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A Complete Self-Contained Audio

Measurement System

This automatic, autoranging audio analyzer has the signal
source, distorlion analyZer, and counfer io make the
measurements most offen needed in audia-frequency

testing.

by James O. Foote

Analyzer (Fig, 1] is a complets audio measurament

systam for guick and accumte characterizalion
of eystems and signals in the frequency mange 20 Hz to 100
kHz. The starting point for the BO0AA is the classical diztor-
tion analyzer. Added to this are microprocessor control, a
reciproml frequency counter, rms deteciors, and a pro-
grammable audin source. These provide accurate mea-
suremant of ac level, distortion, SINAIL® signal-to-noise
ratlo, and de laval. The audio spurce and the measuremant
clrcuits can work independently or together, The source is
progeammable in frequency and level and has very Jow
distortion. The measurement circuits can monitor this in-
tamal source or any other independent input wavetorm.
Togethes the source and measuramant input can be used for
swepl Tesponsg MEasurements,
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All messursments ara avallabla st the push of a batton.
Mo knob adjustment or speralor interaction 18 necessary.
O simple appliss the gignal end selocts the measuremeant
maeda. All contral and processing are handled by the intar-
nal micrpeocessor. The micr processor monitors theinput
sigral and makes internal gain and frequency adjustments
as required,

[ abammatic measurement syslems, the 99034 is capable
of eapid and straightforward remote conirol. Analyzer op-
erations can be controlled and all measurements can be
transferred via the Hewleti-Packard [nterface Bus (HP-TE].
Hewlatt-Packard’s implementation of IEEE Standard 4848
16978, O the banch, the 8903 A allows rapid and accurata
circuit characterization when many repetitive nessure-
MENts are NECEssary.

Major application areas for the BA0AA Audio Analyzerara
general audio testing. ransceiver testing, and automatic
systemns, In general audbo testing, the AG01A measuras the
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frequency response and distortion characteristics of filtees,
high-quality amplifiers, audio integrated cireits, and ather
devlces. The frequency of the internal source can be swep!
while making measurements in all modes. Tha analyzer
provides recorder cutpuls and scaling for easy generation of
plots nsing @n X-Y recorder.

For transcaiver applications the most common mecelvar
meagurements are SINAD for FM receivers and signal-to-
nnise ratio for AM recelvers. A psophometric filter is in-
cluded for making measuraments to CEPT standards.
Common transmitter measuremants such as audio distor-
tion and squelch tones are made using the BO0GA with its
companion Instrument, the 89014 Modulation Analywer.!
In sutomatic systems. the B903A provides many frequently
needed audio functions, doing the wark of an awdio syn-
thesizer, digital multimater, [requancy counter, and tun-
abile notch filter, More details on speciflc applications are
presanied on page f.

Contral Philosophy

Eront-panel contral of the audio analyzer 1s simple. vat
powerful, Most functions can be used and understood with
vary little training. The casual user can select amplituds,
frequency, measuremant mode, and filtoring gimply by
reading the labals on the controls. More datailsare available
on the ingtrument’s pull-out card.

A great deal of maasurement sophistication is bwili into
the 8803A software. Measurament routines are structured
to optimize measurement speed and accuracy, As a rula,
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{ af the sigral and 3 detecior fe measara whal

mansrEments triggered from the bus or isitisted from the
kevboard are accdrate from the first reading, The operator
needn wail for successive measurements to verify that tha
raading has stabilized. The softwars algorithm monitors
key voltages in the audlo chain and waits until they
slabilize hefore taking data, Not ooly does the software
parform these functions much mere rapidly than the
operatar, but it can also ensun: the optimal convergence of
th o menstrernent with s rapaatable, well defined technique,
Tistortion, SINAD, and signal-to-nolse Tatio, n particular,
arn examples of measuremants that in the gast required a
significant amount of setiling time and operator interac-
tiom, A classical distortion analyzer requires repeated ad-
justments to gchicve an acourate distortion reading. More
recant analvzers have offered semisutomatic tuning and
leveling, but respanse thme is often long. and aperator in-
taraction is required if the frequency, amplitude or ralative
distortion of the signal changes signlficantly. With the
pOn3A, some delay still exists, but the delay involved is
minimized by careful circuit design and micToprocessor
control.

Sparial functions extend user contral of tha instrument
beyiond that normally available from the front punel. These
functions are intended for the user who knows the instru-
ment and the service fechaician who needs arbltrary con-
trol of the instroment Functions, Automatic tuning and
ranging, pvervoltage protection, and arror messages profact
the wser from invalid measuremants during notmal opera:
tion, When special functions are nsed, some of these
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safeguards are cemoved, depending on the spacial funclion
selected, and thus thers is a degrese of risk that the mea-
suremant may be invalid. However, there is no risk of dam-
age o the instrument.

To enter o special function, the user enters the special
function code (usually & prefix. decimal, and suffix) then
prasses tha 3PCL key. The special function code appears on
thedisplay as it is being anterad. If a mistoke is made during
entry of the special function code, the user can press the
CLEAR key and start over, When a spacial function s en-
tered, the light in the SPCL key goes on i it is nat already on.
Thereadout on the display depends on the special function
entered, 1L may be @ measured quantity, an instrument set-
ting. or 4 special code, In some cases the display is unal-
terad. Special functions can be entered from the HP-IB by
issuing the ap-ecia] function code followed |:|:..' the code sp.

Floating Input and Output

To aliminate troublesome ground laops, bath the souros
output and the messurement input of the 80034 are Naat-
ing, This is belplul in low-distortion or low-level ac mea-
surements when it is necessary to reject potential differ-
ences belween the chassis of the 8903A amd the device
under test. The #9034 also has EMI {electromagnetic inter-
farence} protection built into the source output and mea.
surcment inpol lines so that it can work in the prasence of
high EML All of the analog circuitry is shielded by an
internal EMI-tight hox. The output and fnput lnes extend-
ing from this box o the front penel are shislded and termi.
nated in BNC connectors. For user convenicnce, the BNG
caonnecioms are spaced so that BNC-to-banana adaplers can
be attached. Thus a banana ar twisted-wire connection can be
mada to the instrument when EMI shielding is not critical.

Analyzer Architecture

The 85034 Audio Analveer combines (hroe instruments
Into one: o low-distartion audio sowece, a general-purpose
voltmeter with a tunable notch filtar st the input. and a
frequency counter. Measurements are managed by the
imicmprocessor-based controller, This combination can
make mosl common measurements on audio circuits aus
tomatically. To add to its versatility, the analyzer also has
selectable input filters, Ingarithmic fraguency sweep, ¥ and
¥ outputs for plotting measuerement results versus fre-
quency, and HP-18 programmahility, Fig 2 is a simplified
bBlock I'“HRII,IlTl. '

The amplitude measarcment path flows from the INPUT
jucks [HIGH and LOW) fa the MONITOR cutput on the rear
pitnel, ind includes the inputand aetput rms detectors, the
de: voltmeler (the voltage-to-time converier and counler|,
and the SINAL meter circuitry, Measurements are mads on
the diffarence between the signals at the HIGH jack and the
Lo jack. Differential levels can be as high as 300%, Signals
that arer common o both the HIGH and LOW jacks are bal-
anced out. Signals applied o the LOAW jack must not ex-
ceed 4V,

The input signal is ac coupled for all measurement modes
excapl di level, The signal iz scaled by the input attenuator
to & level of 3V or less. To peotect the aclive cirouitz, the
overveltage protection circuit quickly disconnects the
input amplifier if 18 inpul axeeads 16V
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The differential signal is converted o a single-ended
signal (referenced to ground ) and amplified. The signal is
furt her amplified by a programmable gain amplifier, which
is ac coupled, The gain of this amplifier and the
differential-to-single-ended amplifier are set 1o keap the
slgnal level at the input rms detector between 1.7 and 3V
rms Lo eplimize its effectivensss and acouracy.

The output from the first programmahls gain amplifier is
vonverted to do by the input rms delector and measured by
the devoltmetes, The output of the detector is wsed to set the
galn of the input cireuits and becomes the numesator of the
SINAD measurement and the denominator of the distortion
measurament. The galn of the input path is determined by
mensuring the de level. The input rms detector also
monitors the ac component (if there is one| and lowers the
gain of tha input path ifthe acsignal will overload the input
amplifier. At this point either the 400-Hz high-pass filter o
the peophometric filter can be insested into the signal path.
The 400-Hz high-pass filter is often wsed (o suppress ling
hum or the low-frequency squelch tone wsed in some
mobile receivers. The psophomaetric {ilter has a band pass
frequuency response that simulates the “average’ response of
human hearing, 11 is often wsed to condilion a receiver audio
autpul when determining the mecelver's input sensitivity,

During SINAL, distortion, or distortion level measure.
ments, the fundamental of the signal is removed by the
notch filter. The outpul from the filter is the distortion and
noise of the sipnal. In the ac level and signal-to-noise
modes the notch filter is bypassed. After amplifying and
lovw-pass fltering, thee cutput fram the noteh filter is con-
wvarted to de by the output rms detector and measured by
the de voltmater,

During distorion or distortion level measurements, the
notch filter is tuned to the frequency counted at its input,
Coarseluning is done by the controller, and intarnal analog
circuilry fine tunes and balances the notch Olter. During
SINAD measuremonts, the controller coarse tunes the notch
to the source frequency. Thus a SINAD measurement is
normally made with the internal source as the stimulus; this
permits measurements in the presence of large amounts of
noige fwhere the controller would ba unsble ta determine
the input frequency). If an external source is wsed in the
SINAD measurement mode, the source frequency must
be within 5% of the frequency of the internal source.

The twe programmable gein amplifiers following the
notch filter amplify the low-evel noise and distortion sig-
nals from the notch filter. The overall gain of the two
amplifiers is normally set o maintain o signal level of 0.25
to 2% at the output detector and monitor. The 30-kHz and
Bl-kHz low-pass filters are =elected from the kevboard,
With no |{'l'.-1.'-'|'.lE|55 Fil1ar|ng. the hand width of the measore-
ment systemn is 750 kHz. The filters are most often used to
romove the high-frequency nolse componenis in low-
frequency distorion and signal-to-noise measorements.
The output from the second programmable gain amplifier
drives the rear-panel MONITOR outpul jack. Taking advan-
tags of the inceeased amplification available at this polat,
the counter monitars this output inac level and signal-to-
nodse moodes.

Theoutput rons detector is read by the do volimeter in the
ac leval, SINAD |the denominator], distortion [the
numerator), distortion level, and signal-lo-noise measura-

ANFUST | 020 HEWLETT AACKAAD A0UANAL
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The E3034 Audic Analyzer's measwerment capabilites reach lar
beyand convertional detertian analyzars. Much ol this parcamance
regits from microprocassor contral and HP-IB programmability
Mumerous hardwars features such as & fast counder, both aralog
metar ard digital display, and switchable delector filtering alow the
user 1o make musual or special measurements with corvenients
and Me guxiliary apparalus

10 dBY -

Q dEv =

—1 dBYV —

-0 db
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Audio Analyzer Applications
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Comgider the 88034 ysed at a test and calibration gtatlon in he
manutaciure of audio power ampdliers. & ypical seouence of events
migght incsiuche an oulpd offsel null, frequency response chack, digtor-
tion test, and nolse messuremant. The 83038 can perom all thess
madsuremeants guickly with g sngle test setup. IF an 3-¥ pioller s
conneciad to the rear-panel outputs, the resulls of sweapt frequancy
meaasurements can be recorded on standard logdog or legllin
graph paper

Total Harmaonic Distoion
+ Noise

Flg. 1. Swegt cdistorbon snd fre-

=70 dB i ;
10z

GQUENCK response of & wo-pova So-
fivg Mtar, maasured by the BR324
Apdin dnalyzee

ment modes, [P isalso used o set the gain of the two pro-
grammable gain amplifiers. The detector can be configurnd
internally to respond to the average absolute value of the
signal Instead of the true rms value. This option is provided
hecause some measurement specifllcations for detection of
distortion and noise specify the use of an average respond-
ing detectar, Average responding detectors do pot give an
aceurate indication of signal power unless the signal wave:
form iz known, [If the wavelorm is Gaussian noise the read-
ing will ba approximately 1 dB less than the true rms value, |

In tha SINAD moda the outputs fram the input and outpat
rms detectars are converted to logarithms, subtracted. and
converted 1o current by the SINAD meter amplifier o drive
the SINAD panel meter. Since SINAD measurements are
often made under very noisy condifions, the panel metar
ks I sasier bo avecage the reading and to discern trenuds,

The voltage-to-time converter converts the de inputs Intoa
timie interval, which iz messured by the countar.

The BI0EA uses a meciprocal counter. To measuce fre-
quency, It eounts the pt_,"'l‘iu:! ol one or more (_'Ii.'l'th.-".s iof the
signal at its input. Then the controller divides the number of
cvcles by the sccumulated count. The reference for the
eounter is the 2-MHz time base, which also is the clock forthe
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controller, The counter has four inputs and three modes of

operation:

1. Voltage measurement. The time interval from the
vollage-lo-time converler is counted, The accumulated
count is proportional lo the de w:r].ln.gte. For direct mea-
suraments [ac level and distorion level], the count is
processed directly by the controller and the result §5 dis-
plavad. Far ratin measurements (SINAD, distodion. and
signal-to-noigs), the counts of bwo successive measure-
ments are processed and displayed. For SINAD and dis-
torinn. the controller computes the ratio of the culpots of
the input and output rms detectors, For signal-to-noise
measuremeants, the ocutput of the output rms detecior is
measured with the oscillatoron and off and the ratio of the
two measarements is comparted.

2. Inpul frequency measurermnent. Tha slgnal from the [ast
programmable gain amplifer or the high-pass’bandpass
filters iz conditioned by the counter inpui Schmitt trig-
ger i make i1 compatible with the counters input. The
periad of the signal 12 then counted, the count 8 pro-
cessed by the con toller, and the frequency is displayed.,

. Source fraquency measurement. The counter measures
the frequency of the cecillator during tuning ind when

Ged
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Fig. 2. Tes! sefup for screaning ogarational amedliers.

Tha swapt fsquency measuremeant witl plat capability inds rmay
apphcations n the laboratory, Fg. 1 shows the swept distoman and
reguency response ofa two-pole active filfar. The upper curse enows
thi magailucde rasponsa, whils the bwer shaws distarion. Molice that
the analyzer inpul magniude covers & 30-08 dyramic range. During
the swenp. the B20GA is automatically satting in put gain befers per-
tarming the distorlicn measurement,

I1an HP-IB controfiar i availakie, there are many mose appke ations
Tor e 89004 Fig. 2 shaws a simple test salup for screening opera-
tiesral amplifiers. With no olher instrumants in the systen, a
comautgr-contoliad 88034 can rapichy and accarately measyure
Inpg olisel woRage. input noise voltaga, and distortion. It can also be
used 1y maasure the gain-bandwidth product of the cpeamp, pro-
vided il isnotgreatanihan 30 Mz Tha conlroiler tasl programcan ba
wiitten i pravicle sithar a go'ne-ga output or a listing ol measwemen
results,

hany of fhe special measursmant modes are available fhrough the
use of spesial functions. For scampls, the B903A can be wed a3 a
test amplfier with gain settatle from —24 B +94 dB. Signal
fitarig can b8 added by salecting the appmpriste front-pansl con-
trols, or the Special functions cen be ussd 1o put the instrument into a
noich or candpass filker- mode. OF courss, signal fraguency and
ampliude will be measursd and displayed if the cperating loads are
Shosan corractly. This mece of aperalion mgkes it possibéa 1o count

Attenuator

BHEA
Audie Analyzer

Fource
Ouput

Analyzor

Input

Fig. 3. Trassmiiter lest selup usang the 53014 Medulanon
Anatyzer and ihe 83034 Aumio Angivzer

the Irequency ol a signal whoss amplude & 0 the ow 1ens of
microvalLs.

Transceiver Testing

Much elfan has gone into e design of the BAG3A to tacitale the |
audio measurements required Tor automatic, programmaed,
franscesar tasting. For example, the worst-case sounce Trequancy
eried ol 0.3% allows the SI00A source 1o replace. a synihesizer ko
Sopueci-torie generation. In additon. a tinary programaming mode is
avallabie mrough the HP-IB thal causes 1he 89034 o generste a tang
bursi soouence that can be used 1o unlock 3 codad receher. A
rfated lunction allows tha BR0EM o measurs DUSE ores e ted
Dy an a«larmnal soirce, such as B ransmitler under sest. The packed,
Sor-bryte o put alowes e 3034 10 Sulpl requency measursments
as often as guery sight miligeconds

When the: BSO3A 5 usad in conjunction wih { ha 8901 A Modulation
Analyzer almess all ransmifier 19s1s can be attomated. Fig 3 shows
ha Dicck dlagram. With the source turned off and the fransmitter
keyed, the squalch-tone fremuoncy can be counted, Then, fha
400-Hz high-pass fiter can be swichad in 1o eliminate the squaich
b dioen fhe ramaining measurerments. With the sourca output lurmed
on, the BI0AA can easily be programmed to maka 1he necessary
measirements i determine distotion ardd microphone sensitiviy,

verilying that the nscillator frequency is within tolee-
ance. This frequency is normally not displayed.

The gontres covers the frequancy range of 20 He tn 100
kHz. Tt is tuned by the controllar to the frequency cntored
from the keyboard. using & tune-and-count moutine. [Note
that the frequancy is mot abtained by Frequency synthesis.)
The switch following the oscillator is closad except In the
signal-to-noise measurement mode or when an amplitude
of 0V iz entered from the kevhoard,

The source output amplifier and output attenuators pro-
vide 77.5 dH of atlenuation in 2 5-dB steps, and 2.5 dB of
atenuation in 256 staps. This glves an open-circuit output
from 0.6 mV to BV, The floating output amplifier converts
the ground-referenced input to & floating output, Either
oulput. HIGH ar LOW, can be floated up o ten volts peak.

The entireoperation of the instrument is under control of
the microprocessor-hased controller, which sets up the in-
strument al turn-on. interprets keyboard entries, oxecules
changes in the mode of aperation, continually monitors
instrument operstion. sends measurement reanlts and o
tors to the front-panel displays, and interfaces with the
HP-IB. Its computing capability is also used to simplify
clredit aperetion. For example. it forms the last stage of the

cainter, converts measursment resu s info ratios (in % or
AB), and soon. It alsoexecutes routines for servicing the rast
of the instrument as well as itself.

Input Circuits

Numerous design constraints were imposed on the input
attenuatorprotectionamplifier circuitry. An input imped-
ance of 100 kf} i necessary (o prevent the input ciecuitey
from unnecessarily losding the device under tast, On the
other hand, maintaining a good signal-to-noise and distor:
tiom tatio, good frequency response to 100 kHz, automatic
operation and reliasble performance with input signals as
large as 300V is very challenging, Consider the 300V con-
atrainl. [t is possibla for a 300V signal to appesr suddenly at
the input while the instrument is measuring a 30-mV inpui
level, Not only must no damage ocour, but also the overload
tecovery must be quick, and the inpat protection circuit
mugt not be allowed to degrade the input noise loor when
measuring 3 my. The 300Y signal mavalso have spikes or
transients thet far exceed 300V, or the user may inadver-
tently apply a larger signal, In all these cases the circuit
must recover without causing a satety hazard to tha user,
destroving internal components, or even blowing a fuse.

AUBUST 1900 HENLETT- PACKARD sLamaL T
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Making the Most of a Microprocessor-Based
Instrument Controller

In the 25034 Audo Analyzer, mos] of (e tasks that kad o e
display ol measuremanis ara coordinatod by 3 microprocassar. The
procossar fan FE with 18K bytes of ROM and 192 byles of RAK)
CpUs and wnes Lhe lemal audio source, sets the nput ampifiers
gain, tnas the notch liltar, sats the ouput: ampliliecs gain, and
measures the voliages that will be used fo genersta sach aadirdg,
This mears 1hat the BA03A can. amang other things. autamatically
|k digtomon readings withoul calling upon tha user o luim seseral
Kok when seekrg a mil. This abiliby alone = ample justilication tor
baging 1he instryment coatrader on & microprogessor, bt the 89034
goes far beyond this in applying the power of s controder.

“uaranteed” Accurale Measurements

The R34 5 HP-1B programmabie, and His brought somee mpor-
@ fackars info consiceraton duing the design. The perarhance of
the mhgrmal source when satlling freem one fragquency ar level o
arothar, fer exampla. 153 key Factarin assunng tha valicity of the liral
mesUement taken ater changing 1he requancy or kevel. Similarly,
the setting periormance of the inpul 8nd output amplifers and the
malch littar under varons adversa sgnal condilions becamas very
important when the instrument is indng 1o delver an accurate firsl
measuremenl ather & charkge N operatng paamalers (e ater
Viuning 3oa new frequency] . AQ0H0 e the desire oomake measura-
ments as rapad by as possioe and you have avery inléiesling probkem
far & micraprocessor o soive.

For exairgyie, aveny lima the infemal sairee S uned, the processon
spends aboul 170 milkseccnd s funing fo and ved ing tha fraguancy
Thiis franglates (0 cwer 56000 operations. O equal complaxty is the
ok of settng the carrect gain for the euiput amipliier anc allown g the
ircuis b seitks bafoms the sutpul ampifer vollage is read, wih the
| simpaet of never giving the uses aninvalid reading while af the 2ame
Hirme delwering e redading in B8 shorl 8 time as possile. Te ac-
| pomplish this, e routine thetoeniods the cutpul ampifier makes Lse

ol gisch techniques as siope checking and Tequency dependent
celays to ensure rapid, valid reacings. Thess techaigues make pos-
sble accurdle readings in Fall the tme it might otharase Lake.
Rafarriag b the fow charl Fig. T, rete that the ey 1o this outing is e
jechnique al measuring the rate ol chargs o the signal on the cuput
amplilier (INe sopa) pefore altemptag 1 check the sigral leval (o
| datarmine if the outpul amgitier gain’is properly sel. This e done
| bacause it is quie comman, aher the sigral level has sudcenly
i chargad [for example, when the notch litaer 15 suddenly switched in

by Corydon J. Boyan

Ha

Changs
Gisin

Flg, 1. BHIFA rqugl.ing ﬂ]gr.'ll'.lh"ll‘.'l'.'. The micmprcassny Shecks
the rate of change of e ingud Signa! a5 wall 55 s level lomaka
cartain that the sigra hias seftied balora the oolput amoher
qanT s sef

when gong Tram ac kel o distorion moda), 10 nave 2 apidy flling
clzput ampitier witage pass though 1he accopdable regaon. and
thug hizve the Qain appear to be properly set, whenin lacithesignal |
o125 way 10 8 kel that will regquire mare gain for e propes reading.
Torkaep tha cantralles [rom baing foclad by this phanamenon, We 15«8
pwwor woltage: readings i rapid succeason. and fgm then cakoulats
therabe of change of the signal; The lima ovar which we measura this
slepe i lonper at lower fiecuencias, andis n factioakad upina tabk
i ROM, based on ihe Hrequaney 8 which we're operatng, |t the rate
of change & oo fast durng this perod . we delay befdre checkng thae
level (see Fig. 2). This oalay is alss equency degeadent and 1.
drrean Naote fhat if we simply delayed sach oysle 1o keep lrom rsking

D (nputs and low-level differential amplification for
common-maode rejection ave necessary features for an in-
strument like the 80034, One consequence of auetomatic
ranging is that low-capacitance mechanical switching
fachninues cannot be used effectively. Needed are high-
voltage med relays, which affect high-frequency perfor-
mance and eequira the wse of compensation capacitors,

For deoperation the first part of the input signal path s do
couplad with the Input hlacking capacitor bypassed. The
output of the differential-to-single-ended amplificr can
then be monitored to obtain an accuralely scaled represen-
tation of e input de lavel,

B HEWLET 280K ARD JOUANAL ALUGLET 1980

Input voltages larger than 4% arc attenuatad by the inpul
attenuator, a netwaork of resistors that divide down theinpuat
signal. The appropriate tap pointis selected by a reed relay
network. IF an overload occurs. the maximum attenuation
setling 18 enabled,

Tu protect the sensitive input amplifler following the
attenuator from shorl-term transients, an overvoltage pro-
tection network is wsed. For low-level signals the transfer
impedance is low and signals applied to the input are
coupled to the differential-input amplifier, However, for
input signals large encugh to damage the amplifier the
putput of the protection network is limited 1o a safe value.
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Signal while seftfing

ot

g Lenvel |00k good here - o
foceptable Lewvel

Kignal Lewved

—

I | Time

q\I:l.ll slope mossured in this interval
shows nead b0 delay 1o el signal satthe

Flg. 2. Ary examoda oF st cmecking by fe G034 micn-
frige ool 1ol 8

disptaang invalkd readngs, every measurement wodd fake ongar
piags by several hundred mililsaconds. The slopa checking gives
us a ragid check n signal quakty whichaliminatas the need to defay
evary lima

aftar the slope cheok (and possibee detay) wa aasuma 1he outout

| amplifier iz well seitkd and ready for levaling. We ihan maasure the

| volage al /s outpat, @nd if bao high or low adiust the gan accond-

ingly. Aflar edjusting the gain, we make anolher pass though tha
levelng algoribm (unhess we dre now inihe highest-gain rangah Ta
kaep from gathng Gaaaht in indinie lnops, we requina that after tha list
pass the gain naver be reduced, and agsams thal it 1 is, wa hava an
unstaiie signal, which Gaeses us o start the antira measurement
cyole thune sowoe, kevel input, una nobch, [ewel autput] ower agan
The fnal prodection from infinile loops comes from couanting the
numbsar of tmes wa restart withoul displaying (each fime we pul 8
"eeea” pattarm on the dispday ), anc atier 128 times we O piay Evoe 31,
which also goes oul o fhe HF-I8,

| Sweep

Because tha AS0AA has the abdity bo genserate accurale ard com-

| paratively rapid measwements aulomalically, with no need- for the
| user o insarl delays in HP-16 rowines or wail far 1he display ko selte

beform laking a reading, It is possible o have the indlrumant ssaap
itsail aver & range of frequencies withaus user or camputer inerven-
tion. Heme the calculating poweer of ihe microprocassor is broughl [
Earar oo (e problen of datemmining dhe frequency ingrermnent far sach
fiew point in the Iegarthmic sweep, based an the sweep rangs and
the numbar af painls pes sween (which cen ba sat by the user), Al the
user nesd do 1o et 3 sevies of messurements spanning & Irequancy
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poinbs pear Sweep, and prass the swEer button. This makes T eagy 10
maggura the frequancy response of an ampditier.

X-¥ Recorder Qutpul

Tha calcuiatirg power of the microprocessoe-based controller is
also apparent in the operation of the BE03AS XY reconder oulpuls
Thie:ss oulputs are d ivers by digitel-to-analog corvestens controllad
by e e o proc el raterthan diracily frominternal detecios. As
Brasull, the wser does not hava ooworny aboul ke recondar auput
viollage anauplly changing whe the aralyzer autoranges. The mi-
CROproCess0r sCales the recorder oUtput acconding |o the displayed
readirg and the piot limits entersd via 1he keybagrd, The recorder
outpils are aleays betwaan 2ero and fen wolls & e roconder s 2am
and vernler confrols nead be adjusted only once. Thus, a proparly
sealed plol 1S easly geraratid by vsng The sweep and the K=Y
outpats, without any naed far an exkemial conknol e

Functions

Hideen bening he bass measuemants are neardy horty special
funclions, which provide exiended measurement capabikfy and
many ssrce alds, For example, the analyzer can be given a ad
resisl@ca in ohms and commanded 10 display &5 level n walls
Anather special funchon shanges the rumber of points per decade in
a gwaep, and sevesal special functions modity display. operation
Mormally th Wit and right displays indcale 1he recuency and level
{or digioition, e2c.} ol the signal applied b the anaiyzar input Same-
fimes, when using e BO05A JUst 85 8 S0UCE, the ke riay wan tha
analzar to dispéay the frequency and lavel of the source. Special
Tunction 1. provides this displi,

Sarvica gids provide frort-panel display of many intgrmal vollagas
and gatlings. Wilhoul MroprOCeses Conm: mach spacial functon |
windd require one o moTe swilches on the rond panel nstead ol oo
sFECAL kay. Bnd would tharglore proGably not ba included. Thus, e
procassor alows implermentalion of uselul feabiras the user wowd
rob oiherase gel

Corydon J. Bayan
Cary Boyan recaived his BSEE and
MEEE dagrees from Staniord Univessily
n 1874 and 1976, With HP sinGe 1974,
re's conributad to the design o the
A3RS Power Mater, the BEE2A Sy
thasized Signal Generstar, hae B0 A
Woduaton Analyzer, and ihe 89034
Audiy Analyzer. He's faught megro
procagssar design at Foothill Collage
and sarweed g5 chief anginear of Stan-
lard FM station K250 Bom in Bosdon,
Maseachiisatts, Cory noe livas in
0 L Moantain View, Cablornea. His inferests
. | include Fid radio broadcasting, photo-
graghy, nackpacking, and the &l o1

o

comedy-—he's an avid fan o radic and tefavision comedy aroups.

rafge is sef the start and stop sveep raguancies and the numbear of

The network conslsta of two back-1o-back diodes which
open up under large-signal conditions.

The differential amplifier consists of thrae high-
performance amplifiers. These have the necessary noise. do
plfset and frequency performance so that thay do no de-
grade thesignal quality. The total inputamplificr chain acts
as a 4-dBistep amplifier with leveling hysterssis. which
maintains the post-amplifier signel level within 6 di (3 to
1.5V rms). Should the sutput level change with time and
deviate from this range, the gains of the attenuator, thu
tifferential-to-slngle-ended  amplifier, and the program-
matle gain amplifier are adjusted (o compensate,

T summarkze, the gain of the input amplifiers i3 nod-
ified in three ways, First, the microprocassor monitors the
input datactar. If the datectar voltage [ oo igh or oo low,
the microprocessor varies the galn of the attenuator’
amplifiss chain to bring the level within bounds, Second,
the pvervoltage protection network limits Ll'thainputei:iyw]
exceads =15V, Third. any sustained Input overload frips
the input averload detector. This detector monitors the
input rms detector anid the differential amplifier, and i
aither exceeds a certain absolule voliage limit. the overload
datector trips, msetting (he gain of the entire amplifier
chain to its minimum valoe (maximuom atienuation), This

ALGUST 1930 HEWLETT-FRCKARD JOURNAL S
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Design for a Low-Distortion, Fast-Settling Source

by George D. Pontis

Tofallifl tha fequitarants of 1ha 9034 Audio-Analyzer, 1he bult-in
srurce must s pood pernrmanca in cerdain key areas. Firstol ai
for swapl measuraments, il must be readibe programmabde and 1as
saiting. [ mivst also ke low distorhicm and roise, acd § sl haee
westy oo ampiiude accuracy Gver Ihe entite Irequency range ol 20
Hz 1o 100 kHz.

The comisinaiian of thesse canticling requirements sugoesied the
uss of a high-pedermance AC asclator instead of agynthesizer The
syriihasmar s eaky 1o program and sstties auckly, but+ i diffcutto
tuiid @ synihasizar with maiss and digtortion maore an B0 0B below
he fundamensal Symhesized daelgns alse do not have sutficient
absehe leval accuracy or fabvess withoul levabng, ard:a levaling
mop thal does not unduly degrade1ha distorion and saitling firme
waud be very difficut o cesign

Urfarunately, nore ol tha comenan AC sudia ascillator designa
ok sutable eithar. Lsyally fhe. amount of disterion is imeersely
propartional ko e satling lima . Alsa; the tuning elements usually
fipat, making the cirouik dificy e inerace with pragramming lines,

Forihese reasons a stabe wasabie oscillaior was chosen, similar i
thal prapased by Snitt and Vasrerson in 1975 Sincehis oscitaior
5 DUt arund 3 siafe-variatia liler slruciure, insxpensve JFET
switchies can be wused eraily o swilch the funing alements. Moo
mporant = thal e AL dasign permits very ranid sefilling sibaut
Irading ofl gosd disiortion performance. Although 1he programmed
frequancy does not have the accuracy of & symiteswear, suflickant
resolulion is availabke 1o permi irrmeare funing to wathin £0.3% of
Ihe programmed vaug

Thes asillaioe d&GiQN_’:&III be-dascribad as 3 slalo-varanke ke n

Open Collecior

From Opan Collechor Drivers

ManualsPlus.com

which the resisior (a1 determines (e O s replaced by an analag
multiplier. The confrol signal for the mulipher is providec By 20
alomestic leval cortral LALE) circwt. The ALC aircuil Somparas tha
nacillator amplitudes wih & slable do reference obiained from a
lamparalre-aompensated rterance dioda, The resuling @eor sig-
nal i processed through teo paths. Qne palh cames the cycla-by-
owole proporicnal geres o e controlling multiplior. This provices
wary astsatiing. The otner palh inciides an integrakor in e 1oop 1o
alimireate reark il of Fe sleady-siates emar This cesign i§ theared-
caly capabie of satling the ettput armoliudewithin bvo cycles attar
smak-signal ampHude cisturbances

Thare are hwe npodant refinements 0 ihe 82034 ogcillsion The |
first is th use of 4 apecial fwo-stage peak detecion. This consists of |
rack/hokd ang gample'nold empdifiers kK ebmingles any distarmion-
causng gk on he delecred peak atnput. The secoad refinamerd is
tre mddiion of an AL Ioop gain coniral i comgansate e revebing
joop, oyela by cyele dor changesinoacillstor smpldudes. The graatly
desmases tho arge-Sgnal setling trme of the oscilatar, which S
importan] when swilching trom aneg range ho-anceher

Fig. 1 ahows e osoilator integraiens. The g conalant of nesa
niegmabrs is chargged in ihee-cclave sieps by salectng the leed-
hack cepacic This lwes s range swEching. Coarse luning wilhn
sach range s dond By swiiching the input rasistors. The sgh
hinany-waighted ressbos provide 255 usable sleps. Pacing the
maching deovicss ab the virtuat gound point parmits tha use ol JFETS
wikh ko crain-to-saunce on resistance (Fgg o b Anindeidial bensis-
tor Switch canduos wher il gete 15 alkwad 120rise o ground patern-
bl andturmgall whenits gate s pulled tothe negative supoh:. — 15V

2 S

Driver {1 od 8]

G

< F

resest pocurs within fen millis econds if the overload 15 se-
vore, This protects the input feam burning out or blowing a
fuse, and allows for rapid overload recovery.

.
10 R ETT-RAL RARD DURAL A BT Hhi

Tsﬁ"‘"
T o

qf—?fc -
—

Fig. 1. The gain-swiiched (nfe-
Qraloy gsed 0 the B9034°s e
figl ascilisror. Capaciors are
swiiched o change ranges. Rosis
far swiltfung proveles Coadee -
iy wethin. gach ramge.

Motch Filter

The natch filter design challenge was twolold. Fiest, i
was necessary to design a low-distortion. low-noize filler
that was also programmauhle. Second, to minimize overall
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The gwilching scherme is dconomical becawse mulliple wsisior
packages and quad comparatons can e wsed e interiace to TTL
keurin

Fig. 215 'a biock chagram of the oscillales. inegrators U1 and U2
and nvertar L4 form the slate-vaniable kier siruchare. Fine tuning is
dona by U4 This stege uses a swilched resistor netwan similar to
|thai wzad for coarse 1uning in the integrasors. As the rasistons as
switzhed e gain of LM shanges, etfestively alierng te amount of
signal transmilhe ram thie cutpul of U2, The gan is peoganianal io
' A—HH, where R is the paralke comtination of the selected inpul
resisiors and A and B &e constands that provide a 5% ing tuning
range. Thes gives the oscillator eacagh resclulion 1ot withn
=0.2% of any frequency withr the range of 1ha Instrument.

It = ganerally rue Ioe sinuanidal cscifsiors thet purly and setlling
bz ara chesdly funclions of the ALC circuits or mechaniems ussd
The: twerstage peak-detector circuits are the key 1o the perormance
of the 89034 ascillalor. Oscillates ampitude data s oblainad by e
track/hoed and sampia/hald amplifiers nthe iodowing marmer Switich
51 choses duning the time the oulpul = &tils neg afve peak. Capacilor
C1 rapidly charges, folicwing the sine-wave amgdiude U i 15 oosi-
b peai. AL this Lime 571 opens. holding the paak woltege on C1.
Swilch 52 then quickly cluses ard opens again, thus dpdabng the
sampled peak lawel held by capacioe G2,

The tho-slage sthesrir hivs several advantages. For ane, the st
swage may be optmized lor fast data. scquisition, while the second
Etate s optmized for long hald time. Fast acquisition i@ essental for

gond amplitydle accuracy & figh equencies, Low droop s impar-
1ant bo mainfaim ko distoion & ke reguences, Also. this Scieme
has no sleady-slate rippla in the sameied oupul which would ause
distorfion o appear on ihe mutiplied cupul and in juin on the rrain
aillaton outpu |

I praciice, the two-slage scheme s 850 gasel o Impiement than
& wery fast wngle-stage samplehold circult, The required cireuil |
hunetons are- accomgiishad wilh simple JFET switchas and uniy-;
fain bulliers as shown in Fig. 2 |

For sampled data systems i ganaral, satling tima iz sirongly |
dependent upan loop gain. Forthis circuil the ideal muagraior gain s |
irmarly proportional o requency. This stlec) |s schisved by Swilshe
ny the inbegralor rasisior on once per cycle 1or 8 doration o135 ks
Trek protess incraasss 1ha inbegral arror eagnal with redguency. The |
duly cypchy increases with fraguanay untl the tegraior swich 53 is |
bl clpsed cortinucusty lor equencies greater than 25 kHz, m:lm'al
25 kHz, the aecillator 2agily sattlés in less than one millisecono |

B20A oscillalor performance = largely lemiled oy he quality of |
commercaly availahle, masonably priced analog mutipliers. The |
mulipier used s decouplad slightly (ram aplirman) & eduse its |
conlribubon o THMO and noise. Thisgxiencds thie osgilElce salting fima |
1o & peariod af lour 1 live cedhes,

Refarance
1 E wonnersonand K St 4 Li-TReiomod Oisid aw Wil Fhsl Ao Stabies
tein " Imerrabcinal Jogemal of Escimmcy ol 20 Mo 4 1978 0 465473

— .
&
Dacillator Dutput
' —— AR s
: -
Range Switching : " N T
= ‘+Flr||| Tuning
State-Variable Filter | I
ALC Circuils
EP -
— | |
TrackiHosd SampleHold Oucillator Posa
o Pk .Am;uh:n" Ao
o D--rb—cr’ DI— b
=1 52
=+ [ | Frapon
2 g T
—3 "l"l!hl
-:Emur | Integral Foadback
Sigral - O AAM @ —
Oscillaior 53 |
Cubput
_"'__

Fig. 2, Sfock diagram of the 890345 wiernal sfate-vanahbve ascdlaiorn. |

msuTement time, it was necessary todevalop an accurate,
rapid fine-tune mechanism with qulck recovery from over-
loads and mistuning. Teachieve good Ghover the frequency
range. an active RCHler is necessary, To tune this devics, a

variahle resistance or conductance devics is needed, since
achipving the tuning rangs with variabla capacitors or ln-
ductors is impractical. Many resistively lunable active con-
figurations are feasible. Howevar, detarmining the op-

ALGLIST 1080 HEWLETT-PAT KARD Jousna 11
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To provide the greatest versatiity in bath benchion and sysiems
apphicetions. the BB0GA Aucho Analyzers bull-in sourge ts foatng,
This bets the usar elemindle ground-loop arors; sum signals. and add
de olisels o the sowca oupt

Previous desgns csed a separate, molated power supply for the
EcufCe pircuits. This method & streghtfonsend and olfers very good
Tow-Trgguaandy comrngn-made regction, However, therg ane several
reasons why ths arangemen is not used in (he BI03A

The biggest problem wish the lioaling power supply Spproach is
Inmerfacing with tha digital prograrmming lines. Sinca only three of the
Thirsein SHanUaTon 1ings Do nalay SoEnon and nore of 1he ninetesn
gegillalor lines can be fioaled, gver thirty lines must ba coupled in
somea manner, One sodifon is 1o foal only tha final gutput staga. This
slimingies the nead lor couplars, but reguires a high-perormance
diffarantialingud amplifiar o reject the common-mode sigrial hat
appedrs al he nput of 1 oaing stagn. Sinee & loabng power
Supply 5l required, [Ne Cosl of this appoach: s raladivesy Digh.

The 3034 solves e piobiem with & sngle-ended-o-ditherandial
autpul convertar, Thes crouil: shawn in Fig. 1, operates on e ingtu-
ment's ground-relerencen 1587 supplins and requires ol wo -
aratenal ampilians A precise combimation of negaee aoack
pasiiive teeciback, and CoEs-CoUENG yields 2 srmmetncal ditlenen-
iial oulput with miinile common-mode reEctan and & wall-dafined
LAgpul impedance,

#An anmbesis ol his cirour = gererally a tedious procedune bacausa
of the number of comaonents imalvad. Howdwer, the high degrea of
syrrimetry in the cecuil can be expigibed 1o greal advanige by usng
the rolations VRN = AZ2/ATT, AG = A7 B = R0 and Ad = 5 =
RE = A% From ihese rdalonsting, o can derve the grprassion
RZ'R1 = (26 + A4]2A3, which & & necessary condilion larf achey-
ing an indnite common-mode oulplt mpadance. Than | = aasy 1o
calkuale ihe differen bl oulpud impedance and (he apen-croull wil-
agegan, The reegultng equations can be I‘nﬂl‘lipulalcl:l 13 b suilable
walugs. For the rasstor valees used in the BROGA, the sseocialed
pain & 1.125 and he outpul mpedance 8 460 ohma, The output
is further padded with a 120-0hm resistor o yield the desred BD0-ahm
aulpul impedanc

IMwauld have Easan possible 10 usa resistors thad gave an outpul
mmpedarce of exactly 800 phms metead of 480 obme, b this wowld
have mequired Seting v and siocking a supply ol seversd éxira odd
remgtor values, As il is, the croul w resheed ugng 0.1%. 25-pom
resiglors [hat are ako wsed esawhes n the instrumernt

Floating a Source Output

by George D. Pontis

ER]

LS ‘
——AAA-
Flg. 1. Sngie-ended-fo-oifaramnial cufiul covvefer Diinoes
8 finghng oulpwt for the BI03AS e oeciiar:

The easiest way 1o sae Row thig ciroui works 5 0 elimnate eiher
th imvwariing (oW oF norerreariing [high) half af the circul by sharting
the respective aulpdl 1o ground, Fig. 2 shows the reduced crouil
whan the low had is grounded It R4 is disconnactad, the circud wil |
have & fofwasd gain ol about one, @nd an culput mpedance of 276 |
ohms, Fd works in conjunction wish A6 fo provide vollage and curent |
taedback that caigas the gain and the output mpadance o rga.

To derronsdrain that the culput s trudy loasting, we ground the apa |
and apply & lest source o both outputs, idely, the curment fiow from |
the tast source should be zero Fig. 3 shows a block dagram and the
raduced circul for this test. Hera @ can ba gquickly calculated that the
output of LT will riga just anouggh owlr thal of the lest source 1o make
the current thiough RS cancel the currant through A4 and RE. Note
et the current foweng through sources W1 and V2 is suppied by e
otter hall of the circull, which is ot shawn

timum match batween the filter configuration and the vari-
able resistive eloment is not straightforward.

Let's go through the allernalives and the tradeofis.
Switchable resistor nelworks have good distortion and
noise characterlstics but do not provide continuous tuning
coverage and roquire extensive switching circuitey. Photo-
msistors can be driven over a large resistance range and
provide continous luning. However, the naise and distor-
thoai they add to & signal are grester than the required leval
of 940 dB below the signal level. They can ba used as fine-
tuning slements if coupled only partially into the cirewit,
These davices can also be slow and are awlkward to control
rapldly, reducing the tuning speed. Finally, they tend 1o
vary signiflcantly from device to device and with time and
temperatione, misking compensation difficull.

T2 AEWLETT PR CRARD KIUFNA ALKEIET 16060

Four-quadrant analog multipliers also do not have the
0418 performance necessary, but they ton can be lightly
coupled into the cirouit for fine tuning, These devices are
fast, inexpensive. and easy to drive. There are many varia-
tioms on this type of gircuit, some of which can be ohfained
in imtegrated form, Those most suitable use a differential
pasle of bipalar transistors ss a variable gain element by
varying the common-mode current.

Light bulbs as variable resistive devices are relatively
lingar but are slow and have a limitad dynamic range.
Thermistors, diodes and other nonlinesr devices would sl
be wseful anly for fine-tune applications, The drive and
compensation circuitry for all of these alternatives would
be complex and the overal | performance marginal.

The tuning elements selected ware switchable resistor
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Pig. 2. Elwrwraafusg thes wrvsrhng sove of the arcunl of Fag 1 By
I Sfurlieg the loar oesnuf for QTMU FEBNTS A LS reckicad cir-
it

In practice it was lound thal parasitic eflects and the
aleciromagnatic-intarference (EMI) filters degrade the srcull bal-
ance whan the |rI;||;| wncy approaches 100 kKHz. Howaver. aach
boasicd i tEsbed lor & menimasm ol 50 3B cammbn-mode rapecion a1
kHz. A typical unit has graater than 40 dB rejachion af 100 kHz Also,a
10-kAk resitor intarnally ties the low oupat tothe chassis ground. This
provides @ meferencs for the outpiat when no extemal oad = con-
ractad Withoud this rasistor, the common-mode outpul wallags s
indglgrminala

O wetiad comoern about the circoll wes difculty ol eabbeshoo-
g problems, such as one ol the resisiors dhifting oul of folerance,
CALSNG poor common-made ajection: The piobiam was solved by
implementing the liowing best proceduna. Frst, tha input 1o tha
lpaling ampifsr (e set fo exacily 1.00% rms using 1he spacial func-
bars Bl inle ihie BR0AA. Then, (e 18chncian shars 1ha low side 1o
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FH. 3 fa) To demongirale thal the dufpul of Me ciroud s
Ilnah'rlg_ I il i greanohed arvd & vIEQE SOURCE IS dophed
1o both oulpdats. (B Aecuced el far s fesl fomly hall of bhe
Girgund 1 Shownl Covrant Prough RS canceds e current |
Iirwgh A4 and (8, Cutant Nrough VT and V2 s suppled oy |
Mg aifar Al ol the ool (ot shown) This no curngnt &
araw frovm ha lest 50UNCE

ground and measures the pobentals al saveral oircull nodes, The
measurnd values San Be compared ta the cakculated values pub-
lished |n & takile in e 80034 menual A sscond sat of messeremanss |
can bemade, il necassary, wilh the gh side grounded. By cheerv- |
ing the deviations taitwesn Ihe meassrad and calculated walues, & 15 |
easy o locade |ha faully component

netwaorks for low-distorion coarse tuning, and a four-
nuadrant multiplier for fine tuning betwesn the discrete
steps of the switchable resistors, Sinecs the fourquadeant
multiplier is coupled into the circuit only encugh for £7%
tuning. it does not contribute significantly to the overall
noisa and distortion, A resistor xw]li:hing network s best
implemented if one end of the network is dynamically kept
at ground potential; this relleves many constrainis on the
switching network. To this end, a4 state-variable® notch
configuration s used (Fee page 14), With this design, low-
distortion tuning over a 10:1 frequency range is achioved.
*The rama " dntecustihE Wisi & 8 COmasipancn O e LRC) Hial i ool RlDns THaT O
R M By N AN B wEDe o o thal i Ine chassao Shu-snacs desonakon o
airmasynam ie X &K+ Byl whess g i (e megonse o siatn yanahe)of the spbem
a1 i npd U

Capacitors are switched into the network to change fre-
quencoy in three-ocave bands and provide complete cover-
age of the frequaney renge of the analyzer.

Tocomplete the fine-tuning path, a synchronous detector
mixes the filter cutput waveform with the fundamental
wivedorm, i any fundamental exists in the notch output, a
de current is generated to fine tune the notch. The critical
parameters hers ire 100-dB dynamic range and rapid opera-
tion. A FET double-balanced mixer was selected. The input
mixing signal that drives the FET is a square wave, rich in
oidd harmonics: so the circuit responds to odd-order har-
monics bs well as to the fundamental. This is the classical
solution. A complete null may motbe ach ieved if third, fifth,
or higher-order ndd harmonics are present. Total error can
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by Chu

The notch filter in e 82034 Audio Analyzer reecs the lundarmen-
1al requency component of fhei noo ming signal. This filker consists of
a stata-wariable sctive tiller and fire-tune and fins-bal ence conirol
circuts, A smplilied schematic of the fiter minus the contrl circuitry
&5 shawn in Fig. 1

Cornventional notch filkers {brigdged-T. alc.) wsed in diglotion
anaiyzers are nol wel suled o dhgital control because they reguine
salpeigivg elays ar analog switches. The stale-variable filer ap-
proach has the folowing advantages:
® Tha G ol the filtler 2 tked ang incepandant of frecuency.
® Tuning is- accomplished by switching resistans and capacilon in
Ihe w0 integrators. Inexpenswe JFETS ame used as swilching
slameris and the switeh dhivers are simple because both the gate
and 1he: channal of the JFET are virtually at growsd potential whan
he swhch is on,

Three filker outputs (ow-pass, bandpass, and high-pass) are
avalable simultaneously, The |low-pass and high-pass autputs ar
phase-shifed from the inpus by $0° when the fiter is tuned o tha
pul requancy. Theas two outpuls are used in e control cincuils,
S0 Bxlra phase-shiting circults are nal naedad

Distortion generated in the fing-lung circulry is fibered by two
integralors Defore appeanng althe nolch ouspud

In digtortes mode, the filer is tuned in the oliowing manner. Toe
MiSraprooRG s Souls the input frequency and nes the notch fikar
0 tha same frequency by swilching in the proper capacears and

fram Contral Clrcuits

A1 A7
AAN— e *AAA—
RZ | =
AMA— | ks N l C
ez } &-ASS 6 :
o-——ANN— Ve 3
. B vy
— Vo k]
| Ri GE = o ‘H —
—AAA—B———AAA~ — I €
= = s
!
L —
R10 A1t =
—e—0 ;H“::t Fig. 1. 89034 notch fiter, Casrac:
_L Hion SIgneis om (e cordeon cir
_ widls of Fig. 2 provide fine g
and fine belance.
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ng Y. Lau

ressstors. When the fiter is uned 10 1he lundamental frequancy of the|
Inpat sgngd, the bandpase output (e In Fg. 1) invers tha funda
menlal component of the mput signal, LS sums Yy, and Ye=10 cance
the fundamental component of ¥y, exactly. However, becauss of 1he|
phase and armpfude charactaristics of Vap the harmonkcs presentin
Wi ara relatively unettenuated,

Anahtically, we hawve

Il'laprs-:l = Sing,, |
Ll :
Wik 8% + s /0 + wl
and
Ve + Vg ti 5 mf
™ S:‘ ¥ ml:'ﬂ ot "'-'3\-

whare a,, is 1he center frequency in radis. Theretone, Thane is zar)
IrENEMISEoN 818 = *jw,,

The slate-variabie filker alone can provide sy aboul 15 dB of
fundamantal rejection beceuse of the coansenass of tha hequancy
wning (use of discrele resigion values, resistor mismatches, atc),
Fre-une and fine-nalance conlrel ¢ircuits are nacessary to schievs
a natsh depth greater than 90 dB, The fine-tune circuf inaures thal e
filkesr 15 awactly furad fo the input frequency {ng phase evrorh and the

Correction Sigrals

W Mg

b az much as 046 dH, but this s considered reasonable,

Eapid response ks achisved in two ways. First, when an
overload occurs, the circuit gain is quicklyv reduced by the
output amplifier cirouit, minimizing the transient and thus
minimizing the recovery time of the synchronous detectar
from the overload. Second, the response time of each fre-
quency band has been optimized. Theoretically, it is impos-
sible to fine tune o filter as rapidly at 20 Hz as at 1 kHz. It
simply takes 8 much longer time to detect a null at 20 Hz,
but even mora important is that the time response of a 20-Hz
notch filter is much zreater. In fact, a fundamental burst

I HEWLE T PACKARD JOURKAL ALGUST 1380

tone applied ai the input of the notch will not immediately
be nulled at the output. The entire input will first appear &t
the output and then decay away in propartion to fnoetch) 0
where () is the () of the notch. Thus, ag the notch frequency
iz increased, so s thespeed of the fine-tuning circuitry, The
bottom frequency band (20-200 Hg) s relatively slow but
nulls optimally at 20 Hz, For higher freguencies the instru-
menl response limea improves.

Output Amplifier
For the amplifier fol lowing the notch filter, gain accuracy
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v

Fig. 2. B802A nalph Sitar fnp luning and balance otk

line-balanca circull inswes that | VgV = 1 at the input Ireguency
[n ampituda arrork. The fing-une circut is described in some detail
hera; the fine-balance cincul operales ina simitar manner. Fig, 2658
sirplilied schematic of baoth Siculls,

The fire-juna cincut operatas as iollows (see Fig. 2). Tha low-pass
filtgr voltage | p, which s phase-shitted 90° from the ingut, drives the
hune-comparalor UBA, which lurns JFET switch 05 on and ol Whan
OS5izon. point & ig esgentisly grounded and no current liows Mo the
misgralar capaciar &3 When Q5 I8 off, the nateh amplifier feads the
lune integralor. Because of this chopping aclion, the dc currant that
Nows imo tha inbegrator is caused by the notch oulplud component
that s synchronous with Y, "

Thetuna infegratar outout is 8 do voltage thal can ba changed anly
by e di cuerent fowing nto the inbegratar, This vellage leeds one
input of tha multiplier USA, The ather nput o e multiplier 18 Vg The
product of The wo Npuls & Summied into he s18te-variaDie fmer via
L3 {5ee Fig, 1), The el resull is Lhat the tun g integralos vollage can
change the ellective resisiance (Fy in Fig. 1) and hence iha cenler
Ireguency of the noich filer

The directon of change is such thatl amy notch output componsms
in synchranism with V- are feduced Al steady slate, the

“Acialy hed hwmmeecs 0 fhe. ot gutpul Gan alsn cause ot oo & fos N o
wiaginn. Tive SGr coumes o sl simourt ol the undimetnal reousncy component o
S5 D Ihie A [lie Hiwineir 158 GO e Soniriulim B chalakon e
SLAGTRNTR WOm [TeR OT0CE (8 o0l s O 46 B

Integrator

= 15%

Balange

lunge wlage & sEnke, allleugh nol rmecesssily sem, and oo
cument Rows intc the tune infegrator. Therelore, there & no notch |
output companent synchronous with ¥,z |

The fime-balance cecuit insures that there are no companants |
symchironous with Vg inthe notch oulpuet. Yaeand ¥ p are balhal the |
luncarmental input frequency and are in guacrature with sach other, |
Thus. a2 sleady state, thera i no undamental fregquency in the noich |
oulpt
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and good frequency response are imporant. In ac level
measurements the signal travels through the output
amplifier chain and is detected by the output rms detecior
Anv ertor degradies the BO03A s performance. The output
amplifier allows the low-lavel distortion products leaving
the neotch to be accurately detected by limiting the reguired
dynamic range of tho rms-to-de converter, The rmes detector
is accurate over only a 30-dB range, and the output
amplifier bonsts these signals into the range of the detectar,
As with the input ¢irenitry, rapid recovery from overload
conditions is crucial, If the notch becomes mistuned be-
cause of a disturbance at the input. the oufput suddenly

increases dramaticall v, sending the amplifier into overload.
This in turn generales do offzels in the amplifier chain that
can take secomds o decay, even if the amplifier may start
operaling agaln much sooner, Thus & large low-frequency
impulse appears al the amplifier sutput along with the
signal being amplifled. The composite signal 1s transferred
b the outpul rms detector, which responds to a time-
weighted average of the total. If the impulse is a significant
fraction of the signal, the rms detector will not give a true
indication of the zignal amplitude. This can cause problems
when the instrument ranges automatically. In effect, it
forces the leveling algorithm to walt much longer to con-
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firm that the amplifier output is within the detector’s range.
This in turn slows down the mbe at which the instrument
can determine the proper measuremant range and displava
reading. Even il the impulse is 20 dB less than the signal,
the delector error can be as much as 0.5%. This will also
increase the amount of time required by the instrument to
mike an accurate reading from the detector once the proper
rarige has been obtained.

To alleviate these problems, the size of the transient is
minimized in three waye, First, operational amplifisrs and
circuit configurati ons are used that have better than aVErage
overload immunity, Second, an ovarload detactor iz placed
at the-output of the rms detector, 1fthe signal level becomes
ton large, the overload detector trips and the amplifier gain
is reset to O dB. Third, a 13-Hz high-pass filter is placed
befora the output detector. This significantly reduces the
duration and amplitude of any transient and hence keaps
the transient from significantly increasing the total mea-
surement time. The only delay factors that remain are the
controllable and predictable setiling times of the notch
circuil and the rms detector.

The reaponge time of the output rms detector is a com-
promise between mpid settling and lowsfresquency accu-
racy, A configuration was salected that settles to within 1%
of a 10:1 step In 350 milliseconds, and has a steady-state
errorof 0.2% at 20 Hz, This includes filtering in the detector
and additional filtering following the detoctor to reduce
excess ripple. For leveling purposes the ripple is not sig-
nificant. so the micmprocessor uses the detector output
when loveling and gvoids the extra delay contributed by the
additional filtar. The output detector and fillers eould have
boen designed with switchable lime constants to mspond
maore rapidly for higher-frequency signals. However, the
penaltics would have been additional circult complexity
and the amblgaity of not knowing when to invoke the longer
Lime constant, A 20-kHz signal, for example, might st
hive d significant low-frequency component, which would
oiluse excessive error with a more rapid time constant.

Osclllator

Many ol the design considerations {or the notch filter
apply equally to the oscillatar. In bath cases tuning consid-
srations were the same, with switchahle resistor networks
waed as the decade I1:|'ni|'|.[.|_ elements and fo Hraq_ualimnt
multipliers used for amplitude control, In many ways the
oecillator and noteh elreuits can be seon as duals, The notch
wenerates 4 pair of zeros on the jo axis that reject the funda-
mental component, while the oscillator generates a pair of
poles on the ju axis that generate sustained oscil lations. The
trick in the oscillator is to keep the poles exactly on the axis
to maintain constant cutput amplitude. This must be done
continuously by the automatic leveling circuit, If the fre-
quency of the circuit deviates from the desired frequency,
the circuil can be fine tunad by the microprocessor, which
maonitors the output frequency on a sampled basia. The
major performance goals of the oscillator were Jow noise
and distortion, rapid amplitude and froquency settling, and
digitally programmable frequency control. Again the
state-variable filier configumtion along with a special level-
ing circuit offered the flexibility and performance requined,
The oscillator design is described on page 10,
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It was determined during development that the oscillator
would have to run 8t & constant output level to maintain
reasonahle sattling and nolse performance, It was also de-
sirad to have a floating output. The attenuator and output
amplifier circult (see page 12) takes the oscillator utput
level and translates it to the selected floating ouiput
amplitude, To minimize cost and achiove overall output
accuracy goals the attenuation is done in bwo stages. Coarse
amplitude steps are implemented with a 2.5-dBfstep at-
tenuator notwork. Smaller steps are provided by a resistive
ladder netwark that adjusts the amplitude linsarly in small
discrate steps, The combination can adjust the amplitude
within 8 nominal =0.15% worst case. Computation of the
proper switch setlings is an easy job for the computational
skills of the micropracessor,

EMI Design

Mamting the reguired electromagnetic interfarence (EMI)
and susceptibility goals was a bit more challenging than
initially expecied. Largo-amplitude RF flelds tend to gener
ate voltages on exposed cabling and circuits. Thess voltages
mverdrive many of the active eircuits. causing nonlinear
operation and distortion, To avaid direct sxposure to these
fields, the analog circuits are housed in an internal EMI-
light hox. The box has an aluminum frame around the stdes,
The battom cover iz the ground plane of a printed cireuit
board and the tap cover is a removable EMI-tight lid, Re-
maval of the lid, which is held in place by only two screws,
makes ull the circuits available for service. The micro-
processor boirds are sufficiently shielded by the instru-
ment cabinet and do not require the extra shialding. To keep
the RF fields from developing veltages on the cabling feed-
ing the eirenits, spacial precautions wore faken, First, from
the inner box to the front panel, shisided cable 15 wsed,
Second, BNC connectors are provided on the front panel.
The BNC connectors allow tha attachment of shielded ca-
bles directly to the instrumant if desired, thus preventing
EMI pickup. The instrument's digital circuitry also gener-
ates EMI related to harmonics of its 2-MHz clock. This
problem was minimized by means of RF gaskets on some of
the cobinet seams and by installing an EMI suppressing
filter om the power line input. As & result. the instrument
will not disturb sensitlve receivers operaling nearby, and
vat will perform well near & powerful tranamitter,

Fraquency Measurameant

A Eey feature of the BO03A is its ability to measure [re-
quency automatically, even when the input waveform may
have & significant amount of nolse and distortlon and the
amplitude mayv vary fromE my ta 200V, Part ofthis problem
is salved hecause the instrument is autoranging and keeps
the leveled waveform within & dB over mast of the inpat
amplitude range. Bul befors the signal can be accurately
cournled it must first be converted into a binary signal hay-
ing the same period as the major frequency component in
the wavaform, and herein lies a problem. I & 2ero-crossing
circuit is used, noise may cause multiple crossings and a
false indication of the frequency, Hysteresis in the detector
will help, but if the hysteresis is {oo large, smaller-
amplitude waveforms may not trigger the detector at all
while large-amplitude waveforms will have relatively little
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hysteresis protection when large noise components are
present. To allevinte this problem, the 8903A emplovs vari-
able hysteresis. As the peak amplitude of the signal varies,
sxr does the hysteresis leval, which is maintained at approx-
imately one-halfthe pesitive peak for the positive portion of
the waveform and approximately one-half the negative
paak for the negative porion of the weaveform. Hence noise
immunity remalns constant regardless aof the incoming
waveform. Hysteresis is implemanted with a bipolar peak
detector followed by a dual comparator. The waveform is
transferred to & reciprodal counter, which measures the
period of the signal. and the microprocessor inverts this
poricd tooget frequency,
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