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1.0 INTRODUCTION

This report provides a summary of the EMI results for the
SX52BD. An independent EMI lab that specializes in EMI
testing has taken all the measurements. Based on the
results obtained, an analysis of the data is provided and
overall PCB design guidelines are given so that the
designer can minimize EMI before it becomes a problem.

1.1 Test Type
+ Radiate Emissions

1.2 Package Types

* 52-pin PQFP

1.3 Device Operating Frequency
Measurements were taken using a 50 MHz crystal oscil-
lator.

1.4 Test Board

The SX28AC/52BD Evaluation Board was used as the
hardware platform for EMI measurements.The board
contains the following:

* SX52BD/PQFP preprogrammed with following inte-
grated Virtual Peripheral modules:

— UART (with provision for RTS/CTS handshake lines)
- 12C

— 8-bit ADC

— 8-bit PWM/PPM

« DB-9 serial port connector and RS-232 transceiver for
connection to a terminal

» External serial EEPROM

* Four user pushbuttons and four user input DIP switch-
es

« Eight active-high LEDs

« All on-board resources are jumpered to allow I/O relo-
cation

* RESET button
« DC power-in plug e voltage source of 2.5V to 5.5V
* prototype area (1.5"x 3")
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Figure 1-1. SX Evaluation Board
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15 EMI Test Code

Several demonstration routines are integrated and pro-
grammed into the SX52BD device.The program performs
the following functions:

e 16-bit timer - flashes the “RUN” LED to show program ex-
ecution.

* PWM - The default value for the PWM is $bf (75% duty cy-
cle). Pressing ‘P’ allows the entry of a new PWM high duty
cycle value

e 12C EEPROM Interface - Upon power-up or reset, a test
routine erases the first two locations at address $A0,
writes to those location, and read the contents back. If the
read value matches the value being written, “EEPROM
OK” message will be displayed on the terminal. Other-
wise, “Test Failed” will be displayed.

« DIP Switch - Upon power-up or reset, a routine reads the
status of a 4-bit DIP switch and the result is displayed on
the terminal.

1.6 Test Equipment

Semi-anechoic chamber, HP8591EM spectrum analyzer,
and oscilloscope.

2.0 MEASUREMENT METHOD AND
RESULTS

2.1 Measurement of Noise on the SX52BD

This report presents measurements of two forms of noise
from the SX52BD device. The first is noise in the form of
radiated emissions from the device and support circuitry
on the evaluation circuit board. The board has an
attached serial cable and a DC power cable. The test
was conducted at the semi-anechoic chamber EMC test
facility at Compaq Computer Corporation in Marlboro,
Massachusetts. The test limit is the FCC Part 15 Class A
and Class B limits. The test was conducted at the 3 meter
distance and the measurement antenna was at a fixed
height. The experience of the laboratory shows good cor-
relation between results in the chamber versus open field
measurements at the 10 meter distance. The graphs in
Figures 2-1 and 2-2 show the emissions levels relative to
the FCC Class A and Class B limits

Compaq Computer Corporation
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Figure 2-1. Radiated Emissions Relative to FCC Class A Limit
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Figure 2-2. Radiated Emissions Relative to FCC Class B Limit

The second form of noise relates to circuit functionality.
Low level analog or RF circuits associated with the
SX52BD device can benefit functionally by having the
device introduce to them as little noise as possible. Mea-
surements were taken of noise on the power net of the
device and the signal pins. Most of the signal pins were
static. Most of the noise was due to the 50 MHz clock cir-
cuit. A low capacitance 10:1 FET probe with approxi-
mately 1.5 pF of loading was used to make noise voltage
measurements. Noise measurements were taken in the
frequency and time domains. An HP8591EM spectrum
analyzer was used to measure a frequency range of 10
kHz to 500 MHz. Since a 10:1 probe is used a correction
factor of 20*log(10:1) = 20dB is added to the values read
in the following graphs. For example a measured value of
70 dBuVrms is actually 90 dBuVrms. The time domain
measurements were made with a 350 MHz bandwidth
oscilloscope. In correlating the time domain and fre-
quency domain measurements, the frequency domain
readings should be converted to peak-to-peak measure-
ments.

The following example illustrates the process:

Assume the value from the graph is 70 dBuVrms. Adding
the 20 dB probe correction factor yields 90 dBuVrms.
Insert that value into the equation.

mvpp = 2.8* 10—3 * 1OdBuVrms/20
mVpp = 2.8*107° *10%'®

mVpp =88.5

Note that the time domain noise voltage is typically larger
than the frequency domain measurement of a single
spectral line. However, if all the spectral lines are com-
bined with the appropriate phase information (which is
not captured in these measurements) then both mea-
surement methods would converge to the same result. If
one spectral line dominates, then an approximation can
be done which uses the one dominant line and ignores
the rest.
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The measurement flatness across the band is +/- 2 dB. This demonstrates that noise produced by the SX52BD is
22 Frequency Domain Noise M easurements being significantly attenuated by the ferrite bead and
) equency ' capacitor filter. The reduction is typically 10 dB and

Figure 2-3 shows the noise voltage on the SX52BD side  greater than 15 dB at the 50 MHz fundamental frequency.
of the power ferrite, FB4. Figure 2-4 shows the much

lower noise on the power supply side of the ferrite bead.

-
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Figure 2-3. Noise on the SX52BD Side of the Vdd Ferrite Bead
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Figure 2-4. Noise on the Power Supply Side of the SX52BD Vdd Ferrite Bead
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Figure 2-5 is a measurement of the noise voltage on power pin 20 of the SX52BD. It is a representative of all four
power pins.

A
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PEAK Ii7tad:81 AFR 19, Z@oA
LOG : : : :
dB/ !
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dBpv B | S SR
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CORR : _ :
START 18 kH=z STOP 588.8 HHz
#REES BM 2.0 MMz VEM 1 MHE WP 28.@ mzes

Figure 2-5. Typical Noise Voltage on SX52BD Power Pins

Figure 2-6 shows the noise on a typical non-toggling pin. This is for reference to upcoming plots of other static (non-
toggling) pins that are more noisier.

b
REF .’_?.B dBpy AT 18 4B
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Figure 2-6. Noise Voltage on A Typical Non-Toggling Pin
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Figure 2-7 shows the noise voltage on pin 11. The pin is at a logic high. It is noticeably noisier than other static pins.

B o
REF 75.8 dBpv AT 18 dB

FEAK [I1F:08:14 AFR 19, 2000
LUG . - :

-4
dB/
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1
START 1@
SRES

Figure 2-7. Pin 11 at Logic High

Figure 2-8 shows the noise on pin 26. It is similar to the noise on pins 27 and 29 which are not shown. All three pins are
at a logic low and noisier than typical non-toggling pins.
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Figure 2-8. Pins 26/27/29 at Logic Low
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Figures 2-9 and 2-10 show the noise on pins 44 and 45 which are toggling at rates of approximately 1 kHz and 100 kHz
respectively.

el .
REF 75.8 dBpV AT 18 dB

START 18 kHz
2RES BY 3.8 MHz VEBW 1 AHz

STOF 598.8 MHH=
SHF 28.8 msec

Figure 2-9. Pin 44 Toggling at 1 kHz
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Figure 2-10. Pin 45 Toggling at 100 kHz
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Figures 2-11 and 2-12 show the noise on pins 46 and 47. The signals are 2.5 volt DC and an approximately 5 Hz
squarewave respectively.

e
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Figure 2-11. Noise Voltage on Pin 46 (static at 2.5V DC)
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Figure 2-12. Noise Voltage on Pin 47 Toggling at 5 Hz
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Figures 2-13 and 2-14 show the noise voltage on pins 51 and 52. They are at logic low.
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Figure 2-13. Pin 51 at Logic Low
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Figure 2-14. Pin 52 at Logic Low
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Figure 2-15 is the clock signal on

graph has been changed to 10 dB per division and the
approximately 123dBuVrms

fundamental peak is

pin 5. The scale of the

(includes 20 dB probe correction factor). This is nomi-

i
REF 115.8 dBpvV

AT 29 dB

PERK

WA 5B
SC FC
CORR

17146148 APR 19. Z@@A

o

SETART 18 kHz
#RES BW 8.8 HMHz

ETOF GBE.8 MHz

SHP 20.8 mie

Figure 2-15. Pin 5 Sinewave Oscillator (10 dB/division)

2.3 Time Domain Noise M easurements
Table 2-1 indicates the peak to peak noise voltage on the pins as measured with a wideband oscilloscope and low

capacitance FET probe.

Table 2-1. Noise Voltage at Various Pins

nally a sinewave signal and thus the harmonics are rela-
tively low with respect to the fundamental.

Pin Signal Noise Voltage (mVpp)
Typical non-toggling Logic low or high 25
5 5 Vpp sinewave N/A
11 High 270
26 (27 and 29) Low 110
44 1 kHz 250
45 100 kHz 500
46 25DC 175
47 5Hz 200
51 Low 100
52 Low 100
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3.0 ANALYSIS OF THE RESULTS

1. Near field probing indicates that modulation of the pow-
er supply lines by high frequency switching in the SX
device is reduced due to placement of Vdd and Vss
pins close to each other and on one side of the pack-
age. This leads to a small trace length to the decou-
pling capacitor and also the smallest radiating area.

2. Therise and fall times of the port drivers seem to be low
enough to keep the radiated interference at reduced
level due to port switching. Measurements were taken
with the device being held in RESET and the results
were compared with emission levels obtained during
output switching. No significant difference was ob-
served. Typically CMOS output stages may cause
“shoot through” current to be drawn when switching, if
the high-side and low-side drivers are both on at the
same time. The SX I/O ports have slew rate control
(gradual turn on) circuitry that helps control the “shoot
through” effect.

3. The maximum emission levels are observed at the har-
monics of the operating frequency. For example, for an
operating frequency of 50 MHz, the peak emission lev-
el is at 100 MHz, 150 MHz, etc.

4.0 GENERAL GUIDELINES FOR PCB
LAYOUT AND CONSTRUCTION

4.1 Suppression of Interference on the

Supply Line

1. Current and voltage peaks are the most common caus-
es of EMI. Use of proper decoupling capacitors be-
tween Power and Ground at the power source to the
board as well as on the SX Vdd and Vss pins may help.
It is also important to evaluate the proper capacitor
type, frequency response, placement, output load ef-
fect, and size.

2. The decoupling capacitor by itself may not be able to
significantly reduce the radiated interference. Because
the inductance causing the interference has already
been formed, to a large extent by the packages of the
ICs and the connection to the capacitor, significant im-
provement cannot be achieved by simply connecting in
parallel several capacitors of different values. Of great-
er concern is preventing the current causing the distur-
bance from reaching the other parts of the circuit. This
can be achieved by introducing an inductor behind the
decoupling capacitor, which represents a sufficiently
high resistance at high frequencies. The impedance of
the inductor could be limited at high frequencies by a
resistor of 50 Ohm connected in parallel to the inductor.
A more cost effective approach is to run a small trace
from Vdd to a capacitor, and a larger trace from the ca-
pacitor to the SX device.

3. Experiments during measurements indicate that using
small ferrite beads at the power source to the board
and/or at the point where power is supplied to the
SX52BD, may significantly reduce excessive emis-
sions.

4.2 Reducing the Power and Ground Loop
Area

The long supply lines with the relatively large areas that
these lines surround may form an effective antenna. At
the frequencies present, an unacceptable level of inter-
ference may be radiated. A grounded area under the SX
device must be connected to the Vss pin. In addition, the
ground area should be tied to the ground plain with multi-
ple vias. This ground area ensures that the major part of
the field lines emanating from the SX are concentrated
between the SX and the ground level.

4.3 Oscillator Considerations

1. The oscillator circuit needs to be analyzed with respect
to the flow of significant current to determine where the
interference suppression is necessary.

2. Avoid large ground loop in the oscillator circuit area.
This large loop will result in larger amount of current
flow in the oscillator resonant circuit. The creation of a
ground plane underneath the chip (mentioned above to
reduce the power line loop) will help shorten the loop
effect. In addition, it will be useful to run the capacitor
ground connection close and in parallel to the clock in-
put and output signals. If ground area underneath the
chip is not available, the capacitor should be directly
connected to the SX ground pin through a short and in-
dependent trace.

3. The shape of the oscillator signal should be observed
with a low capacitance FET probe to identify any ring-
ing. The oscillator signal should look smooth. Imped-
ance matching techniques can be employed to
smoothen the oscillator signal.

© 2000 Ubicom, Inc. All rights reserved.
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4.5 General Considerations
1. If the PCB contains both analog and digital circuits,

4.4 Handling I/O Signals

1. High speed signals should be close to the ground plane

or ground signals. High speed signal wires and their re-
turns should be as short as possible and put in the
smallest possible area. As mentioned in Section 3.0,
the SX output drivers have slew rate control (gradual
turn on), it may still be beneficial to slow I/O pin transi-
tion further by adding capacitors on the I/O pins. This is
useful in applications that involve large amount of data
transfer into/out of the SX device. Filtering noise from
output pins can be done effectively with a small value
capacitor such as 10 - 47 pF to ground on the noisy
pins. If additional filtering is required a series resistor in
the range of 33 to 68 ohms followed by a capacitor to
ground can be used. This provides a 3 dB cutoff fre-
quency in the range of 50 MHz (68 ohms) to 100 MHz
(33 ohms). Significantly lower cutoff frequencies can
be achieved by increasing the capacitor value. For a
simple RC filter the cutoff frequency is:

1

f=_ "

2rmRC

A 1 MHz logic signal will typically perform acceptably in
logic circuits with a bandwidth of 10 MHz. In this case,
a 68 ohm resistor followed by a 240 pF capacitor to
ground provides a 10 MHz filter. The digital circuit func-
tionality should be verified to insure that logic timing is
acceptable.

. High speed signals should be shielded and kept away
from other signals, in order to avoid crosstalk, particu-
larly on high resistance and level sensitive tracks. The
tracks should be routed sufficiently far apart or run par-
allel to a track connected to the system reference volt-
age, usually ground, to provide shielding.

there should be separate analog and digital power sup-
plies and grounds.

. Single point connection of tracks for analog ground and

power supply. In order to avoid different potentials a
galvanic connection at only one point is desirable.
Track loops should be avoided (also less susceptible to
interference).

. Large ground plane. If the size of the ground plane is

increased, the radiating area due to current loops will
be reduced. Additionally, the capacitance to ground of
the digital lines is increased which could lead to an in-
crease in the interference caused by switching cur-
rents.

. Low inductance connections. The use of short connect-

ing wires results in a reduction of any inductive voltage
spikes as Vi = L*di/dt at constant di/dt when switching.

. If the board physical layout permits, it is beneficial to

keep the power connector (power source to the board)
and other connectors (such RS-232) on the same side
of the board.

. On a two-sided board, if the back side is copper

poured, try to keep this side free of components, trac-
es, and “cuts” as much as possible to leave more
ground metal area.

. Using a multi-layer board can lead to reduction in emit-

ted interference. The improvement is due to the reduc-
tion in track length and the reduction of Vdd to ground
impedance, for example if Vdd/Ground grid is used.
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Lit #: AN34-01
Sales and Tech Support Contact Information

For the latest contact and support information on SX devices, please visit the Ubicom website at www.ubicom.com. The site con-
tains technical literature, local sales contacts, tech support and many other features.

1330 Charleston Road
Mountain View, CA 94043

) E-mail: sales@ubicom.com

u B | ( [] m Web site: www.ubicom.com
Tel.: (650) 210-1500

Fax: (650) 210-8715
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