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ABSTRACT 

Recently installed equipment in naval receiving sites such as digital telephone 

switching systems, uninterruptible power supplies, laser printers etc., induce 

Electromagnetic Interference (EMI) into recetver systems, thus limiting the 

performance of the receiving site. EMI is injected into receiver systems by 

conducted, inductive and capacitive paths associated with poor compartment 

shielding, grounds, or cable shielding. In this thesis, the MITEL SX-20 automatic 

digital telephone switching system is studied as an EMI source. Temporal and 

spectral properties of EMI generated by the MITEL SX-20 system are examined 

over a frequency range of 0 to 100 MHz. The effectiveness of a Barrier, Filter and 

Ground architecture in containing/eliminating the generated EMI is tested under 

various operating conditions. Possible solutions are proposed for similar EMI 

sources. 
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L INTRODUCTION 

A. MOTIVATION FOR TillS THESIS 

The performance of receiving sites 1s often limited because of 

Electromagnetic Interference (EMI). This interference is often caused by 

digital devices such as automatic digital telephone switching systems, 

printers, personal computers etc. When these systems operate, they generate 

electromagnetic waves rich in spectral content (frequency components) 

causing interference or noise. Interference can also be caused by external 

noise sources. 

Internally-generated interference travels from its source to a system by 

a variety of conducted, inductive, and capacitive paths. Radiated interference 

is received as undesirable electromagnetic (EM) energy by antennas. 

Conducted interference is injected into receivers by leakage paths associated 

with poor compartment shielding, grounds, or cable shielding. 

An electronic system that is able to function compatibly with other 

electronic systems and not produce or be susceptible to interference is said 
.. 

to be electromagnetically compatible with its environment. 
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B. OUTLINE OF THE PROBLEM 

Among the different techniques that have been developed to reduce 

the effects of EMI on sensitive electronic equipment, one technique known 

as the topological control of EMI has been the most successful. Either the 

noise source or the sensitive equipment is placed inside an enclosed 

electromagnetic shielded barrier. By using this method both radiated and 

conducted interference is reduced to harmless levels. 

C. OVERVIEW OF THE THESIS 

In this thesis the characteristics ofEMI produced by the MITEL SX-20 

automatic digital telephone switching system will be examined in the 

following steps: 

• Determination of EMI levels inside the frequency band of interest 
under various operating conditions. 

• Elimination of EMI to receivers and sensitive equipment by suppressing 
the conducted EMI current levels to magnitudes less than 2 
mtcroamperes. 

Chapter II gives the theoretical background needed to understanding the 

different kinds of noise especially those caused by switching systems. 
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Chapter III describes the implementation of an integrated barrier, filter and 

ground (BFG) plan. Chapter IV describes the experimental set up, test 

procedures and instrumentation. It also describes the MITEL SX-20 

automatic digital telephone switching system. Chapter V has measurements 

of EMI current levels over the Radio Frequency (RF) band for the 

unmodified MITEL SX-20. In Chapter VI measurements are taken after the 

MITEL SX-20 automatic telephone switching system has been attached to 

an electromagnetically shielded barrier. Finally, Chapter VII concludes with 

a discussion of the benefits of a BFG plan and recommendations about the 

elimination of EMI to receivers and sensitive equipment. 
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ll. THEORETICAL BACKGROUND AND REL\ TED WORK 

A. EXTERNAL EMI SOURCES 

Since the early days of radio and telegraph communications, it has been 

known that a spark generates electromagnetic waves rich in spectral content 

(frequency components), and that these waves can cause electromagnetic 

interference (E.WH) or n01se m 

vanous sensitive electronic 

equipment such as radio receivers. 

Numerous other sources of 

electromagnetic emissions such as 

relays, de electric motors, personal 

computers (PC's ), uninterruptible 

0 
CL5 

n 

·. Vk.J. J'" 
o.t L4 s " u 10 eo •40 

"'lQUCNC:T IN cl 

power supplies (UPS's), automatic Figure l. Interference from 

Fluorescent Lamp [Ref 1] 
telephone switching systems, digital 

a 

electronic devices, power lines, industrial heating equipment, and fluorescent 

lights can cause interference. Figure 1 shows EMI created by a fluorescent 

lamp. 
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B. INTERNAL EMI SOURCES 

Figure 2 lists typical known sources of radio interference. Internal EMI 

sources are those which originate within a receiver site such as noisy circuit 

1 ruttent latei'WII.ttet (;•ttawou IAtenutt- (;-

Mechutcal Elec~ c:-atau. cw-Doppl• PGWer·U.. 
Factt• c...-en aolae nder ... 
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u&tl Arc .,.,...~u~pa ...... ton, 
oldllaton 

Th,....tt'Gft v.w.. Pwl•• ........ 
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Drl1la ...... -noaa.a&ttera T ............ 
SU.Iftl J)tatJaelw.y 
c•tacta Equ,....n 
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'""'• ~ 
Vol .... 
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Figure 2. Typical Internal EMI sources [Ref 9] 

components and devices, mixers, local oscillators, digital filters, voltage 

stabilizers, a wide varietY of digital devices, signal generators etc. Depending 

on the frequency range that their EMI produces, these sources are 

categorized as broadband or narrowband. 
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When a receiving site is designed without taking into consideration the 

EMI present, its ability to receive signals and process data is severely 

reduced. Electronic systems must be designed ensuring that: 

• they don't interfere with other systems 

• they are not susceptible to emissions from other systems 

• they don't cause interference to themselves 

A system that satisfies the above criteria is called electronically compatible. 

6 



m INTEGRATED BARRIER. FILTER AND GROUND PLAN 

A. TOPOLOGICAL APPROACH 

Among the techniques developed to ensure compatibility, the one that 

has proven to be the most successful at reducing both conducted and radiated 

EMI effects on sensitive equipment is to place either the noise source or the 

equipment inside an electromagnetically shielded barrier. This technique is 

known as the topological approach to the control of EMI. The topological 

approach uses an integrated Barrier, Filter and Ground (BFG) configuration 

for the reduction of the effects of EMI over a wide frequency range. The 

control of EMI is obtained in two ways: 

• EMIIRFI generated by equipment within the barrier doesn't leave the 
enclosure 

• EMIIRFI generated by external equipment doesn't enter the enclosure 

Figure 3 illustrates an example of a BFG configuration where the noise 

source is a UPS. 

7 
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B. BARRIER 

The barrier is designed in a such way as to achieve broadband 

electromagnetic separation between the source of interference and the 

equipment to be protected. This barrier is a conductive enclosure which 

shields the equipment of interest. The attenuation of an electromagnetic wave 

by a metallic barrier is shown in Figure 4. The term barrier is used because 

8 



PRIMARY REFLECTION AT 
,.. AIR MHAl I~TERFACE 

PRIMARY AEFlEC liON 

MElAL·AIR IN/ERFACE 

lRANSMITTEO 
WAVE OUE TO 

AE·II£FUCTEO ENERGY 
THIS IS CCRIECTII'lN FACTCII I 

Figwe 4. Attenuation of an Electromagnetic Wave by a Metallic Barrier 
[Ref. 1] 

of the need to control the EMIIRFI current flowing on all conductors 

penetrating the cabinet walls. The dimensions of the cabinet are selected to 

ensure that all paths for EMI currents are small in wavelength. All 

conductors that penetrate the cabinet must be shielded. Bulkhead connectors 

must be used at the surface of the enclosure. Ideally a solid enclosure is 

used. This is obtained by means of conductive gaskets to fill cracks. Other 

openings in the cabinet are required for control shafts, power and signal 
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leads, fuse holders, meters, phone jacks, and antennas connectors. Figure 5 

shows typical shielded enclosure discontinuities. 
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C. FILTERS 

In order to prevent EMIIRFI current from flowing across the barrier 

through power lines, low-pass power-line filters are used. Figure 6 shows 

three idealized power-line filter configurations, designed to prevent the flow 

r 
PRIMARY IOUACE INSIDE 
MMEA 

~ 6. Power-Line Filter Configurations [Ref. 5] 
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of EMIIRFI current across a barrier. Power-line filters must always be 

installed on a barrier surface. Low-pass signal-line filters are also used. 

These filters allow desired signals to enter or leave an enclosure while 

preventing EMI currents from entering or leaving. The above filters must 

meet the following requirements: 

• low-impedance path for the return of externally generated EMIIRFI 
current 

• high impedance path to inhibit the flow of EMIIRFI current across the 
barrier and into the controlled space. [Ref. 5] 

D. GROUNDING 

The primary purpose of grounding is for equipment and personnel 

safety. A secondary purpose is to provide a reference plane for voltages and 

currents at low frequencies, where the dimensions of the ground system are 

much less than the wavelength of signals and noise on the reference plane. 

That means, a reference plane for a signal is provided when the distance 

between grounding points is less than one-tenth (<A/10) of the wavelength. 

Common signal and power grounds must be avoided. 

Ground cables are connected to barriers by use of ground studs. A 

· ground stud is used to bond the exterior surface of the barrier, and the 

12 



interior ground to the interior surface of the barrier. The installation of a 

ground stud, which is in direct contact with the internal and the external 

surfaces of the enclosure provides: 

• A path for internally generated EMIIRFI current to return to its source 
without exiting the controlled space. 

• A return path for externally generated noise current to return to its 
source without penetrating into the controlled space. 

Figure 7 shows how ground penetrations must be done by using ground 

studs. 

INCORRECT CORRECT 

Figure 7. Good and Bad Ground Penetrations [Ref. 5] 
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IV. EXPERIMENT IMPLEMENTATION 

A. GENERAL CONSIDERATIONS 

l. Time 

The analysis of the effects of EMI current on the performance of 

receiving sites would be simplified if noise could be modelled as a stationary 

process. But, about eighty percent (80%) of present-day cases of EMI is a 

non-stationary process. This means that measurements are highly time 

dependent. At any particular time, the conducted or radiated EMI currents 

which travel in power wires and other conductors are primarily related to the 

intermittent operation of electronic equipment operating in the area. The 

noise observed on building power and other conductors during working hours 

is expected to be higher than the noise during non-working hours. This is 

simply because more equipment is drawing power and injecting noise into 

the building conductors during working hours. 

2. Ambient noise 

In the ¥icrowave Laboratory (Spanagel Hall, Room 419) where 

most' of' the measurements were made, many electrical loads such as copy 
. . .. ' 

14 
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machines, laser printers, and digital devices operate during nonnal working 

hours. These loads produce EMI currents which travel by conduction along 

the power conductors of the building and by inductive coupling into conduits 

and other conductors. Considering that many others loads exist in Spanagel 

Hall such as power supplies, laser printers, work stations, test equipment, 

copy machines, fluorescent lights and digital devices in general, efforts were 

made to take all measurements with about the same ambient noise profile. 

B. MITEL SX-20 DIGITAL TELEPHONE SWITCIDNG SYSTEM 

In this thesis the characteristics of EMI current produced by the MITEL 

SX-20 automatic digital telephone switching system are examined. The 

MITEL SX-20 switch is a compact digital communication system employing 

solid-state digital telephone switching and microprocessor control of call 

processing. The microprocessor can access all areas of the SX-20 system for 

information or to change the operating state of the equipment. 

Figure 8 shows the MITEL SX-20 automatic digital telephone switching 

system. The SX-20 system consists of a single unit metal chassis, and an 

impact resistant plastic cover. All connections between the SX-20 system, the 

distribution frame and the peripherals us~ 25-pair connectorized cables. The 

15 



Figure 8. MITEL SX-20 Automatic Digital Telephone Switching System 

distribution frame and the peripherals use 25-pair connectorized cables. The 

overall dimensions of the SX-20 system are 6.6 inches in height, 16.5 inches 

in width and 22.3 inches in length. The SX-20 system can be wall-or desk-

mounted. 

16 



1. Chassis 

The SX-20 chassis holds the system power supply, the cooling fan, 

the SUPERSET Connector Card and the equipment backplane. The 

equipment cards plug into the backplane and are held in position by card 

retainers. The hinged chassis side panel allows access to the circuit cards for 

removal and insertion. The chassis is completely enclosed within the lockable 

equipment case. 

2. Printed Circuit Canis 

All printed circuit cards employed in the system consist of a 

fiberglass board with printed circuit patterns on both of their faces. Located 

on the front edge of the circuit board is an extractor clip which allows the 

cards to be removed from the equipment chassis. Each of the card types have 

a keyed connector preventing the card for being plugged into incorrect card 

slot. In the experiments the following Printed Circuit Cards were used: 

• CPU II Card 

• Miscellaneous Card 

• Superset Line Card 

17 



3. Primary Power Supply 

The primary power supply for the system is mounted at the rear 

of the equipment chassis and provides all the system power from a 105-125 

Vac, 4 7-63 Hz input with a maximum current drain of 3 Amperes. 

4. Cooling Fan 

A cooling fan is mounted at the rear of the cabinet. The fan draws 

cooling air through a filter mounted at the base of the cabinet and passes it 

over the circuit boards. The cooling air exits through vents in the side of the 

cabinet. A temperature sensor protects the circuit cards in the event of a fan 

failure by automatically disconnecting the power feed. 

5. MITEL SUPERSET-3 Telephone Set 

In our experiments the SX-20 system was used with a MITEL 

SUPERSET-3 Telephone Set. The SUPERSET-3 is an advanced 

microprocessor-controlled telephone set, employing digitally-controlled 

integrated circuitry. The SUPERSET-3 set was connected to the SX-20 

system through a 25-pair connectorized cable. Figure 9 shows the block 

diagram for the MITEL SX-20 system. 
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Flgure 9. MITEL SX-20 Block Diagram [Ref 15] 
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C. INSTRUMENTATION 

1. Description 

The experiments included measunng EMI current levels on 

power-line conductors, on ground line conductors and on telephone line 

conductors. EMI was examined over the frequency range from 0 to 100 

MHz. The primary instrumentation used for the experiments included a 

Develco Model 7200B 3-Axis Display, Hewlett Packard 141T Specrum 

Analyzer, Fischer Model F-70 RF Current Probe and selected filters and RF 

amplifiers. 

The 3-axis display provides a unique measuring tool for observing 

spectral and temporal properties of noise and signals over a period of time. 

Figure 10 shows an example of stored history of the analyzer output. This 

display can be frozen with the present and previous scans stored in memory, 

and the stored view can be oriented for best viewing and signal analysis. The 

3-Axis presentation can be photographed for later analysis. 

The Hewlett Packard Series 141T Spectrum Analyzer is used as a 

scanning receiver to allow the observation of signals and EMI current 

components up to a frequency of 100 MHz. The Fischer Model F-70 RF 

Current Probe was used to measure current flowing on the conductors. An 
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Figure 10. 3-Axis Display [Ref. 4] 

RF Amplifier with 20-dB gain was used to amplify the output of the Model 

F-70 RF Current Probe. All interconnecting signal cables used for the 

experiments were double-shielded RG-223 coaxial cables. Finally a 

Tektronics CS Polaroid camera was used to obtain time-and frequency-
·. 

domain pictures of EMI current. 

.. 
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2. Unmodified ~EL SX-20 Set-up 

Figure 11 shows the setup for the unmodified ~IITEL SX-20 

system. The ~HTEL SX-20 system was placed on a laboratory bench in the 

~licrowave Lab (Spanagel Hall, Room 419). The primary power on that 

-=-.--tit SUPERSET- 3 

POWER LINE ,e 

MITELSX-lO 

DTELEPHONE 
GND CONDUCTOR --

T WIRING T 

TERMINAL 

Figwe 11. Unmodified MITEL SX-20 Set-Up 

bench (120 Vac, 60 Hz) provided electricity to the MITEL SX-20 system 

and all instmmentation. A ground terminal on the bench was used for the 

system earth ground. The "male" plug at the end of a 25-pair telephone cable 
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was attached to the Superset Line Card. The other end of the cable was 

connected to a telephone wiring terminal. The SUPERSET-3 Telephone Set 

was then connected to that telephone wiring terminal by means of a 30-foot 

telephone cable. 

Figure 12 shows the data acquisition and processing channel. This 

channel consists of the Fischer RF current probe whose output was 

connected to a 20-dB gain RF amplifier. The output of the RF amplifier was 

fed to 141T Spectrum Analyzer whose output was connected to a Develco 

U' 
IDWL&n 
PACXAllD 

AMPLIPDA SIJUES 141T 
SPICTRUM 
ANALYZER 

Fipre 12. Data Processing Channet 

DIVILCO 
nota 

3-AXJS 
DISPLAY 

FISJDR MODEL Jl'-70 
RF CUIUliNT PROBI 

7200B 3-Axis Display. This configuration was used to obtain data with a 

modest spectral resolution and a high temporal resolution. 
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3. Modified MITEL SX-20 Set-up 

Figure 13 shows the set-up for the modified NHTEL SX-20 system. 

The configuration was based on the topological approach for controlling EMI 

current as described in Chapter III. Foil owing this method a metal enclosure 

r--1 SUPERSET-3 

TELEPHONE LINE 

POWERL~ 

MITELSX-20 
ALUMINUM 
CABINET 

--'r 

GND CONDUCTOR 

Figure 13. Modified ~HTEL SX-20 Set-Up 

was constructed from soft aluminum to shield the MITEL SX-20 from 

ambient EMI ·current and to contain interference emitted by the equipment. 

This enclosure is the barrier of an integrated barrier, filter and ground (BFG) 

configuration. 

24 



The barrier was attached to the MITEL SX-20 system at its bottom 

where the power conductors, ground conductor, and telephone-line 

conductors exited the system as is shown in Figure 14. No uncontrolled 

conductor was allowed to penetrate the barrier. Two metal-encased low-pass 

SUPERSET-J 

Figure 14. Aluminum Cabinet for MITEL SX-20 System 

telephone-line filters were mounted on the separation plate. Two types of 

power-line filters, terminating at a "male" plug, were mounted through 

.. 
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openings at the rear plate of the cabinet. One power-line filter was a single­

stage low-pass unit and the other was a two-stage low-pass unit. Both filters 

were used. 

After mechanical assembly, the enclosure wiring was completed. All the 

necessary connections were made by soldering or screwing wires to terminal 

blocks. All wiring strictly followed the topological approach. The permanent 

power source on the working bench was used to feed the MITEL SX-20 with 

120-V, 60-Hz current through the power-line filter located on the surface of 

the barrier. 
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V. UNMODIFIED MITEL SX-20 MEASUREMENTS 

A. GENERAL APPROACH 

Initial measurements on an unmodified MITEL SX-20 showed 

significant spectral and temporal components of EMIIRFI current on the 

ground wire, telephone line and power line. These components covered the 

entire frequency range from 0 to I 00 MHz. All pictures of spectral and 

temporal structure in the following figures are accompanied by a small chart 

which provides the following information: 

• Date, time 

• Location, Room, Equipment, Device under test 

• Center frequency, Frequency span, IF Bandwidth, Scan time 

• Probe identification, Amplification gain, RF Attenuation, Reference 
level 

Only the date and time appears in some picture. This means that the 

information in that picture is the same as in a prior picture with the same 

date and time. Because of the presence of significant noise components in 

some particular frequency regions, expanded frequency spans were selected 
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to obtain clearer and more detailed views of the temporal and spectral 

structure of the EMI current. 

B. GROUND CABLE MEASUREMENTS 

EMIIRFI current in the ground cable was measured over a frequency 

band of 0 to 100 MHz (see Figure 15), and from 0 to 20 MHz (see Figure 

16). Current values were used to determine the amount of EMI (and 

eventually noise power) generated by the MITEL SX-20 over these 

frequency ranges. The estimated EMI noise power provides information for 

the amount of total power that must be dissipated in the filter portion of the 

BFG configuration. 

Figure 15 shows that the entire frequency range from 0 to 100 MHz 

is contaminated by noise. The amplitude vs. current picture shows that large 

EMIIRFI current components exists at a center frequency of 5 MHz with an 

amplitude of about 9 microamperes. The next significant components appear 

near a center frequency of 15 MHz, also with an amplitude of about 9 

microamperes. The frequency range from 25 to 30 MHz is covered by noise 

components with an average amplitude of about 7 microamperes. Noise in 

28 



931130 1110 
NPS. .u9, Ml'IEL. GND 
SO MHz. 100 MHz. 300kHz, 200 IDS 
F70, +20, o. -20 

0 

AMPLITUDE • ~ 

FREQUENCY· MHz 
100 

Fil'lft 15. EMI Current on MITEL SX-20 Ground Cable 
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frequency range from 30 to 1 00 MHz \\ .> found with a peak of 6 

microamperes at about 70 MHz. The mosi. significant components of 

EMIIRFI current were found in the frequency range from 0 to 20 MHz. For 

this reason the frequency span is expanded in Figure 16 to provide an 

improved view of the strongest spectral components. Figure 16 also shows 

the transient response and the spectral structure when the MITEL SX-20 is 

turned on during warm-up, and during normal operation. 

Figure 17 shows amplitude vs. frequency views of the same data 

shown in Figure 16. The observation time is divided into three parts (ambient 

noise before tum on, warm up, and normal operation) and Figure 17 shows 

the frequency response for each one. In the top picture in Figure 17, only the 

ambient noise floor observed by the instrumentation is shown. The middle 

picture shows the frequency response as the MITEL SX-20 is turned on. 

EMIIRFI current appears which covers almost the entire frequency range. 

Local peaks appear at 1.3 and 5 MHz with amplitudes of about 8 

microamperes. Another peak appears at 15 MHz with an amplitude of about 

7 microamperes. The bottom picture in Figure 17 shows the frequency 

response under steady state condition. EMIIRFI components were found at 

the same frequencies at slightly lower amplitudes. 
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C. TELEPHONE LINE MEASUREMENTS 

The MITEL SUPERSET -3 telephone system was connected to MITEL 

SX-20 main unit with a 30-foot long standard telephone wire. The current­

clamp was placed 1 foot away from the main unit. Figure 18 shows the 3-

axis view of the telephone-line EMI response when the MITEL SX-20 was 

turned on. The observation time was 16.8 seconds and was obtained over a 

frequency range of 0 to 100 MHz. The distinct changes in the EMI current 

at tum on and during normal operation are shown in the 3-axis time-histoty 

vtew. 

Figure 19 shows the spectral structure of the EMI current on the 

ground conductor during the three parts of the start-up period. The top 

picture in Figure 19 shows the floor noise of the instrumentation and it is 

generally free from ambient EMI/RFI current. The middle picture in Figure 

19 ( "STAGE ONE") shows the frequency response at the time when the 

MITEL SX-20 is turned on. The EMIIRFI current almost covers the entire 

band. Interesting noise peaks appear at the lower part of the ~pectrum from 

0 to 25 MHz with amplitudes of about 14 microamperes. 
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Figme 19. EMI Current on Telephone Line during Tum-On 
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The bottom picture in Figure 19 ("STAGE TWO") shows the frequency 

response of the steady-state condition during normal MITEL SX-20 

operation. Again the entire spectrum is covered by EMIIRFI components 

with an average "floor" level of about 3 microamperes. Large components 

appeared in the lower part of the spectrum from 0 to 30 MHz with 

amplitudes of about 12 microamperes. 

Figure 20 shows the frequency response of current flowing on the 

telephone line after 10 minutes of operation. The bottom picture in Figure 

19 ("STAGE TWO") can be compared with the amplitude-vs.-frequency view 

in Figure 20. The noise components during normal operation remain about 

the same over a long period of time. A few stronger components are found 

at the lower part of the frequency range. 

Figure 21 provides a more detailed view of the spectral and the 

temporal structure of EMI current at the lower part of the spectrum by 

showing a frequency span of 0 to 20 MHz at a scan time of 100 

milliseconds. The MITEL SX-20 operates under steady-state condition for 

this view. Slanting. lines of noise appear at the 3-axis view in Figure 21 

which are from impulses synchronized to the power-line frequency. These 

· ·impulses are generated by the power supply of the MITEL SX-20 system. 
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Flgure 20. EMI Current on MITEL SX·20 Telephone Line 
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Figure 22 shows the 3-axis view of the transient response of EMI 

current on the telephone line when the MITEL SX-20 is turned on. The 

frequency span is from 0 to 20 MHz, the scan time is 1 00 milliseconds, and 

the observation time is 10.8 seconds. The slanting lines of noise in Figure 21 

have the same separation and slope as those in Figure 22 which indicates 

tha+ the period between bursts of noise hasn't changed. 

In Figure 23 the observation time was divided into three parts and the 

spectral response for each is shown separately. The top picture in Figure 23 

shows the spectral response of the ambient noise on the telephone line before 

the MITEL SX-20 was turned on. No EMIIRFI current appeared at this 

time. Only low-level ambient noise from other sources in the building are 

shown. 

The middle picture in Figure 23 ("STAGE ONE") shows the frequency 

response of the EMI current on the telephone line when the MITEL SX-20 

is turned on. Excess EMIIRFI current is shown. Maximum levels of EMI 

current were f;Jund from 2 to 8 MHz with a peak value of about 14 

microamperes. Additional noise components appeared from 12 to 18 MHz 

with a peak amplitude of about 12 microamperes.·· 
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The bottom picture in Figure 23 ("STAGE TWO") shows the frequency 

response of the telephone line under MITEL SX-20 steady-state operation. 

The EMIIRFI current continues to cover almost the entire frequency range. 

The maximum noise levels were found in the frequency band from 2 to 8 

MHz with a peak amplitude of about 12 microamperes. In the frequency 

range from 12 to 18 MHz, noise components also appeared with a peak 

amplitude of about 10 microamperes. 

D. POWER LINE MEASUREMENTS 

Figure 24 shows the 3-axis view of EMI current flowing on the power 

line. The current clamp was placed six inches from the main unit. The center 

frequency is 10 MHz resulting in a frequency span of 0 to 20 MHz. The 

time of the observation is 10.8 seconds. The amplitude of the noise increased 

significantly at the time when the MITEL SX-20 was turned on. The 

slanting lines of the temporal structure of the noise are also visible in the 

same picture during pha~e II of the turn-on. 

In Figure 25 the observation time was again divided into three parts. 

The three views in Figure 25 show the frequency response of EMI flowing 

on the power line for each part of the turn-on sequence. The first picture in 
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this Figure shows the ambient EMI noise on the power line over a frequency 

range from 0 to 20 MHz prior to tum-on. Significant EMI/RFI components 

were not found. This view shows that the power supply line is almost free 

of noise. 

The next picture in Figure 25 ("STAGE ONE") shows the frequency 

response of EMI current on the power line at the time when the MITEL SX-

20 is turned on. Excess EMI/RFI current appeared immediately at tum-on. 

This noise is injected into the power line by the MITEL SX-20. High 

amplitude EMIIRFI components appeared from 3 to 9 MHz with a peak 

amplitude of about 12 microamperes. From 9 to 12 MHz the noise amplitude 

is reduced to a level of 0. 7 microamperes. Then, from 12 to 19 MHz 

EMIIRFI current is appeared again with a peak value of about 12 

microamperes. Clearly the MITEL SX-20 is injecting excessive EMIIRFI 

current into the power supply line during its operation. 
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VL MODIFIED MITEL SX-20 MEASUREMENTS 

A. GENERAL CONSIDERATIONS 

Measurements on the modified MITEL SX~20 provided another set of 

data on the spectral and temporal structure of EMI current on the ground 

cable, telephone line, and power~line. Most measurements were made over 

a frequency range of 0 to 20 MHz. This range was selected because large 

EMI current components generated by the MITEL SX~20 system, as is 

shown in chapter V, are concentrated within these frequencies. 

The same measurement and data processing equipment used to obtain 

data in chapter V was also used for the measurements on the modified 

MITEL SX-20 system. The data was recorded by the same Tektronics CS 

Polaroid camera. The ambient noise during these measurements was about 

the same as that encountered during measurements on the unmodified 

MITEL SX-20 system. 

B. GROUND CABLE MEASUREMENTS 

EMI current levels were measured on the ground conductor of the 

modified MITEL SX-20 system over a frequency band of 0 to 20 MHz as 
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shown in Figures 26 and 27. The amplitude of EMI current on the modified 

system can be compared with the uncontrolled configuration (see figures 15, 

16, and 17), to derive measure of the effectiveness of the topological 

approach to the control of EMI. 

Figure 26 shows the EMI current flowing on the ground conductor 

inside the enclosure. The frequency range was 0 to 20 MHz and the duration 

of the measurement was 16.8 seconds. At about 5 seconds the MITEL SX-20 

system was turned on. EMI currents components appeared but just slightly 

above the ambient noise. These EMI currents were spread over the entire 

frequency band, with a "flat" amplitude of about 2 microamperes. This 

current was considerably lower than that obtained for the unmodified system. 

Apparently the surface of the enclosure provided an internal return path for 

some of the ground current. 

In Figure 27 the current-clamp was placed on the ground lead outside 

the barrier. The observation time was again 16.8 seconds and the frequency 

range was 0 to 20 MHz. The MITEL SX-20 system was turned on at about 

5 seconds. The absence of EMI current is obviously shown in this Figure. · 

All EMI current is below the ambient noise level, of about 0.7 

·, 

microamperes. 
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Figure 26. EMI Current on Ground Cable Inside the Cabinet 
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FtgWe 27. EMI Current on Ground Cable Outside the Cabinet 
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C. TELEPHONE LINE MEASUREMENTS 

As was earlier described, a 30-foot long single-pair telephone wire 

penetrated the external part of the cabinet through a l-inch opening at the 

rear plate. One end of this wire was connected to the telephone wiring block 

inside the cabinet and the other end was connected to a SUPERSET-3 

Telephone Set. 

Figure 28 shows EMI current on the telephone wire inside the barrier. 

The view used an observation time of 16.8 seconds over a frequency range 

of 0 to 20 MHz. At about 4 seconds, the MITEL SX-20 system was turned 

on. EMI current appears with an amplitude of about 20 microamperes during 

the first 4 seconds of operation, and with an amplitude of about 16 

microamperes during steady-state operation. At a frequency of about I 0 

MHz, a null in the current occurred where the amplitude decreased to about 

12 microamperes. 

Figure 29 shows the EMI current flowing on the telephone wires 

outside the barrier. An observation time of 16.8 seconds was used over a 

frequency range of 0 to 20 MHz. At about 4 seconds the MITEL SX-20 

system was turned on. Low level EMI current appeared at frequencies of 
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Figure 28. EMI Current on Telephone Line Inside the Cabinet 
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Figure 29. EMI CUlrent on Telephone Line Outside the Cabinet 
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about 10 and 18 MHz, with amplitudes of about 1.4 IP 1 2.4 microamperes 

respectively. EMl current over the rest of the band are below the ambient 

noise, which has an amplitude of about 0. 7 microamperes. 

In Figure 30 the ambient EMI levels on the telephone line inside and 

outside the barrier, are shown in a single time-history view. The frequency 

range was changed to an upper frequency limit of 10 MHz to show ambient 

EMI current on the external telephone line. The MITEL SX-20 system was 

turned off during this measurement. The same observation time of 16.8 

seconds was used. The outside ambient noise did not enter the barrier. The 

desirable electromagnetic separation was achieved by the integrated barrier, 

filter and ground (BFG) configuration. 

D. POWER LINE MEASUREMENTS 

Two power-line filters were mounted at the rear plate of the cabinet. A 

two-foot power cable was used inside the barrier to connect the MITEL SX-

20 power plug with the one of the filters. A distinct change in the EMI 

current at the time of tum-on is shown in Figures 31, 32 and 33. 

Figure 31 shows the EMI current flowing on the two foot power cable 

inside the cabinet. An observation time of 16.8 seconds was used over a 
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Figure 31. EMI CUITent on Power-Line Inside the Cabinet (single-stage 
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frequency range of 0 to 20 MHz. The single-stage power-line filter was used. 

At about 4 seconds the MITEL SX-20 system was turned on. A very low 

level of EMI current was found inside the barrier with an amplitude of about 

0.8 microamperes. This is not consistent with the EMI current found on the 

power conductors without the barrier as shown in Figure 25. The barrier 

cabinet was removed and the EMI current on the power conductors re­

examined to determine if the operation of the MITEL SX-20 system had 

changed for some reason. The EMI current returned to its original spectral 

and temporal shape. Apparently, the barrier surface provided a partial return 

path for some of the internal EMI current and reduced the amplitude of the 

current on the internal power conductor. 

Figure 32 shows the EMI current on the power conductors outside the 

barrier. An observation time of 16.8 seconds over a frequency range of 0 to 

20 MHz was used. The single-stage power-line filter was used. At about 4 

seconds the MITEL SX-20 system was turned on. As is shown at the top 

picture in Figure 32, the EMI current is concentrated around frequencies of 

4 and 14 MHz with an amplitude of about 4 microamperes. EMI current on 

the rest of the band is below of0.8 microamperes and thus, is covered by the 

ambient noise. 
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Figme 33. EMI Current on Power-Line Outside the Cllbinet (two-stage 
power-line filter) 
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In Figure 33 the two-stage power-line filter was used. The observation 

time was 16.8 seconds over a frequency range of 0 to 20 MHz. At about 4 

seconds the MITEL SX-20 system was turned on. No significant EMI current 

was found. The barrier, filter, and ground (BFG) configuration achieved the 

goal of reducing EMI current below the ambient noise level. 
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Vll. CONCLUSIONS AND RECOMMENDATIONS 

A. CONCLUSIONS 

In this study, the temporal and spectral properties of EMI generated by 

the MITEL SX-20 Automatic Digital Telephone Switching System have been 

ex·" 1ed over the frequency range of 0 to 100 MHz. EMI currents from the 

MITEL SX-20 were then sufficiently reduced by the topological method of 

controlling EMI current. 

Following this method, an integrated barrier, filter and ground (BFG) 

enclosure was constructed and tested for its effectiveness in isolating noise 

sources from sensitive equipment. The study and measurements provided a 

number of interesting and useful results. The conclusions drawn are 

summarized as follows: 

• A significant amount ofEMI is produced by the MITEL SX-20 system 
that must be controlled by the integrated BFG configuration. This EMI 
is conducted or radiated out of the system cabinet over power wires, 
telephone lines, and ground conductors that penetrate the metallic walls 
of the equipment cabinets. 

• The integrated BFG technique was shown to provide an effective means 
to control and limit MITEL system generated EMI to harmless levels. 
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• The isolation that the BFG configuration provides is sufficient over the 
entire range of 0 to 100 MHz. Therefore, the performance of nearby 
sensitive radio receivers is not degraded and the reception of Signals of 
Interest is not affected from EMI generated by the modified MITEL 
SX-20 system. 

• Barrier control is based on the simple concept of controlling the flow 
of current produced by sources of EM I. For external EMI sources a 
current return path back to the source is provided without entering the 
barrier. For EMI sources within the cabinet, a return current path back 
to the source is provided without leaving the cabinet. 

• The successful implementation of barrier control at the cabinet level, 
mainly depends on the proper control of all penetrating conductors that 
can conduct or radiate EMI into or out of a cabinet. 

• The grounding of the cabinet has special importance in this technique. 
In the BFG configuration for MITEL SX-20 system, the external 
cabinet ground conductors did not directly penetrate the wall of the 
cabinet. The external ground was attached to the external surface of the 
barrier. The internal ground conductor was attached to the internal 
surface of the barrier. The internal green wire of the power conductor 
was also attached to the inside of the barrier. 

• All sensitive signal conductors must be double-shielded and standard 
coaxial bulkhead connectors must be used at the cabinet walls for all 
penetrating conductors. 

• In the BFG technique, power-line filters must be installed at a barrier 
wall. These filters must provide a path for the flow of internally and 
externally generated EMI current back to its source. 
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B. RECOMMENDATIONS 

After having examined the temporal and spectral properties of EMI 

generated by the MITEL SX-20 system and its elimination by using the 

topological approach method, the following recommendations can be made: 

• Design and produce all new equipment and all modified equipment, in 
accordance with barrier control principles. 

• Repeat the same experiment for other digital systems such as personal 
computers, laser printers etc. that generate EMI. 

• Use the topological approach method for the control of EMI for other 
applications such as cabinets, shielded rooms, and entire buildings. 
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