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Measuring RF Field
Strength

n embedded
products, RF tech-
niques are becoming
pervasive. Wireless tech-
nology manages to end up in every-
thing from LANs to PDAs to teleme-
try systems. Sometimes embedded
developers need tools for measuring
RF. What if you wanted to make rela-
tive field strength measurements with
+3 dBm of accuracy? What if you
wanted a broadband RF meter with a
simple tuning arrangement? What if
you wanted a battery-powered meas-
urement tool that plugs into your
hand-held voltmeter?

Better yet, what if you could put
this handy gadget together for less
than $1002 Well, if that’s something
you could really use on your bench
top, read on.

In this article, I'll describe a
portable inexpensive relative field
strength meter. This gadget doesn’t
have the accuracy of more expensive
RF tools on the market. However,
when tied into a DVM or data acqui-
sition system, it can be a useful and
flexible front-end building block to a
more sophisticated instrument.

BACKGROUND

Recently, I've been working on
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wireless projects. When I invest time
into learning and building hardware
for a project, it is my intention to
come away with tools and techniques
that can be reused in future projects.
The idea is to accumulate building
block tools.

One project that comes to mind
required the measurement of field
strength emitted from a variety of
small transmitters. The frequencies
to be measured ranged from 300 to
450 MHz.

The application required the meas-
urement of relative field strength for
different transmitters distributed
throughout a household. My employ-
ers wanted to determine a suitable
transmitter for an indoor wireless
appliance. They also wanted to char-
acterize a living room environment as
it affects path loss from the transmit-
ter to a receiver.

By measuring signals at known dis-
tances, path loss for a given environ-
ment can be characterized. The goal
was to capture experimental data.
This data would be used for the
design of a portable product that
could determine the proximity of a
transmitter relative to a base station
receiver.

MEASUREMENT TOOL

RF field strength is measured in
decibels. If you have an idea of the
transmitter’s output power, you can
calculate path loss directly from the
RF field strength as measured at the
receiver. Path loss is the attenuation
(reduction) of field strength caused by
distance or interference.

With a direct decibel reading device
you can correlate path loss and esti-
mate proximity. RF field strength
from a source is reduced at a rate
based on the square of the distance
involved. This is true for free space
transmission loss with no reflections,
obstacles, nor interference.

I needed a simple, portable, decibel
meter to measure field strength with-
out a complex tuning arrangement. It
became obvious that this was the job
for a broadband logarithmic amplifier.
Log amplifiers convert a voltage sig-
nal input to a logarithmic equivalent
voltage output on a decibel scale.
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Figure 1—Here's a block diagram of the RF meter.

There are logarithmic amplifiers
that offer a great range of sensitivity,
with flat response across a wide band
of frequencies. I knew a log amp
attached to an antenna was the tick-
et; change the antenna and you tune
the sensitivity to the wavelength/fre-
quency of interest (see Figure 1). By
adding a filter network following the
antenna, you can improve sensitivity
at a frequency of interest.

FINDING THE IDEAL LOG AMP

For me, simplicity, cost, and avail-
ability of parts are always important
considerations when trying to build
hardware. For this project, the
requirement was a device with a flat
response from 100 to 450 MHz. In
addition, I wanted 0.80 dBm of
dynamic range.

Analog Devices offers excellent
broadband log amps; the AD8307
looked ideal for my project. The com-
pany’s web site offers a useful
datasheet about the AD8307. [1] This
log amp has a dynamic range of 92
dB, 2.7- to 5-V at 7.5 mA operation,
DC operation to 500 MHz, SO 8, and
eight-pin DIP packages.

I credit Ian Hickman for giving me
the idea to use the AD8307 logarith-
mic amplifier for my RF meter
approach. [2] His article, “How Strong
is Your Field,” describes an RF meter
for measuring antenna radiation pat-
terns. He recommends the AD8307
with a dipole antenna arrangement
for more exacting measurements.

My approach is similar, however,
the circuitry is more simplistic.
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Analog Devices can supply you with
the hardware. Evaluation boards are
even better. Great datasheets help
development as well.

Figure 2 shows the internal work-
ings of the AD8307. [1] The AD8307
is composed of a cascade of six non-
linear amplifier elements. The nonlin-
ear amplifiers perform a logarithmic
conversion of wide dynamic range sig-
nals. Logarithmic amplifiers compress
signals ranging from microvolts to
volts into the decibel equivalent volt-
age. In radio work, log amps are well
suited for measurement applications.

RF signal strength tends to vary
widely from weak signals at distance,
to strong signals that are near by. As
such, RF signal strengths have wide
dynamic range.

In the case of the AD8307, it meas-
ures signals as low as =75 dBm. That’s
a sine wave voltage amplitude of +56

mV. The upper end of the AD8307 is
17 dBm, which means it converts a
sine voltage of +2.2 V.

Notably, the AD8307 has about 0-
to 500-MHz uniform bandwidth
response. Uniform response to differ-
ent frequencies, is shown as log con-
formance. [1] Figure 3 displays the rel-
ative performance of the AD8307 at
10, 100, and 500 MHz. This device
can also be used at frequencies in the
audio range to 900 MHz with reduced
performance.

BUILD A MEASUREMENT TOOL

Upon inspection of the AD8307
datasheet, you’ll find circuit examples
that can be tailored to this applica-
tion. The circuit illustrated in Figure
4 is a good starting point. [1] This
appeared to be a convenient starting
point. Analog Devices makes working
with the AD8307 easy. And, note that
you can buy an AD8307 evaluation
board for $50 (excluding shipping).

I went ahead and purchased the
ADS8307 evaluation board. This was
later placed in a box. Metal boxes
improve immunity to stray signals.
(By the way, plastic boxes are easier to
work with.) I used BNC connectors
for the antenna connection and log
voltage output. The evaluation board
has SMA connectors at the input and
output. I used an SMA-to-BNC con-
verter to make things easy. Three 1.5-
V AA batteries in series provide 4.5 V
for +VS. '

It is prudent to use a coaxial cable
for the connection to the VOM. (coax-
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Figure 2—Check out the internal workings of the AD8307.
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Figure 3—Compare the logarithmic voltage output versus power input of the

AD8307.

to-banana plugs.) I used a collapsible
antenna mounted on a BNC connec-
tor for the input to the circuit in
Figure 4.

You can modify the circuit in
Figure 4 by removing R1 and adding
an inductor, LM, across pins 1 and 8
of the AD8307. Table 1 shows a table
of filter values for narrowband filter-
ing. Modify components C1, C2, and
LM in Figure 4 to filter values in
Table 1 when you need peak response
to a given frequency.

CALIBRATING THE RF METER

Adjustment was easy with a signal
generator calibrated in decibels
greater than 1 mW (dBm). It is best to
calibrate in an environment that has a
low RF ambient background. I had
access to a shield room for initial test-
ing.

For reference signal input, I used a
300-MHz sine wave as a starting
point (see Figure 5). I soldered a 9.8”
piece of 16-gauge wire to a BNC con-
nector, and then attached it to the
output of the RF generator. Using an
RF signal generator calibrated in deci-
bels greater than 1 mW, I set the ini-
tial output to 10 dBm, or 10 mW of
RF output power. This method is sim-
ilar to the calibration technique used
by Hickman.

On the RF meter, I adjusted the
length of the whip antenna to 9.8,
which is the quarter wavelength for
300 MHz. Next, I removed jumper
LK?2 in Figure 6. Jumper LK1 should
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An alternative, more
accurate calibration
technique is to attach
the RF meter to the RF generator
through a veriable attenuation block.
The meter is very sensitive. After I
came out of the shielded room, the
meter showed levels of signal detec-
tion based on location. For example,
the testing that was done at an apart-
ment near a cell site antenna indicat-
ed about 1 V of signal. This was a
-50-dBm signal as measured as ambi-
ent signal strength. Using a front-end
tuning arrangement will improve
immunity to stray signals and sensi-
tivity to desired signals.

DECIBEL SCALE EXPLAINED

The decibel scale is convenient for
quantifying signal strength. Table 2
shows the common decibel unit
expressions. Decibels are a logarith-
mic way of representing relative

power levels. The basic unit is the
bel (10 decibels). Two power levels, P,
and P,, are said to differ by bels (B):

el o

For example, consider two power
levels, P, = 6 W, and P, = 3 W. Using
this equation, you can say that:

D -10 Log, (§] - 10 Logys (2)

=3-01=3dB

2]

where P, is 3 dB greater than P,.

For measuring power in communi-
cations systems, a reference level is
established and all measurements are
compared to that reference level. One
milliwatt is a convenient number.
Now, you may use the dBm scale. If
you used 1 W as a reference, it would
be dBw. For any value you want to
compare to this reference, divide the
value to be compared by 1 mW. [3]

Let’s say the transmitter emits
about 1mW of RF power. Dividing 1
mW by 1 mW equals 1.This is called
a log ratio of one. Using the next for-
mula, you may convert 1 mW to its
equivalent on the decibel scale:

dBm =10 (logl0 x 1) = 0 dBm

Going back to Figure 3, you now
have a means to compare the voltage
output of the RF meter to the decibel
scale. You can relate this to received
power at the antenna on the decibel

FC (MHz) ZIN (W) C1 (pF) C2 (pF) LM (nH) Voltage gain (dB)
10 45 160 150 3300 133
20 44 82 75 1600 134
50 46 30 27 680 134
100 50 15 13 330 134
150 57 10 8.2 220 132
200 57 75 6.8 150 12.8
250 50 6.2 56 100 12.3
500 54 39 33 39 10.9
10 103 100 91 5600 104
20 102 51 43 2700 104
50 99 2 18 1000 10.6
100 98 11 9.1 430 105
150 101 75 6.2 260 10.3
200 95 56 47 180 10.3
250 92 43 39 130 9.9
500 14 22 2 47 6.8

Table 1—Filter values for narrowband sensitivity.
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Figure 4—The schematic of RF meter shows all the details.

meter. Figure 6 is a simple look-up
table for comparing relative values on
the decibel scale.

INTERPRET VOLTAGE READINGS

Using a test setup as described, you
can move away from the RF source
and measure power at a distance.
Let’s say you get a 1-V reading from
the RF meter. The frequency setting
of the RF source is 300 MHz. And the
power setting is adjusted to 10 dBm
(10 mW).

Referring to Table 3, 1 V represents
-50 dBm, or 10 nW. Now, you can
conclude that the path loss, or attenu-
ation, from the transmitter to the
receiver is -60 dBm.

The current circuit configuration
gives about 25 mV/dBm. Perhaps in
the future, I’ll design a microcon-
troller to convert the AD8307 voltage
output to direct decibels greater than
1-mW readings.

The hand-held RF meter gives you
the ability to measure RF power at
distance. Now that you have an
understanding of the decibel scale,
converting decibels back to watts can
be useful when you want to know
how much power you are receiving at
what distance.

Figure 7 shows a model for a RF
power source attached to an antenna.
The antenna has a gain (G) based on
length. This source, separated by dis-
tance r from the receiver, will emit an
electromagnetic field. The receiver
will convert the field to power.
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wavelength is 25 cm. A
simple formula quarter
wavelength in centime-
ters is 7500 /frequency in megahertz.

The receiver has an antenna area. It
is conceptually easier to consider this
as the length of antenna and area of
the ground plain under the antenna.
In this case, I used an

approximate distance.

i 3 . 2
Preceiver = Ptransmitter x Gain [——il;:';‘) 3]

Received power (in decibels with the
ADB8307) diminishes as a square root
of the distance from the transmitter.

Because you can actually measure
power at the RF meter, you can
rearrange the Friis formula to solve
forr:

wavelength

r = Gain x —_— [4]
4m x / Ptransmit
Preceiver

Suppose the transmit power is 1
mW and the RF meter reads 1 V.
According to Figure 7, -50 dBm is
0.00001 mW at the RF meter.
Calculating for r tells you that the RF
source is approximately 6.25 meters
from the RF meter (line of site). Of
course, this is an example; results

Definition

antenna length of 9.8” = -
25 cm. For simplicity I i
ignored the ground dBv
plane. I used the antenna dBW
area as its width multi- dBmv
plied by its length. And, gg:(n
1 cm x 25 cm deter- dBu
mines the antenna area dBc

dB change relative to a volt

dB change relative to a watt

dB change relative to a millivolt—common in CATV

dB change relative to a millwatt— common in RF

dB change relative to a kilowatt—common in broadcast
dB change relative to a microvolt—common in broadcast
dB change relative to carrier (voltage or power)

value. In this case, you
get 25 cm? (0.25
meters?).

Because I used a quarter wavelength
of the RF generator used in calibra-
tion, the transmit antenna gain is
estimated at 0.25.

The Friis formula is useful for mod-
eling antenna gain, area, path length
(r), and power levels. [4] This formula
calculates probable proximity from
the transmitter to receiver. If you
know the transmitted power and
receiver gain, you can estimate the

Table 2—Log terms and notations are displayed here.

may change given the broad band sen-
sitivity of the RF meter results may
change.

To achieve this reading in free
space, you would need prefect condi-
tions. Any extra RF source would
have to be less than —50 dBm. Also,
you would assume you have no
multi-path (reflections of the original
source) signals to interfere with the
reading.

Antenna Antenna

4 ——

Distance

Volt meter

Figure 5—To sef up your test, follow this diagram.
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I found that measuring decent prox-
imity is achievable if a 1-mW trans-
mitter is no more than 30" away and
there are no metals objects at quarter
wavelengths or longer than the wave-
length of transmission frequency. For
short-range applications such as RF
tags, garage door openers, and wire-
less networks, the RF meter can
determine path loss from the source.

The meter performs to theory when
the source is constant and not modu-
lated. Decibels greater than 1-mW
readings appear to go down with
amplitude shift keying (e.g., garage

would be ideal for such

; Log ratio Wattage dBm Voltage from RF meter
a model. An important (~60 dBm pathloss)
question to answer is
R ey 000001  0.00000001W -50dBm 1V
: 0.0001 0.0000001 W —40 dBm 125V
affects the reading 0.001 0000001W  -30dBm 15V
from the RF meter. 0.01 0.00001 W -20 dBm 175V
Until then, have fun 0.1 0.0001 W -10 dBm 2V
with the AD8307! & 1 0.001 W 0 dBM 225V
10 0.01W 10 dBm 25V

Author’s Note: I

would like to thank
Analog Devices for
the use of the graphics from its
datasheets.
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tem modeling. Mathcad or Matlab
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Table 3—Values for path loss/attenuation can be tabulated as shown.
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