to

decrease noise  caused  by the voltage  supply  is to use

batteries or  a  specially  stabilized  voltage  supply.

However, sometimes  this can  be 1arge and  heavy.
Therefbre, usually  a  DC-DC  converter  potentially
disturbs the measurement,  although  this is seldom
found to be a  problem.

  Recently sound  level meters  have  become  smaller,

lighter and  incorporate many  functions. Therefore,

a  DC-DC  converter  is often  too large to be built
into such  sound  level meters.
2) Semetimes  leakage of  the  DC  bias voltage  on

   the surface  of  an  insulator occurs  under  high

   humidity conditions.

  Usually DC  bias voltage  is 200 V, but fbr portable
sound  level meters,  it is 60 V. Under  high humidity
conditions,  because the  surface  resistance  of  the

ELEerRET  MICROPHONES  FOR  ACOUSTIC  MEASVREMENT

insulator decreases, DC  bias leakage from the in-
sulator  decreases, DC  bias leakage from the back-

plate through  the  surface  of  the  insulator to the
microphone  case  ¢ an  oocur  intermittently. When
this leakage occurs,  there will  be a  very  high pulsive
noise  and  it will  be impossible to measure  anything.

This phenomenon  often  occurs  with  mierophones  of

small  diameter biased with  2oo V.

  Another disadvantage is that  with  positive static

pressure appligd  to the diaPhragm, discharge be-
tween  the  diaphragm and  the backplate is likely
to oocur.'  In such  a  case,  a  hole will  be made  in the
diaphragm and.t.hg  microphone  will  be damaged
completely.

4.2 ElectretMicrobhones

  The  advantages and  disadvantages of  condenser

microphones  as  stated  in the  previous section  are

reverseiy  the disadvantages and  advantages  of  elec-

tretmicrophonos.  Inparticular,themainadvantage
of  electret microphones  is that discharge and  leakage
never  oecur  with  electret films, bocause charges  in
the electret film are  stationary.  Another  advantage

is that it is possible to make  the  preamplifier smaller,

bocause it is not  necessary  to use  any  capacitors

with  high breakdown  voltage.

       5. SAMPLESOFELECTRET
  MICROPHONE  FOR  PRAC  IICAL  USE

  We  developed two  types of  electret  microphones

using  the advantages  explained  in the previous sec-
tion. Befbre developing these  microphones,  we

o13.2)iaphragm

12.0
'

,lectretFil

'

,Gapspacer5.5

tt
, ,l''

¢ 12.7

Fig.7  Halficross section  of  microphone

  UC-52.
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th13.2Diaphragm
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''lectretFil

Gapspaeer5.7

'
'

e12.7

F;g.8 Halgcross  section  of  microphone

  UC-53.

decided that the main  purpose  of  the microphones
was  to be fbr use  in sound  level meters.  Therefore,
one  type is used  exclusively  fbr Type  2 sound  level

meters  in aocordance  with  the  IEC  651, with  low  pro-
duction costs. The  other  microphone  type is for

T[brpe 1 sound  level meters,  which  are  designed based
on  a  previously designed condenser  microphone.

Nominal  diameters are  both 1/2".

  A  halftcross section  of  UC-52,  the microphone  for
Type  2 sound  level meters  is shown  in Fig. 7. The

microphone  UC-53  for Type  1 sound  level meters  is

shown  in Fig. 8. In both  figures, the  thickness  of

the electret Mm  and  the gap  spacer  are  emphasized

and  are  not  in exact  scale.

  The  structure  of  the UC-52  differs from  that of

conventional  measurement  microphones.  The  gap
spacer,  which  accurately  maintains  the' distance
between diaphragm and  backplate, is placed directly

between ,the diaphragm and  the backplate. This

structure  is often  found in consumer-use  micro-

phones. Howeyer,thiskindofstructurehasbecome

possible only'through  the use  of  electret  micro-

phones. In this case,  it is not  possible to fine tune

the frequency response  by adjusting  the tgnsion of

the diaphragni, but manufacturing  costs  can  be

kept very  low. ･

  The  basic structure  of  the U053  is siimilar to

that of  the UC-30,  a  conventional  condenser  micro-

phone  with  2oo V  bias voltage.  An  electret  film is

fastened to the backplate with  adhesive.

  In both  types of  microphones,  the electret film is

356
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   Fig. 9 Typical frequency response  of  UC-
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  Typicai frequency response  of  UC-

rnade  of  PTFE  and  is 25pm  thick, and  its surface

voltage  is controlled  to  minus  a  few  hundred  volts.

The  diaphragm is titanium alloy  and  is 2 pam  thick.

  Typical frequency response  of  UC-52  and  UC-53
are  shown  in Fig. 9 and  Fig. 10. The  specifications

compared  to that of  UC-30  are shown  in Table 2.

  Although the construction  of  the UC-53  and  the

UC-30  is almost  the same,  the signs  of  their tem-

perature coeMcients  are  inverse. Tliis can  be ascrib-

ed to the  fact that  with increasing temperature, the

dielectric constant  of  PTFE  slightly  decreases,
causing  the surface  voltage  of  the electret film to

lncrease.

  Equivalent inherent noise  levels depend  on  pre-
amplifiers.

  There  are  several  points to be considered  regarding

the use  of  electret  microphones.

  When  the electret microphone  is connected  to an

external  voltage  supply  through  the prearnplifier by
mistake,  the sensitivity  decreases and  the frequency

response  changes.  However,  these changes  are

temporary. Therefore, after  shorting  the two

terminals  of  the  microphone,  the sensitivity and  the

frequency response  return  to  their previous state.

  An  electret microphone  is equivalent  to a  con-

denser microphone  biased with  a  negative  voltage.

Therefore, the phase  relation  between the electret

NII-Electronic  
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                    Table  Z

ELECTRET  MICROPHONES  FOR  ACOUSTIC  MEASUREMENT

Typical  specifications  of  UC-52,  UC-53  and  UC-30.

Type UC-52 UC-53 UC-30

Frequency range

Sensitivity levels'

Capacitance

Equivalent noise  level"
Temperature coeMcient***

az)(dB)(pF)(dB)(dBIOC)2or8,OOO
 -32

   18
   24
 -O.Ol

10-12,5oo
  -28

   11
   20
  +O.oo5

IO-20,OOO
  -27

   18
   20
  -O.oo7

  
'
 O dB=1  Y/Pa  at 1,OOO Hz.

 
'"

 A  weighted  level with  the pre-amplifier NH-17
    (for condenser  microphene).
'"'  at  250 Hz.

(fOr electret  rnicrophone)  or  the pre-amplifier NH-05

microphone  and  the condenser  microphone  is in-

verse.  When  a positive sound  pressure is applied
to  the  diaphragm,  the output  voltage  of  the electret

microphone  is positive in the low  frequency range.

  The  electret  film can  be damaged  under  high
humidity conditions  with  air-borne  dust and  by some

solvent  vapors,  detergent vapors  or  adhesive  vapors

in the atmosphere.  But the air  in the microphone

can  nermally  be considered  clean,  and  no  special

care  is necessary  to maintain  and  use  the microphone.

However,  storage  or  use  under  very  bad  conditions

for an  extended  period of  time  should  be avoided.

              6. SUMMARY

  Recently, electret  microphones  are  practical not

only  for commercial  use  but also  for acoustic

measurement  applications.  The  fact that  electret

mierophones  need  no  bias voltage  supply  is an

advantage  fbr sound  Ievel meters  or  sound  analyzers,

especially  portable ones.  Also, the  advantages  that

an  electret  flm  does not  suffer  from  discharge or

leakage is usefu1  in redesigning  condenser  micro-

phones  with  small  diameters into electret  micro-

phones.

  Preamplifiers to be connected  to eloctret  micro-

phones  do not  need  any  parts with  high breakdown
voltage.  Therefore, if an  ultraminiature  integrated
circuit  for impedance conversion  is developed, the

microphone  systern  (consisting of  microphone  and

preamplifier) can  be very  small.  Such  systerns  will

be usefu1  for applications  whieh  use  several  micro-

phones, such  as  a  sound  intensity probe  or  micro-

phone  array.
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