RF featured technology

Bridge Method for Measuring
Amplitude Intermodulation Distortion

By Nina Krikorian
Matrix Test Eguipment Inc,

This article describes o distortion
megsurement method that greatly
reduces contributions from the signol
source and the spectrum analvzer. This
method wiilizes o bridee technigue to
cancel the test signals, leaving the dis-
tortion products of the device under test
(DT,

For designing and manufacturing
mulfi-channel communication net-
works, the distortion products of the
components must be measured. Distor-
tion in an BF amplifier can be mea-
sured with no more than a signal
source and a spectrum analyvzer. One
or more signals are fed into an amplifi-
er and the amplifier cutput is dis-
played on the spectrum analyzer.
Those signals not present at the input
of the amplifier, but which are a result
of the signals, are distortions.

There are two critical limitations that
male theze measurements difficult,
The =ignal sources may not be com-
pletely distorton-free. It iz often neces-
sary to design separate combining net-
works with amplifiers and pads to min-
imize these products. Second, it iz often
necessary to amplify the signal source
before applying it to the DUT, and
amplifying a signal inevitably raises
the noise level and degrades the signal-
to-noise ratio,

The gpectrum analyzer may generate
its own distortion. In many applica-
tions the distortion from the spectrum
analyzer may be overcome by the use
of a bandpass filter that passes only
the distortion product of interest. This
causes some problems in calibration
and is impractical in the case of close-
ly-zpaced multiple signals,

The bridge method for making dis-
tortion measurements solves these
problems. This method iz similar to
that used in the first part of a feedfor-
ward amplifier. The circuitry of both
the bridge method and feedforward
amplifiers extract only the distortion
products. The feedforward amplifier
design uses these products to effect
distortion cancellation at the output,
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Figure 1. Block diagram of bridge setup o cancel source noise.

while the bridge method cancals the
test signals at the amplifier output,
allowing measurements of only the dis-
tortion products,

Implementation

Referring to Figure 1, the input sig-
nal (X) is divided by using a 3 dB
power splitter. Omne half of the signal is
fed through path A that contains a con-
tinususly variable attenuator (Ly) and
a line stretcher (@, ). The line stretcher
is used as a phase shifter. The second
half of the signal iz fed through path B,
which contains a fived attenuator (Ly)
and the amplifier under test (), The
value of the attenuation should be such
that the gain in path B iz nominally -5
dB, that iz 5 dB loss. Although it may
not be immediately apparent, the sig-
nal-to-noise ratio of the measurement
is better when the attenuation iz on
the input side of the amplifier rather
than the output. When measuring high
power amplifiers it may be neceszary
to add attenuation at the amplifier out-
put. The variable attenuator and phase
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shifter are now adjusted until the
input signals from the source are
nulled at the output.

In order to null the signals, a 1807
phase shift is required in one path.
When testing a non-inverting amplifi-
er, a 180° combiner must be uzed. Typ-
ical nulls of —40 dB can be achieved
over 20 percent bandwidth in spite of
the fact that the splitters and combin-
ers are not specified to this perfor-
manee, This is because the variahle
phase shifter and attenuator compen-
sate for the inherent inaccuracies of
the two paths, Actually, a —26 dB null
can be attained over decade band-
widths with comparative ease, This
suppression not only suppresses the
signal, but any other extraneous sig-
nals and distortions along with any
noige produced by the source.

Although nulls exist whenever the
sipnals are out of phase at the output,
the broadest null occurs when the time
delays in both paths are equal to each
other. It may be necezzary to add
lengths of cable to one of the paths



REF. -8 500 dim
1T

ATIN 20

ALF. -20030 dilm ATTHN 20 gB WEH -T8 .20 oim
FOCR W20 Mz

SR AN 500000 KHz

GERTER 11 20400 MHz
AES. B 1KHE  VEWY e

REF. -33,1 T0dEm ATTH 3048 MER -33,17 @Bm
10 JE D 100 187 MiHz

CENTER 1080201 kHz SFAN 55,176 HHz
REE. BAW 3D0H=z. VEW ZO0RHz

- ! £
CENTER 10800200 Mz SPAN BE 1S Rz
l RES. BW 300 Hr Va0 Mz

Figure 2. 20 input signals with
their inherent distortion,

beesuse the phaso shifter range is lim-
ited. It may alao be difficult to find the
oull that produces equal time delay in
both paths. To simplify the process of
adjuating the circuit for equal time
deley and hence prodwee o broadband
null, & sweep signal generator or
amplified noiee soures may be substi-
tuted for the signal eource, This allows
the user to adjust the Ly, Lo equal LyG
and therefore, the resulting equation
fronn Fligure 1 will be the difference of

the two pathe:
ouiput = path A — path B

e
output D, = LA[% sin . + m]] {1}

LEE{% sinat + m,,mP}J+ I,

where:
X = mput signal = siniot)
L., = loss of varinble attenuator
@, = variable phase shift
= fixed attenuator
(i = smplifier gnin
@ o = Bmplificr phase shift; and
D, = amplifier distortion

Example

Figure 2 shows the 20 inpot signals
from the signal generator aleng with
ita residual distortion, Figure 3 is
expanded around the center to show
orily the twa innermost signals and the
distortion present in the input signal.
This distortion is akout G0 dB below
the signal level,

Figure 4 is a representation of the
gignals when the transfer awitch posi-
tion 3 at 1 (referring to Figure 1), The
reference level reading of the signal is
taken at this point, and i3 -33.2 dBm,

Figure 3. The two innermost sig-
nals, with the distortion signal
between them.

The insertion leas from the amplifier
outputl to the mput of the spectrum
analyzer iz 3.2 dB, Thiz makes the
amplifier sutput level —30 dBm,

Pigure § is a representation of the
eignale after a 40 dB sappression with
the transfer awitch at position 2 {rolse-
ring to Figure 11 The input signals
and their distortions, aleng with any
neizse present in the input, have been
nulled at this point. This has allowed a
20 dB decrease in the EF attenuation
of the spectrum analyvzer, therelors
improving the noise floor. The amplifi-
er distortion i now visible and ia 74
dE below the reference cignal level,

The distartion products of the signal
generster and the spectrum analyzer
are no longer & factor in our measare-
ments becansge the 40 dB suppression
of the input signals and the input die-
tortion level of <60 4B s the egquivalent
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Flgure 5. Spectrum of signal after
passage through paths A and B

and combination.
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Figure 4. Spactrum af signal
through path B.

of —100 dB distortion levels at the
imput. At this particular aignal level,
the specirom analyzer is not contribut-
ing any eignificant distortion. Thie ia
varified by adding attenuation w the
input of the spectrum analvzer and
obeerving that no change eoours in the
carrier Lo distortion rutia,

Conclusion

By ueing this technigque, we have
alleviated many of the problems
encountered while wsing other distor-
tion measurement metheds, such as
eignal sonree distortinn and noise from
the spectrum analyzer. Althsugh the
example chesen was for a low level
amplificr, the technigque is also usefil
for high level amplifiers and other
active devices. Our experience indi-
cates that the bridge method of distor-
tion measurement eliminates the meed
for bandpazs fiters, RF
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