IF Filters for the 8901A Modulation
Analyzer

by Andrew H. Naegeli

The 83014 Modulation Snalyzer has two altemale inlermedale
trequancies The primary IF i 1 5 MHz, ehasen la accommodale an
FM signad wih 400-xHz deviaion at.a 200-kHz rate. The secaondary IF
12 455 kM2, used o Svaid SpuUrious convers ion problems in the maar
ler inpul frequencies bekow 10 MMz, This IF is imited 1o rabea ol 10
kM and deviations of 40 kHz,

Low-Pass Filter and Phase Compensaiion

Tre primary I uses & low-pass liler with a bandwidth of 2.5 MHz.
Thee tow-paas filtar & used bacause of the very wide bendwidih
requirements of the worsl-case FM signal describad above, Tha filter
IMLEST Tepect IF sagneats obE Mz and higher Dy &l leasi60 dB, and must
Fave a vary llat amplitude responga to presanve 1he FM-reebon
perlormance of the AM celector. These requingments led o & 5-pole
Cavar-Chatrysney fifer design with two Zeros of ransmission al 6.1
and &4 MHz Thi filier was synihasized a8 a passive natwork using
standard wdugions and capacilons as the lilter elements,

To peevent distartion of FM signale, 3 phase compensation fiter i
cascaded with the 2.5-MHz low-pass filter. For an FM signal with
10kHZ deiabon at & 100-kH2 rate, the phase compansation fiar
raduces the distortion from 2% 10 less than ©.1%. This filler s an
al-pass network with lour poies and tour zeros. I is malized 38 an
active filter. as enown in Fig 1
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Flg. 1. All-pass network acls as a phase comparsalion Fler
o prevenl disiomion of AW signals,

The twa vollage souroes ara modeis for two ampliiers that defiver
1he inpul signal 1o two points, 180 degrees oul of phase Assume for
the momenl that A7 = 42 = 1 ["al =, both channels have the Sames
unity gain. The crcid moy be analyzed usng superpostion First,
wily tha Igewier vollBge source shored, the oulput voltage is:

A
W1 H1-_|.N (1)
Newi the coninbation from the ower wollage souice is fourd by
sharting he upper vallade sowe:

X
A+ jx
The sumct (1] and (2 s the guoul soltage, ¥ Therelone, the transiar
function is
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Thig fransher function s an all-pass fusction DecAuse e faras a
tranemission (ihe roots of the numadalor) are a mirrod imagsa of e
poies (the roots of ke denominator] acToss the frequency axs al the
E-plans.

The arnplilude and phase msponses of this network musi be ad
justed 1o give optmum perormance. Component varlabons 0 the
reactwve elements can change the locations of the poles and zerns
Inading to phase changes. The phase response m adjusted o the
desired shape by adjusting the vaie ol B,

Tha ampliude response of the retwork s theomebcally liat, bul
Iossas M the reactive elements can affect the amplilude latness. Fol
axampe, 8 emall resislance, r. A serieg Wwilh tha reacive networl
changes the trengler lunglion to:

¥l {R=r-|x i
V2 RenT A {
Now, if the reactance term; |X, s zero & some frequency, the
ampiitycle & 0o ONDEr = 1, ut 15 B an 1 This Causes nippes 1hal
dapand on the incation of the poles and zeros of the mactance, |€
Thi reacian ce netwark or this filer has a zeoat 2.2 MiHz and poles &
1.0 and 43 MHz. These can cause substantal npples n the
ampitude response To adjust for this proolem, the fwo gans arg
adjusted swech that Al s notegqualto A2, This changes the armplikicg
resporse prinsdty, 20 (ha twa adjushments e anly marginaily n
taractive.

The transstor crcwt realization of his filker & shown in Fig. 2
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Flg. 2. All-pase nenwaork 5 & fou-pole, foorsera aciive fter,

Bandpass Filters

The secondary IF uses & bandpass fler ai a8 455-%xHz center
frequancy. The 348 bandwidth of this BRar 5 200 kHz. The widls
bandwidth s necessary because ol the wide deviation of permissohe
P signals: The phase response af this liter s vany important, b
cause of M dstonion. The liker was desigoed o add Iess than 0003%
distortion b an FM egnal with 10-kHz davialion &1 8 10-kHz rale To
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gocomplish this, the phase response was made very linear, while
eacnicing @ shargp cuict n the ampibede msponse: This requiredtha
fiter to be desigred &3 an arihmeticaly symmelical Dandpass filtes
(s resronse at b, — Aas at f + AL whera L, le centar freguency).
a5 epposad 1o the standard gesmetrically symmatrical design (same
response Bl ¥l 85 at 2ig

In stenderd bandpass liker dasion, & low-pass protalypa fiker =
transtamed geometricaly up to 1he desired center frequency. Lisfor-
funanety, this transformation d:sions 1he phase responses in he Sier
passband, Toavoid this problem, the desirad bandpass turclion was
aporosimatad direcily by angyzing 1he response of poie-2e00 pal-
fRmes Lesing & cornmpuler. & rans fional Butterwarti-Thomgsen design
was wsed ag the low-pass profohype, % make tha group. dalay re-
sporse fEl across mogtod the passband. Whan the desied canssella-
tiors o polas anc zercs was achieved, the saven-pole bandpasa fiier
was ynthesized direcily using standard inserbon 022 technigues’

The fitar bandwidih & wide enough S0 el standard inductors and
capacilong ane usad as the fiter akements. The amoiiude and phase
responses ae adjusted using twe slightly interactve adjustrments,
adjusting e veus of two nouctora. The variable serments were
chosen rom the resulis ol @ sensilivity anatyss parormed with a
computar-aided-desgn program

The secondary IF filker may also be used al inpul equencies
anove 10 bHz to make the B0 A more frequency-sekctive. This can

e Ll when messuring the awel ol signals al varkus fraquencies
in the input 8pecirum, usng the TWkeD RF LEVEL function
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visely locating signals that are moving |[FM), only there pare
of the time (AM], and that have harmonics anly 10dB down
{or 30 dA dawn if higher than third), In the process of
finding the fundamental of the incoming zignal the octave
oscillator is swept eapidly across its band about 20 times. To
do thiz, a currenl source is fed into the integrataor input to
the Y00 [Fig, 8], The output of the integrator is a ramp that
causes the VOO o meve down in frequency. Another cur-
rent sonree rebraces the VOO at theend of a band if no signal
is found,

Thi micreprocessor swedps cach ootave until a signal is
found, A fast detectorin tha IF chain senses the prasence of
asignal in the IF and switches off the current source driving
the integrator, When a sweap is successinl in generating an
IF signal. the local cecillator is counted to determine whers
it was when It stopped.

The sweep rate is very fast, up (o 1 MEH2/us, This prosents
the problem that any time involved in recognizing the pres-
ence of an [F signal and turning the sweep source off causes
the YOO to go too far, Toe compensate for this, a step-back
reslstor is put in the integrator, such that removing the
sween curtent ramoves Vo= IR from the outpot voltage of
the integrator. B is chosen sothat the frequency represented
by the sweep current limes the resisior is erual Lo the
ammount the output freguency moved during the teenoff
delay, This allows the outpul of te VOO 1o be counted 10
determine where it was when the signal first entered the 18

Demaodulators

The modulation analyzers two demodulators operate on
the 1F signal and produce a pair of audio signals. Cne
demodulator extracts the fraquency modulation comgo-
nents of the IF signal and the other extracts the amplitude
modulation components, The two demodulators are de-
signad for low susceplibility 1o incidental modulation, or
conversion from one type of modulation to the other. They
are algo designed not to add significantly to the modulation

nolse cutput sothat they do not degrade ihe system residual
maodulation characteristics. They are also batky very linear
and have flat fraquency responses so thai the overall 1%
accuracy specification can be maintained, Both detectors
dno a fine job of meeling their design goals,

The job of ramoving the AM from the 1F signal before it is
seni 1o the FM demodulator (s done by a series of thres
limiter stages. Considerable care was taken to minimize the
affect of amplitude varlations on the phase of the limiter
output [minimum A o conversion ). It 35 most impor
tant that both the positive half cycle and negative half cyele
be treated the same and always symmetrically, 11 is obvious
that if the limiting does not take place exactly al the zam
crossing, changes in amplitade will affect the eeroe crossing
and, in turn, the FM owiput. (However, the 8%01A'% Tull-
wirve FM demodulator avarages the zeto crossings so that
some symmetrical movement can be tolerated.) To
minimize this effect, we treat the signal within the limiter in
a dual-endad differentin] armngement (Fig. o).

Each limiter stege consists of a differential pair with the
emitters Hed together and toa current source, The collector
Ipails are individual resistors with emitter follow ers o take
the signal ditferentially o the next stage ar to the cutput. By
malintaining strict symmetry, both phases of the signal are
treated the same. Since the zero crossing information is
carried in the difference between the two oulpuls any
asymmelry that might exist at one output will nod exist Lo
the: difference between the two. Svmmetry was further as-
sured by having all of the transistors for o given limites on
the same transistor array indagrated circwit chip,

Ferhaps the most important consideration involves main-
taining all of the operating conditions independent of inpat
level, The corrent gource on the emitters keeps the operal-
ing current and consequently the output level indepesndent
of hase voltage. The differential arrangement keeps the
transistors out of saturation (a necessity] and fhe emitter
oulpail stages bulfer the loads from changes in the input
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tmpadance of the following stage as it begins to limil.

Somie care was taken 1o make the stage delay independent
of input level. Normally the delay threugh o diflfersntial
stage geis smaller as the stage is driven harder. In this
design, the small-signal bandwidth is extended by apply-
ing negative leedback. {When the stage is limiting, the
feedback is not effective, of course.) The feedhack equalizes
the delay through the stage so that the small-signal delay iz
eqqual Lo the large-signal delay.

Withall of these steps, phage shifi at the limiter outpat is
typlcally lass than % degree for a 3-to-1 change in input
level,

FM Demodulator

The most difficult task in salecting an FM demodulator
wiis to achieve both the noise specilication and the distor-
lionspecification we needed lor our varions potential users,
Tix mﬂi.-:l';l e distoriion reuiremienls of broadcast Fid ip-
plications we are providing FM distortion that is typically
70 4B down at rates and deviations upto 100 kHz. This is
very good, and suggests & pulss-count type of discrimina-
tion, On the other end of our target apphications are the
high-guality, lew-deviation M mobile radio applications,
For (hese we are providing diseriminator noise ina 3-kHz
band width that iz small compared with 1 Hez faround 1/3 He,
typically). This i= olse very good, and suggesis a tuned-
clraull ty pe of discriminator. The problem is that a pulse-
count discriminator [ too nolsy and a tuned discriminator
is not linear enoogh. We were ahle to develop a new tvpe of
discriminator that is neither pulse-count or luned-clecualt,
vat meets all our requiremenis: The hesaly of this clecull is
that it iz inherently linear and vet does not have a signifi-
canl noise mechanism, It is described in detail on page 13.

AM Demodulator and AGC
The AM demodulator detects the amplitude modulation
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on the IF signal and produces an audio-frequency cutput.
This detector has a very wide 1F bandwidth and therefore
very low conversion of FAM o AM. AL most operating Fre-
quencies, conversion of FM 10 AM is negligible, approach-
ing the published specification only at the lowest inpuot
frecquencies wheen the RE input circuit and the miser hegin
1o roll off slighthy,

The demodulator is a hali-wave average-responding rac-
tifier with sufficient bandwidih to waork well with an IF
above 2.5 MHz. i is similar {o & circoil sometimes used at
lower frequencies, with diodes in the feedback loop of an
amplifier, The difference is thal the amplifier is a very
high-gain amplifier capable of the high slew rates raquirad
to lurn the dicdes on during the 1F signal's transition
through e,

A simplified schematic I8 shown in Fig: 10, {Same bias-
ing and compensation elements have been omitted. | Gain is
prowvided by a cascade of three transistors armanged for a
high gain-bandwidth product, The current source
[grounded hage] output allows the fast voltage changes
required 1o switch the dicdes as the sign of the current
raverses, The audio output is taken from one of the hald-
whnver oulbpuls |1:.r winy of o constant-resistance nefwork, The
constant-K network filters the IF signal so that very litlle
of it reaches the butfer amplifier that follows the demodula-
tor. Without the constant-R filter. the detection diode
would be back-biased al each [F zero crossing by the aver-
age value of the hall-wave-rectified IF signal, and this
would degrade performance because the amplifler would
have to slew tarther.

The IF gain of the circuit is Ry, To have reasonable
galn amd vet keep R, small enough to get the required
bapdwidth, B, has to ba zmall. Its value is actually 10000, o

Wos  [Audio)
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Fig: 10 AM camodulgior fas 2 wide IF bandwoth s
therefora very low FM-fo-AM convarsion. It dalects the modu-
laling sigral (Y, J and the averege camier level (V. oo




il requires a good stoul IF amplifier to delve 6,

The amplitude modulation percentage is the amplitude
of the AM detector audio cutput divided by the average
cacrier level times 100%, The average cartier level is also

ditected by the AM defector: it is labelad ¥y, . in Fig. 10
An AGE circoit ahead of the AM demodulator [Fig, 11)

provides a constanl-level 1IF signal 1o the demodulatar.

Ve sut 18 compared with a stable reference and an error

A New Type of FM Demodulator

by Russell B. Riley

‘Wa have called the wiceband low-nose FM demodulalor used n
the 83014 Moduation Analyzer a charge-count discrimmatar. The
biasic idea is 1o form puses of constant charge at a rale propational
to frepancy and then avarage these pulses to produce an output
walage proypantianal ta the ingus qu.sam;:lr

Theoperation of the charge-count dscrminato issimikr o thal of
tha more familiar pulse-count discriminalor, the basic difference
being the pulse shapes inworved. The typical pulse-count circud
foarnss i puise of corslant amplitude and constant duralion once par
cycla of the signalio be demodulated. Mote thal bolh the ampliude
wnd i durabon have 1o be confrolied with great accuracy and
stabiliby lor lingar, low-noise partormance. Inpracticeit is usually jther

4 10% @i”““

Thus the demodulater inganty depands on pESSIVE COMPOrEnts
and a slable wiiage &Y, The principal source of noise is ihe op-
amnp U, with resistor R and noiss on AV makng somawhat smaller
contrbutions.

The circui aciually used in the modulation analyzer includes same
rafiramenis. Forexample, rans iion 01 is also used, driving circuitrg
Similar to thet connectad to the collectior of Q2. The tvo culpuls ars
addad, with the resull that the demodulator trensfer function {aensitiv-
ity] is doubled and the output ripple freguency |8 doubled, making the
filtanng job easier A damped inductor is addad in serkas with C1 1o
irroduce & controlled amount of overshoot so that the stearing
diodes cut off claanly
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i Ihe pulse duration thal imils nose performance. In condrass, the
charga-count circull requires only ihel 8 de vollage be acourate and
stanie

In the circu & disgram [Fig. 1), diodes D1 and 02 clamg the el end
ol capecitor C1 fo & vollage swing of 15V plus two diode diops.
Charge-steering dides 03 and DA kit the right end of C1 10 a
voltage excursion ol two diode drops. Thus he charge thet llows
back and forth in G1 is well delned and is given by

Q=C1av
wiire 4V is 15V in this example. Sinca eurrent is given Dy the rae of
change of charge wih respact to tima the avarage current | flowing
i resistor A, throughthe action of the cherge-steering diodes and 1he
aparational amplifier U, is given by

g = O = C1F &N

whared & e number ol oyeles per second (fha requancy of the input
sl The avarage oulpul vollage Vo, is simply

Mivg = Rlyy = AGIT A¥

Fig. 1. Simohfied schernalic of (he
CREQE-COUT RRCTmimaror,
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