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METHOD OF MAKING ELECTRET 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to a method of mak 

ing an electret, and more particularly is directed to a 
method of making an electret with a single electric 
charge or a monocharge electret. 

2. Description of the Prior Art 
Recently, a thin ?lm electret is used as an oscillating 

plate or vibrating diaphragm of a microphone, speaker 
or the like. As the material for the thin film electret, by 
way of example, a high polymer ?lm such as “Te?on 
FEP” (Trade name) consisting of a copolymer of tetra 
fluoro ethylene-hexafluoro propyrene or “Teflon TEF” 
(Trade name) is used. 
Various methods have been known in the art to pro 

duce an electric charge on a dielectric material. In gen 
eral, a dielectric material is gripped between two elec 
trodes and subjected to heating process to make it as an 
electret by a heterocharge, which is known as a so 
called thermo-electret method. In this case, when an 
electret, which is charged with positive and negative 
charges on its both surfaces, is used as an electrode 
layer is attached to one surface of the electret and the 
electric charge produced on the other surface thereof is 
utilized. 

If an electret produced by the above prior art method 
is employed in an ear-speaker, two of such electrets are 
used in such a manner that they are mounted on‘ fixed 
electrodes or back electrodes with apertures to face the 
charges of the electrets of the same polarity or sign, and 
an electric conductive vibrating diaphragm is located 
between the two electrets at their central portions from 
a spacial point of view to vibrate'the vibrating dia 
phragm with an input signal applied to an input termi-, 
nal. 
However, such a method can not be free from the fol 

lowing defect. That is to say, when an dielectric film ad 
hered to the back electrode is subjected to an electret 
making process, it is difficult to make an electret with 
a homogeneous electric charge due to the distortion of 
the back electrode caused by heating carried out in the 
electret-treatment, a time lapse change of the adhesive 
between the dielectric ?lm and the back electrode, and 
a plurality of apertures bored through the dielectric 
film formed by a corona discharge. Further, when a 
?lm which is already made as an electret is attached to 
the back electrode, it is trouble to aligne the apertures 
of the film with those of the back electrode and there 
are a charge decay and so on due to a stain of the film. 
Another method is also known in the art in which an 

electron beam with high energy is radiated to an dielec 
tric ?lm from a Van de Graaff generator. With such a 
method, upon an initial irradiation of the electron 
beam, a positive electric charge is produced on the sur 
face of the dielectric film facing the electron beam irra 
diation, while a negative electric charge is produced on 
the other surface thereof. After a predetermined time 
period has lapsed, whole the ?lm is charged with a neg 
ative electric charge entirely. This method, however, 
requires a much great size of an apparatus which is not 
preferred from a practical point of view, and the dielec 
tric film is apt to be broken due to the irradiation of the 
electron beam, which causes the deterioration of a pro 
duced electret in characteristics. 
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2 
SUMMARY OF THE INVENTION 

According to this invention, there is proposed a 
method of making an electret, in which a high polymer 
?lm with no electrode is placed on a metal table and is 
charged with a negative corona, and then the high poly 
mer film is subjected to an annealing treatment to be an 
electret with an electric charge of a single sign or a 
monocharge electret. 

Further, after a corona discharge the ?lm is peeled 
off from the metal table once, and the film is mounted 
on the table ,with its surface, which is charged with a 
positive charge, being faced to the surface of the table, 
and then the ?lm is subjected to the annealing treat 
ment to carry out a charging process with high effi 
ciency for a short time period. 
With this invention, it is possible that a high polymer 

?lm is charged at its both surfaces with a negative 
charge by a simple construction of a device with the 
utilization of acorona discharge. 

In a practically used charging device, a negative co 
rona discharge is applied to a non-polar high polymer 
?lm disposed on a metal table, and thereafter the film 
is annealed to obtain a mono-charge electret ?lm. 

In this invention, a stylus electrode is disposed apart 
from the surface of the film by 15mm and supplied with 
a voltage of —4 to —8KV (kilovolts). By the exposure of 
about 30 sec (seconds), an electret with an initial sur~ 
face charge density of 10-7 to 10'8 C/cm2 (coulombs 
per square centimeter) is obtained. 
Thereafter, the electret is, at it is, annealed at a tem 

perature of about 150°C to have a negative surface 
charge density of —l0‘9 C/cm2, and then peeled off 
from the metal table to be a monocharge electret film 
with a net charge as maintained. 

Further, if the ?lm peeled off from the metal table is 
again mounted on the metal table with its positive 
charged surface in contact therewith and is then sub 
jected to an annealing treatment, a monocharge elec 
tret ?lm can be obtained for a short time period. 

If after the-corona discharge an annealing treatment 
is applied in the above method, the fact that a charged 
surface by the'corona discharge is transferred from the 
discharging side to that of the metal table is shown by 
measuring a thermoelectric current spectrum. As a re 
sult, an electri?ed or charged film is obtained which is 
homogeneous and stable as compared with a film natu 
rally charged by a static electricity. 
Other objects, features and advantages of this inven 

tion will become obvious from the following descrip 
tion taken in conjunction with the accompanying draw 
mg. 

BRIEF DESCRIPTION OF THE DRAWING 

FIGS. 1A to IE, inclusive, are diagrams showing a 
process of one of the methods according to this inven 
tion; 
FIGS. 2A to 2C, inclusive, are diagrams showing a 

process of another of the methods of this invention; 
FIGS. 3 and 4 are respectively schematic theoretical 

diagrams showing head-phones used for the explana 
tion of the invention; and 
FIG. 5 is a graph showing the surface charge density 

time lapse characteristics used for the explanation of 
the invention. ‘ 
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DESCRIPTION OF‘ THE PREFERRED 
EMBODIMENTS 

In the prior art, when an electret is used in a head 
phone, as shown in FIG. 3, a pair of opposed electrets 
1 and 2 are attached to a pair of 'fixed electrodes or 
back electrodes 4 and 5 which have bored there 
through apertures 3, respectively, and an electrically 
conductive vibrating diaphragm 6 is disposed between 
the electrets 1 and 2 to vibrate in responseto an input 
signal applied to an input terminal t. With such a' prior 
art construction, the two electrets 1 and 2 are used in a 
single transducer, and upon the manufacture thereof 
two dielectric ?lms to be made as the electrets 1 and 2 
are attached to the back electrodes 4 and 5, respec 
tively, which is thereafter subjected to an electret treat 
ment. However, there may be a dif?culty in such an 
electret treatment due to the type of material used in 
the back electrodes. That is, there are problems of the 
distortion of the back electrodes and the deterioration 
of the adhesive used to attach the dielectric films to the 
back electrodes which may be caused by the heating 
during the electret treatment. Further, in the case of an 
electret treatment wherein the dielectric film is 
charged on its surface by a corona discharge, if there 
are many apertures in the dielectric film, there is the 
unfortunate possibility that a homogeneous charge pro 
duction is not ‘obtained on the surface of the dielectric 
film. " 

In order to avoid such a defect, there has been pro 
posed a method with which ‘a dielectric ?lm is charged 
?rstly to be an electret and theelectret is attached to 
the back electrode. However, this method requires 
complicated procedures in that a plurality of apertures 
are bored through the electret ?lm and the electret ?lm 
is adhesively attached to the back electrode with the 
apertures of the electret film and those of the back 
electrodes being aligned with each other. In this pro 
cess, there is a‘fear that the electret ?lm is blured and 
the surface charge thereof is decreased. ' 

, In order to eliminate such a defect, it may be consid 
ered that a vibrating diaphragm is made as an electret. 
However, in such a case the vibrating diaphragm must 
have a monocharge that is, an electric charge of a sin 
gle polarity so as to be operative as a vibrating dia-_ 
phragm. By way of example, if such a vibrating dia 
phragm is used in a head-phone, as shown in FIG. 4,‘ the 
vibrating diaphragm 7, which is made to be an electret 
to have, for example, only a negative charge, is cen 
trally disposed and the back electrodes 4 and 5, each of 
which has formed therethrough a plurality of apertures 
3, are disposed at the both sides of the diaphragm 7 in 
opposed relation with each other. Thus, the head 
phone becomes simple in construction. 
Hereinbelow, the method of making an electret ac 

cording to this invention, which has a negative charge 
on its both surfaces and is stable, will be described in 
conjunction with the drawing. 
As shown in FIG. 1A, a dielectric film or a high poly 

mer film 10 to be made as an electret is mounted on a 
metal table or plate 1.1‘ and a stylus electrode 12 is posi 
tioned above the high polymer film 10 apart from its 
upper surface 10A by a predetermined distance d. A 
predetermined high voltage is applied across the stylus 
electrode 12 and the metal plate 11 from a high voltage 
source 13 with the metal plate 11 being connected to a‘ 
positive electrode while the stylus electrode 12 being 
connected to a negative electrode to carry out a corona 

5 

20 

25 

30 

40 

45 

50 

60 

discharge between the stylus electrode 12 and the high 
polymer film 10 and to charge the high polymer film 10 
with negative charge on its upper surface 10A. 

Thereafter, as shown in FIG. 1B,‘the high polymer 
film 10 is peeled off from the metal plate 11. At this 
time, a discharge occurs between a peeled off surface 
10B of the polymer film 10 and an upper surface 11A 
of the metal plate 11, and hence the surface 10B of the 
high polymer film 10 is charged with a positive charge. 
Thus, as shown in FIG. 1C, the high polymer ?lm 10 is 
charged with negative and positive charges on its sur 
faces 10A and 10B, respectively. 

Thereafter, the high polymer film 10 is again placed 
on another metal plate 14, with the surface 10B having 
the positive charge being in contact with the plate, and 
is heated in a furnace 15 for a constant time period and 
then cooled. In this case, it may be preferred that the 
metal plate 14 is grounded, as shown in FIG-1D. In the 
?gure, reference numeral 16 indicates a heater. In this 
process, the heating temperature is selected higher 
than the glass transition temperature of the high poly 
mer film 10, for example, more than 80°C for the case 
that the high polymer film 10 is made of Te?on FEP. If 
the heating temperature is too high, there may be a fear 
that the film is distorted or molten. Accordingly, it is 
necessary that the heating temperature is selected 
lower than the melting point of the film. 
Thus, an electret ?lm 17 which is charged with the 

negative charge on its both surfaces 10A and 10B is 
produced as shown in FIG. 1E. 
That is, it is ascertained by measuring the electric 

charge on the surfaces 10A and 10B of the high poly 
mer ?lm 10 that the surface 10B, which is charged with 
the positive charge before heating, is charged with the 
negative charge by suitably selecting the time interval 
of the‘ heating, while the amount of the negative elec 
tric charge stored in the surface 10A before the heating 
is decreased somewhat, but the surface 10A has still the 
negative charge, that is, both the surfaces 10A and 10B 
carry the negative charge. The amount of initial charge 
by the corona discharge is much greater than can be at 
.tained by the thermo electret method, and the charge 
level is suf?cient for practical use after being heat 
treated. 

. In general, if the heating temperature is low, the heat 
ing time interval required is long, so that it is most con 
venient and practicable that the heating temperature is 
selected about 120° to 160°C for the Te?on FEP, with 
no thermal distortion of the high polymer film as a re 
sult. 
An electric ?eld E established by a single sign of an 

electric charge layer is expressed by 

0’ 

250 E 

where 0 represents the charge density and so the dielec 
tric constant in vacuum. Since the critical discharge of 
a uniform electric field in atmosphere is 30KV/cm at . 
normal temperature and pressure, the maximum 
charge density of such a charged v‘body becomes to 5.3 
X 10"9 C/cm’, which is smaller than that where the high 
polymef film is charged with positive and negative 
>‘charges on its both surfaces or where the film is pro 
vided'with a back electrode. In other words, a small 
charge density can provide the necessary electric field. 
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FIGS‘.v 2A to 2C'show‘tanother'niethod of the inven 

tion. With the second method,-the high "polymer ?lm 10 
to be made‘ as an ‘electretis mountedion the metal plate 
11 and the stylus electrode 1.2 is locate'd’above. the film 
10 apart from its uppervsurface 10A by awpredeter 
mined distance in opposed relation-Apredetermined 
high voltage is applied across the .stylus electrode 12 
and the metal plate 11 from the high voltagelsource 13 
with the metal plate 11 being positivenand’ the stylus I 
electrode 12 being'negativeztotproduce ai'negativeelec; 
tric charge on the upper surface 10A of thez?lm 10 by 
the corona discharge (refer to,F-IG.. 2A-).~- , 
The ?lm .10 andthe metal plate-=1 1"? are. located in the 

heating furnace 15' —without the! film- 10 first being 
peeled off from the metal plate,;l_,.l_as .before; and the 
?lm 1,0 is heated (annealed) gtherein. for a constant time 
interval. Thereafter the ?lm-‘110, is cooledln, this case, 
the heating ‘treatment is carriedyout longer than. that in 
the case of the ?rst method ,(FIGS. lAjlD). , 
As a result of measuring the-charge .on both the sur 

faces 10A 1and:l0B.;~of ,th,e;;high polymer film 10 after 
cooling, it is ascertained that, by suitably.‘,_s‘_elercting.the 
heatingtime interval, an electret 18' (FIGQC), which is 
charged with ,the negative charge ,on its'both surfaces 
10A and 10B or carries a'single sign of anelectric 
charge (as desired), can be obtained. , ‘V .N 
‘Examples of the present nt'ion willqzbelprovidjed. 

‘ , EXAMP 

A “Te?on FEP ioof’taéo . . . mymsrg , . 

thylenehexa?uoropropyren)_ ?lm'gwith an area, of 1.5 ‘X 
1.5 ,cjnz and a thicknessof,mum-(micrometer) ‘is 
mounted on them‘et'al' plate ‘11 and'the’ stylus electrode 
12 is located above the ?lm‘apart'therefromby 15min‘, 
as shown-in FIG. 1A. A'iv'o'ltage of 4:6KTV is applied to 
the'tip end of the stylus electrode‘ 12’ td- carry out the 
corona discharge for‘ a time interval of '30 seconds. 
After the corona discharge is ?nished; the’film' is peeled ‘ 
off from the metal plate 1 l'a'nd'vplaced on‘the electrode 
of an, electric charge measuring’apparatusTAfter mea 
suring the charge amount of the film, it is“‘—8 X 10?8 
C/cni2 at its portion opposing the ‘stylus electrode 12. 
After turning over the ?lm'ahdnieas'urin'g ‘the charge 
ambunt on the surfaceopposite to theiidischarged sur 
face,‘ it is’+7;8 X' 120-‘ Clem”. 'Aftertlie measurement, 45 
the ?lm is mounted on the metal plate with its‘spositive 
charged‘ s'urfaceffacin'g the plateg’and heated atv 155°C 
for'a'time”intefval of te'r'i minutes/When the charge 
amount of the film after heating isv measured, itvis —l .9 
X 10-” C/cm2 on the ‘surface of the ?lm which was 
charged with the negative charge initially and —2.3 X 
10" C/cm2 on the surface of the film which was 
charged with the positive charge initially, that is, both 
the surfaces of the film are charged negatively. 

EXAMPLE II 

A Te?on FEP ?lm with a thickness of 12.7 pm is at 
tached to a metal ring'with an outer diameter of 32mm 
and an inner diameter of 28mm and the film is mounted 
on the metal plate 11 with the film being directly con 
tacted with the metal plate 11. The stylus electrode 12 
is disposed above the film apart therefrom by 15mm 
and a'voltage of —7KV is applied to the stylus electrode 
12 to carry out the corona discharge for a time interval 
of 30 seconds. After the corona discharge is finishedf 
the ?lm is peeled off from the metal plate 11. Then, the 
film is placed on the second metal plate 14 with its 
corona-discharged surface facing upward and heated at 

traflu'oroe- ‘i 

160°C fora-‘time interval of 20 minutes. It is ascer 
tained by the aforedes‘cribed measurement that the 
charged amount after heating is —4.7 X 10‘9 C/cm2 on 
the corona-discharged:surface and —4.0 X 10'9 C/cm2 

5 on the surface that was-“in-contact with the metal plate, 
that-is, both the surfaces are charged negatively. The 
change in the amount of the charge of the ?lm with re 
spect to the time lapse is shown in FIG. 5 in which the 
ordinate represents the surface charge density Q in 

‘[0 multiple of 10-9 C/cni and the abscissa the elapsed time 
T in day, when the ?lm is left at a room temperature. 

' ‘the'graph' of vFIGsS, a curve I shows the charge on 
the corona~discharged surface and —a curve 11 shows the 

, charge-bathe‘opposite-‘surface. As- may bevobvious 
‘15 fromfthe characteristic of the graph, it is noted that the 

‘charges on-b'oth the‘ surfaces of the film are negative 
and' settled ‘after 10 days and..the - settled negative 
charge is""stable without" being changed with further 
time elap'se'i- *- ‘7 ' ' ‘4 > a 
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. EXAMPLE ill I 

"r‘ A Te?on FEP ?lm with an area of 1.5 X 1.5 cm2 and 
a‘thickne‘ss of 50 gum: is mounted on the metal plate 11 

_, and the stylus electrode 12 is located above the ?lm 
2:5 "apart therefrom‘by 15mm. A voltage of —6KV is ap 

plied'tto the tip end of the stylus electrode 12 to carry 
'OUI-IheFCQI'OHQ discharge ‘for a time period-of —30 sec 
onds..After. the corona-discharge is finished, the ?lm is 
heated at 150°C for a time‘ interval of 1.5 hours without 

3'0 :the ?lm being-peelef offfrom the metal plate 11. It ‘is 
ascertained that the charge‘ amount of the ?lm after 
i-lieating-t‘i's --11 .3. X 10"9 Clcrnzon its corona-discharged 
surface and —.2.4 X 10-9 Clcmzt on the surface which 
was in contact with the metal plate, both surfaces thus 

35 *negatively'charged. .. . .- l v I 

ANorngtiExAMPLmay ‘p 
Teflon-.FEPjilm'with an area of 1.5 X 1.5 cmzvand 

rathicknessbfSOpm is placed on the metal plate 1 1 and 
'40 the stylus electrode 12 is located above the ?lm apart 

. therefrombyxdSmmJiA voltage of --\—6KV is applied to 
the tip end of the stylus electrode 12 for atime interval 
of30 seconds’to carry out the ‘corona discharge. vAs a 
‘result of‘this, ‘an electric charge of —5.5 X 1075 C/cm2 

-~is produced Orr-“the.v corona-discharged surface of'the 
film. T-hen,-;the.~:=?lm ispeeledzoff from the metal plate 
11 and again placed on the metal plate. At this time, 

"the; peeled'ioff surface ‘of-the ?lm is charged with the 
fpositiv'e charge; Thereafter, a metal meshis disposed 

50 betweert'the.tipyend~of-the;s.tylus electrode and the 
metal plate and a voltage of about —100V is applied to 
the metal mesh relative to the metal plate, while a volt 
age of —6KV is applied to the tip end of the stylus elec 
trode to carry out the corona discharge. In this case, 

" 55 the amount of the charge is —5.5 X 10"9 to —7 X 10“9 
C/cm2 on the corona-discharged surface but +1 X 10-9 
to 0 to —l.4 X 10‘9 C/cm2 on the surface in contact 
with the metal plate. Thus, there is the case that both 
the surfaces are charged with the negative charge but 

'60 its reproducibility is deteriorated. 

FURTHER EXAMPLE (b) 
A separate specimen (Te?on FEP film), which is 

charged by the similar corona discharge to'that of the 
765 Example I, has the charge of —8.6 X 10‘8 C/cm2 on its 

‘ coronadischarged surface and that of +8.3 X 10"‘ 
C/cmz on its surface in contact with the metal plate 
Next, the film is placed on the metal plate 14 with it: 
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negatively charged surface in contact therewith and 
heated ‘under the similar condition of the Example I or 
at 155°C for 10 minutes. When measuring the charge 
on both the surfaces of the ?lm, the surface which is 
charged with the negative charge initially is charged at 
—5.7 X 10'9 C/cm2 and the surface which is charged 
with the positive charge initially is charged at +2.1 X 
10-9 C/cm’, that is, the sign of the charges is not 
changed. 

THE OTHER EXAMPLE (c) 

A separate specimen (Teflon FEP ?lm), which is 
charged by the similar corona discharge to that of the 
Example I, is peeled off from the metal plate. Then, the 
?lm which is charged with-the negative and positive 
charges on its both surfaces, respectively, is heated 
without being in contact with the metal plate. After 
heating, the measurement of the charges shows that the 
positively charged surface remained‘ positive and the 
other surface remained negative. That is, the film with 
a single sign of charge can not be obtained. 

If a Te?ontFEP ?lm with a thickness of 50pm is 
placed on‘a metal plate and a negative charge is pro 
duced on the surface of the ?lm of —5.5 X 10‘8 C/cm’, 
this charge ‘is below its critical stability. However, since 
the stable charge is on the order of --5 X 10" C/cm2 
when the ?lm is peeled off from the metal, a discharge 
occurs on the peeled off surface upon the peeling off to 
‘cause the production of the positive charge. Accord 
ingly, if the ?lm on the metal plate is charged at lower 
than about —5 X l0'° C/cm" initially, theoretically 
‘there-‘appears no discharge on the peeled off surface 
‘when the film is peeled off from the metal plate. Thus, 
there must be obtained an electret with a monocharge 
or a single sign of electric charge. However, from a 
practical point of view, its reproducibility is low, and 
the reproducibility and the amount of a charge in the 
case of heating treatment are less than desired as com 
pared with the former case. Further, in'order to shorten 
the time interval of heating treatment, it is better that 
after the corona discharge the ?lm is peeled off from 
the metal plate once. ' 

In the above example, a Te?on FEP ?lm is used as a 
high polymer ?lm, but even if a Te?on TFE ?lm,a Tef 
zel ?lm and the like are used as the high polymer ?lm, 
an electret film with a single sign of an electric charge 
can be also obtained. ' - ‘ 

As described above, with this invention, by taking the 
step of charging the surface of a high polymer ?lm with 
the corona discharge and the step of heating the high 
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polymer film after the corona discharge, an‘ electret 
having a monocharge, that is, a single sign of an electric 
charge such as a negative electric charge, can be easily - 
obtained. Further, an apparatus for performing the 
method of this invention requires no complete re 
design and thus can be the apparatus used for making 
the prior‘ art electret. 

It may be obvious that many variations and changes - 
could be effected by those skilled in the art without de 
parting from the spirit and scope of the novel concepts 
of this invention. 

1 claim as my invention; 
1. A method of making a mono-charge electret, com 

prising the steps of charging a dielectric ?lm which is 
mounted on a metal electrode by subjecting said ?lm to 
a corona, discharge; and then, after, said corona dis 
charge is completed and while said ?lm is still mounted 
on said electrode, heating said charged dielectric ?lm.’ 

2. A method of making a mono-charge electret as 
claimed in claim 1 in which said stepof heating is car 
ried out at a temperature higher than the glass transi 
tion temperature of said dielectric?lm. . ' 

3. A method of making a mono-charge electret as 
claimed in claim 1 in which said dielectric ?lm is made 
of ?uoride. 1 I ' 

4. A method of making a mono-charge electret as 
claimed in claim 1 in which'dielectret is charged by a 
negative corona discharge. 

5. A method of making a mono-charge electret, com 
prising the steps _of charging a dielectric ?lm which is 
mounted on a metal electrode by subjecting said ?lm to 
a corona discharge to thereby charge one surface of 
said ?lm with the polarity of said corona discharge; 
peeling off said charged dielectric ?lm from said elec 
trode; placing said dielectric ?lm on a metal backing 
with the other surface of said ?lm in contact with said 
metal backing; and, vwhile said film is on said metal 
backing, heating said dielectric ?lm. . I 

'6. A method of making a mono-chargeelectret as 
claimed in claim 5, in which said step of heating is car 
vried out at a temperature higher than the glass transi 
tion te'mperatureof said dielectric ?lm. I 

7. A method of making a mono-charge electret as 
claimed in claim 5 in which said dielectric ?lm is made 
of fluoride.‘ 7 ' 

‘8. method of making a mono-charge electret as 
claimed in claim 5 in which said dielectret is charged by 
a negative corona discharge. 

' is it Ill ll! ll‘ 


