BUILD A

HIGH PER-
FORMANCE

ANALYZER
PART TWO

ROBERT R, CORDELL

ast monii we discussed tha theo-
I iy of aperalion of kial farmonic
disiorren (THO] anzlyzers, the
features ¢l tha analyeer being described
hare, mary of 1he ungerlying parocles.
and fraly the details ol he sgnal
saurce porflion of the analyzer. This
mon ik wa widl resume the Sircwl desonp-
fian By starting with 17g inpul circuits and
ihe slate-vargble bandpass liler, Belone
wid 04 into e sermander of e analyaar,
ler me presenl the printed wiring Doared
@yt for Lhe sional gource. CP1, as Fig.
10 and 1he comespending  compenen
i placement as Fig. 11. | &lso sepeat Fip
2. which i he black giagrar of tha an-
Iyzar, 1ar cianty.

Ingut Cireuit and Bandpass Filtar
The inpl atlenuated. mpul amplilier,
and  voltaga-contralled  stale-varible
bandpass filler aro shawn A Fig, 12,
The inpul attenuglor (54) s=lemis an
gopropnalc inpul =ensifivby o0 rnasi-
mam opesating levels of 100 W, 39 W,

npadt impadance o the anakzer is 500
xilohmsz o0 gllhingut ranges.

Beransa al fhe Rink winzedances in
The atlenvater circwl, S4 and its 3350ci-
dled companens musl be placesd] 0 o2
small shielded amclosuere in orcior o
avidid siray sickup and cecilztions, De
pending on sray switch cacacilanses,
emall capaciters, such =25 hose shosn
Joteed in Fig. 12, may have lo be added
10 obtain a flal Irequency respanse a1 all
Stlenualtcr sattirgs.

The hean of e signal processing n
tha aralyzar iz the vollas-coningked
stalewariable dandpass Wier. E5 premary
funchon ig 10 dehved 8 fundamanta Bgyg-
nal 1w lhe disgrentizl amplikar {nol
shown i g, 12 whose aanphiude and
Enaze are such 103l the dendzeren izl wil
te exacily cancelled, 12aving only distor-
fian products. [ addiion. weny s of
he smna s gistertion produss skould
be passed by the bandpass hiker 52 ha;
e or ng carselahsn or Alenualion of
Chstorhon preducls witl oocus al lie dil-
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10V, 3. or 1 Y. The  nominsl ooor-
dhng levels are 8 rhird of fneee walues,
Because of the aute-5=1 leval egiune, [e-
iwal inpuk lewvels which are alave or bae-
law the narminal level by as much as 10
dB can be accommodalad, np inpul ver-
mer conlrl is regquired. Malice 1hal on
the 1-V range 3 gain-oi-thres amplidier
ISE) 12 swlched inta the circwl Lo boast
voa nomenal 0,33 signal i the nominal
i* 1-% interngl analyzer coarating level. The

ferential amplihier. &5 menticned aarher.
i order la achiewe @sacl fuadamenizl
nullng, e gair and center iregquarsy ol
the bandpass Rlier are cracsaly 2op-
Tralled Ly the aumlg-iung Circw ls Fig. 3]
The state-vanatile: llar in Fig, 12 @ o
bt mose complzared dan ke simple
cne llustraled 331 1ssue in Fig &, G [he
cheralng prnciple is exsctly tha same. i
conssls ol Ios 10 o 13 and 15, The
use al two exrg inverlars in the looo
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{IGY1, 13} acoounts dor thea addilesnazl
ICs. The exira marler at 1011 permits
the bandwodth-setting  feedbacx  path
{RSY and RG2) 1o be connected in such
a way thal center frequency chanoes dg
el affecl Hter O or gain. This ype of
canneckon was also used in the oscilla-
ior, but thara jhe axira ioverter w3as nol
neaded becavse of the 230 Rexbility 2.
Torded by e miltiplisr.

The second inverer {IC 1 3] is requisad
10 re-esiablish the correct polarity lar he
main feadback ap JR5E and B59) and
also prowides & useiul summing po:nt for

cutpul. The canter frequency and gain of
the fiter are immed by A5 and A&
resgestlivaly.

Coniral of the center freguancy o 1he
bandpass filter is guite simpla. Resall
from o earlier discussion that the cen-
ter Preguency al a stata-vanabla band-
pass diler can be changed by simpdy ad-
justing the loop gain. In Fg. 12 this =
accartpdishad vy caornnachng a multighar
and sones resistor (RE5) araund the in-
verter formed by 1013 bo peovide con-
irolled amounts of negative or positive
leedback. Whean jbe mulliplier provides a

IC14, and it is idestical to ine one used
in the gscillalar (Fig. 8. Parl i} &sin the
ascillatar, any deslareon introduced Dy
e control circuil must pass through 1w
infegraiors before reaching fhe  cukpol
(E1B), and iz thus subsianbally reduced.

Amplilude control of {he bandpzss
filler is a Bl more subila. Basad on las)
month's discussion of the simple stale-
varighle filler, gne’s first inglingtion is 1o
change the gain of 1he filler by changing
tha emouni of the “damping ' leedback,
hara provided by BST and BE2. Thas will
surely accomplish the desired conieat,

the ampliiude a2nd frequency cantral sig- | nonewaried  characieristic,  additionad | bl notice that 0 1his casa any dislarian
I e e S e e | _
[ i Q) BYHL Fig. 5 — THD analvzer block diagrarr.
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nals iram tha muoltipliars. 0 further coa-
tras] ko ihe simple stale-vanable filter, the
inpuUi signal is harg applied 10 1he noain-
vertirgg input o IC710. This yiedds a slighl
noise advantage and alsa provides 1he
correct sigoal potanty St e autpul of 1He
pandpass fter. Becausa the bandpass
filter has a gain of about 5 al the center
frequency, same allenuatsn of the inpul
signal is necassary {(H54 and RS5) 10 &s-
tatslish the proper aperaling lensal ai s

negative feadback s provided arcund
e inverter, making s gain less than
urity and censaquently bewering  the
center frequency of the hiter. Tha appo-
gile action resulls when the mubtiplier
provtdas an inverled characlarstic. In
thig manner Ihe gain of the inverter can
e confroled ower & 3.2 parcent
ranga, resulling in a cenfer freguency
confeatranga of 1.6 parcent,

The multipliar consisls of FET 05 and

injectad by the cantrol circuit will be ra-
maved fram the filter oulput by only one
inlegrakor. To minmize distorbion, we
woukd like 10 inject the amplitude confec
signal at ihe same advanizgeous point
as tha frequency coniral signal, i.e., at
the input of inverter G113, Fortunaisly, it
tuens qut fhat a small amount ol l=2ed-
back {positive ar negativel ascond he
second integeator (1C15] is equally eflac-
tive i providing control of the gain as
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Fig. 10 — Frinted wiring board layou!
for P, dhe sigral sourca.
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Fig. 11 = Parts placement far CFP1. e
signal source,

lang as the perturbatian is small, as it is
here, The amplilude contral multiplier,
consisting of FET Q& and IC16, fhus
provides amplilude control  leadback
from the culput of K215 10 the input of
inverter IC13. An amplitude conirol
rargea of about £3.5 percent resylts,

Differential and Product
Ampliflara
The difierential amplifier which com-

plates the nobeh fillar and tha dslarion
prodduct amplifiers are shown in Fig, 13
Alzo shown hare is the autc-set lavel cir-
cuit which will be discuszed shorly.

K217 lunclions as the differential am-
plifier wherg the fundamental supplied
by the bandpass lilter is subiracted from
e inpul signal. The cambination of his
differential amplifier and the bandpass
filter thug comprises tha noteh fillar. Tha
differential amplifier also provides a gain

al 10 1o the distortion products. The in-
put signal (E15) is applied diracily to the
high-impedance noninverting  inpul ol
1T whila Ihe fundamenizl from the
bandpass filker (E 18} is applied to 1he in-
verting inpul through R84, Because of
the allenuafion which results from the
voltage divider formed by RE4 and RA5,
nulling results when the lundamenial
from 1he bandpass filker is about 10 pear-
cent larges than the fundamental sup-

16
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CZ23 TD CA40— BYPASS NOT THUWRN

Fig. 12 — THD analyzer
vallzee-conlroled bandpass Niltar.
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LLL CAPAS ITOR VALUES ARE pF UKLESS OTHERWISE NOTED.
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plead directly from the input sttenualor.
The differenfial amplifier 13 followed
by anatter amgpdifier (121 8) whose gain is
10 an all distorion ranges excep the 10
percent and 3 percant full-scake ranges.,
wharg il i5 umty. The gain of 1his siaga is
swilched by a FET whose gate voliage is
controdled by the sensitivity swilch {55).
218 is followed by an allanualor which
iz also cantralled by S5, establishing full-
scale sensitwities of 10, 3, 1, 0.3, 0.1,
04.03, 0,01, and 0.003 percent. This is
fallawad by a fised gain-of-len ampliliar
(IC19). The distortion product sional
ihen procesds o tha auln-sel level wall-

age-contradled amplifier (ICs 20 & 21)

YVoltage-Controlled Amplifiers

Because the vollage-coniralisd ampli-
fiees (VCA) are cendral fo the operation of
the aulc-set lewel circuitry, we will dis-
cuss their oparation Balora procasding
furthar.

A simple YTA is shown in Fig. 14 11
cansists ol a 149&-ype balanced modu-
lator 1C (whose internal circuit is shown)
and an op-amp,

The op-amp is connecled as an in-
verting feadback ampliliar, the rato of
wihose npul and feedback signals is

confralied by the 1496, As this ratic is
varied from a wery small number,
fhrough unity and on 10 a very large
number, 1he gain changes proporlian-
ataly from small ko large. In fact, in 1his
circuil the gain is numerically equal 1o
ihe rake. & de. control voltage agplhed
[ the 1496 controls this ratio and 1hus
the gain,

Refarring 1o Fig. 14, bias resistor R3
ets up a bias current in Q7 and QF of
aboui 1 mA. Transisiors 05 and Q6 are
connecied as cammon-base stages and
prowvide 8 low-mpedance paint atl ther
armilters where a.c. sgnal currenis can
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be added 1o the d.c. bias currants. The
inpul sigral currant established by B4 s
applied o he amaltar ol 05, whila the
leadback curren esfablished by RS is
applied to the emiller of Q8. The action
in e upper "guad” of ransistors (01 -
24 daterminas winat parlian of each of |
these a.c. signals reaches 1he output al
pine 12 and thus the inverting input of the
cperatonal amplifier.

We see that at the collector of OB wa
hawe d.c. bias current plus a.c. input sig-
nal, while ai the collector of 06 we have
d.c. biaz curant plus a.c. leedback sig-
nal. Each of these currents is appliad 1o
he emillers of a differendial pair, where
some will Tlow in one amittar and {he re-
maindar will Tkaw in the oiher emitter of a

18
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SLL CAPACITOR YALUES ARE pF UNLESS OTHERWISE HOTERD.

Fig. 15 =

THD anatyrar
amplifude and
given pair. Each of these currants nus frequency delecions.
splils in soma propodtion. The key opsr-
ating principle in this circuit is hat he
a.c. currants into tha amitters of a differ-
enlial pair will split in the sams propar- XN
o as 1he d.c. bias currenis flawang mnio
{he pair,

The atienuated canirol woliage ap-
plied fo pin 10 conirols 1his sphit. When rmo] |
e conirol voltage is 2ara, both fransis- S 1
tars “in each differential pair have the
came base vollage and conduct equally, - 7.5y
In this case, hall of the inpul signal and
half af the feedback signal current reach
1he output al pin 12 via QZF and Q4 re-
spectively. Because of the axiremaly | Fig. 16 —
high gain of A1, the signal and feedback | A simple
currents at pin 12 muzgl essentially can- | phase defector

AUDIO/AUGUST 1981 19
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cel each olber lor finile outpul levels
from AT, They must therelore ba virfualby
equal. This in turm indicates 1hat the sig-
nal currents in R4 and RS musi be aqual
far a zero cantrol voltage, implying unily
gain.

A positive controd voltage al gin 10
wWill cauze Q1 and Q4 1o conduct more
hiegvily than Q2 and O3, Thus, a grealer

| proportion of feedback current reaches
L pin 12 {via O4) than input gurrent {via

Q2). In grder to mainiain cancellakan g
tha Iwa currenls al pin 12, the input sig-
nal meesl be larger {o begin walh than tha
ieedback current, imphying lass han wni-
by gain, As an exampie, il = wall kregwn
that a potential of abaut 80 mV across

20
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a 10-10-1 ratio of conduclion in the bwa
fransisiors. In this application, a +60
my contral wvollage at pin 10 will thus
rasull in a gain of about 0.1, The sitlua-
tion is the inverse for a negative coniral
valtage: a -60 m leval at pin 10 wall
rasull in a gain of about 140,

& paricularly nice leature of this ar-
rangement is thal tha gain in decibels is
& linear funciion of the cantrol voitage.
Hare we gat a variation of 20 9B /60 mY
or about 0.33 dB per mY. The 100-10-1
attenuator formed by B1 and B2 simply
allowes for more manageable control wol-
tages ¢3.3 dB per volt), The gain control
range hera iz in excess of £20 dB.

Autc-Set Lavel Circuit

With a knowledge of the operation of
the VCA, the auto-sat lavel gircuit in Fig.
13 becomes easy 10 understand. It con-
gists of two identical VCAs, each wilh
the same coniral vollage and thus each
wilh fhe gama gain. The first VoA {IC20,
21} controls the gain in fhe dislorbion
product signal path and receives its in-
put fram 19, it produces the level-ad-
justed distortion product oulput at E23
for wse on CP3. The second (“refer-
ence'') VCA (IC22, 23} conircls the gain
in an aubomalic gain control {&.g.c.)
loop; ils inpul is the fillered fundamantal
aulput Trem the bandpass fillerJE18).

In addition to the reference VOA, 1he
a.0.c. loop includas a leval datactor (DE)
and an op-amp (IC24]) connected as an
inegrator. The d.c. owput of ihe inlagra-
for is the coniral voltage for the WCAS.
The a.g.c. circuit is arranged so thal tha
integratar wall always adjust the gain of
ihe refergnce YA 5o that the level of the
fundamenial at ils culput is 1.1 5 mns.
Thus, if the input o 1he notch filker is the
nominal 1-Y level, the fundamenial from
the bandpass lillar will be 1.1 % and tha
gain of both WCAs will ba unity, as it

signal level were 10 increase to 2 VW, 1he
gain o both VCAS wauld drop o 8.5,
implementing the proper gain coraction
in the distariion product signal path.

Aute-Tune Control Circuite

The amplilude and frequency dalec-
1ors which comprise the auio-ure con-
fral circuil are shown in Fig. 15, If he
gain and center frequency of the band-
pass filker are not parfect, the netch filier
will e produce a complela null of 1he
lundarmental signal, Soms lundarmeantal
will thus appear in the distortion-proguct
signal path. An amplilude error will pro-
duce a lelfl-aver” fundamenial campo-
nent whose phase s zemo (or 180) de-
grees relative 1o the input signal. A fun-
damenial companent with 1his phasa re-
lationship is said to be a '"normal™
componant. & frequency arror will pro-
duce a so-called "'guadrature” funda-
mental component whose phase is ei-
fher laading or lagging 90 degreas rela-
Tive 1o the input signal.

Tha amplitude delecior lunclions by
looking for normal fundamental compo-
nents in the distorlion signal and adjust-
ing the bandgass filler gain up or down
depending on the phase relationshig ()
or 180 degraes). Il ignores quadrature
lundamental components. Simdarly, 1he
frequency detector lunctions by locking
Tor quadrature fundamenial components
and adjusting ke lilker center frequency
up or down depending on tha phase sa-
lationship (lagging or leading). It ignores
normal fundamantal cormponents.

The spacial detector circwit which
possesses  the properiies  menfioned
above is called a “phase delector'’ ba-
cause it is sensilive o the phase of the
signal being delaciad. An erdinary erve-
lope detector or rectifier is not suitable
because it will detect the signal regard-
lezs of ils phaze. Hare, the phasa of the

| B et e, Fary] E0E
o L iy 57 Lo L
el ‘|‘-pr?"1'-p? 'I'Jur T w
_E;“' E35 QdTuF 004TuF '_Eg" l l J- t:;l
:5:'3 Tﬂ: i E:f _EFE-
i B.EK FI2K a0 HE TRy ﬁm‘ﬁ 5 | 7,
apF = &|0gF b :
ptional i e n I Fig. 20 — Reguiated
COptional fixad Iﬂ? E38 1 = ' 1029 . — hag
praduct fillers, T 3 P B DAOWwEr SLGEHY.
the bases of a differential pair will causs should be for this situation. If the input | “left-over” fundamental is a crucial

piete of infarmation.

A simplifred schematic of a phase da-
teciar is showm in Fig, 16, Like the VA,
it 5 basad on tha 1496-lypa balanced
modulalor 2. The phase detector is a
more conventional use ol his IZ. Bias
resiglor B2 sefs up an appropriate cur-
rent flow in current sources Q7 and 03G.
The application of a positive input sigral
at the ¥ inputl wall cause QS5 1o conduct
mare gurrant than 06; the apposite will
ocour lor a negative input signal. A posi-
tiwe input at the X input will cause 01
and 04 1o be "on'' and 02 and O3 o
be "off.” The oulput (V) i taken dil-
ferantally bebwean gins 6 and 12.

We can easily see what polanity oi
cutpul will be praduced for any combi-
nation ol positive of negaliva X and ¥
inputs. For example, if X and ¥ are both
pasifive, mast of ihe current How isin Q5
and Q1, pulling pn & lower than pin 12
and producing a positive oulgut. In gen-
eral, a pasitive autput is produced when
Baih inpuis have a like sign, and a nega-
e oulput is praduced when the ¥ and
Y inputs have differing signs. In a sense,
this gircuil perarms similarly to the "EX-
CLUSWE MOR'" logic function. Wa im-
mediately sze fhat two perfectly in-phass
agnals al X and ¥ will always have lhe
same sion and 1hus produce @ maximum
pasifive aulpul.

The diagram in Fig. 17 lends furher
insight info the phase sensitivity of 1his
vpe of deteclor. Square-wave inputs are
shewn far simplicity of illustration, but
the circuit funclions simitarky. for other
waveforms. In the top illustration we see
what happens whan lhe X and ¥ inpuis
are 50 degreas oul of phaze. ihe aver-
g2 d.c. oulput a1 ¥, (which is what mai-
fers) is zaro. This illustrates how e am-
plilude delecior can ignare & quadrature
componant.

It is easy o see that if we slide the ¥
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Ha. &1 — Prinfad circuwif board P2 far
the inpur circuit, bandgass filtar, product
armglifiers, and auta-5el favel arouifs,

e

input back and forlh along the time axis,
an asymimetry will ba produced in the W,
wavefarm, corresponding 10 an averaoe
d.c. value.

The bottom illustraticn cepicts g 45-
degres ralationship betwesn the X and
inputs. By trigonomelry we can argue
that the Y signal consists of egual por-
tions of nomal and quadrature compo-
nenis in this case. This would be repre-
senfative of a situation where there wera
both amplifvde and frequency ermors si-
multanedusly. We see that in this case a
positive average d.¢. autpul is produced
at V. His not, of course, quite as strong-
Iy peisitive as when ¥ and ¥ are perlectly
in phasa

We can see that if we apply an ""uns
known'' signal 1o the Y inpui and a "'ref-
erence’’ signal 1o the X inpul, tha delsc-
tor will respond to camponents in the un-
known signal whose phase is similar 1o
{ar 1he inversa of) that of the referenca.
Componants in quadraiure with the ref-
erence will be ignored. In addition, he
effacls of naise and signals al other fre-
quenceas will average out 10 zers.

Returning to Fig. 15, {he amplilude
detecior consists of ICs 25-27, The dis-
toetion produet signal {Cunknown''y is
taken from the output af K231 (Fig. 18)
and passes through IC25 where it sees a
small-signal gain of five and is soft-limit-
ed begmrning at 20,7 W swings by the

teedibzck diodes. The signal is then ap-
plied 10 1he ¥ inpul of IC26 whara i is
phase-compared with & 'narmal’” funda-
mental provided by 1he culpul of the ref- |
erance WYC& (K223).

The differential ouiput of the phasa
datectar ig filtered and applied to (2274
where il is converled o a single-ended
signal. This signal drives the inlagrator
(IC27E) o produce 1he appropriaie Jate

| voltage for the amplilude confral FET
| (QB) The integrator will confinue to ad-

jst the gate voltage wntil 1he autput of
IG27A i3 driven o Fard. Motice thal
when the eror from B22TA is greater
than 0.7 ¥V, D14 and D15 conduct
and spesd up the integrator 1o achisve _|
]
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lor CP2.

faster tuning fallowing & transient.

Crparation of the frequency deleclor
(s 2B-30) is identical 1o thal of the amt-
plitude detector excepl that it is supplied
with a guadrature fundameanial reference
llagaging 90 degress) instead of a narmal
fundamental reference. The guadrature
reference is supphied from the low-pass
outpul (1IC15} of the siate-variabla filler
and passed through amplifies-limiter
IC28 pefore applicaticn 1o he X input of
[C29,

Filter and Meter Circuits

The fillaring, metering, and slatus in-
dicator circuits are shown in Fig. 18. The
distorfion product signal from the auto-

sat leval VCA on CP2 (E29) is licsl amph-
fied by a factor of ona or 10 in IC37 10
kesp if at a reasonable level for usa by
tha autotune circuits for all sensilivity
saftings of 35. Swilch 55C sets the gain
of this stage to 10 on the 0.03- hrcugh
10-percent sensilivity ranges 1o compen-
sala for allenuation infrpduced by 1he
S84 altenualar on thase ranges. Mol
that S5C daes not affect gain in the dis-
tartan metering path,

The distorion producl signa!l feom
E29 is also applied e the [ow-pass prod-
uct filler. As mentioned earlier, 1he sec-
ond-arder Be=eel low-pass produc] fillar
is set for a 3-dB cutol! requency equal
to 10 {imes tha fundamental frequency.

The filer consists of a pair of resislors
(e 53], a pair of capacitors (on 51) and
an op-amp (1G32] connectad as a vall-
age ollaweer [3]. This filter is followed by
ihe second-ardar tigh-pass lilkar [IC33)
which Iz simalarly realized. Ns filter O is
chasen o pravide a slighl gain bump at
fhe gagond harmonic frequency 1o partly
offset the small loss in the nodch filler ai
this frequency. For reasons of high-fra-
quency filler stability, the high-pass fillgr
has 1he same sat of culolf frequencies
an the 200-kHz range az on the 20-kHz
fange.

Az menticned in Parl 1, lha lracking
preduet hiters add a considerable pos-
ticn of 1he swatching complexity ard ex-
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Fig. 23 — Printed circuit board CP3 for
tha auta lune conlrol, product litter,
mater and status indicatar cincurs.

pense {about $25.00) to the analyzear.
Mary professional analyzers prowvide
only a switchable 400-Hz high-pass fillar
and & low-pass filter which can be set 10
30 or BO kHz or switched oul, This sim-
pler fillering approach can ba imple-
mantad as shown in Fig, 12 with a SPST
swiich for the high-pass and a centar-odi
OPOT swilch dor the low-pass, Use of
this simpber filtering wall typically result in
an increase of the analvzer's resdual by
0 te 3 dBE and will makes the reading
somewhal more suscaptible to bum and
naige in the LILT

Following the filters, the disfarfian
product signal is brought to a 100-mVY
full-zscale level by 1he switched-gain am-

phifier composed of FET 09 and 1534,
The total gain of this combinaticn is ai-
ther 0.33 ar 3.3 depending an tha sei-
ting of S50, Trimmer B1 80 provides cal-
ibratian kar ihe disjorfion measurement.
Frovision is also mada to manijar the
inpul leval with the meter circuils. This
makes it possible & make a camplels
THD measurement on a piece of equip-
meant without any other iest instrumeants,
Salection of disiorion or level as the
quantity 10 De measwed s accom-
plished by S6, In fhe "Lewel” pasitian
an attenualed oulgut frem e bandpass
filer i applied to the metler cirguits, The
full-scale "Lewval” range then comre-
sponds 1o the setting of 1he inpul attenu-

alar. MNole that this prowides a nar-
rowinand measurement ol the input sige
nal lewal

The dislarion product signal is then |
appliad to fhe meter circuil, conzizling ol |
IC36 and KC37Y. IC36 is connected as a
unity-gain inverting feedback amplifier |
which has lweo fesdback paths, one lor
positive autpul-sgnal excursions (D23}
and one far negate culput excursions
(D22, Pasifiva and negative half-wava
raclilied signals thus appear al the bea
feedback ressiors, The negative half-
wave rectified signal and hail the unrect-
liad ingaut sagnal are added at the inpul of
23T 1o produce a full-wave rectified re-
sult. This amplifier also provides agpro-
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Fig. 24 = Compomant placement
for CF3.

priala lon-pass fillering of tha result, The
singlg-ended guiput of IC3T is then used
1o drive 1he raler mavemant,

The status indicator circuils indicale
whather the incarning leveal i too high or
oo low for oeopar analyzer cparation,
angd whether the incoming freguency is
190 high or [ed low (o the aulo june gir-
Guils. A quad op-amp comaarator HC38)
drvas the four indicator LEDs.

The frequency indicator circult mani-
furs the gala voltage on fhe frequency
control FET {O8) 10 see if the requency
iz within the tuning range. i ihe gale voll-
age is Zero ar pasiliva, the raguancy is
oo low, and the “Low' LED is lit. if the
vollage i mare negative than -12 v, 1he

FET iz pinched all and the fraguancy is
toa high,

The nput level indicatar cinguit moni-
tors the a.g.c. control wollage in tha
autg-sat level circuwit, f this voltage goes
more negative than -3.5 ¥, indicating
thal tha input leval i mare than 11,5 dE
above the nomanal 1-4 inkernal operating
level, the "Hioh' LED will be lit, Simitar-
by, a lgval mara han 11.5 dE below thea
nominal operating fevel will light the
"Low' LED.

Power Supply

The ragulalad *15 V powsar supoiy
far the analyzer is shown in Fig. 20. The
circuil emplays a full-eave bridge recli-

lier and standard three-1erminal regulator
ICs,

The wmpul cireut, bandpass  filler,
product amplifiers and auio-sel level cir-
cuits are realized on printed circull board
CP2. Hs layouwl is shown in Fig, 21 and
the component placement diagram s
shown in Fig, 22. The auts fune cantrol,
produst fdter, medar and status mdicator
circuils are realized on CP3. It layvout is
shown in Fig. 23, whila companernt
placement is illustrated in Fig. 24,

This pompledes he description of all
af the eircuilry i the THD anabyzer. Mext
monih we'll conclude wilh construction
detailz, the adjusiment pracadure, trou-
bleshooting, and performance data. &
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