Interactive Modulation Analyzer Control

by Paul J. Lingane

the sa01A Modulation Analyzer inferacts closely

with the hardware subsections of the instruoment (o
create a unified system. Tha controller also interacts with
thee uzer, both through the front panel and by responding
tothe RF signal applied 1o the input, Control in the instr-
ment takes placa at several levels,

At the functional block level the controller uses various
citcuits a5 separte instruments: the RF level detector as &
power meter, the local oscillator as a signal generator, and
the analog-to-digital converler as a voltmster, The fre-
quency counter, IF section, and audio section are blocks
that can be manipulated in various ways 1o lune to a signal
and make & meagurement.

The microprocessor is also used as a circuit component,
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Half of the hardware registers and associated circuits in the
Frequency counter were replaced by software registers, The
local pscillator relies on the s peed of the microprocessor ta
control its phase-locked loops; manual control is imgossi-
ble with the block diagram thal was selected.

The controller makes it possible fo transfer some com-
plexity of hardware into complexity of software. This fends
{0 imprroe rl:]inhiii.l.}' and ﬂﬁmhl]“}' in the use of circuits,
allowing muore ta be done with the same hardware, The
local oscillator was designed with that in mind. Also,
sofiware For linsarization of nonlinear detectors and pradis-
tortion of control voltages to the VCO and VEXO allow
recluctions in the cost and complexity of that hardware.

This close interadtion betwesn the controller and the
hardware i pacts the service strategy. as traditional service
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proced ures are not always effectiveat identifving problems.
The action of the controller can multiply the effect of &
circuit failure sa it may appear as & collection of symptoms
that superficially seem unrelated. | will say more about this
later in this arlicle.

Software Structure

An important maxim in the design philosophy of the
madulation analyzer was, "Don’t mislead the user.” Both
the software structure and a system of error messages were
designed to instill confidence in the measurement,

The 001 A software is structured in a form that we have
dubhed the supervisor (see Fig. 1), It iz a loop that iz con-
tinuousiy traversed, with the measurement made near the
and, after checks [or proper freguency tuning, proper RF
and IF level, and correct audia range. Arithmetic manipula-
tion [e.g. for the ratio function] follows the measurement,
and the program then loops back up to display.

The frequency, level. and audio blocks verify that the
AO01A = adjusted to make an accurale messurement, A
measurement is not made until all of the testz are passed in
immediate sucoesion. Let us say, for oxample, that the RF
input leval has changed. The signal leveling hlock therefore
recluces the BF attenuation ta boost the IF level to an accept-
able value. The decision afler this block forces the program
bark to the top of the supervisor, bypassing the measure-
ment for that loop. This reduces interaction between the
blocks and aids identification of the nature of the input
sig nal cha nge.

In the example above, perhaps the real situation was that
an actave bandswitch was changed on the RF signal
generalor under test, so pow the second harmonic of the
desired sipnal has been tuned into the |F of the 8001A
Fince it is lower in level than the fundamental the leveling
block boosts the IF level, Bt the real p[ub]cm isthatthe LO
is now improperly funed to the fundamental. Looping back
hefore a new measurement Is made gives the foquency
tuning block & chance to correct the funing.

The software inlecface with the bardware makes use of
twa concepts called software state and hardware state, The
software state is located in 22 bytes of RAM and totally
describes the atate of the Instrument. On power-up, the
initiabization procedure loads the software state Fram RO,
Keyboard and HP-IB entry routines modify only the
software state and do not alfect hardware immediately. The
sefup block in the supervisor s where the hardwarce state is
made 1o conform with the software state, Setup is not the
only place where herdware iz affected; the frequency fun-
ing, leveling, sudio ranging, and measurement blocks ma-
nipulate the hardware as well.

The kevboard and HP-IB can be thought of as & medium
through which the user requests a certain instrument setup.
In fact, the actual instrument setup is guarantesd to com-
form to the kevboard request only ot the momeant a mea-
surement s taken. The contraller may change the instro-
ment hardware at other times to oplimize its tuning, level-
ing, and ranging functions,

[n & norrnal stable measurement cycle the program takes
the measurement display branch at the top of the supervisar
and soavoids the time overhaad associated with the sefup
block. However, it the program loops back before teking &

NOWERISER 1678 HEWLETT: PRCHARD JOU el 2T



messurement, or if an errar condition exists, the nonmea-
gurement display branch will be traversed, thus lighting an
approprigte display and going through the setup block
This refreshing of the hardware state when error conditions
are sensed contributes to the robustness of the software
slructure.

Tuning to a Signal

As o messuring instrument the 88014 muost be able to
cope with input signals whose nature is unknown, except
that they must be within the specified frequency, power,
and modulation ranges. The controller manipulates thevar-
ious subsections of the instrument to first understand the
natura of the input signal and then Lo respond affactively o
it by changing the setup to make the measurement, An
example is the frequency tuning block of the supervisar,

Tha user simply wanis to apply & signal and make a
measurement, From the point of view of the modulation
analyzer, however, it may be presanted with a complex RF
spectrum consisting of an KF signal with its harmonics,
perhaps drifting in frequency and bring medulated with a
complex waveform st high FM deviationz and large
amounts of AM. The modulation analyzer must accurately
tune the local oscillator 1o the signal, range the RF and
awdio levels, and make a fully settlad and stable measure-
mert within a second or two after a signal is applicd,

The Ba0tA is basically an sccurately calibrated radio
raceiver that tunes toan BF signal by mixing a single local
oerillator [LOY signal with the RF fo produce o inter-
mediate frequency (IF) signal that is demodulated and
unalyeed, To locate a signel automatically, the local oscil-
lator is guickly swept throughout the entire feequency
range pf the instrwment, looking for a signal to appear in the
IF section. Since the L0 s a square wave, rich with its own
harmonics. it isswepl down from high to low frequencies 5o
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that the fundamental of the LO will ke the first LO signal to
mix with the RF signal.

If thers iz AM present on the BF signal ii is possible that
the fundamental of the LO will sweep past the mput signal
while the RY is deep in the AM trough, sothat a harmonic of
the LO [foliowing the LO down a bit later in lime) might
catch the input signal as i comes out of the lecugh. This
would make it appear that the RF signal is al a lower fre-
guency, since the fundamental of the LO would he at a low
[requancy. Sothe LOVisswept several times, and each timea i1
finds & new signal al a kigher frequency it thraws out the
previausly found Frequencies. This contimues until a signal
ia found at the same frequency during five separate sweeps.
This effectively eliminales the pessiblity of LO harmonic
mixing. Note thai this alse has tha effect of favoring the
highest-frequency RF signal If more than one is present.

T avoid the possibility that the LOYs sweep repetition
rate might be synchronized with the smplitude modulation
rate, cansing the RF signal to be consistently missad. a
variable delay of up fo 10 ms is used after sweaps that fail to
find any signal. This introdwces jitter into (he sweep repati-
tinn cate to make it uncormelalgd with the input signal AM
rite.

The 1O is swepl down with a mmp signal generated by a
currenl soufce driving an integrotor. When an IF level
menilaring clreuil senses the presence of a signalin the [F,
il instantly turns off the current souree thus fraezing the LO
where it is roughly tuned fethe RE signal. The LO s quickly
counted with the frequency counter to determine the ap-
proximate frequency of the RF signal. However, the 88014
has ne image refection, so the LO can be either above or
balow the BF sign:ﬂ [reuency to produce a signa| inthe lF.
Knowing the LO and IF feequancies will not unigquety 1den-
tify the frequency of an RF signal unless it is known which
Image iz heing used. To resolve this ambigoity the LO is
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tuned to the frequency where an [F signel appearad., then it
is stepped up in freqguancy while monitoring the 1F level
until i1 sees the IF signal level moving down the skirtof the
IF Jow-pass filter. The LO at this point must be above the RF
signal frequency, thus identifving the image.

The RF signal frequency is known by accuratal y counting
the LOand IF, This count lasts over 100 ms to gain sufficiant
resolutlon, so & drifting RF signal may move out of the 1F
passband during the count, Toavaid this the LO is config-
ured for track mode :!'l.lring the count. sa it will a]w.'l'llrs
remain tuned to the signal.

Mow that a signal has been found and accurately lden-
tifiedd as 1o frequency, call it f, it is still possible that it is
actually a harmeonic of the desired signal. So the conteoller
directs the LO to tune to §5 and then looks for the presence
of & signal that is higher in amplitude than the signal st f, If
this happens then the signal at Fis assumed to be the third
harmonic of the applied input signal, so tha modulation
analveer will tune to 3 as the fundamental. )f the signal at
i nof the third harmonic, a similar check is made at B2 to
see if the second harmaonic is invalved,

Unee the fandameantal of the input signal is identified,
the LO can be properly tuned and the rest of the instrumant
initialized and set up to take the desired measurement.

This simplified description of one algorithm in the
EOniA il ustrates the close interaction of the controllar with
the various subsections of the instrument at the fundional
block leval.

Control of the Local Dscillator

The coniroller is also closely tied with the hardware at a
ciccuit level. As an example the block diagram of the local
nsillator was developed with the controller as an essential
elemenl [see Fig. Z).

When contigured for lew-noise, fixed-frequency opera-
tion. the heart of the local cscillator consists of a high-
frequency valtage-controlled octave oscillator (VOO that is
locked to.a harmaonic of & low-noise voltage-controlled crys-
tal oseillator (WVEXO1, An internal frequency counter is
available to monitor the frequency of the VCO. The spacifi-
cation of the two oscillators calls for only & modest degree of
linearity between the tune voltage input and the output
frequency. This is baceuse the controller can tune the twa
oscillators by adjusting the vollage control until exactly the
deslred frequency s attained.

The firsl slep in the luning procedure is to pretune the
high-frequency YOO to approximately the desired fre-
quency, Then the tuning DAC (digital-to-analog convertar]
iz disconnecied from the J-::np amp]i“er and connected fa
the: low-frequency VICX0, which iz then adjusted near the
bottom of its range. Meanwhile the YOO has remalned
where it was because of the sample-and-hold nature of the
lategrator in the loop amplifier. Wow the sampler can be
connected to the lonp amplifier, and o de offset roltage at
theou tput of the Eanl.j.lh:l'l.!:rlvnﬂ.ih VO down in fmqm::nc_!,'
until if acquires lack on the nearest harmonic of the VCXO.
The VCXO can then be adjusted to Fine-tune tha Y0 to the
proper frequency. Binary dividers and a doubler convert the
VOO slgnal teo the desized octave in the 1.25-t0- 1302 -MHz
TEMEE.

Frequency Counter

Thefrequency counter chain is partitioned into two parts,
roughly four decades of higher-s peed counters in hardware
and about five decades of lower-speed counters emulated
by the controller, A 10-MHz crystal oscillator is divided
dowen to 6.25 kHz to provide the basic timing signal moni-
tored by the microprocessor, The controller times a count
by keeping track of this #.23-kHz time base while ac-
cumulating frequancy counts at rates up to 3 kHz. When
sullicient time has pessed to atiain the frequency resolution
desirad, the controller turns off the counter gate, and reads
the contents of the hardware decades. With this count and
the count accumulated in the software registers, the mi-
croprocessor than ealeulates the frequency of the signal.

Implications for Service

The close Interaction between hardware and software in
the #8901 A has definlta Ilmplications for the use and sarvic-
ing of the instrument. Service speclal functlons were de-
veloped that can be used as service tools to disgnese prob-
lems, Somae self-lests are available to check for certain fail-
ure modes, Since it is not possible 4o predict all types of
failures, general-purpose software routines wers developed
that can be used in a varioty of situations, One of these iz
direct control special function that is called from the
keyboard. It can read or write data te any Instrument
hardware location that is controlled by the microprocessar,
A service person can use this bo operate ingbrumen cipcuits
manually to check their performance,

A spacial class of ervor displays called service errors is
available. When enabled by a service technician with a
gpacial function. they can reveal information about the in-
ternal operation of the instrument, Thus, for exampla, if the
demodulated output is periodically being blanked, en-
abling service errors may result in an “Error 7277 display,
This would indicate that the audio overload proteclion
chrcult is baimg trippad.

The local oscillator section required particular attention.
To lock tha low-noise loop a series of switch openings and
closings and DAC movements must b performed within an
&-ms interval, Since a service lechnician couldn’ ]Ir.‘lpe {§¥]
duplicate this procedure manually, & zeries of self-tests
concentrating en the LO is of value in testing gross opera-
tion of the ciccuit. These can be called from the kevboerd,
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with results displayed on the front panel.

Some checks are automatically performed at power-up,
with results flashed on four LEDS locatad within the in-
strumen| oo the controller board . Thesa include the LO ests
just mentioned, as well as checks on the operation of the
ROM and RAM of the controller, the internal instriament
bus, the Frent panel, the keyboard, and the frequency
counter. Signafure analyeis is also used in troublashooting
much of the digital hardware.

A clear ling is drawn belween service special functions

and normal instrument operation: When most service ape-
cigl Functions are used, normal instrument functions are
suspended. When the service special fundion mode 1s lah
Ie resume normal measurementa, all effects of the service
functions on hardware are lost. As an example. a direct
rontrol special fonction can be used W activate a particular
RF attenualor 1o check its operation. Dul once normal mea-
suremnents are resumed the attenuator seiting will rever
lsack ta what it was before the service special function was
invaked.



