Special Signal Source Tests

Modulation Analyzer

by Leslle E. Brubaker

ECAUSE THE 8001A MODULATION ANALYZER
B {zes article, page 3] s designed to test the highest-
gualily transmitters and signal generators, (E has (o
ke more stabla, noise-fres, and distortion-free than thess
signal sources. Where, then, does ena find a signal source
good anough to test the BO0LAT
The answer i% a special-purpose signal sourcs, Model
11715A AMFM Test Source [Flg. 1), This easy-lo-use,
lowe-distertion AR and FM source has exiremely fal mod-
wlation characteristics. Although intended [or verifying
pol A pedormance, it is versatile enough to be nselul for
nther purpoges IFits restricted frequency coverage matches
a particular application, 1§ provides espacially high-quality
I En the #8-to-108-MHz frsquency range,
While the 83114 's aceuracy 1z determined by its nplional
built-in AM and FM calibrators, this calibration represents
only a alngle-point performance test. For a complete test, it
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is alan necassary to determine how the 88014 responds
whan changing the modulation rate | {latness) and the mod
ulation lewvel [linsarlty]. The function-of the 11715A is to
provide AR and Fi signals of sufficient flatness and linear-
ity to characterize the BY01A, In additlon. a signal with
extremely low residual FM is provided toverily the residual
Fid of the 89014 at a particular frequency.

The Ab output of the 11715A is designed (o have very
low noise so thal can ba used 1o check the residual AM of
the GAct A, Tha 117154 is also designed 1o have low distor-
tion, so that the distostion of the Ag01A's AM and FM
demaodulators and audio section can be checked. Finally,
the AM source is designed to have low incidental debd and
thie Fi source i designed to have: low lncidantal AM,

What's Inside
The block diagram of the 117154 15 shown in Fig, 2, The

Fig. 1. bMode! 117154 AMEM
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test source conlains two oscillators. A crystal oscillator
generates the low-residual-FM outpul, This ascillator i=
followed by a full-wave frequency doublerand appropriaie
filtering. The outpul residual FMis much less than .1 Hein
i a0-Ha-to-j-kHz bandwidth.

The other oscillator, which generates the AM and Fii
autputs, Is a veractor-tuned voltage-controlled oscillator
(VCO] with & frequency range of 352 MHz io 432 MHz The
VOO output is buffered, filtered and brought to the frent
panel. This front-panel output can be modulated at up to
400-kHz prak deviation and 200-kHz rate, [ts mesidual FMm
al 400 MHz is typically 15 Hz in a 50-Hz-to-15-kHz
bandwidth. The YOO output is also applied to an ECL
{emitter coupled logic] divide-by-four counter whose out-
put i filtered and brought to the front panel. This eutpot
covers the FM broadeast band and allows up to 100-kHz
peak deviation. After another division by sight, the VD
outpul becomes Lhe local cscillator for an emplitede moed-
ulator. The output of the modulator cansupply hoth FA and
AM carclers from 11 MHz to 135 MHz, The FM devistion
fronm this output can be as high as 12.5 kHz al a mte of 10
kHz, The AM can be as high as 99% at rates from 20 Hz {0
100 kHz

Since the FM+4 and FM+32 outputs are generated by
digital division, the FM linearity between thetwo ontpts is
ideal. This property can be used to check the range-to-range
accuracy of the audio section of the ool A Modulation
!’LI‘IEIl‘_."ZEtr. Salting a ]:raﬂlr.-ulat deviation on one ranga with
the F&1+12 nutpul, then changing to the FM 44 output,
should cause the BR01A Lo show exactly eight times the
mndulation.

The center frequancy contral varies the biss on the varac-
tors and thus sets the VOO RF freguency. The audio input iz
applied ta the VOO through a relay and a 30-dB attenuator,
The audio is applied 10 the mixer through the relay, a de
l:lltlt:kil]g capacitor, and a 20-dH attenvator. The relay and
Blocking capacitor are positioned within the series hranch
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of the attenuator, rather than at the input; 1o minimize the
effects of their impedance variations as functions of fre-
quency. At the input the relay would swilch o 50§ source to
# 5041 Load, while within the attenuator, it switches between
it 5061 source and a 3006 load, The effects of loss variations
due to relay contact impedance are reduced by shout a
factor of 3. The FM input is deccoupled and therefore the
11715A can be phase-locked ko an external raference. The
i coupling and extreme flatness of audio response imply
very good steren separation throughout the FM audio range.
With a steren test signal applied to the 11715A° audio
input, steren separation of =60 dB at 1 kHz was measurad at
100 MHz using the 88014 Modulation Analyzer.

The power supply uses simple thres-terminal regulatons
mounted on a separate printed-cirouit bosrd from the oscil-
lator circuits, This was done to eliminate the effect of the
power supply dicdes modulating the BF and appearing as
120-Hz sidebamds on the VOO output.

Except for the power supply, theentiee clecult iz mountad
within an enciosure that is shock mounted to reducs mi-
crophonic noise, (The enclosura also acts as & shield 1o
prevent cleciromagnetic interference. )

Obtaining VCO Linearity

The design of the 117154 VOO took advantage of one of
the features of the 89014; the KF track mode of operation.
Singe the B901A can automatically acquire and irack s
sweeping RF signal, it is possibile (o make o real-time plot of
VO FM sensitivity versus VOO center frequency, or differ-
ential linearity. The technigue is to apply a canstant
amount of audio to the 1171545 audio input, and a slowly
varying signal te the 1171542 frequency une input and the
horizontal input of an escilloscepe, The 117154 RF output
is applied to the 8901 A and demodolated. The demod-
ulated audio §s applied to the vertical input of the os-
cillostope. A change in the amplitede of the resulting plog
is a change in senzsitivity of the VOO, A description of the
technigue and atypical cscilloscope display appears (o the
articla on page 19 [sees Figs. 4 and 5 of that article).

By adjusting component values, a nearly flat envelape,
indicating little change in sensitivity, was achieved guita
raadily, Operating at the Jaltest portion of the curve results
in minimum FM distortion. A1 400 MHz the 117154 has
legs than 0.025% lelal harmonic distortion {TH For 400
klz peak deviation at a 100 kHz mie,

AM Generator

The modulator used to generate AM i a doublebalanoed
i xer, Aconstant bias is epplied tothe mixer IF pogt and the
divided VOO signal i= applied to the L0 por, This up-
comverts the do to the LO frequency, causing an BF level at
tha BF port that s directly prapostional to the de bias. If an
audio signal is summed with the de. the totsl biss changes
at the audio rate. This causes the BF level to vary at the
audio rate, and the resull is AM. A peak audio squal o the
de bias gives 100% AM,

Since it isn't feazible to build an AM detector and prove
its distortion and linesrity with a sufficiently high level of
confidence to call it a standard detector. il was necessary to
verily the 11715A's AM performancs with measurements
on the Akl generating svstem ilsell, AM distortion is related
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to mixer compression and LO-o-RF isolation. If LO-to-RF
isolation is not ideal, at high AM parcentages the minimum
value of BF is goeater than desired. For example, ifthe LO s
40 dB below the carrier, the minimum value of RF is ideally
(.01 of the carrier lavel. At 9 AM the desired level 1s 0,01,
hut the resulting lavel is %72 [0.01) hecause of LOV fead-
through, which is at 90° to the desired RF. This causes
clipping. resulting in distortion and nonlineerity. Further,
since the resultant R is at an angle other than 0°, incidental
phase modulation is generated.

Mixer compression causes the peak of the AM fo be
clipped, A rongervative approximation to the relationship
betwesn BF leval and compression is that compression is
reduced as the cube of the BF level ceduction. By measuring
the compression at a level considerably higher than the
aperating level. it is possible to predict 8 worst-case distor-
tion

For mixer comprassion of less than 0,05 dB al a —5 dBm
RE sutpul level, LO-t0-BF isolation of 68 d and an onmod-
ulated RF level of — 17 dBm, the AM distorticn Ls less than
0.05% and the AM linearity is batter than 0.08% to 95% AR,
Also, the incidestal phase modulation is less than 0005
radian for 50% AM.

Verifying Flatness

Fid flatness is determined by the audin circuits hetween
the saput and the varactors, while AM flalness is deter-
mined by the components between the audio input snd the
[F port of the mixer, This assumes no {feguency responsa
variation in the varactors for FM or in the mixee for AM. By
charactarizing the components, including the relay and
coupling capacitor, the frequency response can be caleu-
lated. The result of this model indicates flatness much het-
ter than we can measure. Therefore, the 117154 AM flat-
ness specification ie closer o our measuring system per-
formance than to the calculated value. An additional mea-
surement i made at 10 MHz to ensure that none of the
components is unusually Jossy.
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SPECIFICATIONS
HP Model 117154 AMFM Test Source
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