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(a) CPU boards shall be tested as follows:

§15.32 Test procedures for CPU boards and computer power supplies. - Power supplies and CPU boards used with
personal computers and for which separate authorizations are required to be obtained shall be tested as follows:
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2. Introduction
The Report and Order on FCC Docket OET 95-19 which went into effect on August 19, 1996
made a number of changes to Parts 2 and 15 of the FCC Rules (47 CFR Parts 2 and 15). The
major impact of these changes was to allow manufacturers of personal computers the option of
self declaring compliance with the FCC rules subject to certain conditions. One of the options for
this self declaration was to declare compliance based on the use of previously approved
components with no test of the finished system. As motherboards and primary processor boards
used in PCs (or CPU Boards as they are called in §15.3(bb) of the FCC Rules) and power
supplies had not been allowed to obtain separate approvals in the past, test methods for them
were created and added to the Rules in §15.32. In order for a CPU board to receive authorization
(either Certification or Declaration of Conformity) it must be tested under the provisions of
§15.32(a) of the Rules, i.e., it must pass with the cover installed on the chassis and fail by no more
than 3 dB with the cover removed, exposing the top and at least two sides. This document
presents data on 4 different systems to show that typical systems will not meet the 3 dB relaxed
limits with the cover removed, although they meet the stated limits in §15. 109 with the cover in
place. In addition, peak detector data taken on 7 other motherboards is provided in Appendix A.

1. Executive Summary
Data is presented which shows that typical computer CPU boards emit emissions in excess of that
allowed under the revised FCC Rules and that typical computer chassis provide more than the 3
dB of shielding anticipated in the Rules.

3. Test Procedure
CPU boards are subject to a special test procedure, unlike any other component part used in a PC
which will be sold based on a Declaration of Conformity without further testing. All other parts
of the system (power supply, video card, CD-ROM drive, etc.) are tested in a representative
system with the cover installed as would be done in a typical installation. CPU boards which must
have a separate authorization have been singled out for a special test procedure, detailed in
§15.32(a) of the rules:

(1) Testing for radiated emissions shall be performed with the CPU board installed in a typical
enclosure but with the enclosure's cover removed so that the internal circuitry is exposed at the top and on at least
two sides. Additional components, including a power supply, peripheral devices, and subassemblies, shall be
added, as needed. to result in a complete personal computer system. If the oscillator and the microprocessor
circuits are contained on separate circuit boards, both boards, typical of the combination that would Honnally be
employed, must be used in the test. Testing shall be in accordance with the procedures specified in §15.31 of this



4. t System #1

4. Test Results
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All tests reported in the main part of this document were performed in Intel's 3 meter RF semi­
anechoic chamber in DuPont, Washington. Tests were performed by Ghery S. Pettit, NCE and
Nicholas Garinger. While this chamber is not yet listed with the FCC, preliminary site attenuation
data indicates that it will meet the requirements of ANSI C63.4-1992 for an alternate test site, and
it will be listed with the Commission in the near future. All data was taken utilizing a Rohde &
Schwarz ESBI receiver and Chase CBL6112A BiLog antenna under the automatic control of a
routine running under the Rohde & Schwarz ES-KI software package. Limits shown are the
limits called out in §15.] 09(a) of the rules and negative margins show signals over the limit. No
adjustment of the limits was made for cover off tests, so signals showing a failing margin of less
than 3 dB are compliant with the requirements in §15.32(a)(l) of the Rules.

(3) The test demonstrating compliance with the AC power line conducted limits specified in
§15. 107 shall be perfonned in accordance with the procedures specified in §15.31 using a enclosure, peripherals,
power supply and subassemblies that are typical of the type with which the CPU board under test would nonnally
be employed.

The first three systems in this report were te~ted as complete systems, both with the cover in place
and removed. Printers were connected, but not powered for these tests. All three systems had a
3.5" floppy drive, a hard drive and a CD-ROM drive installed. The fourth system is reported with
only the CPU board powered. Disc drives are connected to the controllers, but have their power
connectors disconnected and the video card is removed. All peripherals are unpowered. The
fourth system is only reported with the cover removed.

(2) Unless the test in pardgraph (a)(l) of this section demonstrates compliance with the limits in
§ I5. IOlJ, a second test shall be perfonned using the same configuration described in paragraph (a)( I) but with the
cover installed on the enclosure. Testing shall be in accordance with the procedures specified in § I5.3 I. Under
these test conditions. the system undertest shall not exceed the radiated emission limits specified in §15.l0: and

part. Under these test conditions. the system under test shall not exceed the radiated emission limits specified in
~ 15.109 by more than 3 dB:

Attempts were made to identify the source of a few key frequencies during the testing process,
and other signals have their harmonic relationship to motherboard clocks noted in the data below.

The first system is a tower system which utilizes Intel's new Pentium® II processor running at
266 MHz. A separate video card is utilized in this product Due to the design of the chassis, only
one side cover and the top cover of the chassis are removable. The first data below is for the unit
with the covers in place on the chassis



The next data is for the same system with the side and top covers removed:
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VERTICAL
VERTICAL
VERTICAL
HORIZONTAL
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100M

Limit Margin Exceed Height
dBp'v/m dB em
40.00 7.17 100.0
40.00 3.39 240.0
40.00 5.19 250.0
40.00 9.78 400.0
46.02 3.93 231.0
46.02 9.59 199.0
46.02 6.81 100.0
46.02 9.48 200.0
46.02 3.53 216.0
46.02 7.30 100.0
46.02 7.72 100.0
53.98 6.57 150.0
53.98 11.66 )20.0

701'1SOH

Level
dBJ1V/m

32.83
36.61
34.81
30.22
42.09
36.43
39.21
36.54
42.49
38.72
38.30
47.41
42.32

0"­
30M
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,~ 0
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Frequency
MHz
48.00
56.25
57.90
85.35
299.15
531.80
598.25
664.75
731.20
797.70
930.65
1063.60
1196,55
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I 19t1
• harmonic of 14 MHz clock

2 20tl
• harmonic of 14 MHz clock

J Harmonic of multiple clocks
4 5'h hannonic of processor cache memory clock
., 6'h harmonic of processor cache memory clock or 3'd harmonic of processor clock
6 7'J' hamlonic of processor cache memory clock

MES 970144d.pre PK
MES 970144d final
LIM FCC B F QP

Frequency Level Limit Margin Exceed Height Azimuth

MHz dBllVImdBJ.lVIm dB em deg
194.90 24.42 43.52 19.10 150.0 99.00
199.40 49.44 43.52 -5.92 * 114.0 101.00
200.20 46.65 43.52 -3.13 * 100.0 106.00
265.90 47.30 46.02 -1.28 * 100.0 101.00
280.30 47.19 46.02 -1.17 * 100.0 94.00
299.10 48.25 46.02 -2.23 * 100.0 179.00
332.35 47.39 46.02 -1.37 * 100.0 156.00
432.05 52.32 46.02 -6.30 * 196.0 68.00
467.85 41.86 46.02 4.16 305.0 140.00
498.55 52.23 46.02 -{).21 * 150.0 82.00
528.05 46.47 46.02 -0.45 * 100.0 267.00
531.80 63.56 46.02 -17.54 * 142.0 68.00
534.70 48.01 46.02 -1.99 * 296.0 184.00
565.05 47.69 46.02 -1.67 * 150.0 84.00
598.25 48.91 46.02 -2.89 * 356.0 147.00
664.75 51.24 46.02 -5.22 * 312.0 181.00
731.20 52.14 46.02 -6.12 * 394.0 137.00
797.70 47.36 46.02 -1.34 * 212.0 47.00
864.15 47.39 46.02 -1.37 * 100.0 88.00
930.65 53.18 46.02 -7.16 * 215.0 277.00
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SourcePolarization

HORIZONTAL
HORIZONTAL
HORIZONTAL
HORIZONTAL MB1

HORIZONTAL MB2

HORIZONTAL
HORIZONTAL
VERTICAL MB
HORIZONTAL
VERTICAL
VERTICAL MB3

VERTICAL MB
HORIZONTAL
VERTICAL
HORIZONTAL
HORlZONTAL MB

4

HORIZONTAL Video card
HORIZONTAL MB5

VERTICAL
VERTICAL MBo
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The second system is a desk top system in a low profile chassis utilizing a 200 MHz Pentium®
Pro processor. The motherboard in this system includes the video circuits and a separate video
card was not included. Removal of the cover of this chassis results in the top and two sides being
exposed. The cover on and cover off tests for this product were both performed with the monitor
placed to one side of the chassis to make the only difference between the test setups be the
presence or lack of the chassis cover.

--III

.····1
___ ~ ~J
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Level Limit Margin Exceed Height Azimuth Polarization Source
dBllV/mdBllV/m dB cm deg
45.54 53.98 8.44 250.0 93.00 VERTICAL
54.57 5198 ..0.59 * 1000 17700 VERTICAL MB7

49.68 53.98 4.30 100.0 I44.0() HORIZONTAL MBx

40.91 53.98 13.07 2040 145.00 VERTICAL MB'}

40.04 5398 13.94 100.0 94.00 VERTICAL MB III

Intel Coruoration

Frequency
MHz
1030.35
1063.60
1196.55
1329.50
1462.45

4.2 System #2

iJ1tel.

50 J----+--/-

MES k l:a k-'on y·re F't:
MES krak-OD rin~]

UM f~r;c b 1" \!F'

45

70

Level [dB~V/mJ

40

65

55

35

60

The first data is with the chassis cover in place.

7 8
th

harmonic of processor cache memory clock or 4th hanllonic of processor clock
li 91h ha . f. rmomc 0 processor cache memon' clock
'} IOu. harmonic of processor cache mem~rv clock or 5Ul hamlonic of processor clock
III Il ul ha . .. nnomc of processor cache memory clock



2GIG

=-1 ~~~-=-~~---l
- -- j--------~

'100M

2800 Center Drive, DuPont WA 98127

SOOM

Page 6 of II

100M 200M 300M

Frequency ! Hz J

ME~ krak-off pre r~

M£~ ~rak-off~fina]

L:M f'rc R F' OP

Intel CorllOration

:: ~-=---+:~_.~~:~~~~~~:~-~~--~:=:~~--~-~-----~-~----~:~~~~-~:~~~~~~:~~~~:~:~~~;~~~~~~~~:
55

50 I --+---t-t-----t-----t-----f---~--

4S l _

:: [---,

;~ fi~fj:+ ..
s ~ --+--t----- --- -
o l..-._____ L .____ _

"JOM 50M 70M

'11

infel· System Emission Profiles March 10, 1997
Cover On vs. Cover OfT

Frequency Level Limit Margin Exceed Height Azimuth Polarization

MHz dBJ.1V1mdBJ.1V/m dB cm deg
30.00 30.46 40.00 9.54 100.0 113.00 VERTICAL
57.90 34.52 40.00 5.48 391.0 113.00 HORIZONTAL

61.20 30.19 40.00 9.81 370.0 126.00 HORIZONTAL

100.20 39.20 43.52 4.32 100.0 50.00 VERTICAL
321.50 41.25 46.02 4.77 100.0 156.00 HORIZONTAL
456.90 39.13 46.02 6.89 100.0 191.00 HORIZONTAL
698.00 39.50 46.02 6.52 100.0 342.00 VERTICAL
704.10 35.61 46.02 10.41 100.0 90.00 HORIZONTAL
720.10 35.86 46.02 10.16 123.0 210.00 HORIZONTAL
731.25 34.77 46.02 11.25 225.0 228.00 HORIZONTAL
797.70 38.09 46.02 7.93 100.0 144.00 HORIZONTAL
808.95 37.20 46.02 8.82 100.0 141.00 HORIZONTAL
816.10 37.46 46.02 8.56 100.0 1.00 VERTICAL
864.20 35.40 46.02 10.62 99.0 185.00 HORIZONTAL
930.65 37.66 46.02 8.36 105.0 308.00 VERTICAL
1063.60 40.35 53.98 13.63 105.0 235.00 VERTICAL
1196.55 49.05 53.98 4.93 188.0 181.00 VERTICAL
1396.00 40.93 53.98 13.05 118.0 173.00 VERTICAL

The second set of data is with the cover removed.

Level IdBllV/m]



4.3 System #3

The third system utilizes the same low profile desktop chassis as system #2, but was equipped
with a different CPU board with a 200 MHz Pentium® processor with MMJ(TM technology.
Again, the video circuits are included on the motherboard and a separate video card was not
utilized in the system. The emissions from this system, with the cover on, are shown on the next
page

I-''''
infel· System Emission Profiles March 10, 1997

Cover On vs. Cover OtT

Frequency Level Limit Margin Exceed Height Azimuth Polarization Source
MHz dB,.1Y/mdB~V/m dB cm deg
55.70 39.18 40.00 0.82 100.0 235.00 VERTICAL
200.25 44.84 43.52 -LU * 168.0 260.00 HORIZONTAL MB
269.65 46.45 4602 ..0.43 * 100.0 192.00 HORIZONTAL
280.35 46.18 46.02 -0.16 * 100.0 266.00 HORIZONTAL MB 11

299.15 43.51 46.02 2.51 123.0 158.00 HORIZONTAL
332.35 51.64 46.02 -5.62 * 104.0 288.00 HORIZONTAL
398.90 46.43 46.02 -0.41 * 300.0 ]57.00 HORIZONTAL
432.10 47.67 46.02 -1.65 * 150.0 280.00 VERTICAL MB
465.30 46.63 46.02 -0.6] * ]68.0 95.00 VERTICAL
5]5.45 45.68 46.02 0.34 ]]3.0 266.00 VERTICAL
528.10 46.44 46.02 -0.42 * ]]3.0 265.00 VERTICAL
531.80 52.28 46.02 -6.26 * ]00.0 269.00 VERTICAL
565.05 47.0] 46.02 -0.99 * ]00.0 ]70.00 VERTICAL
598.30 56.71 46.02 ..10.69 * 100.0 260.00 VERTICAL MB
624.10 50.08 46.02 -4.06 * 100.0 283.00 VERTICAL
631.50 51.27 46.02 -5.25 * 100.0 272.00 VERTICAL
664.75 49.06 46.02 ..3.04 * 100.0 287.00 VERTICAL
731.25 50.69 46.02 -4.67 * 179.0 234.00 VERTICAL MB
764.45 46.69 46.02 -0.67 * 168.0 286.00 VERTICAL
797.70 51.22 46.02 ..5.20 * 114.0 279.00 HORIZONTAL MB
1030.35 42.01 53.98 11.97 100.0 247.00 VERTICAL
1063.60 44.18 53.98 9.80 223.0 241.00 VERTICAL
1130.10 45.00 53.98 8.98 217.0 227.00 VERTICAL
1196.55 58.90 53.98 -4.92 * 206.0 228.00 VERTICAL
1263.10 44.17 53.98 9.81 100.0 274.00 VERTICAL
1329.50 47.90 53.98 6.08 190.0 231.00 VERTICAL
13%.00 54.34 53.98 -0.36 * 178.0 234.00 VERTICAL
1595.40 45.24 53.98 8.74 100.0 247.00 VERTICAL
1728.35 42.10 53.98 11.88 221.0 247.00 VERTICAL
1794.85 41.54 53.98 12.44 100.0 235.00 VERTICAL
1994.30 41.37 53.98 12.6] 197.0 274.00 HORIZONTAL

2800 Center Drive. DuPon!. WA 98327Pa~e 7 of IIIntel Corporation
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The data on the next page shows the same system with the cover removed.
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HORIZONTAL
VERTICAL
VERTICAL
VERTICAL
VERTICAL
HORIZONTAL
VERTICAL
HORIZONTAL
VERTICAL
VERTICAL
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Azimuth
deg
102.00
283.00
248.00
157.00
193.00
202.00
230.00
91.00
334.00
137.00
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Level Limit Margin Exceed Height
dB~VlmdB~Vlm dB em
34.13 40.00 5.87 365.0
32.96 40.00 7.04 150.0
33.59 43.52 9.93 104.0
36.11 46.02 9.91 113.0
38.22 46.02 7.80 177.0
39.48 46.02 6.54 100.0
32.30 46.02 13.72 108.0
37.25 46.02 8.77 113.0
34.74 46.02 1l.28 100.0
42.08 53.98 11.90 113.0

Intcl <:oruoration

~'n~qllency [Hz)

MES rhine-on pre PK
MES rhine-on~finaJ

LIM FCC B F OF

Frequency
MHz
57.90
73.25
119.65
598.15
687.25
698.00
908.50
912.15
930.65
I 130. to
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Frequency (Hz]
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MES rhine-off pre PK
MES rhine-off~final
LIM FCC B F 01'

---------------_ .._--

~: II: jJ
4'. 1 ~
4'· ' I '
,'I ~ - ,- - t
"jO 1- -- .,.., 'f- -
.', I ~~---- -. ''":
:..:'n ~ ~- ---...__ _ ...... 4 -----.- -..,

1', 1----- i J---
10" [~~~~~ --- -

o L ...J_.----L. ..J.~_ L l__ ---------------'--
30M SOM 70M

Frequency Level Limit Margin Exceed Height Azimuth Polarization Sowce
MHz dBJlVlmdBJlVlm dB em deg
200.45 51.57 43.52 -8.05 • 168,0 260.00 HORIZONTAL MBl2

232.65 54.59 46.02 -8.57 * 142.0 260.00 HORIZONTAL MB

240.00 51.31 46.02 -5.29 • 123.0 260.00 HORIZONTAL
255.30 42.64 46.02 3.38 100.0 248.00 HORIZONTAL
265.95 43.78 46.02 2.24 100.0 93.00 HORIZONTAL
279.20 44.48 46.02 1.54 150.0 157.00 HORIZONTAL
365.60 48.50 46.02 -2.48 * 99.0 312.00 HORIZONTAL
432.10 44.94 46.02 1.08 200.0 93.00 VERTICAL
465.30 46.66 46.02 -0.64 * 120.0 197.00 VERTICAL
664.75 50.38 46.02 -4.36 * 100.0 261.00 VERTICAL
731.20 51.09 46.02 -5.07 * 150.0 248.00 VERTICAL MB
774.45 45.52 46.02 0.50 150.0 247.00 VERTICAL
797.70 55.96 46.02 -9.94 • 150.0 247.00 VERTICAL MB
840.85 42.65 46.02 3.37 222.0 230.00 HORIZONTAL
842.05 39.92 46.02 6.10 227.0 234.00 HORIZONTAL
887.55 48.02 46.02 -2.00 • 217.0 241.00 VERTICAL
908.85 48.52 46.02 -2.50 • 210.0 247.00 VERTICAL
953.95 49.27 46.02 -3.25 * 196.0 247.00 VERTICAL
1020.50 45.92 53.98 8'()6 ll7.0 247.00 VERTICAL
1030.35 43.71 53.98 10.27 124.0 268.00 VERTICAL
1041.40 40.51 53.98 13.47 250.0 240.00 VERTICAL
1063.60 47.87 53.98 6.11 1l3.0 261.00 VERTICAL
I BO.IO 43.96 5.1.98 W.02 100.0 240.00 VERTICAL
1196.55 47.57 5398 6.41 289.0 227.00 VERTICAL
1595.40 48.57 5.1.98 5.41 233.0 229.00 VERTICAL
1994.25 4484 5.1.98 9.14 204.0 236.00 HORIZONTAL

1~ This. and the following signal. were shown to radiatc from the DC powcr harncss



4.4 System #4
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The fourth system was tested as a comparison with results claimed by the manufacturer. The
board is equipped with a 75 MHz Pentium® processor and is marked with a manufacturer's
Declaration of Conformity label. The system was tested a number of times with more and more
parts removed or depowered until the results shown were obtained with only the CPU board
powered and no external peripheral devices connected. Thus, all frequencies shown originate
from the motherboard. The chassis cover was removed, exposing the top and two sides.
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Frequency [Hzl

MES 970147d pre PK
MES 970147e-final
LIM rcc B rQP

Frequency Level Limit Margin Exceed Height Azimuth Polarization
MHz dBl1V1mdBI1V/m dB em deg
200.45 44.71 43.52 -1.19 * 162.0 261.00 HORIWNTAL
225.50 49.44 46.02 -3.42 * 125.0 253.00 HORIWNTAL
400.90 44.10 46.02 1.92 145.0 248.00 VERTICAL
425.95 42.87 46.02 3.15 125.0 203.00 VERTICAL
429.55 46.79 46.02 -0.77 * 125.0 248.00 VERTICAL
432.05 49.85 46.02 -3.83 * 125.0 280.00 VERTICAL
451.00 52.71 46.02 -6.69 * 123.0 236.00 VERTICAL
458.15 46.59 46.02 -0.57 * 125.0 264.00 VERTICAL
501.10 45.64 46.02 0.38 100.0 290.00 VERTICAL
551.25 41.45 46.02 4.57 105.0 220.00 VERTICAL
601.35 50.04 46.02 -4.02 * 100.0 267.00 VERTICAL
651.45 42.47 46.02 3.55 100.0 265.00 VERTICAL
676.50 :W.04 46.02 6.98 100.() 267.00 VERTICAL
726.65 44.30 46.02 1.72 159.0 268.00 VERTICAL
710.20 :1')_54 46.02 6.48 163.0 268.00 VERTICAL
75170 45.77 46.02 0.25 1540 26 JOO VERTICAL
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7. Recommendation
Intel recommends that the FCC delete §15.32(aXI) of its Rules and allow CPU boards to be
qualified in the same manner as other parts of a personal computer which require separate
approvals.

6. Conclusion
The requirement that a CPU board meet a cover off test only 3 dB less stringent than the cover on
limits is not reasonable. The fact that electrically similar devices in the system, such as video
cards, must only pass with the cover in place makes the requirement unreasonable. The fact that
compliant systems do not meet the 3 dB relaxed limit with the cover removed shows the
requirement to be "over kill".

Polarization

March 10, 1997

VERTICAL
VERTICAL
VERTICAL

2XOO Center Drive. DuPont. WA 9X127

Azimuth
deg
265.00
273.00
242.00

Height
cm
145.0
153.0
125.0

Page II of II

System Emission Profiles
Cover On vs. Cover OtT

Level Limit Margin Exceed
dBJiV/mdBJiV/m dB
40.61 46.02 5.41
40.0R 46.02 5.94
47.94 46.02 -1.92 *

Intel Corporation

Frequency
MHz
773.15
R0200
912.15

5. Summary
All three systems tested with the cover in place passed the limits in §15.109(a) of the Rules.
None of the systems passed the 3 dB relaxed limits with the cover removed, including one CPU
board claimed by its manufacturer as being compliant. Failing signals with the cover removed
were as much as 17.54 dB over the §15.109(a) limit. That particular signal, coming from the
tower system at 531.80 MHz, was 9.5 dB under the limit when the cover was in place.



The seven board products presented are:

Notations were made on a number of the measured signals as to their suspected origin. Also,
unlike the data presented in the main body of this document, the limits shown on these boards are
adjusted for the 3 dB cover off test and reflect the margin of failure for that test with no
adjustment required.

Data taken since September, J996 on 7 different product is presented for further information. All
data was taken in a 3 meter RF semi-anechoic chamber owned and operated by Northwest EMC
of Newburg, Oregon. Northwest EMC is an FCC listed laboratory and is also accredited through
NIST NVLAP. The chamber used does not have sufficient ceiling height to allow antenna height
scans. It is used for preliminary scans and results have an empirically derived correction factor
applied to correlate them to an open field test site. Only a peak detector was used for the scans
presented below. The data is provided by Michael Haines, Senior EMC Technician in Intel's
OPSD board development group in Hillsboro, Oregon.
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