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ertified equipment will often receive a pregrant test by the

FCC at its Equipment Authorization Laboratory in Laurel,

Maryland. The same facility is used for post authorization

tests of equipment by the Sample and Measurement Branch.
The FCC lab is the final authority on whether a piece of equip-
ment complies with Part 15.

The procedures used for testing radiated and line-conducted
emissions are contained in ANSI standard C63.4 (the current ver-
sion is C63.4-1992). The FCC incorporates new versions of the
standard into Part 15 soon after ANSI creates them; the ANSI
standard was adopted by the FCC in 1991 to replace an older
method written by commission personnel.

Radiated Testing at the FCC’s Lab

The radiated-emissions test measures the strength of the electro-
magnetic field generated by a piece of equipment. The test itself is
conceptually straightforward. An antenna is placed a known dis-
tance from the equipment to be tested and connected to a frequen-
cy-sensitive measuring instrument such as a spectrum analyzer. The
frequency spectrum is then scanned for emissions. The FCC per-
forms its radiated tests in two steps. First, all units are prescreened
in a simple indoor facility; if emissions measure substantially less
than the required limits, the units are considered to be in compli-
ance, and no further testing is performed. If compliance is in doubt
at the prescreening, testing is repeated at an open-field site.

ANSI C63.4 sanctions the use of an informal prescan facility
that need not meet the site-attenuation criteria for a formal site.
The FCC lab uses its own indoor facility in this manner and also
maintains an open-field test range.

The general approach is to operate the equipment in a typical
but standardized physical configuration and to search for maxi-
mum signals as a function of cable dress, operating mode, and
antenna orientation. Because emissions can be highly sensitive to
the physical details of equipment configuration, standardized
setups place reasonable limits on variations and on the time nec-
essary for thorough testing.

The indoor facility used by the Equipment Authorization
Branch of the FCC’s Office of Engineering and Technology sits in
the center of an open area approximately 7 m x 8 m in size. A non-
conducting table supports a 1 m x 1.5 m tabletop approximately
0.8 m off the concrete tile floor. The table has a shelf about halfway
up, with four AC plugs mounted in the center, and a rotating
mechanism at the bottom. A tripod is used to support an antenna
that is set, for this preliminary scan, one meter away from the edge
of the tabletop when the system under test is facing it. This means
that as the table rotates, portions of the CPU will be less than one
meter from the antenna, which in turn is connected via coaxial
cable to a spectrum analyzer.

—

The task of the test engineer is to arrange the equipment
under test (EUT) in such a way as to maximize emissions within
the constraints imposed by the configuration guidelines of ANSI
C63.4. All tests, whether to confirm compliance of peripherals or
of CPUs, are conducted in a system configuration. For personal
computers and peripherals, the placement of the equipment is
well defined, but while the equipment itself remains in a fixed
position, the cables are moved about to maximize emissions at
each frequency.

If the equipment being tested is a CPU, any other port types
furnished with it (e.g., IEEE-488 or Ethernet) must also be con-
nected to a representative peripheral. If there are multiple identi-
cal ports, only one need be connected to a peripheral, provided it
can be shown that connecting additional ports will not cause any
increase in emissions levels.

The setup of the system is shown in Figure 1. Generally, all the
I/O cables are bundled so their overall length is approximately one
meter. Power cables are not bundled but are allowed to drop off the
table. These, too, are moved during testing to maximize emissions.

Substantial attention is paid to the operating state of the
equipment, the basic principle being to configure the system for
maximum emissions and to use test software that exercises all por-
tions of the system. For example, a basic test program could
sequentially write to the monitor, print a few lines, access any
peripheral ports, and perform disk read/write operations. Two
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FIGURE 1I: Top view of the standard personal-computer configuration
used for emissions testing in ANSI C63.4. The equipment positioning is
the same for radiated and conducted tests. Note that the vertical con-
ducting plane is used only for conducted measurements. (Source: ANSI
C63.4-1992)
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areas are selected for special focus: CPU operating rates and video
modes. The FCC is concerned, and with some justification, that
different clock rates will yield different emissions profiles.
Generally, the CPU will be operated at its highest clock rate; how-
ever, the effect of varying clocks, sweep rates, and CPU speeds
should also be investigated.

The problem is only compounded by the many video modes
now available for modern personal computers. The FCC strives to
change its procedures in this area to keep up with changing tech-
nology, but the agency’s thrust is to see that the different modes
are explored for worst-case emissions in the prescan phase of test-
ing and that the worst-case mode is selected for the final test.

With video cards and monitors, the worst emissions will usual-
ly occur at the highest video-dot rates. These will involve those dis-
plays that operate with the highest resolution and the highest hori-
zontal and vertical scan rates. For example, a display will generally
be noisier when run at its highest density in noninterlaced mode
than in a lower-resolution, interlaced mode. (The standard test pat-
tern used during the test is a screen filled with scrolling capital Hs.)
It is also important to check the effect on emissions of other oper-
ating modes, such as the use of inverse video highlighting.

Since computing equipment is known to radiate at hundreds
of different frequencies, a spectrum analyzer is a useful tool in this
initial phase of testing. The test begins with the spectrum analyz-
er covering a narrow range of frequencies, typically 30 to 50 MHz.
At each frequency where signals are found, emissions are maxi-
mized. Cables are manipulated, the turntable is rotated, and the
antenna height and polarization are varied. All frequency ranges
are explored.

In the FM band, care should be taken to ensure that no signals
are obscured by other, ambient signals. When a spectrum analyz-
er is used, the IF bandwidth should be set to at least 100 kHz and
the video filter turned off. Above 200 MHz, wider scans (on the
order of 50 to 100 MHz) may be selected.

Handling Ambient Signals

In performing radiated-emissions tests, the FCC has had to deal
with local broadcast stations whose signals exceed the limits
allowed for computing equipment. Most of these signals come
from VHF TV stations and FM broadcasters. In most areas of the
country, companies attempting to set up sites like the one in
Laurel, Maryland, will experience similar problems. Fortunately,
such interference from local broadcasters does not present an
impossible obstacle to performing the tests.

Broadcast signals are easily distinguished from those generat-
ed by computing equipment. On close examination, FM signals
exhibit observable frequency deviation that will be absent in most
of the interference generated by computing devices. These signals
can thus be differentiated without the equipment’s even having to
be turned on and off. In ambiguous cases, the EUT can be pow-
ered down to determine whether it is the source of the interfer-
ence. TV stations are less of a problem than FM stations because
their aural and video carriers occupy a relatively small segment of
the allocated channel. Unless the signal from the computing
equipment is within a few tens of kHz from either carrier, TV
stations will not confuse the measurements.

Some manufacturers may have different problems in setting
up sites. For example, if a large number of computers are operat-
ing on the premises of a manufacturing plant (not an unlikely sce-
nario), it may be difficult to separate interference from those
computers from signals produced by the device being tested. In
this situation, the only easy cure is to move the testing location
farther away from the plant; though other solutions have been
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FIGURE 2: The FCC laboratory takes its first measurements at this
indoor prescan facility.

proposed, including the use of absorber-lined chambers, none has
yet proved more practicable.

You Can’t Fail Indoors

The preliminary test procedure described above is not the only test
the FCC performs. The commission will not impose sanctions on
a company for failing to meet the FCC rules based on data from the
indoor laboratory alone; rather, if emissions tests in the indoor
scan show the device to be close to the FCC limits, commission
engineers will retest it outdoors. (Note: The FCC is on record as
stating that the indoor, preliminary tests described above are not
sufficient for a manufacturer’s verification; to be in compliance,
devices must be tested at a minimum distance of three meters.)

In the outdoor test, the EUT is set up in the same configura-
tion that caused problems indoors, with a mast placed one meter
away from the rotatable table to verify the prescan levels. The
antenna is then positioned on another mast three meters distant,
moved up and down, and changed from vertical to horizontal
polarization. By this process, the FCC determines whether, at
three meters, in an open-field site, the device is over or under the
limit. For this final set of tests, a receiver with a quasi-peak detec-
tor is used; for all its other tests, the FCC uses spectrum analyzers
in peak mode.

Some Comments on Equipment and Techniques

Certain procedures produce questionable results in radiated-
emissions readings. Foremost among these is the use of a screen
room for testing, since reflections from the walls will usually
render any data collected unacceptable.
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