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Design and Layout of a Video
Graphics System for Reduced EMI

BILL SLATTERY AND JOHN WYNNE

INTRODUCTION

The availability of low cost, high
performance video random ac-
cess memory digital-to-analog
converters (RAM-DACs) is a key
‘element in the extension of per-
sonal computers into applica-
tion areas previously considered
the preserve of expensive, high-
end computer systems. Appli-
cations such as computer aided
engineering (CAE), computer
aided design (CAD), solids mod-
eling, and desktop publishing
are becoming more widespread
asthecost of the necessary hard-
ware drops. Successfully incor-
porating a video RAM-DAC into
a personal computer or onto a
video graphics plug-in board is
not difficult once some basic
concepts are grasped and some
simple guidelines followed (Fig-
ure 1).

This article is intended asa guide

to the design of a video graphics
system in terms of electromag-
netic compatibility (EMC). EMC
design will be considered as the
‘technique for reducing radiated
emissions and electromagnetic
interference (EMI) from a high
- speed- video graphics system.
EMC implies that the system
should not electrically or mag-
netically interfere with its sur-
roundings, and conversely, the
surroundings should not inter-
fere with the operation of the
system. In order to provide EMI
control in the radio spectrum,
government agencies and other
international organizations have
established limitsrelating to EMI,
most notably Part 15 of the U.S.
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Federal Communication Com-
mission (FCC) Rules.

This article is divided into anum-
ber of sections:

¢ International EMI Regulatory
Bodies — guidelines, testing
and radiation limits.

» System Noise Identification —
identifying various sources of
noise in a system.

¢ PCBLayout and Design —com-

. ponent placement, multilayer
boards, grounding, shielding
and filtering components.

* FCC testing for certification.

REGULATIONS
CONTROLLING EMI

The ultimate goal which must be
achieved if EMC design is to be
considered successful is agency
certification. In the United
States, the Federal Communica-
tions Commission is the national
regulatory body which sets down
strict controls on interference
from computing devices. The
FCC has divided computer in-
terference into two principal
types. The first type, and by far
the most demanding of the two,
deals with radiated emissions

over the frequency range of 30
MHz to 1 GHz. Radiated emis--
sions from personal computers,
in a commercial environment,
must conform to the limits set
for a Class B computing device
pursuant to Subpart J of Part 15
of the FCC Rules. -Table 1 lists
the maximum permissible ra-
diation from such devices, mea-
sured in terms of electric field

strength.

The second type of emissiondeals
with interference fed back onto
the power lines and falls into the
Class A category. The FCC con-
duction limit on this interfer-
ence is 250 pV maximum (mea-
sured according to $15.840 of
the FCC Rules) over the fre-
quency range of 450 kHz to 30
MHz. This type of interference is
heavily influenced by the design
of the switched mode power sup-
ply within the computer cabinet.
Class C certification, which has
less stringent limits, is allow-
able in certain commercial and
industrial applications.

FCC certification is awarded on
the submission to the FCC of a
complete report, which consists
of acceptable test results as well
as a detailed description of the
test and measurement proce-
dure. Testing has to be carried
out by an FCC accredited test
laboratory.

A number of international gov-
ernment agencies impose strict
criteria on the allowable electro-
magnetic interference that elec-
tronic apparatus can emit. Elec-
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FIGURE 1. Simplified Block Diagram of a Typical Graphics System Using a Video RAM-DAC.
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* Measured according to S$15.840 of the FCC Rules.
TABLE 1. Radiation Limits for Class B Computing Devices According to FCC Rules.

tronic apparatus is required by
law to conform to these agency
limits, or face severe government
penalties. A list of the various
international agencies is given

'in the Recommended Reading
section. All agencies have very
similar requirements to those of
the FCC.
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NOISE SOURCES

Identification of noise sources or
potential noise sources in a sys-
tem is the first and probably the
most valuable step to achieving
a successful EMI design (Figure
2). It may even be possible to
eliminate completely a particu-
larly noisy circuit from the de-
sign, thus avoiding the later need

forfiltering, Unfortunately, many
possible sources of noise cannot
be eliminated from the design,
but by being aware of their exist-
ence, their effects can be mini-
mized at the source and in the
coupling channel by optimum
filtering and decoupling. Some
of the inherent sources of noise
in a video graphics system in-
clude:

e Crystal oscillator and clock fre-
quency division circuits.

¢ Circuits with fast transition

_ times (rise/fall times), e.g., logic
families that are unnecessar-
ily fast.

s Unterminated circuits.
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RADIATION
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FIGURE 2. Noise Model of a Video Graphics System.

e Stray inductances/capaci-
tances.

e Switching power supplies.

e High power analog circuits
such as video RAM-DACs.

CRYSTAL OSCILLATORS AND
ASSOCIATED CIRCUITRY
Avideo system usually contains
a number of crystal oscillators
and associated clock and pixel
data circuits which are required
to achieve various on-screen
pixel resolutions. Some systems
have as many as five crystal os-
cillators varying in frequency
from 25 MHz to 65 MHz, and
perhaps up to 80 MHz. These
crystal oscillators and their as-
sociated circuitry tend to be rich
in unwanted noise and harmonic
components., They can be a prime
cause in EMI generation if some
basic guidelines are not followed.
Some of the important measures
are;

* Place crystal oscillator circuits
as far as possible from analog
circuitry and video output con-
nectors.

« Isolate power supply to crys-
tals through the use of ferrite
beads.

¢ Avoid the mixing of clock buff-

ers and other logic in the same

IC package.
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FIGURE 3. Magnitude of Harmonic Components Relative to the Fundamental Jora

28.5 MHz Crystal Oscillator.

e Use several low power data
drivers or buffers for clock and
pixel data lines distributed
throughout the board, rather
than a single high power driver.

With regard to the crystal oscil-
lators themselves, the critical
aspects which must be consid-
ered include the wave shape and

the transition time (rise/fall
time). Figure 3 is a plot of the
output frequency spectrum of a -
typical 28.5 MHz crystal oscilla-
tor. It shows the amplitude of
the harmonic components rela-
tive to the fundamental, It can
be clearly seen that although the
crystal's fundamental frequency
lies outside the FCC's lower limit
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of 30 MHz for radiated EMI,
" higher-order harmonic compo-
nents exist throughout the FCC-
controlled band. The frequency
of the crystal oscillators should
be kept to the required mini-
mum, and transition times
should be kept as slow as pos-
sible. This reduces the ampli-

tude of unwanted harmonics,

while still satisfying system func-
tional performance needs.

The clock circﬁitry. which in-
cludes crystal oscillators and

pixel data lines, is the primary

source of most system noise,.
Keeping this circuitry as far and
asisolated as possible from other
circuitry, especially analog cir-
cuitry, is important. On the
other hand, it could be argued

that running long pixel data and

clock lines from such circuitry
to the video RAM-DAC in itself is
not desirable. Long lines in-
crease noise coupling to other
parts of the system. A trade-off
between the length of pixel lines
and the placement of high speed
clock circuitry must be consid-
ered. The designer must at-
tempt to optimize these two com-
peting goals. As mentioned ear-
lier, the use of multiple low power
buffers helps to ease such a con-
flict. A distance of less than
three inches between buffers
would be desirable in such cir-
cumstances.

OTHER NOISE SOURCES

A number of other noise genera-
tors can be easily identified.
Circuits with fast transition
times, including memory chips,
logic circuitry and the graphics
controller, all contribute to the
overall noise of the system. The
faster the signal transition time,
the greater the amplitude of the
resulting harmonics, aswas seen
~in the previous section relating
to crystal oscillator circuits.

As a general rule, devices with
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TTL 74 10 ns
74LS 12 ns
74ALS 3 - 20 ns
74S 6 ns
74AS 2 -5 9ns
74F 1.2 -> 8 ns

CMOS 74HC 20 — 150 ns

TABLE 2. Comparison of Transition Times for IC Logic Families.

the slowest possible rise/fall
times that will achieve the
system'’s tasks should be used.

- Table 2 lists some typical rise/

fall times for various logic fami-
lies. ‘

Stray inductances and capaci-
tances can cause signalsto ring,
to overshoot, or to undershoot
the steady state voltage levels.
This ringing is a source of EMI
which can be minimized by keep-
ing wires or traces short and
adding a series of damping resis-
tances at the source or termina-
tion of long signal paths. Also,
unterminated circuits with float-
ing signal lines should be
avoided, because these can re-
sult in unwanted oscillations.

Power to all devices of a system
is usually derived from switch-
mode power supplies. While the
design of the power supply is
critical to the reduction of con-
ducted noise in the band of 450
kHz up to 30 MHz, harmonics
generated by the switching power
supplies can extend well into the
radiation frequency band and
thus add to EMI.

Modern high resolution color
graphics monitors are driven
directly by analog signal levels
from the DACs. The relatively
high power, analog output levels
from the red, green and blue
current sources of the video DAC
require careful attention. Aswill

be discussed in the PCB layout
section, the power to the video
RAM-DAC should be isolated
from the remainder of the PCB
power plane. If noise on the high
speed pixel and clock input sec-
tion to the video RAM-DAC has
not been minimized, noise will
be coupled through to the ana-
log output section and onto the
connecting cable to the monitor,
causing this cable to act as an
antenna. If necessary, filtering
at the source termination of each
of the three DAC outputs can be
used to further minimize the
noise.

PRINTED CIRCUIT BOARD
DESIGN :

The extent of radiated emissions
from a printed circuit board (PCB)
will be determined by the ability
of the PCB to act as a propaga-
tion channel for unavoidable

" noise sources, its ability to couple

this noise onto other circuitry,

and the radiation into free space

of this undesired noise. Aside

from a PCB's ability to radiate

EMI, noise coupled from digital
circuits on the board to the video

RAM-DAC can adversely affect

the system’s functional perfor-

mance.

CAUSES OF EMI

The main sources which con-
duct orradiate EMI from a printed
circuit board are as follows:

s Common impedénce coupling
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FIGURE 4B. Signal and Transient
‘Currents Due to Gate Switching.

via power and ground traces.

* Antenna loops formed by ICs
and their bypass capacitors.
Note that these loops also in-
clude the power and ground
lead frame members within the
IC packages.

* Printed circuit board traces

carrying signal currents, Note '

again that signal lead frame
members within the IC pack-
ages are also included.

* Crosstalk between adjoining
signal traces.

COMMON IMPEDANCE
COUPLING ’

An example of common imped-
ance coupling via power and
ground traces is shown in Fig-
ure 4A where a number of logic
gates are supplied with power
over common printed circuit
board traces. A typical V, input

46

_I L
N
SIGNAL |

FIGURE 4A. Common Impedance Coupling via Power and Ground Traces.

signal to one of these gates is
shown in Figure 4B, The result-
ing transient and signal currents
due to the gate switching are
also shown,

The distributed trace induc-
tances act as impedances tothese
switching currents and spread
the resulting high frequency
noise to allnodes common to the
culprit. The magnitude of the
generated high frequency noise
is shown in Figure 5A. The asso-
ciated worst signal current for a
standard transistor-transistor
logic (TTL) gate is shown in Fig-
ure 5B.

Consider the harmonic compo-
nents present in the switching
signal current of Figure 5B. This
assumes the gate is driving 10
standard TTL loads with a maxi-
mum sink current of 16 mA and
a maximum source current of
0.4 mA.

With a mark/space ratio of ©/T
and using a Fourier Series ex-
pansion, the formula for the
amplitude of the nth harmonic
is given by:

2AT - Sin (nfm)

T nnt
T

wheren=1, 2, 3...

In=

For a square wave 1/T = 0.5, the
amplitude of the third harmonic
(n = 3) is:

I3 = 3.4 mA, zero to peak

At 28.5 MHz, the magnitude of
the impedance of the ground
trace in Figure 5 is given by:

Z = [2rfL]}
where

f =28.5 MHz, and

- L =20 nH/inch (typically).

Hence, Z = 3.58 Q/inch.

At 85.5 MHz (3 - 28.5 MHz) the
impedance is 10.74 Q/inch.
Thus, the high frequency volt-
age at the logic ground node of
the switching gate due to the
third harmonic alone is equal to:

Vgi=(3.4-10%)(4)(10.74) V
= 146 mV peak at 85.5 MHz

This high frequency component
and other similar components
will be circulated around the
printed circuit board via the com-
mon ground traces. It will also
appear on any cable shielding
attached to this common ground
trace, and depending on how
efficient the cable shield is as an
antenna, will be radiated into
free space.

ANTENNA LOOPS

One of the most-important prin-
ciples of PCB layout and design
for noise reduction can be de-
scribed by the directive: Mini-
mize Signal Loop Areas.

In most circuit designs, the cur-
rents are thought of in terms like
flowing “out” of one place,
“through” some other place and
“to” the target point. Unfortu-
nately however, a consideration
of how these currents will even-
tuallyfind their way back to their
source isneglected. Ground and
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supply voltage points are con-
sidered “equivalent,”andthe fact
that they are parts of a network
of conductors through which
currents flow and develop finite
voltages is often not appreci-
ated. These voltages can radiate
to cause EMI (Figure 6). Volt-
ages are generated because, asa
resuilt of inherent inductances,
- wires and traces do not have
zero impedance, '

Many of the problems associ-
ated with power and ground
loops can be avoided through

the employment of effective by- -

passing techniques. The aim of
effective bypassing is to maxi-
mize the charge stored in the
bypass loop while simulta-
neously minimizing the induc-
tance of this loop. Inductance in
the loop acts as an impedance to
high frequency transients and
results in power supply spiking,
Figure 7A shows a poor bypass
arrangement. The associated
inductances due to the large loop
area are fllustrated in Figure 7B.

In addition to loop inductances,
the series inductance of the by-
pass capacitor itself must also
be considered. It is well known
that there is more inside a
capacitor’s body than a pure ca-
pacitance.

The simplified equivalent circuit
of a 0.1 pF capacitor in Figure 8
shows an effective series resis-
tance (ESR) and effective series

~ inductance (ESL) in series with .

the ideal 0.1 pF capacitance.

Figure 9 shows the complete in-
ductive loop associated with the
bypass circuit. These inductances
increase the total series induc-
- tanceofthe bypassloop and hence
lower the series resonant fre-
quency asdetermined by the equa-
tion:

48

fo = .__L..._..

2r vV LC
Above the series resonant fre-
quency the impedance becomes
more inductive, ‘increasing ln-
early with increasing frequency.
For instance, a 0.1 pF ceramic
radial lead capacitor with 1/4-
inch leads generally resonates
around 10 MHz,

The minimumvalue of the bypass
capacitor required is determined

by the maximum amount of volt- -

age drop allowable across the ca-
pacitor as a result of the transient
carrent. An approximate value
for a bypass capacitor is given as:
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FIGURE 5A. Comumon Impedance
Coupling Due to One Gate.
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FIGURE 5B. Signal Current Due to TTL Gate Switching.
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FIGURE 6. Currents Flowing in Large Loops Add to EMI.
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C = lAc Farads

where

1 = Maximum transient current
At = Transient duration
AV = Allowable voltage drop

For example, a typical 74 HC I,
transient is 20 mA high and lasts
20 ns. Ifthe voltage drop is to be
kept below 100 mV, then the re-
quired bypass capacitor is:

(20 mA) (20 ns)

(100 mv)
or 4 nF per output.

However, any series inductance
in the bypass loop will cause
additional voltage spiking. For
any given magnitude of noise
spike, an approximate expres-
sion for the maximum amount of
series inductance is given by:

V.AT
L= —— Henrys
: Al ry

where

V = Maximum noise spike
- At =Transient duration
Al = Transient current

The typical 74 HCI . transient of
20 mA has a rise/fall time of 4
ns. Thus, if the inductive noise
spike is restricted to 100 mV
peak, the maximum amount of
series inductance is:

(100 mV) (4 ns)
(20 mA)

or 20 nH.

Referring back to Figure 9, this
means that the combined total

of ESL, L, L;c. and L. must be -

kept below 20 nH Toa greater or
lesser extent the first three terms
are within the PC board
designer’s influence; the fourth
term, the inductance of the IC
lead frame member, or L, is
Invariable, as it is determined by
the IC package. The use of PLCC
packaged parts inherently re-
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" MULTILAYER PC BOARDS
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FIGURE 7A. Large Loop Associated with Poorly Placed Bypass Capacitor.
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' Cayrass
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Ly = INDUCTANCE OF THE LEAD FROM THE CAPACITOR BODY TO THE PC BOARD
‘ch= INDUCTANCE OF THE TRACE BETWEEN THE LEAD ARRIVAL ON THE PC
BOARD AND THE IC PIN
Lic = INDUCTANCE OF THE LEAD FRAME MEMBER CARRYING POWER WITHIN THE
IC PACKAGE
FIGURE 7B. Equivalent Circuit of Bypass Loop of Figure 7A.
5 TO 10 nH 50 TO 200 mQ 0.1 puF
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FIGURE 8. EQutlleeﬁt Serles Representation of a Bypass Capacitor.

duces L. to 2-3 nH as against
10-12 nH for the more tradi-
tional DIP parts.

board is recommended.

Figure 10 shows a cross-sec-
tionalview of a four-layer printed
circuit board, with power and

In the design of a high perfor-
mance, high speed graphics sys-
tem, a four-layer printed circuit

ground planes separating the

signal-carrying traces of the com-
ponent and solder sides of the
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PCB. Consideration should be
given to the use of multilayer
boards and the relevant place-
ment of components. Figure 11
shows a suggested component
placement scheme.

POWER AND GROUND PLANES
Power supply decoupling at-
tempts to contain the transient
currents within the bypass loop.
However it cannot be 100-per-
cent successful, and some high
frequency components will es-
cape onto the power and ground
traces. High frequency signal
currents will also be flowing in
the power and ground traces. In
order to avoid common imped-
"ance noise coupling due to these
currents, it is necessary to re-
duce the impedance of the power
and ground traces to an abso-
lute minimum. The only satis-
factory way to achieve this is not
to use traces at all but to use
power and ground planes. On a
PC card-sized, two-layer board
with one side devoted to a ground
plane, the impedance of the plane
is in the tens of milliohms range.

A four-layer board allows an-

L|N LL Lpc LIC
o ()] - e M M
l 1
[ ESL |
! i
u |
! i
! ESR IC
V
CC\;\ i
!
! I
Ln L__Z _ci_Jl L Lec. Lic
o [ ()] M 00

FIGURE 9. Inductive Loop of a Bypass Circuit.

other plane tobe used as a power
plane. Low impedance power
and ground contacts are thus
available over the full area of the
board. Additionally, in a four-
layer board with power and
ground planes inside the board
and signal traces on the top and
bottom of the “sandwich,” over-

lapping power and ground planes

act as inherent distributed ca-
pacitors (Figure 10). This pro-
vides some measure of high fre-
quency decoupling. The major
advantage of using a ground
plane is the very substantial re-
duction in signal loop area it

provides. In a typical PCB lay-
out, signal current flows out
through one trace and back
through a ground trace. Such a
path can include a large loop
area. A large loop area, as has
already been discussed, implies
high inductance for the traces
with subsequent signal ringing,
EMI radiation and crosstalk. To
reduce the inductance it is nec-
essary to reduce the loop area
through which the signal cur-
rent flows. The use of power and
ground planes minimizes loop

~ areas, thereby reducing induc-

tances and resultant EMI.

COMPONENT SIDE

SIGNAL LINES

SOLDER SIDE

GROUND PLANE

POWER PLANE

SIGNAL LINES

FIGURE 10. Four-layer Printed Circuit Board Construction.
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DESIGN AND LAYOUT OF A VIDEO GRAPHICS SYSTEM FOR REDUCED EMI . . . Coritinued

The electromagnetic fields asso-
ciated with an idealized case of
two parallel wires carrying equal
and opposite currents are shown
in Figure 12.

The two fields (electric, E, and
magnetic, H) tend to be confined
between or near the conductors.
The electric field is strongest in
the plane of the conductors. The
magnetic field is- nonzero at
points close to the conductors,
but farther away (relative to the
wire spacing) the fields from both
conductors tend to cancel out.
Keeping the conductors together
promotes field cancellation,

which can be viewed either as

minimizing the loop area or mini-
mizing the inductance; the re-
sults are the same.

Introducing a ground plane (sheet
of copper) halfway between the
wires, as shown in Figure 13,
does not disturb the field pattern
even when the lower wire is re-
moved. A virtual image of the
lower wire has been produced in
the copper plane to maintain the
original field configuration. This
is the basis of microstrip. With a
properly designed ground plane
system, the return current will
alwaysflowunderthesignal trace,
the path of lowest impedance.

DIGITAL SIGNAL
INTERCONNECTIONS

The use of a ground plane allows
the signal interconnects to be
viewed as microstrip transmis-
sion lines whose characteristic
impedances, propagation delays,
etc., can be readily calculated.
Microstrip is the name given to a
transmission line which consists
of a signal trace separated from a
ground plane by a di€lectric. ‘Fig-
ure 14 shows the cross-section of
such a line,

The characteristicimpedance, Z_,
of this line is:
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FIGURE 11. Printed Circuit Board Component Placement.
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FIGURE 12. Electromagnetic Field Around Two Farallel Conductors Carrying Equal

and Opposite Currents.

Z5 =
87 | [ 59h }
Ven + 141 1089 b +c

where

£.= Relative dielectric constant of
board.

Typically, ¢, = 5 for glass/epoxy

boards, and b,c,h = the dimen-
sions indicated in Figure 14. The
propagation delay, t,;,, of a
microstrip line is given by:

tep =
1.017 ¥ 0.475 g + 0.67 ns/it

Note that this propagation 'delay
is dependent only on the dielec-
tric constant and not on the line

geometry.

Figure 15 shows impedance val-
ues for various configurations of
microstrip lines.

Gross impedance mismatches
between the transmission line’s
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DESIGN AND LAYOUT OF A VIDEO GRAPHICS SYSTEM FOR REDUCED EMI . . . Continued -

characteristic impedance and the
source (driver output) or load
(receiver input) impedances con-
nected to the line reflect the sig-
nal back and forth on the line.
These reflections will cause over-
shoot, EMI radiation and
crosstalk. By properly terminat-
ing the line with either source or
load impedances which match
that of the transmission line,
reflections can be eliminated or
substantially reduced. However,
not every signal interconnect
demands line termination; the
need is determined by the rela-
tHonship between the rise (or fall)
time of the signal and the time
required for the signal to travel
the length of the interconnect.
As a general guideline for digital
signals, line termination is
- needed if the one way propaga-
tion delay, t,, over the length of
the interconnect is greater than
1/8 of the signal rise time, t,.
That is, line termination is
“needed if:

A number of dc and ac termina-
tlontechniques exist which trade
increased power dissipation
against component count. The
simplest termination technique
which dissipates no extra power
is a series termination in which
aresistoris placed in series with
the signal interconnect at the
source end of the line (Figure
16). The resistor should have a
value equal to the characteristic

impedance of the line minus the

output impedance of the driver,
and should be of metal-film con-

struction or some other low in- .

ductance material. The load
Impedance is considered anopen
circuit. Series termination is
most suitable for systems where
only one receiver is connected to
the line. Note that if pull-up
resistors are required on digital
or clock signals, they should be
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FIGURE 14. Cross-section of Microstrip Transmission Line.

connected to the PCB power
plane (V).

CROSSTALK

Crosstalk is any unwanted sig-
nal coupling between parallel PC-
board traces due to mutual in-
ductance (L,) and capacitance
(C,) (Figure 17).

In general, crosstalk is directly
" proportional to line impedarices,
frequency and line lengths and
inversely proportional to line
‘spacing. Much of the induced
crosstalk in a signal line is from
immediately adjacent transmis-
sion lines, which suggests that
wider spacing between lines will
reduce the problem. This may
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DESIGN AND LAYOUT OF A VIDEO GRAPHICS SYSTEM FOR REDUCED EMI . . . Continued

not always be possible in closely
spaced circuits, so an alterna-
tive approach is to shield the
signal lines by inserting narrow
grounded traces between each
signal line on the same wiring
plane (Figure 18).

At high frequencies, capacitive
coupling dominates. The addi-
tion of a shield (or ground trace)
between the signal lines changes
the equivalent circuit. Crosstalk
is now reduced since the induc-
tance, L, is now much larger
than either L, or L, and capaci-
tance, C,,, is much smaller than
either C, or C,.

SEPARATE POWER PLANE FOR
VIDEO RAM-DAC

To further isolate the video RAM-
DAC from the PCB's power sup-
ply. V.. a separate power plane,
V,..isrecommended for the video
RAM-DAC and its associated cir-
cuitry. This analog power plane

. should be connected to the regu-

lar PCB power plane, V., at a

single point through a suitable.

filtering device such as a ferrite
bead (Figure 19). Thisferrite bead
should be located no more than
three inches away from the video
RAM-DAC. Inthe case of multiple
power, V,,, pins, it is important to
connect all V,, pins to the analog
power plane. This eliminates any
‘possibility of latch-up in the de-
vice.

COMMON GROUND PLANE

Due to the presence of RAM on
some graphics boards, isolating
the device’sground circuitry from
the main PCB ground is not rec-
ommended. Corruption of data
could occur. These video RAM-
DACs should have allground pins
connected to the PCB’s regular
ground plane,

ANALOG OUTPUTS
The analog outputs of some video
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FIGURE 18. Series Termination of Signal Lines.

RAM-DACs are drivenby switched

current sources. These parts are
designed todrive either a singly or
doubly terminated 75Qload. The
doubly terminated configuration
shown in Figure 20 is the pre-
ferred choice.

DAC output traces on a PCB
should be treated as transmis-
sion lines. It is recommended
that the video RAM-DAC be placed
as close as possible to the output

- connector, with the analog out-

put traces being as short as pos-
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sible (less than 3 inches). The 75
Qtermination resistors should be
placed as close as possible to the
DAC outputs and should overlay
the PCB’s ground plane. Also,
short analog output traces will
reduce noise pick-up and mini-
mize reflections due to neighbor-
ing digital circuitry.

SURFACE MOUNT TECHNOLOGY
(SMT)

Surface mount technology (SMT)
offers many EMI advantages over
traditional through-hole de-
signs. Because SMT features
smaller component sizes and
allows the designerto place com-
ponents on both sides of the
printed circuit board, it provides
superior PCB integration. This
means that loop lengths can be
reduced and noisy signal traces
can be shortened, all having a
positive effect on EMI. The
shorterlead lengths of SMT pack-
ages decrease inductance,
thereby providing better high fre-
quency performance.

Most components required for a
video graphics system are avail-
able as surface mount devices.
Memories, controller chips and
logic are all available in small
'SMT packages. Resistors and
‘capacitors can also be pur-
chased in a small “chip” format.

GETTING FCC
CERTIFICATION

The final chapter in EMI design
is the actual test. With good
design practice and adherence
to some of the issues raised in
this article, no difficulty should
be encountered in achieving cer-
tification. However, the testing
itself must be carried out with
great care in order to do justice

toadesign. It should be remem-
Continued on page 102
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ING TECHNOLOGIES . . . Continued

base and sporadic adhesion
problems.

VACUUM DEPOSITION

Vacuum deposition can be very
cost-effective. However, long-
term reliability in resistance to
aging is a problem. As a result,
vacuum deposition has achieved
only marginal acceptance by
computer manufacturers.

CONCLUSION

Of the available shielding tech-
nologies, copper conductive
paints have made the most dra-
matic advances. They have dis-
placed nickel paint in perfor-
mance areas and now offer a
technologically viable cost-effec-
tive alternative for single and
~ double-sided plating. Neverthe-
less, the features and benefits of
each alternative should be ex-
amined in terms of the specific
enclosure to determine the opti-
mum shielding technology.
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FIGURE 20. Recommended Analog Output Termination for Video RAM-DACs.

bered that in the case of a pe-
ripheral device, FCC testing is
applied to a complete operating
computer system.

A complete operating computer
system is comprised of the fol-
lowing: A PC compatible com-
puter with keyboard; a printer
connected to the printer port; a
mouse or modem connected to

" the serial port; and a monitor.

The PC and all its peripherals
must be operating when mea-
surements are made.

It is paramount that only the
best equipment be used. If, for
example, a noisy monitor is
used, the test results might not
pass all the agency limits, not
because the board is at fault,
but perhaps because of a poor

.quality, noisy monitor used in

the test. Another principal cul-
prit causing EMI in such a sys-
tem is the parallel printer cable.

A good quality shielded cable
must be used. Also, if an out-
side test house is used, a repre-
sentative from the company
should be on hand who under-

stands the operation of the sys-.
tem and its various components.
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