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1
DEVELOPMENT OF A LINEAR NOISE-

CANCELLIN G ELEC TRET MICRO PHONE

1 . Introduction

The pursuit of this development program was to design and 1 .

evaluate a linear noise-cance lling electret microphone which

possessed uniform frequency response over an extended range

while maintaining good noise rejection at higher frequencies.

In a d d i t i o n , the microphone was to be designed to meet military

requirements for sensitivity , output impedance and environmental

performance.

2. Micro1hone Des~~~
The principle of operation employed in the design of such a

mi c rophone was that of a first order gradient electret cap ac itor

device. The use of an electret design readily achieves a un iform

response over a wide frequency range while allowing for excellent

noise-cancelling characteristics to be obtained . The capacitor

is formed by spacing a thin metal lized foil away from a stationary

electrode. The foil responds to the sound pressure across It and

therefore yields an output equivalent to the pressure gradient.

This foil is then the active diaphragm of the microphone assembly

and selection of an ultra thin material yields a low mass and rro-

vides for a high frequency of resonance. The result is a design

of extreme ruggedness with a smooth frequency response characteris-

tic. Bonded to the stationary electrode is a charqed electret

element which acts as a source of bias for the capacitor. Together;
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the active diaphragm , the electret , and the stationary electrode

form a capacitive element capable of generating an electrical

output which represents the acous tica l input.

The approach employed in the JMR des ign was to conta in the

active capacitor element in a capsule and to package the ampl ifier

in a separate shield can. This al1owed for a capsule of minimal

thickness to be designed yielding a very small effective length

between front and rear ports without sacrificing synvnetry wi th

respect to polar response . A small effective length provides

for a high frequency of crossover between the near and far field

responses. An illustration of capsule assembly is shown in

Figure 1.

In order to provide environmental protection to the electret

capac itor element, both front and rear ports had to be treated in

such a way as to appear open to the acoustic signal and closed

to environmental elements. This was accomplished via separate

means for each port. The rear port was sealed using a tenslonless

outer protective diaphragm which was rnetallized and electrically

connected to the capsule housing . This sufficed to seal the rear

port from environmental elements , as well as act as a shield to

elec tromagnetic interfe~-ence. The front port however was treated

differently. A staInless steel screen was employed for protection

since It was acoustically more transparent than an outer protec-

tive diaphragm . The effectiveness of an outer diaphragm on 

a2
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front port is greatly diminished since the coupling between It

and the active diaphragm Is so great that aberatlons In the re-

sponse are observed to result when It is employed. The use af

a stainless steel wire mesh screen which was treated with an

antiwetting agent was found to provide sufficient protection for

all environmental tests. Care was exercised In the selection of

the pore size of the wire mesh screen and the te~~Ion of the

rear outer diaphragm to insure synunetrical polar ponse of the

final capsule. The rear air volume between the active diaphragm

and the outer protective diaphragm must be vented to atmosphere

if no degradation in the response Is to be observed at high

altitudes. This was accomplished via a smal l stainless steel

tube in the capsule’s housing which provided a wel l controlled

air leak sufficiently small to prevent environmental problems.

The resultant capsule and amplifier were assembled into a

housing designed to protect each against environmental damage

and contain them securely. The housing also provides for electri-

cal connection by accepting a U-173/U pl ug connector. An illus-

tration of the final housing configuration appears In Figure 2.

Since the capsule Is vented through its air leak tube ‘Into

the housing , the housing Is ported to the outside through a

sintered disc . This disc provides air pressure equalization

while preventing dirt and moisture entry.

Ii
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3. MIcrophone Electronics

The complete electronic circuit of the microphone system is

shown below In Figure 3.

I RL
ZV3687

—f _ _ _ _

~N9S4 T
— L __i • _______ ____________ 

____ I
R1 1000.n. C~.O47UF
R2 6800n. CO ~.OOJUF
f~3~22P~ 2fl3687- sthc, 500fl1.n..
R4= I6OI~ RS~ 4.7f’
R5=I000rn 2fl39O4.~ hdp~~ c~ I4O
i~L=I5O.r~.. h~ 1400
ZD 39~.,/DIODE

FIGURE 3

AMPLIFIER CI RCU IT
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The microphone capsule has a design center sensitivity of -40dB

re 1V/28 dynes/cm2 w hen meas ured conven tiona lly at the FET source

(~~
1above) . S ince the FET fol lower has a loss of 3dB, the sensitivity

at the FET gate (~~S ) Is -37dB re 1V/28 dynes/cm
2 (103dB ~~~ The

specification requires an over-all sensitivity of -60dB re lV/28 dynes/

cm2, therefore the gain of the electronics must be -23dB when measured

f rom ~~S to ~ Oabove, I .e. ,

~ ~O7I (-23DB)

In the above circuit R4, in conjunction wi th R3, set the static

bias current of the transistor at approximately 3 ma , CO is an RF by-

pass for EM! purposes. The effect of both of these components is

negligible from a dynamic analysis viewpoint. Since RL(( hoe and the

gain is less than unity , the transistor parameters, hoe and hre may be

neglected .

For analysis purposes, it is best to view the FET as a constant

current source (Is) equal to 9rn ~ 4~,4 $ ÷ 9m Rs .

i .e .

The above coments lead to the equivalent circuit , Figure 4.

— wi, e.o
1~ R1 

I
C 

Khf .
~~~IQ’4’t9~ t)i— Is

PCh i~
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4. Performance Tests

The performance of each microphone constructed was tested using

a B & K artificial voice with the unit under test mounted 1/4” away

from and coaxially with the opening. Results of these tests Indicated

that the front port response was typically smooth with an output

measured to be constant within 3dB over the frequency range of 200

to 6000 Hz. In addition , a rear port sensitivity at 1000 Hz was

measure d under the same con diti ons and compare d to the fron t port

sensitivity at that frequency to assure a syuinetrlcal polar response.

A far field response of two units was performed In an anechoic cham-

ber at a distance of 6 feet to Insure that the noise Ininunity charac-

teristic of the design requirements were met as specified in the

development contract. A curve of both tests on a typical unit is

illustrated in Figure 5. FIgure 6 illustrates the noise ininunity

characteristic of a typical microphone .

10
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I

In order to assure quality performance of the final microphone

design , a test plan was prepared under the development contract.

This test plan required specific testing to be accomplished and set

limits of acceptance. Meeting this criteria was the goal throughout

the entire program . Constant monitoring of performance criteria

through the various stages of development made it possible to yield

a resultant design that performed within acceptable limits.

In addition , environmenta l and EM! testing was accomplished as

specified . The microphone design of this program was subjected to

these tests and subsequently evaluated . Table 1 shows the schedule

of environmenta l tests performed and the unit which was exposed to

the specified test.

I
13
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TABLE ‘1

Unit Test Performed

C Alt i tude

Low Temperature - store , operate

High Temperature - store , operate

Vibration

Shock
B Salt Atmosphere

f Ininersion

Dust
C ’ Fungus

A Humidity

— Blast
— EM!

-~~~~ 14
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The microphone , designed and evaluated by JMR , met al l  of the

env i ronmental test criter ia, except for vibration. The cause for

failure on the vibration test was a separation of the two housing

halves. The material selected for use in the fabrication of the

housing was Deirin which is difficult to bond since this material

is of the fluorocarbon family. An attempt to design around this

situation was employed by using mechanical means to secure the

housing halves together, however , mechanical failure still resulted.

Selec tion of a material such as ABS or a polycar bonate such as Lexan

should overcome thi s problem in future units by allow ing solvent

cementing of the housing halves.

Two microphones were subjected to simulated gun blast tests at

NOSC, San Diego. No change in output level , distortion or physical

appearance was noted.

Frequency Test Required Field Strength

mHz Field Strength At 1% Distortion
Vim Vim

.01 to 1.9 1.0 ~ 1.0

2 0 to 22.0 5.0 ~ 5.0

23.0 5.0 2.5

45.0 to 395.0 10.0 1.3 to 9.0

Since the microphone capsul e and ampl ifier are 100% shielded

(solid without breaks), it Is likely that the EMI problem above 22 mHz

Is due to the unshielded output cable and lack of internal protection

at the amplifier output terminals. Size constraints make the Intro-

duction of RF rejection fi l tering at that point extremely difficult.

a
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5. Delivered Units

The 20 ii~icrophones delivered in satisfaction of the contract

requirements included JMR capsules and amplifiers mounted in plastic

housings. Each unit was delivered with boom issembly, Astroconi

P/N 10346 , and cable assembly , Astroco m P/N 22258.

Of the 20 units , 2 were the units subjected to simulated gun

blast. Of the remaining 18, uni ts A , B and C were environment al

test units~ 0 through S were new. Unit C had its housin g (separated

in vibration) repa i red before delivery . Response curves , Figures

1/ through 33, on these 18 units tend to show a resonant peak of 1

to 2dB between 4 and 5kHz. This is not strongly evident in all

cases , and seems to be a result of m inor variations in diaphragm

tensioning . The curves do show that miniature electret elements

are easily capable of + 2dB from 200 to 6000kHz.

6. Conclusions

A) The noise cancelling performance of the microphone indicates

far field crossover between 3 - 4,000Hz. The effective front to back

spacing of the microphone is therefore approximately .6 inches with

actua l construction thickness being .19 inches. This indicates an

improvement in noise cancellin g performance compared to standard

microphones now in the military inventory .

r B) It is considered practical to specify ii~icrophone response

within + 2dB for volume production. All microphones del i vered were

within this performance, and although a number of microphones main-

ta i ned performance within + 1dB by hand selection and process contro l ,

a
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It Is not cons idered reasonable to control the amplifier and micro-

phone element wi thin + 1/2dB each with practical productIon technlqies.

C) Microphone element sens iti v i ty coul d be increased 20 to 30dB,

If desi rable, so that combined microphone element and amplifier sensi-

tivity could be increased to -40dB compared to the del ivered perfor-

mance of -60dB.

D) An electret microphone Is difficult to fully protect against

electromagnetic radiation due to the small size and lack of volume

availab le for RF filtering components. This electromagnetic Inter-

ference is almost entirely due to conduction of unwanted signals

f rom leads instead of direc t interference occurring in the microphone.

One way to alleviate this problem would be to completely shield the

wires and place proper RF protection at the end of the flexible shielded

single conductor cable where available volume exists. The requirement

for bi-polar operation adds to the EM! problem because of the Inherent

non-linear separation from ground caused by the diodes . It would seem

that in any new system a polarized lead to the microphone would be

practical and result In a large Improvement in EM! rejection .

E) It is considered that the developed microphone Is a practical

design which can be produced with controlled procedures to have per-

formance characteristics suitable for use under the severe environmen-

tal conditions encountered in military service.
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Tsst Rsport No. T —57 62 11 No.of Pa~es 18

Report of Test on
MICROPHONES

E N V I R O N M E N T A L  TESTS

f o r

JMR SYSTEMS

Associate d Testin g Laboratories , Inc.

Date Decembe r 12, 1,77

Prepered Checked Approved

_____ 
K. M o n t v i t t  R. B or g h e t t :  H Spect r

~~~ ~~~~~~~~~~~~ 

.

~~~~~ ~~~~~ ~t!Date 
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Administrative Data

1.0 Purpose of Test:

To determine the effects upon the submitte d Microphones
when subjected to the tests specified in this report.

2.0 Manufacturer: JMR Systems
168 Lawre nce Street
Salem , New Ha mp s h i r e  03079

3.0 Manufacturer’s Type of Model No.: lJn spe ci fied

4.0 Drawing, Specification or Exhibit: M T T . STT) 8 1  OC , M I L . S T T ) . 4 5 4 C
and written instruction s
from ,TT’t R Sy s t e m s

5.0 Quantity of Items Tested: 
— Six  (6) sIN ’ s C , F , H ,

1, J an d F

6.0 Security Classifcation of Items: U n c l a ssi f l e d

7.0 Date Test Completed: O c t o b e r  25 , 1977

8.0 Test Conducted By : Associated Testing Laboratories, Inc.

9.0 Disposition of Specimens: Returned to  JMR S y s t e m s

10.0 Abstract:

The submitted Microph ones were subj e cted to environmental
testing in accor da nce with the above specifications.
The following table li s ts the tests each tinit was
subjected to and the result s .

Report No. T— 576 2 11 -

Associated Testing Laboratories, Inc.
Wa yne, New Jersey 07470

L 

Bu r I~ngton , Massachusetts 01803

37

— —.
~
-

-- -S



-~~~- - — -
S ,  

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C

10.0 Ab atte ct : (continued)

- - Uni t (S /N) Da te
Test Tes ted Completed Results

Immersion F 10—12—77 No leakage

Salt Fog I 10— 14—77 No corrosion
no ted

Sand and Dust F 10—18—77 No damage noted

fungus C 10—19— 77 No fungus growth
- - noted

Vibration J 10—20—77 No damage noted

Humidi ty H 10—25—77 Unit de la ininat ed
on ends

Shock (Drop) J 10—26—77 Unit delam inated
on ends

“ ~ ‘6” 1Report No.________________

Associated Testing Laboratories, Inc.
Wa yne , New Jersey 07470

Bur lington , Massachusetts 01803
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1M M E~~S I O N  TE ST

TEST P R O C E D U R E

M i c r o p h o n e  SIN F , was  subjected to an immersio n te st
in a c c o r d a n ce  with MIL—STD— 810C , Method 512.1 , Procedure
I, as follows.

The test unit was placed In a temperature cli mber
previously stabilized at 4 5 C  (113 F). After the
unit had stabilized , it was immersed in a column of —
water subh that the uppermost point of t h e  t e s t  spec-
imen was 36 ±~ 

inches below the surface of the water.
The temperature of the water was between l1 ’C (SS °F)
and 73°C (7~~°F). The test item remained Immersed
for a neriod of 17fl minutes.

• Following the tesf , the unit was removed from the
water and the exterior surfaces were d r i e d .  The
unit was re turned to •INR Systems for a perf orman ce

-
~ evaluation.

TEST RESULTS

Since the unit was sealed , an internal examination
for the presence fif water was ..spos sitle. Criteria
for passage was a post test performance evaluation
performed at J M R  Systems.

I
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SALT FOG TEST

TEST PR O C E D U R E

Microphone , S /N I , was subjected to a salt fog test
in acco rdance  wi t h Me thod 509 .1, Proced u re I
of M IL— STD—R1O C , as follows.

The unit was suspended within a salt spray chamber
by means of a waxed cord . The units were subjected to
a dense salt fog atm osp~’ere for a 48 hour period , at
an ambient temper a ture of +1YC (95 °F), Th e salt f o g
was developed by atomizing a solution composed of 5
parts by weight of sodium chloride (NaCI ) dissolved
in ~)5 p a rts by weight of de ni nera li zed water. Distilled
water was used for the solution. The pH of the resulting
solution was adjusted to a value between 6.5 and
7.2 usIng either sodium hydroxide (NaOH) or chemically
pure hydrochloric acid (HC1). The specific gravity
of the resulting solution was within the required
range of 1.0268 and 1 .0413.

The air used to atomize the salt solution was
conditioned b y passing it through a column of water
whose temperature was maintained at a value of approx-
imately +40 °C , (104°F ) ,  resulting in an air supply at the
at om ize r n o z z l e  h avi ng a r e l a t ive h um id i t y of 85%
and a tempera ture of +35° C (95°F). Air pressure at the
atomizer nozzle was adjusted to maintain an atomiza-
tion rate of approximately three quarts of salt
sol ut ion per  t en c u b ic  fee t of cha mber  vol um e p er
24 hour p e riod.

Following completion of the 4B hour salt fog test , the
Micro phone was removed from the salt spray chamber and
exa mined for evidence of phv ste *l damage.
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SAI. T Foc’. T~~’ST

T E S T PROCED UR E ( con t inued )

Accumulated salt deposits we re r e m o v e d  f r o m  t h e  s u r f a c e
of t h e u n i t  by m e a n s  of a gentl e ~~~~~~~ in r u n n i n g  w a t e r
w h o s e  t m e p e r a t t i r e  d i d  n o t  e x c e e d  +38 °C ( l f l~~ ° F ) .  The
test specimen was s p e c i f i c a l ly  examin e d for evidence
of metal and finish corrosion.

TEST R E S U L T S

The unit did not exhibit any physi cal degradation as
a result of the salt fog test. The  unit was returned
to JMR Systems for a functional test .
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SAND AND DUST TF ST

T?ST PROCFDURF

~‘1crop ho ne , S/N F , was subjected to a sand and d u s t
test in accor danc . with N I l — S T D — R l f l C , Method 510.1 ,
Procedure I , as follows.

The  test set was in stal led wi thin a sand and dust
c h a m b e r  and t he  c h a m b e r  s e a l e d .

The  c h a m b e r  t e m p e r a t u r e  w a s  set  to  +~~ 1 t ’ ( 7 1 ° F ) .
Th e cha m be r r e l a t i v e  h u m i d i t y  w a s  m a i n t a i n e d  a t
less than 22%. The test m edium was 140—mesh sil-
ica flour. The air veloci ty within the chamber was
adjusted to 1750 ±.~50 feet/minut e d u r i n g  t h i s  ex-
posure. The dust feeder was set to control the
du st concentration at between 0.1 to 0.5 grams/
cubic foot. The unit was maintained at these con-
ditions for six h o u r s .

Followin g completion of the six hour period , the
dust feed was s h u t  off. Tb.’ chamber air velocity
~as reduced to between 100 and 500 feet/minute.
The internal chamber air temperature was raised
f r om +~~i ° c (7~~° F)  to +63°C (14~~ F). T h e  ch a mbe r
relative humidit y was m ain tained at less than l(V
during t h i s  p o r t i o n  of the test . These chamber con—
d ttt on s were maintained for an  overn i ght period
(anpr oxinnt.lv 16 hnu r ’~.)

Following th~ overnight p eriod , t h e  a i r  v eloci ty
in the chamber was adjus ted to 175fl ±~~~fl feet/minute.
The c h a m b e r  t e mp e r a t~,re  was  m a i n t a i n e d  at  4-61 ° C
( 1 45 ° F) . The dust feeder was adjusted to c o n t r o l
t he  d ust  concentr ation at a level of between 0.1
and 0.5 gr a ms/cubic foot. These conditions were
maintained for six h o u r s .  F o l l o w i n g  t h e  s i x  h o u r
period , t h .  chamber controls were turned off and
the units allowed to r e t u r n  to room ambient temper-
ature.
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SAND ANT ) DUST TEST
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- 

TES T RESULTS

Ther e was no damage noted to  the u n i t  as a result of
the test. The unit was retruned to ~D1R Sy stem s for
post test evaluation.

I ~
4
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FUNGUS TEST

TEST P R O C E D U R E  ( c o nt i n u e d)

The mineral salts preparation was steril ized b y auto—
claving at +121°C (2 5 0 ° F) for 20 minutes. The pH
of the solution was adjusted by the addition of 0.01
normal solution of NaOU so that after steril ization ,
the pH of the salts solution was between 6.0 and 6.5. —

It should be noted that only reagent grade chemicals
were used for nreparation of the solution.

The fungus spore solution used the following fungi:

Fungi ATTC NLABS
No. No.

Asperg illus niger 9642 386
Asperg illus flavus 9643 380
Aspergillus versicolor 11730 432
Penicillium funiculosum 9466 39].
Chaetomium globosum 6205 459

In preparing the solution , the subcultures were incu-
bated at +29°C (84 °F) for a period between 7 and 20
days. The spore suspension of each of the five fungi
were prepared by pouring into one subculture of each
fungus a sterile 10 ml portion of distilled water ,
By u s i n g  a s t e r i l e  p l a t i n u m  of ntchrome inoculating
w i re , a portion of the culture growth was scraped
out of the test tube container. The snore charge
was placed into a ter il e l~!5 ml glass stonpered
Frien mever flask.. The flask contained 45 ml of dis-
tilled water and if) to 15 solid glass heads , 5 mm in
diameter . The flask was vigorously shool to liberate
the snores from the fru i ting bodies and to break the
sp ore clumns . The susnens-l on ~-ias filtered through a
thin l a y e r of sterile glass ~iool in a glass funnel
into a sterile flask in order to remove mvc e ]ial
fragments.
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FUNGUS TEST

TEST PROCEDURE (continued)

The spore suspension was centrifuged aspetically.
Resuspend the residue in 50 in]. of distilled water
and centrifuged again. The spores from each fugi
were washed in this manner a total of three times.
The final washed residue contained 1,000,000 ±200,000
spores per ml as determined with a couting chamber;
as it was diluted with sterile mineral salts. This
process was repeated for each organism used in the
test. Equal volumes of the resultant spore suspension
were blended to obtain the final mixed spore suspension.
A prepared spore suspension was not allowed to stand
more than four days prior to use in the test.

Three pieces of sterilized filter paper , one inch
square , were placed in the incubation chamber. The
filter paper was placed onto hardened mineral salts
agar in separate petri dishes. These samples were
inoculated with the snore suspension by s~~raving from
a sterilized atomizer. The entire surface was moist-
ened with the snore suspension. In addition , a
number of known suscentahie substrates were inoculated.
These items were three pieces of preservative free
vegetable tanned leather and protein glue bonded cork.

The sel~~c-~ec~ part was placed into the chamber. The
speciir~~- - lus the control samples were inoculated
by spra~ i’~~ the surfaces by means of a sterilized
atomizer. ~he spore supension was liberally sprayed
over the entire surface ot the unit. The spor sus-
pension was also sprayed Onto the leather and cork
control samples. The incubation chamber was then
sealed . The incubation chamber was maintained at
+29° C (84°F) and 95% relative humidity. After an
incubation period which lasted 14 days , the cha mber
was opened and the control samples examined. It the
samples  did no t sh ow an ab unda nt grow th , the entire
test was to be repeated. The controls showed satis—
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T E S T  P R O ( F D I T R F  ( c o n t i n u e d ’)

factory fungus gro~-th and the c h a m b e r  was resealed.
Tes t i n g  was  t h e n  c o n t i n u e d  u n t i l  a t o t a l  t i m e  of 28
days had e l a p s e d  f r o m  t h e  t i m e  of  i n o c u l a t i o n .  -

-

U pon c o m p l e t i o n  of  t i L e  28 d a y  i n c u b at i o n  p e r i o d , t h e
test specimen was removed from t h e  c h a n b e r  a n d  e x a m i n e d
for evidence of fungus growti~.

T E S T  R E S U L T S

The  t e s t  s p e c i men d i d  n o t  show a ny  e v i d e n c e  of  f u n g u s
g r o wt h .
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i) TO L)DC

S I N U  SUII )AL V IBRA 1~ ) N  1’Us:

fl•~~[ PR ~) Cr ! ) u R1 :

‘~t c r o p h o n e , S/~ .1 , w;~ c s u b j e c t e d  to  a s i n u s o i d a l
vibration t e st  in accordanc e w i t h  w r i t t e n  I n s t r u c t i o n s
from .T~~’R Svsteri s, as fnl )e~~s.

T h e  ti n it ~‘as attached to t h e  v i h r a t i n n  t t ~st  f i x t u r e
w h i c h , In  t u r n , w a s  sec u r e l y  a t t a c~~~d t o  the t ab l e of
a v i b r a t i o n  e x c i te r .  \ c o n t r o l  ac c~’ l e r o m e t e r  w a s
m o u n t e d  t o  t h e  f i x t u r e  ~or c e i tr o l l i ’~ ’ t~~’o t u n t i t  ~‘ J h —
r a d on ar~n 1it~i~~c’ t o t h e  u n i t . ~‘h p  , in i t ‘. a ~; t h en  cu~’—
j e c t e d  to  v i hr a tio -  c v c l i n c ’  o v er  t h e  r ,’n ( i , -~ cv  r~~~ c~’
of S to c n n  fl~~ at the le vel ~ c’t yen !-~ ‘l o w .

T
~~~~

}-
~~l , -. I

r r e q u e f lc v ( } I . ~ ) l~ea .-\ m p l  i t t i d t ,

— _‘Q 0 . 1  i n c h  d .
20 — 5’~~

)

The frequenc y range o f  i to ~~~~ l 1 :~ a n d  r e t u r n  t o  1

H~ w a s  traversed d u r t u p  .t tine interval of I ~ m i n u t e s .
The vibratio n cvc lin ~ tim e was two hours.

The above procedur e was perfor m ed In the ho r i zon t al
axis only.

T~’S T RFS IJLTS

‘0 p h y s i c a l  d a m a c ~e w a s  n o t e d  f o f l o w i n c  t h e  v i b r a t i o n
t e s t .
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H U H  11) 1 T~ T ‘‘~ ST

T E S T  P R U C E I ) U R E

Hicrophone , S/N H , was subjected to the hum idity
test in accordance with HIL—STD—8 10C , Nethod 507.1 ,
Procedure II. T h e  following describes t h e  test as
it was performed.

The unit was installed within a h i g h — l o w  t e m p e r a t u r e ,
humidit y chamber. A stainless steel hood was placed
over the specimen to prevent chamher wall condensate
from imping ing onto the uni d under test. The chamber
was then sealed.

The }‘Icro~ hone was first subje cted t o  a 2 4  H o u r  d r v i n c ’
cycle at a temn erad ure nf + l 7 ~)°F. F o l l o w i n e  t h i s ,
t h e  u n i t  w a s  s u !- i e c t e d  r~ a ~ 4 h o u r  c on d 1~~i o n i n ’  c y c l e
at  ~ temnerat i , re of  + 7 3 ° P at  a re l at iv e ~‘ n m i d i t v  o f
sn ±10’. “Hen th e se cond c o n d i t i n n in c ’  c ” c l e  ~‘ac  coin —
n i e t e d , t h e  ~i n i t  w a s  f u n c t i o n a l l y  c h ec~~ed n u t .  “he
u n i t  w a s  t h e n sii ’-je cted to F4 ve  conti~~ci oiis 4-~ h o u r
cy c l e s , t i  r o u c ’b o u t  ~‘“ i c h  t h e r e l a d i v e  h n m i d i ’ v  was
m a i n t a i n e d  at °4 +4~~ a t  a l l  t e m p e r a t u r e s  h e l ~~w + 2 0 ° C
( + 84 ° F)  a n d a t  a c o n s t a n t  +20 °C dew poi- - t (u ~ - t  ! ‘ t i l H
t m e p e r a t u r e )  at  a l l  t e m p e r i t u r e s  ab o v e  +2 ’~° C . Th e
t e s t  c y c l e  is d e s c r i h e d  as  f o l l o w s :

T h e cL a m l~er t e m p e r a t u r e  w a s  r a i s e d  to  + l4~’ ° F
ov e r  a f o u r  h o u r  p e r i o d .  The  c h a m h r r  wa s
m a i n t a i n e d  a t  + 149 ° F f o r the next 8 hours.
T h e  c h a m b er  t e m p e r a t u r e  was  l o w e r e d  f r o m
+ 149 ° F to +86 ° F ove r t h e  f o l l o w i n g  f o u r  hour
period. The chamber was maintained a t  +86 ° F
for the next 21 h o u r s .  The chamb er was de-
creased to +68°F in O n e  h o u r period. The
chamber was maintained at +(~~°F for the n e x t
four hours. The  c h a m b e r  temp erature was raised
hack to + 86 ° F I n  a one h o u r  p e r i o d  and he ld
at +R1’ ’ F for five h o u r s .
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TE S T  PR O C E D U R F  (continued )

Following the final 48 h o u r  cycle , the chamber tern—
pereture was adjusted to +7’~°F. The chamber relative
humidit y was set to 5(1 +1~~~. The se conditions w e re
m a i n t a i n e d  f o r  24  hours . After completion of the
24  h o u r  e x p o su r e , t h e  Ilic r o p h o n e  w a s  removed from
the chamber and s u b j e c t e d  to a c h e c k o u t .

TEST RE SU L T S

There was no evidence of phy sical damage observed
as a result of the humidity test. The functiona l
tests performed b y ~lMR Systems were reported to be
satisfactor y . It was noted t h a t  b o t h  end s of t h e
Mi cropohe had d e l ami n a ted s l i g h t l y .

I

Riport No. T 5762—11 Page ~

Associated Testing Laboratories, Inc.
Wayne . New Jer sey 07470

- 

Burlington , Massachusetts 01803 

—- 

j



— “

~~~ ~‘‘1’T -

~~

‘

~~

‘--- 

~~~~~~~~~~~~ 

‘—‘

~~~~~~

,‘_

~~~~~~~~~~

_

~~~~~~
,_ —-- -,-

--._ - -

~~ 
~~~~~

Sf lOC~ ( D RO P)  T~~ST

T E S T  rRorrnt ’R ’’

The  Microphone was suhte ct ed to a shock (drop) test
in accordance with writt en Instructions from JHR
Systems , as follows.

The unit was subjected to twelv e impacts from a
height of six feet onto a concrete floor. The  drop
height was measured from t h e  impact surface of t h e
unit to the concrete floor.

Following the drop test the specimen was examined
for damage.

TEST RESULTS

A f t e r  c o m p l e t i o n  of the shock t e s t  the un i t  e x h i b i t e d
d e l a m i n a t i o n  on t h e  end of t h e  m i c r o p h o n e .

Report No. T 5 162—U

Associated Testing Laboratories, Inc.
Wayn e, New Je rsey 07470

Bur lington. Mas sachusetts 01003

54



_ -w-—~~~-’~. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~1

APPENDIX B

ELECTROMAGNETIC SUSCEPTIBI LITY DATA

- l
I

55



-~ ii~ -

~~~~~~~~ I~O .  ,~~L ’I4 ’ -

THI SPA~E I - S BEST ql YmCt~~~~~~ R i ___________
~~ ~~~~... CV S O n ______________

R E PORT OF

ELECTROMAGNETIC INTER FEREN CE

TEST ON
.Y?II~ SYSTDIS , iNC.

NOISE CANCELING ELECTR ET MICROPHON E

TEST PERFORMED BY

SANDERS ASSOCIATES,  INC.

95 CANAL STREET

NASHUA , NEW HAMPSHIRE

CONTRACT NO.

_______________________ O T E  I 
______ ~~ATtt R 1

TEST IN iTIATED 9/ 1 9 / 7 7  
____ ___________ _______

TE ST CO HP 1. E TED 9 / J Q t  77 
_________________________________________

REPORT WRITTEN BY __________ ,.-
~ ‘—

~~~~ ~~
‘
,-, 

“~~~
-,

TEST TECHN I CIAN 
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TEST ENGINEER 
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SUPER ViSOR __________ ______ 

‘. L ,, ~~.-
‘

GOVERNME NT REP.
(If_ App fl cab~e) _________ ______________________

FINAL RELEAS C  ________
- 

.c~ - - -



—
~~~~~~~~

—
~~~~ 

- -

[ t E Tl~O M A G N E T 1 C  1 N T E R F ~~~E M C E  T: ;c-~-T 1EYT ZuMMA ~~ SHEE T

~~~~~~~~~~~ ~~~~:~~~~• ~~~~ :.~: t ~~~~.: REP ORT ;~C ~~ - - ~~~ ~DAT E ~~~~~ C0P~~L .

ri~ -~ ~~‘ ~~~~~~~~~~ r~~ r ~r t i .  ~~~~~~SFL ~ 1F i~ A TIO ~J’” . ~~~~~~~~ I~~~. ~I — STP—461A , N ot i ce I.

SUI’MAR I OF TEST RESULTS

TEST SPEC.
MET HOt~ TITLE PARA. REMARKS PASS FAIL

CS~~ ~- i u u c t e ~ Su~ c ep t a h i 1 ity ,  31) h~ 6. ~‘ No: requ i red
to 50 kh: DC Power Leads

CSO2 Conducted Susceptibility , 50 kRz o 6.7 Not requi red
400 MHz , AC and DC Power Leads

RSO3 Radiat ed Suscept ibi l i ty ,  10 kllz 6.20 X
to 400 MHz , Elec tric Field

SUM M A R Y  OF REPORT : RSO3 Harmonic distortion at the TTucrophon e output

exceeds 1~ at var ious frequencies between 23 MHz and 3~~ MH z.
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Test ~ et~c’r~ ~~~~~ .

l.C ADM INISTRA.TIVE DATA

1.1 Purpose/Reason f c’r Test

To determine if .Y~~ Systems, Inc. Noise Canceling Electret

Microphone complies with the limits defined in the applicable port ions
of MIL—STD—461A , Notice

1.2 Description of Test Sample
The unit tested was a JMR Systems , Inc. Noise Canceling

Electret Microphone.

1.3 Disposition of Test Sample

Returned to JMR Systems, Inc . by their personnel.

1.4 References

Test Plan 2541 Electromagnetic Compatibility Test Procedure:

DP—AP—019 1 (A) Developmen t Specificiation for
Noise Canceling Electret Microphone.

MIL—STD-~46lA , Notice 4 Electromagnetic interference
Characteristics Requirements for
Equipm ent.

MIL—STD-462, Notice 3 Electromagnetic Interference
Characteristics , Measurement o f .

MIL— STD—463 , Not ic e 1 Definition s and Systems of Unit
Electromagnetic Interference
Technology .

2.0 TEST FACILITY DESCRIPTION

2.1 Shielded Room
The Radio Frequency shield room used for ~ 4I testing conforms

with the design criteria of MIL—E—8881 , Table 118 per Table 1 ,

Double Shield cell type, solid metal Class C per Table II. The

room size is 6.1 meters X 3.0 meters X 2.4 meters. Door size

clearance is 2.0 meters by 1.8 meters.

1
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.2 Power Availa~ iliry

Power availabl e inside the room ii 115 VAC, 60 Us , 1 phase, and
28 VDC. Power is routed throug h Powerlin. Filters 1B40—60, 60 ampere,

providing 100 dB attenuation from 14 kIlt to 10 CUt.

2.3 Enclosure Attenuator Characteristics

The attenuation characteristics of the enclosure when teste d in
accordance with MIL— STD—285 is 70 dE for magnetic Field and 100 dB

for electric field and plan e wave.

2.4 Ground Plane

The microphone was installed over a copper ground plane

(solid plate),  measuring 4.9 meters X 0.92 meters. The groun d
plane is bounded to the shielded room wall at intervals of less
than 0.90 meters with a d. c. bonding resistance of 0.2 milliohms.

3.0 TEST EQUIPMENT CALIBRAT ION
3.1 Field Intensity Meters

The principle means of determining frequency and amplitude
dur ing the test will be one or more of the following field intensity —

meters :

Frequency Frequency Amplitude
Model No. Hf r. Range Accuracy Accuracy

DtC-25 Fairchild l4kHz—iGlit ±2% ±1.5 dB
Calibrated every 12 months

NP 105 Singer/Empire l4kBz—iGHz ±2% ±1 dE
Basic Unit
TX — 12 months TA — 12 months Ti - 12 months

T2 — 12 months T3 — 12 months

I 
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lest hepor: Nc. 2714

3.1 Yield intensity Meter s (Cont .)

These instruments are calibrated by the Sanders Amsociates
Instrumentation Calibration/Standards Laboratory , which operates a
govern ment approved calibration progr am in accorda nce with MIL—C—45662A,
“Calibration Systam Requir aments” . The calibrating equipmen t accuracy
required by MIL—C—45662A is several orders of magnitude greater than

that of the D1C instrumentation listed above. This ensures the

greatest possible frequency and amplitude data accuracy.

3.2 Transducers

All antennas— (with one exception)——use the correction factors 
- 

-

supplied by their respective manufacturers. The single exception is
the Ympire VA—lOS 41—inch vertical rod antenna (150 kIlt to 30 )fllt )
which is calibrated every six months by the Sanders ’ Calibration
Laboratory .

3.3 Signal Sources

A variety of signal sources are used to develop the z .  f .
environment for system susceptibility tests. The field intensity is

monitored by the field intensity meters described above, and so the

signal source was not a primary consideration in determining the accuracy

of measurament.

The signal sources are calibrated by the S/A Instrument
Calibration/Standards Laboratory on a 12 month cycle.

3.4 Test Sample Operation and Monitoring

The microphone and artificial voice was installed inside the

shield room over the ground plane . The associated exercise equipmen t

and susceptibility monitoring meters were located~ outside the shield

room . 
—

During ~~I testing the microphone was exercised with an art i f ic ial

voice of 1000 Hz , driven at a sound pressure level of 103 dB

measured 1/4 inch from the sound source . The followin g equipmen t was

furnished by JXP. Corp .
B & K Model 2010 Analyzer

60
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B & K Model ~~]9 Artificial Voice
W’ Model 400 EL Voltmeter or equivalent.

While in norma l operation th e DC current measured in the positive
lead of thc 9 VDC input did not exceed 2 v’a . A Triplett 630 PL

aameter was installed in ser~es with the +9 VDC power lead .

The voltage measured across the DC return l ead and the 150

ohm resistor in the position lead did not change by more than 3
dB. An HP 400 EL Voltmeter model was used.

The microphone — amplifier was mor~.tored f or harmonic dis ortion

at the microphone output not to exceed 1%. The harmonic distorti~~
was monitored with a 565 Oscilloscope.

a
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APPEND IX A

TEST METHOD CSO 1

CONDU CTED SUSC EPT IBILITY

DC POWER L~.AD S

30 Hz to 50 kHZ

I
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4.0 CSO1 C~~DUCTED SUSCEPTIBILITY, 30 Hz to 50 kflz POWER LEADS
a) T~~t Procedure

This test was not performed because the test frequency range is
the same as the microphones operating range . The CSOI test level
requires the injection of signal levels on the DC leads that are
greater than the normal operating levels .

Test Equipment

Description Model/Mf g~ Serial No. Cal Date
Oscillator HP200S 7353 N/A

Hewlett Packard
Power Amplifier 110100 352 N/A

Bogen Pres to
Transformer 6220— 1 N/A N/A

Solar
Voltmeter 630PC 3905 N/A

Triplett

L_ _  _ _  
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APPEND IX B

TEST METHOD CSO2

CONDUCTED SUSCEPTIBILITY

DC POWER LEADS

SO kHz to 400 MIjz
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5.0 CONDUCTED SUSCEPTIBILITY, 50 kIlt to 400 MHz, POWER LEADS
a) Test Procedure

This test method required that Line Impedance Stabilization
Networks be installed in series with the 9 VDC and return power

leads . The CS02 test signal is inj ected through a signal port on the LISN.
This test cannot be performed because the LISM in series with

the 9 VDC power lead changes the required impedance of 150 ohms .

b) Test Equipment

Model Nomenclature Serial No.

HP606 Signal Generator 7055

ffl’608 Signal Generator 109 1 - 
-

~

~ 1l—F—O43l LISN 10 kBz to 10 MHz N/A

91221— 1 LISN 10 MHz to 400 MHz N/A -:

NP— lOS flfI Meter 2160
P—SO Current Probe 101

11-105 Line Probe N/A
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APP END IX C

TEST METHOD RSO3

RADIATED SUSCEPTIBILITY

ELECTRIC PIELD

10 kIIz ~c 400 MHz

I
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t~.C RADIATED S’~’SCEPTIEILI TY, 10 khz to 400 Mhz , ELECTRIC FIE LD
a) Test Eguzpnent

Description Model/Hf~~. Serial No. Cal Date
EMI Meter NY—105 2160 11/76

Empire

Oscillator HP200S 212—00620 N/A
Hewlett Packard

Signal Generator HP606 038—03786 5/77
Hewlett Packard

Power Amplifier MOlOO 352 N/A
Bog en

Power Oscillator 404A 32 1/77
Microdot

Power Oscilla tor 4DM 87 9/77
Microd ot

Power Oscillator 125 12510 N/A
Airborne Inst. Lab .

V ertical Antenna VR— 1— 105 181 5/77
Empire

Verti cal Antenna VA—lO S 195, 372 4 /77 , 6/77
Empire

Biconical Antennas 7825 N/A N/A
Honeywell

Cone Antennas 93490— 1 N/A N/A
St oddart

Oscilloscope 545 4385 6/77
Tektronix

b) Test Procedure

The radiat ing an t enna va&o placed in f r c ~ t of the test sample

at a distance of 1 meter .

The Noise Canceling EI.ctrst Microphon e wai than tested with

a 1000 Hz , input and expossd to the following radiated f ield intensity

levels:
10khz to 1.9Mhz 1.0 V/M
2.~~4Nz to 29.99Mhz S.0 V/M

30 MHz to 400 Mhz 10.0 V/N

Dur ing the test the suic.pt ib ility carrier was modulated SO~
with a 1000 Hz tone . When a failure occurred the fr.qu.ncy and

threshold level were recorded . The test was p.rformed as described a
in paragraph 9.0 of Test Plan 2541.
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c) Test Results

Harmonic distortion at the microphone output exceeded IX at

various frequencies bitween 23 MH z and 395 MHz. Worst case was

at 135 MHz, while radiating with a vertical biconical, the
threshold level was 1,3 Volts. Detail test results are shown on

data sheet 1.

d) ~~nclus ions
JMR Systems Corporation Noise Canceling Electret Microphone

does not comply with RSO3 requirements.

a
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