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METHOD 3008
SHIELDING EFFFCTIVERESS OF MULTICONTACY COMNErTORS
1. PURPOSE.

1.1 Purpose. This method measures the shielding effectiveness of multicontact
connectors in the 1-10 CHr frequency range utili2ing mode-stirred techniques.

1.2 Application. This method involves measuring the leakage 4t the connector pair
interface of a multicontact connector placed in a2 shielded enclosure, as shown on
figure Al. The connector under test is exposed to electromagnetic fields which are
made statistically randon by a rotating reflective surface (mode-stirrer). The
Yeakage of the connector is eapressed as shielding effectiveness measured in dacibels
(dB). The shielding effectiveness of the conmector 1n declbels is defined 3s:

S.E. = 10 lag REF)
Pcuy

Two sets of measyreacats are required: (1) a reference ceasurement and (?) a shield
mzasurement. Both seassresents shall be performad =ith the test ttem (n the champer
and at the same frequency within 100 kHz. The reference messurement can be performed
once 2t each freguency and can be utilized for subsequent connector tests provided

the megsurement system is linear.
2. DEFINITIONS.

2.1 Units, Tne lnterpational System of Units, as adepted by the United States
Bureau of standards i5 used. This system of units {designated “S1” for System
Internationale d'Unites) was defined and given official gtatus 4t the 11th General
Conference an Weights and Measures in Paris at & 1960 meeting. MIL-STD-463 gives a
description of the system of units used in this standard.

¢.7 Termi. The meéaning of terms Contained i1n this test are In accovrdance with
M1L-3STD-463. 1In asddition to those terms, the foilowing terms are also deftined:

2.2.1 Shielded condutt. Any conductor or conductors enclosed by » solid
conducting sheath. The conductor or conduCtors Way themselves serve as & sheath for
other conducttors.

2.2.2 Shielded enclosure. A housing, screen, or other cbject that 13 intended to
substantiatly reduce the effect of electric or magnetic-fields upon devices or
circufts an one side of the sphield. Epamples include cases, cabinets, airframes, etc.

2.2.3 Shielding effectiveness. For a given tncident fleld, the ratio (usually
expressed In decibels) of the power received by & load protected by an electro-
wagnetic shield to that power which would be received by the Tosd fn the absence of
the shield.

2.2.4 Text item. A general term used to refer efther ¢ shielded cable and/or
connector.

2.3 Abbreviastioss amd symbols.

AMG American ¥ire Gauge

CUT . C(oamector wader test

e Centimeters

d Generalized dimension, in meters, for design of mode-stirrer

b Distance of connector from chamber wall egual to one wavelength at the
Towest test frequency

(1] Dectbeils .

dBm Power measured in db referenced to one silliwatt

™ Electromagnetic

Tery Frequency in gignhertz

fopCHl Fregency in gigahertr of lowest operating frequency for which
mode-stirred chamher {5 designed

2] frequency modulation

GHz Gigahertz
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ninl ¥eight of the neareit edge of the connector forning the transatssion

line taper akove test chamber wsll at a distance "x° from the connector
end of the taper lsec figure B8.2)

H Petight of the center of the long wire #ntenna ahove test chanber wall
FHz Kilohert? ’
3 The length 1n centimeters measured glang the canducting wire from which

the transmission 1ine taper is constructed (see figyure B-2}

L Lenqth nf extreome dimenston associated with a test ftew

L/ Elecctricel length of test 1tem

L, Tots) lenath of Yong wire antenna including the transaission line
tapers sttacked to both ends

Ly Length of one transmission 1ine taper .

¢ Mavelength associated with g given test frecuency radiating in frec
spéce

n Reters

Hitz Reqahertr

s Aude-stirred obms

Pin cyr JInput power to the mode-stirred chamber when Peyy i3 being measured
Pin R{F 1Pput power to the mode-stirred chamber when Popp 13 being measured

PCUT Average pOwer over one mode-stirrer rotation received by the connector
under test '

PREF Average power over one onde-stirrer rotation received by the reference
antenna

& Inside radius of type-N connector

RF Radiofrequency

St Shielding cffectiveness

¥5ua VYoltage stanting wave ratio

x Distance, itn centimeters, slong transmission line taper as measuyred

from the connector end of the taper {see figure B-2)
3. TEST ECUIPMENT.

1.1 GCenera) test equipment. The following equipment shall be used for these
atasuTements. Eﬁaratgerisfics are described 4n 3.1.1 througr 3.1.5 for the 1tems
that have particular requirements.

Stgnsl source
1SOLATUN

Frequency counter
Shielded cable
Sirectiona) couplers
Power meters

t0-ohm loads
Attenuatars

FO = anro

3.1.1 5iqnal source. The <ignal source(s) shall be RF signa) generator-power
amplifier conbinaticonis) or power oscillatoris} with s power output capability of one
watt intmun. To assure measurement repeatabdbility, the signal source shall have a
residual FH stapility of hetter than 100 kHz at any test frequency and the frequency
shall bhe resetahle withta thig tolerance when using & freguancy coumtar.

1.1.2 Shielded conduit. A low.loss semtriglid coazial cable shall be utilized,
This condalt, associated adaptors, and reswiting joints shall have & shielding
effectivencss at least [0 48 greater then that reguired of the connector under test
to enture that the Teakaqge maagyred o pavagraph 4 §3 due to the connector under test
onlv.

2.1:3 Directional couplers. These shiall be any devices capeble of providing a
signal proportieonal to fEe Yorward pover from the signal source. They shall have a
roupling of greater than 15 d8 (1.e., the signal provided by the directionsl couplers

<hgll be more then 15 d@ helow the forward power to be monftored) and directivity on
Lhe arder wf 20 40 or greater.

1.1.4 Power meters. These shall be devices that have tnpul impedsnce of L0 ohms
and that are capable of measurian conducted cower from 1 to 10 CEz.

STIMOR 30NE
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3.1.5 Receiver. This equipment must have the sensitivity to measure the small
signals from the conpector/conduit assembly. For a2 mode-stirred chamber with & lower
usable fregquency of } GHz, the recpiver must have 2 sensitivity of -90 dBm to measure
shielding effectiveness values of 90 dB from 1-30 CKz. ~For use of the “Continucus
Sample Averaging” technique, described in paragraph 3.2.2.2, #t 15 desirable that the
receiver have & variable cutput time constant capability for signal averaging. A
Yock-in anslyZer, or equivalent, has the specifled sensitivity and the variable
output time and constant capability.

31.1.6 lsolator. This shall be any type of isolator that will isolate the signal
generator by providing a S0-ohm lpad for the signal deneretor and & S0-ohm source
impedance for the input part of the cabinet.

3.2 Special test equipment.

3.2.1 Mode-stirred chamber. This shal) be a shielded metal enclosure that has 2
winimum shielding effectiveness above 1 GHz of 60 dB as measured by MIL-5TD-2865.
Modifications to Lhe ¢hawber include {installation of amn input antenna, reference
antenna, and mode-stirrer. Requirements for the shielded enclosure are contained in
Appendix A, 2long with a description of the required modifications for converting it
to & mode-stirred chamber.

3.2.1.1 Ilnput antenna. An input antenna shall be provided by 4 long wire (>5x at
the lowest test Trequency) 1nstalled along the sides of the wode-stirred chamber. An
inpedance matching taper can be utilized at both ends of this long wire antenna to
effectively increase the dynamic range of the measurement system. These tapers are
not necessary however, for proper mode-stirred chamber operation. Comstruction of
the antenna along with Tts assocfated tapers is described in Appendix B. This
installation of the antenna in the mode-stirred chamber shall be as described in
Appendix A.

"3.2.1.2 Reference antenna. A reference antenna, fdentical to the input antenmns,
shall be instalied i{n the mode-stirred chamber. Installation and construction of the
antenny 15 described in Appendices A and B. -

3.2.1.3 Mode-stirrer. A mode-stirrer shall be installed fn the mode-stirred
chasber. This device may be tonstructed from sheet aluminum by using simple hand
tools as described {n Appendix C, with ({nstallation of the wode-stirrer described in
Appendin A.

3.2.2 Data coltection system. This system, which {ncludes the receiver, must be
capable of obtaining an average of the signals from the reference antenna and the
connector/conduit assembly for one rotation of the mode-stirrer. A two-channe)
system wil! allow both measurements to be taken simultaneously. Measurements in the
mode.stiread chamher jre made by sampling the signals froe the reference antenna and
connector/conduit assembly as the mode-stirrer is moved through 360" in rotation.
The signal averaging can be accooplished with the use of one of the following data
collection systems: (1} Discrete Sample Averaging System, and {2) Continuous Sample
Averaging Systes.

3.2.2.1 Discrete sample averaging system. This system, shows on figure 1, samples
the signals at a 3Tscre§e number (e.g., ¢U0) of mode-stirrer pasitions. fach dete
value is then stored in a memory device and an average calculated after the

seasurement has been completed. This system @ust also costrol the stepper sotor used
for rotation of the mode-stirrer.

3.2.2.2 Contitnuous s4mple averaging system. This system, shown on flgure 2,
continuously rotates the wode-stirrer at & moderete speed with the signa) averaged
real time by a device that bas 2 time constent which is at Yeast three (3] times
longer than the time for one mode-stirrer rotation. The receiver and averaging
device may be the same equipment or separate. This averaging system offers the
advantage of reduced test time and a siapler data collection sysiem.

3.2.3 wode-stirrer motor. For the “"Oiscrete Sample Averaging” system, & stepper
motor with sufficient torque shall be used for rotetion of the mode-stirrer. A
variable speed, Continuously rotating motor shal) be used for the "Continuous Sample
Averaging” system,

#METHOD JOOR
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FIGURE 1. Discrete sample averaging system.
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FIGURE 2. Continuous zample aversging system.
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3.3 Measurement frequencies. Megsurements shall be taken at ten (0] frequencies
in the range Trom 1-]0 GHz. The {reauency intervals shall be such that no
weasurement freguency may Vie within 20 percent of the next highest or 125 percent of
the next ‘owest measurcnent frequency.

1.4 Preparation and installation of connector/shielded conduit assembly,

1.4.1 Preparation. The connector under test shall be connected to the shielded
conduit and mounted an a chamber wall as shown on figure 3. The connector shall be
iocated & Aistance, D, of one wavelength off the wall 2t the lowest test freguency.
The Yength af the tonnector/conduit assembly shall be 8.0 #0.1 wavelengths at the
lowest test frequency. Adaptors may be used to fit the conduit to the connector
under test. A1l resulting loints shall be peripherally sraled to obtain mazimum
shielding. The pickup wire inside the connector shall de a 5.0 #0.5 centimeter
leagth of the center conductor of the conduit obtained by removing the outer shield.
The pickup wire shall be positioned in the center of the connector and held in place
by dielectric retainers or the dielectric {ngsert of “he connector.

3.4.7 1Installatfon. The connector/conduit assembly shall be securely fastened to
the chamhér wall with the conduft passiag through the wall and terminated 1n type-N
conanectors 4s shown on Figure 3. Care should be taken to ensure that the shielding
integrity of the chamber is maintained at the points of sttachment of the conduit to
the chamher wall,

1.5 Swept freguency YLWPR messurement on connector/condult nssenhli- A swept
frequenty VOHR medsureasnt sha ¢ perforned on the conplete connector/condult
assembly shown on figure 3. The frequency range of the measurement shall be 1-10 GH:
and a plot of the ¥SWR versus frequency shall be made on an X-Y recorder for every
connector tested., This VSHR plot shall be included with the shielding effectiveness
data ohtsined from the measurement described 1n paragraph 4.

4. TLST PROCEDURE.

4.1 Test procedure. With the connector and conduit assembly prepared as descridbed
in paragraph 1.8 and the mode-stirred chamber configured a3 described in parsgraph
}.2, the T0)Vowing procedures shall be performed at each frequenty. These procedures
atilize the test configurations shown on figures 1 and 2.

4.7 Rrference measurements. Perform the following reference measurement:

a. fonnect the eauipment for measuring the average signal to the reference
antcnne.

b. Terminate hotk ends of the connector/cable assembly in 50-.ohm loads.

€. Apply sufficient input power to the Chamber to observe the signs) on the
reference antenna. _

d. Obtain the average signal (Pggp) on the reference anteana for mode-stirrer
rotation.

¢. fecord this average value as well a5 the chamber input power (P, REFT-

f. HRepeat at each freauenty.

4.1 Shield measurements. At the same freouwency (within 100 kHz) at which the
reference megsurement was performed, perform the following shield medsurement:

4. Dixconnect ¢ S50-ohm Yoad from one end of the connector/conduit assembly and
cnnnect the equipment for measuring the average sSignal.

h. f(onpect a4 SO-chm load to the reference antenna inpyt.

¢. Bpply wufficient input power to the Chamber to Observe the sional on the
connector/conduit assembly._

d. Obrain the aversge signal {Ppyr) on the comnector/conduit assembly with
the =sgde-stirrer ratation.

e. Record this average vatue as well as the chamber irput power (Pin rytl:
frnecar at rach frequency.

ME THOD 300F . 6
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Aternate: The use of & test specimen having a 50 OMM ¢ 6 OHM cross-section
through its length is permissible, see above.

FIGURE 3. Preparation and tnstallation of connector/conduit assesbly.
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4.4 (glcylated shielding effectiveness. For wach test freaurncy, calculate the
shieldina rifectiveness [S.E.1 of the connectar from the ahove data and the following
forpula:

N

S.E. = 10 109[0 Pp[; ( PEUT
Pin RE Fin v

f. DOCUMENTATION. Date sheets shall contein

a, Title of test, date and name of operator.

) Ssmple descriptiorn - Include fivrure, 1f applicadple.
< Test equipment ysed and date of latest calibration.
d Yalues and observations.

SUMMARY. The following detalls shall be specified in the individual
4 - Finamn
LR LR

a. Frequencies to be tested {f other than those listed in 1.1
b. Shielding effectiveness of the connector pair.
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