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Final Report: 	"RESEARCH AND DEVELOPMENT STUDIES FOR ANECHOIC E.M.C. 
TEST FACILITIES (PHASE II)" 

1. Introductory Statement 

This report is a summary of work done fôr the Department 

of Communications, under DSS ContractOSU 79-00143, under the direction of  

T. J. F. Pavlasek at McGill 'University., The remunerated staff engaged in' 

this work consisted of Mr. Shantnu Mishra, Research Associate on a part- 	, 
n 

• time basis and casual clerical staff; This report côvers the period 

. August 1, 1979 to March 31, 1980., This was the second stage of'a project 

.which was first started Linder Contract OSU 78-00148 and was carried out 	• 

'.from August 1, 1978 to March 31, 1979. 

v 

.1 Review of Phase I  (1978-9,), 

The first phase of the project consisted of.  

i. An extensive literature survey of the state of art of anechoic 

rooms and other types of test chambers and measurement techniques. 

I 

	

	The results of thiS survey were reported verbally, in writing and 

a detailed bibliography was provided. 

ii. A study of existing e.m. absorber materials was carried oùt, 

including an extensive survey of the Industry supplying sucft products. 

The e.m. properties of the available materials were compiled into 

tabulations and graphs useful for the choice of materials when 

designing anechoic chambers. 

iii. An experimental program of measurements, using a specialized scale 

model anechoic chamber, was initiated to'determine the detailed 
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behaviour of chambers under a wide range of conditions. Some 

preliminary measurements were obtained, which indicated that it 

might be possible to design chambers with absorber lining for 

ems measurement at reduced cost. 	, 

The Phase 1 results were reported on in several verbal 

presentations and in a Progress Report, December 1, 1978 (1) aqd a 'Final 

Report', March 31, 1979 (2). 

.2 The Second Phase of the Report  

The second phase consiSted of an extensive set of measure- , 

ments and their analysis. The progress of this work was reported in verbal 

presentations, by a Progress Report, November 30, 1979 (3) and is described 

in detail in this Final Report. 

This Final Report contains: 

i. A review of the problem•which gave rise to the two-phase project. 

ii. A report of the results of measurements in the form of an atlas of, 

maps and profiles and'an analysis of the results. 

iii.. A presentation of design considerations for the construction of 

Absorber Lined Chambers (ALC's). 

The original objective , was to examine the possibility of 

designing and building 'anechoic'-like chambers (henceforth ,  called ALC's 

Absorber Lined Chambers) which would'be'both economical and useable over a 

frequency range from 20 MHz to 10 GHz, this range being suggested in the 

original contract documents. The results of the research indicate that such 

ALC's may be possible and guidelines are suggested for their design and  Use. 



The results , are nevertheless preliminary and it is evident that the stage 

has been reached at which operational 'medium size' ALC's shobld be built 

on an experimental basis and their characteristics studied in detail. , 

Further work on small scale models is also recommended to obtain further 

information regarding the possibility of Compact ALC's for susceptibility 

measurements for use in testing of mass-produced consumer items. 

3. 

V 
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2. 	Review of the Problem  

IntrOduction  

, 	It is approximately a hundred years since Hertz'S first 

experiMents with e.m. waves (1888) (Private,correspondence Heinrich - Hertz 

to  • H. Von Helmholtz, November 30, 1888) and about eighty years sinceSarconi':s 

first transatlantic coded radio transmissions (1901) and Fessenden's voice 

and music transmissions (1900). Since that time use of the e.m. (radio) 

spectrum has grown virtually exponentially not only in the utilization of 

. the frequency spectrum itself, but also in the ensuing buildup  of  ambient 

e.m. field levels. 	" 

This growth has stimulated, and been accompanied by, the 

'development of electronic devices, which were originally evolved mainly for 

communication use but have now become all-pervasive in the modern technological 

environment. 

NoW, electronic devices and systems. are used not only 

for communication purposes"but are uSed intensively in the control, instru- 

mentation, power areas and, with the more recent advent of digital technology, 

they are the basis of the current  explosive groWth of the Computer'era. 

This simultaneous growth of ambient field levels and the 

proliferation of sensitive electronic devices gives  ris  e td.concern about the ' 

ability  of  such devices to continue reliable °Perot -ion and to protect themselves 

from becoming 'victims of their own environment. The evolution of the 

environment is illustrated qualitatively'in Fig.' 2.1 which sùggests the growth 

of ambient e.m. levels in urban areas over the pàst eight decades. Initially 

only the natural cosmic and geophYsical e.m. activity was present. Now however, 
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Fig. 2.2 	Possible Levels of Ambient E.M. Fields in Urban Areas 
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the man-made intentional-or incidental e.m. field sburces mask thé natural 

ambient levels by several orders of magnitude and are beginning to produce 

degraded erratic behaviour, and sometimes complete failure of 'sensitive. - 

electronic Systems. Beyond this, in some specific locations, the ambient 	• 

levels. are growing towasrds those which may be biologically hazardous. 

If a quantitative analysis is made of the "possible" 

(not necessarily probable) levels of ambient e.m. fields in urban'areas, which 

may exist as a .  result of dulY authorized radiating sources, the graph of field 

strength levels vs frequency shown in Fig. 2.2 results (4).This figure has 

received some attention since its publication in 1978 bythe DOC in Canada and 

. has been widely distributed in the USA by the FCC (5) as mell 

It is apparent that these levels are becoming serious 

enough to affect the operation of many devices, ranging from relatively non-

, critical entertainment equipment to potentially critical Measuring and 

computing Systems. 

This section of the report reviews some aspects of the 

above problems which are generally described by the acronyms e.m.c. (electro-

magnetic compatibility), e.m.i. (electromagnetic interference) and e.m.s. 

(electromagnetic susceptibility). 

• 

.2 The Nature of the E.M. Environment Sources - the "Active" Devices  

The sources of e.m. radiation which contribute to the e.m. 

environment fall into two distinct categories, namely intentional and un-

intentional radiators. 

.2.1 	"Intentional" radiators, in legalistic terms, are devices 

such as transmitters for am, fm, tv broadcasting, for point to point and mobile 



communications, for navigational and remote sensing systems. Radiators of 

this category operate with due approval of national and international 

regulatory bodies. Such radiators are specifically authorized to operate 

at particular frequencies,. at specified power levels and—in-specific geo- 

graphical locations or areas. Certain otherdevices which.unavedably generate 

substantial radiation and are also controlled by regulation include industrial, 

scientific and medical equipment, such as dielectric heating devices and 

medical diathermy units. It - is devices of this type, whose existence is 

authorized and known, which are included in thè calculations which led to the 

Information presented in Fig. 2.2. 	. 	• 

.2.2 	In addition to the above are the "unintentional" radiators' 

which( also contribute to the e.m. envirônment but whose radiation is not 

accounted for.in Ftg. 2.2 so that the possible Ievels could be hjgher than 

indicated. "Unintentional" radiators are devices which radiate at some 	. 

frequency and power at - which. they are not authodzed.to  do so or, are , not even 

designed to do so. Some of these . deviceS are deliberate (and illegai) but most 

are incidental and. may not eyen be known to radiate. Some of these'sources 

include automobile ignition, power and high voltage equipment, and generally 

all electrônic systems particularly those using transient, 'switching and short 

pulse (digital) techniques. While some of these may not individually produce 

large amounts of radiated power, the aggregate field levels which result may be 

significant and can produce significant effects on other equipment. 

.3 The 'Response to the E.M. Environment by Receptors or 'Victims' . 

_(The Passive Devices)  

'The devices whiCh respond to the e.m. environment may again 
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be divided into two categories,- those which are intended.to  receive signals 

..or in some way act as 'deliberate field acceptors and those which are 

subjected to the fields and become 'unintentional acceptors' or 'victims'. 

	

.3.1 	The 'deliberate acceptors' include in particular radio 

signal receivers for communications and entertainment. Such receivers are 

characterized by a limited range of operating frequenCy and by deliberately ' 

high sensitivity. Sensitive measuring, control, navigational and remote 

sensing instrumentation also falls in this category, 

	

.3.2 	An 'unintentiànal acceptor' or 'victim' is any'device which 

responds to the ambient e.m. field environment in an undesired manner which 

may affect, degrade or preveht its desired operation. The 'victim' may even 

, become permanently damaged and inoperâtional. "Deliberate acceptOrs', because 

of their inherent high sensitivity are prime candidates for becoming 'victims' 

- to àther  fields not intended for their- operation. Other electronic equipment 

which is intended to operate in a 'closed universe' ofits own may also become 

a victim of the e.m. surroundings. Equipment which'operates internally at 

inherently low signal levels is particularly susceptible. . 

Examples of 'Victims' 

A very commonly observed case of a victim is that of the • 

automobile' a.m. radio failure to operate in the neighbourhood of power.lines. 

Another is the influence some pocket calculators or desk top•computers' can 

produce  on an adjacent a:m. receiver (an experiment which can be tried in the  

home). The failure of television receivers to operate ih'urban.areas is also 

'widespread while many a highquality tape recorder has inadvertently  . 

detected and recorded the signal frOm nearby a.m. and f.m, transmitters. .. More 
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worrisome are the implications to security systems in general,of rumour's 

about garage, doors opening apparently because of high power mobile tranS-

mitters passing by. Of greater concern yet are reports of malfunctioning 

of control systems and of error signals or stoppages in the operation of 

microprocessor based vehicular, industrial and commercial data and digital 

control systems (6). 

.4 'Countermeasures' 

.4.1 Aencies and Societies Involved in E.M.C. 

The problem of e.m. compatibility, interference and 

susceptibility is not new but its extent is reaching levels which warrant 

, urgent consideration and action. Research in e.m.c. is growing in importance 

and has been active especially in the military field for some time. However, 

in the civilian sector the matter is only now beginning to receive increased 

attention. At present the data collected is essentially in the form of 

'complaints' which arise sporadically and are only a random sampling of the 

problem. Systematic data gathering'and scientific analysts of the actual 

,environment (along theclassical lines of measureMent and scientific studies 

which e.m. propagation has received in the past eighty years,is only now being 

envisaged. Extensive, structured monitoring and surveillance  has yet to be 	- 

,developed and put into effect. 

The agencies and s9ciettes involved in this work are national, • 

regional and international. In Canada, the prime responsibility and activity 

is in the IDOC while that in the USA is  the  FCC.  In, Europe,  activity is being 

concerted by CISPER. 

• Scientific'societies such . as  the IEEE's EMC Society hwie 

been publishing journals and organisihg international symposia for some time 
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of which the followiq are major examples 

- 	• 	- IEEE-EMC Transactions & Newsletter 	 • 
• 

- Biennial Symposia on EMC in Europe 

Annual EMC Symposia in USA' 	 • • 

Nevertheless work in this area in relation to civilian 

needs is only just evolving. Three genral areas of activity which .need to - 

be developed can be identified: 

a. that dealing with measbrement, analysis and control of 

activities in the'environment itself, - 	• 

'b. the laboratory simulation of the environment and •development 
1 

of measuring techniques  with  the objective of evolving 	- 

• equipMent design and evaluation criteria. . 

- c. the theoretical analysis  and modelling of.e.m.c. problems: - 

The areas of Simulating - the environment in the laboratory 

or on the factory production floor and of theoretical analysis and modelling 

are the crucial ones to be investigated.- 

The following sections  •of this report describe some 

aspects of the laboratory simulation problems involved, with emphasis on 

research and development in the design of enclosures or chambers for laboratory 

simulation of the environment. 

The facilities evolved are intended to be used for the 

evaluation of the susceptibility of equipment as possible 'victims'  •or 

conversely as unwanted emitters. The long range intent would be to establish 

guidelines for standards leading to eventual environmental regulatory control 

procedures. 

.4.2 The Problems of Laboratory Measuremenis  • 

The_two parameters which need to be determined in the' 
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case of any equipment are: 

a. its susceptibility to external -  e:m. sources 

b. its own behaviour as a possible emitter. 	. 

Furthermore, in either case, the mechanism involvecrmay be that of 

a. field radiation 

b. by conductive current. 

There thus exist four possible combinations which are designated: 

• RS,  - radiated susceptibil .ity 

• CS- - conducted susceptibilitY 

RE - radiation emission 	• • 	• 

: 	CE - conduction emission. 	• 	• 

The 'susceptibility' of eepment is a measure of the degradation of its:per-

formance under the influence of radiated or conducted e.m. 'energy. The converse 

terni  'immunity' is also used as desfgnation of performance.' 	• 

The quantification of 'd égradation is a major ,  difficulty 

because it is largely subjective and to a considerable extent.arbitrary in some 

equipment. 

" Emission is the amount of unwanted e.m. energy produced by 

a device and is characterized by the frequency and the power emitted. These 

quantities are more easily quantifiable (though not necessarily easily measured). 

Considerable literature and practice have developed 

regarding e.m.c., e.m.i., and e.m.s. in relation to military equipment. Certain 

standards and test procedures are openly published and well known (7). However, 

their direct application to civilian use may be only 'partly relevant because 

the criteria on which they are based, especially in the judgemental area of 

quantifying degradation of performance, may be fundamentally different. 
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.4.3 General SuSceptibility 

To measure the susceptibility of any device it is 

necessary to have: 

É A knoWn, calibrated, controllable source of e.m. energy 

operable over a wide range cf  frequenciès. 

2. A volume of space in which a known field is produced. 

3. Measuring equipment to monitor the amount of field the 

équipment under test (e.u.t.) is immersed. in. 

4. Equipment,to measure the 'degradation,' of performance - 

of  the e'.u.t. 

5. Data procéssing facilities. 

An 'open field' _site'could be a possible choice of 'spacè' 

but practical considerations such as isolation and power requirements do not 

makè this easily useable and feasible. The alternative then, is to have the 

test field generated in a constrained volume - shielded to avoid disturbance 

from and to the outside world. Because of the wide range of frequencies at 

which tests are required (from DC to 10's of GHz) a universal controlled 

environment enclosure is very difficult to realize. A considerable amount of 

research work has been done in the past few years to develop measurement 

techniques and environment simulation. 

The remainder of this report is concerned With . the develôpment 

of enclosures for the simulation of thèe.m. environment needed for émission 

measurements. 
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. 	Statement of Phase II Objective  

The objective of the Phase II (1979-80) project was 	. 	• 

as a continuation of the Phase I (1978-79) project whose objective was: 

Phase I Objectives 	 • 

• • 

iA intended tO e)Stdb-e-L6 ii the. te.chnical .deisign paAamete)us 
and co.st ,dactoks ad an Ele.cticomagnaic Compatibiti-ty (EMC) Te>st Faciei.ty don. the 
DepaAtmentojÇ Communication3. -  Such an EMC Té/st Facility 	intended to be 
opexab.e.e. av Vi  a  n.a.nge dnam not inalt.e. than 20 MHz to not .ee)ss titan 10,000 MHz. 
The Facility 	to be .appkopkiate 6oit the accammada.tion ad etec•kicae,. d.e.c.t)t.onic 
•equipment and isrptems '6oit the ptetpo4e ad de(y ining EMS (eee.e.tAamagnetic 

condition), • estabt i>shing 4tandaft.d3 and mea4mement methadotogy don. 
4ame. 

The 3 ttb-obj e.c.tiveA and nit eÀtanes aite t.6 be geneitatly in 
accon.dance with thoe indicated in the Pnoject Submiuion Docume_nt rv 78/79, .- 
outeining expected Jimutts a.nd mutually agiteed Upon modidica.tion ani)sing 61tom 

•inWunatidn and knowtedge evolving 6kom the n.e.seaitch eudy a6 	pnagn.uu s. 

' 	In 'sum, the diiust ,s.tage o  Ç the tudry .i)s 	consii.st o6 
1) data gatheiting 2). ex-bsting anechoic «am 	 eVatuation . 3) inve3,7., - 

 tigati_on o 6 n.e.w nut:mica. a ppan.tinities and chamb en. • co n 4.i g tift.a tio rps a.nd 4) tie :ten - 
•mi.na tio n o 6 n.eeo tiv e c.o4.t o d ma .teniae)s . The  s e.eond :s Inge wa tte.cl be co nceAned 

• ,wi 	odeLUn.g  6  d Chambeu with a.ppno pnia 	rtia te)tia.e..6 :-to demo n4 tn.a. te: 
o6 pouible designs. 

• • • 	 The specific statement of objectives for Phase II .was: 

• Phase II Objectives: 	 . 

The  n.e6t.t.et)s ad the diA.st yewt.' activitie 	thi)s puject - 
pkovide the ba4i,6 don. continuing and .  extending the )5.t.tic1y ad the development od: 

anechoic te.)st dacitity 60A. EMC me.a4akemenü s. Th.e dacLeity is intended to 
be apexabte.' 0 V CA a /Lange. dkom .not make than 20 MHz t a not f. es • han 10 Gilz. 
Aliso, the 6aci.:eLty 	ta  be appkopitiate. 6ok the accommodation ad etectitical, 

. ee.e.  c.tnonic equipment .and :41.6terws Pk the puitpoft o6 de.dining EMC' cant-I,U,ion)s, •. 
eistabLi)shing tandcuLds and mewsuiLeinent• methadoZogy dan. the .uone.' 	• . 

• The. )s (Lb b j ective.s and m 	n e.6 an.e 	b e g emmateti 
acCakdance with theme indicated in »the Pkoject Subm.bsion Document FY• 78/79 	• 
outeining the. expected n.e)satts ,and beating-. the 'same. tàee, dated 32/10/77 

: 4subje.ct 	mutuatey agkeed upon madidicatiOnA afti)sing dnom indaneation and 
knowe.edge evoeving dnom the nese.wich .1`.udy a4 Lt p/iogit.e..64eS. 

• •• In /sum,. thi , the. 4econd 'stage a d the,  )study 	to conA'i2t • 
• ad: 1. Making me.a3uitement 	)s cat e mac-tenet-1 an ecliaic con 6 ig matt° . with 	• 

appnapniate mateA,Lais and modee.5 o6 	' 	o  demowstAate - the. 6 eçusibiUty o6 • - 
pa)s)sib.te dmign.s.' 2. Devetaping and testing new matexia.e' conUguitation and 
invefstigating the. 9scate modeteing ad an anechoic enclo.6uke - ujsing soch mate/tie) s., 
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These objectives were'-approached through an extensive 

program of, measurements whose results .are presented in the folloWing. It 

need be noted that at  an i early stage of the program a mutual decision 

was made not to pursue the development of new materials (see part 2 above) 

since it became apparent that the prime objectives might be achieved using 

existing materials. The concept of ALC's (absorber-lined chambers) was thus 

evolved. 
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4. Methodology  

The behaviour of an ALC was studied by making detailed 

,measurements of the field structure (amplitude and phase) over sectional 

planes spanning the interior of the ALC: The measurement techniques, the 

data processing and map drawing process are described in Final Report (Stage 1) 

and elseWhere (8). 	, 

,The ALC used was a frequency S'caled model chamber capable 

of a Variety of modes Of operation, as'described previously (2,3). The program 

of measurements was designed to determine ALC behaviour over a wide frequency 

range and for a variety  of  wall lining conditions. 
1 

The model room (a (1 m) 3 
internal dimensions enclosure) 	' 	

• 

was measured at frequencies ranging from Q.6 to 23.5 GHz. The sectional planes 	. 

were those .containing the central 'axis and lying parallel.or perpendicular 

to the E-field polarization .. Measurements were made with the ALC: fully  lied, 	- 

partially lined and for some cases with and without an EUT model inside the 

•chamber. 	 • 

Table 5.1 ln the following  section  lists all'the conditions 

which were examined. 
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5. Measurements and  Results - 

.5.1 Method of Measurement  

The measurements were made at 23.5 GHz, 1 GHz and 

0.6 GHz. These were carried out in an existing 'large' anechoic room 

within which was placed a small scale model chamber. 

The 'model anechoic room consists of a frarile of unique 

design, made entirely of wood bonded by resin cement. The frame is in sections 

held together by Inylotron' ,screw fasteners. Movable portions allow the 

mounting of absorber of different thicknesses, while maintaining the inner 

dimensions at a predetermined value. The absorber panels can be easily 

mounted and changed through the use of velcro fasteners. The frame of the 

'model' chamber thus causes a minimum perturbation of a test field since it 

consists exclusively of dielectric materials whose dielectric constant is ' 

relatively low. 

The room has inner  dimensions of 1.2 x 1.2 x  1.0 m and 

was completely lined by Emerson Cuming CV4 material for the fully lined chamber 

measurements. For measurements with partial lining, either a side wall or the 

floor were replaced by aluminum foil. 

The illumination sources used were: 

i. Open ended waveguide for 23.5 GHz 

ii. Half-wave dipoles cut for 0.6 and 1 GHz respectively. 

These were placed in or close to the centre of an end-wall. 

The geometry of the arrangement is shown in Fig. 5.1 
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'X _ 
Figure 5.1 

10 • 
C FIEIA) 

• The measuring equipment consists of 

, Amplitude and phase  measuring system 	• 

- A homodyne -technique based apparatus at 23.5 GHZ . 	. 

- Vector Voltmeter at 0.6 and 1 GHz 

ii. A probe positioning•system permitting theposttioning 

of aprobe anywhere within model chamber - 

iii. The probes were eleçti- ically small '.dipoles ' 

' 
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• iv. The data acquisition system is a Motorola , 6800 based 

microcomputer with appropriete AD and ,control inter- 
. 

facing ands with floppy disk storage.  The  data . 

acquisition system is interfaced to  the University's 

large, high speed AMDAHL VM10 computer which is used - 

. • for bulk data processing and map plotting.  In addition, 

the graphical facilities of a VAX computer graphics • 

and an Autotrol Computer Drafting System were used. 

The measuring and dataacqUisition processihg system 	. 

are shown diagramaticelly in Appendix . A. 

.5.2 Program - of Measurements  

Measurements were made at 23.5 GHz, 1 GHz and 0. - 6 GHz, 

thus representing various frequency scaling-possibilities, as indicated in 

Fig. 2 of Progress Report (see also Appendix B). ' The absorber, used'thus allows 

:an interpretation that a 1 m cube room would represent à 30 m . cube:room and - 

the 0,6 GHz measurements côrrespOnd to 20 MHzin such a full scale room. 

. 'Measurements were made with: 	' 

	

1- 	i. a fully lined rooM 

• ii. with the flOor replaced by a reflecting surface 

iii. with a side wall replaced by a,reflecting'.surfaCe. 

	

2, 	i. the rocim eMpty 

ii. with a scale model E.U.T. in various locations. • 

' .In all  cases relative amplitude and phase were measured . 

and in the majority of cases these were made in the X,1 plane (vertical plane  fl 
to E-field) and the Y-Z plane (horizontal plane J._ to E-field). Both planes 

contain the central axis. 
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Table 5.1 belim is a cross-reference listing of  all  

the maps produced by the abovementioned measurements. The identification 

coding enables locating the maps within the 'Atlas' which follows. 

In addition to the maps, axial profiles along the 

central optical axis are presented for the fully lined case at 23.5 and 

1 GHz and for all three cases at 0.6 GHz. 

The maps or profiles also have - a coding which is 

according to the following scheme and this serves as a descriptive identifyinj 

caption. The Atlas is paginated as ATLAS PAGE 1 etc. 

Type of Figure 	M - contour map 	. 
P-  axial profile 

c)Frequency 	23.5 GHz 
1.0 GHz 
0.6 GHz 

>Quantity Displayed 	A - amplitude 
,P - phase 

['Sectional Plane 	E - E plane 
H - H plane 
- 	n/a 

Type of Lining 	CL - completely lined 
FO - reflecting floor 
WO - reflecting wall 

Presence of EUT 	0 - no EUT 
- EUT in chamber 

e 
	1> Type of Radiator 	Opîti - open ended waveguide 

HWD - À/2 dipole 
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ATLAS Page Number  
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CONCLUSIONS OR COMMENTS 

.1 It is evident that in chambers of 

restricted size it is inappropriate to 

attempt achievihg plane waves. EMS 
( 
measurements should therefore bé pre,' 

dicated on spherical waye fields. 

- The development of a test facility 

must  consider the Ohoiée of illuminating 

)

source at the same time as the choice of 

a chamer is  made siOcé . these form an 

integrated system. 

I  - The results show that at some upper 

frequency the chambermay be considered 

to be truly 'anechoic'. As the l 

• freoency is reduced there ls a gràual 

transformation until at the lower frequency 

end the chamber behaves as a lossy (Low Q) 

cavity. Nevertheless even at the low 

frequency end there exists a central 

region of the field which appears te be 

useable. 

The local apparent SWR at low' 	. 

.frequencies isSufficiently small that 

placement of an EUT in Such a region can 

still be possible prùided the EUT 

occupies only a small fraction of the  

'chamber. 

19. 

.5.4 Observations and Conclusions 

The analysis and study of the maps and profiles leads to 

a number of salient observations of which the principal ones are enumerated 

below along with conclusions which may be drawn from them: 

OBSERVATIONS  

.1 The fully lined chamber 

At 23.5 GHZ  the field (both 
. amplitude and phase) within the 	- - 
chamber is essentially that of the 
source itself and no major influence 
àf the -chamber's walls is noticeable. 
The  . amplitude profile along the 	• 
central axis is essentially a l/r 
functioh, the phase profile is linear 
and the phase contours are essentially 
spherical. There is no major Modal 

, structure evident which could'be 
attributed to reflections from the 
leialls; (e.g. there is 1,ittle evidence -
-of an interference pattern). 

A comparison . of the E and H . 
-plane maps does not IndiCate any , 
major differences except for those 

- inherent in the field of an open- 
ended waveguide. 

• At 1 GHz and 0.6 GHz  the  absoN 
bent wall lining has substantial 

. reflectivity-because the material is 
being  used  at a frequency.more than 
an order  of  magnitude below.its in- 
•- tended operating range. 'The amplitude 
and phase  maps now exhibit,a modal - 
pattern'of'a kind'which may be antici-
pated as a result.of multiple wave - 
interferehce 

An important diagnostic indica-
tor is:the behaviour of the phase (9, 
10). In a region of absolute nulls - 
the phase contours exhibit a multi-
varuedness characteristic of a 'sing-
ularity'. This behaviour is clearly 

'-seen. in the case  of both the. E and H • 
plane *maps at 0.6 GHz near the far ; 
walls of the chamber thuS indicating 
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the presence  of  absolute nulls. 
Despite this, theocentral region'of 
the rooffi is relatively 'smooth'  in  

: amplitude  and the phase contours 
. continue to be essentially spherical_ 

• In the case of the 1 GHz con- - 
.dition the field appears to be-much 
more 'structured' for the H-plane " 

' though relatively monotonic in the E- 
. 'plane, The phase structure  however 

does not indicate the presence of any 
nulls ('singularities,'). 	Because of 

,the shorter wavelength the spacing 
.between successive maxima and minima 
is smaller , and is indeed of the order 
of 2V2.  Comparing the 0.6 and .1 GHz 
profilesagain.indicates that the 	• 

• 1 GHz case is more structured even in 
the central region. However, the 
.'mean•SWR'' is much lower. 	In fact, 
in the central region the field is 

• remarkably uniform over a distance of 
• the order  of a wavelength. 	

• 
In examining the field structure 

particularly in the H- plane, .the 'in-
terference pattern' exists mainly.in  

•the vicinity of the - walls (side.and 
back). Nevertheless even-in the 
.6 . GHz case there exists a 'central , ' 

• region within"Which the field is 
relatively 'smooth.' although the stfe 
of such a région  is reduCed sub-
stantially with the . reduction of 
frequency. . • 

• 
• .2 Partially lined chamber  - •

(side wall or floor of reflect-. 
ing material) 

. In comparing the partially lined 
' chamber maps with the fully lined case 

. it is.observed,that the general . 
•trends as a function of frequency_are 
•preserved. At 23.5 GHz the fields 
are not fundamentally different from 
those of the fully lined room..  .1\ ny 

 differences that exist are essentially 
in the vicinity of the reflecting 
walls only. As the freqUency_is low-
ered the fields become increasingly ' 
struétured until at 0.6 GHz .à numbér 
of null (singularity) points  •ecome" 
fully developed as witnessed vividly 

.2 It is apparent that at the higher 

frequency end the replacement of a 

single wall or a floor does not affect 

the central region field structure 

dramatically or even noticeably. 

At the lower frequency end the 

entire field structure is distorted 

somewhat, compared to the fully lined 

case, but nevertheless preserves the 

modal characteristics already present. 

The effect is most pronounced with the 

reflecting wall parallel to the E-field 



polarization and under this condition 

the use of the chamber may be questionable. 

However, when the floor is reflecting 

the local apparent SWR is quite tolerable 

in the central region, and in fact does 

not differ from the fully lined case. 

Thus if the chamber is useable at such 

a frequency When fully lined, the 

replacement of a floor by a fully 

reflecting surface may still be tolerable. 

2 1. 

by the phase structure. A relatively 
central 'smooth' region still dxists 
but is further reduced in size. 

In comparing  the cases for the 
'reflecting floor as compared to a 
reflecting wall ii is clearly evident 
that the deteridration is most sig- . 

 nificant when the side wall is ref- , 
lecting: This is  to be expected since 

•in this . case the reflecting wall is 
parallel to the E-field and therefore 
a null field region is produced along 

•the wall. On the other hand the 	- 
floor is essentially perpendicular to 
the E-field and the boundary con-
ditions permit wave propagation 
tangentially to the floor with 
minimal réflection, S o.  that the field 
structure is not affeCted substant-
ially except at the lowest frequency. 

In comparing the central axis 
amplitude profiles for the fully lined 
and the two partially lined cases it 
.is Useful to estimate an 'effective' 
max/min ratio in the 'central':  region. 
Although the identification of such 
à. 'central' region is in some degree 
arbitrary, such a comparison can be 

- usefully made and results in the 
following table: 

freq. 	GHz 	• 
Condition.,  23.5 	' 1 	. 	. 6  

Fully lined 	ldB 	ldB 	3dB 

Floor 
ldB 	3dB 	3dB 

RefleCting 	
_ 	......_ 	____ 

Side Wall 
ldB 	4dB 	5dB 

Reflecting 

.3 Field in the Vicinity of an E.U.T. 

The- maps of fields in the vié-
inity of EUT were made with models of - 
EUT's.(metallic box  or • cans) whose 
dimensions were chosen •to scale such 
that in full sizethese would. 
correspond to large domeStic elect-, 
ronicequiPMent (e.g. large TV and 
Stereo.èquipment, small DIrect.Broad-: 
cast  Satellite .antenna, desk-type 

• persônal computer or computer 
terminal etc.).. 

.3 The insertion of an EUT doe's not - 

appear to disturb the general structure 

Of the field of the chamber excePt in 

the immediate vicinity -of the EUT, as 

would be éxpected froM the boundary 

conditions on the EUT itself. 	. 

It must be noted, however, that the 

EUT size,chosen was very much less than 

the basic linear dimension of the chamber 
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• 	As noted above, field deterior- 
ation is most noticeable in the H-
plane and therefore the fields in the 
vicinity of the EUT were meaSured in 
that plane only. These measurementS 
were made at 23.5, 1  and .6 GHz. In 
addition to this, more detailed 
(larger scaTe) maps are made without . 
the EUT (at 1 and .6 GHz) in the 
region of placement of the EUT to 
allow more detailed comparison of the 
field structure with andmithout the 
EUT. At 1.GHz the position of the. 
EUT was also varied to determine 
what effect this might have. 

In comparing the 'empty' field 
with the 'EUT present' fieldthére 
appear to be no major dramatic differ-
encesin the field strilcture (except 
on and àt the EUT itself). It may 
be concluded that the insertion of 
the EUT does not alter the overall 
field strUcture in the room at •hese 
EUT sizes- ç ( L

eut 
< L

room.) 

In particularthe phase struc-
ture, which is normally a sensitive ' 
indicator, of a distortion of the 	- 
field, remains essentially unaltered. 

In the 23.5 GHz  -case a compari-
son was made also when the EUT was 
present in a fully lined and in a 
reflecting side wall room. No 	• 
substantial difference is noticeable 
for these two cases at this wave-
length,:except that the field in the 

 immediate Shadow of the EUT becomes -
partly filled in. 

- 'At 1. GHz the EUT was placed in - 
three different-locations, two  on  the 
central axis, one at a field maximum. 
and one  at a•field minimum. The . 
third location was off-central axis 
in  an arbitrary location. .An examin-
ation of these three conditions'and 
their comparison with the 'empty 
field' show again very little 
disturbance of the field and also 
that there is little difference among 
the.three cases themselves.  

'(about 2%)., On the Other hand, in \  . 

practice at EUT is not necesSarily 

completely metallic lbut  is a composite 

of different materials. 

It also needs to be noted that at 

the low frequency end an EUT is much 

smaller electrically than the wavelength 

so that the disturbance to the field is 

inherently small, while greater local 

disturbance is to be expected at the 

high frequency range when the EUT size 

is greater than the wavelength. 

The positioning of the EUT does 

not appear to be critical as long as

•it is in the central region. 
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6. Design Considerations for  ALC's  

Based on the measurements detailed in section 5 and in 

previous reports, it is evident that reduced cost enclosures can be designed 

, 
for susceptibility measurements to operate'over a wide range of frequencies. 

Such absorber lined chambers (ALC's), though not fully anechoic over their 

entire range of operation can nevertheless be used for e.m.s. measurements. 

Salient design considerations for such ALC's are the 

subject of this section. 

ALC's may be classified in two categories: 

a. Fully lined chambers 

b. Partially lined chambers 

a. Fully lined chambers are antenna quality chambers from a certain . 

frequency fm  and upwards. However; their,range of Operation is extendabl .e 

downwards tb as low as .05 f
AQ 

for susceptibility measurements. Such chambers . 

therefdre offer the possibility of .dual purpose  use  namely, for antenna grade 

measurèments from f
AQ 

upwards and for susceptibility measurements from 0.05 f
AQ 

and upwards. As the freqùency of operation decreases below fm  a cavity-itkè 

modal :Field structure: gradually emerges but - is characterized by the persiStnt 

presence of a relatively smooth central region which remains available for the 

placement of an e.u.t for e..m.s..measureMents. 

• 	The 'primary  design  specification therefore iS the chgice 

. _ 	. 
of f

AQ' 
This choice determines the material to be used for the wall absorber 

, . 	= 	. 
lining. This . choice is aided by graphs which were presented in (2).along 

with tables indicating cost ,of lining various sized rooms with various absorbers. 

The absorber selection curves are presented in Appendix (B )., 
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The room size is primarily dependent on the e.u.t. size, 

the' form of the illuminating source and the frequency of operation. The 

results indicate that at the lowest operating frequency 
(.05fAQ)) 

a chamber 

of linear dimensions of the order of 2 ?Os satisfactorily useable and that 

larger (but costlier) chambers would thus be correspondingly useable. The 

extent to which the chamber size might be reduced significantly below 2 'à 

remains open to further investigation. However, the experience gained suggests 

intuitively that a 15 to 20% reduction in size would not have serious 

consequences. 

The shape of the chamber used, was a cube. The results', 

however, indicate a number of possibilities for different shapes with a view 

for further size reduction. A primary consideration is the nature of the 

radiating source used. 

Certàin re
(g
ions of the-room are.not significantly 

illuminated by the radiator, constitute an unused region and may therefore be 

eliminated. Corners of the'room on-the wall at which the source is placed; 

fall.in this category. The polarization of the source also•offers a reduction 

in size by using a rectangular rather than square cross section such that the 

' ceiling and floor are, closer together than the side walls,"in the case of 	. 

vertical E-field polarization. 	Further'study is required to identify other 

opPortunities,in room shape change leading to eventual further «cost reduction. 

b. Partially lined chambers using reflecting_ materials in certain sectors 

represent an extremal form of absorber performance degradation. Such chambers 

would result in further substantial cost reduction, however, they would no 

longer serve a dual purpose but would be intended for e.m.s. typenmeasurements 

exclusively. 
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The same considerations of choice of f 	size and 

shape apply in general as in the fully lined.case. 

The implication of the results are that replacement 

of a floor.  (or ceiling)-perpendicubr to thel-field is tolerable. This not 

only has capital cost advantageS, but should have major operational cost and 

convenience advantages in placing and handling the e.u.t. 

. Replacement Of an absorbing.wall parallel to the E-field 

by a reflecting wall in its entirety is not recommended. However, a gradation 

in quality of material, strategically placed may be a useful approach. The 

source radiation characteristics would be a guiding factor, for example, 

reflection away  front  the central zone might be tolerable. 
_- 

A cost optimization opportunity thus exists for balancing 

reduced cost of lining in unimportant regions against increased cost of lining 

using higher performance absorber in critical locations. In a different form 

this is a known approach in anéchoic room design. 
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7.- Concluding RemarkS. and Recommendations 	• 

• .1 Project Evaluation 	 . 

• In conclusion it ls apparent that the objectives of the 

project  have  been achieved to the extent that it has been demonstrated that • 

it is feasible ,to usEchambers for e.e.s. measurements over a very wide range 

of,frequencies (e.g. ,20 MHz to 10 GHz). A direct consequence has been the 

'definition! of a test enclosure designated as ALC - absorber-lined chamber - 

for use in thiS application. The basic •criterfa and some guidelines)for the 

design of ALC enclosures have been identified.and described.. 

• As a consequence of this work, further areas of - development 

have been identified which require additional detailed examination. These 
•s  

include further studies regarding: 	 • 

. 	a.) Optimilatiori of enclosure shape 

b.) 'MiniMization of enclosure si • ze .  

c.) Design of appropriate illumination sources 

d.) Use of - ALC: ! s for'emission (rather than susceptibility) 

measurements 

le.), More theoretical analysis of ALC enclosures with the 

possibility of evolving computer based design 

techniques. 

It is recommended that the above studies be carried out as 

an extension  of the  project. 

.2 Assessment of the General Problem 

The general problem as described in Section 3 of this 

report involves broader issues of which the design of e.m.s. test facilities 

forms but a part. Furthermore, in the case of the'test facilities themselves 
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the  design of enclosures is only a part of the problem. 	Th è following 

comments suggest further work which needs to.be  undertaken in the general 

area of e.m.c., e.m.s., e.m.i. 

.2.1 	EMC, EMS, EMI Facilities 

The design and use of emc/ems facilities needs to be 

approached on a total system basis. As has been pointed out in verbal 

pre'sentations during the work of the project, the operating  problems and 

costs  may be as great or greater than the facility design and capital problems 

and costs. On the capital cost side, the instrumentation and data processing 

costs may be as great or greater than those of the enclosure, the sources and 

the radiators.  Sonie of these topics are indicated in a listing presented 

previously (Appendix C ). 

.2.2 	Pilot Facilities 	 • • 

It'appears appropriate now to follow up this project by - 

establishing a 'medium size developmental facility as a-means of acquiring 

operational experience. In addition to further examindtion of the'behaviour.  

of the enclosure, Systematic attention should be given'to  sources,  radiators, 

instrumentation,  data acquisition  and management techniques. 'Above all, 

. attention can now. be  given to the'fundamental l'crucial preblem,, which has not 

yet begun, namely thé development of methddelogy for measuring-the 

susCeptibility effectS themselves! 

. .2.3 The Electronic  Environment  

As mentioned in section 2, a separate major area of study 

which needs to be initiated is an evaluation of the state of the electromagnetic 

environment in a systematic and ongoing manner. To date, the condition of the 
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e:m. environment is not known in any detail, except perhaps in some specific 

local instances. Interference and high field conditions are not known 

except as a result of complaints which, ln themselvesore not presented 

in a quantifiable manner except on a statistical basis, in terms  of  frequency 

of occurrence. The techniques of extensive,  rapid field surveying which 	• 

would be the basis .for ongoing surveillance and contrôls, have,yet to be 

developed as does the methodology for managing the large amounts of data 

which this would involve. If, as appears to be the case, the situation is 

indeed serious, then it .is essential that such detailed evaluations of the 

e.m. environment,particularly in densely populated regions, be undertaken 

before critical conditionstecome evident. 
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WALL REFLECTIVITY 	REQUIRED MATERIAL • 
ThICKNESS 

23.5 dB 

15 	dB 

10 	dB 

23. .5 dB 

15.0 dB 

10.0 dB 

30 MHz 

30 MHz 

-30 MHz' 

300 MHz 

,300 . MHz 

. 300 MHz' 

FREQ. MHz WORST CASE 
S.W.R.  

1 dB .  

3 dB 

6 dB 

1 dB 

3 dB, 

6 dB 

m 

1.2 m' 

.60 m 

.35 m 

.12 m 

.06 m- 

APPENDIX B 

GUIDE FOR SELECTION OF ABSORBER MATERIAL  

A worst case analysis was made to calculate the yesident s.w.r. 

in the  chamber. It was assumed that the wall material has à specified 

minimum reflectivity for the oncoming radiation. 'All the,différent walls are, 

then assumed, to  produce  the  worst situation' such that the energy .at the point 

uhder consideration would be either in phase or out of phase. Based on this . 

total summation, the worst case s.w.r. as a function of reflectivity of the 

material was calculated. This is illustrated in Graph A-1. 

When considered inversely this graph can'be used to calculate 

what the wall reflectivity should be if a certain minimum s.w.r..in the,chamber 

is specified. Also drawn on the same curve is an averaged curve which fits very 

.well with manufacturer supplied data for most of the free space foam pyramid type 

of absorbing materials. 

This curve can be used to calculate the thickness of absorbing material 

required for a specified reflectivity of the material. Using these two curves 

in conjunction with each other, it is possible to estimate the specifications 

regarding, material thickness for a given worst case s.w.r. A few results of such 

, calculations are shown in the table. 
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For a sample calculation, see the dotted line on Fig. 1\ -1. A s.w.r. = 1.5 

gives reflectivity of -15 dB (curve A). Reflectivity -15 dB gives material 

thickness .2À = 2.0 m for a frequency of 30 MHz. 

- Effect of'Angular'. Dependence of Material Reflectivity  

It may be noted that the calculations in A-1 are based on material-

performance at normal incidence. The commonly used materials  are  fabricated • 

- 	to give best performance at normal incidence,  but  their performance degrades 

as the anglé.of incidence is, changed from, normal (909). The variation is 	, 

non-linear. and is also a function of the normal reflectivity. The slope is • 

minimum at normal incidence but increases very rapidly beyond an incidence 

angle'of . about 50° . This  explains why it is advised not to use .'a room 

configuration where an angle of incidence goes below 600  at any wall. A 

• family of curves shoviing  the aVailablé reflectivity as a function of normal 	_ 

reflectivity for different angles of incidence is presented in Ftg. A-2. 

This graph has been derived from the family of curves given -in Fig.- A-3, 	• 

whichshow.the absorber perfermancé data as obtained from information published . 

by the makers. Fig. A-2 can be used in combination with Fig. A-3 .-to find a 

correction factor for the required normal wall'reflectivity based  on minimum 

angles of incidence. An estimate*of the degradation of room Performance can 

thus be made as a consequence  of the departure from normal incidence. Thus 

more oblique incidence configurations may require higher performance and higher 

cost materials but this may be counterbalanced by reduced cross-sectional size 

of the chamber. 
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