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CFR 47 Part 15 B (Unintentional Radiators) Sections 15.107 &

EMC Projects Ltd., Ringwood, Hants, BH24 2DB

Cassius-Multimedia Computer

Windows 98 and EMC Test software

Conducted and Radiated Emissions

The Table below depicts a summary of the tests and test results detailed in this report.

Test | Test Type Specification & Issue | Result Pages Levels/Comments
1 Conducted CFR 47 Part 15B Pass 8to 12 | 110 V 60 Hz Supply - Class B
Emissions Section 15.107:
Unintentional
Radiators
2 Radiated CFR 47 Part 15 B Pass [13t020 10 m Open Area Test Site -
Emissions Section 15.109: Class B
Unintentional
Radiators
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INTRODUCTION

This report details the results of the Electromagnetic Compatibility (EMC) tests carried

out on a Cassius personal computer (EUT) manufactured by Densitron Limited to CFR 47
Part 15 B Sections 15.107 & 15.109.

The Equipment Under Test (EUT) comprised of the following components:

Main Unit Model No Cassius Serial No 001

EMC Projects Ltd., is an UKAS accredited EMC Test House and is registered with the
FCC.

MODES OF OPERATION

For the duration of the testing the EUT was operated in various modes to ascertain the
worst-case emission levels. This was found to be the EMC software mode, which
sequentially exercised the following functions: -

Printing a row of characters on the printer

Displaying a screen of Black H,s on a white background
Writing to floppy drive

Writing to memory

o e

TEST SETUP

The EUT was set-up for the individual tests as described below and as shown in the set-up
photographs.

A block diagram of the EUT is shown in Figure 1 of this section, detailing cable
connections.

The tests were carried out with all cables connected and support equipment (Printer etc)
powered up.
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3.1 Conducted Emissions

The EUT being Table Top Equipment was set up upon a non-metallic table measuring 1.5
x 1.0 m, 800 mm above the conducting ground plane and 400 mm from the vertical
conducting surface in Screened Room No 1, as indicated in the test set-up and set-up
photographs.

The EUT was powered from a filtered 110 V 60 Hz supply via Line Impedance Stabilizing
Networks (LISN’s). The LISN’s were mounted and bonded to the conducting ground plane
800 mm from the EUT. All unused SO Ohm connectors of the LISN’s were terminated with
resistive 50 Ohm terminations.

The excess length of the EUT supply and interconnecting cables were folded back and
forth at the center of the cable to produce a bundle 40 cm in length to ensure the overall
length did not exceed 1 m.

The EUT ground (safety) connection was connected to the ground at the LISN, through the
conductor provided in the supply lead and via a braided earth stud to the screened room
floor.

Conducted emissions were recorded on each supply line over the frequency range 450 kHz
to 30 MHz with a receiver bandwidth of 10 kHz, and the receiver in Peak, Quasi-Peak and
Average detector modes.

3.2 Radiated Emissions

Measurements for radiated emissions were carried out on a 10 m Open Area Test Site
(OATS) meeting the requirements of 5.3 of ANSI 63.2:1992.

For preliminary testing radiated emissions were first recorded in an unlined screened room
to record the frequencies of emissions and to determine the mode of operation and cable
and sub-assembly layout that produced the maximum emission levels.

The EUT was then moved to the OATS and placed on a Turntable 800 mm above the
conducting ground plane as previously laid out in the screened room, as indicated in the
test set-up and set-up photographs.

Maximum emissions were then recorded, using a receiver bandwidth of 120 kHz and 1
MHz, and the receiver Quasi-Peak detector mode from the EUT by changing the height and
polarization of the receive antenna together with rotating the turntable for each frequency
detected from the EUT.
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3.3 Figure 1 - Block Diagram of EUT Set-up

Composite In 1m - terminated resistor

Composite Out | m | Joystick 1.7m
terminated resistor . !

lineln!12m

LineOut 1.2 m

; i
s i ! }
i i ! F Microphone 2.7m
: \
S Video In 0.95m tesistor terminated - ’ -
_ Densitron Computer VHF Anterma
TV Antenna 29 m
Modem 2m
USB Mouse 1.9 m pSOFT Intelligence
Mouse Normal PS235m  } e
!
i
i |
printer Cable 1.7 m 1
; LISN |
i
Earphone 1.3 m : ;
i
110/230 V 50/60 H~.
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4. TEST EQUIPMENT

All test equipment used for the tests was calibrated and its operation verified prior to being
used, a full list of which is shown in Annex A.

5. AMBIENT CONDITIONS

For the duration of the tests the ambient conditions were recorded and found to fall in the
following ranges:

Temperature Recorded: 12to 15°C
Humidity Recorded: 50 to 61 %
Atmospheric Pressure: 995 to 120 mBar

6. TEST PROCEDURES

Procedures and methods of test employed were in accordance with the requirements of the
specifications applied, using accredited in-house test procedures in accordance with ANSI

63.4:1992. For emission testing the ambient conditions were measured and found to be
satisfactory.

7. TESTS CARRIED OUT

The following tests were deemed to be applicable to the EUT and were carried out as
detailed in the test results section.

Test Test Type Specification & Levels
Issue Comments

1 Conducted CFR 47 Part 15B 110 V 60 Hz Supply - Live Line
Emissions Section 15.107

2 Conducted CFR 47 Part 15 B 110 V 60 Hz Supply - Neutral Line
Emissions Section 15.107

3 Radiated CFR 47 Part 15B 10 m Open Area Test Site
Emissions Section 15.109
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8. TEST RESULTS
8.1 Test 1 - Conducted Emissions 110 V 60 Hz Supply

The EUT was set up in a screened room as indicated below and powered from a filtered
110 V 60 Hz supply via Line Impedance Stabilization Units (LISN’s) as depicted in Figures
1 and 2.

The Test Equipment operation was verified for calibration and operation prior to being
used.

Prior to carrying out the tests ambient levels were recorded and found to be greater than 6
dB below the required limits.

The EUT was powered up and allowed to stabilize measurements were taken to ascertain
the worst mode of operation. This was found to be when using the EMC test software.

Conducted emissions were recorded on both Live and Neutral supply lines over the
frequency range 450 kHz to 30 MHz in accordance with the specification requirements.
and are depicted in Figures 3,4 & 5. From these figures it can be seen that the maximum
recorded emissions were within the required limits.

8.1.1 Test Equipment Used

The following major items of test equipment were used for the conducted emission tests:

L Rx1 | Rx2 [ RX3 [ DB20 | Room! | 122 | 1211 |
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8.1.2 Test 1- Figure 1 - General Test Set-up - Table Top Equipment

s om EUT
10 PR NONCONDUCTIVE
em ) 5 TABLE 1.5 X 1 METER
; U S - T T “'{/
Py - i
s : : t-::’ ll A ;LI//
! V A
1 /1
8 ' /4 /
t ’l' /
P /1 T p ¢ 17 2 3 / . . \
(I 1 2\
0\ 80 cm TO
. GROUND PLANE
= J LJ M%J — 2
f \// Ly
1
! 31 33 /V
33 e
//_ 40 cm
|/ 3
\ ;/ CONDUCTING GROUND PLANE
) EXTENDS AT LEAST0S m
USN USN — BEYOND EUT SYSTEM FOOTPRINT
+ + 32
o

BONDED TO GROUND PLANE

—

1LISNs may have to be moved to the side to mest 3.3 below.

LEGEND:
Interconnecting cables that hang closer than 40 cm to the ground plane shall be folded back and forth
torming a bundle 30 to 40 cm long, hanging approximately in the middle between ground plane and table.

VO cables that are connected to a peripheral shall be bundied in center. The end of the cable may be

1.
2.

Non A

terminated if required using correct terminating impedance. The total

length shall not exceed 1 m.

EUT connected to one LISN. Unused LISN connectors shall be terminated In 50 Q. LISN can be placed

on top of, or immediately beneath, ground plane.
3.1 All other equipment powered from second LISN.
3.2 Multiple outlet strip can be used for multipie

3.3 LISN at least 80 cm from nearest part of EUT chassis.
Cables of hand-operated devices, such as keyboards, mouses, etc., have 1o be placed as close as

possibie to the host.
Non-EUT components being tested.

power cords of non-EUT equipment.

Rear of EUT, including peripherals, shaif be alf afigned and fiush with rear of tabletop.
Rear of tabletop shall be 40 cm removed from a vertical conducting plane that is bonded to the floor

ground plane (see 5.2).
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8.1.3 Test 1 - Figure 2 - Set-u hoto hs
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8.1.4 Test1 - Figure 3 - 110V 60 Hz Supply - Live Line
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8.1.5 Test 1 - Figure 4 - 110V 60 Hz Supply - Neutral Line
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8.1.6 Test 1 - Figure 5-110 V 60 Hz - Neutral Line CISPR Detector
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8.2 Test 2 - Radiated Emissions 30 MHz to 7.5 GHz

Radiated emissions over the frequency range 30 MHz to 7.5 GHz were recorded 1 m from
the EUT whilst setup in a screened room. During this test checks were carried out to
determine the mode of operation, software and cable configuration most likely to produce
the maximum emissions as indicated in Figures 3,4 & 8.

The Test Equipment operation was verified for calibration and operation prior to being
used.

The EUT was then set-up on a turn table on the 10 m Open Area Test Site (OATS)
powered up from a 110 V 60 Hz supply, allowed to stabilize and then operated using the
EMC Test Software with the cable configuration found to produce the maximum
emissions in the screened room tests, as shown in the set-up photographs.

Radiated emission tests were repeated over the full frequency range, paying particular
attention at those frequencies detected in the screened room test (figures 5 & 6). At each
frequency detected, the height and polarization of the receive antenna was adjusted and
the turntable rotated to record the maximum level on the receiver.

The maximum recorded levels were corrected with antenna factor and cable losses and
compared against the specification limits to determine compliance with the standard as

shown in Table 1 and Figure 7.

From the Table and Figure it can be seen that the radiated emissions were found to be
within the requirements of class B Limits.

8.2.1 Test 2 - Test Equipment Used

The following major items of test equipment were used for the radiated emission tests:

|UHR1 |BA3 |oATS2 |Room1 | l |
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8.2.2 Test 2 - Figure 1 - OATS General Test Set-up

Receive
Antenna A
1-4m
EUT
[ Turntable |
800 Test
Power Supply mm v Receiver

i Ground Plane

8.2.3 Test 2 - Figure 2 - General Table Top Layout
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Test 2 - Figure 4 - Set-up Photograph OATS
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8.2.6 Test 2 - Figure 5 - Screened Room Emission Measurements - Uncorrected
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8.2.6 Test 2 - Figure 5 - Screened Room Emission Measurements - Uncorrected
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8.2.7 Test2 - Figure 6 - Screened Room Emission Measurements — Antenna corrected
densitron rear face vertical
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8.2.8 Test 2 - Figure 7 - Radiated Emissions 10m OATS

DENSITRON "CASSIUS"
P2843

dBpV/m

52888468

30 300
Frequency MHz
DATE 05-01-01
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8.2.9 Test 2 - Table 1- Radiated Emissions, Data worst case
(no measurements below 20 dBuV/m)

FREQUENCY READING CORRECTION CABLE | total; Polarization
of highest
recorded
level

30 2 18.2 1.1 213 Vertical

33 6 15 12 222 Vertical

39.1 7 13.2 1.2 214 Vertical

43 9 12.5 13 228 Vertical

45 10 11.5 1.3 22.8 Vertical

48 14 9 13 243 Vertical

496 14 8 14 234 Vertical

52 21 7.5 14 299 Vertical

61.46 14 5 1.5 20.5 Vertical

84.7 11 8 1.8 20.8 Vertical

110.7 15 10.9 2 27.9 Vertical

125 17 11.3 22 30.5 Vertical

130 18 11.5 22 31.7 Vertical

133.8 12 114 2.4 2538 Vertical

136.8 10 114 2.4 238 Vertical

150 12 10.7 2.5 252 Vertical

166 9 96 2.6 212 Vertical

167 12 95 26 241 Vertical

1693 8 94 2.6 20 Vertical

173.7 11 9.1 2.7 228 Vertical

175 11 9 2.7 227 Vertical

182 15 8.5 2.5 26 Vertical

189 10 8.5 2.8 213 Vertical

1954 14 8.4 29 253 Vertical

200 11 85 3.1 22.6 Vertical

208 17 8.6 3.1 28.7 Vertical

222 19 9 32 31.2 Vertical

228 12 93 32 245 Vertical

233 10 9.7 32 229 Vertical

234 12 9.8 32 25 Vertical

260 8 12.5 34 239 Horizontal

300 9 12.9 4 259 Vertical

312 6 13.1 4.1 232 Vertical

320 4 13.5 41 21.6 Vertical

325 6 13.8 4.1 239 Vertical

358 6 14.3 43 246 Vertical

400 4 16 4.8 248 Vertical

403 3 16.2 4.8 24 Horizontal

404 5 16.2 48 26 Vertical

410 1 16.5 4.8 223 Vertical

420 8 16.7 48 295 Vertical

436 2 16.4 5 23.4 Horizontal

521 5 18 5.6 28.6 Vertical

639 1 204 6.5 279 Horizontal
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8.2.10 Test 2 - Figure 8 - Set-up Photographs (showing cable configuration) s

Commercial In Confidence

Page 20 of 22



Commercial In Confidence
EMC Projects Ltd. Report No: P2843/1
Date: 18/01/01
Issue 1

9. CONCLUSIONS

The EUT as supplied by Densitron limited was deemed to have met with requirements of CFR
47 sections 15.107 conducted emissions and 15.109 radiated emissions with the following
margins.

1. Conducted emissions using a CISPR detector function and a recetver bandwidth of 10 kHz
were found to be measured at 3 dB from the limit line.

2. Radiated emissions using a CISPR detector function and a receiver bandwidth of 120 kHz at
52 MHz were found to be 0.9 dB from the limit.
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10. ANNEX A - TEST EQUIPMENT LIST

Ent No

Cal Due  fnterval Manufacturer Description Serial No
ko 31/01/01|12 month EMC Projects Ltd. |CISPR16 9kH2-30MHz (64,50 /50.H), MIL STD 461D |001-8
kor 31/01/0112 month EMC Projects Ltd. |CISPR16 9kHz-30MHz (6A,50 /501H), MIL STD 461D |002-8
ksas 13/09/01{12 month Anritsu Spectrum Analyser MS26018 MW39953
Iaxs 08/03/01{12 month |Rhode & Schwarz [Receiver ESH3 879676/11
fr1 10/09/01)12 month Chase Receiver LHR 7000 1028
lax 09/08/01/12 month Rhode & Schwarz [Receiver ESH3 860318/008
| 17/09/01{12 month Rhode & Schwarz |Receiver ESVP 894790/005
lrxa 16/09/01{12 month Rhode & Schwarz |Spectrum Monitor EZM 861 192/009
exs 04/03/01{12 month |Rhode & Schwarz |Spectrum Monitor EZM 894 987/018
kot 13/09/01]12 month Chase Receiver UHR4000 6000
lrxs 28/07/01{12 month Rhode & Schwarz [Receiver ESVP 880726/012
feas 17/03/01f24 month Chase Bilog Antenna,CBL6111A 1733
™ 17/03/01]24 month Chase Bilog Antenna,CBL 6111A 1667
bos1 26/01/01)12 month Texscan ariable Attenuator RAS1 7725
hSZ 24/11/01{12 month fEMC Projects Lid. [Open test site 2
fsr1 23/11/01/12 month {Ray Proof Screen room 3.7m x 5m x3m 1662
bors2/1 | 24/11j04|12 month EMC Projects Ltd. [Installed Receive Coax Cable on OTS2
fors2r2 | 2411j0412 month EMC Projects Ltd. [instafled Receive Coax Cable on OTS2
bRz | 09/03/04)80 month [Electro-Metrics _|Double Ridged Guide Antenna 3115 5167
forsais | 24/11j01[12 month [EMC Projects Ltd. [installed Goax Cable on OTS2

fors2/a

24/11/01{12 month

IEMC Projects Lid. llnstalled Coax Cable on OTS?2
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